Kahle

Martinsried

2.MARTINSRIEDER ZYTOMETRIEKURS

GESELLSCHAFT FUR ZYTOMETRIE

10.-14.6.1991

ORGANISATION:

Prof.Dr.G.Valet, Dr.G.Rothe, M.Collasius, H.Kahle
Arbeitsgruppe Zellbiochemie
Max-Planck-Institut fiir Biochemie
8033 Martinsried




 Fiir die finanzielle Unterstiitzung des Kurses durch folgende
Firmen sei an dieser Stelle vielmals gedankt:

Becton Dickinson, Heidelberg
Boehringer, Mannheim
KONTRON, Miinchen

LAMBDA Fluor.Technologie, Graz
Molecular Dynamics, Krefeld
PARTEC, Minster



Sonntag. 9.6.:

12.00-19.00h

Montag, 10.6.:

9.00- 9.40h

9.40-10.00h

10.00-10.20h
10.20-10.45h
10.45-11.30h

11.30-11.50h
11.50-12.10h
12.10-14.00h
14.00-18.00h

Dienstag, 11.6.:

5.MARTINSRIEDER ZYTOMETRIEKURS

PROGRAMM:

Registration im Kurssaal des Institutes

Zytometrische Instrumentation

9.00- 9.45h

9.45-10.30h

10.30-10.50h

10.50-11.30h

11.35-12.20h

11.45-14.00h
14.00-18.00h

V.Kachel: Prinzipien durchfluBzyto-
metrischer Instrumentation

A.Raffael: Standardisierung durchfluBzyto-
metrischer Messungen

W.Goéhde: PARTEC Zytometer und Zellsorter
Pause

G.Burger: Prinzipien bildzytometrischer
Instrumentation

W.Gunia: Sarastro Laserscan Mikroskop
Ch.Schéfer: Ploidiemessungen mit dem VIDAS
Mittagessen

Praktische Arbeit im Kurssaal

Molekularbiologie und DNS-Analyse

W.Gohde: Hochauflésende Flowcytometrie und
Sortierung von menschlichen Tumorzellen

F.Otto: Methodik und Anwendung der durch-
fluBzytometrischen Chromosomenanalyse

Pause

B.Miller: Nicht radioaktive in-situ Hybridisierung:
Methodische Grundlagen und Anwendungs-
beispiele

W.Beisker: DNA Analyse und fluoreszente in-situ
Hybridisierung an ribosomale RNA von Bakterien
und Hefen mit Hilfe der DurchfluBzytometrie

Mittagessen
Praktische Arbeit im Kurssaal




Mittwoch, 12.6.:

9.00- 9.45h
9.45-10.05h
10.05-10.25h

10.25-10.50h
10.50-11.35h

11.35-12.20h
12.20-14.00h
14.00-18.00h

Donnerstaqg, 13.6.:

9.00- 9.45h
9.45-10.30n
10.30-10.50h
10.50-11.10h
11.10-11.55h

11.55-12.15h

12.15-14.00h
14.00-18.00n

Freitag, 14.6.;

9.00-12.00h
12.00h

Bildanalyse, Medizin und Zellbiologie

G.Burger: Bildzytometrische Analyse

E.Koller: Neue Fluoreszenziarbstoffe und
potentielle Anwendungsméglichkeiten in der
Zytometrie

W.Henkes: Reagenzien zur Flowcytometrie und
in-situ Hybridisierung

Pause

K.Davis: Lymphocyte Phenotyping and
Monoclonal Antibodies

M.Kubbies: Zellulare Wachstumsfaktoren
Mittagspause
Praktische Arbeit im Kurssaal

Zellbiologie und Medizin

A.Radbruch: Zellsortierung
M.Poot: Zellproliferation
Pause

V.Kachel: Planktonanalyse

G.Valet: Zellfunktion, Klinische Diagnostik
und Datenanalyse

G.Rothe: Oxidation und Proteaseaktivitat in
lebenden Zellen

Mittagessen
Praktische Arbeit im Kurssaal

Praktische Arbeit im Kurssaal
Mittagessen und Abfahit



5.MARTINSRIEDER ZYTOMETRIEKURS
REFERENTEN:

. Beisker, Prof.Dr.W.
Abt.Zytometrie der GSF

Ingolstadter Landstr.1

8042 Neuherberg

Tel:  089/3187-2842

Fax: 089/3187-3349

. Burger, PD Dr.G.
Abt.Zytometrie der GSF

Ingolstédter Landstr.1

8042 Neuherberg

Tel: 089/3187-2235

- Fax: 089/3187-3349

Davis, Dr.K.

Becton Dickinson
Immunocytometric Systems
2350 Qume Drive

San Jose, CA 95131-1807
Tel: 001/408/954-2480
Fax: 001/408/954-2506

. Gohde, Prof.Dr.W.

Klinik u.Poliklink fiir Strahlen-
therapie der Universitat
Albert-Schweitzer-Str.33
4400 Minster

Tel: 0251/83-5310

Fax: 0251/83-6960

. Kachel PD V.

Arb.Gruppe ZellmeBtechnik
Max-Planck-institut flr Biochemie
Am Klopferspitz
8033 Martinsried
Tel:  089/8578-2571
Fax: 089/8578-3777

Kubbies, Dr.M.

Boehringer Mannheim GmbH
Forschungszentrum Penzberg
Nonnenwald 2

8122 Penzberg

Tel: 08856/60-2786

Fax: 08856/8744

7.

10.

11.

Niisse, Dr.M.

Milier, Dr.B.M.
Abt.Zytometrie der GSF
ingolstadter Landstr.1
8042 Neuherberg

Tel: 089/3187-3426
Fax: 089/3187-3349

Otto, Dr.F.
Fachklinik Hornheide
Dorbaumstr.300
4400 Minster

Tel:  0251/3287-651
Fax: 0251/3287-299

Poot, Dr.M.

