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Abstract	
	
Diego	Mora	
L’impiego	 della	 citometria	 a	 flusso	 nella	 microbiologia	 alimentare	 non	 si	 limita	 alla	 sola	
quan;ficazione	delle	cellule	microbiche	nonostante	la	corre?a	valutazione	di	questo	parametro	
sia	 tu?’altro	 che	 scontata	 in	 ambito	 microbico	 dove	 le	 morfologie	 cellulari	 e	 le	 stru?ure	 di	
aggregazione	possono	essere	molto	complesse.	Queste	complessità	si	sommano	alla	difficoltà	
di	 stabilire	 la	 vitalità	 delle	 popolazioni	 microbiche	 in	 cui	 la	 componente	 vitale-ma-non-
col;vabile	può	avere	importan;	risvol;	sia	in	termini	di	qualità	che	di	sicurezza	nel	caso	siano	
coinvol;	microorganismi	 patogeni.	 La	 citometria	 a	 flusso	 viene	 impiegata	 anche	 per	 valutare	
diversi	parametri	cellulari	u;li	per	descrivere	aspeG	della	fisiologia	microbica,	quali	il	potenziale	
di	membrana,	l’integrità	della	membrana	cellulare,	il	pH	intracellulare	e	l’aGvità	dei	sistemi	di	
efflusso	coinvol;	in	meccanismi	di	resistenza	a	molecole	ad	aGvità	an;microbica,	la	capacità	di	
aggregazione	e	interazione	tra	cellulare	anche	tra	specie	microbiche	diverse.	La	presentazione	
sarà	 focalizzata	 sulle	 applicazioni	 in	 ambito	 microbiologico	 alimentare	 e	 probio;co	 delle	
applicazioni	di	citometria	a	flusso	sopra	elencate.	



•  Cell	coun;ng	

•  Cell-cell	metabolic	interac;ons	

•  Cell-sensi;vity	to	toxic	compounds	

•  Quality	control	on	probio;c	mul;-strain	formula;on	

Flow	cytometry	applica:ons	in	Food	Microbiology	

•  Cell	physiology	

•  New	protocols	for	strains	isola;on		
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nAFc

Dc not	yet	comparable	to	the	plate	coun;ng	…	

viable	count	is	oTen	higher	than		plate	coun;ng	…	

Cri:cisms	…	

Probio;cs	and	lac;c	acid	bacteria	cells	grown	as	
single-cell,	chains,	aggregates,	pleomorphic	cells.		

Bi
fid

ob
ac
te
riu

m
	lo
ng

um
	

Bifidobacterium	bifidum	

Streptococcus	thermophilus	

Sample	prepara;on	is	extremely	cri;cal	and	oTen	
species/strain-dependent	



Buffer Product/Lot n. %nAFc 
 

A Product 1 36% 

A Product 2 14% 

B Product 1 13% 

B Product 2 7.5% 
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Product 1 Prodcut 2

Product 2Product 1

Buffer A

Buffer B

The	choice	of	the	buffer	
where	cells	are	suspended	
strongly	affects	the	%	of	
dead	and	damaged	cells	



Flow	cytometry	data	should	be	interpreted	as	follow:	
Fc	(ac;ve	fluorescent	units)	should	be	considered	live	cells,	i.e.	able	to	growth;	
Dc	(damaged	cells)	should	be	considered	injured	cells	not	dead	and	poten;ally	able	to	growth;	
nAFc	(non-ac;ve	fluorescent	cell)	should	be	considered	dead	cells.	
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Fc	

nAFc	

Dc	

Mul:-paramtetric		fast	
quan:ta:ve	analysis,	

no	taxonomic	informa:on	
can	be	obtained	by	FCM	

Live	and	dead	cell	count	in	a	
Mul:-Strain	Probio:c	formula:on	

							Unknown	rela;ve	
abundance	 of	 the	
species	 in	 each	 flow	
cytometry	popula;on	

?	?	

?	



