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Red fluorescence of oral bacteria is affected by blood
in the growth medium
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Received: December 7, 2017 Objectives: Dental plaque emits red fluorescence under a visible blue light near the ultra-violet end of
Revised: December 11, 2017 the light spectrum. The fluorescence characteristics of each microorganism have been reported in sev-
Accepted: December 12, 2017 eral studies, The aim of this study was to evaluate changes in red fluorescence of oral microorganisms

that is affected by blood in the culture media,

Methods: The gram-positive Actinomyces naeslundii (AN, KCTC 5525) and Lactobacillus casei (LC,
KCTC 3109) and gram negative Prevotella intermedia (Pl, KCTC 3692) that are known to emit red
fluorescence were used in this study, Each bacterium was activated in broth and cultivated in different
agar media at 37°C for 7 days, Tryptic soy agar with hemin and vitamin K, (TSA), TSA with sheep blood
(TSAB), basal medium mucin (BMM) medium, and BMM with sheep blood (BMMB) were used in this
study. Fluorescence due to bacterial growth was observed under 405-nm wavelength blue light using
the quantitative light-induced fluorescence-digital (QLF-D) device, The red, green, and blue fluorescence
values of colonies were obtained using image-analysis software and the red to green ratio (R/G value)
and red to total RGB ratio (R/RGB value) were calculated for quantitative comparison,

Corresponding Author: Seung—Hwa Jeong Results: The QLF-D images of the AN, LC, and PI colonies showed red fluorescence in all media, but
Department of Preventive and Community the fluorescence of all bacteria was reduced in TSA and BMM media, compared with in TSAB and
Dentistry, Pusan National University BMMB media, Both the R/G and the R/RGB values of all bacteria were significantly reduced in growth
School of Dentistry, 49 Busandaehak—ro, media without blood (P<0.001).

Meulgeum—up, Yangsan 50612, Korea Conclusions: Based on this in vitro study, it can be concluded that red fluorescence of oral bacteria
Tel: +82—-51-510—-8222 can be affected by growth components, especially blood, Blood-containing medium could be a signifi-
Fax: +82-51-510—8221 cant factor influencing red fluorescence of oral bacteria. It can be further hypothesized that bleeding in
E-mail: jsh0917@pusan.ac.kr the oral cavity can increase the red fluorescence of dental plaque,

*This work was supported by a 2-year

Research Grant of Pusan National Key Words: QLF-D, Red fluorescence, Blood, Dental plaque, Lactobacillus casei, Actinomyces naes-
University, lundiii, Prevotella intermedia

Copyright © 2017 by Journal of Korean Academy of Oral Health

® This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

JKAQOH is available at http://www.jkaoh.org | pISSN 1225-388X | elSSN 2093-7784



M E

A HA RS A7 Yof] 2Aske (el Hio]eF 70
F7gare] @8 E(oral biofilm)& T8k Al A4 F 700 o
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7|52 ofl= @714, 19 249 Fusobacteria, Prevotella sp. &
o] Za3t 9T h= Aog dA . SA, AA R
1] 7 el whet Alete] E5, o, TLE]al 44 vlEo] o
A Yeue, o= Hio| 5o ot 7S f4 7HeAd
ek o] qlek. 77 vlo] @ BFL] B4 el 5]
real-time PCR¥} 22 442 £4& &l Aot &7 &= o
oFdt &= Qlout, o= W A7k vl-go] atEw, AR A A
olli= SHAI7F 243t

A At FEA ub ool Yl 27 Slof| A A4 g
(red fluorescence)}e &SI, o] Hlo| BEE H45t=
5 AlatEo] TFEEo W= metal free fluorescent porphyrins 314
20| A7} 3§ o] ot Ao A A Yo, ulg L=
11719 o] A o] @ At Mol gli= A0l olF 4
3Hconjugation double bond)S.& E|o]Qlal, o] EAAQ] L2
Qls) g3 E4LS Lehd,

A HA o] Ad<sgte] whet A4 Allate] 270l SR,
T dtol A AH@ A, 18-S9 o= koA HH, A
A uko] 24 o =718k} Dental microcosm biofilm