Institut fir Humangenetik
der Universitét
Koellikerstr.2

8703 Wiirzburg

Tel: 0931/31298

Fax: 0931/15997

Radbruch, Prof.Dr.A.
Institut flir Genetik
der Universitat
Weyertal 121

5000 Kdéln 41

Tel: 0221/470-3419
Fax: 0221/470-5185

Valet, Prof.Dr.G.

Rothe, Dr.G.

Arb.Gruppe Zellbiochemie
Max-Planck-Institut flir Biochemie
Am Klopferspitz

8033 Martinsried

Tel: 089/8578-2518, -2525

Fax: 089/8578-2563, -3777




5.MARTINSRIEDER ZYTOMETRIEKURS
FIRMEN:

Becton Dickinson GmbH
Dr.A.Raffael
Immunozytometriesysteme
Tullastr.8-12

6900 Heidelberg

Tel:  06221/305-216
Fax: 06221/303-798

Boehringer Mannheim GmbH
Dr.W.Henkes

Abt.NBRI

Postfach 310120

6800 Mannheim 31

Tel:  0621/759-8597

Fax: 0621/759-8509

'KONTRON/ZEISS
Ch.Schafer
Geschéaftsbereich Bildanalyse
Breslauer-Str.2

8057 Eching

Tel:  089/31901-253

Fax: 089/31901-575

LAMBDA Fluoreszenztechnologie
Dr.E.Koller

Grottenhof-Str.3

A-8053 Graz

Tel:  0043/316/295681 ext.352
Fax:  0043/316/295769

Molecular Dynamics
Dr.W.Gunia
Elisabethstr.97-105
4150 Krefeld 1

Tel:  02151/801510
Fax: 02151/800905

PARTEC GmbH
Dr.M.Schliermann
Hufferstr.73-79
4400 Minster
Tel:  0251/80078
Fax: 0251/82979
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Auner, Dr.
Frauenklinik

der Universitat
Auenbrugger Platz 14
A-8036 Graz

Tel:  0043/316/

Fax: 0043/316/3853061

Baier, Dr.J.

Med. Univ.Klinik
St.Josef Hospital
Gudrunstr.56

4630 Bochum

Tel: 0234/

Fax: 0234/5060-677

Ballmaier, M.
Blutspendedienst
Landesverband DRK
Eldagsener Str.38
3257 Springe

Tel:  05041/772-0
Fax: 05041/772-334

Bauer, K.

Boehringer Mannh.GmbH
Werk Penzberg
Nonnenwald 2

8122 Penzberg

Tel:  08856/60-0

Fax: 08856/7615

Bayerdorffer, Dr.E.
Medizinische Klinik |
Klinikum GroBhadern
Marchioninstr.15
8000 Minchen 70
Tel: 089/7095-3024
Fax: 089/700-4418

TEILNEHMER:

6. Budde, P.
Inst.f.Biochemie |
Fak.f.Chemie d.Univ.
Universitatsstr.25
4800 Bielefeld 1
Tel: 0521/106-6314
Fax: 0521/106-6146

7. Docke, Dr.W.D.
Inst.f.Med.Immunologie
Charitékrankenhaus d.Univ
Schumannstr.20/21
0-1040 Berlin
Tel: 0037/2/

Fax: 0037/2/2862-2035

8. Eckstein, V.
Abt.Immunologie
Klinikum der Universitéat
Michaelisstr.5
2300 Kiel 1
Tel:  0431/597-3340
Fax: 0431/597-3335

9. Eichner, C.
Boehringer Mannh.GmbH
Werk Penzberg
Nonnenwald 2
8122 Penzberg/Obb.
Tel:  08856/60-0
Fax: 08856/7615

10. Eisenmenger, Dr.M.
Urologische
Universitatsklinik
Alserstr.4
A-1090 Wien
Tel:  0043/222/40400-2622
Fax: 0043/222/408-9968,




11.

12.

13.

14,

15.

16.

Emmenddrfer Dr.A.
Abt.Immunbiologie
Fraunhofer Institut
Nikolai-Fuchs-Str.1
3000 Hannover 61
Tel:  0511/5350-
Fax: 0511/5350-155

Evers M.
Immunol.Zentr.Inn.Med.
Med.Hochschule
Konstanty-Gutschowstr.61
3000 Hannover 61

Tel: 0511/532-4942
Fax: 0511/532-4175

Gierten B.
|{.Med.Edokrinologie
d.Universitat
Postfach 3980

6500 Mainz

Tel: 06131/17-2692
Fax: 06131/22233

Henkes Dr.W.

Boehringer Mannheim GmbH
Abt.NBRI

Postfach 310120

6800 Mannheim 31

Tel: 0621/759-8597

Fax: 0621/759-8509

Jelinski, A.
Katharinenhospital
Inst.f.Klin.Chemie
Kriegsbergstr.60
7000 Stuttgart 1

Tel: 0711/2034-451
Fax: 0711/2075-2408

Jung, Th.
Bismarckstr.10
3550 Marburg

Tel: 06421/21692
Fax:

17. Kellner, Dipl.Biol. M.
Gem.Bayer.Arzte
PD Dr.Bieger
Mittererstr.3
8000 Miinchen 2
Tel: 089/

Fax: 089/

18. Kleine, Dr.H.G.
Med.Hochschule
Abt.H&matol/Onkologie
Konstanty-Gutschow-Str.8
3000 Hannover 61
Tel:  0511/532-3603
Fax; 0511/

19. Klett, Dr.C.
Katharinenhospital
Inst.f.Klinische Chemie
Kriegsbergstr.60
7000 Stutigart 1
Tel:  0711/2034-451
Fax: 0711/2075-2408

20. Kohr, A.
Klinge Pharma GmbH
Postfach 80 10 63
8000 Minchen 80
Tel:  089/43190-457
Fax: 089/43190-500

21. Kotzsch, Dr.M.
Inst.f.Pathologie
Med.Akademie Dresden
FeTscherstr.74
0-8019 Dresden
Tel:  0037/41/4583035
Fax: 0037/51/4584358

22. Liedl, Th.
Urologische Klinik
Klinikum GroBhadern
Marchioninistr.15
8000 Minchen 70
Tel:  089/7095-1
Fax: 089/



23.