Fc	and	nAFc	
popula;ons	have	
been	sorted	

Lot	N.	606035	

Cell	sorted	have	been	subjected	to	DNA	extrac;on	and	
qPCR	assay	for	the	quan;fica;on	of	the	rela;ve	
abundance	of	each	species	in	the	probio;c	formula;on	

dead	cells	
2,88	106	sorted	events	

live	cells	group	B	

1,0	106	sorted	events	

live	cells	group	A	

6,6	105	sorted	events	



live	cells group A

dead	cells

live	cells group B

species	1	
species	2	
species	3	
species	4	
species	5	
species	6	
species	7	

Quan:fica:on	of	the	rela:ve	abundance		of	each	species	in	each	sorted	popula:on	



•  Cell	physiology	

CO2,	pyruvate,	formate,	

amino	acids,	H2O2	

pep;des,	putrescine,	purine	

folate,	long	chain	fa?y	acids,	
ornithine	

lac:c	acid	

lac:c	acid	 urea	

?	
pHin	

urea	

urease	
2NH3	

modula;on	of	pHex	 pHin	

pHin	

2NH3	

ò[iron]in	

Yogurt	consor;um	
(Streptococcus	thermophilus-Lactobacillus	delbrueckii)	
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membrane	phospholipid	bilayer	

cFDAse	

cFDAse	

Intracellular	esterases	

cFDA	

2nd	 Fluorescence	 intensity	 is	
pH-dependent	

1st	Only	cells	having	ac;ve	
esterase	were	stained	
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FSC	- A

S.	thermophilus	intracellular	pH	varia;on	



pHin	6.3	

pHout	6.3	

FSC	-	A	

cF
SE
	fl
uo

re
sc
en

ce
-A

	

T0	
1

2
pHin	>7.8	

pHout	8.5	
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urea

?
pHin

urea

urease
2NH3 modulationof pHex pHin

pHin

2NH3

S.	termophilus	urease	ac:vity	increase	the	intracellular	pH	
of	L.	delbrueckii	in	the	yogurt	consor:um	...	

Gate	1	(S.	thermophilus	– urease-posi;ve	not	labelled)	
Gate	2	(L.	delbrueckii	– urease-nega;ve	cFDAse	labelled)	
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S.	termophilus	

… the	flow-cytometry	approach	allowed	the	measurement	of	intracellular	pH	in	
S.	termophilus	and	L.	delbrueckii	in	milk	due	to	urea	hydrolysis	or	NH3	alkaliza;on	



… the	flow-cytometry	approach	allowed	the	measurement	of	intracellular	pH	in	
S.	termophilus	and	L.	delbrueckii	in	milk	due	to	urea	hydrolysis	or	NH3	alkaliza;on	
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•  Cell	sensi:vity	to	toxic	compounds	

Efflux	pump	efficiency	in	S.	thermophilus	(Ethidium	bromide	as	probe);	

Listeria	monocytogenes	sensi;vity	to	essen;al	oils	
(SYBR	Green	I	and	PI);	

Promysalin	mechanism	of	ac;on	(SYBR	Green	I	and	PI);	



Ethidium bromide efflux 
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Ethidium bromide (EtBr) efflux was 
assessed by flow-cytometry. 
 
Cells were loaded with ErBr and the 
efflux was monitored by flow-cytometry 
energizing the cells with lactose. 
 
The fluorescence signal of EtBr was 
increased staining the cells with 
sybergreen before the flow-cytometry 
analysis. 

30 min 

EtBr efflux 

Efflux	pump	efficiency	in	S.	thermophilus	(Ethidium	bromide	as	probe);	



0 min 15 min 30 min 

MIM20 (wild-type + empty vector) 
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Ethidium bromide fluorescence (Red) 

sub-populations 
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MIM27 (overexpression of pmrB) 
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Ethidium bromide fluorescence (Red) 

sub-populations 
1 

2 

Ethidium bromide efflux revealed a 
heterogeneity of PmrB in a genetically 
homogenous background 



  Membrane permeability 
AFU FL3 

Membrane potential 
AFU FL1 

  

 T0  988 8860 
      

 Control  1230 34766 

 Thymol  2869 39777 

 Carvacrol 3102 31171 

 Thymol + Carvacrol 17153 29127 

    

55°C 

55°C 

RR	

Control  

Alive 92.3% 

Injured 6.5% Dead 1.2% 
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Control 

Alive 76.4% 

Injured 21.8% Dead 1.8% 

P
I f

lu
or

es
ce

nc
e 

Thymol 

Alive 84.7% 

Injured 14.4% Dead 0.9% 

Thymol 

Alive 37.8% 

Injured 59.8% Dead 2.4% 

Carvacrol 

Alive 47.3% 

Injured 50.9% Dead 1.8% 

Carvacrol 

Alive 3.9% 

Injured 87.9% Dead 8.2% 

Thymol + Carvacrol 

Alive 0.20% 

Injured 80.3% Dead 19.5% 

Thymol + Carvacrol 

Alive 0.0% 

Injured 12.3% Dead 87.6% 

SYBR-Green fluorescence 

SYBR-Green fluorescence 

Exposition to Thymol 50 mg/l and/or Carvacrol 50 mg/l, at 50°C or 55°C for 30 min 

