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AKeystone Symposium
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From the Chairman of the Board

Date: November 24, 1998

To:  Friends, Supporters, and Attendees of the Keystone Symposia on Molecular and Cellular Biology
From: Edward A. Dennis, Chair, Board of Directors

The Keystone Symposia on Molecular and Cellular Biology is a free-standing, non-profit 501(c)3 organization
dedicated to serving the international scientific community of life scientists. The Keystone Symposia has its
origins in Symposia known as the California Membrane Conferences held at Squaw Valley in 1972 and 1973 under
the sponsorship of the ICN Corporation. In subsequent years, an expanded number of meetings on a variety of
biological topics were organized by Professor C. Fred Fox of the University of California, Los Angeles at various
Western ski resorts. These conferences became known as the UCLA Symposia on Molecular Biology.

In 1990, the Symposia organization was transferred to the Keystone Center in Keystone, Colorado, a non-profit
501(c)3 organization which works in the area of Science and Public Policy and Education. The Keystone Center is
the leading international mediation organization for resolving disputes involving private, governmental and/or
non-profit groups in the environmental sciences. It also administers an innovative school aimed at training students
and elementary school teachers in the environmental sciences. Until 1995, the Keystone Symposia, under the
Chairmanship of first Dr. Pedro Cuatracasas, then President of Parke Davis Pharmaceutical Research, and then
Professor Ralph Bradshaw of the University of California, Irvine, operated as one of the three divisions of the
Keystone Center.

In October 1995, under the leadership of Professor Dennis Cunningham of the University of California, Irvine, the
Keystone Symposia established itself as a non-profit organization with a phased transition to a complete separation
from the Keystone Center. On September 5, 1997, under the Chairmanship of Professor Edward A. Dennis of the
University of California, San Diego, this separation was completed and the Keystone Symposia on Molecular and
Cellular Biology began a new era as a completely independent non-profit 501(c)3 organization devoted solely to
providing outstanding scientific conferences in all areas of the biological and biomedical sciences.

The Keystone Symposia is administered by a Board of Directors with advice from a Scientific Advisory Board
composed of outstanding scientists from the university, govemnmental and industrial sectors. Its excellent staff of
18 employees organizes some 30-40 conferences each year in a variety of Western ski resorts. Last year some
9.000 scientists participated in Keystone Symposia.

The mission of the Keystone Symposia is to develop and administer international symposia of the highest possible
quality on topics of interest to researchers in biological, medical and agricultural sciences with the goal of facilitat-
ing interdisciplinary information exchange. Please feel free to contact myself or our Executive Director, Jim
Bennett, for further information.
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Vice President, Research

Glaxo Wellcome Inc.
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University of California, Irvine
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NIEHS / National Institutes of H'ca]th
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Professor, Department of Chemistry & Biochemistry
Revelle College and School of Medicine
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Food and Drug Administration
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Director of Immunology Research
Wyeth-Lederle Vaccines and Pediatrics
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Abbott Laboratories
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Professor of Immunology and Medicine
Immunology / School of Public Health
Harvard University

Larry Gold, Ph.D.

Chairman & CSO

NeXstar Pharmaceuticals, Inc.

* Curtis C. Harris, M.D.

CThif:f. Laboratory of Human Carcinogencsis
National Cancer Institute

National Institutes of Health

anuary 4. 14,1949

* Member, Program Advisory Committe

3



Barrie Hesp, D, Phil.

Vice President, Technology Investments
Central Research Division

Pfizer Inc

* Georg Hess, M.D., Prof.
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Pharmaceutical Research Institute
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Genentech, Inc.
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Professor and Chair
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Developmental Biology
University of Colorado, Boulder
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Director, Institute of Biological Chemistry
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Yale University
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* Dale L. Oxender, Ph.D.
Vice President, Biotechnology
Parke-Davis Pharmaceutical Research
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Lilly Research Laboratories
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Chiron Corporation
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Texas Biotechnology Foundation
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* Samuel C, Silverstein, M.D,
Chairman, Physiology Department
College of Physicians & Surgeons
Columbia University

Jack W. Singer, M.D.

Research Chairman

Executive Vice President

Cell Therapeutics Inc.

Donald F. Steiner, M.D.

Professor, Biochemistry & Molecular Biology
Howard Hughes Medical Institute
University of Chicago

Ralph M. Steinman, M.D,
Physiology / Immunology
Rockefeller University
* Paul W, Sternberg, Ph.D.
Associate Professor, Biology
Howard Hughes Medical Institute
California Institute of Technology
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Vice President
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Schering-Plough Research Institute
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A Keystone Symposium
Archaea: Bridging the Gap Between Bacteria and Eukarya

Organizers: Dieter Soll, William B. Whitman and Carl R. Woese
The Sagebrush Inn, Taos, New Mexico ¢ January 9 - 14, 1999

Saturday, January 9

2-7pm Registration Chamisa Lobby
6:30 - 7:30pm  Welcome Chamisa Lobby
7:30 - 8pm Orientation Chamisa Ballroom 2
8 - 10pm KEYNOTE ADDRESSES
*Dieter Soll, Yale University
Aarl O. Stetter, University of Regensburg (025)
The Diversity of Archaea
aire M. Fraser, The Institute for Genomic Research (012)
Microbial Genome Sequencing: A New Paradigm for Assigning
Function from Sequence
Sunday, January 10
7 - 8am Breakfast Los Vaqueros
8- 1lam GENOMIC ANALYSIS Chamisa Ballroom 2
*Claire M. Fraser, The Institute for Genomic Research
Ronald W. Davis, Stanford University
Eukaryal Genomics
Gary Olsen, University of Illinois
Euryarchaeal Genomics
Coffee Break _ Chamisa Lobby
T Christoph W. Sensen, National Research Council of Canada (021)
Analyzing the Sulfolobus solfataricus P2 Genome
Jeffrey H. Miller, University of California-Los Angeles (015)
Analyzing the Pyrobaculum aerophilum Genonte
Ilam - Ipm Poster Setup Chamisa Ballroom 1
4:30 - 6:30pm  POSTER SESSION 1: Integrating Genomics and Archaeal Biology Chamisa Ballroom 1
5:30 - 6:30pm  Social Hour Chamisa Ballroom 1
8 - 10pm INTEGRATING GENOMICS AND BIOCHEMISTRY Chamisa Ballroom 2

(Coffee Available ~ Chamisa Lobby)
*John N. Reeve, Ohio State University
Richard J. Roberts, New England Biolabs, Inc. (020)
upc gpwm s :
Analysis of Restriction Modification Systems from Archaeal
Genome Sequences
Patrick Forterre, Université de Paris-Sud (011)
wuee 7“‘“" ’
DNA Topology and DNA Topoisomerases in Archaca:
A Gold Mine for Topologists and a Puzzle for Evolutionists
August Bock, Universitit Miinchen (003)
Evolution of Selenocysteine Biosynthesis and Incorporation
Dieter Sill, Yale University (023)

Novel Translational Components in Archaea

Current as of 11/18/98
* Session Chair Number in () equals speaker abstract number.
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7 - 8am

8 -1lam

Ilam - Ipm
4:30 - 6:30pm
5:30 - 6:30pm

8- 10pm

Monday, January 11
Breakfast

PROCESSING AND MODIFICATION
*Richard J. Roberts, New England Biolabs, Inc.
Francine Beth Perler, New England Biolabs, Inc. (017)
Inteins
Charles J. Daniels, Ohio State University (005)
Transfer RNA Maturation

Coffee Break
James A. McCloskey, University of Utah (014)
RNA Modification
Nancy Maizels or Alan M. Weiner, Yale University (029)
CCA Addition by tRNA Nucleotidyltransferase:
Polymerization without Translocation?

Poster Setup
POSTER SESSION 2: Molecular Processes of Archaea
Social Hour

TRANSCRIPTION AND TRANSLATION
(Coffee Available ~ Chamisa Lobby)
*Charles J. Daniels, Ohio State University
John N. Reeve, Ohio State University (019)
Archaeal Histones and Chromatin
Michael Thomm, Universitit Kiel (028)
Mechanism and Regulation of Transcription in Archaea
Albert E. Dahlberg, Brown University (004)
Ribosome Structure and Function
Patrick P. Dennis, University of British Columbia (006)
Ribosomal RNA Processing in Sulfolobus acidocaldarius

Los Vaqueros

Chamisa Ballroom 2

Chamisa Lobby

Chamisa Ballroom 1
Chamisa Ballroom 1
Chamisa Ballroom 1

Chamisa Ballroom 2

7 - 8am

8- 1lam

1lam - 1pm
4:30 - 6:30pm

5:30 - 6:30pm

Tuesday, January 12
Breakfast

LESSONS FROM ARCHAEAL STRUCTURAL BIOLOGY
*Michael W. W. Adams, University of Georgia
Wolfgang P. Baumeister, Max Planck Institut fiir Biochemic (002)
Thermosomes and Proteasomes: From Archetypes to Complex
Molecular Machines
Paul B. Sigler, Yale University (022)
Molecular Basis for Unidirectional Transcription in Archaea
Coffee Break
Dino Moras, Université de Strasbourg (016)
{th(‘h is the Best Structure of AspRS?
Douglas C. Rees, California Institute of Technology (018)
Structural Manifestations of Hyperthermostability in Proteins

Poster Setup

POSTER SESSION 3: Archaeal Cellular Processes, Enzymes,
and Evolution

Social Hour

Number in () equals speaker abstract number.
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Los Vaqueros

Chamisa Ballroom 2

Chamisa Lobby

Chamisa Ballroom 1
Chamisa Ballroom |

Chamisa Ballroom 1|

Current as of 11/18/98
* Session Chair
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8 - 10pm

(¥

Tuesday, January 12, continued

ENZYME DIVERSITY Chamisa Ballroom 2
(Coffee Available ~ Chamisa Lobby)
*William B. Whitman, University of Georgia %,
Willem M. de Vos, Wageningen Agricultural University (007) Qf
Glycolytic Enzymes and Their Control in Hyperthermophiles \\(
i Rudolf K. Thauer, Max Planck Institut fiir Terrestrische Mikrobiologie (027) U~
Structure and Catalytic Mechanism of Methyl-CoM-Reductase U
Contrasting the Physiology and Enzymology of Carbonic {-}\ r"!
Anhydrases Across the Eucarya and Archaea Domains
F. Robert Tabita, Ohio State University (026) L
4 Novel Ribulose Bisphosphate Carboxylase/Oxygenase Enzymes of J
Anoxic Archaea: How do They Work and What are They Doing?

i.]amcs G. Ferry, Pennsylvania State University (010)

!
H

7 - 8am

8- 1lam

3-5pm

7-8pm
8 - 10pm
9pm - 12am

Wednesday, January 13
Breakfast Los Vaqueros

CELLULAR PROCESSES Chamisa Ballroom 2
*Willem M. de Vos, Wageningen Agricultural University
Michael W. W. Adams, University of Georgia (001)
Hyperthermophilic Adaptations
Yosuke Koga, University of Occupational & Environmental Health, Japan (013)

{ Structure and Biosynthesis of Polar Lipids of Methanogenic

and Other Archaea

Coffee Break Chamisa Lobby
William B. Whitman, University of Georgia (030)

{ Examination of Biosynthetic Pathways Predicted by Genomic
Sequencing in Methanococci
‘/John L. Spudich, University of Texas Medical School (024)

Diversification of Function in the Archaeal Rhodopsin Family

EVOLUTION AND THE ORIGIN OF LIFE Chamisa Ballroom 2
(Coffee Available ~ Chamisa Lobby)
*Patrick Forterre, Université de Paris-Sud
Jussell F. Doolittle, University of California-San Diego (008)
Exploring Archaeal Relationships with Protein Clocks
“W. Ford Doolittle, Dalhousic University, Halifax (009)
Rethinking the Origin of Eukaryotes
“Giinter Wiichtershiuser, Miinchen, Germany
The Chemoautotrophic Origin of Life

Social Hour Chamisa Ballroom |
Banquet Chamisa Ballroom 2
Entertainment Chamisa Ballroom 2

Thursday, January 14

Departure

Current as of 11/18/98

* Session Chair

Number in () equals speaker abstract number.
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We gratefully acknowledge support from:

New England BioLabs, Inc. %

Additonal support for this conference provided by a contribution
from the Director’s Fund made possible by:

Agouron Pharmaceuticals, Inc.
ALZA Corporation
Amersham Pharmacia Biotech
BASF Bioresearch Corporation
Boehringer Ingelheim Pharmaceuticals, Inc.
Boston Life Sciences, Inc.
Cephalon, Inc.
CLONTECH Laboratories, Inc.
Genencor International, Inc.
Genetics Institute, Inc.
Hoechst Marion Roussel, Inc.
Eli Lilly & Co.
Invitrogen Corporation
Life Technologies, Inc.
Merck Research Laboratories P
Miller + Miller m
New England BioLabs, Inc.
Nexell Therapeutics, Inc.
N.V. Organon
Osiris Therapeutics, Inc.
PharMingen
Promega Corporation
Rhéne-Poulec Rorer Institute
Search Masters International
Texas Biotechnology Corporation
Tularik, Inc.
Wyeth-Ayerst Research, Inc.
ZymoGenetics, Inc.

WE GRATEFULLY ACKNOWLEDGE THE GENEROUS SUPPORT PROVIDED BY THE
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, AMES RESEARCH CENTER:

National Aeronautics and Space Adminstration, Ames Research Center, Grant No. NAG 2 6024.

Current as of 11/18/98
Number in () equals speaker abstract number. * Session Chair
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Speaker List (as of 11/18/98)

Michae! W.W. Adams
Biochemistry

University of Georgia

811 Bioclogical Sciences Bldg
Athens, GA 30602-7229
USA

Voice:  (706) 542-4219
Fax: (706) 542-2674
adams@bscr.uga.edu

Wolfgang P. Baumeister
Biochemistry

Max Planck Institut fiir Biochemie
Am Klopferspitz
Planegg-Martinsried, 82152
Germany

Voice:  (898) 578-2652

Fax: (898) 578-2641
baumeist@biocchem.mpg.de

August Béck

Microbiology/Genetics

Universitidt Minchen

Maria Ward Strasse 1A

Munchen, 80638

Germany

Voice:  (891) 791-9856

Fax: (891) 791-9862
augustboeck@Irz.uni-muenchen.de

Albert E. Dahlberg

Molecular & Cell Biclogy/Biochemistry
Brown University

69 Brown St/Box G-J4

Providence, Rl 02912

USA

Voice:  (401) 863-2223

Fax: (401) 863-1182
albert_dahlberg@brown.edu

Charles J. Daniels
Microbiology

Ohio State University
484 West 12th Ave
Columbus, OH 43210
USA

Voice:  (614) 292-4599
Fax: (614) 292-8120
daniels.7@osu.edu

Ronald W. Davis
Stanford University
Beckman Cir/B40
Palo Alto, CA 94305-5115
USA

Voice:  (650) 812-2021
Fax: (650) 812-1975

Willem M. de Vos
Microbiology/Biomolecular Sciences
Wageningen Agricultural University

H Van Suchtelenweg 4

Wageningen, 6703

The Netherlands

Voice:  (31) 748-3100

Fax: {31) 748-3829
willem.devos@algemeeun.micr.wau.nl

Patrick P. Dennis
Biochemistry/Molecular Biology
University of British Columbia
2146 Health Science Mal/Med A
Vancouver, BC V6T 123

Canada

Voice:  (604) 822-5975

Fax: (604) 822-5227
pdpl@unixg.ubc.ca (nb: pdp“one")

Russell F. Doolittle

Center Molecular Genetics
University of California-San Diego
M-034

La Jolla, CA 92093-0634

USA

Voice:  (619) 534-4417

Fax: (619) 534-4985
rdoolittle@ucsd.edu

W. Ford Doolittle
Bicchemistry/Advanced Research
Dalhousie University

Tupper Bldg

Halifax, NS B3H 4H7

Canada

Voice:  (902) 494-3569

Fax: (802) 494-1355

ford @ is.dal.ca

James G. Ferry
Biochemistry/Molecular Biclogy
Pennsylvania State University
205 South Frear Lab

University Park, PA 16802
USA

Voice:  (814) 863-5721

Fax: (814) 863-7024
jgf3@psuvm.psu.edu

Patrick Forterre

IGM/Bat 409

Universite de Paris-Sud
URA CNRS 1354

Orsay, 91405

France

Voice:  ( 16) 915-7489
Fax: { 16) 915-7808
forterre@igmors.u-psud.fr

Claire M. Fraser

Institute for Genomic Research
9712 Medical Center Dr
Rockville, MD 20850

USA

Voice:  (301) 838-3500

Fax: (301) 838-0209

Nancy Maizels

Molecular Biophysics & Biochemistry
Yale University

PO Box 208114

New Haven, CT 06520-8114

USA

Voice;:  (203) 432-5641

Fax: (203) 432-3047
maizels#biomed.med.yale.edu

James A. McCloskey
Medicinal Chem
University of Utah
30 S 2000 East/311A Skaggs Hall 08202
Salt Lake City, UT 84112
USA
Voice:  (801) 581-5581
Fax: (801) 5681-7457
M
Jeffrey H. Miller
Microbiology & Molecular Genetics
University of California-Los Angeles
1602 Molecular Sciences Drive/405 Hilgard
Avenue
Los Angeles, CA 90095-1489
UsSA
Voice:  (310) 825-8460
Fax: {310) 206-3088

jhmiller@mbi.ucla.edu
Dino Moras

Lab De Biol Structurale/ IGBMC
Universite de Strasbourg

1 Rue Laurent Fries/BP 163
lilkirch, 67404

France

Voice:  (38) 865-3351

Fax: ( 38) 865-3276
moras@igbme.u-strasbg.fr

Gary Olsen

Microbiology, B103 C & LSL
University of lllinois

401 S Goodwin Avenue
Urbana, IL 61801

USA

Voice:  (217) 244-0616
Fax: (217) 244-6697
gary@phylo.life.uiuc.edu

Molecular Parasitology
New England Biolabs, Inc
32 Tozer Rd

Beverly, MA 01915

USA

Voice:  (508) 927-5054
Fax: (508) 921-1350

Yosuke Koga perler@neb.com

Chemistry

University of Occupational and Environmental  Douglas C. Rees

Health HHMI/Chemistry

1-1 Iseigaoka California Institute of Technology
Yahatanishi-Ku, Fukuoka 807 8555 147-75 CH

Japan Pasadena, CA 91125

Voice:  (093) 691-7215 USA

Fax: (093) 693-9921
kogay@med.uceh-u.ac.jp

Voice:  (626) 395-8393
Fax: (626) 744-9524
rees@citray.caltech.edu

A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM - January 9 - 14, 1999 13



John N. Reeve
Microbiology

Chio State University
484 W 12th Ave
Columbus, OH 43210
USA

Voice:  (614) 292-2301
Fax: (614) 292-8120
reeve.2@osu.edu

Richard J. Roberts
Director of Research
New England Biolabs, inc
32 Tozer Road

Beverly, MA 01915

USA

Voice:  (978) 927-3382
Fax: (978) 921-1527
roberts@neb.com

Christoph W. Sensen

Institute for Marine Bioscience
National Research Council of Canada
1411 Oxford Street

Halifax, NS B3H 321

Canada

Voice:  (902) 426-7310

Fax: (902) 426-9413
sensencw@niji.imb.nrc.ca

Paul B. Sigler
Molecular Biophysics/Biochemistry
Yale University

PO Box 208114/260 Whitney Ave/423 JWG

New Haven, CT 06520-8114
USA

Voice:  (203) 432-5425
Fax: (203) 432-5239
sigler@csb.yale.edu

Dieter SHll

Motlecular Biophycis/Biochemistry
Yale University

PO Box 208114

New Haven, CT 06520-8114

USA

Voice:  (203) 432-6200

Fax: (203) 432-6202
soll@trna.chem.yale.edu

John L. Spudich

Microbiology/Molecular Genetics
University of Texas Medical School
UTHSGC-H JFB1 710/ 6431 Fannin Street
Houston, TX 77030

USA

Voice:  (713) 500-5458

Fax: {713) 500-5499
spudich@utmmg.med.uth.imc.edu

Karl O. Stetter

Microbiology

University of Regensburg

University Atsstrasse 31
Regensburg, 93053

Germany

Voice:  (941) 943-3160

Fax: (941) 943-2403

karl.stetter biologie.uni-regensburg.de

F. Robert Tabita

Microbiology/376 Bioscience Bldg
Ohio State University

484 West 12th Ave

Columbus, OH 43210-1292

USA

Voice:  (614) 292-4313

Fax: (614) 292-6337
tabita.1@osu.edu

Rudolf K. Thauer

Terrestrische Mikrobiologie
Max Planck Institut

Karl von Frisch Strasse
Marburg, 35043

Germany

Voice:  (642) 117-8200

Fax: (642) 117-8209
thauer@mailer.uni-marburg.de

Michael Thomm
Microbiology/Christian-Albrechts
Universitat Kiet

Am Botanischen Garten 1-9
Kiel, 24118

Germany

Voice:  (431) 880-4330

Fax: {431) 880-2194
mthomm@ifam.uni-kiel.de

GUnter Wichtershiiuser
University of Regensburg-Munich
Tal 29

Munich, 80331

Germany

Voice:  ( 8)929-3906

Fax: ( 8)922-3759

Alan M. Weiner

Molecular Biophysics/Biechemistry
Yale University

PO Box 208114

New Haven, CT 06520-8114

USA

Voice:  (203) 432-3089

Fax: (203) 432-3047
weiner@biomed.med.yale.edu

William B. Whitman
Micrabiology

University of Georgia
Athens, GA 30602-2605
UsAa

Voice:  (706) 542-4219
Fax: (706) 542-2674
whitman@uga.cc.uga.edu

Carl R. Woese

Genetics & Development
University of lllinois
Morrill Hall

Urbana, IL 61801

USA

Voice:  (217)333-9369
Fax: (217) 244-6697

14 A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM - January 9 - 14, 1999



Participant List (as of 11/18/98)

Kamilah S. Ali

Molecular Biophysics and Biochemistry
Yale University

266 Whitney Avenue/Bass Bldg/Room 235
New Haven, CT 06511

USA

Voice:  (203) 432-6205
kamilah.ali@yale.edu

John M. Archibald

Biochemistry

Dalhousie University

Sir Charles Tupper Medical Bldg/Room 8C
Halifax, NS B3H 4H7

Canada

Voice:  (902) 494-2968

Fax: (802) 494-1355
jmarchib@isz.dal.ca

Stephen D. Bell
Wellcome CRC Institute
Tennis Court Rd
Cambridge, CB2 1QR
UK

Voice:  (122) 333-4108
Fax: (122) 333-4089
sdb@mole.bio.cam.ac.uk

Rolf Bernander
Microbiology

Uppsala University
Biomedical Center Box 581
Uppsala, 75123

Sweden

Voice:  (18) 471-4058
Fax: ( 1) 853-0396
rolf.bernander@bmc.uu.se

Nils-Kare Birkeland

Columbus Center

Center of Marine Biotechnology
701 E Pratt Street Suite 236
Baltimore, MD 21202

USA

Voice:  (410) 234-8803

Fax: (410) 234-8896
birkelan@umbi.umd.edu

Shipra Bunjun
Chemistry

Yale University

225 Prospect St

New Haven, CT 08520

USA
Voice:  (203) 432-6206
Fax: (203) 432-6202

shipra@trna.chem.yale.edu

Isaac K.O. Cann

Molecular Biology

Biomolecular Eng Research Institute
6 2 3 Furuedai

Suita, Osaka 565-0874

Japan

Voice: ( B) 872-8203

Fax: ( 6) 872-8219
cann@beri.co.jp

Gavin W. Chan
Earth/Planetary Science
Washington University
One Brookings Dr

St. Louis, MO 63130-4899
UsSA

Voice:  (314) 935-4080
Fax: (314) 935-7361
gavin@zonvark.wust1.edu

Everly Conway-De Macario
Wadsworth Center

New York State Department of Health
Empire State Plaza

Albany, NY 12201-0509

USA
Voice:  (518) 474-1213
Fax: {518) 474-1213

everlym@wadsworth.org

Pamela F. Crain

Medicinal Chemistry

University of Utah

30 S 2000 East/Rm 311A

Salt Lake City, UT 84112-5820
USA

Voice: (801) 581-5581

Fax: (801) 581-7457
pamela.crain@rma.pharm.utah.edu

David J. Crowley
Biological Sciences
Stanford University

371 Serra Mall

Stanford, CA 94305-5020

USA
Voice:  (650) 723-2425
Fax: (650) 725-1848

dcrowley@leland.stanford.edu

Laszlo N. Csonka

Biology Science

Purdue University

325 Hanson Hall

West Lafeyette, IN 47907-1392
usA

Voice:  (317) 494-4969
lcsonka@bilbo.bio.purdue.edu

Alberto J.L. De Macario
Wadsweorth Center
New York State Department of Health
Empire State Plaza
Albany, NY 12201-0509
USA

Voice: (518) 474-1213
Fax: (518) 474-1213

Simon De Vries
Biotechnology

Delft University of Technology
Julianalaan 67

Deift, 2628 BC

The Netherlands

Voice:  (15) 378-5139

Fax: ( 15) 278-2355
s.devries@stm.tudelft.nl

Jerry Eichler

Life Sciences

Ben Gurion University

PO Box 653

Beersheva, 84105

Israel

Voice:  ( 7)646-1343
Fax: { 7) 647-2890
jeichler@bgumail.bgu.ac.il

Jonathan A. Eisen
Biological Sciences
Stanford University

Herrin Hall #356

Stanford, CA 94305-5020
USA

Voice:  (650) 723-2425
Fax: (650) 725-1848
jeisen@leland.stanford.edu

James A. Fee

Biology-0368

University of California-San Diego
9500 Gilman Drive

La Jolla, CA 92083

USA

Voice:  (619) 534-4424

Fax: (619) 534-0936
jfee@ucsd.edu

Michael Y. Galperin

NCBI

National Institutes of Health
Building 38A/Room 8NB05
Bethesda, MD 20894

USA

Voice:  (301) 435-5910
Fax: (301) 480-9241
galperin@ncbi.nlm.nih.gov

arren L. Gari
Microbiology
University of Georgia
527 Biological Sciences Building
Athens, GA 30602
USA
Voice:  (706) 542-4219
Fax: (706) 542-2674
wgardner@arches.uga.edu

Emmanuelle Gerard

IGM

Universite Paris-Sud

Bat 409

Orsay, 91405

France

Voice:  ( 16) 915-6445
Fax: ( 16) 915-6678
egerard@igmors.u-psud.ir

Ramesh Gupta

Medical Biochemistry
Southern lllinois University
Mailcode 4413
Carbondale, IL 62901-4413

USA
Voice:  (618) 453-6466
Fax: (618) 453-6440

rqupta@som.siu.edu

A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM - January 9 - 14, 1999 15



- ——
~—

™~
Philip D. Harriman
Room 655/MCB
National Science Foundation
4201 Wilson Blvd
Arlington, VA 22230

USA

Voice:  (703) 306-1439

Fax: W
\phaui[@@nsf.