24,

25.

28.

27.

28.

Liese, J.

Immundefekt Ambulanz
Univ.Kinderklinik
Lindwurmstr.4

8000 Miinchen 2

Tel:  089/5160-2863
Fax: 089/5160-2811

Lischwe, G.

E.Merck

Pha Fo IMP

Postfach 41 19

6100 Darmstadt 1
Tel: 06151/72-33 23
Fax: 06151/72-3368

Mannhardt, Dr.W.
Forsch.Labor
Univ.Kinderklinik

Obere Zahlbacher-Str.63
6500 Mainz

Tel: 06131/

Fax: 06131/173364

Menze, R.

Institut fur Pathologie
der Universitat
Universitatssir.31
8400 Regensburg
Tel:  0941/943-3890
Fax: 0921/943-4946

Mitze, Dr.M.

Klinik fiir Geburishilfe
u.Frauenheilk.d.Univ.
Postfach 3960

6500 Mainz

Tel: 06131/17-2258
Fax: 06131/2223 32

Muller, H.J.

Hoechst AG

Werk Kalle-Albert
Postfach 3540

6200 Wiesbaden 1
Tel: 0611/685307
Fax: 0611/9680-257

29.

30.

31.

Nebe, B.
Zentr.f.Bioengineering
der Universitat
Ernst-Heydemann-Str.6
0-2500 Rostock 1

Tel: 0037/81/396-607
Fax: 0037/81/396-586

Neifer, Dr.S.

Landesinstitut flr
Tropenmedizin Berlin
Koénigin-Elisabeth-Str.32-42
W-1000 Berlin 19

Tel:  030/3032-887

Fax; 030/3032-737

Nekarda, Dr.H.
Chirurg.Klinik u.Poliklinik
d.Techn.Universitat
Ismaningerstr.22

8000 Minchen 80

Tel:  089/4140-4086
Fax: 089/

32. Pirstner, Dipl.Ing.

Frauenklinik

der Universitét
Auenbrugger Platz 14
A-8036 Graz

Tel:  0043/316/

Fax: 0043/316/3853061

33. Raulf, Dr.M.

Berufsgen.Forsch.Inst.
fir Arbeitsmedizin
Gilsingstr.14

4630 Bochum 1

Tel: 0234/316271
Fax: 0234/308601

34, Reinert, Dr.K.U.

Innere Medizin V
d.Universitat

6650 Homburg a.d.Saar
Tel: 06841/16-3605
Fax: 06841/16-3602




35.

36.

37.

38.

39.

40.

Reinke, Dr.C.
Pharmaz.Institut

der Universitat
Totengésslein 3
CH-4051 Basel

Tel:  0041/61/257940
Fax: 0041/61/

Renner, Dr.H.
Forsch.Inst.f. Tuberkulose
u.Lungenkrankheiten
Karower Str.11

0-1115 Berlin-Buch

Tel:

Fax:

Riesenberg, Dr.
Urologische Klinik
Klinikum GroBhadern
Marchioninustr.15
8000 Minchen 70
Tel:  089/7095-3346
Fax: 089/

Schondorf, M.

Institut fir Klin.Biochemie
der Universitat
Sigmund-Freud-Str.25
5300 Bonn 1

Tel:  0228/260-2869
Fax: 0228/280-3433

Schroder, J.
Abt.H&matol./Onkologie

Klinikum Steglitz d.Fr.Univ.

Hindenburgdamm 30
1000 Berlin 45

Tel:  030/798-2663

Fax: 030/798-4141

Schmitz, Dr.J.
Bernhard-Nocht-Institut
fiir Tropenmedizin
Bernhard-Nocht-Str.74
2000 Hamburg 36

Tel: 040/31182-421
Fax: 040/31182-400

41.Schwachula, Dipl.Med.A.

Institut fiir Biochemie
Bereich Medizin d.Univ.
Hollystr.1

0-4020 Halle

Tel:  0037/46/849358
Fax: 0037/46

42. Stauble, B.
Pharmaz.Institut
der Universitat
Totengasslein 3
CH-4051 Basel
Tel:  0041/61/257940
Fax: 0041/61

43. Steinbach, Dipl.Phys.P.
Institut fir Pathologie
der Universitat
Universitétsstr.31
8400 Regensburg
Tel:  0941/943-3890
Fax: 0921/943-4946

44. Strobel, |.
Dermatologische Klinik
d.Universitat
Frauenlobstr.9-11
8000 Miinchen 2
Tel: 089/5160-4679
Fax: 089/8578-3777

45. Thiery, Dr.J.
Inst.f.Klinische Chemie
Klinikum GroBhadern
Marchioninistr.15
8000 Miinchen 70
Tel:  089/7095-1
Fax: 089/

46. Volkening, U.
Inst.f.Pathologie
Ev.Krankenh.Bethesda
Heerstr.219
4100 Duisburg 1
Tel: 0203/63148
Fax: 0203/6008-1649



47.

48.

49,

50.