A& o] 83 APA A= viSF 7|ZHETE ofY 2} sucrose?] &
o} Hio] @ F-50] AA g Wielo] S71kS K
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o} F. nucleatum-> =4 ¥35 W8S Barseitt. Coulth-
waite 52 T QX of] B2be Altatol A £-2]H Prevotella
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0 Bl B Y-S vo} gebd A0 oLt ufeA
A7 B djof §o] W2 T4 Alde] A4 Y
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AR okeldl 3 B AEAQ P FERE AFegon, A
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148 73 H% LY

2 AFE Sl F 3 Y A o FE AT AT vl
AJEAQAAE (Korean Collection for Type Cultures) S48 2oF
dhrol ARg3}9i et 13-9F4 9 Lactobacillus casei KCTC 3109
(o3} L. casei B+ LO)2} Actinomyces naeslundii KCTC 5525
(o]38} A. naeslundii = AN), 13-4 9] Prevotella interme-
dia KCTC 3692 (0]} P. intermedia == PD7F & Qto]l A
=St} 9 DA0E Aol 2 w5 A HHA(L. casei:
KCTC Media No. 202, A. naeslundii: KCTC Media No. 753, P.
intermedia: KCTC Media No. 753)°1141 37°C, @71/ ¥}71(90%
N,, 5% H, and 5% CO,)ellA 4% 7t v Fstoict. &3 «+=
% wjoF A A7A] —70°CoAA 20% glycerol stock 8- A1
= Bkl

A ke B4 B B 7 B 459 A 3
Z|(TSA, TSAB, BMM, BMMB)ell A% 0 & =t oF 5, 7]/ wief
Zlof| A 37°C, 7 TH USRI AL, o] & ThA 53t S ol 4]
of wjoret Alet ke JE F7toll E-8-5k3it. o] uf ARg-E 7t
HiZ] 9] 2402 Table 13 2o} BE AE F5+= 2 v A] &40
Al 3R W i oFE] it

2. 4% #50| %% olulx| M5

405 nm9| 4 StoflA] AY o= o] YetYl= 3% &
AL H71817] $93l Quantitative Light-induced Fuorescence-
Digital A|2®(QLF-D Biluminator™, Inspektor Research

Table 1. The components of growth medium used in this study

Medium type Composition
TSA medium'®  30.0 g tryptic soy broth, 5.0 g yeast extract, 0.5 g
cysteine HCl - H20, 5 mg hemin, 1.0 mg vitamin
Ks, 20 g agar per liter (pH 7.0)
TSAB medium TSA medium components, 5% sheep blood

BMM medium®'  10.0 g proteose peptone, 5.0 g trypticase peptone,
5.0 g yeast extract, 2.5 g purified pig gastric mu-
cin, 2.5 g KCl, 5.0 g sucrose, 60.06 mg urea, 174.2
mg arginine, 5 mg hemin, 1.0 mg vitamin K, 20 g
agar per liter (pH 6.8)

BMMB medium ~ BMM medium components, 5% sheep blood
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systems BV, Amsterdam, The Netherlands) ©]-8-3}g]cho]s}
QLF-D). QLF-D+ DSLR (Digital full-sensor Single Lens Reflex)
74| 2HEOS 550D, Canon, Tokyo, Japan), =& #=(EF-S 60
mm F2.6 MACRO USM, Cannon, Tokyo, Japan), 12|31 J A4
= Ash7] 919k A A0 ek E 9} 405 nm 9]
A3 £ARBK= blue LED?} W43 £AFSH= white LED®
g=]o] Sitt. QLF-D Q-2 ehalof| A 117 7| e} A (A4
H MY shutter speed 1/30 s; aperture value 8.0; ISO speed
of 1600; %A% 2] A9 shutter speed 1/13 s; aperture value
5.6 ISO speed of 1600) St A Z1e=| ek, QLF-D 7h 2t 24
& 2ZEF o= M AleEes A8 ZEIIH(C3 v1.25, Inspe-
ktor Research systems BV, Amsterdam, The Netherlands)< ©]
8519t} QLF-D #9& B¢ 42 tAE oju|A| g HAo &4

= 1
s,

L. casei

3. %% olo|x| £4

QLE-DZE¢ o|n| 7] 42 Aot 3=he] g3 o] Aeol= 4]
oln|z] &4 xF TJTM(IMAGE J v1.49b; The National Institutes
of Health, Bethesda, MD, USA)XS- o]-&-6}1t}, FaHl 2] Afof &
Aoh= o] At Je 5 A= 5708 Adstelon, g
g WA it R Red), G (Green), B (Blue) 752 AH=313ict,
_45_;@ o /Kﬂ—? xla]q x%xﬂ och},] AH:H;G?_] vy Ao u]j/_

