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ABSTRACT

Objectives: The purpose of this study was to compare SYBR Green gPCR, TagMan, and bacterial selective
medium cultures for accurate quantitative analysis of oral microorganisms. Methods: The SYBR Green
method is widely used to analyze the total amount of oral microorganisms in oral saliva. However, in this
study, MTR-PCR method based on TagMan method was performed using newly developed primers and
probes. In addition, it was designed to confirm the detection agreement of bacteria among bacteria detection
method. Results: As a result of MRT-PCR and SYBR Green qPCR analysis, more than 40 times (0.9-362.9
times) bacterium was detected by MRT-PCR. In addition, more bacteria were detected in saliva in the order
of MRT-PCR, SYBR Green qPCR, and bacterium culture, and the results of MRB-PCR and SYBR Green
gPCR showed the highest agreement. The agreement between the three methods for detecting P. intermedia
was similar between 71.4 and 88.6%, but the agreement between MRT-PCR and SYBR Green qPCR was
80% for S. mutans. Among them, the number of total bacteria, P. intermedia and S. mutans bacteria in
saliva was higher than that of SYBR Green qPCR method, and bacterium culture method by MRT-PCR
method. P. intermedia and S. mutans in saliva were detected by MRT-PCR and MRT-PCR in 88.6% of
cases, followed by the SYBR Green qPCR method (80.0%). Conclusions: The SYBR Green qPCR method
is the same molecular biology method, but it can not analyze the germs at the same time. Bacterial culturing
takes a lot of time if there is no selective culture medium. Therefore, the MRT-PCR method using newly
developed primers and probes is considered to be the best method.
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o
| tod 773 W AJEiv epellofl A 23 Ald-& HED 4= 7 = AT 71
AN & Alet-o] EA RS SRlek= 42491 W

= 7FAAL UAT, 2|2l real-time PCRO| EF&|o] QQ14to] EAjIH-E
AE ZAREC =M HeF2] FA7IR = 7155 8], 551 /349 nil=
S A A AHES{Real-time polymerase chain reaction, RT-PCR)H .S
T o, nj=to] =7 o]5kE-Ak - AT (National Library of MedicineNational Institutes of
Health, NCBI)®l| ]A2-2] DNASZ% 3} Probe Method 5-0] E538}o] F-= & o] Z1HPH O] A12]A]
o] R &|21tH9,10]. ©]2I¢t Real-time PCR =™ SYBR Green quantitative polymerase
chain reaction (SYBR Green qPCR) 7} Tato]m 4 0]9] 9] 3] WA 7|4 F E9o| Probe2
7}et TagMan'H © 2 L 7] &= qhet,

2 0] 42 TagManH2 7|2 & sto] FAIAQI tht HEH 0 =4 o] F{11]°] /IR thF
AAFE R E A ARG R (Multiplex real-time polymerase chain reaction, MRT-PCR) A|AELS
kg-otod Bfel] U th3224Q1 2|52k} X|oke-A S-S -F o= ERRA 21 Prevotella intermedia
(P. intermedia) S} Streptococcus mutans (S. mutans)®] S e T30 At THS ez
SYBR Green gPCRH(SYBR Green'#]) W TH o JAJH 2k =5(Bacteria colony forming

units, BCH) T 1 5574 WA= H8/4& vl F71soirt.
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2. Multiplex Real-time Polymerase Chain Reaction

