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Abstract

Cultured dairy products are often made with more than one microbial culture.
Yoghurt requires the cultivation of several bacterial species for its production
and the level of each is important for different reasons. Differential plate
count methods to enumerate the separate species in yoghurt are not ideal
because many of the bacteria used have similar growth profiles and plate
counts take several days to produce a result. A fast specific method for
enumerating each culture would be beneficial because quick results would
enable tighter control of processing or experimental conditions and the ability
to track individual species amongst a background of similar bacteria. Flow
cytometry combined with fluorescent in-situ hybridisation (FLOW-FISH) was
investigated as a potential solution and successful enumeration was achieved
within 1 day for a yoghurt microorganism, Streptococcus thermophilus (ST55),
grown in M17 medium. This method may be improved to increase the signal-
to-noise ratio and to reduce the assay time. The chemical propidium
monoazide enabled a closer match to plate counts for flow cytometry results
using a total viable count assay and may be useful combined with the FLOW-
FISH assay for removing non-viable or viable, but non-culturable, cells from the
results. An enzyme and/or detergent pre-treatment may achieve successful
FLOW-FISH enumeration of cells grown in reconstituted skim milk — a similar
matrix to yoghurt.



Acknowledgements

Firstly | wish to thank my supervisors Steve Flint and Andrew Patrick for their support,

patience, and enthusiastic approach to life and study.

A big thank you goes to Steve Holroyd, a manager with a big heart and courage and

who gave me the opportunity to broaden my academic training.

Denise Lindsay, thank-you for your critical appraisal of my thesis and your continued

friendship.
Sara Burgess, thank-you for providing the thesis template that saved lots of time.
| also wish to thank Fonterra Research Centre and Massey University for their support.

To my husband, Horvéath Zoltan, thank-you for being patient and pushing me to my

computer many, many times. Szeretlek Zozo!

Thank-you to the rest of my family and friends for your support and encouragement.
Especially to those of you that looked after my daughter, Cintia, so that | could have

quality time with my thesis.



Table of Contents

Y 0] 1 - Lo PSR I
ACKNOWIEUGEIMENTS ...ttt itttk sttt b bt b e sb e e sb e e sb e e sb e e sb e e she e sheesbeesbeeebeesbeeebeesbeesbeesbeenbeesbnesrneas Il
LI o] (SN0l @ 1 =1 L€ PSRRI 1]
TS A ) T T =SS VI
IS o 1= o] (= OO P RO PR PP PRRUPROTN VI
F Y] o] (=Y =T (o] TSP TSP IX
1 1] goTo o3 1[0 o FO TP PR PR PRSP 1
1.1 YOQNUIt MANUFACIUIE ....ouiiitiiitieitie ittt ettt sbe bbbt b e et b e et et e sbe e nbe e b e 1

