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The purpose of this study was to develop species-specific
real-time quantitative PCR (RT-qPCR) primers for use in
the detection of Aggregatibacter actinomycetemcomitans.
These primers were designed based on the nucleotide
sequences of the RNA polymerase 3-subunit gene (rpoB).
We assessed the specificity of the primers against nine
strains of A. actinomycetemcomitans, eight strains (three
species) of the Haemophilus genus, and 40 strains of 40 other
oral bacterial species. Primer sensitivity was determined by
testing serial dilutions of the purified genomic DNAs of A.
actinomycetemcomitans ATCC 33384". Our data reveal that
we had obtained species-specific amplicons for all of the
tested A. actinomycetemcomitans strains, and that none of
these amplicons occurred in any of the other species. Our
PCR protocol proved able to detect as little as 2 fg of A.
actinomycetemcomitans chromosomal DNA. Our findings
suggest that these qRT-PCR primers are suitable for
application in epidemiological studies.

Key words: Aggregatibacter actinomycetemcomitans, rpoB,
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Aggregatibacter actinomycetemcomitans= S|
T Fa3k At R A gler{(Mandell, 1984;
Genco et al., 1985; Zambon, 1985; Asikainen, 1986), &=
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gk AlEA Aldtels A ek B s glek(van
Winkelhoff and Slots, 1999). A. actinomycetemcomitans
+ leukotoxin, cytolethal distending toxin, collagenase,
chemotaxis inhibitor, % lipopolysaccharide 52 &<l
a5 7ML Y= AR A gUek(Kiley and Hot,
1980; Robertson ef al., 1982; Lally et al., 1989,
Ashkenazi er al., 1992; Sugai et al., 1998).

AFAZke] oAstedE Slslice A5 dadd A
T F= AlSskr Aok A= o e e A
o] Adj=ofol gk, AAA of2] Al AEHE Fol
A FFEAAHE (polymerase chain reaction, PCR;
slots et al., 1995; Ashimoto, et al., 1996; Conrads et
al., 1999; Trans and Rudney 1999)# o] H5=lel A7)
ok, DNA Z 2 Y (Kook et al., 2003), 16S ribosomal
RNA §-42H16S rDNA) F24 2 iz dy Su
o Al&4, A4 2 AAA Sela] Bl o8 9
ok, 7129 PCRAYUL A= A4AoR AT 4+ e
U AR er AEsPle oyt avjnE ) HZole A
g AR)7E T34 o1 (quantitative real-time PCR,
gqRT-PCR)% °]&slo] A4 2 Aoz Aits &
oA Asee ol ARk et

PCR % qRT-PCR®] AJ&= #laixle SA4+A7F 3lo]
of gt} Al 738H4 Zwo|4] DNA-DNA hybridization
B3 @7 16S 1DNA HAkd7|A A wladAyg2 Alds
T Fro® S5k dl F23k 7I5e] Hok(Krieg, 2001).
53], 16S tDNAS| 47| F Zloll & HBEol
Hof 7] witell FAEAA b Zetolul S AAl
Adbsls ol F83 34 FAAE ARET e skA
ah, 54 7] AakdriA e AsAel mi- fraksled]
Algte] & grollxle] ARl obel FRtaAdsks
Zefolmfe] AA7} o 57 etk 2 16S rtDNA
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5 tHAlSle] DNA-dependent RNA polymerase beta
subunit AR (rpoBy} AlTe] & U olF Tl &
Aol AHg-=]31 th(Drancourt and Raoult 2002; Khamis
et al., 2004; Kim et al., 1999; Kim et al., 2010; Ko
et al., 2002). 122 2 A= AFA3e] Fe3} ¥
A Al F sl A actinomycetemcomitans®] & 4+
TollAe] FEA AE= 913 qRT-PCR Zefo]wE A
sk7] fIste] Alaskodrt.

EERTT

Al g Al el g

2 ool AREEl EFES Table 13 3t} o5
T=+ ATCC (American Type Culture Collection, USA),
CCUG (Culture Collection, University of Goéteborg,
Sweden) % KCTC(Korean Collection for Type Cultures,
Biological Resource Center, KoreallA T%isle] AR5
gt 2Ela, geelalx EEE TS e
n]A-Ex}-]-23) (Korean Collection for Oral Microbiology,
Gwangju, Koreayll4] #-okito} 212519