TagMan'H-& 7[9tC & 5= MTR-PCR'H> Al=0]| PCR 1 F S@ollA ARE == ZetolH
(primer) & T2 H(0]X]H2] 2, YD Life Science, Gyeonggi, Korea)E ©]-85}o] A|Pst3ict. &,
oA ZFS EHl 5 1 mlE Hat of| ¥l ' = I 7.5 (eppendorf tube, e-tube)ol] 7! & <20l 4]
45 YAEE71E 085141 12,000 rppmollA] 10 E7F AAEe]et 5, JHH Al (pellet)= w2]of
Atk Pellete]] Q14HHE-21H4~(posphate buffered saline; PBS, pH 7.2) 1 ml 7} % &8 A(vortex)
£ olgato] &} g F Aol A YAEE](12,000 rpm, 10 min)g 7 A45H-2 HZ]| 1L pelletS &
Qlct. Pelleto]l 100 ul Direct PCR buffer (GeNet Bio, Daejeon, Korea)S 3715}k vortexing St
&2l A 10 23 HFSAIZITH 2+ 7HA © & vortexing ). 71 9 HFg-8-S Aol A 47 94
2715 0185191 12,000 rpmelA] 10 27+ QA2 efsto] A5 ArtS Fste] Bl Wi Al A5 ¢
of| A8}, TagManiS 7|9Eo 2 SF MRT-PCR-2 GeNet BioAKKorea)®] HS prime qPCR
premix (for TagMan Probe)2} CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad,
Hercules, CA, USA)& ARgsto] AATSIIT BEAlehS AE5H | 9let 4] 7-3921+=16S rDNA
o|lom o] W ARESE X2 H=«CY5”2 BV|5}L, P. intermedia2} S. mutanss 73=5k= 9| At
et =2 HE2 717 HEX9 FAMC 2 H7[5FIrh MRT-PCR-2 HA 1 §E-85 2xPremix 12.5
ul, Bt 7 ul, P.P mix 4 plE 29sto] Eetelg 0] 9 & 299 23.5 1k Bl W] Al 2=

DNA 5289 1.5 ulE 23S T PCR2 ZIafslict. oll AAIgE P.P mix+= forward primer2t

B f

Table 1. Nucleotide sequence and reaction conditions of real-time quantitative PCR primer using

MRT-PCR method

Species Sequence (5°->3”) Size (bp)

P. intermedia* Forward AGCTGTAGGCGAGGCT 143
Reverse GAACACTTTCGCGTGCT
Probe [SFAM]GCTCGTATTGCAGCC[3BHQI]

S. mutans** Forward GCATTCAACACAAGCA 103
Reverse CCCATCGTTGCTGAACC
Probe [SHEX]TGCGGTCGTTTTTGCTCA[3BHQI]

Total Bacterial Forward GTCAGCTCGTGTCGTG 141
Reverse TTGACGTCGTCCCCAC
Probe [SCySITTAAGTCCCGCAACGAG[3BHQ2]

*Prevotella intermedia, **Streptococcus mutans

https://doi.org/10.13065/jksdh.2017.17.02.319
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reverse primer2] 10 pmoles “12]3 Probe 5 pmoles<= 212} 1 pl2 1]2] £85] &2 -glo|ct. PCR
Z71-2-95°CO||A] 1027} predenaturation -, 95°COl|A] 15% denaturation= 2134511, 63°COfA] 40
% 2 Annealing) & 27H(Scanning)sh= TS 4451 HEESIGIT) o] o] ARERE Zetoln=
<Table 1>} ZTt,

3. SYBR Green'#2 0|25t qPCR

Bt SRT(10 mD)E 717 Bl S-S AH(-80°C) T = (25°C)2 Al A HEESAL o5
1027t 100°Cof|A] #ZA] gPCRS T 4= A1 5& FH]5F3ITE gPCR-2 TOPreal gPCR 2 x PreMIX
(SYBR Green) kit (Enzynommics, Daejeon, Korea) ¥ ExicyclerTM 96 real-time quantitative
thermal block & AF85te] AASISITE. qPCROY| AFHEE Zato|mi= Park 5{12,13]0] 7HESH A&
A1-85}191 0 MH<Table 2>, ©|+= Bioneer*K{Daejeon, Korea)l| 2JZ[5}] Al2Folact. qPCR HRS-2
PCR PreMix®]| forward & reverse Z2}0]H Z}2} 10 pmoles 1 pl@t At 5714 DNA F+= EFl U
At DNA 2 plS PCR tube®]l ¥37, PCR PreMix kitol| 555 DEPC waterS 2] 2% WF-8-E0]
20 w7t HEE gt & FH3] voltexingdsHth A3 AAZF PCR 32 95°Cof4 1087F
predenaturation 5117 95°COJlA4| 1027} denaturation ?F &, P. intermedia®} total Alst-2] A=S
Sf1A] 60°CollA 2027 23 Annealing), 72°COfl4] 20%7Fextensionstl, S. mutansAlt2] A&
A= 70°CNA] 3027t annealing™} extensiondt!, scanningSh= 8-S 403] RHE513] 0,
melting curve F-43-2 60~94°Col| 4] 1°CH 127t A|513tt. o4te] gPCREFS-2 335] HEE: A A5}
o] FtokSirt. o]nf Standard curve 2} F|AHE e E S0 Sloll ZF 2] 594 DNAE 20
ngFE] 2 fg7kA] 109AH 345t A5