1.2 Methods for studying yoghurt POPUIALIONS ..........ccoceeiieiieiieiieri e 3

121 General CONSIAEIALIONS .......c.uieiiie e se e st e e steeesreeesnreesreeans 3

122 Selective agar tECHNIQUES...........ooiiiiiii s 4

1.2.3 Faster cultivation teChNIQUES ...........ooiiiiiii e 8

124 AIEINALIVE METNOUS ... 9

G T o [0 YA o3 (o 0 =1 Y/ RSP 11

131 Lactic acid bacteria and flow CYtOMELIY ........c.coeeiciiieiiiee e 12

13.2 Flow cytometry and fluorescent in situ hybridisation (FLOW-FISH) ..................... 12

133 Dealing with NON-viable CellS ............cooiiiiiiiii s 13

R 70 (o4 W o [Tl =10 = 14 TSSO RTRR TR 15

1.5 ODbjectives Of thiS STUAY ........ccoiiiiiii e e e e e s sraeeeaan 15

2 Materials and METNOAS ........ooiiiiiiei e 16
P2 10 1401 0 = o U PSP PT PP OPPRPOPP 16

2.2 CURUIE MELNOUS ... .eeiiiiiiii ettt sttt e bt rb e e sbee e sabeeabeeenbeeeeeee 16

221 LIQUIA CUITUIE ..ttt 16

222 Plate couNt ENUMETALION ..........cciiieiieeiiee et e e nrae e 16

2.3 Yoghurt emulation and treatMENT ...........ccuiiuiiiiiiie bbb 16

P S |V (o] {01~ od o] VRSP RTSPRR 17

2.5  Flow cytometry (FCM) MEthOUS ........ooiiiiiiiiiiie e e 17

251 FIOW CYTOMEBLET ...ttt ettt b et e b e e sbe e e 17

252 Total Viable Cell (TVC) @SSAY ....ueeirieieiiieiieeiiee ettt ettt st saee e 18

253 Flow cytometry and fluorescent in-situ hybridisation (FLOW-FISH)..................... 19

254 LIVE/DEAD® BacLight™ Bacterial Viability staining............ccooccvvciiniiiine e 23

2.6 Propidium monoazide (PMA) treatMent ..........cueeieriierinieresieesieesieesniee s sreeesrenesneeesreeeseeeesnes 23



2.6.1 PMA StOCK SOIULION ..ttt 24

26.2 N (= T= Ui 1= o U SO 24
N A AN g T 1)V S | =S £ S 26
FLOW-FISH eXPeriMENtal WOTK ........ccciveiieieiieeiieesieessteeesteeestteessteeste e e steeesneeesneeesntessnsesenseeesnnessnnens 27
C J0 R U {1 ] 1 0 F= T PSSP PP PPPPPPP 27
3.2 Visual confirmation of the fluorescent labelling of the S. thermophilus (ST55)

(o= RSP RTRR 27
3.3  Capturing the fluorescent population of the S. thermophilus (ST55) cells with

FIOW CYEOMIEBLIY ...t bbbttt b e e bbb e e b e b e 28
3.4  Comparison of FLOW-FISH results with plate count reSults...........cccccvvveee e cciee e, 31
3.5 CelIS TN CNAINS ...ttt b et b et e sabe e st e e e sbe e e sane e sabeesabeeen 32
3.6 Probe deteriOration..........coiuie ittt ettt ettt sbe e sa e s b e e e be e sane e sare e sreeen 34
3.7  Low fluorescent Signal INtENSILY .........cccuiriiiiiei e e e enree s 39

371 Length of hybridisation iNCUDAION ..ot 40

3.7.2 Probe CONCENIIAtiON........ceviiiie e nees 41

3.7.3 PMT gain AdjUSTMENT.......coiiiiiiiiiiiiiie e 44
3.8 Check of cell fluorescence (autofluorescence, background fluorescence)...........c.cccceeneeee. 45
3.9 EXIra WaShinNg StEPS ......uveiii ittt e e s st ee e e s e e e e st ee e e s st e e e e rbe e e s arre e e e anraee s 49

391 FLOW-FISH analysis of S. thermophilus (ST55) grown in M17

00 T=To 18] o o TSRO URPTRUPRPRRIN 49

39.2 Addition of extra Wash StEPS........cuviii i 51
PMA ITEAIMENT ...ttt e e e e e st e e e e e e s s s b bbb e et e e e e s s aaabbbeeeeaeeesasanbbeneeaaeesannne 57
o S TU 11 111 1 = P PSP PP P PURPPPRPI 57
4.2  Effect of PMA treatment on the detection of S. thermophilus (ST55) cells using

the FIOW CYEOMIBLET ...t bbbttt et e be b e 57
4.3 PMA treatment OPtIMISALION..........ccueiiiiiiee e cciee e s s e e st e s e e e enee e e e srae e e s nntaeaeannees 59

431 Halogen light @XPOSUIE .......cocviie et a e enees 59

4.3.2 PMA CONCENITALION. .....uteietiie ittt ettt ettt et sb e be e e sae e eeee 60

4.3.3 PMA reagent Preparation.............oieeieeieeieeieeiee e sneas 61
4.4  Samples containing a mixture of viable and non-viable cells. ...........ccoccvviiiiiiiiiciinis 63
4.5  PMA-FLOW-FISH COMDBINALION ......vviiieiiiiieciiee et e et e st e e sren e e esnneeesneeenneeas 65
(CTCT LT oL I TS od U T o S 69
L0 R Y [0 0 1 = PO OPPRPPOPP 69
5.2  FLOW-FISH enumeration of S. thermophilus (ST55)......ccccceiiieriiiniienieeneenee e 69

