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ABSTRACT
Objective: Polymerase chain reaction is the most sensitive of all microbiological methods for the detection of microorganisms. It consists of 
enzymatic amplification of DNA. PCR is faster, much more sensitive and more accurate than the culture method. This study investigated 
the occurrence of Actinobacillus actinomycetemcomitans and Porphyromonas gingivalis in the root canals of cleft lip and palate patients.
Methods: Samples were collected from 24 root canals followed by polymerase chain reaction.
Results: A. actinomycetemcomitans was detected in 12.5% and P. gingivalis in 8.3% of the investigated root canals. The method proposed 
in this study was highly sensitive and specific for the direct detection of microorganisms in root canal samples. 
Conclusion: This new molecular-based dentistry provides useful information for clarifying the etiology of root canal microbiota and for 
developing new strategies for endodontic diagnosis and treatment. 
Indexing terms: cleft lip; cleft palate; dental pulp cavity; polymerase chain reaction.

RESUMO
Objetivo: A Reação em Cadeia da Polimerase é um método com alta sensibilidade e especificidade quando comparado com alguns méto-
dos microbiológicos convencionais. Baseia-se na amplificação enzimática de uma sequência especifica de DNA, visando à produção de 
milhões de cópias desta sequência em um tubo de ensaio. Desta forma, recentemente as técnicas de biologia molecular têm sido usadas 
em endodontia pela sua rapidez e eficácia. Portanto, este estudo avaliou por meio da técnica de Reação em Cadeia da Polimerase a 
presença dos micro-organismos Actinobacillus actinomycetemcomitans e Porphyromonas gingivalis de canais radiculares em pacientes 
com fissuras lábio-palatais.
Métodos: Foram coletadas amostras de 24 canais radiculares e realizada a técnica de Reação em Cadeia da Polimerase.
Resultados: Das amostras estudadas, 12,5%  mostraram resultado positivo para A. actinomycetemcomitans e 8,3% para P. gingivalis. O 
método proposto neste estudo foi altamente sensível e específico na detecção direta de amostras clínicas.
Conclusão: A odontologia com base molecular fornece informações úteis para esclarecer a etiologia da microbiota de canais radiculares 
e o desenvolvimento de novas estratégias de diagnóstico e tratamento endodôntico.
Termos de indexação: fenda labial; fissura palatina; cavidade pulpar; reação em cadeia da polimerase.
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INTRODUCTION

Cultures	 have	 traditionally	 been	 used	 as	 reference	
for	 the	 assessment	 of 	 microbiota	 associated	 with	 various	
infectious	 diseases,	 including	 those	 of 	 endodontic	 origin1-6. 

Species	 identification	 is	 routinely	done	with	agar	plates	and	
highly	 diluted	 samples,	 which	 may	 not	 correctly	 represent	
the	sample	in	question.	Therefore,	nonviable	or	uncultivable	
bacteria	 cannot	 be	 isolated	 by	 culture	 methods.	 Recently,	
scientists	have	questioned	if 	cultures	are	indeed	the	reference	
method	for	bacterial	identification1,3-4,7.
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A	 new	 era	 has	 been	 heralded	 for	 diagnosis	
microbiology.	Microorganism	detection	methods	that	detect	
microbial	DNA	rather	 than	 the	microorganisms	 themselves	
have	been	introduced	in	both	research	and	clinical	laboratories.	
These	 methods	 are	 revolutionizing	 the	 knowledge	 of 	
infectious	diseases	by	allowing	effective	and	rapid	diagnosis	
of  many diseases8. Identifying and understanding both the 
etiologic factors and the pathophysiology of  the disease 
process	 comprise	 the	 basis	 of 	 any	 clinical	 treatment.	 This	
knowledge	 allows	 the	 development	 of 	 rational	 solutions	
to	 deal	 with	 the	 problem.	 Since	 endodontic	 diseases	 are	
primarily	of 	infectious	etiology,	finding	the	microbial	species	
involved	 in	 the	pathogenesis	of 	 these	diseases	 is	of 	utmost	
importance9.

