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Monday, 10.12.2007.

12:00 -
13:00- 14:00
14:30 — 15:00
15:00 — 16:00
16:00 — 17:00
17:00—- 17:30
17:30 — 18:30
18:30 - 19:30
20:00

registration
lunch buffet
COST B28 welcome & opening Patrick Butaye

invited speaker — Dr. Sachse: DNA microarray assays for detection and genotyping
of Chlamydiae

invited speaker — Prof. Hashsham: Parallel detection and quantification of pathogens
using DNA biochips, on-chip PCR and hand-held devices

coffee

invited speaker — Dr. Wu: Tools for understanding the pathogen in the post genomic
era

invited speaker — Dr Wenzel and Dr. Hackl: Diversity Arrays Technology (DArT) as a

generic tool for microbial diagnostics

dinner

Tuesday, 11.12.2007.

07:00 - 08:00 breakfast

08:00 — 13:00 WG1: Array technologies

08:00 — 08:10
08:10 — 08:30
08:30 —08:50
08:50 — 09:10
09:10 - 09:30
09:30 — 09:50

10:00 - 10:45 coffee

10:45 - 11:05
11:05-11:25
11:25-11:45
11:45-12:05

introduction WG1 chair Jacques Schrenzel
Ehran Piskin: Self Assembling monolayers for array technologies
Jasper Kieboom: Brucella genemotyping

Antoine Huyghe: Microarray concepts for reliable bacterial pathogen identification
applied to biological threats diagnosis

Jean-Luc Gala: (to be announced)
Joachim Frey: Diagnosis of Francisella tularensis in organs of a naturally infected

common squirrel monkey (Saimiri sciureus) and zoonotic transmission to a
veterinarian.

Angela Sessitsch: (to be announced)

Cornelis Schoen: Quantitative multiplex detection of plant pathogens using a novel
ligation probe-based system coupled with universal, high-throughput real-time PCR
on OpenArraysTM

Henrik Nordstrom: DNA microarray technique for detection and identification of
viruses causing encephalitis and hemorrhagic fever

Karen Kempsell: Advances toward development of microarrays for routine diagnostic
use



12:05 - 12:25 Karl Walravens: The use of Multiple Locus VNTR Analysis (MLVA) for the typing of

Brucella

12:25 - 12:45 Future activities and planning of actions of WG1

WG1 participants to reimburse:

13:00 - 14:00 lunch

Not to be reimbursed

To be reimbursed as MC member

To be reimbursed as MC member

To be reimbursed as MC member

To be reimbursed as WG1 member

To be reimbursed as WG1 member

Not to be reimbursed

To be reimbursed as WG1 member

To be reimbursed as MC member

Not to be reimbursed

To be reimbursed as WG1 member

To be reimbursed as MC member

Not to be reimbursed

To be reimbursed as WG1 member

To be reimbursed as WG1 member

Bodrossy Levente Austria
Frangoulidis Dimitrios Germany
Frey Joachim Switzerland
Gala Jean-Luc Belgium
Kempsell Karen UK
Kieboom Jasper The Netherlands
Kostic Tanja Austria
Nordstrom Henrik Sweden
Piskin Erhan Turkey
Sanoussi Souzan Austria
Schoen Cornelis The Netherlands
Schrenzel Jacques Switzerland
Sessitsch Angela Austria
Walravens Karl Belgium
Huyghe Antoine Switzerland
Weilharter Alexandra Austria

Not to be reimbursed

14:00 — 16:00 WG2

14:00 - 14:10

14:10 - 14:30

14:30 - 14:50

14:50 - 15:10

15:10 - 15:30

15:30 — 15:50

: Antigenicity

introduction WG2 chair Claude P. Muller

Claude P. Muller: Low genetic and antigenic diversity despite high prevalence and

geographic spread of HBV

Claude P. Muller: ALV in Africa: the story goes on

Jutta Eichler: Synthetic Mimicry of the CD4-Binding Site of HIV-1 gp120 for the

Design of Immunogens

Claude P. Muller: (to be announced)

Future activities and planning of actions of WG2

WG2 participants to reimburse:

3
4 Bearzatto Bertrand
5
6

7 Betinova Eva

Muller Claude P. Luxembourg
Renesto Patricia France
Irenge Leonid Belgium
Belgium
Francois Patrice Switzerland
Thnatko Robert Slovakia
Slovakia
Eichler Jutta Germany
Glisic Sanja Serbia

To be reimbursed as MC member
To be reimbursed as MC member
To be reimbursed as WG2 member
To be reimbursed as WG2 member
To be reimbursed as WG2 member
To be reimbursed as WG2 member
To be reimbursed as WG2 member
To be reimbursed as WG2 member
To be reimbursed as WG2 member




16:00 - 16:45 coffee
16:45 — 19:00 WG3: Proteomics and Glycomics
16:45 — 16:55 introduction WG3 chair replacement

16:55-17:15 Willy Zorzi & Benaissa EIMoualij: Immuno PCR: a new tool for the ultra-sensitive
detection of biomolecules & applications in the STREP Neuroscreen Project

17:15 - 17:35 Rudolf Toman: Recent advances in the structural and functional elucidations of the
outer membrane components of Coxiella burnetii

17:35 - 17:55 Adela Straskova: Hypotetical lipoprotein FTT 1103 - a new potential virulence factor
of Francisella tularensis

17:55 - 18:15 Anetta Hartlova: Proteomic analysis of lipid rafts of mouse monocyto-macrophage
cell line J774 during Francisella tularensis LVS infection

18:15 - 18:35 Veljko Veljkovic: Identification of EMILINs as novel human proteins that
bind anthrax protective antigen

18:35 — 18:55 Future activities and planning of actions within WG3

WG3 participants to reimburse:

_______ 1 EIMoualij Benaissa Belgium To be reimbursed as WG3 member
2 Hartlova Anetta Czech Republic To be reimbursed as WG3 member
3 Palkovicova Katarina Slovakia To be reimbursed as WG3 member
4 Straskova Adela Czech Republic To be reimbursed as WG3 member

_____ 5 Toman Rudolf Slovakia To be reimbursed as MC member

______ 6 Zorzi Willy Belgium To be reimbursed as WG3 member
7 Levterova Victoria Bulgaria To be reimbursed as WG3 member
8 Veljkovic Veljko Serbia To be reimbursed as MC member

_____ 9 Veljkovic Nevena Serbia To be reimbursed as WG3 member

20:00 conference dinner

Wednesday, 12.12.2007.

07:00 - 08:00 breakfast
08:00 — 10:00 WG4: Genomics
08:00 — 08:10 introduction WG4 chair Stefan Panaiotov
08:10 — 08:30 Ingmar Janse: Multiplex detection of Biothreat agents

08:30 — 08:50 Pierre Wattiau: Exposure of workers to B anthracis spores in a Belgian wool cleaning
manufacture

08:50 — 09:10 Sally Cutler: (to be announced)
09:10 — 09:30 Jens Jacob: (to be announced)

09:30 — 09:50 Future activities and planning of actions of WG4




WG4 participants to reimburse:

Cutler Sally
Jacob Jens
Janse Ingmar
Panaitov Stefan
Sjostedt Anders
Todor Kantardjiev
Wattiau Pierre
Hufert Frank

10:00 - 10:45 coffee

10:45 — 12:05 WG5: Microbiology

UK
Germany
The Netherlands
Bulgaria
Sweden
Bulgaria
Belgium
Germany

10:45 - 10:55 introduction WG5 chair Mandy Elschner

10:55 -11:15 Paula Pilo: Characterisation of Swiss Isolates of Francisella tularensis and Bacillus

anthracis

To be reimbursed as WG4 member
To be reimbursed as WG4 member
To be reimbursed as WG4 member
To be reimbursed as MC member
To be reimbursed as MC member
To be reimbursed as WG4 member
To be reimbursed as WG4 member
To be reimbursed as WG4 member

11:15-11:35 Manfred Weidmann: Development of a microarray for European arboviruses

11:35-11:55 David Albert: Development of a real-time PCR targeting IS711 gene for rapid
detection of Brucella in samples

11:55-12:15 Maria Nica: (to be announced)

12:15-12:35 Nora Mandani: (to be announced)

12:35 - 12:55 Future activities and planning of actions of WG5

WGS5 participants to reimburse:

Albert David
Apostol Iuliana
Butaye Patrick
Elschner Mandy

Madani Nora

Nica Maria
Pilo Paula
Weidmann Manfred
Nadya Brankova

13:00 - 14:00 lunch

France
Romania
Belgium
Germany

France
Romania

Switzerland
Germany
Bulgaria

To be reimbursed as WG5 member
To be reimbursed as MC member
To be reimbursed as MC chair
To be reimbursed as MC member
To be reimbursed as WG5 member
To be reimbursed as MC member
To be reimbursed as WG5 member
To be reimbursed as MC member
To be reimbursed as WG5 member




14:00 5" Management Committee meeting

5" Management Committee Meeting
14:00-17:00

1. Welcome
Patrick Butaye, the Chair of COST ACTION B28 welcomed the participants to the Fith Management
Committee Meeting.

2. Adoption of the Agenda - P. Butaye

3. Adoption of the Minutes of the 4rd MC — Plovdiv- P. Butaye

4. Report of the Chair of the Working Group 1 - J. Schrenzel

5. Report of the Chair of the Working Group 2 - C. Muller

6. Report of the Chair of the Working Group 3 - J. Stulik

7. Report of the Chair of the Working Group 4 - S. Panaiotov

8. Report of the Chair of the Working Group 5 - M.Elschner

9. Annual report - P. Butaye

10. Operation of COST B28 web site http://www.cost-b28.be/ — P. Butaye

11. STSMs: current status. R. Toman

12. Discussion on the place and programme of next meetings


http://www.cost-b28.be/

COST ACTION B28
“Array technologies for BSL3 and BSL4 pathogens”
Registered participants for the meeting
December 10 — 12, 2007
Vienna, Austria

AUSTRALIA

Wenzel Peter

Diversity Arrays Technology P/L

1 Wilf Crane Cr., Yarralumla
Canberra, ACT 2600

phone: +61 2 6281 8513

fax: +61 2 6281 8533

email: peter@DiversityArrays.com
INVITED SPEAKER

AUSTRIA

Bodrossy Levente

Austrian Research Centers GmbH - ARC
Department of Bioresources
Environmental Molecular Analytics
A-2444 Seibersdorf, Austria

phone: +43 50 550 3632

fax: +43 50 550 3666

email: levente.bodrossy@arcs.ac.at
NOT TO BE REIMBURSED

Kostic Tanja

Austrian Research Centers GmbH - ARC
Department of Bioresources
Environmental Molecular Analytics
A-2444 Seibersdorf, Austria

phone: +43 50 550 3635

fax: +43 50 550 3666

email: tanja.kostic@arcs.ac.at

NOT TO BE REIMBURSED

Sessitsch Angela

Austrian Research Centers GmbH - ARC
Department of Bioresources
Environmental Molecular Analytics
A-2444 Seibersdorf, Austria

phone: +43 50 550 3509

fax: +43 50 550 3666

email: angela.sessitsch@arcs.ac.at
NOT TO BE REIMBURSED

BELGIUM

Bearzatto Bertrand

Université catholique de Louvain

Centre for applied molecular technologies
Clos Chapelle-aux-Champs 30.46

1200 Brussels

phone: +32 2 764 3196

fax: +32 2 764 3959

email: bertrand.bearzatto@Ibcm.ucl.ac.be

TO BE REIMBURSED AS WG2 MEMBER

Hackl Evelyn

Austrian Research Centers GmbH - ARC
Department of Bioresources
Environmental Molecular Analytics
A-2444 Seibersdorf, Austria

phone: +43 50 550 3509

fax: +43 50 550 3666

email: evelyn.hackl@arcs.ac.at

NOT TO BE REIMBURSED

Sanoussi Souzan

Austrian Research Centers GmbH - ARC
Department of Bioresources
Environmental Molecular Analytics
A-2444 Seibersdorf, Austria

phone: +43 50 550 3558

fax: +43 50 550 3666

email: souzan.sanoussi@arcs.ac.at
NOT TO BE REIMBURSED

Weilharter Alexandra

Austrian Research Centers GmbH - ARC
Department of Bioresources
Environmental Molecular Analytics
A-2444 Seibersdorf, Austria

phone: +43 50 550 3623

fax: +43 50 550 3666

email: alexandra.weilharter@arcs.ac.at
NOT TO BE REIMBURSED

Butaye Patrick

CODA-CERVA-VAR

Groeselenberg 99

B-1180 Brussels

phone: +32 2 379 0415

fax: +32 2 379 0670

email: pabut@var.fgov.at

TO BE REIMBURSED AS MC CHAIR
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ElMoualij Benaissa

University of Liége

CRPP Human Histology

1 Avenue de I'hOpital, CHU Sart Tilman
4000 Liege

phone: +32 4 366 4328

fax: +32 4 366 4321

email: b.elmoualij@ulg.ac.be

TO BE REIMBURSED AS WG3 MEMBER

Irenge Leonid

Université catholique de Louvain

Centre for applied molecular technologies
Clos Chapelle-aux-Champs 30.46

1200 Brussels

phone: +32 2 764 3174

fax: +32 2 764 3959

email: irenge@ibcm.ucl.ac.be

TO BE REIMBURSED AS WG2 MEMBER

Wattiau Pierre

CODA-CERVA-VAR

Groeselenberg 99

B-1180 Brussels

phone: +32 2 379 0441

fax:

email: piwat@var.fgov.at

TO BE REIMBURSED AS WG4 MEMBER

BULGARIA

Levterova Victoria

National Center of Infections and Parasitic Diseases
26 Janko Sakasov str.

