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Introduction
Our laboratory studies the genetic mechanisms in the hyperthermophilic archaea of the genus Sulfolobus.  Our ongoing projects concern the organization and replication of chromosomal DNA and extrachromosomal genetic elements in Sulfolobus.  Dr. Li Huang, the principal investigator of the laboratory, obtained his Ph.D. degree in microbiology from the University of Guelph, Canada, in 1988.  He postdoc’ed at Johns Hopkins University from 1988 to 1993 and was on faculty at Pomona College from 1993 to 1996.  Dr. Huang joined the faculty at the Institute of Microbiology in 1996 and is now professor of microbiology.  Our laboratory currently has two additional staff members and six graduate students.

Background and Significance

Archaea represent the third form of life, in addition to Bacteria and Eukarya.  Most archaea that have been studied inhabit extreme environments.  In recent decades, biochemical, molecular biological and genomic studies have revealed a number of fascinating features of this newly discovered group of prokaryotic organisms.  Chief among them is the apparent similarity between Archaea and Eukarya in genetic processes.  Sulfolobus belongs to the kingdom Crenarchaeota, which is one of the two kingdoms of culturable archaea.  Sulfolobus species live in acidic hot springs around the globe with optimal growth temperatures of ~80 oC and pH’s of ~3.  Because Sulfolobus is aerobic and relatively easy to grow and handle in the lab, it has been widely used as a model system for the study of Archaea.  The intense interest in Sulfolobus is evidenced by recent completion of three Sulfolobus genome projects.  It is believed that knowledge gained from the study of Sulfolobus will increase the understanding of the biology of archaea and their adaptation to living in extreme environments, and facilitate the biotechnological exploitation of this unique group of organisms.  Moreover, Sulfolobus offers a prokaryotic model for analyzing the genetic mechanisms in more complex eukaryotic systems.

In our earlier studies, we isolated two small, abundant and basic nucleic acid-binding proteins, termed Ssh7 and Ssh10b, respectively, from Sulfolobus shibatae.  Both proteins constrained DNA in negative supercoils, suggesting a possible role in the organization of chromosomal DNA.  We also started to analyze the replication origin and replication proteins in Sulfolobus solfataricus.

Major Achievements


Our laboratory has made significant progress in research in the past four years.  Some of our results are summarized below. 

1. Modulation of the activity of Sulfolobus DNA polymerase B1 (polB1) by the archaeal chromatin protein Ssh7

We showed that DNA polymerase B1 from S. solfataricus cleaved both double-stranded and single-stranded DNAs with similar efficiencies at physiologically relevant temperatures.  Ssh7, a putative chromatin protein, was capable of inhibiting cleavage of matched primers and enhancing their extension by B1.  However, Ssh7 did not inhibit excision of single-stranded DNA by B1, nor did it affect the proofreading ability of the polymerase.  These data suggest that the chromatin proteins play an important role in DNA transactions in Sulfolobus and their adaptation to high growth temperatures.
2. The Sac10b protein family

Ssh10b from S. shibatae is a member of the Sac10b family, which is highly conserved among archaea.  We showed that Ssh10b bound to double-stranded DNA, single-stranded DNA and RNA with similar affinities in vitro.  Analysis by UV cross-linking and co-immunoprecipitation revealed that Ssh10b was associated with RNA in the cell.  These results suggest that the physiological binding target of proteins of the Sac10b family is RNA.  This contrasts sharply with the previous suggestion that members of the Sac10b family are DNA-binding proteins.
3. DNA topoisomerase III from S. solfataricus
Sequence analysis showed that putative DNA topoisomerase I from S. solfataricus was phylogenetically more closely related to topoisomerases III from bacteria and eukarya than to topoisomerases I from bacteria.  We determined the sequence of the preferred nucleotide cleavage site of Sulfolobus DNA topoisomerase I and compared it to those of other type IA DNA polymerases.  The results support the notion that the Sulfolobus enzyme is DNA topoisomerase III.  Based on this and other studies, we proposed that putative DNA polymerases I from Archaea be renamed DNA polymerases III.

4. Protein-protein interactions between replication proteins from S. solfataricus
We identified the following interactions between replication proteins from S. solfataricus by using yeast two-hybrid assays.  (A) Interactions among PCNA homologues.  S. solfataricus encodes three PCNA homologues: PCNA-1, PCNA-2 and PCNA-like.  PCNA-like was found to interact strongly with PCNA-1 and PCNA-2, and no strong self-interaction was found for the three proteins, suggesting that PCNA may exist as a heterotrimer.  (B) The interaction between DNA ligase and PCNA.  S. solfataricus ligase interacted with PCNA-like but not with PCNA-1 or PCNA-2.  (C) The interaction between RFC and the primase complex.  The small subunits of RFC interacted strongly with the catalytic subunit of the primase whereas both the large and small subunits of RFC interacted with the large subunit of the primase, suggesting that, during the process of primer synthesis, primase recruits RFC through protein-protein interaction.  RFC may then assemble PCNA onto the DNA template.

5. S. solfataricus primase

A gene encoding the large subunit (Pri2) of the S. solfataricus primase was identified by sequence analysis, and the strong interaction between the large subunit and the catalytic subunit (Pri1) was demonstrated by yeast two hybrid assays.   We found that the two subunits formed a heterodimeric complex.  The catalytic Sso Pri1 subunit alone was capable of non-templated de novo DNA synthesis, had terminal nucleotidyltransferase activity, but could not synthesize primers.  On the other hand, the Sso Pri1/Pri2 complex was active in primer synthesis.  The complex displayed more efficient terminal nucleotidyltransferase activity than Sso Pri1, and was able to catalyze non-templated addition of both dCMP and AMP to the 3’ end of poly(dT)58 while Sso Pri1 was active only with dCTP as the substrate.  We speculate that Sso Pri2 serves to modulate the diverse catalytic activities of Sso Pri1 and engage its nucleotide polymerization activity in primer synthesis.

6. The STSV1 virus from Sulfolobus tengchongensis
Extrachromosomal genetic elements offer a window to the genetic processes in their host cells and are also valuable in vector development.  We isolated a spindle-shaped virus, termed STSV1, from hot springs in Tengchong, Yunnan, China.  This virus was capable of infecting Sulfolobus tengchongensis, a novel Sulfolobus species isolated from Tengchong.  STSV1, measuring 298 x 107 nm, is the largest of all Sulfolobus viruses described so far.  The virus has a covalently closed circular dsDNA genome of 75 kb.  The viral genome was completely sequenced.  The protein composition of the STSV1 virus particles was analyzed, and five structural proteins were identified.  Both morphological and genomic features identify STSV1 as a novel virus.
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Future Research Plan

In the next few years, we will be working primarily on the following projects.

· Determination of the function of the Sac10b protein family

We will try to determine the physiological role of the Sac10b family proteins using both in vitro and in vivo approaches.  Much effort will be devoted to the construction of Sac10b mutants.  

· Analysis of the protein-protein interactions in the DNA replication pathway in S. solfataricus
DNA replication is a highly regulated process which involves complex protein-protein interactions.  We will continue to identify novel protein interactions relevant to DNA replication in S. solfataricus.  

· Development of genetic systems for Sulfolobus
Research on hyperthermophilic archaea has long been hindered by the lack of useful vector systems.  We will, on one hand, isolate new crenarchaeal viruses and plasmids from various hot springs and, on the other hand, try to construct host/vector systems using available extrachromosomal genetic elements in Sulfolobus.

