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Multiplex Real-Time PCR for Simultaneous Detection
of 6 Periodontopathic Bacteria
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This study utilized an analysis method for detecting six microorganisms, such as Actinobacillus actinomycetemcomitans,
Campylobacter rectus, Porphyromonas gingivalis, Tannerella forsythus, Treponema denticola, and Prevotella
intermedia, triggering periodontal disease, using multiplex real-time polymerase chain reaction (PCR). The analysis
including intemmal control was made by dividing the six species into two groups using four fluorescence dyes, and it
was verified that there was no interference or cross-reaction between the target species and different kinds of oral
microbial species. Qualitative and quantitative analyses were conducted on each microorganism in various samples,
such as saliva and the plaque, using the multiplex real-time PCR and comparative analysis between periodontitis

g

patients and healthy people, revealing obvious differences between them.
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ol ol A== A Agkolth(Zambon, 1996). 2|5
B2 4 Woll Aot thaFst +HAE §9 nAEES| &
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et al., 1999). o|2fgt vH|gjolE2 1HAS T4 FA4
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Garcia et al., 1998; Takamatsu et al., 1999).

2 AFolMe 7 d8L fdske AeE FHe=
Actinobacillus actinomycetemcomitans, Campylobacter rectus,
Porphyromonas gingivalis, Tannerella forsythus, Treponema
denticola 18] 31 Prevotella intermedia 5 652 n]AE(Flemig
et al., 1995; Asai et al., 2002; Han et al., 2005)2 FA 2, A%
Moz Ao BHSIA shgon, olF $ist] 7t ulAEo
5t Eo] primer®} probeS &7 ARES}= multiplex real-time
PCR 7|H& 7|dto = 519t

£ o] B4 i 258 L e o= Actinobacillus
actinomycetemcomitans (KCCM 41632), Campylobacter rectus
(KCTC 5636), Porphyromonas gingivalis (KCTC 5500), Tannerella
Sforsythia (KCTC 5666), Treponema denticola (KCTC 15104),
Prevotella intermedia (KCTC 3692) 5 62 AA3sl9ct ESH
A 2= o] A primerd] o] A& g1sl7] fJste] 17 el EA)
= u|RWEQ] Fusobacterium nucleatum (KCTC 2640), Eikenella
corrodens (KCTC 15198), Actinomyces viscosus (KCCM
41596), Veillonella parvula (KCTC 5019), Capnocytophaga
ochracea (KCTC 3693)E AAstH 1L o] &lo|% Streptococcus
sanguinis (KCTC 3284), Streptococcus mitis (KCTC 3284),
Streptococcus gordonii (KCTC 3286), Campylobacter concisus



Table 1. Oligonucleotide primers used for multiplex real-time PCR

Target microbes Primer name

Sequence (5—3") Product size

PGF catgatcttagcttgctaaggttgat
P. gingivalis 146 bp
PGR tatttccttgtaatatcatgcaataataca
TFF actggtactgagacacggacca
Pset T forsythia gelacteas g8 103 bp
TFR gcagtcatccttcacgegact
TDF cctgaagat, atagctagtaga
T. denticola gaagaigegeatageiagiag 178 bp
TDR ttcaccctctcaggecgga
AAF att tttagccetggt,
A. actinomycetemcomitans seegtiiageeciesie 188 bp
AAR aacccatctctgagttettcttcg
CRF tgcaagtcgaacggagattaagta
Aset C. rectus geaaglegancasds glag 197 bp
CRR accaactagctgatacgatatagect
PIF agtcga; aaacggcat
P. intermedia glegagsagaaaces 160 bp
PIR ctttggtccacgtcagatge
MADFa ctettectectttagagetaccact
Internal control 132 bp
ADHR4 ccaaatcaatccactccgaga

(KCTC 5326), Prevotella nigrescens (KCTC 5407), Actinomyces
odontolyticus (KCTC 5804), Elizabethkingia meningoseptica
(KCTC 2906), Sphingomonas paucimobilis (KCTC 2346),
Pseudomonas aeruginosa (KCTC 1636), Escherichia coli
(KCTC 1041)E 24 2o 2 ARSI 4719 4552
S A EAFAAE| (Korean Collection for Type Cultures, KCTC)
9 S| Y5 E ZAIE| (Korean Culture Center of Microorganisms,
KCCM)ZHE SAAX Hol e AR B e, 34
= 2542 JESTo] DNA $£29) AR89t Genomic DNA
9] &2 Genomic DNA Extraction Kit (Intron, Korea) 2 AR
aheict.