Biochemistry

Max Planck Institut
Karl-Von-Frisch-Strasse
Marburg, 35043

Germany

Voice:  (642) 117-8230

Fax: (642) 117-8299
hedderic@mailer.uni-marburg.de

Karin Hjort

Microbiology

Uppsala University
Biomedical Center Box 581
Uppsala, 75123

Sweden

Voice:  (18) 471-4528
Fax: { 1) 853-0396
karin.hjort@mikrobio.uu.se

Andreas Hochheimer

Molecular and Cell Biology
Howard Hughes Medical Institute
401 Barker Hall #3204

Berkeley, CA 94720

usa

Voice:  (510) 643-3762

Fax: (510) 643-9547
hochheim@uclink4.berkeley.edu

Ya-Ming Hou

Biochemistry and Molecular Pharmacology

Thomas Jefferson University
233 South 10th Street/BLSB 220
Philadelphia, PA 19107

USA

Voice:  (215) 503-4480

Fax: {215) 923-9162
houl@jeflin.tju.edu

Cheryl J. Ingram-Smith
Biochemistry/Molecular Biology
Pennsylvania State University
216 South Frear Building
University Park, PA 16802

USA

Voice:  (814) 863-5822

Fax: (814) 863-6217
cji2@psu.edu

Yoshizumi Ishino
Molecutar Biology

Biomolecular Eng Research Institute

6-2-3 Furuedai

Suita, Osaka 565-0874
Japan

Voice:  ( 6) 872-8208
Fax: ( 6)872-8219
ishino@beri.co.jp

Peter E. Jablonski
Biolcgical Sciences
Northern lllincis University
Montgomery Hall

Dekalb, IL 60115

USA

Voice:  (815) 753-3799
Fax: (815) 753-7855
pjablonski@niu.edu

Akio Kanai

Doi Bioasymmetry Project/Erato/JST
Tsukuba Research Consortium

Tokodai §-9-8/Asymmetric Mutagenesis Group
Tsukuba, 300-2635

Japan

Voice:  (29) 848-1515

Fax: (29) 847-8901

kanai@bioa.jst.go.jp

Peter J. Kennelly
Biochemistry

Virginia Tech

123 Engel Hall
Blacksburg, VA 24061
USA

Voice:  (540) 231-4317
Fax: (540} 231-9070
pikennel@wvt.edu

Peter S. Kessler
Microbiology

University of Washington
Box 357242

Seattle, WA 98195

Usa

Voice:  (206) 543-0177
Fax: (206) 543-8297
psk@u.washington.edu

Wonduck Kim

Microbiology

University of Georgia

#541 Biological Science Building
Athens, GA 30602

USA

Voice:  (706) 542-4692
wonduck@arches.uga.edu

Stefan Knapp
Biosciences

Karolinska Institute
Novum/Halsovagen 7
Huddinge, 14157
Sweden

Voice:  ( 8) 608-9178
Fax: ( 8) 608-9290
stefan.knapp@csb.ki.se

Eugene V. Koonin

National Center for Biotechnology Information
National [nstitules of Health

8600 Ro

Bethesda,

USA

Voice;/ (301) 435-5913

Fax: (301) 480-9241

koonin@ncbi.nim.nih.gov

Alexander Kraft
Chemistry/Biochemistry
University of Innsbruck
Fritz Pregl Str 3
Innsbruck, Tirol A-6020
Austria

Voice:  (512) 507-3533
Fax: {512) 507-2872
alexander.kraft@uibk.ac.at

Norio Kurosawa
Bioengineering/Fac Engin
Soka University

1-236 Tangi-cho
Hachioji-Shi, Tokyo 192-8577
Japan

Voice:  (42) 691-9441
Fax: { 42) 691-9312
kurosawa@t.soka.ac.jp

John A, Leigh
Microbiolgy

University of Washington
Box 357242

Seattle, WA 98195-7242
USA

Voice:  (206) 685-1390
Fax: (206) 543-8297
leighj@u.washington.edu

Arnulf Lingenhel
Chemistry/Bicchemistry
University of Innsbruck

Fritz Pregl Str 3

Innsbruck, Tirol A-6020
Austria

Voice:  (512) 507-3533
arnull.w.lingenhel@uibk.ac.at

Paola Londei

General Biology

University of Bari

Piazza Giulio Cesare/Policlinico
Bari, 70124

italy

Voice:  ( 6) 494-0463

Fax: ( 6) 446-2891
londei@bce.med.uniromat.it

B. Edward H. Maden

Biological Sciences

University of Liverpool

Life Sciences Building/Crown St
Liverpool, L69 7ZB

UK

Voice:  (151) 794-4350

Fax: (151) 794-4349
foulkesb@liv.ac.uk

Charles S. McHenry

Medical School/Molecular Biology
University of Colorado

4200 E 9th Ave/Campus Box B121
Denver, CO 80262

USA

Voice:  (303) 315-5692

Fax: (303) 315-3326

Leslie K. McNeil
Molecular/Integrative Physiology
University of lllinois

407 S Goodwin Ave

Urbana, IL 61801

USA

Voice:  (217) 333-2938

Fax: (217) 244-6697
leslie@phylo.life.viuc.edu

Takanori Miura
Research/Development

Taiko Pharmaceutical Company
Uchihonmachi 3 34 14

Suita, Osaka 5640032

Japan

Voice:  ( 6)382-3100

Fax: { 6)382-1152
miura@seirogan.co.jp

16 A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM - January 9 - 14, 1999

Pt



Imke Schroeder
Microbiology/ Molecular Genetics
University of California-Los Angeles

Masateru Nishihara
Chemistry/School of Medicine
University of Occupational and Environmental

Health 1602 Molecular Science Bldg
Iseigaoka-1 Los Angeles, CA 90095-1489
Yahatanishi-Ku, Fukuoka 807 8555 USA

Japan Voice:  (310) 825-8085
Voice:  {93) 603-1611 Fax: (310) 206-5231
Fax: ( 93) 693-9921 imkes@microbio.ucla.edu

Joanne T. Pelaschier Janet L. Siefert

Debra L. Tumbula

Molecular Biophysics and Biochemistry
Yale University

266 Whitney Avenue

New Haven, CT 06520

USA

Voice:  (203) 432-6206

Fax: (203) 432-6202
tumbula@trna.chem.yale.edu

C.Theo M. Verrips

Chemistry Statistics MS 138 Biotechnology
Yale University Rice University Unilever Research Laboratory
225 Prospect Street PO Box 1892 PO Box 114
New Haven, CT 06511 Houston, TX 77251-1892 Viaardingen, 3130 AC
USA USA The Netherlands
Voice:  (203) 432-6205 Voice:  (713) 527-8750 Voice:  ( 10) 460-5542
Fax: (203) 432-6202 Fax: (713) 285-5476 Fax: ( 10) 460-5323
jtp@trna.chem.yale.edu siefert@stat.rice.edu
Julia A, Vorholt
Wolfgang A. Piendl Stephen G. Shgar Chemical Engineering
Chemistry/Bicchemistry Beckman Institute University of Washington
University of Innsbruck University of lllinois Box 351750
Fritz Pregl Str 3 405 N Mathews Seattle, WA 98195
Innsbruck, Tirol A-6020 Urbana, IL 61801 USA
Austria USA Voice:  (206) 616-5282
Voice:  (512) 507-3531 Voice:  (217) 244-7395 Fax: (206) 616-5721
Fax: (512) 507-2872 Fax: (217) 244-7100
wolfgang.piedle@uibk.ac.at s-sligar@uluc.edu Ute C. Vothknecht
Mol/Biophys/Biochem
David W. Reed Kerry S. Smith Yale University
Microbiology/Molecular Biology/Biocchemistry Biochemistry and Molecular Biology 266 Whitney Avenue
University of Idaho Pennsylvania State University New Haven, CT 06520-8114
156 Life Sciences South Room 204/Scuth Frear Building USA
Moscow, ID 83844 University Park, PA 16802 Voice:  (203) 432-6206
USA USA Fax: (203) 432-6202
Voice:  (208) 885-5914 Voice:  (814) 863-5822 uvo@trna.chem.yale.edu
Fax: (208) 885-6518 Fax: (814) 863-6217
reed9474@uidaho.edu kssS@psu.edu | Malcoim F. White I
Biochemistry ‘
Michael Rother Kenneth Stedman University of Dundee
Biology/Microbiology Max Planck Institut Dow Street
Institute for Genetics and Microbiology Am Kiopferspitz 18A Dundee, Scotland DD1 SEH
Maria-Ward-Str 1A Martinsried, 82152 UK
Munich, Bavaria 80638 Germany Voice:  (138) 234-5805
Germany Voice: 498985782226 Fax: (138) 220-1063
Voice:  (891) 791-5854 Fax: 498985782728 miwhite@bad.dundee.ac.uk
michael.rother@lrz.uni-muerden.de stedman@biochem.mpg.de
Robert H. White
Kathleen Sandman Ken Takai Biochemistry
Microbiology Deep Sea Microorganisms Research Group Virginia Tech
Ohio State University Japan Marine Science and Technology Center 103 Engel Hall
484 West 12th Avenue 2-15 Natsushima-cho Blacksburg, VA 24061
Columbus, OH 43210 Yokosuka, 237-0061 USA
USf\ Japan Voice:  (540) 231-6605
Voice:  (614) 292-6890 Voice:  (46) 867-3894 Fax: (540) 231-8070
Fax: (614) 292-8120 Fax: ( 46) 866-6364 rhwhite@vt.edu
sandman.1@osu.edu kent@jamstec.go.jp
Georg Schmies Archana Thakur
Abteilung (Il Prof Goody Schoal of Life Sciences
Max Planck Institut Jawaharlal Nehru University
Postfach 102664 Lab No 310
Dortmund, 44026 New Delhi, 110067
Germany India
Voice: 02311206375 Voice: (011) 610-7676
Fax: 02311206229 Fax: (11) 616-9962

georg.schmies@mpi-dortmund.mpg.de a_thakur@hotmail.com

A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM - January 9 - 14, 1999

17



Plenary Sessions
001- Adams

Hyperthermophilic Adaptations

Michael W. W. Adams, Department of Biochemistry & Molecular Biology, University of Georgia, Athens, GA 30602, USA.

Pyrococcus furiosus (Pf) is being used as a model system to investi gate how the primary metabolic pathways of hyperthermophilic
archaca are “adapted” to life at extreme temperatures. Pf grows optimally near 100°C by fermenting both peptides and various
car_bol!ydrates. It metabolizes carbohydrates by an unusual Embden-Meyerhof pathway in which glyceraldehyde-3-phosphate
oxidation is catalyzed by a ferredoxin (Fd)-linked glyceraldehyde-3-phosphate oxidoreductase (GAPOR) rather than by the expected
NAD-linked dehydrogenase. GAPOR is unusual in that it contains tungsten, a metal rarely used in biological systems. The
pathways of amino acid fermentation in Pf involve transaminases to generate the corresponding 2-keto acid, and four distinct CoA-
and Fd-dependent oxidoreductases which produce the CoA derivatives as well as the corresponding aldehyde. It is thought that these
aldehydes are oxidized to the corresponding acid by another tungsten-containing enzyme which is termed aldehyde Fd oxidoreductase
(AOR). In addition, a third tungstoenzyme, formaldehyde Fd oxidoreductase (FOR), has been purified from Pf, and this enzyme
appears to be involved in the catabolism of basic amino acids. Moreover, genomic analyses suggest that Pf contains two
additional tungstoenzymes, the functions of which are unknown. This presentation will address the key questions, what is the

functio_n of tungsten in the Pf enzymes, do other hyperthermophilic archaca contain tungsten-dependent enzymes, and to what
extent is the utilization of this element an adaptation to life near 100°C?

002 - Baumeister

Thermosomes and Proteasomes: From Archetypes to Complex Molecular Machines
Wolfgang P. Baumeister, Max-Planck-Institut filr Biochemie, D-82152 Martinsried b. Miinchen, Germany
Thermosomes and proteasomes are large multisubunit complexes which play key roles in cellular protein folding and in protein
degradation respectively.
20S proteasomes, which are found in all three domains of life are self-compartmentalizing proteases, i.e. the subunits assemble such that
the potentially hazardous proteolytic action is confined to an inner compartment. Access to this proteolytic compartment is restricted to
unfolded proteins; therefore the proteasome must interact with regulatory complexes which assist in the unfolding and translocation of
substrates. While the basic architecture of proteasomes is conserved from archaea to higher eukaryotes there is an increase in complexity
resulting from multiple gene duplications and the acquisition of whole modules of subunits. The arrangment of subunits in the eukaryotic
26S proteasome bears testimony of its evolutionary history.
The thermosome, the chaperonin of the archaea, is closely related to the chaperonins found in the cytosol of eukaryotes know as TRiC or
CCT; together they are classified as the group II chaperonins. They are more distantly related to the group I chaperonins comprising the
bacterial chaperonins (GroEL) and their endosymbiotic descendants. They form toroidal, mostly hexadecameric structures, which in
archaea are built from one or two types of subunits, and in eukarya from eigth distinct though related subunits. The evolution of exactly
eight gene families seems to have been determined by the fact that eight subunits can be accommodated in each of the two rings in which
each subunit occupies a distinct position.

- 003 - Bock

Evolution of Selenocysteine Biosynthesis and Incorporation
August Bick, Reinhard Wilting, Michael Rother and Stephane Commans. Institute of Genetics and Micro-
biology, University of Munich, D-80638 Munich, Germany.
In bacteria, the amino acid selenocysteine is synthesised from a serine residue charged to a specialised tRNA,
tRNASec by seryl-tRNA-synthetase. The synthesis involves two enzymes, selenocysteine synthase which
exchanges the hydroxyl of serine by a selenol moiety and selenophosphate synthetase, which provides the
activated selenium donor, selenophosphate. The incorporation into protein requires a specialised UGA codon
and an mRNA structure, the SECIS element, which in bacteria is located immediately 3' of this codon. A
specific translation factor, SelB, binds to the SECIS element and carries selenocysteyl-tRNAS¢¢ to the
ribosomal A-site.
The basic principle of this tRNA-bound synthesis is conserved in Archaea and Eucarya although a homolog
of the bacterial selenocysteine synthase could not be identified yet. Selenophosphate synthetase, on the other
hand, is well conserved in sequence and - with some deviations concerning the composition of the active site
amino acids - also in function. A most intriguing difference, however, is that the SECIS element of Eucarya
and Archaea is located in the 3' nontranslated region of the mRNA compared to the location within the
reading frame in Bacteria. To resolve the mechanism of the out-of-frame SECIS we have purified tRNASec
from Methanococcus jannaschii, charged it with serine and converted the serine to selenocysteine using the
E. coli purified selenocysteine biosynthesis enzymes. With the aid of the selenocysteyl-tRNA the SelB
homolog of M. jannaschii could be identified. Its guanine nucleotide binding characteristics are similar to
those of E. coli SelB. Whether this SelB homolog also binds the SECIS element is presently under study.
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004 - Dahlberg

Ribosome Structure and Function
Albert E. Dahlberg, Department of Molecular and Cell Biology
and Biochemistry, Brown University, Providence, RI, 02912, USA
A variety of techniques are now being used to examine the structural and functional roles of ribosomal
RNA in protein synthesis. In our laboratory we have taken a genetic approach, utilizing a plasmid-encoded
rDNA operon. Site directed mutants are introduced at different sites in E. coli 16S and 23S rRNA in an
attempt to define specific structural and functional features. An equally useful approach has been random
mutagenesis followed by phenotypic selection of suppressor mutants. Using different strains and plasmid
constructs it is possible to regulate expression of either the plasmid-encoded or host-encoded rRNA.
Several current projects will be discussed including a putative base-pairing interaction between an
enhancer sequence in mRNA and a nucleotide sequence near the 3’ end of 16S rRNA, a conformational shift in
16S rBNA during translation, and the utilization of a new approach for isolating antibiotic resistant
mutants in rRNA to characterize the tRNA P site in the 30S ribosomal subunit. These projects represent
examples by which one can examine the general and specific features of rRNA structure and function in the
Bacteria, Eukarya and Archaea. This research was supported by NIH grant GM19756.

Transfer RNA Maturation

Charles J. Daniels, Department of Microbiology, The Ohio State University, Columbus, OH 43210, USA.

Maturation of tRNA primary transcripts follows a complex series of reactions that involves removal of 5’ and 3" flanking sequences, addition of
the 3" terminal CCA residues, base and sugar modifications, and in some instances the removal of introns. Many of these enzymes are
ubiquitous, whereas some appear to be restricted to members of one or two of three Domains: Archaea, Bacteria and Eucarya. This mosaic of
characteristics is illustrated in the enzyme systems for intron removal in the Archaea and in the role played by some tRNA introns in tRNA
maturation. Early studies on archaeal and eucaryal tRNA intron endonucleases led to the hypothesis that these two groups of introns and their
processing systems were evolutionarily distinct. Recent sequence and biochemical studies have established that these enzymes are distantly
related and that they are likely to share a common catalytic core. In related studies, we have observed that the archaeal tRNATYp introns possess
an unusually high degree of sequence conservation, suggesting that these introns might have a function beyond their participation in intron
removal. Close examination of these introns revealed that these conserved sequence elements resembled eucaryal C/D box small nucleolar
RNAs (snoRNAs), which are involved in 2'-O-methylation of rRNA in nucleolus, In vitro assays with the Haloferax volcanii intron-containing
tRNATrp RNA indicated that this intron directed 2'-O-methylation of residues in both exons, confirming its participation in maturation of its
host tRNA. Comparative studies with other members of the Archaea indicated that protein components of the eucaryal snoRNA mediated
modification system (fibrillarin and Nop5/56 proteins) are also present in these organisms and provide evidence for the occurrence of this
processing system in the shared ancestor to the archaeal and eucaryal Domains.

006 - Dennis

Ribesomal RNA processing in Sulfolobus acidocaldarius .

Anthony Russell, Arina Omer and Patrick P, Dennis. Dep!. of Biochemistry & Molecular Biology, University of British Columbia, Vancouver,
B.C., V6T 123, Canada.

The hyperthermophilic archaeon Sulfolobus acidocaldarius contains a single copy 16S-23S rRNA operon in its genome. Jn vivo the primary
TRNA transcript is cleaved endonucleolytically 5' to positions -98 and -31 in the 144 nt long 5’ ETS and at position +1 at the 5' ETS-16S junction.
These cleavages can be reproduced using cell free extract and a synthetic RNA substrate containing the entire 5' ETS and the first 68 nt of the
165 rRNA sequence. Using this assay, a complex and unusual endonuclease activity has been purified to near homogeneity and the features of
the substrate that are necessary for accurate and efficient cleavage have been chamacterized. In crude cell lysates, the activity is sensitive to
micrococcal nuclease digestion. On a low salt glycerol gradient, the activity from a crude cell lysate sediments as a broad heterogenous peak at
about 55S. After this initial sedimentation, the activity is resistant to nuclease digestion and is already well separated from the bulk of the
Sulfolobus NOP1 (fibrillarin) and NOP56-58 equivalent proteins (as judged by western blotting). Resedimentation in high salt results in a
reduction in the size of the complex to about 205. Two subsequent chromatographic steps result in activity that is more than 2000-fold pare,
contains three major pol ides, is free of detectable RNA and is highly active in cleavage at positions -98 and -31 and somewhat less active in
cleavage at the 5 EI'PS?I S junction. The recovery of activity appears to correlate with the recovery of one of these polypeptides; an N-terminal
sequence has been obtained and efforts to clone the gene have been initiated. The 5' ETS RNA substrate contains three regions of stable
secondary structure; the three cleavage sites af positions -98, -31 and +1 are located in unstructured regions following these duplex structures,
The consensus at the site of cleavage is (G/A) | (C/A)UU with cleavage occurring 3' to the terminal purine. Deletion analysis indicates that only
the consensus sequence at a particular site (and not the associate regions of secondary structure) is required for accurate and efficient cleavage.
Moreover, the presence of a purine nucleotide 5' to the site of cleavage is essential.
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007 - de Vos

Glycolytic Enzymes and Their Control in
Hyperthermophiles.

Willem M. de Vos Laboratory of Microbiology, ﬁw
Department of Biomolecular Sciences, Wageningen
Agricultural University, NL

Sugar metabolism in hyperthermophilic Archaea
differs from the canonical glycolytic pathways,
involves novel enzymes, and shows unique control.
In recent years, we have focused our attention on
three novel glycolytic enzymes, viz. ADP-
dependent glucokinase, ADP-dependent
phosphofructokinase, and  glyceraldehyde-3-
phosphate oxidoreductase. These enzymes were
first discovered in Pyrococcus furiosus but now
have found to be distributed among a variety of
phylogenetically  unrelated  hyperthermophilic
Archaea. The biochemical properties of these
enzymes purified either from their original host or
overproducing E.coli strains, their genetic
organization and expression, and the bioenergetic
consequences of their activities will be discussed in
relation to their presence in the various Archaea.

008 - Doolittle, R.

Exploring Archaeal Relationships With Protein Clocks

Russell F. Doolitile, Center Molecular Genetics, Univ. Calif., San Diego, La Jolla, CA 92093-0634 USA.
That the Archaea form a distinctive domain of life was made abundantly clear more than twenty years ago
on the basis of (a) ribosomal RNA sequences and (b) a number of biochemical attributes, including the @)
exclusive use of ether linkages in their membranes. Many other characters, however, are shared only with
eubacteria, on the one hand, or with eukaryotes, on the other. The situation with regard to protein sequences
reflects this unusual trichotomy, making it very difficult to use protein clocks to gauge divergence times.

We have attempted to get around the problem by grouping proteins according to their basic phylogeny.
Thus, there is a group in which the archaeal sequences are clearly more similar to those of eukaryotes than
they are to eubacterial ones. Another group has archaeal sequences being more similar to eubacterial ones,
and still a third has the Archaea as the outliers. Many classes of enzyme are found in all three groups. Two
kinds of explanation have been explored: (a) rampant horizontal gene transfer, and (b) differential gene loss
along different lineages after widespread duplication in early systems.

Rethinking the Origin of Eukaryotes
W. Ford Doolittle. Program in Evolutionary Biology, Canadian Institute for Advanced Research,
Department of Biochemistry, Dalhousie University, Halifax, Nova Scotia, B3H 4H7, Canada.
There is at the moment general confidence in the distinctness and coherence of the Archaea and Bacteria, in
the notion that eukaryotic cells arose by internal complexification from an archaea-like ancestor, in the
(alpha-proteobacterial) endosymbiotic origin of mitochondria and in the primitivity of certain deeply
diverging lineages of protists. However, as more genome sequence information becomes available, archaeal
and eukaryotic genomes start to look chimeric. It is not clear that there are any genes whose products are so
tightly integrated in cellular function that they cannot be replaced. I will review some examples of transfer
of genes for integrated functions, and then discuss what kinds of modifications to current theories for
eukaryotic origins such data might require. I will ask whether the concept of genomic lineage remains
appropriate for deep phylogeny.

20 A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM « January 9 - 14, 1999



Plenary Sessions

Contrasting the Physiology and Enzymology of Carbonic Anhydrases across the Eucarya and Archaea Domains
James G. Ferry, Department of Biochemistry and Molecular Biology, The Pennsylvania State University, University Park, PA 16802, USA.
All carbonic anhydrases are zinc enzymes catalyzing the interconversion of CO7 and HCO3 . The enzyme has been found in virtually every
mammalian tissue and cell type where it primarily functions in carbon dioxide and ion transport. Carbonic anhydrase is also abundant in plants and
green unicellular algae where it is essential for photosynthetic CO7 fixation. In contrast, few carbonic anhydrases have been documented in
procaryoles. Three distinct classes (e,B, and y) are proposed based on sequence comparisons, All sequenced carbonic anhydrases from mammals
belong to the c class. Plant chloroplast carbonic anhydrases belong to the f class. The enzymes from Neisseria gonorrheae and Escherichia coli
belong to the a and P classes, respectfully. The enzyme purified from the methanoarchacon Methanosarcina thermophila is the only documented y
carbonic anhydrase. No other carbonic anhydrases from the Archaca domain have been identified except for a recently discovered f§ enzyme in
Methanobacterium thermoautotrophicum. Crystal structures are available for four mammalian a carbonic anhydrases and the M. thermophila y
enzyme. Beyond the ligation of zinc with three histidines, these structures bear no resemblance suggesting convergent evolution. A structure has not
been reported for any B carbonic anhydrase. Relatively little is known concerning physiological functions for procaryotic carbonic anhydrases.
Carbon dioxide is pervasive in procaryotic metabolism where a varicty of functions can be envisioned for carbonic anhydrase; however, the extent to
which the three classes occur in the Bacteria and Archaea domains, their molecular structures, and their role in metabolism is vaguely understood. A
survey of phylogenetically and physiologically diverse microbes from the Bacteria and Archaea domains suggest that the p and y carbonic anhydrases
are wide spread in both domains and have roles in a variety of metabolic processes. The implications for the occurrence of carbonicanhydrases in
procaryotes and the biochemical properties of the archaeal p and y enzymes will be discussed.