Table 2. Nucleotide sequence and reaction conditions of real-time quantitative PCR primer using

SYBR Green method
Species Sequence (5 — 3°) Size (bp)
P. intermedia* Forward ACCCATTGGCAGAAGTTACG
Reverse TCAATAGGACACAAGCGACCATAG 130
S. mutans** Forward GCAGTCAAGGGGTGGAAATCG
Reverse TGGACGGCTTGTTGCAGGAATAC 188
Total bacteria Forward GTGSTGCAYGGYTGTCGTCA 60
Reverse ACGTCRTCCMCACCTTCCTC

*Prevotella intermedia, **Streptococcus mutans

4. Mz Bl

E O] A& vis}7] 918l Tryptic Soy broth (Difco Laboratories, Detroit, MI, USA)] 0.5%
yeast extract, 0.05% cysteine HCI-H, O0,0.5 mg/mlhemin % 2 pg/ml vitamin K;7} 2% ]
(TSB-YCHVk, HiZ])E A-8313tt. £5] S, mutansS B2 © 2 vljoFs}7] $1all4] mitis salivarius
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agar (Difco Laboratories)°ll 0.0001% potassium tellurite, 0.2 units (2.8 pg/ml) of bacitracin
(Sigma Chemical Co., St. Louis, MO, USA) 2! 20% (w/v) sucrose (CJ Co., Seoul, Korea)”} %7}
= vjRE o] 85k S. mutans= 37°C incubator®]] B¥elal, W] #5552 37°C anaerobic
chamber (Bactron I, Sheldon Manufacturing Inc., Cornelius, OR, USA)2] &7 Z71(10% H,,
5% CO,, 85% Ny)ollA] vt

= Alat D P. interemdia’s ¥15E] f16l Bt 5575 (10 ml) = 7}t B 8l Z 10ulE
Q1AFFEA194(posphate buffered saline; PBS, pH 7.2) 104}, 1008]] 31415}e] TSB-YCHVK, §
2 x]e]] Rt 5 A7)/ uid71olA 57 St uidStATh. TR, S mutansE WS | $15H,
it S5 (10 m) 2 7123 EFR 891 10 pul 2 100 plE-S. mutans AR v z])of] Ieits}
20f|4 1< HiFsta, ©]F thHA| 37°C incubatorof|A] 2-3 Y-S HljFstct.

%
i)
;

5. P, intermedia 2} S, mutans 2| Z&E 2Jst 22 PCR

Srol|A] ijeFst i Z]of| X P. intermedia®} S. mutans 2] &2 <15l
A, ZZ] Al Folet Azt s = TS AFIsted 50 pl QI4HEEA 4ol 563t £-50]
PCR Zg}o|HE o]-85te AHFPCR B+= SYBR Green gPCR= )
2220 10 pE A719F sho] 71 SFE0 EA et 2712 e Foll Lol 215 #AsIA
t}. o] w| ARg3t Tato]m <Table 3>7} 2t}

Table 3. Nucleotide sequence and reaction conditions of PCR primers for cluster PCR