T ol AAlete A8 fd nEE2 R 714
Mo 2 A& AQF o] Bt 9 25 I ol A APEE|o] 24
= 797t gol HE3t 4 o] oz} EAIK o] gt & A+t 1t
Aol A= ol gt EAIEE B Ast] isto] 71E9] Hyt §Ho
2 F2 AM-EE PBS buffer t4lof guanidine isothiocyanate
E FAHEOZ 3= lysis buffers AMES}STE £ lysis buffer?]
A A ARE EE 870 Y= FA] Alxgto] uli]Eof
MZE APEA AT SAlo A2 US| DNase 59 845 EE4
3lsto] DNAE HASH Bad 4= Q=% siEnt.

H Atof| AREH primer?} probeS-2 NCBI data baseo] 5

Table 2. Oligonucleotide probes used for multiplex real-time PCR

E5 Z} #£E2] 16S rRNA gene= INRA multiple sequence
alignment program ©. 2 EX35}o] ArS A F)5HA] FoHA Eof
A NAEE FRE 4 JEE designd} i tH(Tables 1 and 2).
©]9} 37 multiplex real-time PCR HF-3-2] 2 AL E0ls}7]
3t 2449 Adhl geneo] EFH plasmidE A|Z}5}o]
internal control DNAZ A3} 3L, internal control primer2}
probeZE PCR HF2-of 31/ & 7}5}4 ). Internal control plasmid
DNA®} primer= Ctglo] 22-247} € ¢ Y& AL =2 ¢
6151t} Z} multiplex real-time PCROJ|A] internal control©] &
AT CtgkZ A2 A71A & A9 W3 A2y E2 A=
2} DNA & IFoAY o7& &1 & 4= qlrh. Multiplex
PCR9] HI-3 27L& Chamberlain®} Chamberlain®] =&of A]
<9 WES =2 639 +4 vAES TA T = e
Z72 2 A3} 519 tH(Chamberlain and Chamberlain, 1994;
Henegariu et al., 1997).

Multiplex real-time PCRo]| ARE-%E probeE52 Taq man
probe@ &= design = {t}. Zt probeo] F2HE FFHEES ¢
2E7Y] B 52 wetel AR To] AAAL HIEH]
e 452 PSR oot 2 AR Aoz Qlsto]
SLbe] beol A Al B4 B 4 Qe WY gL e 2
3 4= glo v 2 7k k2o internal control¥} 6Z2] B4 tfAt

Target strain Probe Sequence (5—3") 5" Label 3’ Label
P. gingivalis PGP tcgagatgaaagggacgatgtacttca FAM TAMRA
PSet T forsythia TFP tgagatacgtgtattttattgcatgtacct HEX TAMRA
T. denticola TDP tggtgagtaacgegtgggtgacct CY5 BHQ-3
A. actinomycetemcomitans AAP tcgggagacgaaagtgeggga FAM TAMRA
ASet C. rectus CRP gcaaacaggattagataccctggtagtcea HEX TAMRA
P. intermedia PIP agacggcctaatacccgatgttgt CYs BHQ-3
Internal control ICP tcagggcteattttctcgetectea ROX BHQ-2
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TEE 7 3T8E FolA B4t F 579 set (P A se) 2
2 FA3IL) P set2 Porphyromonas gingivalis, Tannerella
Sorsythus, Treponema denticola 5 35S £4 SR s,
A set-2 Actinobacillus actinomycetemcomitans, Campylobacter
rectus, Prevotella intermedia 5 33 54 tjat o 2 sttt