011 - Forterre

DNA topology and DNA topoisomerases in Archaea : a goldmine for topologist and a puzzle for evolutionists.
Patrick Forterre, Cyril Buhler, Daniéle Gadelle, Jim C. Wang* and Agnes Bergerat.*Institut de Génétique et Microbiologie,
Bat 409, Université Paris-Sud, 91405 Orsay Cedex, France, and *Department of Molecular and Cellular Biology, Harvard
University, Cambridge, Massachusetts 02138, USA
All cellular organisms contain enzymes that can change the number of topological links in DNA molecules, making transient
single-stranded or double-stranded breaks into the phosphodiester backbone (type I and type II DNA topoisomerases,
respectively) and forcing the crossing of DNA molecules through each others. During the last years, novel and completely
unexpected DNA topoisomerases have been discovered in Archaea, namely reverse gyrase, DNA topoisomerase V and DNA
topoisomerase VI.

Reverse gyrase, which combines a helicase and a type I DNA topoisomerase modules into a single polypeptide and produces
positive supercoiling, has now been also detected in hyperthermophilic bacteria. In contrast, DNA topoisomerase VI (Topo
V1), which is the prototype of a novel family of type Il DNA topoisomerase, is only present in Archaea. However, the
characterization of one of its two subunits helped in the identification of the protein which initiates meiotic recombination in
eucaryotes (SPO11).

We will briefly summarize the different topoisomerase activities which have been identified in Archaea and their distribution
in the archaeal domain. We will also present our recent advances in the characterization of the Sulfolobus shibatae Topo VI.
The somewhat erratic distibution of topoisomerases in-between and inside domains will be discussed in relation with present
(contradictories) hypotheses about the universal tree of life, but also in relation with the possibility that some present-day
cellular proteins involved in DNA metabolism might have a viral (or plasmidic) origin.

Microbial Genome Sequencing: A New Paradigm for Assigning Function from Sequence
Claire M. Fraser. The Institute for Genomic Research, 9712 Medical Center Drive, Rockville, MD 20850, USA.

The sequences of more than 20 microbial genomes have been completed during the past three years and work in
progress suggests that the number of completed genomes will increase to almost 100 by the end of the decade. Witha
gene density in microbes on the order of one gene / kbp of DNA sequence and an average genome size of 2-3 Mbp,
completed microbial genome sequences will soon represent a collection of more than 200,000 predicted coding
sequences. While tremendous biological insights on any given organism derive from analysis of a single genome
sequence, we believe that comparative analysis of multiple genomes provides substantially more information on the
physiology and evolution of microbial species as well as the ability to better assign putative function to predicted
coding sequences. Several examples of how comparative genomics can be exploited to better understand biology will
be discussed.
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013 - Koga

Structure and Biosynthesis of Polar Lipids of Methanogenic and Other Archaea

Yosuke Koga, Masateru Nishihara, and Hiroyuki Morii. Department of Chemistry, University of Occupational and ™,
Environmental Health, Kitakyushu 807-8555, JAPAN.

Complete structures of predominant polar lipids from sevenspecies of methanogenic Archaea havebeen elucidated. Four varietiesof
diether type core lipids and two varieties of tetracther type core lipids were recognized throughout methanogen lipids. Sevenkindsof

glycerophosphate backbone of phospholipids (s7-G-1-P). Biosynthesis and maintenance mechanisms of the G-1-P backbone structure
are primarily depending on the stereospecificity of G-1-P dehydrogenase, and secondly are depending on G-1-P prenyltransfrase.
Recently we found third enzyme of etherphospholipid biosynthesis (CDP-unsaturated archacol synthase). The enzyme studied using
various synthetic substrates showed to be specific to geranylgeranyl chains but not stereospecific. The amino acid sequence of G-1-P
dehydrogenase does not share any sequence similarity with that of biosynthetic G-3-P dehydrogenaseof E. coli. Becauseit wouldbe
almostimpossible to interchange stereospecificity of the enzymes, it appears likely that the stereostructure of membrane phospholipids
of a cell must be maintained from the time of birth of the first cell, when Archaea and Bacteria would be differentiated.

014 - McCloskey

RNA Modification
James McCloskey, Department of Medicinal Chemistry, University of Utah, Salt Lake City, UT 84112, USA.
While posttranscriptional modification of RNA in general serves to modulate regional structural features, in the
thermophilic Archaea (primarily Crenarchaeota) it also appears to play a significant role in thermal stabilization. Ninety-
five naturally occurring modified nucleosides are currently known in all forms of RNA (see http://fwww-
medlib.med.utah.edu/RNAmods/RNAmods.html). Greater structural diversity of nucleoside modifications are found in
archaeal tRNA (39 known nucleosides), although ribosomal RNA is relatively understudied both with regard to
modification structures (16 nucleosides) and their functions. Modification motifs in tRNA are generally more eukaryotic
than bacterial; nine nucleosides are unique to the archaea. Sulfolobus solfataricus P2 16S rRNA is being studied as a
model hyperthermophile for sequence placement and characterization of modified residues. A mean of approximately
38 modified sites are present (70-75°C culture) with relatively heavy ribose methylation, the levels of which appear to _—
increase with culture temperature. '

Analyzing the Pyrobaculum aerophilum genome

Sarel Fitz-Gibbon, Department of Microbiology and Molecular Biology Institute, University of California, Los
Angeles, Ung-Jin Kim, Biology, California Institute of Technology, Heidi Ladner, Department of Microbiology
and Molecular Biology Institute, University of California, Los Angeles, Elizabeth Conzevoy, Department of
Microbiology and Molecular Biology Institute, University of California, Los Angeles, Barbara Perry, Biology,
California Institute of Technology, Gigi Park, Biology, California Institute of Technology, Karl Stetter, University
of Regensburg, Germany, Melvin 1. Simon, Biology, California Institute of Technology, Jeffrey H. Miller,
Department of Microbiology and Molecular Biology Institute, University of California, Los Angeles.

Pyrobaculum aerophilum is a hyperthermophilic archaeon isolated from a boiling marine water hole that is capable
of growth at 104'C. This microorganism can grow aerobically, unlike most of it's thermophilic relatives, making

it amenable to a variety of experimental manipulations and a candidate as a model organism for studying archaeal
and thermophilic microbiology. We have sequenced the entire genome using a random shotgun approach

(3.5X genomic coverage) followed by oligonucleotide primer directed sequencing, guided by our fosmid map.
We will report the analysis of the annotated genome.
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Which is the best structure of AspRS ?
@™ D. Moras, Laboratoire de Biologie Structurale, IGBMC, BP163, 67400 Illkirch-Strasbourg, France.
The crystal structure of aspartyl-tRNA synthetase (AspRS) from Pyrococcus kodakaraensis was solved at
1.9 A resolution. The sequence and three-dimensional structure of the catalytic domain are highly
homologous to those of eukaryotic AspRSs notably the absence of a large insertion domain present in
eubacterial enzymes. In contrast, the N terminal domain, whose function is to bind the tRNA anticodon, is
more similar to that of eubacterial proteins. Its structure explains the unique property of archaeal AspRSs

to accommodate both tRNAASP and tRNAASN, A comparison with the known 3D structures of the enzyme
from yeast, E. coli and Th. thermophlus clarifies the role of residues present in both archaeal and
eukaryotic AspRSs, but absent from the eubacterial enzymes, will be discussed.

017 - Perler

Inteins
Francine B. Perler. New England Biolabs, Inc. Beverly, MA 01915, USA.
Since the discovery of protein splicing in 1990, more than 70 putative protein splicing elements, termed
INTEINS, have been identified in archaea, eubacteria and eucarya (see the INTEIN REGISTRY at InBase:
http://www.neb.com/neb/inteins.html). These in-frame insertions (134-548 amino acids) are precisely
excised post-translationally from a precursor protein and the flanking sequences are ligated to form a native
peptide bond. The protein splicing mechanism has been determined, including roles for many conserved
residues. The process is autocatalytic and the intein plus the first downstream residue contain sufficient
information to mediate protein splicing. Many inteins are bifunctional proteins with homing endonuclease
™ and protein splicing activities encoded by separate structural domains. The presence of endonuclease
activity allows the efficient transfer of intein genes into inteinless alleles. Inteins can thus be inherited both
vertically and horizontally. Understanding the mechanism of splicing has allowed researchers at NEB to
rhodify inteins for use in protein purification, protein semisynthesis, peptide ligation, control of enzyme
activity and specific modification of selected regions of a single protein.

018 - Rees

Structural Manifestations of Hyperthermostability in Proteins

Douglas C. Rees, Howard Hughes Medical Institute, Division of Chemistry 147-75CH, California Institute
of Technology, Pasadena, CA 91125, USA ]
One of the fascinating questions raised by the existence of hyperthermophilic organisms concerns the
stabilization mechanisms for both small and large molecules at elevated temperatures. For the case of
hyperthermostable proteins, recent structural and thermodynamic analyses have provided a foundation for
addressing these issues. The most general conclusions from these studies are that hyperthermostability is not
associated with dramatic increases in the maximal stability of a protein, and that it can be achieved without
the requirement for any new types of interactions to stabilize the folded conformation. Rather than being the
consequence of any one dominant type of interaction, it appears that the increased thermostability of these
proteins reflects a number of subtle interactions involving electrostatic interactions (hydrogen bonds and salt
bridges), increased secondary -structure stabilization, surface energies and packing effects.
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019 - Reeve

Archaeal Histones and Chromatin

John N. Reeve, Kathryn A. Bailey, Wen-Tyng Li, Suzette L. Pereira, Divia J. Soares and Kathleen Sandman. Department of
Microbiology, The Ohio State University, Columbus, OH 43210

All euryarchaeotal genomes sequenced to date contain archaeal histone encoding genes and over 20 very similar but nevertheless
differentarchaeal histone sequences are now available. Residues predicted to be responsible for histone dimer and tetramer formation,
for DNA binding and for histone fold stabilization have been changed and structure-function-stability assays of the resulting variants
undertaken. Archaeal histones assemble as tetramers into structures, designated archaeal nucleosomes, that circularize linear DNA,
protect ~60 bp from micrococcal nuclease digestion, and appear very similar to the structure formed by the histone (H3+H4), tetramer
core at the center of the eukaryal nucleosome. Archaeal nucleosome positioning sequences have been identified, consistent with a
direct role in gene expression, and the possibility that the archaeal nucleosome was the antecedent of the contemporary eukaryal
nucleosome will be discussed. Histone fold domains have also recently been identified in several eukaryal transcription factors, and
MI1647 from Methanococcus jannaschii encodes an archaeal histone fold with a C-terminal extension. rMJ1647 synthesized in E.

coli has DNA binding properties consistent with an archaeal histone and removal of the C-terminal extension -does not effect the
histone fold, dimer formation or DNA wrapping.

020 - Roberts

Analysls of Restriction Modification Systems from Archaeal Genome Sequencas.
Richard Roberts, Janos Posfai, Jay Patti, Devon Byrd, Tanya Osterfield and Richard Morgan. New England Biolabs, 32 Tozer
Road, Beverly, MA 01915, USA.
Until recently all of the 3000 restriction enzymes known to man had been found by obtaining bacteria and archaea from culture
collections or environmental samples and assaying them biochemically and genetically. During the last 15 years, many of these
systems have been cloned and sequenced and it is now possible to use quite sophisticated search algorithms to screen new DNA

sequences for the presence of methylase genes. Experience among known systems has shown that restriction enzyme genes are
found close to their cognate methylase genes.

Analysis of several archaeal genome sequen has been conducted and in Methanococcus jannaschii, there are many more
methylase genmamﬁﬁd on the basis of previous biochemical screening. In some cases they could be
predicted to form part of restriction modification systems because the adjacent open reading frames were similar to known restriction
enzyme genes. Very often, though, the adjacent open reading frames had no homologs in GenBank and were thus candidates either
for new specificities or for previously uncloned genes. We have been developing methods to allow these candidate genes to be tested

biochemically. Results for M. jannaschii and other genomes have been very promising and include the finding of one new specificity

that had never been seen before. It seems clear that screening DNA sequence databases will be a very productive method to find
restriction enzymes with new specificities.

Analyzing the Sulfolobus solfataricus P2 genome
Christoph W. Sensen and the Sulfolobus team, National
Research Council of Canada, Institute for Marine Biosciences,
1411 Oxford Street, Halifax, NS, Canada B3H 3Z1. E-mail:
sensencw@niji.imb.nre.ca.

The 3 Mbp Sulfolobus solfataricus P2 is sequenced in
an international co rative effort, including laboratories in

Canada, Denmark, France and The Netherlands. More than
80% if the sequence is completed (Sept. 13, 1998). The
Sulfolobus genome is one of only two crenarchaeote genomes
sequenced to date. The genomic data offer an interesting
insight into crenarchaeote genome organization.
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MOLECULAR BASIS FOR UNIDIRECTIONAL TRANSCRIPTION IN ARCHAEA

Otis Liﬂleﬁeldf&- Peter Kosal %, Steven Bell®, Steven Jackson®, Yakov Kark}linf&, and Paul B, S}'gjgtf&" chpar!mcn:s of
Molecular Biophysics and Biochemistry and the &Howard Hughes Medical Institute, Yale University, New Haven, CT 06511 and *The
Wellcome/CRC Institute, Cambridge, UK.

The archaeal promoter appears to be a slowly evolving, "stripped down", version of TATA-dependent eukaryal promoters. This
has been confirmed progressively with the sequencing of archaeal genomes. Archaeal promoters contain TATA-boxes 20 to 30
base pairs upstream of the transcriptional start site. In archaeal systems, promoter specific, efficient, unidirectional in vitro
transcription requires only the two basal factors, TBP and TFB (orthologue of TFIIB), both of which have been cloned and
overexpressed, purified and crystallized; and the polymerase, which has been purified in multi-milligram amounts. Moreover,
there are no archaeal homologues of TFIIA, IIF, IIG, IIH, or SRB's in the archacal genome. As sequence homology and
functional studies would suggest, our crystal structures of archaeal TBP and TBP/TFB/TATA complex showed them to be
essentially identical to their eukaryotic pol II counterparts. All but the smallest three subunits of archaeal RNA polymerase
subunits share homology with those of eukaryal pol II leading us to believe the arrangement and function of the archaeal
components in the preinitiation complex will emulate their counterparts in eukaryotes. In vitro transcription experiments have
established that unidirectional transcription is dependent upon an interaction between TFB and a six base pair promoter segment
immediately upstream of the TATA-box. This is consistent with results in higher eukarya where TFIIB contacts a similar
region (but different consensus sequence) in the pol II promoter. Diffraction quality crystals are under study which contain TBP
and TFB in complex with a promoter fragment containing a contiguous directional signal and the TATA box. Thus, the
archaeal systems may serve as simplified and robust models of the eukaryotic basal preinitiation assembly.

Novel Translational Components in Archaea
D. Soll
Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, CT 06520-8114, USA

The accurate synthesis of aminoacyl-tRNAs is essential for faithful translation of the genetic code and is assumed to be
one of the most orthologous processes in biology. This dogmatic view was called into question by the sequencing of a
number of archaeal and bacterial genomes which did not contain genes encoding a significant number of aminoacyl-tRNA
synthetases. For example, the genomic sequences of the euryarchaeotes Methanococcus jannaschii and Methanobacterium
thermoautotrophicum do not contain open reading frames encoding homologs of the canonical asparaginyl-(AsnRS),
cysteinyl-(CysRS), glutaminyl-(GInRS) and lysyl-tRNA synthetases (LysRS). The use of two-step (indirect) aminoacylation
pathways for the formation of Asn-tRNA**" and GIn-tRNA®" in some organisms circumvents the need for the enzymes
which catalyze one step formation of these molecules, AsnRS and GInRS. It has now been found that several archaea and
bacteria contain a functional class I LysRS with no resemblance to canonical class II LysRSs, with the bacterial examples
apparently arising by horizontal gene transfer from archaea. Thus, non-orthologous replacement of essential enzymes
such as AsnRS, GInRS and LysRS is widespread in both Archaea and Bacteria, indicating that while the process of
translation is orthologous its constituents are not. This surprising conclusion is supported by the finding that the closely
related bacteria Deinococcus radiodurans and Thermus thermophilus, rather than lacking certain aminoacyl-tRNA synthetases,
are able to synthesize Asn-tRNA*" and GIn-tRNA®" using both the aminoacylation and transamidation pathways.

Diversification of Function in the Archaeal Rhodopsin Famlly
John Spudich, Department of Microblology and Molecular Genetics, University Of Texas Medical School, Housfon, Texas 77030, USA.

The archaeal rhodopsins are a family of photoactive proteins found in the membranes of Halobacterium salinarum, Natronobactenium
pharaonis, Haloarcula vallismortis and other halophilic archasons. Each consists of a single polypeptide that folds into 7 a-helical membrane-
spanning segments forming an intemal pocket lined by 22 highly conserved residues where the chromophore retinal is bound. The physiological
functions of the archaeal pigments divide them Into two classes: transport rhodopsins (bacteriorhodopsin, BR, and halorhodopsin, HR) and sensory
rhodopsins (SRI and SRII). The former use photoisomerization of retinal to drive electrogenic translocalion of ions across the membrane, while the
latter use similar photochemical reaclions to generate non-electrogenic phototaxis signals via a protein-protein Interaction cascade controlling the
cells’ flagellar motors. The talk will describe recent experiments that shed light on how the common molecular design of archaeal rhodopsins has
been modified by nature to provide these distinctly different functions (1).

While sharing a 7-transmembrane-helix structure and retinal binding capacity with the archaeal rhodopsins, visual pigments do not exhibit
readily recognizable primary sequence homology. Given the large evolutionary distances between the Archaea and higher animals, the lack of
sequence similarity may be a consequence of divergence. The recently observed detailed similariies in the molecular mechanisms of
photoactivation of archaeal and visual rhodopsins (2,3) argue for a common origin, or provide a striking example of convergent evolution in protein
chemistry, if independent origins are assumed. In keeping with the theme of the meeting, the extensive and compelling evidence for the existence
of archaeal rhodopsin-like photosensory proteins in eukaryotic microorganisms will be discussed.

1. Spudich, J.L. (1998) Variations on a molecular swilch: transport and sensory signaling by archaeal rhodopsins. Molecular Microbiology 28:1051-
1058,

2. Spudich, E.N., Zhang, W., Alam, M., and Spudich, J.L. (1997) Constitutive signaling of the phototaxis receptor sensory rhodopsin Il from
disruption of its protonated Schiff base-Asp73 salt bridge. Proc. Natl. Acad. Sci. USA. 94:4960-4965.

3. Hoff, W.D., Jung, K.-H. and Spudich, J.L. (1997) Molecular Mechanism of Photosignaling by Archaeal Sensory Rhodopsins. Annu. Rev.
Biophys. Biomolec. Struct. 26:223-258.
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The Diversity of Archaea

Karl O. Stetter, Lehrsuehl fiir Mikrobiologie, University of Regensburg, D-93053 Regensburg, Germany.

Within the 16S rRNA-based phylogenetic tree of life, archaea represent the third domain of life in addition to the bacteria and
eukaryotes. After the discovery by Carl Woese, members of archaea have been isolated so far exclusively from environments
“extreme” by anaerobiosis, salinity, heat and thermoacidity which are hostile to ambient forms of life. These cultivated archaea
exhibit a great phylogenetic and metabolic diversity. During the last years, investigations of environmental DNA samples
reveal the existance of mostly unknown archaeal 16S rRNA genes “everywhere®, even in ambient soils and aquatic
environments. Therefore, diversity of archaca may be even much higher than known from the cultivated groups.

In my talk, I want to concentrate mainly on hyperthermophilic archaea which represent all the shortest and deep lineages
whithin the phylogenetic tree. Hyperthermophiles grow optimally at temperatures between 80 and 113° C. Most of them are
able to grow chemolithoautotrophically, using inorganic redox reactions as energy- and CO, as carbon sources. In their hot
environments hydrogen gas, reduced sulfur and iron compounds may serve as electron donors, while CO, and oxidized sulfur,
nitrogen and iron compounds may function as electron acceptors, which are present in their hot environments. Alternatively,
most hyperthermophilic archaea are able to grow heterotrophically. Based on their requirement of simple substrates and their
independence of sunlight, they could thrive in any water-containing hot environment, even on other planets.

026 - Tabita

Novel ribulose bisphosphate carboxylase/oxygenase enzymes of anoxic archaea: how do they work and what are they doing?

F. Robert Tabita, Gregory M.F. Watson, Jae-Pil Yu, and Michael W. Finn, Dept. Microbiology, Ohio State Univ., Columbus, OH 43210 USA
Genomic sequencing of two diverse archaca, Methanococcus jannaschii and Archaeoglobus fulgidus, indicated potential sequences that encode
ribulose 1,5-bisphosphate carboxylase/oxygenase (RubisCO). Deduced amino acid sequences of the putative large subunits are substantially
different from the thousands of form I and form I large subunits currently in the data base. There is also no known role for this enzyme in the
metabolism of archaea, although RubisCO is known to catalyze the synthesis of the bulk of biogenically produced organic matter on earth.

The ability of RubisCO to catalyze reactions employing either CO; or O, as gascous substrates defines the efficiency of this enzyme in
metabolism and its ability to sequester atmospheric CO;. Despite substantial structure-function advances over the years, a defined molecular
rationale goveming RubisCO specifity has not been elucidated. Since anoxic archaea presumably evolved in the complete absence of oxygen,
studies were undertaken to examine the putative RubisCO sequences of M. jannaschii and A. fulgidus. It was found that known active site
residues were conserved and the deduced tertiary structures of each of these potential enzymes were basically similar to known RubisCO
structural models. Recombinant enzymes were prepared, and after considerable optimization of enzyme recovery, the M. jannaschii enzyme, in
particular, was shown to exhibit bonafide RubisCO catalytic activity, with stoichiometric conversion of substrates to products. The enzyme
exhibited considerable thermal stability and possessed an unusual salt requirement for maximal activity. Several other catalytic properties were
defined; the reversible inhibition of the enzyme by molecular oxygen was especially interesting and unexpected. Despite this, an extremely
weak oxygenase activity could be measured. These results suggest that these unusual archaeal enzymes might serve as model systems to probe
the basis and evolution of RubisCQ CO,/0O, specificity.

027 - Thauer :

Structure and Catalytic Mechanism of Methyl-CoM-Reductase

RudolfK. Thauer, Mayx‘-‘;lmck-lnsﬁmt  for terrestrische Mikrobiologie, Karl-wn-Frisds—S.rraﬁe, D-35043 Marburg/Gemany
Methyl-coenzyme M reductase is the key enzyme of methane formation in methanogenic archaea. It catalyzes the reduction of
mﬂhylwnzymeMﬁmmnzymbmmammehaaodimﬁdeofm?ymMandmmzymFB. The crystal structure
of the enzyme substrate complex and of the enzyme product complex was determined at 1.45 A resolution. Inbothmuuures‘g:le
electron density map revealed five modified amino acids located near the active site region: 1-N-methyl-His™", 5-methyl-Arg™",
2-methyl-GIn™®, S-methyl-Cys™*2, and thio-Gly™***. The mechanism of modification by methylation was resotved. From the two
enzyme structures and the properties of its prosthetic group coenzyme F o, a catalytic mechanism is proposed that involves radical
intermediates and a nickel organic compound.

Goubeaud, M., Schreiner, G. & Thauer, RK. (1997) Eur. J. Biochem. 243, 110-114.

Shima, S., Goubeaud, M., Vinzenz, D., Thaver, RK. & Ermler, U, (1997) J. Biochem. 121, 829-830.

Ermler, U., Grabarse, W., Shima, S., Goubeaud, M. & Thauer, RK. (1997) Science 278, 1457-1462.
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© 028 -Thomm

Mechanism and regulation of transcription in Archaea
Michael Thomm, Isabell Dahlke, Winfried Hausner, Jens Thomsen and Bernd
Goede, Institut fiir Allgemeine Mikrobiologie, Universitét Kiel, D-24118
Kiel, Germany )
Initiation of transcription by archaeal RNA polymerases is mediated by two
transcription factors, that are homologous to eukaryotic transcription
factors TBP and TFIIB. As at RNA polymerase II promoters, TBP bound at the
TATA-box is the heart of the preinitiation complex. Entry of the second
archaeal factor, TFB, to the TATA-box-TBP binary complex stabilises binding
of TBP to the promoter and extends the footprint of TBP to the DNA region
upstream of the TATA box. o . )
Although the nature of the archaeal transcriptional machinery is clearly
eucaryotic-like, a gene encoding a homolog of the bacterial general
transcriptional regulator "Leucine responsive regulatory protein® (Lrp) has
pbeen detected in the genome of some Archaea. Pyrococcus-Lrp acts as a
transcriptional regulator in vitro. It inhibits specifically transcription
form its own gene. This autoregulation is not affected by Leucine. We
describe experiments contrxibuting to a molecular understanding of Lrp
action.
Furthermore, two differentially expressed archaeal gene loci are presented
as models to investigate regulation of transcription i.n Arch.aea.. The
expression of Pyrococcus celB-gene, encoding a beta-glucosidase, is highly
stimulated in vivo in the presence of cellobiose as carbon source, the
transcription of the dnaK-locus of Methanosarcina, encoding some ax_-cl'_:aeal
molecular chaperones, is dramatically increased by stress. Preliminary
evidence suggests that regulation of transcription of the Pvrococcug cg.lB
gene is mediated by a bacterial type of activator. The mechanism
controlling heat shock gene expression in Archaea seems to differ from both
the bacterial and eucaryotic strategies.