A. actinomycetemcomitans 775+ 0.6% yeast extract,
5% horse serum, 75 pg/ml bacitracin %! 5 pg/ml vancomycin
(Sigma, USA)°] 7}l tryptic soy broth(TSB, Difco
Laboratories, USA)lA] wloksldct. Haemophilus spp.
52 0.5% yeast extract, 0.5 mg/ml hemin = 2 ug/
ml vitamin K7} 37kl TSB wA|olA], A5
Todd Hewitt broth(TH broth, Difco Diagnosticsyil4] ¥l
okstdrt. 1o 552 TSB(trypticase soy broth)ol]
0.5% yeast extract, 0.05% cysteine HCI-H,O, 0.5 mg/
ml hemin % 2 pg/ml vitamin K7} 715 wlix]o] »l
¥t} Haemophilus spp. . Streptococcus spp. T3~
=2 37°C 3714 AlteleF7](ThermoForma, USA)l|A]
wjoksllon, 129 BE #5552 85% N, 10% CO,,
5% HyF 355+ 37°C 3714 Alivieodr] (Bactron 1,
Sheldon Manufacturing Inc., USAyPlA vl ofFsl3ict.

AlE AE DNA 5

At2] 2% DNAE-S G-spin' Genomic DNA Extraction
Kit(iNtRON Co., Seoul, Korea)s ©]-gslo] #|=3]A}l]
A Aol whel FEoloder. =, Al ek 15mlE
10,000 x o] A5 o]&sle] Atz &gt o5 50 pl
2] Pre-incubation solution®} 3 ul¢] lysozyme solution
< Y Z E33 o 37°ColM 1A17E Bt ikl
t}. o}7]e] 250 ple] G-buffer solutions P =& &3t
gk o 65°CellA] 1537 k341713, 250 ple] Binding
solutions 91 Z &3l vk vortexingsF3ict. o]=3k

cell lysates® G-spin' " columnel] 23 13,000rpmoll 4] 1
H7F AR5k}, Columnel] 500 ple] washing buffer

T 9 o 1ExE Aol o7]el 500 piel
washing buffer BE Y thA] 1327k AlEe]sla, G-
spin " columnS A% eppendorf tubecll P 100 ulo]
elution buffers Y31 14F Aol WEAJgl thg- 13,000rpm
of A 17k Al skt

qRT-PCRZ 2}o] =] 2] A A

A. actinomycetemcomitans®] rpoB 415371414 (GenBank
accession no. AY362930ys H}&->Z PrimerSelect =21
2 (DNASTAR Inc., USA)S ©]€3lo] qRT-PCR Zz}o|w
= AAlsll e o3t Zrh; forward primer (Aa3-F),
5’- GGC GAG CCT GTA TTIT GAT GIG CG-3’; and
reverse primer (Aa3-R), 5’- GIG CCC GGT GCT GCG
TCT TTG-3’. A5+ PCR S3F52] =7+ 113 bpe]
t}, olu] AAE primer %2 Bioneer*H(Daejeon, Korea)

ol ol=lsje] Al=talel

qRT-PCR Z gto|u| 9 F-5o|l4 AF

gRT-PCR Zz}o|™(Aa3-F/Aa3-R)e| A. actinomycetem-
comitansoll N F-5o]4d2 Al PCRHS ]84
of AXJslglen], o= AccuPower® PCR PreMix(Bioneer)
2 MyGenie™ 96 Gradient Thermal Block(Bioneer)S-
o] g3l AAJsledrt. PCR Hbg- &3H&-lo] 20 u7| =
EE 20 pmolesd2] Aa3-F/Aa3-R Zzlo|u|e} 4nge] Al
T 44 DNAS 9L 95°Cell4 1087} predenaturation,
95°CellA] 1027} denaturation, 72°Col|4 3027} annealing
7} extension = 303] A3t PCRe| £ £
20 o] WESE F 10 uks Tris-acetate buffer (0.04 M
Tris-acetate, 0.001 M EDTA, [pH8.0])5 Hsidz A4
ShAL 1.5% otz AL wiA= o] g4 100VellA 15
B7F A719-E531et. $E5S ethidium bromide® 34
sled UV transilluminator® A of -5 3kol5}3ict,

qRT-PCR

gRT-PCRE- u}o] 21 o}l (Bionner, Korea)®] AccuPower”
GreenStar™ qPCR PreMix % Exicycler™ 96 Real-Time
Quantitative Thermal Blocks A}&3}o] AA]51ict, PCR
PreMixol] forward % reverse Zzlolm™ 72t 60 pmoles
o} Al 42 DNAE PCR tubeoll €3, PCR PreMix
kil 5%% DEPC waters go] 2% Hkg-Eo] 50 u7k
=% 3 & %3] voltexingslirt. qRT-PCR 2712
95°Coll4] 10527} predenaturation A3 & 95°Coll4 10
27} denaturation, 72°Cell4] 3057} annealing?} extension
SkaL, scanningsl= A2 453] M-8 ™, melting
curve 42 60~94°Coll4] 1°CH 122} A5kt
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Table 1. The bacterial strains used in this study