PCR BFS-& 913t EFE9] £ 9 & 30 = stgem, 2
unit®] HS Prime Taq Premix (Genet Bio., Korea)E ARE5}4
t}. Forward®} reverse primer+= Z+ 0.5 uM, probe= 0.06 uM,
2|3 Tris-HCL, KCl, MgCLe] &= 2}z 10.3 mM, 51.3
mM, 2.9 mMo| HEE H7Ist¢la, 2 dE WAs] st
UDG (uracil-DNA glycosylase, ElpisBio, Korea)E 1 unit &7}
stg.om, ANTP % dATP, dCTP, dGTPX 200 mM, dUTPX
600 mM (Solgent, Korea)?] #Z7} HEZE H7I5Ic
Real-time PCR ¥F2-2 #3517 3t AX=Z= Mx3005P
(Agilent Technologies, USA)S AMESlE oM, 2 FHbR] dhA| <t
PCR F-Z @A 2 Vo] 33451l ch 2 @R @A) UDG Yt
= Y8l 50C oA 10E2F FAISHH 21, 0|5 UDGe] 84
512 9131 95C o4 1027 45T PCR 2 BhA/E 94T
oA 40z, 55C ol A] 452, 72°C ol A 4522 403] vlEa}o] &
3L, PCR 5 8hE- o] 5 72°CoflA] 587 {218 post
elongation §H-8-& Sa5Fck. A1AIZE B4 22 Az}el Cglol
w2 o] 2 AX5] 215}e] Nucleic acid spectrophotometer
(ACTgene Inc., USA)E AME3FS] 260 nmof| A SA% T4
£ plasmid copy 422 3L 10° copy?] plasmidE 10
fold serial dilutiond}o] Ctgfo] wE plasmid DNA copy
number®] HEIAE ERIT F A RS Ao FEs1%e
H, A2 Porphyromonas gingivalis®] E&241-& Fig. 19 1
Ehsict

2 dAtollA 1etd 65 X Ad Al v|d=E SAl 4
& multiplex real-time PCRQ] §-84 £4-2 ¢J5}o] PCR HI-&
9] Eo]=(specificity) #4& A5ttt 659 E3 n]dE9]
DNAE ZIZ} 4= 9° 2 PCR template 2 AR50 H|Eo] HE-S-
A= BAE RIS T, o9} A T2 FY L vdE S

30

Ct (dR)

20

0

% 323 Juk v PE 1052 DNAE 4]0]4 DNA template 2
AHEL o] ] Eo] PCR ¥HS WA o B2 slelstar, 11 ATt
£ Table 3o Yeti it} 659 2|5 Ag A9l njgESol o
A= ¢ 5012 ¢l PCR 23S UER 9l o H B 5o]4 vkg-
o] YlES AT 4= AT oFEH tE 5FY =T 74 |
RBEsd Gt v[EE] DNAS disiA= B5o] W&
UERHA] o2 R1E = AU Th(Table 3).
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< WIL2 ARE YFsHAeH ARkl Alge 73R 204
18 AR08 =) 20 9] A2E AHF skl 24 Alst
o 77 Se 1= 217k&3 paper pointE AR-3t] A F5H
o] B4 o] - 7h2 S ARgshe] 10271 S 2 H 871
of wrokr] A| & & AMg-3FT.