  Membrane permeability 
AFU FL3 

Membrane potential 
AFU FL1 

  

 T0  988 8860 
      

 Control  1786 53636 

 Thymol  3675 34763 

 Carvacrol 9608 27404 

 Thymol + Carvacrol 18223 28015 

    

50°C 

•  Viability vs Cultivability 

•  Recovery of VBNC cells 

Listeria	monocytogenes	sensi;vity	to	essen;al	oils	



Promysalin	mechanism	of	ac;on	(SYBR	Green	I	and	PI);	
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Promysalin	 is	 a	 salicylate-
containing	 Pseudomonas	 pu&da	
an;bio;c	 ac;ve	 against	 Gram-
nega;ve	and	Gram-posi;ve	bacteria	
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2	(88	%)	

3	(0,2	%)	

4	(98	%)	

6	(35	%)	

7	(92	%)	

8	(54	%)	

5	(15	%)	promysalin	
(99	%)	

Chemical	synthesis	of	

promysalin	deriva;ves	

revealed	that	

the	salicylate	fragment,	

the	dehydroproline	

moiety,	and	the	

myristamide	chain	are	

confirmed	mandatory	

to	maintain	the	cell-

membrane	damage		

Kaduskar		et	al.,	2017	Scien;fic	Reports	7:	8861		



•  Quality	control	on	probio:c	mul:-strain	formula:on	

i)  be	taxonomically	defined;	

v)  and	ideally,	should	be	controlled	for	probio:c	molecular	markers;		

ii)  have	a	reproducible	composi:on;	

iv)  contain	viable	cells;	

iii)  be	safe,	no	transferrable	An:bio:c-Resistance	Genes;	



cFDA	fluorescence	

+	10	mM	Urea	

urease-posi;ve	
popula;on	

C	

O	

NH2	2HN	

C	

O	

OH	2HN	 +	NH3	

NH3	+	CO2	

urease 
EC 3.5.1.5	

spontaneous	

urea	

Intracellular	esterase	ac:vity	

Intracellular	pH	increase	

cFDAse	–	based	cell	count	in	a	Mul:-Strain	
Probio:c	formula:on	

G3	

Flow-cytometry	based	assay	could	help	to	evaluate	probio;c	marker	…	giving	also	a	
taxonomic	informa;on	



cFDA	fluorescence	

the	rela;ve	
abundance	of	each	

strains	was	
quan;fied	by	qPCR		

sorted	

iii)	Further	characteriza:on	of	a	mul:-strain	probio:c	product	
	

low	ac;ve	
cells	

high	ac;ve	
cells	



cFDA	fluorescence	

species	1	

species	2	

species	3	

species	4	

species	5	

species	6	

species	7	

same	strains	
in	two	different	

physiological	state	



S.	thermophilus	
(physioState-B)		

S.	thermophilus	
(physioState-A)		

cFDA	fluorescence	

2	µm	

2	µm	

phase	contrast	
microscope	

images	

physioState-B	

physioState-A	

fluorescence	
microscope	
images	



•  New	protocols	for	strains	isola:on		

Isola;on	of	lac;c	acid	bacteria	from	vaginal	swab	samples,	
to	be	further	selected	for	probio;c	applica;ons	

Dilu;on	and	pla;ng		
•  is	;me	consuming;	
•  several	dilu;ons	must	be	plated	to	allow	single	

strain	isola;on;		

FACS-based	strain	isola;on	
•  rapid;	
•  strain	colony	well	separated;	
•  strains	could	be	easily	screened	by	colony	morphology	



SYBR Green I-stained vaginal Swab02 
suspension 

Flow cytometry and cell sorting 

27	

FACS	ga;ng	

Non-compensated	

+SYBR	Green	I	
37°C	

BD	Accuri	C6	Plus:	triggers	on	FSC-H	(threshold	level:	3,000)	and	SSC-H	(threshold	level:	1,000)	
Workspace:	FACSJazz_2018	→	Mora_Ac;alFarmaceu;ca_Swabs_2018	→	2018-10-10&11_Swabs.ci	
Density	plots.	Unstained:	74,838	evts/50	µL	(1497	evts/µL);	Stained:	145,741	evts/50	µL	(2915	evts/µL)	
	
BD	FACSJazz:	Trigger	on	SSC-H,	threshold	level:	1.58	(log)	
Density	plot.	Stained:	10,000	evts	
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… thanks	for	
your	aQen&on	

Diego	Mora	–	diego.mora@unimi.it	
Dipar&mento	di	Scienze	per	gli	Alimen&	la	Nutrizione	e	
l’Ambiente,	DeFENS,	Università	degli	Studi	di	Milano	