029 - Maizels

CCA addition by tRNA nucleotidyltransferase: polymerization without translocation?

Nancy Maizels, Pei-Yong Shi, Dongxian Yue, and Alan M. Weiner.

Molecular Biophysics and Biochemistry, and Genetics, Yale School of Medicine, New Haven, CT 06520-8024, USA.
The CCA-adding enzyme builds and repairs the 3’ terminal CCA sequence of all tRNAs by adding one nucleotide at
a time, using CTP and ATP as substrates. Unlike all other sequence-specific RNA and DNA polymerases, however,
the CCA-adding enzyme does not use a nucleic acid to template nucleotide addition. Thus the protein itself must
somehow serve as template, or the enzyme must use a novel mechanism. We have recently shown that the CCA-
adding enzyme of Sulfolobus shibatae has only a single active site, that the enzyme binds primarily to the acceptor
stem (or “top half”) of tRNA, and that the tRNA remains immobile on the enzyme surface during addition of CCA.
To explain how three nucleotides can be added to tRNA without movement of either the tRNA or the active site, we
propose that the growing 3’ terminus of the tRNA progressively refolds to allow the solitary active site to reuse a
single nucleotide binding site. The binding site for each successive nucleotide would be created collaboratively by
the refolded 3’ terminus and the enzyme, and nucleotide addition would cease when the nucleotide binding pocket
was full. The template for CCA addition would be a dynamic ribonucleoprotein structure, in a process we call
collaborative templating.

Examination of blosynthetic pathways predicted by genomic sequencing in methanococd.
William B. Whitman, Department of Microbiology, University of Georgia, Athens GA 30602-2605, USA.

) Correct annotation of genomic sequences i3 still a major problem in the Archaea due to the lack of direct experimental observations and the low
similarity of archaeal sequences to bacterial and eukaryal homologs. Two approaches are being utilized to address this problem. In the first approach, genetic
tools to experimentally cxamine the function of ORFs in Methanococcus maripaludis are being developed. M. maripaludis is a rapidly growing, mesophilic
methancgen moderately related to the hyperthermophile Methanococcus jannaschii. A facultative autotroph, it can grow in mineral medium on H,+CO, or
formats as well 2s assimilate 2cetate and amino acids. Genetic tools available in M. maripaludis include an efficient transformation system, an expression
shuttle vector, and insentional vectors. The expression shuttle vector will be useful for studying structure-function relationships of enzymes with the unusual
Mc groups that are common in methanogens. By constructing a random library in a suicide vector, insertional mutagenesis of the genome is also
mﬂa ‘Thus, upon isolation of mutants with interesting phenotypes, the physical basis for the mutations can be readily identified. In the second approach,
additional computational analyses of putative ORFs are being performed to identify potentially orthologous ORFs in the genomic sequences of the
euryarchaeotes. Because biosynthetic pathways should be conserved in these organisms, these analyses will test the annotations for many of the ORFs
assigned to these functlons. In addition, these analyses should help identify ORFs whose functions can be readily tested genetically.
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m Analyses of DNA Polymerase Activities in Aeropyrum pernix, an Obligste
Acroble Hyperthermophilic Crenarchacote: Implications on Archaeal DNA
Replication

How Much Can We Learn about Archaeal Metabolism

Through Genome Comparison ?
Michael Y. Galperin, Kira S. Makarova, Roman L. Tatusov, and Eugene V.

I Cann', N, Nomura®, Y. Sako', and Y. Ishino. 'Biomolecular Engineering Koonin. Naliu}al Ceater for Biotechnology Information, National Library of -~
Research Institute, Osaka, *Kyoto University, Kyoto, Japan Medicine, National Institutes of Health, Bethesda, MD 20894, USA '
With the determination of the complete genome sequences of four
The domain Archaca : i ; curyarchacans, it has become possible to compare the proteins encoded in
AR i e ﬂt;:’ = Tr’ : lh:?‘" mn:"w' _ their genomes to their bacterial and cukaryotic counterparts. In an attempt to
il Vo % sy umRae Ay e budiny; understand archaeal metabolism, we combined sequence analysis of the
g SSH t¥s Proviiol oylammes tit tho emyMrAONCe proteins encoded in archacal genomes using iterative BLAST (PSI-BLAST)
poslals. at .!usl. two DNJ‘\ m!yw‘ one belonging to family B (Poll) while the with the Clusters of Orthologous Groups (http://www.ncbi.nlm.nih.gov/COG)
other is a hitherto undescribed heterodimeric DNA polymerase (Polll). While no approach, which is based upon all-against-all comparisons and is largely
DNA polymerase has been isolated from the koract in the } P. unaffected by the differences in their relative evolution rates. This strategy
occultum and 5. solfataricus are reported to contain multiple DNA poly allowed us to identify candidate proteins for most of the core metabolic
We investigated DNA polymerase activitics in Aeropyrum pernix, the only obligate pathways in cach of the completely sequenced archacal genomes.
aerobic crenarcheote isolated till date, which grows up to 100°C. DNA polymerase It appears that Methanococcus jannaschii, Methanobacterium X
activity was determined by fractionation of cell extracts through anion exchange rhemwampmcw' mdA rcmcogbqug@” bave fum:n?:nl hmu.nd-
chromatography followed by analysis of each fraction for incorporation of ['H]TTP type Pa}h ways for synthesis of all }he.mo um.h' e F:rt‘lhne,.cystﬂnc..
taces activmed calf hyiiot DIA, ¥ ilceent DNA sa) o, and lysine. In contrast, only methionine, threonine and arginine biosynthetic
P TS SN SemGIDCEn, ey PURIIASE BCVilich. ook pathways were found in Pyrococcus horikoshii. Biosynthesis of purines and
aphldJco in-resistant (Poll) and the other sensitive (Polll), were detected. Both pyﬁmidinu is also similar in bacteria and archaea, with the exccplion of
activities were stable above 80°C, but Polll was more thermostable than Poll, These AICAR transformylase (PurH), which is present only in A. flgidus and is
properties are similer to those of Poll and Polll of P, occultum, which we characterized apparently displaced by a non-orthologous enzyme in other archaca. Such
previously. Degenerate primers were used to amplify segments of the genes encoding cocnzymes as NAD and biotin are synthesized by all four organisms; all of
the DNA poly The obtained PCR i were cloned and the inserts in them, except P. horikoshii, also have genes for riboflavin and cobalamin
binant plasmids were seq d. Two frag shawing exiensive similarifies biosynthesis. ‘ ] .
to Poll and Polll of P. occultum were identified. Using a genome-walking PCR On the other hand, mmw memhm_m m'igm'luc' Only the
approach, the two genes were completely sequenced and cloned. A. pernix Poll gcnles folrg'{:(}ﬁ::r\\{r::m I::;.;flilcyi aplpy:r“pf:éfm;?gcﬁﬁi:o:;l
s 3 - - . . L} i m
s.h::w:d lughrumno af.‘ld.r-tquenc.c identily 10 P. n!rcnfmm Pn_II and family B DNA phosphate shunt, and the Entner-Doudoroff pathway are all missing. Asa
AR i creasmstincoles whiks ot prals PollLahiwid result, the mechanisms of formation of ribose, deoxyribose, and hexoses
considerable similarity to the homolog found in both crenarchacola and euryarchacota. remain unidentified. Proline, cysteine, and lysine biosynthesis pathways are
We hypothesize that both the euryarchacota and the crenarchacota contain multiple also obscure at this time. Besides, non-orthologous gene displacement is
DNA poly One homolog is aphidicolin-sensitive and common to both detectable even in the established pathways; only in a few cases both enzyme
subdomains, while the second DNA polymerase in each subdomain is aphidicolin- variants are readily recognized. Clearly, a major experimental effort will be
resistant. Whereas the latier is characterized by a heterodimer in the euryarchaeota, in needed lO get a comprehensive picture of the metabolic processes in cach of
the crenarchacota it is a single polypeptide. the organisms with completely sequenced genomes.
z \
ELE  pevelopment of Integrative and seif-replicating oxpression | IRIZM A NOVEL DNA POLYMERASE IN THE
et Ll oo e U popamantt gy, | EURYARCHAEOTA
Urivarsfty. of Georgia, Athens, GA 30602-2605 Yoshizumi ISHINO, Isaac CJ.ANN. I!(uko I-IAYASHI,_ Ka}'_oko
Methanococctis maripaludis Is a strictly anasrobic archason that KOMORI Dept. of Mol. Biol.,, Biomolecular Engineering
produces methane from carbon dioxide and hydrogen or formate and is Research Institute, Osaka 565-0874, Japan
among the few archaea with a genetic system. Integrative vectors, multiple
antiblobic reslstance markers, and a shuttle vector are currently available The propagation of every free-living organism depends on the
;?r'td&z";s nt:iéfp&-'m In this research, expression vectors were designed accurate transfer of genetic information from parent to progeny.
. ; Pivotal to this process are the DNA polymerases which undertake
pDLT44, the first shutde vactor developed for M. maripaluds, various replicative and repair functions. In both Bacteria and
was constructed by ligation of pMEB.2 into pURBS500 (Tumbula et &/, 4 1 X s
1997). pMEB.2 contains an origin of repiication for E. coli for Eukarya, multiple DNA polymerases arc known to perform the
selection In E. ool and the puromycin resistance cassetts for selection in task of replicating the genome. In Archaca, however, the process
methanococd. pURB500 is a cryptic plasmid from M. maripaludis strain of DNA replication remains cryptic. To understand replication in
C5 that contains a methanococeal odgE1 of replication. Many archasa these organisms, our experiment was initiated to identify all
contaln oxygen-sensitive metalioenzymes that require unusual cofactors to proteins with DNA polymerizing activity from P. furiosus, a
form a functional enzyme. pWLG30, an expression shuttie vector, was member of the subdomain Euryarchaeota. A protein having DNA
developed to overaxpress these archaeal metalloenzyme genes in an polymerizing activity with different biochemical properties from
anasroblc am‘i;?hn;mnt "!mfsor D?'!"l:ﬁwtﬂd kadtﬁn&% { PSJJ' s}h?:‘orn that of known DNA polymerases was found This novel DNA
downstream of the promoter histone-like pro ; | i ed terodimer. W rt
Methanococcus voitae . Downstream of the Nl site are ihiao addiional Flfafm;;ﬁicigpﬁi]ggl;s Egrr:;?:(::cd ?:1’. a:‘hhc‘.: E[lorg:trrzgacota? rég(t)en:]i:r? \
unique sites. Upstream of the Py, is a unique Cla/site that allows conservation of amino acid sequence between curyarchacal DP1s .
removal or rapiacement of the promoter, Tha vactor allows exprassion of | . smal] subunit of Polll) and the small subunit of eukaryal DNA
hetarologous genes in M. maripaludis. Another utility of the vector is the in : s Edatiah ol - Tl?cy o
vivo monitoring of methanococcal promoters, Expression levels in M. PAYMEIRSC O WhS: I0UNT It CATEL) COMPUASONS. Ouem
maripaludis and Escherichia coll were tested with the p-galactosidase amino acid sequence of DP2 (the large subunit of Pol II) shows no
gena lacZ meaningful conservation to any known protein. However, we
Construction of Mathanococcus integrative vectors with predicted the amino acid residues in the sequence of Euryarchaeal
increased versatility began with pMEB.2 (Gemhardt et al., 1990). Removal DP2s for active site located in the distinct motifs which are found
of the JacZ al ementation fragment and the addition of a multiple in the palm subdomain of all proteins possessing nucleotidyl
cloning site (MCS) yielded pWLG11. pWLG11 was developed for transfer activity. Hence, the DP2 of euryarchaeal heterodimeric
insertionally inactivating genes via homolggous recombination in M. DNA polymerase is proposed to be the catalytic subunit,
maripaludis. pWLG11 was further modifi the addition of P\ Immunological experiments show that the proliferating cell
upstream of the MCS to form pWLG13. pWLG13 Is an Integrative nuclear antigen (PCNA) of P. furiosus interacts with Polll. Tt is of
axprasbsllon ﬁ;nscl‘tor for M. mans.anga. foﬂowléngﬁvh?“?bgou_s fth interest to note that PCNA also exhibited an interaction with the
PECOIRUE SN IFR0 med"m'wr;'-abwiaf{g};%’manw e o b | family B-type DNA polymerase of P. furiosus (Poll). Our current

gencmic copy of the inserted

maripaludis with the acetohydroxacid synthase (AHAS) gena iivB.

studies are to determine if interaction of PCNA with Polll

enhances processive DNA synthesis, as well as to investigate the
interaction of Pol II to other candidate proteins related to DNA
replication.  These finding will further substantiate the

archaeal/cukaryal relationship.
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Isolation of acetate auxotrophs by randem insertional
mutagenesis of Methanococcus maripaludks

Wonduck Kim and William'B. Whitman, Dcpartment of Microbiology,
University of Georgia, Athens GA 30602-2605

To randomly mutagenize the methane-producing archason
Methanococcus maripaludis, a genomic DNA library was constructed in
pMEB.2, a plasmid which camies the puromycin resistance cassette but
lacks a methanococcal origin of replication. Following PEG transformatien,
33,000 puromycin-resistant transformants were obtained from this library.
Seven auxotrophs were then isolated following enrichment with base
analogs. For six of these auxotrophs, the putative mutagenic plasmids were
isolated by electroporation of plasmid preparaticns from the methanococci
into E. coli.

Two of the auxotrophs were of special interest because they
required acetate for normal growth. JJ104 was a leaky acetate auxotroph.
The plasmid from JJ104, pWDK104, contained pantial ORFs homologous to
two components of an ABC transporter identified in the Methanococcus
Jjannaschii genomic sequence. Transformation of this plasmid back into the
wild-type strain yielded transformants with the same phenotype as JJ104,
confirming that integration into the genes encoding an ABC transporter
produced the observed phenotype. Growth of one of the transformants of
pWDK104 was stimulated by the addition of combinations of selenate,
molybdate, and tungstate. Presumably, the acetate auxotrophy resulted from
the failure to produce the prosthetic group of a key enzyme upon disruption
of the transporter and limitation for one of these oxyanions.

The other auxctroph, J7117, required acetate or cobalamin for
growth. Amino acids, other vitamins, cobinamids, and benzylamid azoles
had no affect. The plasmid from JJ117, pWDK117, contained most of a
large ORF homologous to two decarboxylase homologs in the M. fannaschii
genome.  Of five transformants of the wild type strain by pWDK117, only
one was auxotrophic for acetate and cobalamin, By Southern blotting,
31117 and the auxotrophic transformant appeared to contain tandem repeats
of pWDK117 inserted in the genome. In a prototrophic transformant, only
a single insertion of pWDK117 had occurred. These results suggest that the
auxotrophy was not produced by simple disruption of the decarbaxylase
gene but may have been caused by more complex interactions.

Comparative genomics of the archaea: unjversal and unique

proteln families and emerging evoiutionary patterns
Eugene V. Kqonin, Kira S. Makarova, L. Aravind, Michael Y. Galperin,
Roman L. Tatusov, Yuri |. Wolf, Naticnal Center for Biotechnology
Information, National Library of Medicine, National Institutes of Health,
Bethesda, MD 20894, USA

Comparative analysis of the protein sequences encoded in the four
archaeal species with completely sequenced genomes (Methanococcus
Jannaschii, Methanobacterium thermoauiotrophicum, Archaeoglobus

fulgidus, and Pyrococcus horikoshii) revealed 1326 orthologous sets, 542 of
which are conserved in all four species. The proteins that belong to these
universal archaeal families comprise 30-35% of the gene complement and
should be considered the evolutionary stable core of the archaeal genomes.
The core gene set includes the great majority of genes coding for proteins
involved in genome replication and expression but only a relatively small
subset of metabolic functions. In terms of their phylogenetic affinities, the
archaeal protein families are split into *“bacterial™ and “eukaryotic” enes. Most
of the proteins that show the highest similarity to their cukaryotic counterparts
or have caly eukaryotic orthologs belong to the core set, whereas the mobile
component consists primarily of “bacterial” proteins.

The archaeal transcription system is a particularly interesting
combination of eukaryotic and bacterial features, with a eukaryotic-type RNA
polymerase and several transcription factors but a number of bacterial-type
regulators containing the helix-tum-helix domain, some of which form
families conserved in all archaea. Detailed analysis of both the core and the
mobile components of the archseal gene complements shows ample evidence
of evolutionary events other than simple vertical inheritance, such as
differential gene loss and horizontal gene transfer, primarily from bacteria,
which results in both non-erthologous and orthologous displacement of a
significant number of genes.

Among the core archaeal families, 7] have no orthologs outside
the archaca and should be considered unique archaeal characters
(synspomorphics). The identification of these synapomorphies underscores
the unique evolutionary history of the archaea. Ovenall, the comparative
analysis of archaeal protein families is competible with an evoluticnary
scenario whereby the * ic™ families are remnants of an ancestral gene
set, while the bacterial families have entered the archaeal lincage by
horizontal gene transfer a1 different stages of evolution and have partially
replaced the original genes.

CC8, IBCCT, UFRJ, 21941, Rie de Janeire, Brazil
Tho prooess of mitosis hae undorgone ovolution. This change most probebly was
icd by o incresse in geaomo the ization evont.

envelopo stands in between the extranuciesr spindle and the clyomossomes.  How then
microtubulcs sogregate chromossames? Several authors sugest kinetochores anchored on
the oucloer envelopo do this link. In an sttempt to explore the primitive closed mitosis
proccss we used as oell moded Tritrichomonas foetus which is considered by molecular
phylogery onc of tho most carly diverging cukaryotes to be studied to date. 7. foetis ccll
division scrves as an interesting model 1o study tho mitotic cvolutionary path, since it
proscots 8 membrano-dopandent genomic segregation mode as prokaryotes and also &
microtubuler spindlo apparatus s afl cukaryotes. Our results are in disagroement with
provious reports in rolation to tho kindlochoro structure/functicn and also in the description
of the behavior of the cytoskeleton during mosphogenesis. In an sitemyt to explore the
primitive coll division of 7. foetus wo used soveral approachcs. The finst step was to obtain
o high index of mitotis cells, thercforo, wo cstablishod » synchronination procodure using

3D roconstruction, Panotico staining imunofluorescence
with snti-tubulin antibody or of DNA fluorescant stain were used to characterize cell
morphogenesis. In eddition wo also produccd & hypothetical computer animation of the
wholo morphogonesis using a representation of major skeletal structures and of the nucleus
to pictwe their overall interaction. Our based on these combined data,
charectorized is in four phases. In addition wo comelated the importance of »
bilsteral and mirror of the mitotic appantus with tho cverts of genomic pastition
and daughter cell disjunction. On the other hand wo atso describe the importance of the
mastigoos system. Anslyscs of the ultracstructuro of the dividing ccll rendered information
thot the details of membrpo-microtubule istorction ead revealed a complex
tranaformation of the intact nuclesr envelope. We obsarved finger-like opamions on the
polo regions of the nuclcar eavelope and tho formation of “bubbles™ in between its ner
and outer mombranes. Microtubules in bundiles were clwarved snchoring coto the nucleus
or passing through its interior by a cytoplasmic chennel. In the prescrt study we have shown
tut T. fostus mitosis is held not only by the spindie microtubules as in higher eukaryotes
Nahowiﬁh,iddhmyh od of the flagellar ian. Futher, wo

chromosscmo sogregation pattern. Wo propose with this
study a better undarstanding on the ovolution of Mdmﬂhw:imw
oa the segregation mechanism.
Fianzncial Suppert: CNPq, AUSU, FINEP, PRONEX, NTHRRO4S0

Transformation in Extreme Thermophiles: A High Copy Number,
Integrating Shuttle Vector for Sulfelobus solfataricus.

Kenneth M. Stedman , Christa Sch!epeff. Evelyn Rumpf and Wolfram Zillig. Max
Planck Instiwte for Biochemistry, 82152 Martinsried, GERMANY, trectinical

gn'almny. Danmstsdt, D-64287. Darmsiadi, GERMANY. *Marie Curic Rescarch
¢cllow.

A number of genomes of thermophilic, extremely thermophilic and hypes-thermophilic
archoea have been completely sequenced and analyzed at a sequence level. However
there is currently no way o directly comelate any of these genomes with their activity
due (o the absence of a system for stable transfarmation and specific gene disruption.
The extremely thermophilic srchaeon Sulfolobus solfataricus is one of the organisms
whose genomic sequence is being determined and it has a number of chasacteristics
which make it an attractive system for genetic analysis; heterotrophy. aerobic growth,
high plating efficiency and the availability of a large number of extra-chromosomal
elements. One of these elements, the virus SSVI, was chosen as the basis for a
transformation system for S.solfataricus. As well as being the best studied of any
archagal virus, it has a number of features which make it attractive as a transformation
system. Viral replication it UV inducible and the genome contains a UV inducible

romotler, it integrates specifically into a S.solfararicus tRNA gene and does not lyse
its host. In a series of experiments we showed that a number of ORFs in the virus
genome are required for virus function and that at least one is not required. This
allowed us 10 construct a shuttle vector which is stable both in E.colf and
S.solfataricus. The copy number of the vector is regulated by UV induction. It
integrates specifically into the host genume and (orms lysogens under cenain
conditions, I forms infectious virus particles which appear to be larger than the wild
type virus. After 3 days of liquid culture the vector speeads to infect all of the cells in

t culture. This shuttle vector appears to be an excelient candidate for genetic

analysis of the extremely thermophilic archacon S.solfataricus. Complementation and
expression studies will be discussed.

A2: Archaea: Bridging the Gap Between Bacterla and Eukarya - Taos, NM - January 9 - 14, 1889



Sunday, January 10: Integrating Genomics and Archaeal Biology

Mamidaﬁon routes to aminoacyl-tRNA formation in
Deinococcus radicdurans: parallels to the archaea?
Debra L. Tumbula, Alan W. Curnow, Joanne Pelaschier, Bokkee Min
and Dieter Soll
Department of Molecular Biophysics and Biochemistry, Yale
University, New Haven, CT 06520-8114, USA
In the absence of the respective tRNA synthetases, some archaea form
GIn-tRNAGIa or Asn-tRNAAsa by amidation of the mischarged
Glu—tRNAGI or Asp—tRNAAsn “:reda (1). The gencmic sequence of
the bacterium Deinococcus radiodurans (2) suggested the presence of
both glutamyl-tRNAGIn amidotransferase (GIuAdT) and aspartyl-
tRNAAsn amidotransferase (AspAdT), given the presence of GluAdT
homologs (3atCAB) and an archaeal-like, non-discriminating
aspartyl-tRNA synthetase. Cloned and expressed gatCAB from
D. radiodurans demonstrated both GIuAdT and AspAdT activity.
However, the lack of a non-discriminating glutamyl-tRNA synthetase
activity in D. rediodurans restricts the role of the GluAdT to Asn-tRNA
formation. As D. radiodurans has homologs and the activities of
glutaminyl~tRNA synthetase but not of tRNA-independent
asparagine synthetase, the role of the GluAdT in this organism may be
confined to asparagine biosynthesis. These results are consistent with
the previous suggestion (3) that the GatB subunit specifies
tRNA-recognition, as D. radiodurans has only one gatB homolog, in
contrast to archaea which possess two gatB homologs while lacking
glutaminyl- and asparaginyl-tRNA synthetases. As D. radiodurans also
has asparaginyl-tRNA synthetase, this system is the first example
where an aminoacy!-tRNA is formed within the same cellular
compartment by both the respective tRNA synthetase and an
amidotransferase.
1. Ibba, M., Curnow, A.W. & S8ll, D. (1997) Trends Biochem. Sci. 22, 39-
42.
2. ftp://ftp.tigr.org/pub/data/d_radiodurans/.
3. Cumow, A.W., Hong, K.-W,, Yuan, R., Kim, S.-1., Martins, O.,
Winkler, W., Henkin, T.M. & Stl\, D. (1997) Proc. Natl. Acad. Sd. USA
94, 11819-11826.
D.L.T. is a Nationa! Institutes of Health Postdoctoral Fellow
(GM19278-01). This work was supported by grants from the National
Institute of General Medical Sciences (GM22854 and GMS55674) and
the Department of Energy (FER1998).

Coenzyme Biosynthesis in the
Methanogenic Archaea

Robert H. White, Department of Biochemistry,
Virginia Tech, Blacksburg, VA 24061-0308, USA.

The individual steps in the biosynthetic pathways for
the generation of the tetracarboxylic acid moiety of
methanofuran (HTCA), coenzyme B (HS-HTP) and
methanopterin will be presented. The common link
between the biosynthesis of HTCA, coenzyme B and
biotin through the common intermediate trans-
homoaconitate, formed by the protein product of the
aksA gene, will be described. Identification of the
genes involved in biosynthesis (7,8-dihydroptercate
synthase) and function (thymidylate synthase) of
methanopterin will be given.

Non-discrimination of tRNA substrates
by aspartyl tRNA synthetases

Joanne Pelaschier and Dieter Soll Department of
Molecular Biophysics and Biochemistry,Yale
University, New Haven, CT 06520-8114

In archaea and in some eubacteria, Asn-tRNAAsn |g
formed by a two step pathway. The first step is

mischarging of tRNAAsn by a non-discriminating AspRS.

The Asp-tRNAAsn is then converted to Asn-tRNAAsn by
a tRNA-dependent amidotransferase.