Wick, Dr.M.
Inst.f.Klinische Chemie
Klinikum GroBhadern
Marchioninistr.15
8000 Miinchen 70

Tel:  089/7095-1

Fax: 089/

Wagner-Ferrer, D.
Inst.f.Klinische Chemie
Klinikum GroBhadern
Marchioninistr.15
8000 Minchen 70

Tel:  089/8095-1

Fax: 089/

Wolf, G.
Inst.f.Med.Mikrobiologie
Tierérztl.Fak.d.Univ.
Veterinarstr.13

8000 Minchen 22

Tel: 089/2180-2772
Fax: 089/2180-2597

Wollenberg, Dr.A.
Dermatol.Klinik

der Universitét
Frauenlobstr.9-11
8000 Miinchen 2

Tel:  089/5160-4679
Fax: 089/




DNA ANALYSE UND FLUORESZENTE IN-SITU HYBRIDISIERUNG
BEI BAKTERIEN

Prof.Dr.W.Beisker

Abt.Zytometrie, GSF-Forschungszentrum
fir Umwelt und Gesundheit
8042 Neuherberg




FLOW CYTOMETRY OF MICROBIAL CELLS

Beisker,W.“’ and Waliner,G.{z)

(1) GSF - Inst. f. Biophysikalische Strahlenforschung
Ingolstédter Landstrasse 1, D-8042 Neuherberg, FRG

(2} Lehrstuhl fir Mikrobiologie, Techn. Univ. Miinchen,
Arcisstrasse 21, D-8000 Miinchen 2, FRG

Experiment 1

Title:

Literature:

Introduction:

In situ hybridization of microbial cells with rRNA targeted
fluorescent oligonucleotide probes.

Amann, R. ., B. J. Binder, R. J. Olson, S. W. Chisholm, R.
Devereux, and D. A. Stahl: Combination of 16S rRNA-targeted
oligonucleotide probes with flow cytometry for analyzing mixed
microbial populations. Appl. Environ., Microbiol. 56: 1919-1925,
1990.

Delong, E. F., G. 8. Wickham, N. R. Pace: Phylogenetic stains:
ribosomal RNA-based probes for the identification of single cells.
Science 243: 41-44, 1989.

Fluorescent oligonucleotide probes complementary to short
sequence elements within the naturally amplified 165 and 23S
rBNA can identify microbial cells at different phylogenetic levels
by in situ hybridization ("phylogenetic stain"). By targeting more
conserved regions of the rBRNA molecule larger groups of
microorganisms can be stained. More variable regions are specific
at genus or species level. The hybridized cells can be analysed by
fluorescence microscopy or flow cytometry.

In this experiment we use probes complementary to highly
conserved regions: "EUB" is specific for eubacteria and will stain
E. coli, "EUK" is specific for eukaryotes and will stain Sac.
uvarum,

Escherichia coli and Saccharomyces uvarum cells were fixed in
4% paraformaldehyd, washed, and resuspended in 1 Vol. PBS
(130 mM NaCl, 30 mM sodium phosphate buffer, pH 7.2) plus 1
Vol. of absolute ethanol. The final concentration is approximately
108 to 108 cells per mi,

Hybridization buffer:

0.9 M NaCi, 0.1 % SDS, 20 mM Tris/HCI, pH 7.2



Fluorescent oligonucleotide probes:

Oligodeoxynucleotides {length 15 to 25 nucleotides) were
chemically synthesized. Via a 5" amino-linker the fluorescent dye
5(6)-Carboxyfluorescein-N-hydroxysuccinimidester (FLUOS,
Boehringer Mannheim) was attached to the probe.

Hybridization:

5 ul of cells and 5 ul of oligonucleotide probe {10 ng/ul; final
conc. 1 ng/ul) are added to 40 yl of hybridization buffer.

After two hours of incubation at 46 °C the sample is diluted by
500 ul of ice-cold PBS and measured in a flow cytometer.

Flow cytometry:
Excitation: 488 nm, 500 mW (argon laser)
Emission: 530 nm band pass filter




Experiment 2

Title:

Literature:

Introduction:

Cells:

Determination of guanine-plus-cytosine content of bacteria.

Van Dilla, M. A., R. G. Langlois, D. Pinkel, D. Yajko, and W. K.
Hadley: Bacterial characterization by flow cytometry. Science
220: 620-622, 1983.

Sanders, C. A., D. M. Yajko, W. Hyun, R. G. Langlois, P. S.
Nassos, M. J. Fulwyler, and W. K. Hadley. Determination of
guanine-plus-cytosine content of bacterial DNA by dual-laser flow
cytometry. J. Gen. Microbiol. 136; 359-365, 1990.

Bacterial species vary widely in DNA base composition: %G+ C
values range between 25 and 70 percent of the total number of
base pairs present in the DNA. Double fluorescent DNA staining
of bacterial cells by Chromomycin A3, having guanine-cytosine
(GC) binding preference, and Hoechst 33258, having adenine-
thymine (AT} binding preference, provides information on the
DNA base composition.

Cells of Escherichia coli, Staphylococcus aureus, and
Micrococcus luteus were fixed in 70% ethanol at a concentration
of 10¢ to 108 per ml.

10 gl of Chromomycin A3 (1 mM = 1.2 mg/ml) and 10 ul of
Hoechst 33258 (0.3 mM = 0.16 mg/ml) are added to 1 ml of
TMS-buffer (150 mM NaCl, 1.5 mM MgCl, 10 mM TRIS/HCI, pH
7.2}, containing 10 ul of cell suspension.

Flow Cytometry:

Excitation:

Emission:

457 nm, 160 mW {argon laser), and
360 nm ,250mW {argon laser)
two 500 nm long pass filters



Experiment 3

Title:

Literature:

Introduction:

Cells:

Staining:

Effect of chloramphenicol-treatment on the DNA content of E.
coli cells.

Steen, H. B., E. Boye, K. Skarstad, B. Bloom, T. Godal, and 8§.
Mustafa: Applications of flow cytometry on bacteria: cell cycle
kinetics, drug effects, and quantitation of antibody binding.
Cytometry 2: 249-257, 1982.

Chloramphenicol inhibits protein synthesis and, as de novo
protein synthesis is required for it, initiation of chromosome
replication and cell division.