1504 Sofia,

phone: +359 2 944 6999

email: vikis@abv.bg

TO BE REIMBURSED AS WG3 MEMBER

Panaitov Stefan

National Center of Infections and Parasitic Diseases
26 Janko Sakasov str.

1504 Sofia,

phone: +359 2 944 6999

email: spanaiotov@yahoo.com

TO BE REIMBURSED AS MC MEMBER

CZECH REPUBLIC

Hartlova Anetta

University of Defence

Facility of Military Health Service

Trebesska 1575

CZ- 500 01 Hradec Kralove

phone: + 420 973 253 245

email: harltova@pmfhk.cz

TO BE REIMBURSED AS WG3 MEMBER

Gala Jean-Luc

Université catholique de Louvain

Centre for applied molecular technologies
Clos Chapelle-aux-Champs 30.46

1200 Brussels

phone: +32 2 764 3165

fax: +32 2 764 3166

email: gala@Ibcm.ucl.ac.be

TO BE REIMBURSED AS MC MEMBER

Walravens Karl

CODA-CERVA

Dept of Bacteriology and Immunology
Groeselenberg 99

B-1180 Brussels

phone: +32 2 379 0454

fax: +32 2 379 0670

email: kawal@var.fgov.be

TO BE REIMBURSED AS WG1 MEMBER

Zorzi Willy

University of Liége

CRPP Human Histology

1 Avenue de I'hopital, CHU Sart Tilman
4000 Liege

phone: +32 4 366 4327

fax: +32 4 366 4321

email: Willy.Zorzi@ulg.ac.be

TO BE REIMBURSED AS WG3 MEMBER

Nadya Brankova

National Center of Infections and Parasitic Diseases
26 Janko Sakasov str.

1504 Sofia,

phone: +359 2 944 6999

email: nbrankova@abv.bg

TO BE REIMBURSED AS WG5 MEMBER

Kantardjiev Todor

National Center of Infections and Parasitic Diseases
26 Janko Sakasov str.

1504 Sofia,

phone: +359 2 944 6999

email: kantardj@ncipd.netbg.com

TO BE REIMBURSED AS WG4 MEMBER

Straskova Adela

University of Defence

Facility of Military Health Service

Trebesska 1575

CZ- 500 01 Hradec Kralove

phone: + 420 973 253 245

email: straskova@pmfhk.cz

TO BE REIMBURSED AS WG3 MEMBER
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DENMARK

Nicolaisen Mogens
TO BE REIMBURSED AS MC MEMBER

FRANCE

Albert David

French Food Safety Agency (AFSSA)
Bacterial Zoonoses Unit — CRL Brucellosis
23 Avenue de Général de Gaulle

94706 Maisons-Alfort

phone: +33 1 4977 3880

fax: +33 14977 1344

email: d.albert@afssa.fr

TO BE REIMBURSED AS WG5 MEMBER

Renesto Patricia

Unité des Rickettsies — CNRS UMR 6020
Faculté de Médecine

27 Bd Jean Moulin

Marseille

phone: +33 491 32 46 30

fax: +33491 3855 17

email: patricia.renesto@medecine.univ-mrs.fr
TO BE REIMBURSED AS MC MEMBER

GERMANY

Eichler Jutta

Helmholtz Centre for Infection Research
Cell and Immune Biology

Inhoffenstrasse 7

Braunschweig

phone: +49 531 6181 3110

fax: +49 531 6181 2697

email: Jutta.Eichler@helmholtz-HZI.de

TO BE REIMBURSED AS WG2 MEMBER

Frangoulidis Dimitrios

Bundeswehr Institute of Microbiology
Neuherbergstr. 11

80937 Munich

phone: + 49 89 3168 3869

fax: + 49 89 3168 3292

email: DimitriosFrangoulidis@Bundeswehr.org

TO BE REIMBURSED AS MC MEMBER

Jacob Jens

Robert Koch Institute
Nordufer 20

Berlin

phone: +49 30 18754 2667
fax: +49 30 18754 2612

email: jacobj@rki.de
TO BE REIMBURSED AS WG4 MEMBER

Madani Nora

French Food Safety Agency (AFSSA)

23 Avenue de Général de Gaulle

94706 Maisons-Alfort

phone: +33 1 4977 1300

fax: +33 14977 1344

email: n.mandani@afssa.fr

TO BE REIMBURSED AS WG5 MEMBER

Elschner Mandy

Frederich-Loeffler-Institute

Federal Research Institute for Animal Health
Naumburger StraBe 96a

07743 Jena

phone: +49 364 180428

fax: +49 364 180228

email: mandy.elschner@fli.bund.de

TO BE REIMBURSED AS MC MEMBER

Hufert Frank

Insitute of Virology

Am Kreuzbergring 57

Gottingen

phone: +49 551 3899 446

fax: +49 551 3899 439

email: fhufer@gwdg.de

TO BE REIMBURSED AS WG4 MEMBER

Sachse Konrad

Frederich-Loeffler-Institute

Federal Research Institute for Animal Health
Naumburger StraBe 96a

07743 Jena

phone: +49 3641 804334

fax: +49 3641 804228

email: konrad.sachse@fli.bund.de
INVITED SPEAKER
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Weidmann Manfred

Insitute of Virology

Am Kreuzbergring 57

Gottingen

phone: +49 551 3899 406

fax: +49 551 3899 439

email: mweidma@qgwdg.de

TO BE REIMBURSED AS MC MEMBER

LUXEMBOURG

Muller Claude P.

National Public Health Laboratory
Institute of Immunology

20 A. rue Auguste Lumiére

L-1011 LUXEMBOURG

phone: +35 2 490604

fax: +35 2 490686

email: claude.muller@Ins.etat.lu

TO BE REIMBURSED AS MC MEMBER

PORTUGAL

Brum Laura
TO BE REIMBURSED AS MC MEMBER

ROMANIA

Apostol Iuliana

Clinical Hospital for Infectious and Tropical Diseases
Dr Victor Babes

Sos Mihai Bravu 281 sector 3

Bucharest

phone: + 40 021 317 2727

fax: +40 021 317 2721

email: juliana_a@yahoo.com

TO BE REIMBURSED AS MC MEMBER

SERBIA

Glisic Sanja

Center for Multidisciplinary Research

and Engineering

Institute of Nuclear Sciences VINCA
P.0.Box 522

11001 Belgrade

fax: +381 11 3440 100

email: sanja@vin.bg.ac.yu

TO BE REIMBURSED AS WG 2 MEMBER

Veljkovic Veljko

Center for Multidisciplinary Research

and Engineering

Institute of Nuclear Sciences VINCA
P.0.Box 522

11001 Belgrade

fax: +381 11 3440 100

email: veljko01@hotmail.com

TO BE REIMBURSED AS MC MEMBER

Nica Maria

Clinical Hospital for Infectious and Tropical Diseases
Dr Victor Babes

Sos Mihai Bravu 281 sector 3

Bucharest

phone: + 40 021 317 2727

fax: +40 021 317 2721

email: nicamaria_lab@yahoo.com

TO BE REIMBURSED AS MC MEMBER

Veljkovic Nevena

Center for Multidisciplinary Research

and Engineering

Institute of Nuclear Sciences VINCA
P.O.Box 522

11001 Belgrade

fax: +381 11 3440 100

TO BE REIMBURSED AS WG MEMBER
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SLOVAKIA

Betinova Eva

Slovak Academy of Sciences

Institute of Virology

Dubravska cesta 9

SK — 845 05 Bratislava

phone: +421 2 593 02459

fax: +421 2 547 74284

email: viruslab@savba.sk

TO BE REIMBURSED AS WG2 MEMBER

Palkovicova Katarina

Slovak Academy of Sciences

Institute of Virology

Dubravska cesta 9

SK — 845 05 Bratislava

phone: +421 2 593 02459

fax: +421 2 547 74284

email: viruslab@savba.sk

TO BE REIMBURSED AS WG3 MEMBER

SPAIN

Escudero Raquel

Laboratorio de Esppiroquetas y Patogenos Especiales

Servicio de Bacteriologia
Centro Nacional de Microbiologia
28240 Majadahonda, Madrid

email: rescude@isciii.es
TO BE REIMBURSED AS MC MEMBER

SWEDEN

Alderborn Anders
TO BE REIMBURSED AS MC MEMBER

Sjostedt Anders

Umed University

Department of Clinical Bacteriology
SE-90185 Umed

phone: +46 90 785 1120

fax: +46 90 785 2225

email: anders.sjostedt@climi.umu.se

TO BE REIMBURSED AS MC MEMBER

Thnatko Robert

Slovak Academy of Sciences

Institute of Virology

Dubravska cesta 9

SK — 845 05 Bratislava

phone: +421 2 593 02406

fax: +421 2 547 74284

email: robert.ihnatko@savba.sk

TO BE REIMBURSED AS WG2 MEMBER

Toman Rudolf

Slovak Academy of Sciences

Institute of Virology

Dubravska cesta 9

SK — 845 05 Bratislava

phone: +421 2 593 02418

fax: +421 2 547 74284

email: virutoma@savba.sk

TO BE REIMBURSED AS MC MEMBER

Nordstrom Henrik

Swedish Institute for Infectious Disease Control
Nobelsvag 18

Solna

phone: +46 8 4572581

fax: +46 8 307957

email: henrik.nordstrom@smi.ki.se

TO BE REIMBURSED AS WG1 MEMBER
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SWIZTERLAND

Francois Patrice

University Hospital of Geneva

Genomic Reserach Lab

Micheli-du-Crest 24

CH-1211 Geneva

phone: +41 22 372 9338

fax: +41 22 372 9830

email: patrice.francois@genomic.ch

TO BE REIMBURSED AS WG2 MEMBER

Huyghe Antoine

University Hospital of Geneva

Genomic Reserach Lab

Micheli-du-Crest 24

CH-1211 Geneva

phone: +41 22 372 9338

fax: +41 22 372 9830

email: antoine.huyghe@genomic.ch

TO BE REIMBURSED AS WG1 MEMBER

Schrenzel Jacques

University Hospital of Geneva

Genomic Reserach Lab

Micheli-du-Crest 24

CH-1211 Geneva

phone: +41 22 372 7301

fax: +41 22 372 7304

email: jacques.schrenzel@genomic.ch
TO BE REIMBURSED AS MC MEMBER

The NETHERLANDS

Janse Ingmar

RIVM

Antonie de Leeuwenhoeklaan 9

Bilthoven

phone: +31 30 274 3666

fax: +31 30 274 4434

email: Ingmar.Janse@rivm.nl

TO BE REIMBURSED AS WG4 MEMBER

Kieboom Jasper

TNO Defence Safety and Security

Lange Kleiweg 37

Rijswijk

phone: +31 015 2843011

fax: +31 015 283963

email: jasper.kieboom@tno.nl

TO BE REIMBURSED AS WG1 MEMBER

Frey Joachim

University of Berne

Institute of Veterinary Bacteriology
Laenggassstrasse 122

CH-3001 Bern

phone: +41 31 631 2414

fax: +41 31 631 2634

email: joachim.frey@vbi.unive.ch

TO BE REIMBURSED AS MC MEMBER

Pilo Paula

University of Berne

Institute of Veterinary Bacteriology
Laenggassstrasse 122

CH-3012 Bern

phone: +41 31 631 2491

fax: +41 31 631 2634

email: paola.pilo@vbi.unive.ch
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DNA microarray assays for detection and genotyping of chlamydiae

Konrad Sachse?!, Helmut Hotzel*, Peter Slickers?, Ralf Ehricht?
! Friedrich-Loeffler-Institut (Federal Research Institute for Animal Health), Institute of Molecular

Pathogenesis, Jena, Germany, “Clondiag Chip Technologies, Jena, Germany

The diagnostic test of the future will be expected to provide complex information on the causative
agent of an infection beyond the mere identification of the species. As soon as the diagnostician is
confronted with this demand for "multi-dimensional" evidence on the pathogenic microorganism the
limitations of PCR-based tests become obvious. Detection of subtle differences among strains, such as
single-nucleotide polymorphisms and other intra-species variations, is problematic with standard
amplification assays, and even in multiplex PCR only a few target regions can be examined in parallel.