Productive recognition of tRNAAsn and tRNAASP by a
non-discriminating synthetase requires loss of
recognition of the third position of the anticodon of
these tRNAs. However, the synthetase must retain its
ability to discriminate sufficiently against all other
tRNA substrates. In order to determine the structural
and functional basis for this non-discrimination, we
have cloned and expressed the genes for AspRS1
(discriminating) and AspRS2 (non-discriminating)
synthetases from Deinococcus radiodurans.

An understanding of the basis for mischarging may
shed some light on the evolution of discrimination in
the AspRS family, as well as providing clues to the
origin of the AsnRS family.
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Evolutionary History and Biochemical Characterization
of Archzeal Transcription Factors

Gretchen M. Colén and Gary J. Olsen, Department of Microbiology,
University of [lllinois at Urbana-Champaign, Urbana, IL 61801

While gene expression in Eucarya utilizes three types of RNA
polymerases as well as three distinct protein complexes for
polymerase-specific promoter recognition, the homologous archacal
mechanism utilizes one RNA polymerase and at least two basal
factors. The archaeal factors involved in transcription initiation are
the TATA-binding protein (TBP) and transcription factor B (TFB),
which are homologous to eucaryal TBP and TFIIB-TFIIIB proteins
respectively. We have cloned and sequenced homologs of eucaryal
transcription factors from diverse thermophilic and mesophilic
representatives. Phylogenetic analyses indicate that the archaeal
sequences form a confident phylogenetic group apart from their
cukaryotic homologs. This is consistent with a single member of the
TBP and TFB gene families being present in the eucaryal / archaeal
most recent common ancestor. These basal transcription factors have
been purified and are being assayed for promoter DNA binding
activity by gel mobility shift assays and fluorescence anisotropy.
Initial results show binding of Methanoplanus limicola TBP to a
tRNA promoter, while Methanococcus maripaludis and
Methanococcus jannaschii TBP do not exhibit detectable binding
under the same gel mobility shift assay conditions. The TFB from
the thermophile Thermococcus litoralis sabilizes the binding of all
TATA-binding proteins assayed. These basal transcription factors
bind optimally at a higher ionic strength than that reported for
cukaryotic homologs. At optimized salt conditions these proteins
show lower promoter binding affinity than their cukaryotic
counterpants. A comparative analysis of binding affinities towards
different types of promoters will provide insights into basal gene
expression in Archaea.

J 202 ] Eucaryal and archaeal features of the Methano-
sarcina magei S-6 TATA-binding protein (TBP)

Everly Conway de Macario®, Jens Thomsen®, Winfred
Hausner*, Alberto J.L. Macario®, and Michael Thomm*.
Wadsworth Center, New York State Department of

Health, Albany, NY 12201, USA°; & Institut fir
Allgemeine Mikrobiologie der Universitit Kiel,

Am Botanischen Garten 1-9, D-2300 Kiel, Germany*.

The TBP gene from the methanoarchaeon M. mazel S-6 was
cloned and sequenced, and the deduced amino-acid (aa)
sequence was compared to archaeal and eucaryal homologs.

The S-6 TBP has 183 aa with two dircct 42-aa repeats
separated by S1 aa. Homologs of these repeats were found
in the eight archaeal and three eucaryal TBPs studied,

in which the inter repeat region ranged between 49-51 aa.
The percent identity between the repeats was 50-62 and 43
-45 in the archaeal and eucaryal homologs, respectively.

Archaeal TBPs ranged between 181 and 198 aa and aligned
with the C-terminal half of eucaryal TBPs (229-344 aa).

S-6 TBP does not have an acidic tail but the C-terminal
repeat is acidic while the N-terminal repeat is not, in
contrast with the archaeal homologs. Identity of all TBPs
examined was 30.4-70.2 % and they all showed highly
conserved aa at 34 positions. Structure-function correlations,
evolutionary comparative analyses and experimental testing
of S-6 TBP, are underway.

Supported by the Deutsche Forschungsgemeinschaft and the
Department of Energy.

(w:\ Repair of Ultraviolet Light Induced DNA

Damage in the Extremely Halophilic Archaea
Haloferax volcanii.

David J. Crowley, Jonathan A. Eisen, and Philip C. Hanawalt
Dept. of Biological Sciences, Stanford University, Stanford,
CA 94305-5020.

Efficient and accurate DNA repair is critical for minimizing the
mutagenic and toxic effects of spontaneous and environmental
DNA damage. Early reports on halophilic Archaea suggested
that they, in contrast to bacteria and eukaryotes, did not
possess the ability to repair UV induced DNA damage in the
absence of photoreactiviating light (so called dark repair).
Such results were surprising given the extreme resistance of
these species to UV and the well documented importance of
dark repair in other species. We present evidence for the dark
repair of UV induced damage in Haloferax volcanii, an
extremely halophilic Archaea. We have characterized the
dynamics of this process at various intensities of UV and in
different phases of the growth cycle. In addition, we are
currently working to test whether these Archaea are capable of
performing transcription-coupled repair, a process that has been
extensively characterized in bacteria, yeast, and mammalian
cells. By using strand-specific RNA probes to detect either the
transcribed or nontranscribed strand of the trpABC operon, we
have attempted to determine whether the major UV-induced
lesion, the cyclobutane pyrimidine dimer, is removed
preferentially from the transcribed strand when this operon is
active. We believe that H. volcanii can become a model for
studies of repair in halophiles and in Archaea.

Comparative and evolutionary studies of DNA repair
proteins and pathways by phylogenomic analysis

Jonathan A. Eisen and Philip C. Hanawali. Dept. of Biological
Sciences, Stanford University, Stanford, CA 94305-5020, USA.

The ability to recognize and repair abnormal DNA structures is
common to all forms of life. Comparative studies of DNA repair have
been limited by a lack of experimental studies in a wide ecological
and evolutionary diversity of species. In this study, we present a
global comparative analysis of DNA repair proteins and pathways
focusing on what can be learned by analysis of complete genome
sequences. For our study, we use a new type of amalysis that
combines genome analysis and evolutionary reconstructions into one
composite phylogenomic analysis. This combined approach is useful
because evolutionary reconstructions can improve genome analysis
and genome information can improve evolutionary reconstructions.
Based on the phylogenomic analysis, we propose a scenario for the
evolution of repair proteins and pathways, identifying (1) likely
ancient repair pathways (2) pathways that have evolved more
recently (3) loss of genes or whole pathways in some lineages (4)
gene duplication and lateral transfer events and (5) covergent
evolution of some pathways. We discuss how an evolutionary
perspective helps understand and even predict the functions of many
repair proteins and pathways. In addition, we discuss what our
analysis suggests about repair processes in the species for which the
complete genomes were analyzed, in particular focusing on the
Archacal species. Finally, we discuss some of the limitations of the
comparative genomic approach and present evidence that
experimental studies of repair are still needed in many groups of
organisms, in particular the Archaea.
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W Gamma irradiation effect on the hyperthermophilic
archaeon Pyrococcus abyssi

Emmanuelle Gérardl. Edmond Jolivelz. Daniel Prieur? and Parrick

Forterre
1. IGM, Université Paris-Sud, Bét 409, ORSAY cedex , France, 2
Labaratoire de Biologie marine de Roscoff, CNRS. 2. Station Biologigue, BP
74, 29682 Roscoff Cedex, France
It have been shown recently that some hyperthcrmophilic archaea are
highly radioresistant (Kopylov et al., 1993; DiRuggiero et al., 1997).This
radioresistance could be related to the efficient DNA repair mechanisms
which should correct for DNA damages induced at high temperature in
hyperthermophiles. We have initiated the study of radioresistance in
Pyrococcus abyssi whose genome has been completely sequenced by the
Genoscope and which contains a small plasmid that could be used to éasily
probe for DNA damages. We have tested the effect of gamma irradiation
under different physiological conditions on P. abyssi. Our data indicate that
this archaeon is about 25 times more radioresistant than E. coli . The
radjoresistance of P.abyssi is more important a1 the beginning of the log
hase than in stationary phase and is higher in anaerobic condition. We have
rooked for proteins inducible by gamma irradiation, using one and two
dimensional electrophoresis on crude extracts of proteins and on extracts of
proteins with affinity for DNA. We found six proteins induced after gamma
nrradiation that might be involved in DNA repair. Finally, we have studied
the plasmid pGTs of P. abyssi after irradiation and observed that DNA
strand breaks appear at non lethal doses, indicating that DNA repair systems
are indeed necessary for the radioresistance and that pGT5 can be used 10
detect intracellular DNA damages.
Futhermore, the extreme radioresistance of hyperthermopile archaea was
confirmed by the irradiation at 20 and 30 kGy of ennichment cultures
obtained at 80°C from deep-sea hydrothermal vents from the Guyamas basin
and at the midle-Atlentic Ridge. This allows to isolated new strains of
archaea belonging to the genus Thermococcus , with resistance levels
similar to those of Deinucoccus radiodurans, which is the most radioresistant
organism known until now.
This work has been supported by a grant from EDF (Contrat RB97-24)

EH  The DNA-binding protein Tfx from
Methanobacterium thermoautotrophicum:
Structure, DNA-binding properties and
transcriptional regulation.
A. Hochheimer, R. Hedderich and R. K. Thauer
Max-Planck-Institut fuer terrestrische Mikrobiologie,
Marburg.

protein has an N-terminal basic domain with a helix-turn-helix

transcription of ¢fx is repressed during growth of M.

DNA-binding domain and an acidic activation domain.

In Methanobacterium thermoautotrophicum the fmdECB
operon encoding the molybdenum formylmethanofuran
dehydrogenase is directly preceded by an open reading frame
tfx predicted to encode a DNA-binding protein. The 16.1 kDa

motif for DNA-binding and a C-terminal acidic domain
possibly for transcriptional activation. We report here on the
DNA-binding properties of the Tfx protein heterologously
overproduced in Escherichia coli. Tfx was found to
specifically bind to a DNA sequence downstream of the
promoter of the fmdECB operon as evidenced by
electrophoretic mobility shift assays and DNase | footprint
analysis. Northern blot hybridizations revealed that

thermoautotrophicum in the presence of tungstate. Based on
its structure and properties the DNA-binding protein Tfx is
proposed to be a transcriptional regulator composed of a basic

Systematic Identification of Novel DNA /
RNA Binding Proteins from Pyrococcus furiosus
by Expression Cloning

Akio Kanai, Hanako Oida and Hirofumi Doi
Doi Bioasymmetry Project, ERATO, Japan Science and
Technology (JST), 5-9-9 Tokodai, Tsukuba 300-2635, Japan

The complete nucleotide sequence of archaea genomes
registered in the database provided 1,700 to 2,000 predicted
protein-coding genes per an organism, however, half of these
genes did not show any significant similarity to the reported
sequences whose functions are known. In order to classify and
identify novel factor(s) involved in the regulation of nucleic
acid metabolisms such as DNA replication, DNA repair and
RNA transcription, we performed a systematic identification
by expression cloning of genes for DNA/RNA binding
proteins from a hyper-thermophilic archaea, Pyrococcus
Juriosus.

First, we made an expression genomic DNA library using
a pRSET plasmid vector (Invitrogen) and then, every pooled
plasmids (30 clones) was expressed in E. coli. The e
proteins were extracted and heat-treated at 85 C for 15 min to
kill endogenous proteins from E. coli. The resulting extract
was screened by gel retardation assay probed with 20 mers of
dAdT, dGdC, rArU and rGrC. So far, we detected about 30 of
DNA/RNA binding activities and found that the most of these
activities was either dAdT or rArU binding activity. A plasmid
clone corresponding to the strongest rArU binding activity was
isolated. The responsible gene for rArU binding activity was
determined by a series of deletion experiment and DNA
sequencing of the insert. The gene encoded a novel protein that
was only homologous to a hypothetical protein found in the
genome of P. horikoshii. The recombinant protein was

cifically bound to the rArU probe at high temperature (75
) but not to the rGrC probe.

'BE  Characterization of an ATP-
dependent Protein Kinase from Sulfolobus
solfataricus

Peter J. Kennelly, Kenneth M. Bischoff, and Brian
Lower. Department of Biochemistry, Virginia Tech,
Blacksburg, VA 24061-0308.

The extreme acidothermophilic archaeon, Sulfolobus
solfataricus, harbors a membrane-associated protein
kinase activity. Solubilization required detergents
such as octyl glucoside or Triton X-100, suggesting
that this activity resides within an integral membrane
protein. This protein kinase utilizes ATP as
phosphoryl donor and Mn2+ as divalent metal ion
cofactor. The enzyme exhibits an M, of = 67 kDa on
SDS-PAGE. The protein kinase undergoes
autophosphorylation. Two acidic proteins, casein
and RCM lysozyme proved to be the most effective
exogenous substrates from among those surveyed.
A relatively basic peptide modelled after the
phosphorylation site on myosin light chains also was
phosphorylated by the enzyme. Phosphorylation of
the peptide was dramatically stimulated by
polyanions such as heparin and DNA. Each of these
exogenous substrates were phosphorylated on a
threonine residue(s). Alteration of the threonine
within the peptide to serine greatly decreased its
efficacy as a substrate. Supported by NIH grant RO1
GM55067 to PIK and an NSF fellowship to KMB.
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Interaction of Ribosomal Proteins L1 and S8
from Mesophilic and Thermophilic Methanococcus
Species with Their Specific Binding Sites on rRNA and
mRNA

Alexander Kraft, Caroline Kohrer, Thomas Gruber, Peter Grébner and
Wolfgang Piendl. Institute of Medical Chemistry and Biochemistry, University
of Innsbruck, Austria.

In Archaca -as in Bacleria- ribosomal protein L] has a dual
function: first as primary fRNA binding protein and second as
transiational repressor which binds to its own mRNA. The binding
site on the mRNA exhibits high similarity in both primary sequence
and secondary structure to the binding site on the rRNA. A
membrane filter binding assay has been used to examinc the
interaction of ribosomal proteins L1 and S8 from three different
Methanococcus species with their specific RNA binding site. The
apparent  dissociation constant Ks of the homologous
Methanococcus vanmielii L1-fRNA complex is 510 M, that of the
L1-mRNA complex is 1,5'107 M. L1 proteins from the thermophilic
Methanoccocus thermolithothrophicus (opt. growth temp. 65°C)
and from the hyperthermophilic Methanococcus fannaschii (opl.
growth temp. 85°C) exhibit an affinity to both rRNA and mRNA
which is about one order of magnitude higher than that of their
mesophilic counterparts.

The same difference in the binding affinity to their specific 168
fRNA site was observed for mesophilic / thermophilic
Methanococcus S8 proteins (Kq for the MvaS8/16S rRNA complex:
3,110° M, for the MjaS8/16S rRNA complex: 2,7107 M). The
strong protein-RNA interaction might make a substantial
contribution to the thermal tolerance of ribosomes in
(hyper)thermophilic Archaea. The affinity of L1 proteins from all
Methanococcus species to their mRNA binding site is more than
one order of magnitude lower than to their 23S rRNA site. These
results fit the requirement of classical regulation of ribosomal
protein synthesis in procaryotes.

‘This work was supported by the Austrian Science Foundation (FWF, grant
P12070-MOBto W.P.)

Nitrogen Regulation in Methanococcus maripaludis

John A. Leigh, Peter S. Kessler, and Rachel Cohen-Kupiec. Depantiment of
Microbiology. University of Washington, Seattle, WA 98195-7242, USA.

Lintle is known about transcriptional regulation in the Archaea. Nitrogen
fixation and nitrogen assimilation are regulated systems that can be used as
models. We are studying the regulation of nif gene expression and ginA
expression in Methanovoceus maripaludis using genetic methods.

Six nif genes and two ginB-like genes composed a single operon that was
required for diazotrophic growth. mRNA was fragmented apparently due to
mRNA processing. A single transcription start site and a consensus promoter
were identified. Expression was repressed by ammonia. Repression
depended on the first of two inverted repeat sequences situated between the
transcription start and the ribosome binding site. A component of cell extract,
from ammonia-grown cells, bound specifically to the first invented repeat.
Both halves of the repeat were required for full repression and binding,
suggesting that a dimeric repressor is involved as in the bacterial paradigm.
The ginB-like genes, assumed to function in nitrogen regulation like their
counterpans in Bacteria, were not required for transcriptional regulation of the
nif operon or for diazotsophic growth.

gnA, encoding the ammonia assimilating enzyme glutamine synthetase, was
transcribed from three sites. A weak site appeared constitutive and
corresponded 1o a promoter with limited similasity to consensus. Two
stronger sites corresponded 10 overlapping consensus promoters and were
repressed by ammionia. An inverted repeat similar to that involved in nif
regulation was required for repression. The sequence similarity between the
inverted repeats required for repression suggests a common mechanism for
transcriptional regulation of nitrogen fixation and ammonia assimilation.
Similar inverted repeat sequences were found in the promoter regions of a
variety of potential nitrogen-regulated genes in Methanococcus and
Methunobacterium species.

This work was supported by grant 96-35305-3891 from the U. S. Department
of Agriculture.

Regulation of the Ribosomal MvaLl Operon of
Methanococcus vannielii: A Novel Mechanism of Autogenous
Translational Control

Amo Lingenhel!, Christine Mayer', Pascale Romby?, Peter Grobner', Chantal
Ehresmann’, Bemard Ehresmann’ and Wolfgang Piendl' (1) Institute of
Medical Chemistry and Biochemistry, University of Innsbruck, Austria;

(2) Institut do Biologie Moléculaire et Cellulaire du CNRS, Strasbourg, France

The MvaLl operon (encoding ribosomal proteins Mval.1, MvaL 10
and MvalLl12) of the methanogenic Archaeon Methanococcus
vannielii is autogenously regulated at the level of translation.
MvaL1, which is homologous to the regulatory protein EcoL1 of the
L11 operon in Escherichia coli, was identified as the autoregulator
of the Mval.l operon. The translation of the distal MvaL10 and
MvaL 12 cistrons is coupled to that of the MvaL} cistron. MvaL10,
the homologue of the regulatory protein EcoL 10 of the B-operon of
E.coli, does not have a regulatory function. In contrast to all other
translational regulatory systems studied so far, the MvaLl binding
site, which shows similarity in both primary sequence and
secondary structure of the specific binding site on the 23S fRNA, is
located within the structural gene, about 30 bases downstream of
the AUG start codon. Specific interaction of MvaLl with both 238
rRNA and its own mRNA was confirmed by filter binding studies
(see abstr. Kraft et al.).

Toeprint experiments revealed that Mval.l does not inhibit the
formation of a functional ternary initiation complex (30S-mRNA-
tRNAM®) and preliminary experiments suggest that even the
formation of the 70S complex is not affected by MvaLl. On the
other hand we could demonstrate that the autoregulation of Mval1

occurs at or before the formation of the fisst peptide bond. Our data
suggest & novel mechanism of translational inhibition which is
different from the displacement model and the entrapment model
described for the regulation of ribosomal protein operons in E. coli.

This work was supported by the Austrian Science Foundation (FWF, grant
P12070-MOB 10 W.P.)

The 60kd chaperonin of the thermophillc archacon Sulfolobus
solfataricus is an RNA-binding protein that participates in ribosomal RNA
processing
Paola Londei, Davide Ruggero, Andrea Ciammanuconi - Istituto di Biologia
Generale, University of Bari, Bari, faly and Dpt. Bictecnologic Cellulari ed
Ematologia. University of Rome “La Sapienza™, Rome, ltaly
The 60 kD molecular chaperones (chaperonins) are high-motecular weight
protein complexes having a characteristic double-ring toroidal shape: they arc
thought 10 aid the folding of denatured or newly synthesized polypeptides.
These proteins exist as iwo furctionally similar, but distantly related families,
one comprising the bacterial and organellar chaperonins and another (the so-
called CCT-TRIiC family) including the chaperonins of the archaca and the
cukaryotes.

We shall report that the chaperonin of the thermophilic archacon Sulfolobus
solfutaricus is an RNA binding protein that interacts specifically in vivo with
the 16 S ribosomal RNA ard participates in the early steps of ribosomal RNA
maturation, cleaving a precursor rRNA at several specific sites. The features of
the cleavage sites and the factors influencing cleavage efficiency will be
described. The possible involvement of small RNAs in the processing reactions
will also be discussed.

Moreover, we have found that the in vitro reconstitution of Sulfolobus 30S
ribosomal subunits is enhanced in the presence of the chaperonin, thereby
suggesting that the protein complex also facilitates ribosome assembly.

Qur results agree with previous work implicating the bacterial chaperonins in
RNA protection and/or processing, thus supporting the notion that the
chaperonins of all known families have specific and evolutionarily ancient
functions in RNA metabolism.
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Recombination in the archaea: a Holliday junction
resolving enzyme from Sulfolobus species

Malcolm F. White and Mamuka Kvaratskhelia Department of
Biochemistry, University of Dundee, Dundee DD1 4HN, UK.

The Holliday junction (four-way DNA junction) is a central
intermediate of both homologous and some site-specific
recombination. The final steps in the pathway of homologous
recombination, which serves both to rearrange and repair DNA,
occur when a junction specific endonuclease resolves the Holliday
junction, giving rise to two recombinant DNA duplexes. Holliday
junction endonucleases have been detected in many organisms,
ranging from eubacteria and bacteriophage to eukaryotes and pox
viruses. To date, the best characterised enzyme of this class is RuvC
{rom E. coli, but RuvC is not present in the eucarya or archaea, and
the equivalent enzymes involved in genomic DNA recombination in
these domains thus remain unidentified.

Using a novel biochemical screen, we have identified and
purified a junction-specific endonuclease from Sulfolobus
solfataricus and the related species Sulfolobus shibatae. The
cnzyme is a metal-dependent endonuclease, highly specific for the
structure of the four-way DNA junction. It appears to cleave DNA
junctions in a sequence-non-specific manner, in common with the
bacteriophage junction resolving enzymes. Protein sequencing is
underway to facilitate the identification of the relevant gene,
allowing heterologous expression and structural analyses. These
studies will shed light on the process of homologous recombination
in the archaea, and its relationship with the eubacterial and eucaryal
pathways.

We thank the Royal Society and the BBSRC for financial support.

a8  Substrate recognition by class I-type lysyl-tRNA
synthetases

Shipra Bunjun, Micheal Ibba, Heather Losey, Bokkee Min and
Dieter Sall

Department of Molecular Biophysics and Biochemistry, Yale
University, New Haven, CT 06520-8114, USA

Lysyl-tRNA synthetases are unique amongst the aminoacyl-
tRNA synthetases in being composed of two unrelated families. In
most bacteria and all cukarya, the known lysyl-tRNA synthetases
are subclass Ilc-type aminoacyl-tRNA synthetases whereas some
archaca and bacteria have been shown to contain an unrelated
class I-type lysyl-tRNA synthetase. We have now examined
substrate recognition by a bacterial (from Borrelia burgdorferi)
and an archacal (from Methanococcus maripaludis) class 1 lysyl-
tRNA synthetase. The genes encoding both enzymes were able to
rescue an Escherichia coli strain deficient in lysyl-tRNA
synthetase, indicating their ability to functionally substitute for
class Il lysyl-tRNA synthetases in vivo. In vitro characterization
revealed lysine activation and recognition to be tRNA-
dependent, a phenomenon previously reported for other class 1
aminoacyl-tRNA synthetases. More detailed examination of tRNA
recognition has shown that class I lysyl-tRNA synthetases
recognize the same clements in tRNALYS as their class 11
counterparts; specifically, the discriminator base (N73) and the
anticodon serve as recognition elements. The implications of these
results for the evolution of Lys-tRNA synthesis and their
possible indications of a more ancient origin for tRNA than
aminoacyl-tRNA synthetases will be discussed.

Divergence of Thermus thermophilus
cytochrome ¢ oxidase genes: possible transfer from an
archaebacterium?

James A. Fee Department of Biclogy, University of
California at San Diego, 9500 Gilman Dr., La Jolla CA,
U.S. A

The eubacterium, 7. thermophilus (Tt) expresses two heme-
copper oxidases: cytochromes caa; and bay. caa; is
composed of two subunits each of which is made up of two
domains. The larger subunit is a fusion of subunits I and II
(using standard terminology), while the smaller subunit is a
fusion of subunit IT and a cytochrome ¢. ba; is a also a two
subunit enzyme. The larger subunit corresponds to a
somewhat clongated subunit I while the smaller subunit
corresponds to a truncated form of subunit I Physical-
chemical characterizations indicate both enzymes function as
typical, proton pumping cytochrome c oxidases. Comparison
of gene sequences indicate that caa; is a homolog of
eubacterial heme-copper oxidases whereas ba; shares little
sequence identity (~19 %) with all other heme-copper
oxidase, including quinol oxidases from archaea such as
Sulfolobus (EMBO J. 13, 2516, 1994). This led us to suggest
that either caa; or bay was obtained from another organism
by lateral gene transfer (J. Biol. Chem. 270, 20345, 1995).
More recently, Engelhard and co-workers (Eur. J. Biochem.
250, 332, 1997) have identified a cytochrome ba; in the
archaebacterium, Natronobacterium pharaonis (Np). The
subunit I genes of 77 and Np cytochromes baj share ~37 %
identity and are clearly homologs. This raises the question of
whether 7t obtained the ba; operon from an archaebacterium.
(Supported by NIH grant GM35342.)

34 A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM « January 9 - 14, 1999



(W

Tuesday, January 12: Archaeal Cellular Processes, Enzymes and Evolution

Evolution of archaeal chapercnins by multiple independent
gene duplications

John M. Archibald, John M. Logsden Jr. & W, Ford Doolitile. Department of
Biochemistry, Dalhousie University, Halifax, NS, Canada. B3H 4H7.