Species Sequence (5° — 3°) Size (bp)

P. intermedia* Forward CGAACCGTCAAGCATAGGC 369
Reverse AACAGCCGCTTTTAGAACACAA

S. mutans** Forward TGGGACGCAAGGGAACACA 156
Reverse GCGGCGTTGCTCGGTCAGA

*Prevotella intermedia, **Streptococcus mutans

6. Mzt A= TEol| 2 HEE S MR Bl

2HeFB P tiv] A ) S Al e A7 hs7el $hE ZheTh, ol A TR ofs) B
WAl & A5 571 B el olet 2 sz B Hotts 2 Sfnfsh, o= “Aldt A& 1t
Bt W RE Al 5 HES 5 e A 2ol o] Az AR E 4= Qlek el “Alt HE
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7% Al A A 5 0 2] Bl ) £ Al A% IAES Yei|E i 2 <Al A
2N T E AR AE Ao PSS-S Tl S ofe Al A& 7 AR 9]
Sk 212 ojmlatet

A7

—

1. EfoHo| ji3|
A g2 CRl b ol gt 184110114 704] Aol @] HAalzi7te] Fagt 7070l it o= £
Olg7 | A7-a=191d2]9] 4ol A 2] el w82} Akt FAlol Bfl HAIE 3
St} G I ARFSC] AubAQl BEAJL A 28.6%, 914 71.4%0]2a1, SR Aol At
4.3%= Ve, A2 9y 282 7.1% 2 AL S{T<Table 4>.

Table 4. Characteristics of the subject

Characteristics Male Female
Total 20 (28.6) 50 (71.4)
Smoker 3(43) -
Periodontal disease 5(7.1) 5(7.0)
Systemic disease - -
Age (Mean+SD) 31.9+11.1

2. MRT, SYBR Green qPCRE ! MEHH{AS O|Z5t MizHE B & Ml 4~ H|w

HHZ MRTH, SYBR Green X AlEiuil ol ofet Bt f A4 Alxt} S, mutans X P.
intermedia®) B £ v|et A= <Table 5>2F Zth MRT-PCRYHINA = S mutans”}
50341.309 x 10’ cells, P. intermedia”} 450571.381 x 10° cells2 =4 %|2117, SYBR Green gPCR
HO RS mutans7} 14344.871 x 10° cells, P. intermedia?} 119.639 x 10° cells® S| 90 H,
BCHONA=1.791 x 107 cells, P. intermedia} 735.857 x 10° cells 2 =3 =2t} MRT-PCR¥H =}
SYBR Green qPCRH 9] Alit A& H-&-S E4I9H A3 MRT-PCRYHO|| 23] 2F 408H(0.94H 4]
362,98 A = o W2 Alto] AEE A2 L 4= At T2y e W P intermedia2} S. mutans
O] AE Wik Al 1 1He] Zpolzt 6.238] W] 1,164.358] 2po]7h vhar, AA] Bl uf P

Table 5. Total amount of bacteria in saliva by MRT method, SYBR Green and BC method
(Unit: x10° cells, N=70)

MRT SYBR Green qPCR BC
S. mutans* 50341.309+ 14983.998 14344.871+ 7882.929 1.791+ 4.584
P. intermedia** 450571.3814526925.000 119.639+  49.998 735.857+ 1.098
Total bateria 6643573.000+ 1193.435  379069.570+71391.349 73940.350+£35778.080

*Streptococcus mutans, ** Prevotella intermedia

https://doi.org/10.13065/jksdh.2017.17.02.319
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intermedia®} S. mutans @] ZA vl & 4= §17] whzoll Al S 5 o= o] 7 FHojuh=
Zo]| tigh vl = F oJu]7} glck
T3 MRT-PCR T} A el eF 7ke] A& &2 v 1 A, MRT-PCR -2 Al 7ul ek of| H]af

| [e]
oF 162.34H(3.4-498.5H) A= T B Alto] FEFIt}<Table 6>, SYBR Green qPCRET} Al
BjoFH-S H|wahH, SYBR Green qPCRY ] Al BiFHE T} F 7.98}(0. 28] 2] 39.88)) A= o