In fast growing E. coli cells the cell division rate is faster than the
chromosome replication rate. Therefore these cells initiate
replication of a chromosome before the previous round of
replication has been completed. Chloramphenicol blocks
chromosome initiation and cell division, whereas DNA synthesis,
that is replication of chromosomes which had already initiated
when the antibiotic was given, continues. That results in cells
containing DNA amounts equivalent to two or four complete
chromosomes.

Escherichia coli cells were harvested at various times after
chloramphenicol (100 uyg/mi) had been added, and fixed in 70%
ethanol.

25 ul of 4,6-Diamidino-2-phenylindole (DAPI; 0.2 mM = 0.075
mg/ml} are added to 1 ml of PBS {130 mM NaCl, 30 mM sodium
phosphate buffer, pH 7.2), containing 10 gyl of cell suspension.

Flow cytometry:

Excitation:
Emission:

360 nm, 250 mW (argon laser)
424 nm band pass filter
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Combination of 16S rRNA-Targeted Oligonucleotide Probes with
Flow Cytometry for Analyzing Mixed Microbial Populations
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RICHARD DEVEREUX,! AnD DAVID A. STAHL!*
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Ralph M. Parsons Laboratory 48425, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139%; and Biology Department, Woods Hole Oceanographic
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Fluorescent oligonucleotide hybridization probes were used to Iabel bacterial cells for analysis by How
cytometry. The probes, complementary to short sequence elements within the 165 rRNA common to
phylogenetically coherent assemblages of microorganisms, were labeled with tetramethylrhodamine and
hybridized to suspensions of fixed cells. Flow cytometry was used to resolve individual target and nontarget
bacteria (1 to 5 pm) via probe.conferred fluorescence, Target cells were quantified in an excess of nontarget
cells. The intensity of fluorescence was increased additively by the combined use of two or three fluorescent
probes complementary to different regions of the same 163 rRNA.

Assessments of diversity, abundance, and activity of
water column microorganisms are fundamental to studiés in
aquatic microbiology. Yet, most past measurements have
been compromised by methodology, principally the require-
ment for pure-culture isolation and the use of subjective
criteria for classification. Recent studies in molecular evolution
and molecular phylogeny have provided new perspectives
and new tools for studies in environmental microbiology.
Most notably, the comparative sequencing of homologous
biopolymers has served to reveal phylogenetic relationships
among microorganisms. Extensive sequencing of the ribo-
somal RNAs (55 and 165- and 23S-like TRNAs) has been
particularly informative. Sequence divergence among these
individual rRNAs has defined the outline of a natural classi-
fication of microorganisms (28). These data can also be used
to design hybridization probes for determinative studies in
microbiology.

The 16S-like rRNA has been the common target for
determinative hybridization probes (1, 25). By using selected
regions within the larger rRNA molecules {16S- and 23S-like
rRNAs) as hybridization targets for synthetic oligonucleo-
tides, probe specificity can generally be freely adjusted.
Microbial species or subspecies can be distinguished by
oligonucleotides complementary to the most variable regions
of the molecule (25). By targeting regions of increasing
conservation, prebes can be made to encompass specific
genera or higher taxons (e.g,, the three kingdoms: archae-
bacteria, eucaryotes, and eubacteria) (29). Finally, some
regions of the rRNAs have remained essentially unchanged
in all sequenced species; these can be used as targets for
universal probes. Universal probes have been used to mea-
sure total IRNA abundance in the environment and to assess
differences in cellular rRNA content (1, 25).

A single Escherichia coli cell has between 10* and 10°
ribosomes and, consequently, as many copies of 58 and 165-
and 235-like rRNAs (15). Thus, the rRNA is a naturally
amplified target for hybridization probes. Giovannoni and

* Corresponding author.
1 Present address: Lehrstub! fiir Mikrobiologie, Technische Uni-
versitat Munchen, 8000 Munich 2, Federal Repubiic of Germany.
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co-workers first demonstrated that because of the high copy
number, individual cells can be identified by using singly
radiolabeled oligonucleotides (10). More recently, fluores-
cent dye-labeled probes have been used for the direct
microscopic identification of single cells; the term *‘phylo-
genetic stain’ was coined to describe the unique character of
these probes (1, 8). Although fluorescent antibodies have
been applied to the identification of single cells in the
environment, their specificity is generally restricted to the
species or subspecies level (3, 5, 16, 26) and their develop-
ment requires previous isolation of the target organism. In
contrast, the potential specificity of rRNA-targeted fluores-
cent probes spans the entire phylogenetic spectrum. Fur-
thermore, based on the extensive 165 rRNA sequence data
base, probes can be designed for organisms which have not
yet been brought into culture (19).

Flow cytometry is a well-established method for measur-
ing selected physical and chemical characteristics of individ-
ual cells. Multiple parameters (e.g., forward and 90° light
scatter and fluorescence emission at wavelengths of interest)
can be determined individually for a large number of cells in
a short time {(up to several thousand cells per second). In the
last 5 years flow cytometers have been applied to ecological
studies, especially to measure the distribution and abun-
dance of marine picoplankton (6, 14, 18, 20, 23).