Chaj ins are a family of molecular chaperones that form multisubunit
double-ring structures. In Archaea, most chaperonin complexes arc 8-fold
radially symmetric and consist of two different subunits encoded by
paralogous genes. Chaperonin complexes in Sulfolobus are an exception,
showing 9-fold symmetry. Our phylogenetic analyses reveal that archaecal
chaperonin evolution is marked by multiple independent gene duplications.
Notably, we demonstrate a strong phylogenetic association between the
curyarchaeal chaperonin sequences and a single crenarchacal paralog. This
indicates a gene duplication occurred early in archaeal evolution, prior to
the divergence of the euryarchaeotes and crenarchaeotes; thus, one of these
paralogs wdb lost in euryarchacotes. More recent ‘lineage-specific® gene
duplications have also eccurred in many curyarchacal species, as well as
gene loss: our analyses, corroborated by complete genome sequence,
indicate that Pyrococcus species have recently lost a chapercnin subunit
gene. We performed a PCR-based survey of the Crenarchacota, cloning and
sequencing multiple chaperonin-encoding genes from several Sulfolobus
species, as well as a single gene from Desulfurococcus mobilis; a third
previously unknown chaperonin paralog from Sulfolebus solfutaricus and §.
shibatae has been discovered. The 9-fold symmetric chaperonin complexes
in Sulfolobus contrast those present in the crenarchaeote Pyradictium, which
contain two chaperonin subunits and are 8-fold symmetric. We hypothesize
that Sulfolobus chaperonin complexes were ancestrally 8-fold symmetric,
and that gene duplication and divergence of the third genc was responsible
for the change in chaperonin complex symmetry. Taken as a whole, our
analyses describe a pattern of recurrent paralogy within the chaperonin
genes of the Archaca which, we argue, could be related to observed
differences in chaperonin complex symmetries.

This work supported by the Medical Research Council of Canada.

mOrlentation Of Transcription In Archaea
Is Defined By The TFIIB Homologue And
Sequences Upstream Of The TATA-Box
Stephen D. Bell*, Peter F. Kosal, Paul B. Sigleﬂ and Stephen
P. Jackson® *The Wellcome Trust and Cancer Research
Campaign Institute, Tennis Court Road, Cambridge, CB2
1QR, UK. TDc'.parlmenl of Molecular Biophysics and
Biochemistry. Yale University, 260 Whitney Ave/JWG423,
PO Box 208114, New Haven, CT 05520-8114, USA,

The basal transcription machinery of Archaea is strikingly
similar to the core components of the eucaryal RNA
polymerase (RNAP) Il apparatus. Archacal promoters contain
a TATA-box found 25 base pairs upstream of the transcription
start site that forms a temary complex with the archaeal
TATA-Box Binding Protein (aTBP) and TFB (the archaeal
homologue of TFIIB). The formation of the TBP/ TFB/ TATA-
box temnary complex is required for recruitment of the RNA
polymerase to the transcription initiation site, downstream of
the TATA-box. Clearly, it is of key importance that
transcription occurs in a unidirectional manner at most
promoters and, thus, a mechanism must exist to ensure that
RNARP is recruited in a directional manner. The simplest model
10 explain the directional recruitment of RNAP would be to
define the polarity of the preinitiation complex at the first
step, the binding of TBP to the TATA-box. However, despite
extensive analysis in both Evcarya and Archasa, how TBP
binds the TATA clement in a preferred orientation and how
transcriptional polarity is established are poorly understood.
Using a combination of in vitro transcription and DNA
binding studies we test this hypothesis. Remarkably, we find
that the principal determinant for the orientation of
transcription is not the recognition of the TATA-box by the
TATA-box binding protein. Instead, transcriptional polarity
is governed by the interaction of the archacal TF1IB
homologue with a conserved motif immediately upstream of
the TATA-box. These findings provide imponant insights
into the mechanism and evolution of transcription in Archaea
and Eucarya.

(W\ Conditional-Lethal Mutants of the

Thermophilic Archaeon Sulfolobus acidocaldarius
Rolf Bernander, Andrzej Poplawski and Dennis W. Grogan!.
Department of Microbiology, Biomedical Center, Uppsala
University, S-751 23 Uppsala, Sweden. !Department of Biological
Sciences, University of Cincinnati, Ohio, USA.

Numerous cellular processes of archaea remain undefined
due to the unrelatedness of archaea to well-studied
microorganisms and a scarcity of experimental tools for their
analysis.

We have isolated and characterized mutants of the
thermophilic archacon Sulfolobus acidocaldarius that are able
to grow at 70°C but not 81°C, whereas the wild-type grows
optimally near the latter temperature. The conditional defects of
these thermo-sensitive (Ts) mutants were studied by measuring
growth, viability, and distributions of cell mass and DNA
content as a function of time after exponential phase liquid
cultures were shifted to non-permissive temperature.

The 34 Ts mutants examined were grouped into different
phenotypic classes. Several of the mutants arrested in the post-
replication stage of the cell cycle after temperature upshift,
indicating that they were affected in cellular processes directly
or indirectly related to the Sulfolobus cell division cycle. In
one of the mutants belonging 1o this group, multiple rounds of
chromosome replication occurred in the absence of cell
division, showing that the normal interdcpendence between
replication and division was impaired at non-permissive
temperature. Implications of other mutant phenotypes are
discussed.

The mutant collection may form a starting point for
isolation and characterization of novel genes and gene products
involved in essential cellular processes in archaea.

EXA A membrane bound bydrogenase from methanogenic
Archaea highly related to energy censerving NADH:ubiquinone
oxidoreductase (complex [)

Reiner Hedderich, Andreas Kfinkel and J6rn Meuer, Max-Planck-
Institut fUir terrestrische Mikrobiologie, 35043 Marburg, Germany.

Methanogenic Archaea are known to contain two types of [NiFe)
hydrogenases designated Fyo-reducing hydrogenase and Fp-non
reducing hydrogenase. We have recently purified and characterized
a [NiFe] hydrogenase from Methanosarcina barkeri only distamly
related to these hydrogenases. This novel hydrogenase, designated
Ech, is an integral membranc protein and is composed of six
different subunits (Ech ABCDEF). Sequence analysis indicates that
this enzyme is highly related to three other [NiFe] hydrogenases:
Escherichia coli hydrogenase-3 (Hyc), Escherichia coli
hydrogenase-4 (Hyf), and CO-induced hydrogenase from
Rodospirillum rubrum. These hydrogenases are only distantly
related to other [Ni-Fe] hydrogenases. Putative gene clusters
encoding related enzymes have also been identified in the genomes
of other methanogenic and non-methanogenic Archaea. Within these
hydrogenases five subunits are highly conserved. These conserved
subunits have homologs in complex I of the respiratory chain of
bacteria and mitochondria. In complex I these subunils are assumed
to form the essential part of the proton pump. Physiological data
indicate that these membrane bound hydrogenases are also proton
pumps. The close relationship of these enzymes to complex 1
indicates that these hydrogenases and complex I have a common
ancestor and probably have a similar mechanism for proton
translocation. Since these membrane bound hydrogenases catalyze
very ancicnt reactions they may be regarded as the oldest proton
pumps in life.
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Dilution of Stationary Phase Sulfolobus Determination of active site residues of acetate
Cultures: Cell Division before Initiation of kinase from Methanosarcina thermophila.

Chromosome Replication.

Karin Hjort and Rolf Bernander, Department of Microbiology,
Box 581, Biomedical Centre, Uppsala University, S-751 23
Uppsala, Sweden.

The cell cycle of organisms from the archaeal genus Sulfolobus is
characterised by a short pre-replicative (B; Gi) and a long post-
replicative (D; G2, M and cytokinesis) stage. Cells in stationary
phase rest in the post-replicative phase with two fully replicated
genomes. Since no cells with >2 chromosome equivalents are
present in exponentially growing cultures, the prediction would
be that stationary phase cells that are re-inoculated into fresh
medium should go through cell division before they initiate
chromosome replication.

Experiments with stationary phase cells which were
diluted at different optical densities all gave the same pattern. The
cells first went through a phase corresponding to about a
generation time or slightly less during which the optical density
increased significantly but no cell division occurred. The cells
then went through cell division, such that cells with a single
chromosome equivalent appeared in the flow cytometry
distributions. Shortly after division, initiation of chromosome
replication occurred, as predicted.

The diluted cultures were studied by phase-fluorescence
microscopy to investigate how far in advance of division that
nucleoid segregation occurred. About 7% of the cells showed
segregation of nucleoids in a sample collected 20 min before cell
division was observed by flow cytometry.

Interestingly, cells diluted from exponential growth
phase stopped dividing and ended up with 2 chromosomes (similar
to stationary cells). They then divided back to the normal
exponential situation with cells containing one or two
chromosomes.

Cheryl Ingram-Smith, Kavita Singh-Wissman, Rebecca Miles.
and James G. Ferry. Dept. of Biochemistry and Molecular
Biology, The Pennsylvania State Universiy, University Park,
PA 16802.

Acetate kinase catalyzes the first step in the activation of
acelate for acetotrophic methanogenesis in Merhanosarcina
thermophila. Although the Escherichia coli enzyme has been
studied extensively, the mechanism remains unclear. A
double displacement mechanism with two phosphoenzyme
intermediates and a pentacoordinate transition state has been
proposed. Chemical modification and site-directed
mutagenesis studies have been used to identify amino acid
residues important for substrate binding and catalysis in the M,
thermophila enzyme. We have previously identified the
conserved glutamate E384 as a potential phosphorylation site.
Chemical modification studies with phenylglyoxal and
diethylpyrocarbonate. have implicated both arginine and

histidine residues at or mear the active site. Site-directed .

mutagenesis has shown that scveral conserved Arg residues
(R91, R175, and R241) are critical for enzymatic activity and
are thought to be involved in stabilization of a pentacoordinate
transition state. Site-dirccted nutageneis has shown that none
of the conserved His residues are essential for activity.
Replacement of H180 with Ala resulted in nearly complete
loss of catalysis with little change in K.; however, other
replacements at H180 restored significant levels of activity.
Replacements at other conserved His residues have been
shown to affect ko to a lesser extent while replacement at H90
only affected the K., for acetate.

LUE [Intrinsic Resistance of Natronococcus
occultus to Potassium Tellurite

Peter E. Jablonski and Chad T. Pearion. Northem
Illinois University, Department of Biological
Sciences, DeKalb, IL. 60115, USA.

Natronococcus occultus, a haloalkaliphilic archaeon,
was examined for its resistance to potassium tellurite.
Cells grown on a defined medium, containing | mM
K,TeO,, transported the heavy metal and reduced it to
metallic tellurium. This resulted in the deposition of
intracellular tellurium crystals and the formation of
black colonies on solid medium. Cell-free extracts of
tellurite-grown N. occultus catalyzed the reduction of
potassium tellurite. The inducible enzyme activity
was dependent on NADH oxidation and occurred only
under reducing conditions. This is the first report of
an archaeon which is resistant to this normally toxic
oxyanion.

Structural and functional studies on the chaperonin TFSS
from the archaeon Sulfolobus.

Stefan Knapp, Mearthew, J. Ellis, Philip J.B. Koeck, Hans Hebert,
Jonathan Trendt, Hiromi Kagawa, Rudolf Ladenstein

Karolinska Institute, Department of Biosciences, S-14157 Huddinge,
Sweden,

TFSS5 from archaea and its homologue from the eukaryotic cytosol, know
as TriC or CCT, form a distinct subfamily of chaperonins that do not
depend on a co-chaperonin for protein folding activity.

In archaea chaperonins form either eight or nine rings of ene or two
different subunits. TFS5S from S. solfasaricus is a ninc fold symmetrical
chaperonin which consists of two different subunits in a 2:1 ratio.
Oligomers of TF55 have been successfully crystallized in two dimension
via their interaction with phospholipid monolayers at the air-liquid
interface. Large coherent 2D-crystalline areas with p312 symmetry
(a=b=162 A, y=60°) have been obtained and two-dimensional projection
structures of the end-on arrays of the chaperenin were produced by
electron microscopy. The chaperonin farms nine fold symmetrical rings
with a three fold symmetry indicating a ((«2p)s)2 double ring structure.
A three dimensional model of the chaperonin at 18 A resolution was
reconstructed.

Under the crystallization condition used the cheperonin forms a double
ring which was 162 A in diameter and 175 A height. Due to the absence
of ATP the chaperonin is in an open “barrel” conformation with a large
central cavity of 100A in diameter in the middle of the ring complex and
70A towards the top and the bottom.

The two different subunits of TFSS have been successfully cloned and
expressed in £. coli. The two subunits alone form as well an oligomeric
ring structures which show nine-fold symmetry for the beta subunit but
cight fold symmetry for the alpha subunit. The recombinant alpha
subunit oligomers were successfully crystallized in three dimensions by
the vapor diffusion method. Three dimensional crystals of this protcin
obtained diffracted to a maximal resolution of 2.8 A. A complete data set
has been obtained and the determination of the protein structure is
currently in progress.

Dr. Stefan Knapp, Telcphone: +46 8 608 9178, Fax: +46 8 608 9290, e-
mail; Stefan. Knapp@csb.ki.se , meeting code “A2” poster session 3
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SN Isolation and Characterization of an Acid
Phosphatase (rom Thermoacidophilic Archaeon
Sulfolobus acidocaldarius

Norio Kurosawa, Tadao Horiuchi, and Yuko H. Itoch Department
of Bioengineering, Faculty of Engineering, Soka University, 1-
236 Tangi-cho, Hachioji, Tokyo 192-8577, Japan.

An acid phosphatase (APase) from thermoacidophilic archaecon
Sulfolobus acidocaldarius was isolated, partially purified, and
characterized. The enzyme was purified to 26-fold by ethanol
fractionation, ion exchange chromatography, and gel filtration
chromatography with overall recovery of 10 %. We have not
found any other APase activity in the preparations. This partially
purified APase was used in kinetic studies and analysis of optimal
pH and temperature.

The optimum pH and temperature of the APase from S.
acidocaldarius for p-nitrophenylphosphate as a substrate were
approximately 5.0 and 70 °C, respectively. The apparent K
value was 1.9 mM. The APase activity was inhibited by some
cations Fe3*, Zn2*, and Mn2*, and also by EDTA. A native
molecular mass of the enzyme was estimated about 20 kDa on a
gel filtration chromatography. In order to confirm whether the
APase is active in the monomeric form, we attempted to elute the
enzyme from SDS-polyacrylamide gels using disk gel
electrophoresis apparatus and renature the enzyme. The APase
activity was recovered from SDS-gels in the 20 to 30 kDa range.
This result, together with gel filtration analysis, suggests that the
APase from S. acidocaldarius is active in the monomeric form.

Methanopterin: Functional Differences from Folate
B. Edward H. Maden, School of Biological Sciences, University
of Liverpool, Life Sciences Building, Crown Street, Liverpool
L69 72B, UK.

Tetrahydromethanopterin (HMPT) is a cofactor which plays a
functional role in methanogens and some other Archaea that is
partly analogous to that played by tetrahydrofolate (H,F) in other
organisms. This presentation will review the functional
similarities and differences between H,F and HMPT. Both
cofactors carry C1 fragments between formyl and methyl
oxidation levels. Nitrogen atoms N°® and/or N'? bind the C1
fragment. The chemical environment of N* is similar in H,F and
HMPT but the environment of N'° differs: in HF it is linked by
conjugation to the electron-withdrawing carbonyl group of para-
aminobenzoyl glutamate; H{MPT lacks the carbonyl group.
Some consequences are as follows. On H,F the C1 redox
pathway is reversible between formyl and methylene, but
ireversible to methyl. Formyl is attached to the reactive N'°,
where it enters purine biosynthesis. The only *“way out” from
methyt H/F is via methionine biosynthesis (the methyl HF trap
of pernicious anaemia). On H{MPT the C1 redox path is fully
reversible between formyl and methyl. Oxidation from methyl is
used in some anacerobic archacal energy pathways;
methylotrophic methanogens and some sulphate reducers.
Formyl is attached to N® on H,MPT where it cannot be used for
purine biosynthesis. Serine hydroxymethyltransferase
(reversible) and thymidylate synthase (irrevessible) operate with
methylene HMPT, but with enzymes that are distinct from H,F-
utilizing enzymes. The methylene fragment is bridged between
N* and N'° on both cofactors but the rate-limiting chemistry for
the above reactions is on N*. HMPT (and related pterins lacking
the carbony! group) can be viewed as an archacal evolutionary
invention, tuning Cl metabolism for nove] energy pathways.

cﬁ'\ E“I Phylogenetic analysis of proteasome alpha genes

detected in the Crenarchaea and lower Eukarya using
degenerate PCR

Leslie Klis McNail, Gary L. Olsen, Carl Woese, and Harris Lewin,
Bictechnology Center, University of llineis, Urbana, IL, 61801.

A pair of degenerate primers was designed to the msst conserved
rogions of alpha proteasomo subunits. The forward primer is a 38-
moer that recognizes Prosomal Consencus Box I: [FW]-S-P-[DES)}-G-
(RKH]-[LIV)-[FYG])-Q-[VI}-[ED]-YA. The roverso primor is a 35-
mor that recognizes Prosomal Consonsus Box III: R-P-[FY]-G-[VT]-
[SA]-ILFT)-[LI]-[IFY])-[AG]-G-X-D. Tho universal utility of these
primers has boen domonstrated by using them to amplify known
alpha proteasome genes from the yoasts S. cerevisiae and S. pombe.
These primers were then used to amplify alpha proteasome genes
from the cronarchae Sulfalobus solfataricus, Thermofilum librum,
and Pyrobacculum islondicum, as well as from the deeply
branching euryarchacon Methanopyrus kandleri and the lower
eukaryote Trichomonas vaginalis. PCR products were gel purified,
cloned, and sequenced. A single alpha gene was amplified from
each of the cranarchae, but interestingly, two distinct alpha genes
wore detected in Methanopyrus. A single alpha gene without an
interprimer intron has so far been isolated from Trichomonas.
Translated sequences were trimmed of amino acids enceded by the
primers and were aligned with suryarchael, eubacterial, and
eukaryotic alpha proteasome sequences from the databases. The
aligned amino acid sequences represent just lass than half of the
full-length proteins, corresponding to amino ecids 28~130 of the
Thermoplasma acidophilum protein. As expected, the S.cerevisice
sequences fall into seven differont groups using actinomycetes as an
outgroup. The Trichamonos protein groups with PsmA5 subunits.
The Thermofilum sequence and one of the Metkanopyrus sequences
group with thermophilic and methanogenic euryarchae.
respectivaly, while the other of the Methanopyrus sequences forms
a grouping with the two other crenarchae. This degenerate PCR
strategy is being employed to investigate the distribution of alpha
proteasome ganes in order to deduce the evolutionary history of this
gene family.

Creation of Genetic Information by DNA Polymerase of the
Hyperthermophilic Archacon Thermococcus liforalls
Takanori Miura and Norio Ogata  Taiko Pharmaceutical Co., Ltd., Suita,
Osaka 564-0032, Japan.

DNA polymerase is an enzyme needed for replicaticn of cellar DNA
containing genetic information. The reaction requires a single-stranded
template DNA, a short complementary primer DNA or RNA, and four
deoxyribonucleoside triphosphates (dNTPs). Evidently no genetic
information is created in this reaction. We have discovered that DNA
polymerase of the hyperthermophilic marine archeeon Thermococcus
{itoralis (TH) can synthesize DNA in the complete absence of added primer
and template DNAs, implying that genetic information is “crested.”

The DNA synthesis was observed in a reaction mixture contalning 20 mM
Tris-HCI (pH 8.8), 10 mM KCl, 10 mM (NH,),SO,, 6 mM MgSO,, 200 uM
dNTPs and | ug/ml highly purified 72 DNA polymerase, but not containing
added template and primer DNAs. The DNAs synthesized were 0.2 to 50
kbp in length after 4 h, and were linear and double-strended as demonstrated
by clectron microscopy. They had mostly repetitive sequences of
(TATCTAGA)n, (TAGATATCTATC)n, or the like, When the temperature or
the ionic strength of the reaction condition was changed, the sequence of the
product DNA changed, 2.g., (TAAT)a at 69 °C, (TATCOGGA) a1 84 °C or
(TATCGCGATAGCGATCGC) at 89 °C in 10 mM KCY, while the sequence was
(TATCTAGA in 0 mM KCl, (TATATACGr in SOmM KQl or
(TATAGTTATAAC in 100 mM KC1 at a fixed temperature (74 °C). When the pH
of the reaction condition was changed from 6.8 10 10.8, the size of the product DNA
decreased, but its sequence did not. With homology searches ofthese sequences,
similar repetitive sequences were found in natural genomes of vasious organisms.
These results demonstrate that DNA polymerase of the hyperthermogphilic marine
archacon . litoralis isolated from 2 hydrothermal vent near Neples can synthesize a
variety of DNAs ab initio, end that the characteristics of the DNA thus created are
markedly influenced by reaction conditions. Qur findings suggest that genetic
information can potentially flow from protein to DNA, that protein is a driving force
of evolution, and that such protein-made information is strongly influenced by
environmental factors. It may be possible that such genetic information created by
protein emerged on the primitive carth at a cartain stage of the cvolution of life.
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Antiblotic resistance of Tryptophanyl-tRNA
synthetase

Kamilah Ali, Makoto Kitabatake, Whitney Yin, and
Dieter S&il. Departmant of Motecular Blophysics and
Blochemistry, Yale University, New Haven, CT 086520.

The crystal structure of 8. stearothermophitus
tryptophanyl-tRNA synthetase (TrpRS) complexed with
ATP and indolmycin has been determined at 2.8 A
resolution. Indolmycin Is an analog of tryptophan and
inhibits prokaryotic TrpRS spacifically, In a manner of
competitive inhibitors.- According to the structure,
indoimycin makes two hydrogen bonds with D132 and
M43, which are not observed in the structure of TrpRS
with other tryptophan analogs. Including the H43
residue, several mutants were scresned to raise
indolmycin resistance.

Genetic analysis and steady state kinetics of these
mutanis reveated the following facts. First, H43
residue is essantial for the efficient inhibition by
indolmycin. H43N mutation confers the indoimycin
resistance without affecling the affinity for
tryptophan. This residue is conserved in almost all
known bacteriat TrpRSs, while it is not observed
in any sukaryotic TrpRS. This explains the spacies
specificity of indolmycin. Also, the reason why H43
residue is so conserved can be accounted for by the
fact that the rate constant of H43 was less than 70 %
of the wild type enzyme. Furthemmore, one of the
isolated indolmycin resistant strains carried single
mutation K218E, which is a putative tANA binding site.
in fact, the mutant shows a high Km for tRNA. This
mutant suggests the significance of the role {ANA plays
in the amino acid discrimination of TrpRS.

s

Separation of Glycerolipid Biosynthesis
and Glycerol Catabolism by Glycerophosphate
Enantiomers in Archaea

Masateru Nishihara', Tomoko Yamazaki?, Tairo Oshima? and
Yosuke Koga' 'Department of Chemistry, Univ. Occup. Env.
Health, Japan, Kitakyushu 807-8555, JAPAN *Department
of Molecular Biology, Tokyo University of Phamacy and
Life Science, Hachioji, Tokyo 192.0392, JAPAN

Glycerophosphate (GP) backbone of phospholipids in
Archaea is sn-glyceol-1-phosphate (G1P), which is an
enantiomer of bacterial and eucaryal counterpart, sn-
glycerol-3-phosphate. (G3P). This is one of the most
fundamental features characteristic of members of each
domain, and so far, no exception has been found.
GP-forming activities were surveyed in various archaeal
species including Methanobacterium thermoawtotrophicum,
Methanosarcina barkeri, Halobacterium salinarum, two
strains of Pyrococcus sp., and Thermoplasmasp. All of the
cell-frec homogenates revealed the ability to form G1Pfrom
dihydroxyacetoncphosphate (DHAP). G3P-formation from
glycerol or DHAP were also detected in the cell-free homo-
genates of four heterotrophic archaea. These results showed
that G1P, the Archaea-specific phospholipid backbone, is
produced from DHAP by G1P dehydrogenase not only in
methanogens but alsoin the otherarchaea while exogeneous
glycerol is catabolized via G3P. This means that the
anabolism and the catabolism of GP are separated by the GP
enantiomers in archaeal cells.

S mﬁ:ﬂ:‘z‘:“ . Mm% froem the Sulfats Evolutionary persistence of histones
David W. Rood and Patricia L Hartzell. biology, Motocular and nucleosomes
Biology and Bindl%}ﬁvuﬂv of Tdaho, Moscow, Idsho 3052.
Sepport NS ldsho IPSCaR 90152 o the best undentood intabinats | 1o2thI€EN Sandman and John N. Reeve.
of life from extrome caviranments snd are & rich of i i i i i
- :,, r::?; p cav e d::‘.‘ o % hﬁ?ﬂ;:?’ = for Dept. of Microbiology, Ohio State University,
O N
o erorrodacing sroup in this domein. A, fulgidus lives n e anacrobic o Columbus, OH 43210, USA
sulfate to hydrogen sulfide. A. filgidis produces ¢ similar to the
it i el gl e T e o e | |
o e e ey been s gl opusiom | Al cells have archlfectura! proteins to
-reduction.

T p—— compact and organize their chromosomes.
. Cacsrminut bempen et semomen of B laciie debydregerme bt | Prokaryotes have evolved a variety of
rocogaiaes Drlacic st T e aoeodepéndent lactis delodeogenases (LDH) tht unrelated small, basic DNA-binding proteins
dehydrogeasso (4-LD that includes histones in the Archaea and the
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d-ll.Dkupuiﬁd ultracentrifugation, emmonium sulfate precipitation snd
column. chromatography.