A3 B ol gt el A dix2 AES] e &
A 23, AFE 2AEY A9 B S 639 A5
o E BFE Hatshal Qe w, Ctgh 30 OJ3hE vl w2
FER EAET 932 1T S 9IIth(Table 4). o] Hls}
o g 2T MEES] 24 Fihs WA 208 F 147(70%)
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3 43 2% 5 H2 1350] Aejs 54
Hol=Zl o2 Yeltom(X& u|A|A)), EEE= P. gingivalis
@} P. intermedia7} Z}Z} &3 &(prevalence) 70%, 65% = A
Zo 2 A e, T forsythia®} C. rectusol| 4] 100%, 95%
2 giE o ¥ ekt okee 34 thado] Hashy
RE AFAT I FFEY] T 2 FA] gEE 30 o449
CtzhZ Uetio] I 5%71 BA fAEL o] A=t
(Table 4). o]} Z-2 A Ail= 2|5 Ago] X3 Hef whet X
F A% i mEEY =9 759 o] SR
7|29 o2 =RE £ FAMIE Holal Qlok(Simonson et
al., 1992; Wolff et al., 1993; Simon and Rudney, 1999). ¢]=
A7Fst 7} u|AE o] vkt Al R st XF4E &
o ESo] 88t Bt SUske] X A% AHE W
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Fig. 1. A standard curve was generated from the amplification plot of P. gingivalis. A suspension of P. gingivalis cells was serially diluted and

subjected to multiplex real-time PCR.



Table 3. Specificity and cross-reaction between the target species and different kinds of oral microbial species

Microbes

Pg Tf Td Aa Pi Cr

a

Porphyromonas gingivalis

Tannerella forsythia
Target Treponema denticola
species  Actinobacillus actinomycetemcomitans
Prevotella intermedia

Campylobacter rectus

Escherichia coli
Pseudomonas Aeroginosa
Fusobacterium nucleatum
Eikenella corrodens
Actinomyces viscosus
Veillonella parvula

Capnocytophaga ochracea

Negative
control Streptococcus sanguinis
species Streptococcus mitis

Streptococcus gordonii
Campylobacter concisus
Prevotella nigrescens
Actinomyces odontolyticus
Elizabethkingia meningoseptica

Sphingomonas paucimobilis

.
'
.
.

+ + + + + + o+ o+ o+ o+ [+ o+ o+ o+

Abbreviations: Pg, P. gingivalis; Tf, T. forsythia; Td, T. denticola; Aa, A. actinomycetemcomitans; Pi, P. intermedia; Cr, C. rectus; 1C, internal control
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H L= multiplex real-time PCRE o|-&3}9] Actinobacillus

actinomycetemcomitans, Campylobacter rectus, Porphyromonas
gingivalis, Tannerella forsythus, Treponema denticola, Prevotella
intermedia 3 &2 659 F2 AF AL AU vBEE= F
Al A& 4= Sl 24 ol I3t Aol 4719 B E=
£ ARME35}e] internal controld} $HA 3719 #54 Yo 4
e, 24 1‘41”45”1?4*’ E} TR vBE S
239 73 wxl Hhg- S5 ol 2 de]
multiplex real-time PCR-2 E}°“J—]- E2t1 Y ohere ME
i‘cﬂ—;]o-] A= 7+ U]/\g S A, AgFHoz H/_R:]tﬂ- 2= 010—1
oo], A% BRI A7 ARES] ofgt Bl B A3} e
3 Aol WA & 5= et

Table 4. Amount and prevalence of periodontopathic bacteria in patient and normal healthy group by multiplex real-time PCR

Target Pg Tf Td Aa Pi Cr
Average Ct value 26.83 27.79 28.04 33.18 28.29 28.65
Patient (Standard deviation) @*1.71) (*1.72) (*1.89) (4.12) (+1.44) (*1.73)
group  Average copy number 1.5x10°* 8.3x10° 7.0x10° 2.2x10 5.9x10° 4.6x10°
Prevalence (%) 100 100 100 100 100 100
Average Ct value 32.55 31.67 35.69 35.03 33.53 32.59
Nomal (Standard deviation) (+2.95) (+2.33) (+2.60) (#3.49) (*1.86) (£1.81)
group  Average copy number 3.3x107 3.1x107 4.1x10 6.3x10 1.7x10 3.2x10
Prevalence (%) 70 100 80 90 65 95

Abbreviations: Pg, P. gingivalis; Tf, T. forsythia; Td, T. denticola; Aa, A. actinomycetemcomitans; Pi, P. intermedia; Cr, C. rectus
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