Species strains

ATCC 33384, ATCC 43717, ATCC 43718, KCOM 1299, KCOM 1300, KCOM 1302,
KCOM 1304, KCOM 1306, KCOM 1308

ATCC 33389", KCOM 1287, KCOM 1288, KCOM 1289, KCOM 1290
ATCC 292427, KCOM 1297

Aggregatibacter actinomycetemcomitans

Haemophilus aphrophilus
Haemophilus paraphrophilus

Haemophilus parainfluenzae ATCC 33392"
Neisseria sicca ATCC 29256"
Neisseria subflava ATCC 49275"

Neisseria meningitidis
Neisseria mucosa

ATCC 13077"
ATCC 19696"

Actinomyces georgiae CCUG 32935"
Actinomyces odontolyticus CCUG 20536"
Actinomyces israelii ATCC 12102"
Actinomyces meyeri CCUG 21024"
Actinomyces naeslundii CCUG 35333"
Porphyromonas gingivalis ATCC 33277"
Porphyromonas endodontalis ATCC 35406"
Prevotella intermedia ATCC 25611"
Prevotella nigrescens ATCC 33563"
Tannerella forsythia ATCC 43037"
Campylobacter rectus ATCC 33238'
Capnocytophaga gingivalis ATCC 33624"
Capnocytophaga ochracea KCTC 5787"
Capnocytophaga sputigena KCTC 5789"
Propionibacterium propionicum KCTC 5342"
Propionibacterium acnes KCTC 3314"
Rothia dentocariosa KCTC 3204"
Selenomonas artemidis KCTC 5742"
Selenomonas noxia KCTC 5749"
Eubacterium limosum KCTC 2487"
Fusobacterium nucleatum ATCC 25586"
Fusobacterium necrophorum ATCC 25286"
Fusobacterium periodonticum ATCC 33693"
Fusobacterium canifelinum CCUG 49733"
Fusobacterium simiae CCUG 16798'
Leptotrichia buccalis CCUG 34316"
Streptococcus gordonii CCUG 33482"
Streptococcus anginosus ATCC 700231"
Streptococcus intermidius KCTC 3268"
Streptococcus constellatus ATCC 27823"
Streptococcus mitis KCTC 3556"
Streptococcus mutans ATCC 25175"
Streptococcus oralis CCUG 13229"
Streptococcus parasanguinis CCUG 30417"
Streptococcus pneumoniae CCUG 28588"
Streptococcus sanguinis CCUG 17826"
Streptococcus sobrinus ATCC 33478"
Veillonella parvula KCTC 5019"

ATCC, American Type Culture Collection; CCUG, Culture Collection, University of Goteborg; KCTC, Korean Collection for Type

Cultures; KCOM, Korean Collection for Oral Microbiology.
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2 I

A. ctinomycetemcomitans®] 71Z= 93] AAH RT-
PCR Zz}o|v](Aa3-F/Aa3-R)2] F-5o|4< dukel PCR
Ho gz ZARRE A3}, A actinomycetemcomitans (Gl
T 35 B YAEF 67 plAnk 113 bpol PCR S5+
B RIS 4= QIRaL 3E(8FT)e Haemophilus spp.
774 W o AIEEE0 F 40TFplx= PCR 535
= BRlEA] ket (Table 2).

L olFollA] qRT-PCRE F33}o] qRT-PCR Zz}o]w
(Aa3-F/Aa3-R)9] Standard curveo} ZHAEHZII=E =7

%

o

2
N

o

Table 2. Smmary of the results of specificity test of the Aa3-F/
Aa3-R primers

Genus and species (no. of strains tested /no. species) rpoB

Aggregatibacter atinomycetemcomitans (9/1) +
Haemophilus spp. (8/3) -
Neisseria spp. (4/4) -
Actinomyces spp. (5/5) -
Porphyromonas spp. (2/2) -
Prevotella spp. (2/2) -
Tannerella forsythia (1/ 1) -

517) Y8 A. actinomycetemcomitans ATCC 33384'¢] -
AA DNAS 40ngh¥l 4fg7bA]l 105414 3]4 3510 A
g3k A3 2 fgriA] AEEE Ae el 4 Ut} (Table
2% Fig 1)

il

1]

E of o4l AAIE Aa3-F/Aa3-R Zzlo]wE qRT-PCR
oll &Jall A. ctinomycetemcomitans A5 DNAE 4 fg7}A]
FT-5olAer AT F U= & F U A actino-
mycetemcomitans®] A AF 2717} 2.1 Ml A& AL
2313, Aa3-F/Aa3-R Zzlo]n] 42 qRT-PCRHel |3
A. actinomycetemcomitans 1.7 Tl |Dsl= AlTE A
& DNAZHA= ZZe] 7kt As ofnghet.