Molecular	 methods	 have	 been	 used	 to	 detect	
microorganisms	 that	 are	 impossible	 or	 difficult	 to	 culture.	
Polymerase	 chain	 reaction	 (PCR)	has	 the	highest	 sensitivity	
of  all the microbiological methods for the detection of  
microorganisms10.	PCR	is	an	in	vitro	method	for	replicating	
specific	sequences	of 	DNA.	Starting	from	a	very	low	quantity	
of 	DNA,	 as	 few	as	 just	one	bacterial	 cell,	PCR	amplifies	 a	
billion-fold	a	specific	known	sequence	of 	microbial	DNA	and	
allows	its	detection	by	electrophoresis6.	Since	PCR	is	highly	
sensitive	and	able	to	detect	uncultivable	microorganisms,	it	has	
potential applicability in endodontic research and diagnosis. 

Root canal therapy success depends on complete 
eradication	of 	 the	microflora	within	 the	 root	 canal	 system.	
A	great	deal	of 	research	is	needed	to	identify	and	define	the	
role	of 	 the	pathogens	that	are	 involved	 in	the	pathogenesis	
of 	 periradicular	 diseases.	 For	 instance,	Tannerella	 forsythensis,	
Treponema	 denticola,	 other	 Treponema	 species,	 Dialister	
pneumosites,	 and	 Prevotella	 tannerae	 were	 detected	 in	 infected	
root	canals	for	the	first	time	with	PCR	and	were	found	to	be	
highly	 prevalent.	Moreover,	 other	 bacterial	 species,	 such	 as	
Porphyromonas	endodontalis,	Porphyromonas	gingivalis,	Actinobacillus	
actinomycetemcomitans and some Eubacterium	 spp.	 have	 been	
reported	in	endodontic	infections	more	frequently	when	PCR	
is	used	 than	when	cultures	 are	used	 for	 such	 investigations	
1,4-6,9.

The	purpose	of 	this	study	was	to	assess	the	prevalence	
of  Actinobacillus	actinomycetemcomitans and Porphyromonas	gingivalis	
in root canals of  cleft lip and palate patients using polymerase 
chain reaction.

METHODS

Samples	 were	 collected	 from	 root	 canals	 of 	 24	
teeth of  adult patients admitted to our institution for pain 
management	 of 	 endodontic	 origin.	 Selection	was	 based	 on	
clinical and radiographic examination. All teeth presented 
carious	lesions;	initially,	they	were	cleansed	with	pumice	and	
isolated	with	 a	 rubber	 dam.	The	 tooth,	 the	 clamp,	 and	 the	

rubber	dam	were	cleansed	with	3%	hydrogen	peroxide	and	
then	disinfected	with	 a	2.5%	sodium	hypochlorite	 solution.	
After	 completion	 of 	 the	 access	 preparations,	 the	 operative	
field,	 including	 the	 pulp	 chamber,	 was	 swabbed	with	 2.5%	
sodium	 hypochlorite.	 The	 root	 canal	 was	 dried	 with	 paper	
point. Samples	 were	 initially	 collected	 by	 means	 of 	 #15	
K-type	file	with	the	handle	cut	off.	The	file	was	 introduced	
to	 a	 level	 approximately	1mm	short	of 	 the	 tooth	 apex	 and	
a	 discrete	 filing	motion	 was	 applied.	 Two	 sequential	 paper	
points	were	placed	on	the	same	level	and	used	to	soak	up	the	
fluid	in	the	canal.	Each	paper	point	was	retained	in	position	
for	1	mm.	The	cut	file	and	the	two	paper	points	were	then	
transferred to a sterile microcentrifuge tube containing 0.5 
mL	of 	sterile	water,	and	frozen	at	-20o C for later analysis.

For	 DNA	 extraction,	 microcentrifuge	 tubes	 were	
thawed	and	centrifuged	at	10,000	X	g	for	5	minutes	at	4oC. 
The	 supernatant	was	discarded	 and	 the	 resulting	pellet	was	
washed	2	more	times	with	1	ml	of 	sterile	water.	The	pellet	was	
reconstituted	with	100	μL	of 	water	and	100	μL	of 	InstaGene	
Matrix	(Bio-Rad	Laboratories,	Inc.,	Hercules,	CA,	USA),	and	
incubated at 56o	C	 for	 30	minutes.	The	 samples	were	 then	
vortexed	and	boiled	 for	10	minutes.	After	centrifugation	 to	
remove	 unbroken	 cells	 and	 large	 debris	 (10,000	X	 g	 for	 3	
minutes),	the	supernatant	was	analyzed	by	PCR.