5.21 Background flUOIESCENCE ........ccoueiiiiiiii e 70

5.2.2 Cell QULOTIUOIESCENCE ......eiiieieieie et 72

5.2.3 Effect on hybridisation by cell pre-treatment............ccccvve v 73

5.2.4 RNA as the target MOIECUIE...........cccevviie i 74



5.25 Probe CoNSIAErationsS ..........ooiuii i 76
5.2.6 Reducing the time for the FISH eXperiment...........cccocvviiiiiinienineeese e 77
5.2.7 Reconstituted Milk SAMPIES........coeiiiiiii e 78
5.2.8 FLOW-FISH SUMMAIY .....coitiiiiiiiiiiiiiesiie sttt snae e snee e sneas 80
5.3  Potential of the PMA treatMent.........ccoiiieiiiiie ittt 81
53.1 EffeCt 0N FCM FESUILS .....veiieiiiiieiie et 81
5.3.2 PMA treatment OPtMISALION ........coeiieiiiiiiiiie e 82
533 Matching PMA-FCM counts to plate COUNLS ..........ccovviiiiiiiniiiiesiese s 83
534 Addition of PMA treatment to the FLOW-FISH assay .........c.cccocvvvriininnieniennne 85
535 PMA treatmMent SUMIMAIY .......ccuuviiiieees it ssiiree e s e e s s sssbreee s e e e s s sssseeeeesessssnnnes 86
5.4  An additional issue for FCM teSHING........cccccieieiiiiiee e ssee e ser e e e erre e enaeee s 86
5.5 CONCIUSIONS ...ttt b et bt sa bt et ee b et e sbb e e sabe e eabe e e be e e saneesabeesnbeeans 87

= 1] ][0T [>T o] 0 Y/ SRR 89



\

List of Figures

Figure 1 - BactiFIow™ flow CYtOMELET. .......coiuiiiii e 18
Figure 2 - Schematic diagram of procedure followed for FLOW-FISH preparation. ............cccoceveeereenneene. 22
Figure 3 - Diagrammatic representation of the PMA treatment method............c.ccoceiiniininienieneene 25
Figure 4 - Epifluorescent microscopy images of FLOW-FISH stained samples...........ccccoeevevieevcenicienen, 28

Figure 5 - Fluorescent population position of FLOW-FISH labelled Streptococcus
thermophilus (ST55) CeIIS. ...t 30

Figure 6 - Comparison of FLOW-FISH results against plate and total viable count (flow

cytometry) methods for Streptococcus thermophilus (ST55).....cceviceeeiiiieee e 32
Figure 7 - BacLight LIVE/DEAD labelled Streptococcus thermophilus (ST55) cells before
and after passing through a flow Cytometer..........c.ocviiiiiiiiii e 34

Figure 8 - Comparison of Streptococcus thermophilus (ST55) cells fixed in June 2010 with

cells fixed in June 2011 using the same DNA probe batch.............cccccevvceie e, 35
Figure 9 - Results of Streptococcus thermophilus cells fixed in June 2010, tested in June of

2010 AN 2001 ..ottt bbb bbb bbbt be b e 36
Figure 10 - Comparison of two DNA probe batches on two sets of fixed Streptococcus

thermophilus (ST55) CEIIS ... 37

Figure 11 - Schematic diagram of the experimental procedure used to examine the DNA

probe, after being subjected to variations of the FLOW-FISH protocol,

using a scanning SPECLrOPNOtOMELEN .........ceiiiciiiee i 38
Figure 12 - Wavelength scans (approximately 300nm to 700nm) of 1/10 dilution of DNA

probe after being subjected to different variations of the FLOW-FISH

10 (o oo | SRR 39
Figure 13 - Varying length of the FISH-FLOW hybridisation step for Streptococcus

thermophilus (ST55) CEIIS ... 40
Figure 14 - Enumeration comparison with different lengths of hybridisation time for the

FLOW-FISH MELNOM.....ccciitiiieiiee ettt ettt ettt e e s eabae e enes 41

Figure 15 - FLOW-FISH results for Streptococcus thermophilus (ST55) with increasing DNA

[o]ge] TSN oo ] g od=T 0] i c= 1o o W PP 42
Figure 16 - FLOW-FISH with increasing DNA probe concentration compared to plate and

total viable counts of Streptococcus thermophilus (ST55) .......ccccovvvviiriiininieeeeere 43
Figure 17 - FLOW-FISH results for Streptococcus thermophilus (ST55) with increasing DNA

probe concentration and a modified couNting DOX.........c.coiiiiiiiniiniii e 44

Figure 18 - Effect of changing PMT gain settings on FLOW-FISH results for Streptococcus

L gaale] o] a1 [V S (S 1) RSP RTR 45
Figure 19 - Cell autofluorescence of Streptococcus thermophilus (ST55)......cccccovvieriiiereviee s e 46
Figure 20 - Cell autofluorescence repeat @XPeriMENL.. ........ccoiiuiiiiiiiiiieee e a7

Figure 21 - Removal of autofluorescent cells from FLOW-FISH reSults .........cccooiieiiiiiniiineeeceeee 48


file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147003
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147004
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147005
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147006
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147007
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147007
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147008
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147008
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147009
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147009
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147010
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147010
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147011
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147011
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147012
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147012
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147013
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147013
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147013
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147014
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147014
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147014
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147015
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147015
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147016
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147016
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147017
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147017
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147018
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147018
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147019
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147019
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147020
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147020
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147021
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147022
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147023