Table 6. Comparison of total bacterial counts detected by bacterial detection method

ID MRT/SYBR  MRT/BC SYBR/BC IDNo. MRT/SYBR  MRT/BC SYBR/BC

1 15.6 144.9 9.3 37 9.1 68.6 7.5
2 50.6 145.5 29 38 45.9 263.8 5.7
3 6.5 108.6 16.7 39 37.2 204.6 5.5
4 14.1 129.8 9.2 40 42 95.0 22.5

5 34.2 37.5 1.1 41 45.1 190.2 42
6 73.3 147.4 2.0 42 385 226.8 5.9
7 116.3 137.1 1.2 43 18.1 142.1 7.9

8 362.9 68.4 0.2 44 47.1 108.1 23
9 14.7 24.7 1.7 45 140.2 454.5 32
10 65.3 1133 1.7 46 11.7 107.3 9.2
11 41.5 1954 4.7 47 259 236.7 9.1
12 15.1 162.4 10.7 48 40.1 156.3 3.9
13 63.6 95.4 1.5 49 14.5 174.8 12.1
14 60.9 53.7 0.9 50 15.0 209.8 14.0
15 79.5 55.7 0.7 51 10.0 148.2 14.9
16 239 36.4 1.5 52 17.8 216.8 12.2
17 158.9 26.3 0.2 53 11.9 475.8 39.8
18 10.0 23.8 2.4 54 14.8 3114 21.0
19 325 180.8 5.6 55 36.0 2229 6.2
20 46.9 34222 7.3 56 9.5 104.3 11.0
21 44 11.7 2.7 57 0.9 34 3.6
22 13.2 189.5 14.4 58 30.6 498.5 16.3
23 32.6 511 1.6 59 13.7 208.7 15.2
24 8.1 79.2 9.7 60 16.8 2439 14.5
25 11.8 235.6 20.0 61 19.8 314.8 15.9
26 44.7 171.0 3.8 62 30.9 98.5 32
27 434 300.1 6.9 63 253 4332 17.1
28 27.5 204.4 74 64 47.5 2333 4.9
29 43.7 53.7 1.2 65 57.7 95.7 1.7
30 7.9 149.8 19.0 66 1.5 3.6 0.5
31 38.0 182.1 4.8 67 55.7 384 0.7
32 21.1 271.8 12.9 68 89.7 38.2 0.4
33 20.8 247.0 11.9 69 41.9 50.6 1.2
34 39 87.1 223 70 95.9 228.3 2.4
35 5.5 929 16.9 Mean 40.0 162.3 7.9
36 63.8 199.0 3.1 SD 50.0 112.2 7.4

SYBR=SYBR Green quantitative polymerase chain reaction; MRT-PCR=Multiplex real-time polymerase chain reaction;
BC=Bacteria colony forming units

https://doi.org/10.13065/jksdh.2017.17.02.319
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3. NIz & Yol 2 P intermedia L S, mutans 4% |5 H|n

Al 7FA] BYlof| W= P, intermedia®} S. mutans2] A% -S-5F-= <Table 7> AAI5}9Itt MRT-
PCRY]| oJsiA+= & et MZofM P. intermedia?} S. mutans?}t A== AATE SYBR Green
qPCR¥ T} At vl Holl SJiM= P, intermedia B= S. mutans7} AEE)A] -2 A9
Al 712 ¥ B0l X P intermedia B S mutans’7t AZEE B= 22 71.4%2}F 32.9%3Th
<Table 7>.

P. intermedia A=) AoIA Al WHE 1] LR Z= 71.4 ~ 88.6%= HIgH HAOLL, S
mutans 2] 73-¢- MRT-PCR¥ 2} SYBR Green qPCRYH 7H] U2 == 80%°] 1A%, MRT-PCR
T Al 72 34.3%, SYBR Green qPCR Y} Al 7+ 51.4% SATH<Table 8>.