DNA microarray technology opens up new possibilities that may be particularly beneficial for
laboratory diagnosis of infectious diseases. This highly parallel approach allows any sample DNA to be
simultaneously examined using a large number of probes, which may be derived from a polymorphic gene
segment and/or from different genomic regions. In essence, this amounts to sequencing the respective
genomic site. Thus, DNA microarray-based tests can attain far higher specificity than PCR.

Although microarrays have become a widely accepted tool for mRNA expression monitoring in gene
transcription analysis, their use in rapid diagnosis of bacterial and viral pathogens is only emerging. Recent
applications include identification and genotyping of mycobacteria, staphylococci, Escherichia colj, Listeria
spp., Clostridium perfringens, Vibrio spp., as well as neuroinvasive viruses.

In a recent study, we developed a microarray assay for detection and differentiation of Chlamydia
spp. and Chlamydophila spp. [1]. We used the commercially available ArrayTube™ system (Clondiag Chip
Technologies, Jena, Germany), which represents a less expensive system for processing low- and high-
density DNA arrays. It involves spotted or /n situ synthesized DNA chips of 3x3 mm size, which are
assembled to form the bottom of 1.5-ml plastic micro-reaction tubes. In contrast to other microarray
egipment, hybridization and signal processing can be conducted in an easy and rapid fashion on standard
laboratory equipment without additional devices, such as hybridisation chambers. Hybridisation signals are
amplified by an enzyme-catalysed precipitation reaction. A CCD camera integrated in the ATR-01 reader is
used to monitor DNA duplex formation by kinetic measurement of the precipitation reaction at each spot via
specific changes in red light transmission.

Hybridisation probes were designed on the basis of a multiple sequence alignment that included 16S
rRNA genes, 16S-23S intergenic spacer regions and 23S rRNA genes from 44 chlamydial strains. To identify
genomic segments of high discriminatory power, we developed a sequence analysis algorithm designated
the "most variable window approach”. Using this procedure, species-specific nucleotide polymorphisms in a
region of generally high sequence similarity in the 23S rRNA gene were identified. The selected 26-nt probe
sequences were used on two different series of customized microarrays, i.e. combinatorial high-density /n

situ synthesized arrays and low-density spotted arrays. Target DNA was prepared by consensus PCR using
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one biotinylated primer. Unique species-specific hybridization patterns were obtained for all nine species of
the family Chlamydiaceae on both microarray types.

After proving the suitability of the present assay for unambiguous species identification of chlamydial
cell cultures we used it for direct detection of chlamydiae from clinical tissue [2]. As many clinical samples
contain only low numbers of bacteria, sensitivity becomes the crucial parameter in this application. We were
able to show that the sensitivity of the microarray assay was equivalent to that of real-time PCR [3], thus

rendering it suitable for use in the diagnostic lab.

Fig. 1 Identification of CAlamydophila pecorum from an ocular swab of an infected calf.

Meanwhile, the above microarray for species differentiation has been complemented with a new

array for genotyping of Chlamydophila psittaci, the causative agent of psittacosis in birds and humans.

[1] Sachse, K, Hotzel, H, Slickers, P, Ellinger, T, Ehricht, R: DNA microarray-based detection and
identification of Chlamydia and Chlamydophila spp. Mol Cell Probes 2005;19:41-50.

[2]Borel, N, Kempf, E, Hotzel, H, Schubert, E, Torgerson, P, Slickers, P, Ehricht, R, Tasara, T, Pospischil, A,
and Sachse, K: Direct identification of chlamydiae from clinical samples using a DNA microarray assay - a
validation study. Mol. Cell. Probes (2007), doi:10.1016/j.mcp.2007.06.003

[3] Ehricht, R, Slickers, P, Goellner, S, Hotzel, H, Sachse, K: (2006) Optimized DNA microarray assay allows
detection and genotyping of single PCR-amplifiable target copies. Mol. Cell. Probes 2006;20:60-63.
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Konrad K.W. Sachse
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Head of the Dept. of Molecular Biology at the same institute

Head of Dept. of Genetic Engineering at the Federal Institute for Health Protection of
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Head of the Institute of Bacterial Infections and Zoonoses at the Friedrich-Loeffler-
Institut (Federal Research Institute for Animal Health), Jena

Deputy Head of the Institute of Molecular Pathogenesis at the Friedrich-Loeffler-
Institut (Federal Research Institute for Animal Health), Jena
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Mycoplasmoses), Coordinator of Working Group 2
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1991-1995 German Research Foundation (DFG): "Development of rapid diagnostic methods for
the detection of animal mycoplasmas"

1993-1995 German Research Foundation (DFG): "Cloning and expression of the P26 gene from
Mycoplasma bovis"

1996-1998 German-Israeli Foundation for Scientific Research and Development (GIF): "The role
of variable surface lipoproteins and their genes in mycoplasma-host interactions"
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by means of genetic engineering"
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2005-2007 German Research Foundation (DFG): "Investigation of transcriptional response by
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With more than 1400 different pathogenic microorganisms having dynamic genomes and extensive
allelic variability in their signature genes, it is critical to develop high throughput tools that are able to screen
for many pathogens in parallel. There are many desired attributes for such tools including sensitivity,
specificity, speed, cost, robustness, sample processing, portability, and the ability to quantify the pathogens.
Optimizing all attributes in a single assay is difficult but it is possible to optimize a limited number of
parameters for a set of pathogens relevant to a given niche. Using a comprehensive virulence and marker
(VMG) gene database encompassing 90 bacterial pathogens and 500 virulence and marker genes, we have
developed four different types of parallel detection tools. These are: i) a microfluidic biochip using in situ
synthesized 18-mer and 50-mer probes focusing on the specificity, ii) an on-chip PCR array focusing on
quantification and enhancing the throughput with respect to the number of samples as well as target
pathogens, iii) a high density 50-mer glass slide array using gold and silver nanoparticles focusing on cost,
and iv) a microPCR based hand-held device focusing on portability, speed, and sensitivity. On the
microfluidic biochip a highly specific assay for 20 waterborne pathogens with little or no false positives was
developed. This was accomplished using three to six VMGs per organism and 5 to 20 probes per gene to
make the call. To achieve a sensitivity of 0.01 to 0.001%, a multiplex PCR amplification step (combining up
to 25 amplicons per reaction mixture) was necessary prior to fluorescent labeling and hybridization.
Hybridization signals were highly specific as observed by non-equilibrium dissociation curves obtained for
both 18- and 50-mer probes. For the on-chip PCR assay focusing on quantification, approximately 215 genes
from 30 pathogens were used to examine the amplification and quantitative capacity of multiple primer sets
in 33 nano-liter reaction holes for 12 to 36 samples in parallel. Quantification, sensitivity, and specificity were
highly dependent on the genome size and GC content of the targeted organisms and primer characteristics.
An empirical equation was developed to predict the copy number of detected amplicons without the use of
standard curves. This equation is expected to play a key role in developing parallel screening tools without
extensive validation. The third approach focused on reducing the cost of parallel screening by using high
density in situ synthesized arrays, labeling with gold and silver nano-particles and scanning using a flatbed
scanner (replacing fluorescent dyes and laser scanners). Using this approach, the total cost for equipment

and analysis was reduced by 10- to 100-fold without compromising the power of parallel detection and
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specificity. Automation of gold and silver labeling protocols may further reduce the cost of such assays. The
fourth approach focused on developing a rapid microPCR chip for selected pathogens to be used with
portable and point-of-use devices. The PCR chip consisted of microfluidic channels in doped silicon allowing
rapid temperature control with minimal power, transparent base and cover for easy visualization with
chemilumniscent light source and CCD imaging, and lyophilized PCR reagents. Using these components it is
possible to develop less than 2-minute PCR based assays for multiple pathogens. The information gathered
during the development of these tools suggests that parallel screening of pathogens using genetic markers
has many advantages and should be considered as a method for routine monitoring both under laboratory

and field conditions.

We are thankful for support from the National Institutes of Health (1 RO1 RR018625), Michigan Economic
Development Corporation (GR-476 PO 085P3000517 and 06-1-P1-0557), and MSU Foundation.

29



Curriculum vitae Prof Syed A. Hashsham

Edwin Willits Associate Professor, Department of Civil and Environmental Engineering
Adjunct Associate Professor, Center for Microbial Ecology

Adjunct Associate Professor, Department of Crops and Soil Sciences

Michigan State University

A-126, Research Complex-Engineering

East Lansing, MI-48824

Phone: (517) 355-8241

Fax:  (517) 355-0250

E-mail: hashsham@msu.edu

Lab webpage: http://www.egr.msu.edu/~hashsham/

Department webpage: http://www.egr.msu.edu/cee/people/hashsham.html

1. EDUCATION
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3. RESEARCH INTERESTS

My current research interests include development of in situ synthesized and glass slide based biochips
for water safety, microbial ecology, and biotechnology and mathematical modeling of molecular data. I am
interested in developing and using genomic and molecular tools to solve environmental engineering
problems. Currently two post-doctoral (shared), seven doctoral (out of which two are shared), three
masters, and one undergraduate student are part of my research group. In addition, two visiting scholars
and one research technician are also part of the group. Details of their individual research interest can be
seen at the lab webpage listed above.

4. TEACHING INTERESTS

I teach Biological Processes in Environmental Engineering, Environmental Microbiology, and Feasibility
Studies in Environmental Engineering to graduate and undergraduate students. I am also developing
learner’s modules as a tool to teach molecular biology to environmental engineers (named MOBEE, short for
Molecular Biology Explorer for Engineers). The modules will be equally useful to anyone interested in
learning the basics of molecular biology with a focus on detection and waterborne pathogens. It is still under
development but its general approach can be seen at http://www.egr.msu.edu/~hashsham/mobee dev.

5. PUBLICATIONS

Summary: A total of 28 peer-reviewed journal articles, 6 peer-reviewed book chapters, 9 peer-reviewed
conference proceedings, 44 peer-reviewed abstracts, 8 non-reviewed (but invited) conference proceedings,
and 17 submitted conference proceedings were published. In addition, 21 sponsored or invited platform
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presentations were also made. The rate of peer-reviewed publications (including the journals and book
chapters) is 4 per year.
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(9):4058-4067. 2000.

Hashsham S. , A. Fernandez, S. Dollhopf, F. Dazzo, R. Hickey, ]J. Tiedje, and C. Criddle. Parallel
processing of substrate correlates with greater functional stability in methanogenic bioreactor
communities perturbed by glucose. Applied and Environmental Microbiology. 66 (9):4050-4057.
2000.

Hashsham, S.A. and D.L. Freedman®. Enhanced biotransformation of carbon tetrachloride by
Acetobacterium woodji upon addition of hydroxocobalamin and fructose. Applied and Environmental
Microbiology. 65(10): 4537-4542. 1999.

Hashsham, S.A., R. Scholze, and D.L. Freedman. Cobalamin-enhanced anaerobic biotransformation of
carbon tetrachloride. Environmental Science and Technology. Vol. 29, No. 11, p. 2856-2863.
1995.

Qasim, R., A. Hashsham, and N. I. Ansari. Optimizing TOC removal by coagulation and softening,
Journal of Environmental Engineering Division, American Society of Civil Engineers. Vol. 118, No.
3, p. 432-437. 1992.

Qasim, S.R. , S.A. Hashsham, and G.M. Middleton. Study aimed at odor reduction in water from
reservoir. Water/Engineering and Management. April 1992, p. 58-62. 1992.

5.2 Book chapters and reports

1.

Hashsham, S.A., Culture Techniques, In Method's in Microbiology, Editors, Academic Press, Inc. New
York. (In Press). 2007.