Vil

Figure 22 - Dot plot outputs from the flow cytometer for a Streptococcus thermophilus

(ST55) culture grown in M17 medium and tested with the FLOW-FISH

method along with a number of negative CONtrols.............cccevceviiie v, 51
Figure 23 - FLOW-FISH dot plot results from the flow cytometer with more sample and

extra wash steps pre- and post-hybridisation ............ccccocviiiiii i, 52
Figure 24 - Enumeration of Streptococcus thermophilus (ST55) using the FLOW-FISH

Method With @Xra WaSh STEPS .......coiiiiieiie e 53
Figure 25 - Dot plot graphs from the flow cytometer showing FLOW-FISH results of 2 and 4

hr M17 and RSM cultures of Streptococcus thermophilus (ST55) .....cccccvvveeeieeevieenenen, 54
Figure 26 - Comparison of FLOW-FISH counts of Streptococcus thermophilus (ST55)

grown for 2 and 4h in M17 and RSM media compared to plate and total

VIADIE COUNTS ...ttt b e e sabe e sare e sneeen 55
Figure 27 - Dot plot graphs of the FLOW-FISH result of two control samples compared with

a sample containing Streptococcus thermophilus (ST55) CellS ......ccccevvieeeiieeiicieees 56
Figure 28 - Peptone (0.1%) and M17 medium used as controls compared to M17 medium

containing Streptococcus thermophilus (ST55) CellS ........vevviviiiieiie e 56

Figure 29 - Effect of propidium monoazide (PMA) treatment on the enumeration of viable

Streptococcus thermophilus (ST55) CelIS .......ooviiiiiiiiiii e 59
Figure 30 - Effect of reducing sample exposure to 500W halogen light source.............cccccevvceeeiiieeee e, 60
Figure 31 - Reduction of propidium monoazide (PMA) concentration in sample treatments.................... 61

Figure 32 - Comparison of two different stock preparations of propidium monoazide (PMA)

L(ST=T0 T o OO PP PT PR 63
Figure 33 - The total viable count after propidium monoazide (PMA) treatment of viable

cells in the presence of NON-viable CellS ... 65
Figure 34 - Preliminary trial of the propidium monoazide (PMA) treatment combined with the

FLOW-FISH assay for enumeration of Streptococcus thermophilus (ST55)

Figure 35 - Dot plot outputs of the PMA-FLOW-FISH preliminary trial for enumeration of

Streptococcus thermophilus (ST55).....uuii i 67
Figure 36 - Absolute fluorescent event values recorded by the flow cytometer...........cccocovveiiiiiineenene 67
Figure 37 - Preliminary trial of PMA-FLOW-FISH method for enumerating Streptococcus

L gaale] o] a1 [V S (S 1) RSP RTR 68


file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147024
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147024
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147024
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147025
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147025
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147026
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147026
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147027
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147027
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147028
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147028
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147028
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147029
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147029
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147030
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147030
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147031
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147031
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147032
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147033
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147034
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147034
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147035
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147035
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147036
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147036
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147036
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147037
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147037
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147038
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147039
file:///C:\Users\Squirrel\Desktop\Masters\Template%20KYLIE%20copy%2011.docx%23_Toc394147039

Vi

List of Tables

Table 1 - Initial settings for the "counting DOX" POSITION. .........ccciiiiiiiiie e 29
Table 2 - Modified “counting DOX” SEHINGS. .......uiiiiiiii e 44
Table 3 - Settings for the “counting box” classifiers to eliminate autofluorescent cells..........ccccccceeveennee. a7
Table 4 - Experimental sample constitution for FLOW-FISH analysis of a Streptococcus

thermophilus (ST55) culture grown in M17 medium and various controls. ..................... 50

Table 5 - "Counting box" settings for the FLOW-FISH method with extra wash steps..........cccccccvevveennnen. 53



Abbreviations

AC

BFM

CFU

Cy3 and Cy5
DAPI
DGGE
DMSO

DNA

DOPE

EMA

FCM

FISH

FITC

FL1 or FL2
FLOW-FISH
LED

M17

MRS

N

PBS

PCR

Pl

PMA
PMA-FLOW-FISH

PNA
PMT
RB

RCA
RNA
rRNA
RSM
RT-PCR
SD

Aerobic count

Agar growth medium for Bifidobacteria sp.
Colony forming units

Cyanine dyes

4',6-Diamidino-2-Phenylindole

Denaturing gradient gel electrophoresis
Dimethyl sulfoxide

Deoxyribonucleic acid

Double labeling of oligonucleotide probes
Ethidium monoazide

Flow cytometry

Fluorescent in situ hybridization

Fluorescein isothiocyanate
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