A	total	of 	50	μL	of 	PCR	reaction	mixture	contained	
10	μL	of 	DNA	sample,	5	μL	of 	10	X	PCR	buffer,	1.25	unit	of 	
Taq	DNA	polymerase,	0.2	mM	each	of 	deoxyribonucleotides,	
1.0	 μM	 of 	 each	 primer,	 and	 1.0	 mM	 of 	 MgCl2 for A. 
actinomycetemcomitans	or	1.5	mM	of 	MgCl2 for P.	gingivalis. As 
positive	controls,	isolated	DNA	from	A.	actinomycetemcomitans 
ATCC	29522	and	P.	gingivalis	ATCC	33277	were	tested	with	
the	 species-specific	 primers.	 Ubiquitous	 primers	 were	 also	
used	 as	 a	 positive	 control	 for	 the	 PCR	 amplification.	 For	
each	 set	 of 	 primers,	 PCR	 was	 performed	 on	 sterile	 water	
to	 check	 for	 DNA	 contamination	 (negative	 controls).	 The	
specificities	of 	all	primers	were	previously	investigated11-14	and 
primer	sequences	were	compared	with	similar	sequences	of 	
the	reference	organisms	by	BLAST	search	(http://ncbi.nlm.
nih.gov/blast/).	To	further	test	the	specificity	of 	the	primers,	
total	DNA	 from	both	 aforementioned	bacterial	 strains	was	
used	with	each	of 	the	primer	pairs12,15.

The	 sequences	 of 	 primers	 for	 P.	 gingivalis	 were	
designed	 to	 amplify	 a	 404	 base	 pair	 (sense	 primer	 (5’-
3’):	 AGGCAGCTTGCCATACTGCG,	 antisense	 primer	
(5’-3’):	 ACTGTTAGCAACTACCGATGT),	 and	 for	
A.	 actinomycetemcomitans a 557 base pair (sense primer 
(5’-3’):	 ATGCCAACTTGACGTTAAAT,	 antisense	
primer	 (5’-3’):	 AAACCCATCTCTGAGTTCTTCTTC).	
Ubiquitous	 primers	 were	 used	 as	 a	 positive	 control	
for	 bacterial	 presence	 through	 PCR	 reaction	 and	 were	
designed	 to	 amplify	 a	 602	 base	 pair	 (sense	 primer	 (5’-3’):	
GATTAGATACCCTGCTAGTCCAC,	 antisense	 primer	
(5’-3’):	 CCCGGGAACGTATTCACCG). The	 primer	
sequences	were	described	by	Ashimoto	et	al.12.
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PCR	 amplification	 products	 (9	 μL)	 were	 analyzed	
by	 2%	 agarose	 gel	 electrophoresis.	 The	 agarose	 gels	 were	
stained	with	0.5	μg/ml	ethidium	bromide	and	photographed	
under	ultraviolet	 light.	A	100	bp	DNA	ladder	served	as	the	
molecular	weight	marker.

The	 detection	 limit	 of 	 the	 PCR	 method	 was	
determined	 using	 DNA	 from	 known	 numbers	 of 	 target	
organisms	(10-107 cells	per	PCR	as	determined	by	viable	cell	
counts).

The	 Institutional	 Experimentation	 Committee	 for	
Human	 Experiments	 approved	 the	 protocol	 for	 this	 study	
(protocol	#	019/2006).

RESULTS

All tested samples contained the amplicon of  the 
ubiquitous	bacterial	primers	(Figure	1).	A.	actinomycetemcomitans	
was	detected	in 16.6%	of 	the	cases	(4	of 	24)	and	P.	gingivalis	
was	detected	 in	8.3%	of 	 the	cases	 (2	of 	24).	Figures	2	and	
3	 depict	 representative	 amplicons	 from	 PCR	 analysis	 of 	
the presence of  A.	 actinomycetemcomitans	 and P.	 gingivalis,	
respectively.	Reference	DNA	and	clinical	 samples	 that	were	
positive	 for	A.	 actinomycetemcomitans and P.	 gingivalis	 showed	
only	one	band	of 	557	bp	and	404	bp,	respectively.