Hashsham, S.A. and Samuel Baushke. Energetics, Stoichiometry, and Kinetics of Microbial Growth, In
Methods in Microbiology, Academic Press, Inc. New York. (In Press). 2007.

Hashsham, S.A., S. Callister, and M. Tijdens. Oligonucleotide probe design for mixed microbial
community microarrays and other applications and important considerations for data analysis.
Molecular Microbial Ecology Manual. 2" Edition, Kluwer Academic Publishers, The Netherlands.
1.7.8:1-26, 2004.
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4. Dollhopf, S., Ayala-del-Rio H.L., Hashsham, S.A. and J.M. Tiedje. Multivariate statistical methods and

artificial neural network for analysis of microbial community molecular fingerprints. Molecular
Microbial Ecology Manual. 2™ Edition, Kluwer Academic Publishers, The Netherlands. 1.7.6:1-40,
2004.

Tiedje, J., A. Fernandez, S. Hashsham, S, Dollhopf, F. Dazzo, R. Hickey, and C. Criddle. Stability,
persistence and resilience in anaerobic reactors; a community unveiled. In Advances in Water and
Wastewater Treatment Technologies: Molecular Technology, Nutrient Removal, Sludge
production and Environmental Health. Ed. T. Matsuo, K. Hanaki, S. Takizawa, and H. Satoh.
Elsevier, Amsterdam. pp. 13-20. 2001.

Hashsham, S.A., T.L. Marsh, S, Dollhopf, A.S. Fernandez, F.B. Dazzo, R.F. Hickey, C. Criddle, and ].M.
Tiedje. Relating function and community structure of complex microbial systems using neural networks.
In Advances in Water and Wastewater Treatment Technologies: Molecular Technology,
Nutrient Removal, Sludge Production and Environmental Health. Ed. T. Matsuo, K. Hanaki, S.
Takizawa, and H. Satoh. Elsevier, Amsterdam. pp. 67-77. 2001.

5.3 Reviewed conference proceedings

5.3.1 Full publications- reviewed

1.

Jenkins, T.M., T.M. Scott, J.R. Cole, S.A. Hashsham, and J].B. Rose. Assessment of virulence factor
activity relationships (VFARs) for waterborne diseases. In Proceedings of the International Water
Association (IWA) on Health Related Waterborne Microbiology, Cape Town, South Africa, Sep 14-19",
2003.

Musarrat, J., C.S. Criddle, and S.A. Hashsham. 2001. Development of DNA microarray technology for
environmental applications. Proceedings of the Water Environment Federation Technology Conference,
Oct 14-17, Atlanta, Georgia. CD-ROM.

Tiedje, J., A. Fernandez, S. Hashsham, S, Dollhopf, F. Dazzo, R. Hickey, and C. Criddle. 2001. Stability,
persistence and resilience in anaerobic reactors; a community unveiled. Proceedings of the COE
Symposium on Establishment and Evaluation of Advanced Water Treatment Technology Systems Using
Functions of Complex Microbial Community. March 6-8, 2000. pp. 13-17. The University of Tokyo, Japan.

Hashsham, S., T. Marsh, S. Dollhopf, A. Fernandez, F. Dazzo, R. Hickey, C. Criddle and J. Tiedje. 2000.
Relating function and community structure of complex microbial systems using neural networks.
Proceedings of the COE Symposium on Establishment and Evaluation of Advanced Water Treatment
Technology Systems Using Functions of Complex Microbial Community. March 6-8, 2000. pp. 70-79. The
University of Tokyo, Japan.

Freedman, D.L., and S.A. Hashsham. 1997. Enhanced biotransformation of carbon tetrachloride by an
anaerobic enrichment culture. Proceedings of the Fourth International Symposium, In Situ and On-Site
Bioremediation, sponsored by Battelle, New Orleans, Louisiana, April 28-May 1.

Freedman, D.L., M. Lasecki, S.A. Hashsham, and R. Scholze. 1995. Accelerated biotransformation of
carbon tetrachloride by sulfate-reducing enrichment cultures. Proceedings of the Third International
Symposium, In Situ and On-Site Bioreclamation, sponsored by Battelle, San Diego, CA, April 24-27.

Hashsham, S.A. and D.L. Freedman. 1994. Enhanced biotransformation of carbon tetrachloride with
added cyanocobalamin. Proceedings of the 4th Annual WERC Technology Development Conference,
sponsored by U.S. Department of Energy, Las Cruces, NM, April 13-15.

Freedman, D.L., S.A. Hashsham, and R. Scholze. 1993. Enhanced biotransformation of carbon
tetrachloride under methanogenic conditions, Proceedings of the Second International Symposium, In
Situ and On-Site Bioreclamation, sponsored by Battelle, San Diego, CA, April 5-8.

Gupta, S.K., S.A. Hashsham, and S.G. Joshi. 1987. Biological treatment of nitrogenous wastewater- a
nitrification study. Proceedings of the International Congress, Management of Hazardous and Toxic
Waste in the Process Industries, Vienna, March 13-17.
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5.3.2 Abstracts- reviewed

1.

10.

11.

12.

13.

Alok Dhawan, Julian S. Taurozzi, Alok K. Pandey, Wengian Shan, Sarah M. Miller, Syed A. Hashsham,
and Volodymyr V. Tarabara. 2006. Stable Colloidal Dispersions of C60 Fullerenes in Water: Evidence for
Genotoxicity. The 2006 AICHE Annual Meeting, November 12-17, 2006, San Francisco.

R. D. Stedtfeld, S. W. Baushke, S. Miller, J. M. Tiedje, S. A. Hashsham. Microchamber Biochip for
Quantitative Detection of Human Pathogens in Environmental Samples. 106" General Meeting of the
American Society for Microbiology, Orlando, Florida, May 21-25, 2006.

Dieter M Tourlousse, Sarah M Miller, Robert D Stedtfeld, Amanda B Herzog, Samuel W Baushke, Lukas M
Wick, Jean Marie Rouillard, Erdogan Gulari, James M Tiedje, and Syed A Hashsham- Validation of an /in
situ synthesized oligonucleotide biochip for parallel detection of 12 waterborne pathogens. 106" General
Meeting of the American Society for Microbiology, Orlando, Florida, May 21-25, 2006.

Ruifang Xu, Robert D. Stedtfeld, Erdogan Gulari, James M. Tiedje, and Syed A. Hashsham. Influence of
Target Preparation on Microarray Based Community Analysis of Indicator Organisms. 106" General
Meeting of the American Society for Microbiology, Orlando, Florida, May 21-25, 2006.

Sarah M. Miller, Alok Dhawan, Robert D. Stedtfeld, Dieter M. Tourlousse, James M. Tiedje, and Syed A.
Hashsham. Real-Time Hybridization Behavior in a Flow-Through DNA Biochip as a Function of
Temperature, Flow Rate, and Time. 106" General Meeting of the American Society for Microbiology,
Orlando, Florida, May 21-25, 2006.

Vidya Srinivasan, Alok Dhawan, Robert D Stedtfeld, Sarah M Miller, Trinh Pham, Jean Marie Rouillard,
James M Tiedje, Erdogan Gulari, and Syed A Hashsham. Detection of Pathogens in Environmental
Samples with Gold Nanoparticles and Silver Enhancement on Microarray Using a Flatbed Scanner. 106"
General Meeting of the American Society for Microbiology, Orlando, Florida, May 21-25, 2006.

Yu Yang, Robert D. Stedtfeld, Jean Marie Rouillard, Erdogan Gulari, James M. Tiedje, Syed A. Hashsham.
Synthetic virulence and marker gene targets as surrogates for validation of pathogen biochips. 106"
General Meeting of the American Society for Microbiology, Orlando, Florida, May 21-25, 2006.

Ahsan Munir, Sarah M Miller, Alok Dhawan, Robert D Stedtfeld, Jean Marie Rouillard, Erdogan Gulari,
James M Tiedje, and Syed A Hashsham. Hybridization Behavior of Vancomycin Resistance Genes in a
Flow-Through DNA Biochip using a Computational Approach. 106" General Meeting of the American
Society for Microbiology, Orlando, Florida, May 21-25, 2006.

S.A. Hashsham, L. M. Wick, R. Stedtfeld, D. Tourlousse, S. Baushke, J-M. Rouillard, J. Klappenbach, J. R.
Colel, E. Gulari, J. M. Tiedje. DNA Biochips for Diagnostics, Source Tracking, and Microbial Community
Analysis: Challenges and Selected Solutions, 105" General Meeting of the American Society for
Microbiology, Atlanta, Georgia, June 5-9, 2005.

S. Baushke, S. Kravchenko, L. Wick, R. Stedtfeld, D. Tourlousse, A. Herzog, T. Huynh, J-M. Rouillard, E.
Gulari, J.M. Tiedje, and S.A. Hashsham. Statistical Analysis of DNA Microarray Data for Parallel Microbial
Detection and Mixed Community Fingerprinting, 105" ASM General Meeting, Atlanta, Georgia, June 5-9,
2005.

Herzog, A, R. Stedtfeld, T. Huynh, S. Baushke, J. Weiss, J-M. Rouillard, E. Gulari, J. Tiedje, and S.A.
Hashsham. Challenges in Developing Community Fingerprinting Oligonucleotide Microarrays using the
16S rRNA Gene, 105" General Meeting of the American Society for Microbiology, Atlanta, Georgia, June
5-9, 2005.

Elizabeth Kruszewski, Y. Matsumura, V. Denef, L. Wick, K. Yadav, R. Xu, S. Baushke, R. Stedtfeld, . J.
Tiedje and S. Hashsham. Detection of Vancomycin Resistant Enterococcus faecalis (N00-410) and
Enterococcus faecium (N97-330) Using Microarrays, 105" General Meeting of the American Society for
Microbiology, Atlanta, Georgia, June 5-9, 2005.

R. D. Stedtfeld, L. M. Wick, S. W. Baushke, J.M. Rouillard, X. Yongmei, J. Cole, J. Klappenbach, E. Gulari,
J. M. Tiedje, S. A. Hashsham. Validation Strategy for a DNA Biochip: Comparison of Synthetic Targets
and Extracted DNA Fragments for 16S rDNA Probes, 105" General Meeting of the American Society for
Microbiology, Atlanta, Georgia, June 5-9, 2005.
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15.

16.
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18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Ruifang Xu, R. Stedtfeld, J-M. Rouillard, E. Gulari, J. Tiedje, and S.A. Hashsham. Evaluation of Labeling
Protocols for Enhanced Sensitivity of In Situ Synthesized Biochips, 105" General Meeting of the
American Society for Microbiology, Atlanta, Georgia, June 5-9, 2005.

Tourlousse, D., Herzog, A., Baushke, S., Tiedje, J.M., Hashsham, S.A. Development and validation of a
DNA chip for the detection of virulence genes of human pathogens. 105" General Meeting of the
American Society for Microbiology, Atlanta, Georgia, June 5-9, 2005.

Robert Stedtfeld, Sam Baushke, Ruifang Xu, Tam Hyunh, Amanda Herzog, Jean-Marie Rouillard,
Erdogan Gulari, James Tiedje, and Syed Hashsham. Phylogenetic Microarrays as Microbial Community
Analysis Tools. 8" Symposium on Bacterial Genetics and Ecology; BAGECO 8 - Lyon (France) - June 26-
29, 2005.

Wick, L. M., T. S. Whittam, E. Gulari, J. M. Tiedje, and S. A. Hashsham' 2005. On-chip non-equilibrium
dissociation curve and dissociation rate constant as methods to assess specificity of oligonucleotide
probes. 8" Symposium on Bacterial Genetics and Ecology; BAGECO 8 - Lyon (France) - June 26-29,
2005.

Hashsham, S.A. and J.M. Tiedje. DNA biochips for diagnostics, source tracking, and microbial community
analyses: issues and selected solutions. 107" International Symposium on Microbial Ecology, Microbial
Planet: Subsurface to Space, Cancun, Mexico, August 22" -27, 2004.

Denef, V.1., Park, J., Wick, L., Vervaeren, H., Sys, K., Matsumura, Y., Goris, J., Tsoi, T., Verstraete, W.,
J.M. Tiedje and S. A. Hashsham. Use of highly flexible, in situ synthesized microarrays for differential
gene expression, comparative genomics and environmental microbial detection. Genomes 2004.
International Conference on the Analysis of Microbial and Other Genomes, Cambridge, United Kingdom,
April 14-17, 2004.