. To produce larger ties of the d-LDH and study its thermophilic
propettics, the geao (Id4) the d-LDH was cloned into an E. coli expression
Wading m “;)'f:?m& m’mm&.ﬁ'ﬁ?‘ DIt
I 5 e o voctor. LDH
fusion protcin was expressed st low levels in E. coli under acrobic conditiens at
370C. As is the case with mnbmlheldh eno is almost exclusively encoded
bythemz.cnultﬁnho (AGG/AGA) which lod to low levels of
nm&mmhMAumﬁmﬁncw&Mhm&dw
lhedaal’mne on the pUBS520 vector, was cloned into the E. coli strain carrying
Protein cipresaie, D LD acirty v soeged fmlovls of MBP & LDH fudca

WS sasay! oative at
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Tho activity of tho recombinant fusion protein was jndistinguishablc
fmhuﬁvgmhfmd.ﬁdgﬂu.&ﬂamdnnemﬂmm
maintzined activity after boxlﬁ:;ndnuanmm of 800C, These
m!duia&mhnﬁewbmd&c H recombinant protein is similar to the
n_hnmﬁnndﬂmudvivdounotnﬁlelﬁmwfm.md
will help us to better understand tho factors confer thermostability to
the enzymes such as d-LDH and bow this particular LDH earries out eloctron transfer
reactions in tho sbseace of NAD,

HU family in Bacteria, while virtually all
Eukarya employ histones. Histones may
have prevailed during the evolution of the
Eukarya because of their extended
interactions with DNA. Contemporary
archaeal histones and nucleosomes are
clearly related to the evolutionary ancestors
of their eukaryal counterparts, as archaeal
and eukaryal nucleosomes exhibit a
conserved protein structural motif, the
histone fold, and similary recognize DNA
structural features.

(Supported by NIH-GM53185)
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Heterologous expression and purification of
functionally active archaeabacterial rhodopsins in
E. coli

Georg Schmies, Ilja Hohenfeld, Ansgar Wegener and
Martin Engelhard

Max-Plank-Institut fitr molekulare Physiologie,
Dortmund, Germany

Three archaeabacterial retinal proteins bacteriorhodopsin
(BR) from Halobacterium salinarium, halorhodopsin
(pHR) and the photoreceptor sensory rhodopsin 1 (pSR-
1) from Natronobacterium pharaonis were successfully
expressed in E. coli using the method of Shimono et al.,
(1997). Flash photolysis experiments with isolated
membrane preparations show that ail pigments are directly
incorporated into the plasma membrane of the bacteria.
For the isolation of the rhodopsins the E. ¢oli membranes
were solubilized with a detergent and Ni-NTA affinity
chromatography was applied to purify the C-terminal His-
tagged proteins.

The UV/VIS absorption spectra and ESI-mass spectra of
the products demonstrate that this procedure provides
highly purified retinal pigments in a yield of about | mg/L
culture medium for pSRII. From a detailed comparison of
the photochemical properties almost no differences to the
homologous expressed proteins are observed in the case
of pSR-II and pHR. However, the photocycle kinetics of
BR expressed in E. coli was significantly distinct from
that of the wild type.

Shimono, K., M. lwamoto, M. Sumi, and N. Kamo FEBS
Letters. 420:54-56 (1997).

Identification and Characterization of a Novel Farric
Reductase from the Hyperthermophilic Archaeon Archaeoglobus
fulgidus

Imke Schroeder*, Alexander Vadas®, and Harold G. Monbouquette®,
‘Department of Microbiology, and ®Department of Chemical
Engineering®, University of California, Los Angeles, CA 90095-1489,
USA.

Little is known about the acquisition and metabolism of iron by the
Archaea. The purpose of this study was to investigate ferric iron
reduction in the Archaeon Archaeoglobus fulgidus. A. fulgidus is a
sulfate-reducing hyperthermophlic Archaeon first isolated from marine
thermal vents in Southern Italy.

Archaeoglobus fulgidus contains high Fe(lIl)EDTA reductase activity in
its soluble protein fraction. The corresponding enzyme, which
constilutes about 0.75% of the soluble protein, was purified 175-fold to
homogeneity. Based on SDS PAGE, the ferric reductase consists of a
single subunit with a M, of 18,000. Using native PAGE, the enzyme
also ran at a M, of 18,000 suggesting that the native ferric reductase is
a monomer.

Both NADH and NADPH serve as electron donors for complexed ferric
iron reduction. FMN is required as catalytic intermediate for Fe(lll)
reduction. Electron acceptors include Fe(ll)EDTA and other Fe(lll)
complexes. Ferric reductase also utilizes FMN as electron acceptor in
place of Fe(lll) complexes which classifies the enzyme as a
NAD(P)H:flavin oxidoreductase.

N-terminal sequence analysis of the purified ferric reductase resulted
in the identification of the hypathetical gene, AF0830, of the A. fulgidus
genomic sequence of The Institute for Genomic Research database.
The AF0830 gene locus is hereby assigned to encode a ferric
reductase or, alternatively, a NAD(P)H:flavin oxidoreductase. No
significant homology exists to any other protein with known function
suggesting that the A. fulgidus ferric reductase belongs to a new
family of enzymes.

This work was supported by grants NIH HL-16251 and NSF MCB-
9631006 to 1.S. and by US Department of Commerce/NIST
Cooperative Research Agreemeant No. 7ONANB7HO0009 with H.G.M..

Janet L. Siefent', Marck Kimmel', and George E. Fox® 'Statistics Depantment, Rice
University, Houston, TX and the *Department of Biology and Biochemistry, University
of Houston, Houston TX

Two separate strategies to combat osmatic pressure exist in extant life. One in which an
ouler, stress-bearing fabric lends rgidity and shape to the organism (prokaryotic} and the
second, an intemal framework of membranes and cytoskeletal components (eukaryotic).
Integral to these strategies is the ability to divide. As peptidoglycan is the exclusive cell
wall constituent in the Bacterial Domain, it has been proposed that its ubiquitous
presence dictared certain aspects of bacterial morphology at the point of the bactena’s
last common ancestor (Siefert and Fox, Microbiology, 144:2803-2808, 1998). Therefore,
tracing genes involved in peptidoglycan synthesis and cell division of the Bacterial
domain as well as genes identified as related to these proteins by previous investigations,
will provide clues to cellular evolution. .

Using genomic information from 13 complete genomes publicly available as well as
pantial genomes, we have investigated the evolution of shape determining/cell division
genes across the three domains. Six genes, mre, fisA, dnak, fisZ, rodA, and frzW were
tracked and their presence or absence in each organism noted. Parsimony and distance
algorithms 1o deduce phylogenetic relationships were applied lo‘lhe aligned data sets of
cach gene. The results can be explained by a hypothesis that posits a series of gene
duplications. The ATPase/peptide binding family (HSP7(/DnaK), which exhibits
homology to murein synthesizing genes (mre), is maost likely the result of a gene _
duplication of an ancestral dnaK-like gene, occurring after the Bacterial/Archacal split,
hence its ubiquity yet unique presence in the Bacteria. Likewise, we argue a second gene
duplication of this mre8 gene, carly in Bacterial evolution but subsequent to the ;
Archaeal/Bacterial split, resulting in the cell division protein FrsA. This explains both its
absence in the Archaca, which has been bothersome (Doolittle, Nature, 392:339-342,
1998), and its intimate association with a morphological system based on Pcpliéoglyra.n
in place in the Bacteria at this time. The second family of related proteins involves the
cefi division protein ftsZ ubiquitous in Bacteria, Archaca, and chloroplasts. Our results
substantiate that this is an ancient protein, and most likely its primitive form was central
10 a last common ancestor’s ability to divide. We again propose that the weak homology
between ftsZ and tubulins is a result of a variant of the ancestral fisZ cell division protein
that ultimately became associated exclusively with the eukaryotic cell and provided an
altemate strategy for cell organization now represented by the eukaryotes. In a likewise
manner, the low sequence homology of actin to the HSPT0/Dnak family may well
represent a gene duplication in a last common ancestor with similar segregation. A
statistical approach that would allow divergence times based on the gene families
identified and the series of gene duplications hypothesized will serve to strengthen the
hypothesis, a step closer in defining the nature of the last common ancestor.

This work supported in part by a NASA Exobiology Grant to GEF and aPostdoctoral
Fellowship, NLM2T15LM07093, to JLS

Morphology Revisited: The phylogeny of shape determining genes

Cloning, Expression and Characterization of Novel
Cytochromes P450 from the Archaea: The Ancestral P450
Structure?

Stephen Sligar, The Beckman Institute for Advanced Science and
Technology, University of lllinois, Urbana IL 6180] USA,

The cytochrome P450 monoxygeases catalyze the exceedingly
difficult chemistry of unactivated carbon oxidation with exquisite
regio- and stereo- selectivity. P450 genes number over 800 and are
found in all life forms in the biosynthesis of cellular regulatory
compounds, such as the steroid hormones, as well as in catabolic
detoxification of xenobiotics. With the proliferation of genetic
information, it is natural to focus on proteomic questions. Is there an
ancestral P450 gene? We have focused on questions related to the
mechanisms of the P450 monoxygenases and envision multiple
functions for this enzyme super family in not only atmospheric
dioxygen metabolism but also via reductive chemistries operating in
totally anaerobic environmental niches. In order to address these
issues we have cloned, expressed, purified and characterized two
interesting P450 systems. A P450 from Sulfolobus solfataricus, and
a shortened protein from Methanococcus jannaschii, which we
believe to represent the core domain structure of this ubiquitous class
of enzymes The Sulfolobus gene is expressed to high yield in E. coli,
and has been fully characterized by optical, Raman, and
paramagnetic resonance spectroscopy. The enzyme is found to be
highly thermo- and baro- stable, offering an exciting platform for the
engineering of commercially important biotransformations. Structural
information rationalizes experimentally measured of ultra-fast ligand
dynamics and the control of redox flow via protein - protein
recognition. This detailed characterization of the first P450 systems
from the Archaea offers insight into evolutionary connectivity and
the design of redox active sites. Our work is supported by grants
from the National Institutes of Health.
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EBN Plant-type B carbonic anhydrases extend into the
Archaea domain

Kerry S. Smith’, Christina Stalhanske’, Robert A. Scott’, and
James G. Ferry'. “Department of Biochemistry and Molecular
Biology, Pennsylvania State University, University Park, PA
16802; “Center for Metalloenzyme Studies, Department of
Chemistry, University of Georgia, Athens, GA 30602-2556
Carbonic anhydrases are zinc enzymes catalyzing the
interconversion of carbon dioxide and bicarbonate {CO, +
H,0 « HCO, + H']. Three distinct classes (a, B, and y) of
carbonic anhydrase are recognized and appear to have arisen
independently with no sequence similarities among each of
the classes. The B class of carbonic anhydrase is composed
primarily of plant chloroplast enzymes with the only
documented prokaryotic enzyme being the Escherichia coli
CynT. An open reading frame was identified in the genome
of the thermophilic methanoarchacon Methanobacterium
thermoautotrophicum AH with a deduced sequence that is
34.3% identical to that of CynT. The gene product,
designated as Cab (carbonic anhydrase beta), was produced in
E. coli, purified to electrophoretic homogeneity, and found to
have carbonic anhydrase activity. Native gel filtration
chromatography and metals analysis suggest Cab is a
homeotetramer and contains one zinc per subunit. EXAFS
studies indicate the catalytic zinc is coordinated by two
cysteines, one histidine, and one or two water molecules. No
loss of activity was observed after incubation of Cab for 15
minutes at 75°C. These results show that § carbonic
anhydrases extend not only into the Archaea domain but also
into the thermophilic prokaryotes.

mrhylogenetlc Diversity of Archaea in Deep-
sea Hydrothermal Vent Environments
Ken Takai, Akira Inoue and Koki Horikoshi. The DEEPSTAR
group, Japan Marine Science and Technology Center, 2-15
Natsushima-cho, Yokosuka 237-0061, Japan.

Recent molecular phylogenetic surveys of naturally occurring
microbial community in various hot water environments have
revealed that the phylogenetic diversity of thermophilic
microorganisms is far greater than previously proposed. Deep-
sea hydrothermal vents are likely major hot water environments
harboring a great diversity of thermophilic microorganisms but
are behindhand with the molecular phylogenetic exploration.
Here we report the phylogenetic characterization of diverse
archaeal communities in deep-sea hydrothermal vent
environments by the PCR-mediated small subunit rRNA gene
(SSU rDNA) sequencing.

The mixed population DNAs are directly extracted from the
chimneys and sediment of hydrathermal vent systems in Japan.
Based on the sequence analysis of partial rDNA amplified with
an Archaea-specific primer, the archacal population in the deep-
sea hydrothermal vent environments consisted of
phylogenetically diverse groups. Most of archaeal rDNA
sequences are the uncultivated types of sequences and reveal
distant relationship not only to the cultivated species but also
to the unidentified species found in other hot water
environments. The phylogenetic analysis of these archaeal
tDNA sequences revealed the existence of uncultivated,
potentially ancient groups of archaca diverged deeply from the
root of both Crenarchaeota and Euryarchaeota. These findings
extend our view to archaeal diversity in hot water environments
and phylogenetic organization of these organisms.

Effect of light, anacrobiosis and nitrogen concentration
on Glycerol and Lipid synthesis in Dunaliella salina
Archana Thakur, School of Life Sciences, Jawaharlal Nehru
Unjversity, New Delhi, INDIA.

Dunaliella salina is a halophilic green alga which
phciosynthetically or with a number of organic compounds
symhesizes glycerol. Synthesis of glycerol and lipids is
regulated by a number of environmental factors. Majority of
lipid synthesized is polar lipid in presence of light and
adequate supply of nitrogen. Nitrogen deficient cells showed a
decrease in dry weight, chlorophyll a and protein content but
there was an increase in the amounts of glycerol, lipid and
carotenoid. Nitrogen deficiency inhibits cell division and
thesefore the quantity of storage product per cell is increased.
Dark grown nitrogen deficient cells of /Ynaliella salina
accumulates glycerol and lipids under heterotrophic and
phototrophic conditions.

Celiular lipid shows an increment , chiorophyll content
dec-eased in nitrogen deficient cells at high light intensity.
Ant erobiosis triggered lipid synthesis and prompted the
breskdown of reserved glycerol in dark.and light.
Angerobiosis under nitrogen depleted medium showed a
higt-er lipid content than under nitrogen sufficient medium.
Duc acknowledgement to Council for Scientific and Industrial
Resarch, New Delhi for financial support via research grant
9/2¢.3(248)/96 EMR-1(RK).

Site Directed Mutagenesis Study of the
Mechanism of Gamma Class Carbonic Anhydrase
from M. Thermophlia

Brian C, Tripp and James G. Ferry Department of Biochemistry
and Molecular Biology, The Pennsylvania State University,
University Park, PA 16802, USA.

Carbonic anhydrase gamma (CA-y) from M. thermophila
catalyzes the interconversion of carbon dioxide to bicarbonate
during growth on acetate. We have explored the structure-
function relationship of two regions in this novel enzyme by
site-directed mutagenesis and chemical rescus. One region
centaining two acidic glutamate residues (Glu62, Glu84)
appears to function in a novel proton transport pathway for
carbonic anhydrase. An extemnal solvent-exposed Glug4
residue was mutated to Ala, Gin, Asp and His. The Asp and His
mutants had native like activity, while the Ala and Gin mutants
exhibited very low activity, unless 50 mM imidazole was added
to the buffer. The second region of interest contains the basic
Arg59 residue, which may transiently bind bicarbonate anions
prior to export or import from the active site. Mutagenesis of
this residue to Lys, His, Glu, Gin, Met, Cys and Ala indicated
that only Lys was catalytically active in MOPS butfer, while Ala
and Cys mutants could have activity partially restored upon
addition of 50 mM guanidinium hydrochloride. These results
suggest a mechanistic role for the Arg59 residue, as well as a
structural role in a salt bridge between subunits of the enzyme.
This work was supported by a Research Training Grant
fellowship from the National Science Foundation.

40 A2: Archaea: Bridging the Gap Between Bacteria and Eukarya - Taos, NM - January 9 - 14, 1999

™

™



' S

Tuesday, January 12: Archaeal Cellular Processes, Enzymes and Evolution

[ 325 ] Crossing bacterial/archaeal boundaries

Julia A. Vorholt, Ludmila Chistoserdova, Barbara Pomper,
Rudolf K. Thauer, and Mary E. Lidstrom

Dep. of Chem. Engineering, University of Washington,
Seattle, WA 98195, USA; Max-Planck-Institut for terrestrial
Microbiology, 35043 Marburg, Germany

Recently we discovered genes, enzymes and
coenzymes in a methylotrophic o-proteobacterium,
Methylobacterium extorquens AM1, which were
thought to be unique to methanogenic archaea
(Science 281, 99-102). We purified and characterized
two tetrahydromethanopterin-dependent enzymes, a
novel NADP*-specific methylene tetrahydromethano-
pterin-dependent dehydrogenase and methenyl
tetrahydromethanopterin cyclohydrolase which are
proposed to be involved in formaldehyde oxidation to
CO; in M. extorquens AM1.

We now discovered that other methylotrophic and
methanotrophic proteobacteria of the «, B, and y-
group also contain methenyl tetrahydromethanopterin
cyclohydrolase activity and the respective gene.
Phylogenetic trees will be presented to show the
sequence distances among bacteria and archaea
implicating a long evolution of tetrahydromethano-
pterin-dependent enzymes.

{financial support by an NIH grant GM36286 and the Max-Planck-society)

326 | Synthesls of cystelnyl-tRNA?" in methanogenic Archaea

Ute C. Vothknecht, Hyun-Soo Kim, Ivana Celic, Reiner Hedderich and
Dieter Soll

Department of Molecular Biophysics & Biochemistry, Yale University,

New Haven, CT 06520-8114, USA

Aminoacyl-tRNA synthelases, a class of highly conserved enzymes, charge
tRNA with the amino acid required for protein biosynthesis. The genomic
sequences of two Archaea, Methanobacterium thermoautotrophicum (1) and
Methanococcus jannaschii (2) reveal no gene encoding cysteinyl-tRNA
synthetase (CysRS). Nevertheless Cys-tRNA®" is required for protein
biosynthesis and a tRNA®” gene is present in both genomes. To compensate
for a missing CysRS, Archaea could obtain Cys-tRNA®* by misacylation of
tRNA®" with serinc by seryltRNA synthetase (SerRS) and subsequent
thiolation in a reaction similar to the formation of selenocysteinyl-tRNAS*
(3).

To investigate this possibility SerRS was purified from Methanobacterium
thermoautotrophicum and cloned and expressed from Methanococcus
maripaludis. Both enzymes charge their homologous as well as E. coli tRNA
with serine. Mobility shift experiments of charged tRNA on acid-urea PAGE
indicated that Cys-tRNA" is not made via Ser-tRNAS" in thesc organisms.
We are now looking for direct charging of {RNA®" with cysteine in
Methanobacterium thermoautotrophicum extracts. Cysteine-dependent ATP-
PP; exchange as well as TCA-unsoluble radioactivity could be measured in
protein extracts showing the presence of CysRS in this organism.

(1) Smith, D. R, L. A. Dourette-Stamm, C. Deboughery, H. Lee, J. Dubois, et
al. 1997. J. Bacteriol. 179, 7135-7153

(2) Bult, C. 1. et al. 1996. Science, 273, 1058-1073

(3) Baron, C. and A. Bock.. 1995. In: S¢ll, D. and RajBhandary, U. (ed.), tRNA:
Strucure, biosynthesis and functicn. ASM Press, Washington, D.C., 529-544
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(8) Lilly Research Laboratories, (9) Millennium Pharmaceuticals, Inc., (10) Myriad Genetics, Inc.,

(11) PanVera Corporation, (12) Pharmacopeia, Inc., (13) Schering-Plough Research Institute,

(14) SmithKline Beecham Pharmaceuticals.

A SMITHKLINE BEECHAM - DIRECTOR’S SPONSOR FUND - KEYSTONE SYMPOSIUM ON
INFLAMMATORY PARADIGMS AND THE VASCULATURE. SPONSORED BY SMITHKLINE
BEECHAM PHARMACEUTICALS and the funds provided by the 1999 DIRECTOR’S SPONSORS:
DUPONT PHARMACEUTICALS COMPANY, GLAXO WELLCOME, INC., HOFFMANN-LA ROCHE,
. INC,, IMMUNEX CORPORATION, R.W. JOHNSON PHARMACEUTICAL RESEARCH INSTITUTE,
PHARMACIA & UPJOHN COMPANY, SCHERING-PLOUGH RESEARCH INSTITUTE and ZENECA
PHARMACEUTICALS Gifts from: Bayer Biotechnology.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON METALLOPROTEASES: CHEMISTRY,
BIOLOGY AND MEDICINE. Gifts from: (1) Abbott Laboratories. (2) Immunex Corporation,
(3) Procter & Gamble Pharmaceuticals, Inc., (4) Roche Bioscience.

A BRISTOL-MYERS SQUIBB - PFIZER - KEYSTONE SYMPOSIUM ON MOLECULAR
MECHANISMS IN ALZHEIMER'S DISEASE. SPONSORED BY BRISTOL-MYERS SQUIBB
PHARMACEUTICAL RESEARCH INSTITUTE and PFIZER INC. Gifts from: (1) Alzheimer’s
Association, (2) Athena Neurosciences, Inc.. (3) Genentech, Inc., (4) Novartis Pharma AG, (5) PanVera
Corporation, (6) Praecis Pharmaceuticals, Inc., (7) Scios, Inc.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON IMMUNOLOGICAL AND BIOLOGICAL
ASPECTS OF THERAPEUTIC PROTEIN DELIVERY TO THE LUNGS. Gifts from: (1) Aviron, (2) Bayer
Biotechnology, (3) Corixa Corporation. (4) Genentech, Inc., (5) Inhale Therapeutic Systems, (6) Eli Lilly &
Co.. (7) Pfizer Inc.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON THE FUNCTIONS OF SMALL GTPASES.

A BOEHRINGER MANNHEIM - KEYSTONE SYMPOSIUM ON /INFECTIONS OF THE NERVO.QS
SYSTEM: HOST -PATHOGEN INTERACTIONS. SPONSORED BY BOEHRINGER MANNHEIM. Gifts

M from: Neurex Corporation.
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A MONSANTO - WARNER-LAMBERT/PARKE-DAVIS - KEYSTONE SYMPOSIUM ON

EFFECTORS OF INFLAMMATION IN THE CNS. SPONSORED BY MONSANTO COMPANY and
WARNER-LAMBERT/PARKE-DAVIS. Gifts from: (1) Astra Arcus AB, (2) Cephalon, Inc., =
(3) Hoechst Marion Roussel, Inc., (4) National Multiple Sclerosis Society, (5) Neurex Corporation, :
(6) Parke-Davis Pharmaceutical Research, (7) SmithKline Beecham Pharmaceuticals.

AN AMGEN - KEYSTONE SYMPOSIUM ON MOLECULAR PATHOGENESIS OF BONE DISEASE.
SPONSORED BY AMGEN INC. Gifts from: (1) Chugai Pharmaceutical Co., Ltd., (2) Eli Lilly & Co.,
(3) Lilly Research Laboratories, (4) Merck Research Laboratories, (5) SmithKline Beecham
Pharmaceuticals.

A NOVARTIS - KEYSTONE SYMPOSIUM ON THE MOLECULAR BASIS OF CANCER.
EXCLUSIVELY SPONSORED BY NOVARTIS PHARMACEUTICALS CORPORATION.

A DIRECTOR’S SPONSOR FUND - KEYSTONE SYMPOSIUM ON MOLECULAR AND CELLULAR
BIOLOGY OF TRANSPLANTATION. Sponsored by funds provided by the 1999 DIRECTOR’S
SPONSORS: DUPONT PHARMACEUTICALS COMPANY, GLAXO WELLCOME, INC., HOFFMANN-
LA ROCHE, INC., IMMUNEX CORPORATION, R.W. JOHNSON PHARMACEUTICAL RESEARCH
INSTITUTE, PHARMACIA & UPJOHN COMPANY, SCHERING-PLOUGH RESEARCH INSTITUTE
and ZENECA PHARMACEUTICALS. Gifts from: (1) Biogen, Inc., (2) Biotransplant, Inc.,

(3) Organogenesis, Inc., (4) Roche Bioscience, (5) SangStat Medical Corporation, (6) StemCell
Technologies, Inc.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON TOLERANCE AND AUTOIMMUNITY.
Gifts from: (1) Amgen Institute, (2) Cadus Pharmaceuticals, Inc., (3) Millennium Biotherapeutics,
(4) StemCell Technologies, Inc., (5) Tularik, Inc.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON MOLECULAR MECHANISMS FOR /%)
GASTROINTESTINAL CANCER.  Gifts from: (1) Merck & Co., (2) Searle, a Monsanto Company

AN ICOS - DIRECTOR’S SPONSOR FUND - KEYSTONE SYMPOSIUM ON LIPID MEDIATORS:
RECENT ADVANCES IN THE UNDERSTANDING OF MOLECULAR BIOLOGY, BIOCHEMISTRY AND
PHARMACOLOGY. SPONSORED BY ICOS CORPORATION and the funds provided by the 1999
DIRECTOR’S SPONSORS: DUPONT PHARMACEUTICALS COMPANY, GLAXO WELLCOME,
INC., HOFFMANN-LA ROCHE, INC., IMMUNEX CORPORATION, R.W. JOHNSON
PHARMACEUTICAL RESEARCH INSTITUTE, PHARMACIA & UPJOHN COMPANY, SCHERING-
PLOUGH RESEARCH INSTITUTE and ZENECA PHARMACEUTICALS. Gifts from: (1) Cayman
Chemical Company, (2) Cell Therapeutics, Inc., (3) DuPont Pharmaceuticals Company, (4) Matreya, Inc.,
(5) Merck Frosst Centre for Therapeutic Research, (6) Searle, (7) Shionogi & Co., Ltd.