Table 7. The presence of P. intermediaand S. mutans detection among the three methods

P. intermedia S. mutans
N % N %
MRT* SYBR** BC*** MRT* SYBR** BC***
+ + + 50 71.4 + + + 23 329
+ - + 12 17.1 + - + 1 14
+ + - 2 29 + + - 33 47.1
+ - - 6 8.6 + - - 13 18.6
Total 70 100.0 70 100.0

*Multiplex real-time quantitative PCR; **SYBR Green quantitative PCR; ***Bacterial culture

Table 8. Agreement between the presence of £, intermedia and 5. mutans detection among the three

methods
Method matching (%)
P. intermedia* S. mutans**
MRT"-SYBR” 743 80.0
MRT"-BC” 88.6 343
SYBR”-BC” 80.0 514
MRT"-SYBR?-BC” 714 32.9

*Prevotella intermedia, **Streptococcus mutans
YMultiplex real-time quantitative PCR, ?SYBR Green quantitative PCR, *Bacterial culture

https://doi.org/10.13065/jksdh.2017.17.02.319
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D& UM, TR AATER] AR 70001E 72Tl 20070 ATt el 27 E = 9
Ho[th{13,14]. Real-time PCR¥HO] OJgh ARt Al2 17} W) APEH ol A &2 DNA 5% %<
Autz] o 2 Aol = n|AE-S- tAko 2 SF AElH||R] ZehdAd o2 oot A He ok ik
3ol @%ﬂ% Zlo] A¥FAoel15]. 77 W AP o A T3F 5838 Q%o = A2kl
Alet o & A Z}A410] A ejate]] 7ot =/4d=d Q1 At A(lipopolysaccharide,
2] Zo] glom[16], o5 Al REZHER AFZ20] vhe| AU A4S
ghe op7[sl=t QlofA] AolSle weFEe] =/4de A[5k] Wizl shARE o
Filo] F-85A ARSEIAL T3t A ATtE A b do] FasHA| QIFEAL QlojA o]
5= MRT-PCR {9 f1a/d-& ERlIskarz} o] 29t o] o] Hehout-FaAd-s B7tsr| SlshA
= Al 212122 SYBR green qPCRH 52+2] H|w7} H 9 5Ht

A ou] Adefulz]= o viekHo] HHH 4 nP=E 71 thEAR] S, mutans@} P. intermedia
£ Astol| flol] diVd=t o2 Aelsielet. 2] 42 ol AeEiAH, A52Q1 SYBR
green qPCRH, 71217 o] 53} Bl W5} | ffaf] Afl=o] /s mafolw gl Tz H((F)efo|] gt
8}, 7], §H) 2 085 TagManH-LS 7]9H0 2 S MRT-PCRE T Ax4 T2 EEA.2 w7y}
1A} 3, 71 At 2 Aol vlwet Al 712 Al AEHEE FollA MRT-PCR'¥H | ofsf BFl U
Z At P. intermedia 9 S. mutans Alxt <=7} SYBR Green gPCRE 2 Aot viFH Tt O =7 =
Z‘]ﬂ \q—

el W P. intermedia 2 S. mutans 4= -G5S v 0 e uff, BPH 7F AR E= P intermedia®)
7% MRT-PCRH T} AliiFro] 71 =2 LR %(88.6%)E HIL, S. mutans®] 74-%- MRT-
PCRH ¥} SYBR Green qPCRHO] 7 =2 UA]%(80.0%)E Bt Bt W P. intermedia®} S.
mutans2] 74= Y= A 5HH 7k0] 21071 6.23-1,164.358) ZFo |71 yal, AA| EFl W P. intermedia
2t S, mutans & EA) ¥le-& & 4= Q7] whizoll Al = 5 o= "M o] 71 FH otk Alof thigh H]
W= om|7t glrkal mhekEh

TS

- =1 —
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