Weiss, J., Wick, L., Yang, Y., Hashsham, S., Whittam, T., J.M. Tiedje, DNA microarrays as parallel
microbial detection tools for water biosafety. ASM Biodefense Research Meeting, Baltimore, Maryland,
March 7-10, 2004.

Weiss, J., Denef, V., Klappenbach, J., Cole, J., Gulari, E., Rouillard, J.-M., Whittam, T., Rose, J.,
Hashsham, S., and J.M. Tiedje. Microarrays for the parallel detection and identification of microbes
indicative of fecal matter contamination in water. 10" International Symposium on Microbial Ecology,
Microbial Planet: Subsurface to Space, Cancun, Mexico. August 22" -27%, 2004.

Tourlousse, D., Weiss, J., Stedtfeld, R., J.M. Tiedje and S. Hashsham. Development of a DNA chip
targeting virulence genes of human pathogens. 107" International Symposium on Microbial Ecology,
Microbial Planet: Subsurface to Space, Cancun, Mexico. August 22" -27", 2004.

Stedtfeld, R.D., Weiss, J., Tourlousse, D., J.M. Tiedje, and S.A. Hashsham. Innovative validation strategy
for optimizing DNA biochips: comparison of synthetic targets and real DNA fragments. 10" International
Symposium on Microbial Ecology, Microbial Planet: Subsurface to Space, Cancun, Mexico. August 22" -
27", 2004.

Wick, L.M., Whittam, T.S., Gulari, E., J.M. Tiedje and S.A. Hashsham. Development of in situ synthesized
oligonucleotide microarrays (XeoChips) as parallel detection tools for water biosafety. 10" International
Symposium on Microbial Ecology, Microbial Planet: Subsurface to Space, Cancun, Mexico. August 22" -
27", 2004.

Denef, V.]., Patrauchan, M.A., Florizone, C.M., Park, J., Tsoi, T.V. , Hashsham, S.A., Verstraete, W.,
Eltis, L.D., J. M. Tiedje. A transcriptomic, proteomic and genetic investigation of cellular processes
involved in biphenyl and benzoate metabolism by Burkholderia xenovorans LB400. 10" International
Syt/i?pos/um on Microbial Ecology, Microbial Planet: Subsurface to Space, Cancun, Mexico. August 22" -
27", 2004.

Hashsham, S., J-M. Rouillard, X. Gao, S. Callister, J. Cole, V. Denef, T. Tsoi, J. Wibbenmeyer, E. Gulari,
and J. Tiedje. Highly parallel microbial detection using in situ synthesized flexible biochips. 103™ General
Meeting of the American Society for Microbiology to be held in Washington D.C., May 18-22, 2003.

Denef, V.]J.. T.V. Tsoi, J. Park, J.-M. Rouillard, H. Zhang, X. Gao, J. Wibbenmeyer, S.A. Hashsham, J.M.
Tiedje' Outlining genome-wide carbon source specific metabolic networks in  Burkholderia sp. nov.
LB400. 103 General Meeting of the American Society for Microbiology, Washington D.C., May 18-22,
2003.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Jenkins, TM, SA Hashsham, JR Cole, and JB Rose Virulence-factor activity relationships (VFARS)
database for waterborne pathogens. ASM the 103 General Meeting of the American Society for
Microbiology to be held in Washington D.C., May 18-22, 2003.

Callister, S. and S.A. Hashsham. 2002. Quantifying the relationship between genomic response and
perturbation by modulus of stability. Proceedings of the 102" General Meeting of the American Society
for Microbiology. Salt Lake City, Utah, May 19-21.

Musarrat, J., J. Larabee, C. Criddle, and S.A. Hashsham, Monitoring the abundance of mRNA transcripts
associated with carbon tetrachloride dechlorination in Pseudomonas stutzeri strain KC under different
environmental conditions using DNA microarray. Proceedings of the 10I° General Meeting of the
American Society for Microbiology. Orlando, Florida, May 20-24, 2001.

Denef, V.]J., C.A. Kachel, J.L.M. Rodrigues, S.A. Hashsham, T.V. Tsoi, and J.M.Tiedje. DNA microarray
approach to monitor engineered mixed PCB-degrading communities. Proceedings of the 101" General
Meeting of the American Society for Microbiology. Orlando, Florida, May 20-24, 2001.

Callister, S.J., H.L. Ayala, and S.A. Hashsham. Quantification of Pseudomonas cepacia G4 in a dense
mixed microbial community using a dual laser microarray scanner. Proceedings of the 101" General
Meeting of the American Society for Microbiology. Orlando, Florida, May 20-24, 2001.

Dollhopf, S.L., S.A. Hashsham, and J.M. Tiedje. Interspecies interactions affecting spirochete species in
methanogenic environments. Proceedings of the 101% General Meeting of the American Society for
Microbiology. Orlando, Florida, May 20-24, 2001.

Hashsham, S.A., J. Musarrat, M. Tijdens, V. Denef, T. Tsoi, C.S. Criddle, and J.M. Tiedje. Development
of DNA microarray technology for mixed microbial communities. Proceedings of the 9" International
Society for Microbial Ecology, Amsterdam, Netherlands, August 27-September 1, 2001.

Dollhopf, S.L., S.A. Hashsham, and J.M. Tiedje. Application of neural networks in microbial community
analysis: Detecting patterns and making predictions. Proceedings of the 9" International Society for
Microbial Ecology, Amsterdam, Netherlands, August 27-September 1, 2001.

Hashsham, S.A., S, Dollhopf, F.B. Dazzo, and ].M. Tiedje, Molecular data and mathematical modeling in
biological wastewater treatment. Proceedings of the NSF Sponsored U.S.-Egypt Workshop in Microbial
Ecology, National Research Center, Cairo, Egypt. May 6-11, 2001.

Dollhopf, S., S.A. Hashsham, F. Dazzo, C. Criddle, R. Hickey, and J. Tiedje. Community succession in
methanogenic digesters to spirochete dominated communities Proceedings of the 99th General Meeting
of the American Society for Microbiology. Chicago, Illinois, May 27-June 02, 1999.

Hashsham, S., A. Fernandez, S. Dollhopf, F. Dazzo, R. Hickey, J. Tiedje, and C. Criddle. Modeling
microbial ecosystems: implications of molecular techniques. Proceedings of the 99th General Meeting of
the American Society for Microbiology. Chicago, Illinois, May 27-June 02, 1999.

Hashsham S., T. Marsh, A. Fernandez, L. Raskin, S. Seston, F. Dazzo, R. Hickey, C. Criddle, and J.
Tiedje. Microbial ecology of anaerobic digesters: stability and persistence during shock loads.
Proceedings of the 8th International Symposium on Microbial Ecology. Halifax, Canada, August 9-14,
1998.

Fernandez A., S. Huang', S. Hashsham, R. Hickey, C. Criddle, and J. Tiedje. Dynamics of bacterial
populations and functional stability in perturbed anaerobic reactors. Proceedings of the 8th International
Symposium on Microbial Ecology. Halifax, Canada, August 9-14, 1998.

Dollhopf S.L., S. Hashsham, F. Dazzo, C. Criddle, R. Hickey, and J. Tiedje. Novel community structure in

a model methanogenic system: implications for carbon and energy flow. Proceedings of the 8th
International Symposium on Microbial Ecology. Halifax, Canada, August 9-14, 1998.
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42.

43.

44,

Hashsham S., T. Marsh, S. Seston, F. Dazzo, R. Hickey, C. Criddle, and J. Tiedje. Perturbed anaerobic
microbial communities: structure and stability. Proceedings of the 98th General Meeting of the American
Society for Microbiology. Atlanta, Georgia, May 14-19, 1998.

Fernandez A.T., J. Xing, S. Hashsham, C. Criddle, and R. Hickey. Diversity among glucose fermenters in
methanogenic reactors. Proceedings of the 97th General Meeting of the American Society for
Microbiology. Miami, Florida, May 19-23, 1997.

Hashsham, S.A., and D.L. Freedman. Enhanced biotransformation of carbon tetrachloride by
Acetobacterium woodii using hydroxocobalamin. Proceedings of the 96th General Meeting of the
American Society for Microbiology, New Orleans, LA, May 19-23, 1996.

5.4 Non-reviewed conference proceedings

5.4.1 Invited papers/presentations

1.

Hashsham, S., X. Zhao, R. Musleh, S. Maher, and T. Voice. “Bioreactor landfill research and
demonstration project at the Northern Oaks Landfill, MI” In National Solid Wastes Management
Association’s WasteTech 2003 Landfill Conference, New Orleans, Louisiana, Feb 16-18, 2003.

“GeneScreen: A high-density biochip for phylogenetic and functional analysis of microbial communities”
Environmental Genomics Workshop, Idaho Falls, Idaho. Sponsored by the Environmental Biotechnology
Institute at the University of Idaho and the Biotechnology Department at the Idaho National Engineering
and Environmental Laboratory, September 19-20, 2002.

Callister, S.J. and S.A. Hashsham, Modulus of stability and genome expression data. 2002. Poster to be
presented at the “Environmental Genomics Workshop', sponsors: University of Idaho and Idaho
Engineering and Environmental Laboratory’s Biotechnology Department. Idaho Falls, Idaho, September
19-20, 2002.

Molecular Data and Mathematical Modeling in Biological Wastewater Treatment. Invited lecture at the
NSF Sponsored U.S.-Egypt Workshop in Microbial Ecology, National Research Center, Cairo, Egypt, May
6-11, 2001.

Development of DNA microarray technology for environmental applications. Invited lecture presented to
the Biotechnology Group, Idaho National Engineering and Environmental Laboratory, May, 2001.

Microarray technology for mixed microbial communities. Invited Seminar presented at the Department of
Civil and Environmental Engineering, University of Michigan, Ann Arbor, MI. August 2001.

DNA chip technology and environmental applications. Invited lecture presented to the Biotechnology
Group, Idaho National Engineering and Environmental Laboratory, April, 2000.

Relating function and community structure of complex microbial systems using neural networks. COE
Symposium on Establishment and Evaluation of Advanced Water Treatment Technology Systems Using
Functions of Complex Microbial Community The University of Tokyo, Japan. March 6-8, 2000.

5.4.2 Submitted papers/presentations

1.

Hashsham, S. (presented for J. Rose). A bioinformatics database to asses risk from waterborne
pathogens. 104™ General Meeting of the Society for Microbiology, New Orleans, May 22-27%, 2004.

S. Dobbelaere, N. Boon, H. Vervaeren, J. Matthys, K. Sys V. Denef, S. Hashsham and W. Verstraete.
2004. Development and validation of a microarray for the identification of microorganisms responsible
for bulking and foaming in WWTPs. European Symposium on Environmental Biotechnology, 25-28 April
2004, Oostende, Belgium.

Issues Related to the development of a virulence factor activity relationships (VFARs) biochip for
waterborne pathogens. American Water Works Association’s 2004 Annual Conference and Exposition,
Orlando, Florida. June 13-17, 2004.
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11.

12.

13.

14.

15.

16.

17.

Voice, TC, Hashsham, S., Khire, M., Maher, S., Musleh, R., and X. Zhao, Full-scale evaluation of
bioreactor landfill technology. 8th Conference on Environmental Science and Technology (CEST),
Lemnos Island, Greece, September 8th - 10th, 2003.

Zhao, X., Maher, S., Khire, M., Musleh, R., Voice, T., and Hashsham, S., "Bioreactor Landfill Research
and Demonstration Project at the Northern Oaks Landfill, MI," Proceedings of the Waste Tech Landfill
Conference 2003, New Orleans, Louisiana, Feb. 16-18.

D. M. Kirk, WG Bickert, S. Hashsham, S. Davies. Methane generation potential of processed liquid dairy
manure. 2003. American Society of Agricultural Engineers Annual International Meeting Las Vegas, NV.—
July 27-30, 2003.

Zhao, X., TC Voice, M. Khire, P Heerwani, R. Musleh, S. Maher, and S. Hashsham. Full-scale evaluation
of bioreactor landfill technology. 8th Annual Landfill Management Symposium. Atlantic City, New Jersey,
June 16-20", 2003.

Park, Joonhong, Tamara Tsoi, Syed A. Hashsham, Jim Cole, Stephen Callister, and James M. Tiedje.
2002. Design of specific nucleotide probes for genomic microarrays that explore gene expression
patterns in a polychlorobiphenyl-degrading bacterium. “Bioremediation and biodegradation: current
advances in reducing toxicity, exposure and environmental consequences” June 9-12. Asilomar, CA.
(poster presentation).