Figure 1.		Ethidium	bromide-stained	agarose	gel	of 	PCR	products	from	infected	 
	 root	canals.	Lane	1,	100	bp	DNA	ladder;	 lanes	2-7,	bacterial	DNA	 
	 detected	in	6	samples	using	ubiquitous	primers	(positive	control,	602	 
	 bp);	lane	8,	water	control	for	ubiquitous	primers.

Figure 2.		Ethidium	 bromide-stained	 agarose	 gel	 of 	 PCR	 products	 from	 
	 infected	 root	 canals.	 Lane	 1,	 100	 bp	 DNA	 ladder;	 lanes	 2-5,	 A.	 
	 actinomycetemcomitans	DNA	detected	 in	4	 samples	using	specific	 
	 primers	 (557	 bp);	 lanes	 6	 and	 7,	 failure	 to	 detect	 A.	 
	 actinomycetemcomitans	DNA	in	2	samples;	lane	8,	water	control	for	 
 A. actinomycetemcomitans.

Figure 3.		Ethidium	 bromide-stained	 agarose gel of  PCR products from  
	 infected	root	canals.	Lane	1,	100	bp	DNA	ladder;	 lanes	2	and	3,	P.	 
	 gingivalis	DNA	detected	in	2	samples	using	specific	primers	(404	bp);	 
	 lanes	4-7,	 failure	 to	detect	P.	 gingivalis	DNA	 in	4	 samples;	 lane	8,	 
	 water	control	for	P.	gingivalis.

DISCUSSION

	Oral	 mucous	 membranes	 and	 teeth	 are	 colonized	
by	a	variety	of 	microorganisms,	mostly	bacteria,	but	the	vital	
dental	pulp	is	normally	sterile.	The	most	common	initiators	of 	
pulpal	destruction	are	bacteria.	Studies	have	examined	the	use	
of  PCR to identify endodontic pathogens in root canals5,9,11,16. 

 PCR technique has enabled the detection of  bacterial 
species	that	are	difficult	or	even	impossible	to	culture1-4.	In	addition,	
PCR	 is	 faster,	 much	 more	 sensitive,	 and	 more	 accurate	 than	
culture4,10-11.	Its	use	in	endodontics	to	investigate	the	microbiota	of 	
root	canals	has	expanded	the	knowledge	on	the	bacteria	involved	
in the pathogenesis of  periradicular diseases1,9,11,17-18. 

 Cultures require at least an 8 h incubation of  the sample 
in	the	culture	medium	followed	by	biochemical	and	other	tests	to	
identify	the	microorganism.	The	time	required	for	identification	
can	be	even	longer	for	slow-growing	microorganisms	or	samples	
with	 low	microbial	 counts.	When	 traditional	 culture	methods	
are	used,	laboratories	may	need	7-14	days	to	identify	anaerobic	
bacteria,	while	PCR	can	provide	information	in	only	a	few	days4. 

	Other	 studies	have	also	 found	a	 similar	prevalence	of 	
the pathogens A.	actinomycetemcomitans	and	P.	gingivalis in root canals 
of 	patients	without	cleft	lip	and	palate1,3,6,9,11,17-18.	These	pathogens,	
A.	actinomycetemcomitans and P.	 gingivalis,	 are	 found	 in	endodontic	
infections	more	often	when	the	 infections	are	 investigated	with	
PCR	 than	with	 cultures1,3-7,9,11,17-18.	 This	 study	 has	 demonstrated	
that	PCR	is	an	efficient	method	for	detecting	the	presence	of 	these	
bacteria in infected root canals of  cleft lip and palate patients.

CONCLUSION

Molecular	 biology	 techniques	may	provide	 insights	
into	the	complete	and	complex	microflora	of 	the	oral	cavity	
in	general,	and	particularly	of 	infected	root	canals.	PCR	has	
contributed	significantly	to	the	knowledge	of 	the	root	canal	
microbiota	 by	 allowing	 the	 identification	 of 	 endodontic	
pathogens.	This	may	also	contribute	to	the	development	of 	
improved	treatment	strategies	for cleft lip and palate patients.

Polymerase Chain Reaction Technique
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