Aa3-F/Aa3-Re| 47 A] PrimerSeclect =2 180l 4] A|
A8l optimal annealing temperature(OAT )= 56.5°Cch
(data not shown). 3}x|ut, 2 AlgAle] 73gof ofspd A

Table 3. Determination of C; value for a dilution series of 40 ng of
genomic DNA of 4. actinomycetemcomitans ATCC 33384

Cell number correspond-

Campylobacter rectus (1/1) - Genomic DNA amount ing to DNA amout Cr

Capnocytophaga spp. (3/3) - 40 ng 1.7 x 107 11.43
Propionibacterium spp. (2/2) - 4ng 1.7 x 10° 14.47
Eubacterium limosum (1/1) - 400 pg 1.7 x 10° 17.91
Rothia dentocariosa (1/1) - 40 pg 1.7 x 10* 21.15
Selenomonas spp. (2/2) - 4 pg 1.7 x 10° 2461
Fusobacterium spp. (5/5) - 400 fg 1.7 x 107 28.42
Leptotrichia buccalis (1/1) - 40 fg 1.7 x 10' 31.63
Streptococcus spp. (11/11) - 4fg 1.7 x 10° 36.13
Veillonella parvula (1/1) - 0 0 ND

Ct

(@)

Cycle

(b)

Fig. 1. (A) Standard curve and (B) minimal limit of detection obtained by qRT-PCR using the Aa3-F/Aa3-R primers from 10-fold serial dilu-
tions of genomic DNA of A. actinomycetemcomitans ATCC 33384 range from 40 ng to 4 fg.
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Al PCRolA ##2] annealing temperature= ©]¥.ct} 5-
12°C A% %S4HKim ef al., 2005; Shin er al., 2010).
2 dFolM= OATE T517] S5k, A. actinomycetemco-
mitans ATCC 33384'¢} Haemophilus aphrophilus ATCC
33389" 779 A% DNAE °]83}od 61-72°C AbolollA]
1°C 7F422 gradient PCRE AA|3F 73}, annealing
temperatures 72°CE A3}l rh(data not shown).

Z<= lipopolysaccharide®] A3 ol Hofsls §4
% 3h4’l 3-deoxy-D-manno-oct-2-ulosonic acid transferase
AR waad) A7 D-S vl 2 A actinomycetem-
comitanse HAE=Z 4 ST qRT-PCRHe] Hi=dct
(Hyvérinen et al., 2009). o] A+ A3} 4715 qRT-PCR
Zefo|we] mIZtEE oF 40{gS® TagMan ZEHH-3S
o]&gt gRT-PCRE A|&)ek Zlololet. o]2fdt A& 7aket
wf, 2 ool sk Aa3-F/Aa3 Zzlo]od-> Hyvirinen
ol et A B AAF oA o =2 wF=EE A4
actinomycetemcomitanss Zsh= d A7l & Aol
2} Azt

2 oA olX A actinomycetemcomitans %= $13F %
2 FAXZ rpoBT  Escherichia coli®] SA37144
(4,026bpye 7IEo2 ofE] AlEFETe] 7|42
AEA A g A oo BER 4Tt 2E Afeld]
he] AsAe] "olxle o] gle Ao A 3l
th(Severinow et al., 1996). =3, rpoB+= 16S rDNAZ}
7o) A FHlolA] 22 Al Foll S8l 1
= 7ol dakd7IAge] & BEs]o] gl 16S rDNAY
o Seds|Aede] o 3 A 2ol AT Ee) Aol
o] Ar}, a¥jrE gkog XA FEY 7Y % il
714 A 7ol & o] wHEHAl Ho Be Al F
Foll ek rpoB A4 dlolElr} Bhi
=] 9FobA 16S rDNAE tHAlS rpoB7t Al
5 7I5she shel Fedl 7o) E sl R Az

ool AT ATE okel, £ AT A actinomy-
cetemcomitans 7dZ= 93 7 qRT-PCR Zz}o|
(Aa3-F/Aa3-R)x= SYBR greens ©]-83F qRT-PCRHLZ
Al 1.7 v E A5+ e REE ztow,
Haemophilus spp-5 X33 4359 vh& 77+ W AtE
1759 A% DNAe|| thgh axpikgo] giglr] whell %]
FAsIe] Asteltoll 4. actinomycetemcomitansS -
Soon A2E o A8 4 9T Ao Au.

o2 03“_,

o

M
1.4_&

“Ate] 2
o] =2 20094= AF-(@sHshr|eR)e] Adoz
]_
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