Callister, Stephen, Joonhong Park, Tamara Tsoi, James Cole, James Tiedje, and Syed Hashsham. 2002.
Examining DNA-DNA hybridization between chlorinated compounds oxidizing species using a
combination PCR/oligo microarray. “Bioremediation and biodegradation: current advances in reducing
toxicity, exposure and environmental consequences” June 9-12. Asilomar, CA.

Denef, Vincent!®, Bergholz, P.!, Joonhong Park!, Syed Hashsham, Tamara Tsoi, James Tiedje. 2002.
Assessing the sensitivity of oligonucleotide microarrays when studying biocaugmented bacterial
communities in the environment. “Bioremediation and biodegradation: current advances in reducing
toxicity, exposure and environmental consequences” June 9-12. Asilomar, CA.

Hashsham, Syed®: Development of DNA microarray technology for mixed microbial communities.
Platform presentation at the 9™ International Society for Microbial Ecology, Amsterdam, Netherlands,
August 27-September 1, 2001.

Dollhopf, S.L., S.A. Hashsham, A. Fernandez, F.B. Dazzo, and J.M. Tiedje. 2000. Microbial community
structure as a function of hydraulic retention time length and number in lab-scale methanogenic
chemostats. COE Symposium on the Evaluation of Advanced Waster Water Treatment Technology
Systems using Functions of Complex Microbial Communities. Tokyo, Japan.

Dollhopf, S.L., S.A. Hashsham, A. Fernandez, F.B. Dazzo, and J.M. Tiedje. 2000. Spirochete populations
in methanogenic chemostats: Population dynamics and ecophysiology VAAM Microbiology 2000 Meeting.
Munich, Germany.

Seston, S., Hashsham, S., Dazzo, F., Criddle, C., Hickey, R, and Tiedje, J. 1998. Comparison of
spirochete populations in three anaerobic reactors using ARDRA and cultivation techniques. Midwest
Molecular Microbial Ecology Meeting 1998. Michigan State University, East Lansing, MI.

Seston, S. Fernandez, A., Hashsham, S., Criddle, C., Hickey, R., and Tiedje, J. 1997. Community change
during stable reactor function: A phylogenetic analysis. Midwest Molecular Microbial Ecology Meeting
1997. University of Wisconsin-Milwaukee, Milwaukee, WI.

Hashsham, S. and D. L. Freedman . 1994. Cobalamin-enhanced biotransformation of carbon
tetrachloride. Las Cruces, New Mexico. The 4th Annual WERC Technology Development Conference, 13-
15 April 1994, Las Cruces, NM.

Hashsham, S. and D. L. Freedman. 1992. Enhanced biotransformation of carbon tetrachloride under
methanogenic conditions,” The University of Notre Dame Hazardous Waste Conference, Notre Dame, IN,
(August 31-September 4).

5.5 Sponsored or invited lectures

1.

Detection and genotyping of 20 waterborne pathogens in parallel using a microfluidic DNA biochip.
Department of Agricultural & Biosystems Engineering, University of Arizona, Tucson, AZ. September 18,
2006.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Microfluidics Based Assays for Parallel Detection and Quantification of Infectious Agents. Lab-in-a-Box
and Other Cutting-Edge Technology in Microbial Detection, 106™ General Meeting of the American
Society for Microbiology, Orlando, Florida, May 23, 2006.

Screening for All Pathogens in Parallel: Is It Possible? Nucleic Acid-Based Technologies, Arlington, VA,
June 27, 2006.

Past, Present, and Future of Environmental Biotechnology. A one-day workshop sponsored by
National University of Science and Technology (NUST) and held at Pakistan Navy College of
Engineering, Karachi, December 31%, 2005.The Power and Beauty of Environmental Genomics.
National Academy of Sciences, Central drug Research Institute, Lucknow, India, December 14", 2005.

Microbial Community Analysis using Microarrays: Potential and Challenges. Symposium--Molecular Based
Approaches to Soil Microbiology. The ASA-CSSA-SSSA International Annual Meetings (November 6-10,
2005), Salt Lake City, Utah. 2005.

Next Generation Real Time Polymerase Chain Reaction (RT-PCR). SERDP/ESTCP Workshop on Molecular
Biology Tools. August 9-10th, Charlottesville, Virginia. 2005.

In situ Synthesized Biochips for Parallel Microbial detection and Community Fingerprinting: Realized
Potential and Remaining Challenges. 4th Montreal Microarray Symposium, BRI, Montreal, Canada, March
17-18, 2005.

Environmental Genomics: Challenges and Opportunities, Invited presentation to the students and faculty
of the Center for Environmental Science and Engineering, Indian Institute of Technology, Mumbai,
December 7%, 2004.

Bioinformatics Tools and Techniques for Various Microarray Platforms and Applications Presented at the
Workshop on Genetic Approaches to DNA Damage. Indian Toxicology Research Center, Lucknow, U.P.,
India. December 11%, 2004.

Bioinformatics: Challenges and Business Opportunities; Presentation at the Bioinformatics Conference at
Biotechnology Park, December 7-13", 2004.

Emerging Areas of Environmental Biotechnology and Nanotechnology, Presentation to the faculty and
students of Biotechnology, Computer Science, Environmental Biotechnology, and Pharmacy, Integral
University, Lucknow, December 29", 2004.

Full scale bioreactor landfill design, installation, and performance, WasteTech Landfill Technology
Conference, May 23-25, 2004. Dallas, TX.

Bioreactor landfill research and demonstration project at the northern Oaks Landfill, MI. Proceedings of
the National Solid Waste Management Association, WasteTech 2002 Technical Landfill Conference. New
Orleans, Louisiana, Feb 16-18, 2003. This is accompanied by publication of the manuscript in the
corresponding proceedings.

GeneScreen: A high density biochip for phylogenetic and functional analysis of microbial communities”
Environmental Genomics Workshop, September 19-20, 2002. Idaho Falls, Idaho. Sponsored by the
Environmental Biotechnology Institute at the University of Idaho and the Biotechnology Department at
the Idaho National Engineering and Environmental Laboratory.

Molecular data and mathematical modeling in biological wastewater treatment. Invited lecture at the
NSF Sponsored U.S.-Egypt Workshop in Microbial Ecology, May 6-11, 2001. National Research Center,
Cairo, Egypt.*

Development of DNA Microarray technology for mixed microbial communities. 9" International Society
for Microbial Ecology, Amsterdam, Netherlands, August 27-September 1, 2001.*

Development of DNA microaray technology for environmental applications. Idaho National Engineering
and Environmental Laboratory, May, 2001.

Microarray technology for mixed microbial communities. Department of Civil and Environmental
Engineering, University of Michigan, Ann Arbor, MI. August 2001.

DNA chip technology and environmental applications. Invited lecture presented to the Biotechnology
Group, Idaho National Engineering and Environmental Laboratory, April, 2000.
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21. Relating function and community structure of complex microbial systems using neural networks. COE
Symposium on Establishment and Evaluation of Advanced Water Treatment Technology Systems Using
Functions of Complex Microbial Community March 6-8, 2000. The University of Tokyo, Japan. *

*Abstracts of these presentations were also published in the corresponding proceedings.

6. SUMMARY OF RESEARCH-RELATED ACTIVITIES

A summary of research proposals as per the Contracts and Grants information is given below This indicates a
success rate of approximately 60%6 by dollar amount and 53%6 by the number of proposals awarded. The
sections that follow describe the title of the successful proposals and the corresponding granting agency.

Total Award Amount Total Amount Award Count Proposal Count
Requested
$9,535,826 $15,812,045 26 49
6.1 ACTIVE RESEARCH GRANTS
Lead Investigator or Co-Principal Investigator
PIs Title Granting Date Funding
Agency
Hashsham and Tiedje A PCR-chip for simultaneous Michigan 2006-2011 $966,558
detection of 50 threat agents Economic
relevant to air and water safety Development
Corporation
Tiedje (Project Environmental,  Microbial,  and NIEHS-SBRP 2006-2011 $17M
Leader), Hashsham, . .
Mammalian Biomolecular
Cole, Quensen, and R h oands:
Cole esponses to Ahr Ligands.
Director: Dr. Norb Kaminski
0, -
JB Rose  (25%), Center for Advancing Microbial Environmental 2005-2010  $1,570,8
Hashsham (25%), C. . : . 33
i Risk Assessment (CAMRA) (It is @ Protection
Bolin (25%), and E.
Todd (25%) _10 M (_Srant to MSU and partner Agency and
institutions) Department of
Homeland
Security
Hashsham (PI), On-Chip PCR, Nanoparticles, and Environmental 2006-2008 $600,00
Tiedje, and Tarabara  Virulence/Marker = Genes  For Protection 0
Simultaneous Detection Of 20 Agency
Waterborne Pathogens
Hashsham (34%), Flexible Biochip for Highly Parallel National Center 2003-2006 $1,370,7
Cole, Klappenbach, Microbial Detection for  Research 88
Gulari, Tiedje Resources,
National
Institutes of
Health
Tiedje (34%), GeneScreen: A low-cost and high- Michigan 2003-2007 $1,151,5
Hashsham (33%), density DNA biochip for detecting economic 62
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Cole, Klappenbach, up to 30,000 microorganisms Development
Gulari (pre-proposal) Corporation
Rose (34%), Development of a virulence factor Environmental 2004-2007 $600,00
Hashsham (33%), biochip and its validation for Protection 0
Gulari microbial risk assessment in Agency
drinking water
Hashsham (100%) Development of microarrays for National 2002-2007  $25,000
evaluating  phylogenetic and Science
functional diversity of the Foundation
microbial world (NSF)
Center Participation as Co-Principal Investigator:
PIs Title Granting Date Funding
Agency
Tiedje, Whittam, Center for Water Security MSU 2002-2007  $900,00
Lenski, Hashsham, Foundation 0
and Gulari (Microbial Strategic
detection group) Partnership
Grant
Rose, Voice, Boyd, REF Center on Water Quality and MSU 2004-2009  $750,00
and Hashsham Health 0
Tiedje, Lenski, Center for Microbial Ecology MSU Vice  2002-2006 $500,00
Schmidt, Voice, President  for 0
Hashsham Research
6.2 COMPLETED RESEARCH GRANTS
PIs Title Granting Date Funding
Agency
Tiedje, Boyd, Health Hazards from Groundwater National 2002-2005 $244,24
Quensen, Tamara, Contamination Institute of Env 1
Maltseva, Hashsham Health Sc.
(5%), Kukor (NIEHS)
Hashsham (100%), Real time scanning and Department of 2004-2005 $150,49
Tiedje hybridization capabilities at MSU Defense (DOD) 5
for quantitative and parallel
detection of microorganisms on
DNA chips
Tiedje, Park, Ostrom, Probing microbial communities by Environmental = 2003-2005 $397,45
Hashsham (10%) stable isotope and RNA/DNA Protection 4
analyses Agency
Hashsham (100%) Gift to be used for research at the Daimler 2004-2005 $50,000
bioreactor cell at northern oaks Chrysler Corp
landfill
Hashsham (100%) Emerging  microbial  indicator Environmental = 2003-2005  $20,496
technologies Protection
Agency
Zhao, Hashsham Development of aeration strategy Waste 2004-2005 $127,26
(15%), Khire, Voice for elevating temperature in Management, 3
bioreactor landfill Inc.
Khire, Hashsham Evaluation of landfill —gas National 2003-2004 $44,652
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(15%), Voice

Khire, Hashsham
(15%), Voice

Tiedje, Hashsham

(32%)

Hashsham
Zhao, Khire,
Voice

(34%),
and

Hashsham
Cole, and Rose

(34%),

Hashsham
Bickert

(100%),

Khire, Hashsham
(15%), Voice

Hashsham (100%)

Dybas, Tiedje,
Wiggert, Voice,
Hashsham (8%),
Hyndman

Hashsham (100%)
with C. Criddle
Hashsham (100%)

with W. Bickert

Hashsham (100%)

Hashsham (100%)

emissions from an instrumented
bioreactor landfill cell

Evaluation of landfill gas
emissions from an instrumented
bioreactor landfill cell

Characterization and application
of reductive dehalogenase genes
in enhancement and monitoring
of biodegradation of chlorinated
pollutants

Landfill Bioreactors: Field Scale

Evaluation

Bioinformatics Pilot Program for
the Assessment of Virulence-
Factor and Activity relationships
(VFARs) for Waterborne Disease
Microorganisms

Pilot  scale evaluation of
sustainable manure management
by struvite recovery

Evaluation of landfill gas
emissions from an instrumented
bioreactor landfill cell

Development of Experimental and
Computational Tools in
Environmental Genomics

Evaluation of Remediation in
Schoolcraft Plumes G and F
Contaminated with Chlorinated
Solvents and Metals

Proof of Gene Expression during
Bioremediation

Phosphorous Removal from Dairy
Manure

State  of Landfill

Bioreactors

Science:

Assessing Market Potential for
GeneScreen: A Low Cost and
High Density DNA Biochip for
Parallel Detection of up to 30,000
Microorganisms

Science
Foundation

National
Science
Foundation

Environmental
Protection
Agency (EPA)

Department of
Energy (DOE)
& Env Res &
Ed Fdn

Environmental
Protection
Agency

National Center
for Manure
Management

National
Science
Foundation

Intramural
Research Grant
Proposal (MSU)

Michigan
Department of
Environmental

Quality (DEQ)
EPA HSRC WR

Michigan
Animal

Industry
Coalition

EPA HSRC CR

MSU
Center’s
Management of
Technology

and Innovation
program

Case

2002-2002

7. SUMMARY OF TEACHING-RELATED ACTIVITIES

My teaching experience at MSU is focused on three biological courses: ENE804: Biological Processes in
ENE 806: Feasibility studies

Environmental

Engineering;

in Environmental

Environmental Microbiology. Occasionally, I have taught other courses as well.