AN ABBOTT - KEYSTONE SYMPOSIUM ON APOPTOSIS AND PROGRAMMED CELL DEATH.
SPONSORED BY ABBOTT LABORATORIES. Gifts from: (1) Affinity BioReagents, Inc.,

(2) Alexis Corporation, (3) Cadus Pharmaceuticals, Inc., (4) Genentech, Inc., (5) IDUN Pharmaceuticals,
(6) March of Dimes Birth Defects Foundation, (7) Merck Frosst Canada, Inc.

A DIRECTOR’S FUND ~ KEYSTONE SYMPOSIUM ON THE PPARS: TRANSCRIPTIONAL LINKS
TO OBESTIY, DIABETES AND CARDIOVASCULAR DISEASE. Gifts from: (1) Affinity BioReagents,

Inc., (2) Glaxo Wellcome R&D, (3) Ligand Pharmaceuticals, (4) Novo Nordisk A/S, (5) Parke-Davis
Pharmaceutical Research.
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A DIRECTOR’S SPONSOR FUND - KEYSTONE SYMPOSIUM ON SPECIFICITY IN SIGNAL
TRANSDUCTION. Sponsored by funds provided by the 1999 DIRECTOR’S SPONSORS: DUPONT
PHARMACEUTICALS COMPANY, GLAXO WELLCOME, INC., HOFFMANN-LA ROCHE, INC.,
IMMUNEX CORPORATION, R.W. JOHNSON PHARMACEUTICAL RESEARCH INSTITUTE,
PHARMACIA & UPJOHN COMPANY, SCHERING-PLOUGH RESEARCH INSTITUTE and ZENECA
PHARMACEUTICALS. Gifts from: (1) Biogen, Inc., (2) PanVera Corporation.

A PARKE-DAVIS/WARNER-LAMBERT - DIRECTOR’S SPONSOR FUND - KEYSTONE
SYMPOSIUM ON ONCOGENE NETWORKS IN SIGNAL TRANSDUCTION. SPONSORED BY
PARKE-DAVIS PHARMACEUTICAL RESEARCH, A WARNER-LAMBERT COMPANY and the funds
provided by the 1999 DIRECTOR’S SPONSORS: DUPONT PHARMACEUTICALS COMPANY,
GLAXO WELLCOME, INC., HOFFMANN-LA ROCHE, INC., IMMUNEX CORPORATION, R.W.
JOHNSON PHARMACEUTICAL RESEARCH INSTITUTE, PHARMACIA & UPJOHN COMPANY,
SCHERING-PLOUGH RESEARCH INSTITUTE and ZENECA PHARMACEUTICALS. Gifts from:
SUGEN, Inc.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON PROTEIN FOLDING, DEGRADATION AND
MOLECULAR CHAPERONES. Gifts from: Affinity BioReagents, Inc.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON PROTEIN FOLDING, MODIFICATION
AND TRANSPORT IN THE EARLY SECRETORY PATHWAY. Gifts from: Affinity BioReagents, Inc.

A DIRECTOR’S FUND - KEYSTONE SYMPOSIUM ON DNA VACCINES: IMMUNE RESPONSES,
MECHANISMS AND MANIPULATING ANTIGEN PROCESSING.  Gifts from: (1) Chiron Corporation,
(2) CpG ImmunoPharmaceuticals, Inc., (3) Dynavax Technologies Corporation, (4) GeneMedicine, Inc.,

(5) Merck Research Laboratories, (6) Pasteur Mérieux Connaught (Canada), (7) PowderJect Vaccines, Inc.

AWYETH-LEDERLE - KEYSTONE SYMPOSIUM ON MOLECULAR APPROACHES TO HUMAN
VIRAL VACCINES. SPONSORED BY WYETH-LEDERLE VACCINES AND PEDIATRICS.

Gifts from: (1) Aviron, (2) Dynavax Technologies Corporation, (3) Merck Vaccine Division,

(4) Pasteur Mérieux Connaught, USA, (5) SmithKline Beecham Biologicals S.A.

WE GRATEFULLY ACKNOWLEDGE THE GENEROUS SUPPORT PROVIDED BY THE FOLLOWING
GOVERNMENT AGENCIES, DEPARTMENTS, AND INSTITUTES THAT PROVIDED FUNDING TO
HELP DEFRAY BOTH STUDENT AND SPEAKER COSTS:

1. The Office of AIDS Research, National Insitutes of Health, for HIV Vaccine Development: Opportunities
and Challenges.

2. National Aeronautics and Space Administration, Ames Research Center, for Archaea: Bridging the Gap
Benween Bacteria and Eukarya. Grant Number NAG 2-6024.

3. National Institute on Aging, Department of Health and Human Services, National Institutes of Health,
for Aging: Genetic and Environmental Influences on Life Span. Grant Number 1R13 AG16354-01.

The views, opinions, and/or findings contained in the published abstracts are those of the
author(s) and should not be construed as an official National Institutes of Health or NASA
position, policy, or decision, unless so designated by other documentation.
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and Gemard Wagner
ed

S8 Typee © e N5

: : e : Lanny Rosenwasser and Jaffrey Draze i : i
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Inflammation: Impact on the Understanding and Treatment 1938
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B2 Immunogenetics of Human Disease - MHC/TCR and Sep 21, Nov 16, 1998|Chella S. David, Gunther Hammerling Taos Jan 16-22
Peptide 1998 and C. Garrison Fathman
B3 Chemokines and Chemaokine Receptors Sep 21, Nov 18, 1998|Stephen Hunt lll, Steven Kunkel, John Westwick Keystone Jan 18-23
1998 and Gregory LaRosa
B4 Macrophage Biology Sep21, Nov 23, 1998|Samuel C. Silverstein, Siamon Gordon Keystone Jan 22-28
1998 and Ralph Steinman
B5 Endocrine Disruptors Sep 30, Nov 30, 1998|Kenneth S. Korach and George M. Stancel Granlibakken Jan 31 -
1998 Feb 5
B6 Aging: Genetic & Environmental Influences on Life Span Oct 2, Dec2, |udith Campisi and Jan Vijg Tamarron Feb 2-7
1998 1998
B7 Ocular Cell and Molecular Biology Oct 5, Decd, |[Steven E, Wilson and Joe Hollyfield Keystone Feb 5-10
1998 1938
BB Interactions and Intersections in Plant Signaling Pathways Oct 8, Dec8, |Mam-Hai Chua and Venkatesan Sundaresan Coeur Feb 8-14
- 1998 1938 D'Alene
C1 B Lymphocyte Biology and Disease Oct 8, Dec B, [Edward A. Clark, Thomas J. Kipps and Michel C. Taos Feb 8-14
18498 1998 Nussenzweig
C2 Molecular Mechanisms in DNA Replication and Oct 16, Dec 16, 1998|Jerard Hurwitz and Stephen Kowalczykowski Taos Feb 16-22
Recombination 1598
C3 At the Dawn of the New Millennium: The Future of Drug Cct21, Dac 21, 1998|David W. Robertson, Catherine D. Strader, Granlibakken | Feb21-26
Discovery 1998 Marvin L. Bayne and Leslie J. Browne
C4 Inflammatory Paradigms and the Vasculature Oct23, Dec 23, 1998[David Stern, Judith Beriiner, David Hajjar, Steven Kunkel and|  Santa Fe Feb 23-28
1988 ohn Harlan
G5 Metalloproteases: Chemistry, Biology and Madicine Qct 26, Dec 23, 1998[Hideaki Nagase, J. Frederick Woessner Taman,gn Feb 25-
1998 and Judith S. Bond Mar 3
o~ | C6 Molecular Mechanisms in Alzheimer's Disease Now 3, Jand, [Bruce A. Yankner and Dennis J. Selkoe Taos Mar 3-8
\ 1938 1899
G7 Immunological and Biclogical Aspects of Therapeutic Now 3, Jan4,  lohn Patton, Aleksander Bium, Ron Wollle, Michael Matthay,| Tamarron Mar 3-8
Protein Delivery to the Lungs 1928 1909 Joe Brain and David Bice

C8 The Functions of Small GTPases

Susan Ferro-Novick and Larry Feig Santa Fe Mar 6-11

Taos Marg-14

and ﬂobart Ames

mms of Bone Disease S Nbv 1.6. Jan 15 1999 Steven L. Tene‘béum, Louis V. Avioli and F. Patrick Ross Granllbakken Mar 1520
D2 The Molecular Basis of Gancer N::?rgf 6, Jan 15, 1999|Carcl Prives, George Vande Woude and Arncid Levine Taos Mar 15-21
D3 Molecular and Celiular Biclogy of Transplantation N:)?fgfﬂ, Jan 21, 1993 [Jeffrey L. Platt and Kathryn Wood Lake Tahoe | Mar 21-26
D4 Tolerance and Autoimmunity NLEQEES. Jan 26, 1999 |Tak W. Mak, Hans Wigzell, Jean-Frangois Bach Keystone Mar 26 -

1998 and Diane Mathis : Apr 1

kF-%a',um(:mc.i N, DuBo:s, C Richard Eo!and
and Anfl K. Rustgi
; +Chilton andK Frank Austen

TApriT

J7 Molecular Mechanisms IeraStrolr;lgsﬁnal Cancer o

ogy. | and: Pharmaonio_qy S : LR i i
El Apoptosis and Programmed Cell Death Dec7, Febs, 1899 [John A, Cidlowski and J. John Cohen Breckenridge | AprB-11

Feh 8,  INorbert Perrimion and Tony Pawson
1898 lUacalyn H. Pierce, George Vande Woude
and Siivio Gutkind: i

- [Franz- Uinc.h Hartl and Sue W!ckna
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Feb10,
i __.1995;' undaM Handersho.

; Margaret A Ly and Jay Berzuisky

Febi2
1988 {Ann Amn & Harry Greenberg, Mary Lou C!emem., Mann
; i Douglas Richman and Bemard Roizman
Bruce Spiegelman and Renald M. Evans

B2 The PPARS Transcnptsonal Lmks to Obesny Dlabetes and Dec 21, Feb. 26, Keystone A§r2g -

Cardiovascular Disease 1998 1999 - .
B J1/J2, J3/44, J5/J6, JTAIB, X1/X2, X3/X4, and X5/X6 are joint sessions.
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For more information, write, call, fax or e-mail us.
~ Drawer 1630 ¢ Silverthorne, CO 80498
I Phone: 800-253-0685 or 970-262-1230 « Fax: 970-262-1525 « E-mail: keystone@symposia.com
World Wide Web Site: http://www.symposia.com  *All meetings are subject to change.
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Conferences Organizers Site Date
A1 |Gene Therapy: The Next Millennium Inder M. Verma and Elizabeth G. Nabel Keystone Jan 6-12
A2 |Cancer, Cell Cycle and Therapeutics James Roberts, Stephen H. Friend and Richard D. Steamboat Jan 8-13
Klausner Spas
A3 |Molecular Biology of the Cardiovascular System  |Jeffrey M. Leiden and Mark C. Fishman Snowbird Jan 12-17
A4 |Mitochondrial Dysfunction in Pathogenesis John J. Lemasters and Anna-Liisa Nieminen Santa Fe Jan 15-20
A5 |Stem Cells, Asymmetric Cell Division and Cell Margaret T. Fuller, Chris Doe and Irving L. Weissman Keystone Jan 17-22
Fate
A6 |Innate and Acquired Immunity at Mucosal Martin F. Kagnoff and Lloyd F. Mayer Sagebrush Jan 18-23
Surfaces
A7 |Cellular Immunity & Immunotherapy of Cancer Olivera J. Finn and Michael T. Lotze Santa Fe Jan 21-27
B1 |Signaling 2000 Tony Hunter and Tony Pawson Keystone Jan 22-28
B2 |Genetics of Alcohol and Substance Abuse Jeanne M. Wehner, John C. Crabbe and Wade H. Granlibakken | Jan 23-28
Berrettini
J1 |Genetics, Pathogenesis and Ecology of Emergmg Michael J. Buchmeier and Clarence J. Peters Taos Civic Ctr| Jan 24-30
B _?-Vlra‘ Dlseases . b i SmiEmaiats
J2 |Pathogen Discovery: From Molecular B ..... Taos Civic Ctr| Jan 24-30
i Diseas 7 2 e Sy
B3 [Transposition & Other Genome Rearrangements  [Nlgel D.F. Grindley, Jef D. Boeke, Tania A. Baker and SantaFe |Jan27-Feb2
L —— __—— _ __{Ronald H. Plasterk
B4 |T Lymphocyte Activation, Differentiation and Laurie H. Glimcher, William E. Paul, Gerald R. Keystone |Jan28-Feb 3
Death Crabtree and Hawey . Cantor
J3 [The Dynamics of the Cytoskeleton : ( ), | Keystone Feb 3-9
J4 |Intercellular Junctions: Short-Range Interactions Stevensor Damel A Goodenough and | Keystone | Feb3-9
i [Fundamental to the Development, Differer S
and Homeostasis of Cellular Assemblies -
C1 |Molecular Epidemiology: A New Tool in Cancer |Frederica Perera and Curtis C. Harris Sagebrush Feb 10-15
Prevention
C2 |Chro Gary Fe!senfeld Gary Karpen and Michael Grunstein Tamarron Feb 12-18
J5 [Diabetes Mellitus: Molecular Mechanisms C. Ro ~|Taos Civic Ctr.| Feb 16-22
Genetics and Pros 0 P
J6 [Molecular Control of Adipogenesis and Obesity’ | |Bruce M. Spiegeiman ar Taos Civic Ctr.| :Feb 16-22 -
C3 [Signals and Signal Perception in Biotic Richard A. Dixon and Mana J. Harrison Sagebrush Inn| Feb 22-27
Interactions in Plants
C4 [T CellAPC Determinants of Immune Defense Robert L. Modlin, Foo Y. Liew and Margaret A. Liu Santa Fe Feb 24- 29
Against Microbial Infections -
C5 [Macromolecular Assemblies at Work: Application [Stephen K. Burley and John Kuriyan Tamarron |Feb 24-Mar 1
of Physics, Chemistry and Mathematics to Biology
D1 |Cell Biology of Virus Entry, Replication and Michael B.A. Oldstone, Ari Helenius and Richard W. | Taos Civic Ctr |Feb 29-Mar 5
Pathogenesis Compans
D2 |Experimental and Clinical Regulation of Robert S. Kerbel and Jeffrey M. Isner Doubletree Mar 2-7
Angiogenesis Hotel
D3 |Assembly of Signaling Networks Susan S. Taylor and Jack E. Dixon Taos Civic Ctr| Mar 6-12
D4 [Potassium Channels: Structure, Function and Valentin K. Gribkoff and Leonard K. Kaczmarek Granlibakken | Mar 11-16
Therapeutic Utilities
D5 |Genetic Igiases of Brain Development and Mary E. Hatten and Huda Y. Zoghbi Sagebrush Inn| Mar 18-23
Dysfunction
E1 Ad.vances in Human Breast and Prostate Cancer |Dennis J. Slamon and Donald S. Coffey Lake Tahoe | Mar 19-24
E2 [oint Begulatron of Signaling Pathways by Martin A. Schwartz and Lewis C. Cantley Breckenridge | Mar 25-31
Integrins and Growth Factors
E3 [Nuclear Receptors 2000 Ronald M. Evans, Kathryn B. Horwitz and Bert W. Steamboat | Mar25-31
E4 Keyston_e Millennium 1 David Baltimore Keystone |Mar 31-Apr 4
ES |Mechanisms of Immunologic Tolerance and its David W. Scott, Anne Cooke and Marc K. Jenkins Steamboat |Mar 31-Apr 6
Breakdown Springs
EB6 |Novel Biological Approaphes to Hi_U-1 Infection Robert C. Gallo, Didier Trono and Joseph G. Sodroski Keystone Apr 4-10
Based on New Insights into HIV-Biology
E7 [Cytokines and Disease Alan Sher, David J. Cosman, Robert L. Coffman and Snowbird Apr 8-14
Warren J. Leonard

{pending space availability)
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Mitochondrial Dysfunction in Pathogenesis
John.J. Lemasters and Anna-Liisa Nieminen
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Margaret Tufuller, Chris Doe and Irving L. Weissmab
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Cellufar Immumty & Immunotherapy of Cancer
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on Molecular and Cellular Biology
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Archaea: Bridging the Gap Between Bacteria and Eukarya (A2)
Sagebrush Inn, Taos, New Mexico « January 9 - January 14, 1999

Organizers: Dieter Sull, William Whitman and Carl Woese
Abstract Deadline: September 15,1998 = Early Registration: November 9, 1998

’.F

Saturday, January 9
Registration (2:00 pm - 7:00 pm)
Welcome (6:30 pm - 7:30 pm)
Orientation (7:30 pm - 8:00 pm)
Keynote Addresses (8:00 pm - 10:00 pm)
* Dieter S&ll, Yale University
Karl O, Stetter, University of Regensburg
The Diversity of Archaea
Clalre M. Fraser, Institute for Genomic Research

Microbial Genome Sequencing: A New Paradigm
for Assigning Function from Sequence

Sunday, January 10
Breakfast (7:00 am - 8:00 am)
GENOMIC ANALYSIS (8:00 AM - 11:00 AM)

* Claire M. Fraser, Institute for Genomic Research

Ronald W. Davis 1, Stanford University
Eukaryal Genomics

Gary Olsen, University of lllinols
Euryarchael Genomics

Christoph Sensen, National Research Council of
Canada

Analyzing the Sulfolobus solfatharicus P2 genome
Jeffrey H. Miller, University of California-Los
Angeles
Analyzing the Pyrobaculum aerophilum genome
Poster Setup (11:00 am - 1:00 pm)
POSTER SESSION 1: Integrating Genomics
and Archaeal Biology (4:30 pm - 6:30 pm)
Social Hour (5:30 pm - 6:30 pm)
f 'TEGRATING GENOMICS AND
SIOCHEMISTRY (8:00 PM - 10:00 PM)
* John N. Reeve, Ohio State University
Richard J. Roberts, New England Blolabs
Analysis of Restriction Modification Systems from
Archaeal Genome Sequences
Patrick Forterre, Unlversite de Paris-Sud

DNA Topology and DNA Topoisomerases from
Archaea: A Goldmine for Topologists and a Puzzle
for Evolutionists

August Bick, Unlversitat Munchen
Evolution of Selenocysteine Biosynthesis and
Incorporation

Dieter S&ll, Yale University

Novel Translational Components in Archaea

Monday, January 11

Breakfast (7:00 am - 8:00 am)
PROCESSING AND MODIFICATION (8:00
AM - 11:00 AM)

* Richard J. Roberts, New England Biolabs

Francine Beth Perler, New England Blolabs

Inteins

Charles J. Danlels, Ohlo State University

Transfer RNA Maturation

James A. McCloskey, University of Utah

RNA Modification

Alan M. Weiner, Yale University

CCA Addition by IRNA Nucleolidyllransferase:

Polymerization without Translocation?
Poster Setup (11:00 am - 1:00 pm)
POSTER SESSION 2: Molecular Processes
,4-?' Archaea (4:30 pm - 6:30 pm)

jocial Hour (5:30 pm - 6:30 pm)
TRANSCRIPTION AND TRANSLATION (8:00
PM - 10:00 PM)
* Charles J. Danlels, Ohio State University

Monday, January 11
John N. Reeve, Ohlo State University
Archaeal Histones and Chromatin
Michael Thomm, University of Kiel

Mechanism and Regulation of Transcriplion in
Archaea

Albert E. Dahlberg, Brown University
Ribosome Struclure and Function
Patrick P. Dennis, University of British Columbia

Ribosomal RNA Processing in Sulfolobus
Acidocaldarius

Tuesday, January 12
Breakfast (7:00 am - 8:00 am)
LESSONS FROM ARCHAEAL STRUCTURAL
BIOLOGY (8:00 AM - 11:00 AM)
* Michael W. Adams, University of Georgla
Wolfgang P. Baumeister, Max Planck Institut

Thermosomes and Proteasomes: From Archelypes
to Complex Molecular'Machines

Paul B. Sigler, Yale University

Molecular Basis for Unidirectional Transcription in
Archaea

Dino Moras, Universite de Strasbourg

Which is the Best Structure of AspRS?

Douglas C. Rees, California Institute of
Technology

Structural Manifestations of Hyperthermostability in
Proteins

Poster Setup (11:00 am - 1:00 pm)

POSTER SESSION 3: Archaeal Cellular

Processes, Enzymes, and Evolution (4:30

pm - 6:30 pm)

Social Hour (5:30 pm - 6:30 pm)

ENZYME DIVERSITY (8:00 PM - 10:00 PM)
* William B. Whitman, University of Georgia
Willem M. De Vos, Wageningen Agricultural
University
Glycolytic Enzymes and Their Control in
Hyperthermophiles
Rudolf K. Thauer, Max Planck Institut

Structure and Catalytic Mechanism of Methyi-CoM-
Reduclase

James G. Ferry, Pennsylvania State University
Conlirasting the Physiology and Enzymology of
Carbonic Anhydrase Across the Eucarya and
Archaea Domains

F. Robert Tabita, Ohlo State University

Novel Ribulose Bisphosphate
Carboxylase/Oxygenase Enzymes of Anoxic
Archaea: How do They Work and What are They
Doing?

Wednesday, January 13

EVOLUTION AND THE ORIGIN OF LIFE (3:00
PM - 5:00 PM)

* Patrick Forterre, Unlversite de Paris-Sud
Russell F. Doolittle, University of California-San
Diego

Exploring Archaeal Relationships with Prolein Clocks
W. Ford Doolittle, Dalhousie University
Rethinking the Origin of Eukaryoles

Giinter Wichtershiuser, Munich, Germany

The Chemoautolrophic Origin of Life

Social Hour (7:00 pm - 8:00 pm)
Banquet (8:00 pm - 10:00 pm)
Entertainment (9:00 pm - 12:00 pm)

Wednesday, January 13

Breakfast (7:00 am - 8:00 am)
CELLULAR PROCESSES (8:00 AM - 11:00
AM)

* Willem M. De Vos, Wageningen Agricultural

University

Michael W. Adams, University of Georgia

Hyperthermophilic Adaptations

Yosuke Koga, University of Occupational and

Environmental Health

Structure and Biosynthesis of Polar Lipids of
Methanogenic and Other Archaea

William B. Whitman, University of Georgla

Examinalion of Biosynthelic Pathways Predicied by
Genomic Sequencing in Methanococci
John L. Spudich, University of Texas

Diversification of Function in the Archaeal
Rhodopsin Family

Thursday, January 14

Departure (7:00 am - 10:00 am)

Run date: 10/28/88, 12:51:04 PM

* Chair 1 Inviled, not yet responded
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New Participant Addresses as of 1/4/99

‘MAURIL » ~VERNER
ODEDG™
NASA AMES RESEARCH CENTER
MS 198-20
MOFFETT FIELD, CA 94035
USA

Voice: (650) 604-2999
Fax: (650) 604-1967
mavemer&mail.arc.nasa.gov

JOSEPH J. SHAW
INSTITUTE OF MOLECULAR BIOLOGY

UNIVERSITY OF SCRANTON

SCRANTON, PA 18510
USA

Voice: (717) 941-6353
Fax: { }941-6229
jshaw1953@acl.com

SIMONETTA GRIBALDO

BIOTECNOLOGIE CELLULAR! ED EMATOLOGIA
UNIVERSITY OF ROME LA SAPIENZA

VIELE REGINA ELENA 324

ROME, 00161

ITALY

Voice: ( 08) 494-0463

Fax: ( 06) 446-2891
gribaldo@bce.med.uniromal.it

YAKOV KORKHIN

MOLECULAR BIOCHEMISTRY/BIOPHYSICS
YALE UNIVERSITY

260 WHITNEY AVENUE/JWG 423

NEW HAVEN, CT 068511

USA

Voice:  (203) 432-5027

Fax: (203) 432-5239
korkhin@csb.yale.edu

TERESSA L. SINGLETON

LABORATORY ON GENE REGULATION
NATIONAL INSTITUTE OF CHILD HEALTH AND
HUMAN DEVELOPMENT

BUILDING 6B ROOM 220

BETHESDA, MD 20882

USA

Voice:  (301) 402-4282

Fax:

tsingleton @ erols.com

OTiS LITTLEFIELD
MB AND 8/HHMI
YALE UNIVERSITY
260 WHITNEY AVENUE/ASWG 423
NEW HAVEN, CT 06511
TS ISA
Joice:  (203) 432-3094
Fax: (203) 432-5239
otis@csb.yale.edu

MARCIA STEINBERG
MOLECULAR BIOCHEMISTRY
NATIONAL SCIENCE FOUNDATION
4201 WILSON BLVD

ARLINGTON, VA 22230

USA

Voice:  (703) 306-1443

Fax: (703) 306-0355
msteinbe @ nsf.gov

RICHARD D. MORGAN
RESEARCH/DEVELOPMENT
NEW ENGLAND BIOLASS, INC.
32 TOZER RD

BEVERLY, MA 01915

USA

Volce: (978) 927-5054

Fax: (978) 921-1350
morgan@neb.com

SUSAN C. RABATIN

SCIENCE AND TECHNOLOGY
PERKIN ELMER INFORMATICS
1800 OLD PECOS TRAIL
SANTA FE, NM 87505

USA

Voice:  (505) 954-5467

Fax: {505) 982-7690
scr@molinfo.com

KARLA C. RIBEIRO

PARASITOLOGIA/BIOLOGIA

INSTITUTE DE BIOFISICA CARLOS CHAGAS FILHO
EDIFICIIO DO CCS BLOCO G CIDADE

H , 21949

BRAZIL
Voice:
Fax {21) 280-8193

Wﬂa@homﬂmm

-—

STEPHEN H. ZINDER
MICROBIOCLOGY
CORNELL UNIVERSITY
WING HALL

ITHACA, NY 14853

USA

Voice: (607) 255-2415
Fax:

shzl@comell.edu