Currently, most applications of flow cytometry to environ-
mental samples make use of various morphological and
physiological characteristics of the cells (e.g., size and
pigment content of photosynthetic organisms) (20). These
criteria generally are not sufficient for identification at the
genus or species level. Staining with DNA-specific fiuoro-
chromes offers information about numbers of bacterial cells
but not about their identity. The combined use of dyes that
bind preferentially to G.C or AT base pairs has been used to
distinguish organisms of different G+C content (C. A. Sand-
ers, D. M. Yajko, W. Hyun, R. G. Langlois, P. S. Nassos,
M. J. Fulwyler, and W. K. Hadley, Abstr. Annu. Meet. Am.
Soc. Microbiol, 1989, R-1, p. 280) but offers limited insight
into community composition: organisms with identical per-
cents G+C are not necessarily related phylogenetically.
Although flow cytometric detection of rRNA in fixed eucary-
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eubacterial

orobe 3¢ -TGAGGATGCCCTCCGILG-5"
target 57 =~ ACUCCUACHGEAGECAGC-3
E.coliv VCCAGRCUCCUACGGGAGGEAGCAGUG
D.gigas~ UCCAGACUCCUACGGGAGSCAGCARUG

D.hydrogen*  UCCAGACUCCUACGGGAGGCAGCAGUG
Dsv.desulf UCCAGACUCCUACGGGAGGLAGCAGUG

Dasax.vay UCCAGACUCCUACGGGAGGCAGCAGUG
Myx.xant UCCAGACUCCUACGGGRGGCAGCAGUG
Agr.tume CCCARACUCCUACGGGAGRCAGCAGYG
Flav.fer GCRNGACUCCUACGGGAGGLAGCAGUA
3.aubtil CCCAGACUCCUACGGGAGSCAGCAGUA

He.van CECCAGGUCCURCGGGGCGCAGCAGEC
D.discoideum CUACCACUUCUACGGAAGGCAGCAGGC

SRB

probe 37 ~GGACTGCGICGCIGCGREC-5
Target 5¢ -CCUGACGCAGCGACGCCG-37
E.coLix GCARGCCUGAUGCAGCCAUGCCGLGUG
D.gigas* GAMAGCCUQACGCAGCGACGCCGCGUS
D.hydrogen* GCARCCCUGACGCAGCARCGCCGLGUG
Dsv. desulf GAARAGCCUGACGCAGCGACGCCEUGUG
Dsszar.var GARAGCCUGACGCAGCAACGCCGLGUG
Myx.xant GAAMRGCCUGACGCAGCARCGCCGCEUG
Agr.ume GCAAGCCUGRUCCAGCCAUGCCELGUG
Flav.fer GARAGUCUGRACCAGCCAUGCOGHGUE
B.subtil GARAGUCUGACGGAGCRACGECGLGUG

Me.van GARAGUGCGACEEGEGEACCCCARGUG |
d.discoideum = AUACGGGGARGUAGUGACARUARAU-
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eykaryotic

proba 3’ =CCTCCCGTTCAGALCA-S"
target 5! -GGAGGGCAAGUCUGSU-37
E.collr ~AAGCACCGGLUAALUCC-GUGCCA
.gigag* —AAGCACCGGTUARCUCC-GUGCCA
D_hydrogen* = AAGCGLCGGLNAACUCK-GUGCCA
Dsv.desulf —AAGCACCGGCUARCUCC-GNGCCA
Dssar.var ~AAGCACCGGCUAACUCC-GUGCTA
Hyx.xant =AAGCRCCGGCDARCUCT-GUGCCA
Agr.tuma ~ARGCCCCGECUANCUUC-GUGCCA
Flav.fer -AAGCACCGGCURACUCC-GUGCCA
B.subtil ~ARGCCACSGGCUARCUAC-GUGCCA

He.van =AAGGGCUGGGCAAGULIGEUGECA
D.discoidewm  CARUUGHAGGGCARGUCUGSUGCCA

Desulfobacter

pchbe 3" - ARRCCCCTACTCARACGEMT-57
target S ~UUUGGEGAUGRTUYUGEGRA=3"
E.calix —==~GCCAUCEEAUSUSCCCAGRUGESAY
D.gigas* we——ACARUGACAUGAGUCCGCGUCUCAD
D.hydrogen* ====GUUUGGGGAUGAGUCUGCGGACCA
Dsv.desulf =—-——ACGUAAGGAUGAGUCCGCGUCCCAY
Dssar.var w===GUUUGARGAUGGFLCCGCGUACCAY
Myx.xant === RCATICAGAUGAGUCCGCGGECCCAY
Agr.tume ————GEEGUAUGAUGAGCCCGCENIGGAY
Flav.fez ==~ GCUAGAAGACEESUGUGLEELUGAY
B.s5ubtil —==~ACUURCAGAGEACCCGCGGCGCAY
¥c.van = ~meee CCCRAGGAUAGEACUGCECUCEAY
D.discoideum  -----, ARGUCUBACUGUGUCACTUGCCCUAY

FIG. 1. 168 tRNA sequence alignments showing target regions of probes. An asterisk () marks the sequences of the three species used
in this stedy. The 168 fRNAs compared in these alignments are of the following organisms: E. coli*, E. cofi {4); D. gigas*, Desulfovibrio gigas
(9); D. hydrogen®*, Desulfobacter hydrogenophilus (9); Dsv. desulf, Desulfovibrio desulfuricans (21); Dssar. var, Desulfosarcina variabilis (9);
Myx. xant, Myxococcus xanthus (21); Agr. tume, Agrobacterium tumefaciens (30); Flav. fer, Flavobacterium ferrugineum (27); B. subtil,

Bacilles subtilis (11); Mc. van, Methanococcus vannielii (13); and D. discoideum, Dictyostelium discoidewmn (17). Mismatched pairings and

deletions are shaded.

otic cells has been demonstrated by using biotin-labeled
transcription products as probes (2), long probes encompass
conserved tracts of sequence and therefore lack the speci-
ficity offered by short oligonucleotide probes. Here we
document the use of flow cytometry to quantify defined
mixtures of bacteria hybridized with 16S-like rRNA-targeted
fluorescent oligonucleotide probes. Although the limits of
cell size and ribosome content have not vet been evaluated,
this approach could extend the use of flow cytometry to
direct detection and identification of virtually any microor-
ganism in the aquatic environment.