2003-2005

2002-2004

2001-2004

2002-2004

2002-2004

2003-2004

2001-2003

2000-2002

1999-2002

2001-2002

2001-2002

$43,772

$249,84
2

$207,00
0

$95,786

$35,000
$24,950
$49,923

$58,581

$84,388

$30,000

$25,000

$5,000

Engineering,

and CE487:
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Number Title Semester/Y Size
r

ENE804: 3 Credits (Grad) Biological Processes in Environmental Fall 99 8
Engineering
Fall 00 9
Fall 01 10
Fall 02 10
Fall 03 10
Fall 05
Fall 06
CE487: 3 Credits (UG/Grad) Microbiology for Environmental Health Spring 00 14
Engineering
Spring 01 17
Spring 02 20
Spring 03 22
Spring 04 17
Spring 05 12
ENE806: 3 Credits (Grad) Feasibility studies in Environmental Spring01 8
Engineering
Spring 02 6
Spring03 9
Spring04 9
Spring 05 7
Spring06 6
CE 280: 3 Credits (UG) Introduction to Environmental Summer 03 40
Engineering
ENE800: 1 Credit (Grad) Environmental Engineering Seminar Spring 01  3/20

Spring 05  ~2/18

7.1 COURSE DESCRIPTION:

ENE 804: Biological Processes in Environmental Engineering: This is a design course for
environmental engineers focusing on the biological principles. Earlier this course used the 3™ edition
Metcalf and Eddy: Wastewater Treatment Plant Design. I have changed it to a more suitable textbook by
Rittmann and McCarty, 2001, Environmental Biotechnology: Principles and Applications.

CE 487: Microbiology for Environmental Health Engineering: This course is the only course that
teaches microbiological principles to civil and environmental engineers. I use Brock Biology of
Microorganisms by Madigan, Martinko, and Parker as the textbook but heavily supplement with handouts
on quantitative aspects. This is the course in which I am incorporating learner’s modules (e.g., MOBEE)
as a teaching tool.

ENE 806: Treatability Studies in Environmental Engineering: This course is designed to provide
and overarching experience in literature review, experimental design, laboratory scale reactor set up and
operation, data collection and analysis (using gas chromatography, high performance liquid
chromatography, atomic absorption spectrophotometer, ion chromatography, PCR, plate count, and other
routine laboratory instruments), report writing, and presentation. It also requires group meetings, team
effort, task scheduling and problem solving. Overall it provides a short exposure to many aspects of
research and team approach within one semester. It does not have a formal textbook.
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CE 280: Introduction to Environmental Engineering: This is the basic environmental engineering
course taken by many students on campus. It is considered as a service course and is taken by
approximately 140 students in each of the Spring and Fall semester. During summer it is taken by ~40
students.

ENE 800: Environmental Engineering Seminar: A seminar in which 6-8 speakers over a given
semester (external and internal) are invited to share their research. Attendance by graduate students and
faculty is expected.

8. GRADUATE STUDENT ADVISING

During the period August 1999-November 2006, I have graduated two doctoral and four MS students.
During the same period, I have also hosted a total of eleven visiting scholars and six post-doctoral associates.
I am currently advising seven doctoral candidates, two of them are shared with other colleagues. I am
currently serving as a committee member of three doctoral and MS students. In the past, I have served as
committee member for 12 MS thesis/projects and 12 doctoral students. The following table provides further

details.

8.1 AS ADVISOR

Name Start date Research Topic
Doctoral
Completed:
Musleh, Reem 2001-2005 Bioreactor landfill field scale design considerations
Callister, Stephen  1999-2003 Resistance and resilience of gene expression in biological
systems
Continuing:
Robert Stedtfeld 2004-contd. High throughput validation strategies using synthetic targets
Dieter Tourlousse  2004-contd. Parallel microbial detection biochips using functional genes
Farhan Ahmad 2006-contd. On-chip PCR for pathogens and indicator organisms
Samuel Baushke  2005-contd. Design and validation of on-chip PCR
Muneer Ahsan 2005-contd. Modeling of hybridization in microfluidic biochips
James Wallace 2003-contd. Anaerobic membrane reactor (Dual degree with W. Bickert)
Yu Yang 2004-contd. Nanomaterials and biosensors (with Jim Tiedje)
Gregoire Seyrig 2007-contd. On-chip PCR assay for pathogens
Changed Dept/Univ:
Ruifing Xu 2004-2006 Validation strategies to improve detection limit
Kamlesh Yadav 2004-2005 Innovative and cost effective array-based validation and
detection
Maria Rodriguez 2000-2002 Change of research focus, program and advisor
Post-doctoral
Alok Pandey 2006-contd. = CAMRA: Quantum dots as surrogates and their genotoxicity
Lukas Wick 2003-2005 Development of strain fingerprinting biochips (Lukas Wick is
shared with James Tiedje and Thomas Whittam)
Park, Joonhong 2001-2005 NIH PCB project (shared with Prof. James Tiedje and Dr.
Tamara Tsoi)
Sun, Baolin 2000-2004 DEQ Plume G Schoolcraft project (shared with Prof. James
Tiedje)
Magbool, Shahina 2001-2002 Development of DNA Microarrays
Musarrat, Javed 2000-2001 Proof of gene expression during bioremediation
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Visiting Scholars

Imran Hashmi 2006-contd. Microbial community structure analysis of anaerobic reactors

Angela Wang 2006-contd. Microbial Fuel Cell community structure (shared with J.
Tiedje)

Abu-Bakr Gomaa 2007-contd. Microbial community analysis of rhizosphere roots

Alok Dhawan 2005-2006 On-chip melting curves for antibiotic resistance gene chips

Yu Xin 2005-2006 Genotyping biochips for Cryptosporidium and Giardia

Ian Marshall 2004-2004 Sample processing for PDT arrays (shared with J. Tiedje)

Tam N.T. Huynh 2004-2004 Fingerprinting of bioreactor landfill microbial communities

Matsumura, 2002-2003 Antibiotic Resistance Gene chip (shared with Prof. James

Yoshinobu Tiedje)

Han Vervaeren 2003-2004 PDT arrays for wastewater treatment communities

Sys Kurt 2003-2004 PDT arrays for wastewater treatment communities

Tijdens, Marjoline 2000-2001 Source tracking using £. colitoxin gene microarrays

Denef, Vincent 2000-2001 Development of DNA Microarrays

Research

Assistant

Tiffany Stedtfeld 2006-contd. PCR chips

Sarah Miller 2005-contd. Biochips validation for parallel microbial detecetion

Jeff Weiss 2004-2005 Biochips for indicator microorganisms (Res. Tech.)

Masters

Amanda Herzog 2006-contd. Detection limit and microbial risk assessment (CAMRA)

Vidya Srinivasan 2005-contd. Use of Gold and silver Nanoparticles and Flatbed Scanner
PDTs

Bryant Miller 2004-contd. Project topic not yet decided

Arora, Salil 2001-contd. Exploration of unique genes in whole genome sequences

Yang, Yu 2003-2004 Sample concentration issues for DNA biochips (with J.
Tiedje)

Siple, Scott 2002-2006 Project option, works with Dr. Terry Marsh for research
advising

Heerwani, Priya 2001-2004 Dynamics of CH,4, N,, CO,, and O, in a bioreactor landfills

Maher, Seth 2002-2003 Bioreactor landfills: field scale design and operation: DOE
Project

Undergraduates

Herzog, Amanda 2004-2006 DNA biochip fingerprinting of activated sludge foam
communities

Baushke, Sam 2004-2005 Automation of data analysis for parallel detection biochips

Aldrich, Keith 2004-2004 Establishment of a nuclear pore filter train for sample
concentration

Kruszewski, 2004-2005 Validation of antibiotic resistance genes chip

Elizabeth

Katherine M. Rubrich  2004-2004 Works on an hourly basis on waterborne pathogen chips

High School
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Hon Chu
Asra Shaik
Sarah Asrar

2006
2006
2006

Hand-held PCR chip
Visualization of amplicons in a PCR-chip
Dispensing and amplification on a microfluidic chip

8.2 AS COMMITTEE MEMBER

Name Date Dept. Primary advisor  Thesis/Dissertation Area
Doctoral
Brian Campbell 2006- CSS/CME  James Tiedje Antibiotic resistance gene tracking
contd.
Erick Cardenas 2005- CSS/CME  James Tiedje Metal reduction at DOE sites
contd.
James Wallace 2004- AgE/CEE  William Bickert  Fixed film digesters
contd.
Fujimoto 2004- CEE Thomas Voice Water safety in the developing
Masanori contd. nations
Dana Kirk 2002- AgE William Bickert ~ Anaerobic digestion of manure
contd.
Jacob Parnell 2002-2006 CME James Tiedje LB400 expression microarrays
Elica Monique 2002-2005 CME James Tiedje Aerobic TCE community structure
Moss
Claribel Kruzgarc 2001-2005 CME James Tiedje Shewanella microarray studies
K. Konstantinidis 2001-2005 CME James Tiedje LB400 genome informatics
Xiayun Qiu 2002-2004 CME James Tiedje Effecc of UV radiation on
Shewanella genomics
Tim Mayotte 2000-2004 CEE Mike Dybas TCE remediation- column studies
Hayk-Yung Kim  2000-2004 CEE Mike Dybas TCE transformation studies
Mohammad 2003-2005 CEE Thomas Voice Bioavailability of PAHSs in soil
Sajjad
Jaime Graulau 2000-2002 CEE David Wiggert  Modeling of Plume G (changed to
Phanikumar)
Jerry Wu 4/30/01 CEE Susan Masten Ozonation of lake water
Kyung-Hyuk Lee  4/30/01 CEE Susan Masten Ozonation of lake water
Masters
Fan Wang 2005-2006 Micro Terry Marsh Chromium uptake by Ralstonia
Shashi Bhatta 5/2/00 CEE Susan Masten MTBE degradation
Dongwan Kim 12/7/00 CEE Thomas Voice Bioreactor landfills
Asad Qazi 5/10/00 CEE Susan Masten Manure management
Georgina 6/30/00 CEE David Wiggert ~ TCE remediation
Gavilan
Mohsin Mir 4/27/01 CEE Voice/Hashsha  Anaerobic digestion
m
Adnan Javed 4/27/01 CEE Voice/Hashsha  Anaerobic digestion
m
Ya-Yun Wu 12/14/01 CEE Susan Masten Ozonation of manure
Park Daewook 8/31/02 CEE Thomas Voice Arsenic removal from drinking
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Mike Ayallo 2002 CME
Dana Kirk 2001 AgE
Kevin Arthur 2002 AgE
Kowalk

Aruna Yellai 2004 CEE

James Tiedje
William Bickert
William
Northcott
Milind Khire

water

TCE remediation- RT PCR
Phosphorus removal from manure
Wetland remediation of manure

Field scale evaluation of landfill gas
emissions

9. SUMMARY OF ACTIVITIES AS A REVIEWER

Organization/Journal Period or year  Number of
manuscripts/proposals/books
reviewed

Manuscripts:

Environmental Science and Technology 2003-2006 5

Applied and Environmental Microbiology 2003-2006 12

Journal of Bacteriology 2004 2

Critical Reviews in Microbiology 2004 1

Journal of Environmental Engineering 2003-2006 4

Journal of Microbiological Methods 2006 1

Water Research 2003-2006 5

Chemosphere 2002 1

Biotechnology and Bioengineering 2002-2006 2

Environmental Engineering 2003-2004 2

Microbial Ecology 2002-2006 3

Total 37

Books:

McGraw Hill Book Company, Metcalf & Eddy 2000 1

4™ Ed, Wastewater Treatment

Proposals:

Graham Environ. Sustainability Institute 2006 3

Singapore National Science Foundation 2005 1

National Science Foundation 2002-2006 20

National Sea Grant College Program 2001

Unites State Department of Agriculture 2004-2006 4

A proposal for National Center for 2000

Genomics, United Kingdom

Total 31

MS Theses

As member, AEESP review committee 2002 10

As member, AEESP review committee 2003 11

As chair, AEESP review committee 2004 12
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Total 33

10. HONORS AND AWARDS
1.

3.

4
5
5.
6.
7
8
9
1

0.

Edwin Willits Associate Professor Award, One of four chaired Associate Professors in the College of
Engineering, 2005-2007

Session Chair, International Water Association’s 2" Leading Edge Conference on Sustainability, Nov 8-
10, 2004, Sydney, Australia.

Distinguished Service Award for Outstanding Service as Chair of the Masters Thesis Award
Subcommittee, Association of Environmental Engineering and Science Professors, 2004

Lilly Teaching Fellowship Award, Michigan State University, Office of the Vice President, 2003-2004
Racheff Travel Award, University of Illinois at Urbana-Champaign, 1995

Member, Tau Beta Pi, University of Texas at Arlington, 1991-contd.

Ranked 2™ in M.Tech., Indian Institute of Technology, Bombay. 1986

GATE Fellowship, Indian Institute of Technology, Bombay, 1984

Member, Vice Chancellor’s Student Council for Academic Excellence, AMU, Aligarh, 1984

Ranked 2™, Class of 1984.

Merit Scholarships during the last three years of B.Sc. Engineering. 1981-1984

11. CURRENT COLLABORATIONS
1.

Nounnhwn

James Tiedje, University Distinguished Professor and Director, The Center for Microbial Ecology,
Michigan State University, MIL.

Joan Rose, Homer Nowlin Chair, Fisheries and Wildlife, Michigan State University, ML.

Erdogan Gulari, Department of Chemical Engineering, University of Michigan.

James Cole, Center for Microbial Ecology, Michigan State University

Tamara Tsoi, Center for Microbial Ecology, Michigan State University

Thomas Voice, Department of Civil and Environmental Engineering, Michigan State University.

Norb Kamisnki, National Center for Food Safety and Toxicology, Michigan State University

12. COMMITTEE SERVICES

Department Committees:

2006-contd. Faculty search committee (Biosystems Engineering)
2005-contd. Department’s ENE Space Committee

2005-contd. Department’s Advisory Committee

2006. Faculty search committee (Crops and Soil Sciences)

2004-2005 Faculty search committees (CEE)

2002-2004 Department’s Advisory Committee

2002 Faculty search committees (Pathogen position, CEE)

2001 Graduate Studies Committee and ENE program Graduate Coordinator
2001 Faculty search committees (Fluids position in CEE)

2000 Faculty search committees (Chemical Engineering)

2000 Faculty search committees (Geo-environmental position in CEE)

University Committee:

2007-contd. ESPP Recruiting Fellowship Committee

2006-cond. Environmental Science and Policy Science Advisory Committee
2004 Invited Faculty Participant of Lilly Fellowship Selection Committee
2001 Genomic Technology User Committee

National Committees:

2004-contd. Chair, American Society for Testing Materials (ASTM) Committee on Microbial Corrosion

of Concrete, C13.03

2004 Review Committee: VFAR Workshop Document organized by EPA, Nov 27-29, 2004
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2004 Chair, Montgomery-Watson-Herza MS Thesis Review Committee, AEESP

2003-2004 Member, American Society for Testing Materials (ASTM) Committee on Microbial
Corrosion of Concrete, C13.03
2002-2003 Member, Montgomery-Watson-Herza MS Thesis Review Committee, AEESP

13. PROFESSIONAL AFFILIATIONS

1994-Contd. Association of Environmental Engineering and Science Professors (AEESP)
1995-Contd. American Society for Microbiology (ASM)

1999-2005 International Society for Microbial Ecology (ISME)

2004-2005 International Water Association (IWA)

2002-2004 Water Environment Federation (WEF)

1999-2001 American Society of Civil Engineers (ASCE)

(Last Revised: January 21, 2007)
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Tools for understanding the pathogen in the post genomic era

Guanghui Wu and Muna Anjum
Department of Food and Enviornmental Safety, Veterinary Laboratories Agency-Weybridge, New
Haw, Addlestone, Surrey KT15 3NB, U.K.

The DNA microarray chip offers a new way for biologists to understand the complexities of a
pathogen. In our laboratory we have been using microarrays to detect the presence and absence of genes
from field and clinical isolates of Escherichia coli and Salmonella, of both animal and human origins, in
comparison to sequenced strains. Information regarding the relationship between different isolates and
pathogenetic potential of these isolates have been obtained to understand the evolution of these organisms
and develop a better detection method for these pathogens (1, 2, 4, 8)). The microarray platform including
array printing, slide processing and procedures for hybridization and data analyzing, using statistical
methods, have been well established in our laboratory (7). We have also developed miniturised microarrays
using an eppendorf-based system (ArrayTubes) for use in detection of virulence in £. colifor pathotyping (3)
or antimicrobial resistant genes in Gram negative bacteria, especially £. coli and Salmonella (6), and in
serotyping of somatic £. coli antigens (5). Due to the simplicity and rapidness of the ArrayTube systems,
they have the potential for development as high-throughput systems in the future and for automation. We
are also collaborating and providing technical training to scientists from a number of institutes and
universities in the UK and continental Europe in the various array technologies currently being used at the
VLA. The virulence and antimicrobial arrays have been commercialized (www.identibac.com.) and are being

well received by our users.

References:

1. Aktan, 1., B. Carter, H. Wilking,R. La Ragione, L. Wieler, M. J. Woodward, and M. F.
Anjum. 2007. The influence of geography, host animal and stx gene on the virulence characteristics
of Escherichia coli 026 strains. JMedMicro in press.

2. Anjum, M. F., S. Lucchini, A. Thompson, J. C. Hinton, and M. J. Woodward. 2003.
Comparative genomic indexing reveals the phylogenomics of Escherichia coli pathogens. Infect
Immun 71:4674-83.

3. Anjum, M. F., M. Mafura, P. Slickers, K. Ballmer, P. Kuhnert, M. J. Woodward, and R.
Ehricht. 2007. Analysis of virulence diversity in clinical isolates of Escherichia coli using miniaturised
DNA-microarrays. Appl Environ Microbiol 73:5692-7.

4, Anjum, M. F., C. Marooney, M. Fookes, S. Baker, G. Dougan, A. lvens, and M. J.
Woodward. 2005. Identification of core and variable components of the Salmonella enterica

subspecies I genome by microarray. Infect Immun 73:7894-905.
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Anjum, M. F., J. D. Tucker, K. A. Sprigings, M. J. Woodward, and R. Ehricht. 2006. Use of
miniaturized protein arrays for Escherichia coli O serotyping. Clin Vaccine Immunol 13:561-7.
Batchelor, M., K. L. Hopkins, E. Liebana, P. Slickers, Ehricht, R.,, M. Mafura, and F.
Aarestrup, Mevius, D., Clifton-Hadley, F. A., Woodward, M. J., Davies, R. H.,Threlfall, E.
J., Anjum, M. F. 2007. Development of a microarray based assay for the rapid identification of
antimicrobial resistance genes from Gram-negative bacteria. in preparation.

Carter, B., G. Wu, M. J. Woodward, and M. F. Anjum. 2007. A process for analysis of
microarray comparative genomic hybridisation studies. BMC Genomics submitted.

Wu, G., B. Carter, M. Mafura, E. Leibana, M. J. Woodward, and M. F. Anjum. 2007. Genetic
Diversity among Escherichia coli 0157:H7 Isolates and identification of genes linked to human

infections. Infect Immun submitted.
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Curriculum vitae Dr. Guanghui Wu

PROFESSIONAL EXPERIENCE

Molecular Microbiologist, Veterinary Laboratories Agency (2004-present)
Studies pathogenic mechanism of enteric bacteria. Study the global responses of pathogenic £. co/iin
tissue cultures and animal models.

Postdoctoral Research Associate, University of Sheffield (1996-2004)

Responsible for several research projects, writing grant proposals, supervision and training of
postdoctoral/postgraduate research assistants and the technician, presenting results within the group,
as well as at international conferences.

Postdoctoral Research Associate, King’s College London, University of London (1992-1996)
Successfully completed all research projects. Performed scientific research independently and involved
in the supervision of Ph.D students and project students, initiated and set up the recording systems
for the culture and plasmid collections in the laboratory.

Research Assistant, Institute of Microbiology, Academy of Sciences of China, Beijing (1986-
1988)

Screened thousands of bacteria for those with high enzymatic activities, optimised fermentation
conditions, participated in trials in a pilot plant and collaboration with industry.

EDUCATION

Ph.D in Microbiology, King's College London, University of London, 1992.
M.Sc in Microbiology, Academy of Sciences of China, Institute of Microbiology, Beijing, 1986.
B.Sc. in Microbiology, Sichuan University, China, 1983.

RESEARCH GRANTS

1999-2001 BBSRC research grant on Respiration and oxygen tolerance in Campylobacter colf
and C jejuni. implication for food safety and colonisation together with Professor R.
K. Poole and Dr. S. Park.

2003-2006 BBSRC research grant on Mechanisms underlying survival of Campylobacter jejuni
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Diversity Arrays Technology (DArT) as a generic tool for microbial

diagnostics

Peter Wenzl?, Evelyn Hackl*?, Marianne Konrad-Készler?, Angela Sessitsch?, Andrzej Kilian®
IDiversity Arrays Technology P/L, 1 Wilf Crane Cr., Yarralumla, Canberra, ACT 2600, Australia

(www.DiversityArrays.com); Austrian Research Centers GmbH-ARC, 2444 Seibersdorf, Austria;

apeter@DiversityArrays.com: Pevelyn.hackl@arcs.ac.at

Diversity Arrays Technology (DArT) is a sequence-independent microarray platform that measures the
abundance of DNA fragments in ‘representations’ prepared from (meta)genomic DNA samples. A
representation is a well-defined subset of DNA fragments, generated by restriction-enzyme digestion,
adapter ligation and amplification of adapter-ligated fragments (or any other robust and reproducible
‘complexity reduction” method). The abundance of fragments in representations is a reflection of single-
nucleotide polymorphisms (SNP) at restriction-enzyme sites, insertion-deletion (InDel) polymorphisms
between restriction-enzyme sites, or the relative abundance of different species in the case of metagenomic
samples.

DArT is established without using any DNA sequence information, yet it produces sequence-ready
diagnostic clones. This feature makes DArT particularly attractive for applications that would otherwise
require extensive sequencing to capture the genetic diversity of a phylogenetic group. In addition, diagnostic
clones are identified and assayed using exactly the same procedure, which obviates the need for a separate
assay-development step. To this date, DArT has been applied to more than two dozens of plant species
(from mosses to higher plants), several fungal plant pathogens and a few animal species.

We first outline the technology principles, review the most common areas of application in plant
science and highlight potential opportunities in the area of microbial diagnostics. We then present the results
of a first evaluation of DArT for the purpose of Sa/monella phage typing. In this project, DArT was adapted
to the subtyping of Salmonella enterica ssp. enterica Enteritidis and Typhimurium serovars as a means to
overcome drawbacks associated with traditional, phenotypic phage typing. Phage typing of S. enterica is
required to precisely identify strains, e.g. in order to trace back sources of infection. We successfully applied
DArT-based molecular markers to discriminate among various S. enterica phage types by hybridizing
representations prepared from individual S. enterica strains onto microarrays. By further refining the
complexity reduction method used for Salmonella, or by using multiple complexity reduction methods, DArT
offers a vast potential for identifying significant numbers of phage type-specific markers. The encouraging
results of this proof-of-concept study suggest that DArT is a useful, yet underexploited tool for microbial

diagnostics.
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