MATERIALS AND METHODS

Design of oligodeoxynucleotide probes. A data base of
about 250 complete and partial 165 rRNA sequences was
used to identify probe targets of appropriate specificity. The
following oligonucleotides were used (all numberings list the
corresponding positions in the E. coli 168 rRNA): (i) eubac-
terial (5'-GCTGCCTCCCGTAGGAGT-3), specific for all
eubacteria (positions 338 to 355); (ii) sulfate-reducing bacte-
ria (SRB}(5'-CGGCGTCGCTGCGTCAGG-3", inclusive for
most species of the 3-group of purple bacteria (positions 385
to 402}); (iii} desulfobacter {5'-T(C/A)CGCA(G/A)ACTCAT
CCCCAAA-3'], specific for the genus Desulfobacter (posi-
tions 220 to 239); (iv) eucaryotic (5'-ACCAGACTTGCCC
TCC-3"), specific for eucaryotes (positions 502 to 516).
Figure 1 shows sequence alignments of the 165 rRNA of
several microbial species in the target region for these
probes.

Source and growth of strains. Three species of eubacteria
of known 165 rRNA sequence were used: E. coli TB1
(Bethesda Research Laboratories, Inc., Gaithersburg, Md.),
Desulfovibrio gigas (ATCC 19364), and Desulfobacter hy-
drogenophilus (DSM 3380). Growth temperatures and media
for the different organisms were: E. ceoli at 37°C in aercbic
TY medium (1% tryptone, 0.5% yeast extract, 0.5% NaCl

[pH 7.21), D. gigas at 30°C in anaerobic freshwater-lactate
medium (7), and D. fiydrogenophilus in anaerobic saltwater-
acetate medium (7). The cells were grown to the late
logarithmic phase and harvested by centrifugation in an
Eppendorf microcentrifuge (12,000 rpm, 2 min, 4°C). The
growth medium was decanted, and the cells were suspended
by thorough vortexing in cold phosphate-buffered saline
(PBS) solution (130 mM sodium chloride, 10 mM sodium
phosphate buffer [pH 7.2]).

Cell fixation and storage. The cells were fixed with fresh
{(not older than 24 h), cold paraformaldehyde solution (4% in
PBS). One volume of cell suspension was mixed with 3
volumes of fixative, and the mixture was incubated at 4°C for
16 h. The cells were pelleted by centrifugation (Eppendorf
microcentrifuge; 12,000 rpm, 2 min, 4°C), washed with PBS
solution to remove residual fixative, pelleted again, and
resuspended at a concentration of 10% to 10% cells per ml in
PBS solution. One volume of fixed cell suspension was
added to 1 volume of cold absolute ethanol (10}, and the
mixture was stored at —20°C for up to 2 weeks without
apparent influence on the hybridization.

Direct counting of cells, The concentration of cells in the
fixed suspensions was determined by direct counting of
4’ ,6'-diamidino-2-phenylindole-stained cells on membrane
filters (12, 22). Samples of the fixed-cell suspension were
diluted to 1 mlin 0.2-um-pore-size-filtered water and stained
for 10 min in a filter tower by addition of 10 pl of a 1-mg/m!
stock solution of 4*,6'-diamidino-2-phenylindole. Cells were
concentrated onto a 0.2-wm-pore-size membrane filter (25-
mm diameter; Poretics Corp., Livermore, Calif.) by applying
a slight vacuum. After washing with 1 ml of 0.2-pm-pore-
size-filtered water, the filters were mounted in oil and
observed immediately by epifluorescence microscapy.

Synthesis and purification of fluorescent oligodeoxynucle-
otides. The oligedeoxynucleotides were synthesized with
one primary amino group at the 3 end (Aminolink 2; Applied
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FIG. 2. Whole-cell hybridization with tetramethylrhodamine-labeled probes. All hybridizations were performed at 45°C for 1 h followed
by a 30-min washing step at 48°C. Phase-contrast (left) and epifluorescence {right) photomicrographs are shown for each field. (A and B)
D. gigas (vibrios) and E. coli (rods) hybridized with the eubacterial probe. (C and D) D. gigas and E. coli hybridized with the SRB probe.

Biosystems, Foster City, Calif.). Tetramethylrhodamine iso-
thiocyanate {Research Organics, Cleveland, Ohio) was co-
valently bound to the amino group as earlier described (1).
The dye-oligonucleotide conjugate (1:1) was purified from
unreacted components (1) and stored at —20°C in double-
distilled water at a concentration of 50 ng/ul.
Hybridization of fixed cells with Auorescent probes. The
purity and quality (intact morphology and high rRNA con-
tent) of the fixed cells as well as the quality of the probe were
evaluated by hybridization of celis bound to gelatine-coated
stides. Small portions (1 to 3 pb) of the cell suspension in
ethanol-PBS were spread on gelatin-coated slides and al-
lowed to air dry. After dehydration in 50, 80, and 100%
ethanol (2 min each), the cells were hybridized at 45°C with
probes as previously described (1). Following hybridization,
the slides were washed for 30 min at 48°C in 0.9 M sodium
chloride~0.1% sodium dodecyl sulfate—20 mM Tris hydro-
chloride (pH 7.2). The cells were observed with an Olympus
BH2 microscope (Olympus Optical Co., Tokyo, Japan) fitted
for epifluorescence with a high-pressure mercury bulb and

filter set no. BL. 0892 and documented by photography as
previously described (1),

Hybridization for flow cytometric analysis was modified
as follows: 1 to 7 ul of fixed-cell suspension was transferred
to a prewarmed (45°C) 1.6-m! Eppendorf tube and mixed
with 50 pl of prewarmed hybridization buffer (0.9 M sodium
chloride, 0.1% sodium dodecyl sulfate, 100 pg of polyade-
nylic acid per ml, 20 mM Tris hydrochloride [pH 7.2]). After
adding 200 ng of tetramethylrhodamine-labeled oligodeoxy-
nucleotide probe, the tube was immediately transferred to a
45°C incubator. After 1 h, the hybridization was stopped by
adding 1 ml of 0.2-pnm-pore-size-fltered double-distilled wa-
ter and the resulting suspension was immediately used.

Flow cytometric analysis. Analyses were performed on a
flow cytometer {(mode! Epics-V; Coulter Electronics, Inc.,
Hialeah, Fla.) equipped with a Biosense flow cell and a 6-W
argon ion laser. The laser was tuned for 515-nm emission
{300 mW) and focused with a 38-mm spherical quartz lens
(spot size, approximately 20-um diameter). Fluorescence
was measured as light passing a 385-nm band pass interfer-



1922 AMANN ET AL.

ence filter (45 nm at full band width at half maximum
transmission) and a 530-nm-long pass absorbance filter,
Signals were amplified with 3 decade log amps and collected
at a rate of approximately 10® signals per s; histograms
shown represent a total of 30,000 to 60,000 events each.
Fluorescence data were normalized to calibration beads
(0.5-pm diameter “‘polychromatic’® beads; Polysciences,
Inc., Warrington, Pa.}, which were added in known concen-
tration to each sample but gated out of the histograms
presented here. To compare the fluorescence of individual
cells, we used mode values, as these are less biased by cell
clumping than are means. The modes reported here have
been linearized by using a calibration factor for the log amp
derived by the method of Schmid et al. (24).

RESULTS AND DISCUSSION

Flow cytomefric detection of specific probe binding to single
cells. Pure cell suspensions of D. gigas and E. coli were
initially hybridized with the SRE probe and analyzed by flow
cytometry. This probe is complementary to the 16S TRNA of
D. gigas but has three mismatches to the comresponding
region in E. coli. These mismatches destabilize the heterol-
ogous hybrid (45°C hybridization) enough for clear micro-
scopic discrimination between D. gigas and E. coli (Fig. 2).
The resulting two-parameter histograms of forward light
scatter and fluorescence showed well-defined differences
between the complementary (D. gigas) and noncomplemen-
tary (E. cold cells (Fig. 3A and B). The mode relative
intensities of fluorescence were 60 for D. gigas and 2.9 for E.
coli (Table I). Subsequently both ceil suspensions were
hybridized with the eubacterial probe, which is complemen-
tary to both organisms (Fig. 3C and D)., As expected, the
fluorescence of D. gigas labeled with the eubacterial probe
was the same as that with the SRB probe (Fig. 3C; Table 1).
E. coli hybridized with this probe was about threefold less
fluorescent than D. gigas (Fig. 3D; Table 1) but still about an
order of magnitude more fluorescent than the same cells
hybridized with the noncomplementary SRB probe.

In order to assess nonspecific probe binding, both organ-
isms were hybridized with the eucaryotic probe (Fig. 3E and
F). This probe has seven mismatches and one deletion with
the 16S rRNA of both D. gigas and E. coli (Fig. 1). The E.
coli fluorescence with the eucaryotic probe was very low
and, as expected, comparable to that of hybridization with
the SRB probe (Table 1). Although D. gigas fluorescence
with the eucaryotic probe was significantly less than with
either the SRB or eubacterial probe, it was more fluorescent
than E, coli hybridized with the same probe. This was
evidenced by a population clearly separated from the noise
(Fig. 3E; Table 1), Since this positive signal persisted in the
presence of a 50-fold excess of unlabeled eucaryotic probe,
it apparently does not represent oligonucleotide hybridiza-
tion to alternative sites on the rRNA. It originates in part
from autofluorescence of the fixed D. gigas cells. Autofluo-
rescence of D. gigas is significantly higher than that of E.
coli (Table 1). Also, nonspecific binding of the dye-oligonu-
cleotide conjugate to other cellular constituents could con-
tribute to fluorescence; unlabeled oligonucleotide is not a
competitor.

Detection and enumeration of specific cells in mixtures.
Defined mixtures of D, gigas and E. coli hybridized with the
SRB probe were used to determine the utility of this tech-
nique for enumerating specific bacteria against a background
of nontarget cells. Cell concentrations of the fixed-cell
suspensions were first determined by direct counting of
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FIG. 3. Flow cytometric analysis of D. gigas and E. coli popu-
lations hybridized with three different probes: SRE (A and B),
eubacterial (C and D), and eucaryotic (E and F). Data are presented
as two-parameter histograms: x axis, log forward angle light scatter
per cell {relative units); y axis, log fluorescence per cell (normalized
to standard beads); and z axis {elevation on these contour plots),
relative cell number. Contour levels correspond to .05, 0.1, 0.2,
0.4, and 0.8% of the total cell number. The x and y axes cover 3
decade log amps each.

4',6'-diamidino-2-phenylindole-stained cells on membrane
filters. Cells were mock hybridized by incubating in hybrid-
ization buffer for 1 h before diluting with 1 mi of 0.2-pm-
pore-size-filtered water and counting. Pairs of dividing cells
and cell clusters contribute to a single event in the flow
cytometric analysis and were therefore counted as one. The
D. gigas cell preparation had a high number of dividing cells
(ca. 509%), and the E. coli preparation consisted of about
one-third cell clusters containing up to 10 cells. Fixed D,
gigas (1.2 x 10%ml) and E. coli (7.0 X 10%/ml) cell suspen-
sions were mixed to give final concentrations of D. gigas of
50, 20, 3, and 0.8% of the total cell number. The mixtures
were then hybridized with the SRB or eubacterial probe and
analyzed on the flow cytometer. Hybridization with the
eubacterial probe provided a total cell count.

Target cells comprising as few as 3% of the total were
clearly visible as a well-separated population (Fig. 4). In
order to enumerate the cells of interest, a bitmap that
surrounded the area in which homologous hybﬁQized cells
appear on the two parameter plot was generated (Fig. 4). The
results of the flow cytometric analysis (Table 2) closely










































































































































































































































































































































































































































































































































































































































































































































































