8171 9Jsto] R/Ge} R/(R+G+B) (0]} R/RGB) %+ =231t

Mann-\X/hitney h# Zéxée *@ﬂ"ﬂi} vglw*—zh"— %5 A
42 IBM SPSS statistics 23.0 (SPSS inc.,

—

P. intermedia

Fig. 1. QLF-D fluorescence image of L. casei, A. naeslundii, P intermedia on each growth medium.
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2] t}E¥Hmacrocyclic) TREH, SHZFEHS LA
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HiA] o]l et e A= LC, AN, PI 55 A A F o] §F 54& Ut 2 AFolA= 7 Al &g ol et A Aol A A
ChFig. 1). 45 v]epyl Ko} 8vlo] %71 Tryptic soy agar (TSA) ¥i#]'*2}

A HA L} A Ef A HEo] .38 E(in vitro dental plaque micro-
2. MM g3(Red Fluorescence) &A1 cosm biofilm) Z&of A AR8-H basal medium mucin (BMM) Bl

QLE-D oJu]A] Ae] 2t Alat Jete] A4 ggo] weg g A5 AM3gleh. F wiA) R ekl Koh 0 F5o.2 o
F2ksl7] ffsto] R/G, R/RGB & AFEoHIth(Table 2). TSA  R3HL 9lom, o] & e AR Al iAol A o]
of HH3EIC, AN, PI =He] R/GHEE 242 0.97, 1.10, 1352 W & 3ol 7103 A4 33 o) Fadh 9 Adwolw™, 4]

il
o

N

(]
B A9, TSBoll thafjAl= 8.67, 6.98, 6.730.& =4 Uelyth Aletat | AAY e Al vho] @8- 5-o] A4 3 drdof Tofsh= A
(P<0.001). EzF BMMe]l ezt 7+ o2 R/G %k-21.15, 1.26, 1.01 2 AZFEL S, B ool A-E IC, AN, PI o+ B TSA
5 UERE AT, BMMBo] thofi A= 7.87, 4.49, 45.845 =7 Uet £ BMM Hi#] #4t of 2}, @ (blood)o] 4471 TSAB, BMMB Hl
JtHP<0.001). Ao A & A5 O & HjeFE] Gl om o] & Fof i AtellA] AR
Sk, TSAO] i3t IC, AN, PI 12+e] R/RGB #h2 242 0.34, A2 97|14 70 Alake] s okS 913t 213t A« 9l &t
0.38, 0.44= LePEAITE TSBofl disfAl= 0.73, 0.74, 0.662.2 <18 4= 2dct.

d

A UePgtHP<0.001). E3F BMMo| 2t 7} 4+2] R/RGB % 2 AFAE A A4 A g ddo] BuEH 3%
0.38, 0.41, 0.362.& YERFAITE, BMMBO] th3lA< 0.69, 0.66, ] #55 A48t Lennon 512 e K9} #qlo] 23ks]
0.892 =7 YEPFTHP<0.001). Columbia iAol A] veFet A3}, IC7F L &AA M AN} P17} &

A e vebdinkal Hagiolon, R/G #42 LC7F 1.18, AN©|

1 ot 1.88, PI7} 5.91% P} 71 236t A4 aga U= o= B

BTt g =Rl A= vlER] K} #vlo] 271 Columbia

Al Aol 2 g ddof] U3t 7]22] A 4528 HiRE AAT ol f7t BE O] 9] 4w olH, black

N Hleb K, 3W(hemin) JEo] T B FA T8 8iAE  pigmented anaerobest= ARG A = JE-S o]g-sto] 21|
AR gD A to] oot Zu] W A Gst Fg e 3HA o] wofdly] wjiolekal 7]&3l9it). o] ERojA= Co-
W GRS WAL} ol Ay AFLEL EA Al AN E  lumbia agarol]l EHo] EolE]o] Qlckal 7]&3hA QAL AA]

Table 2. R/G and R/RGB value of each bacteria on TSA, TSAB, BMM, BMMB growth media

Medium N L. casei A. naeslundii P. intermedia Pvalue™*
R/G TSA 15 0.9740.03" 110£0.07" 135£0.11° P<0.001
TSAB 15 8.67+3.66° 6.98+1.24" 6731177 0.603
BMM 15 1.15+0.03" 126£0.04" 1.01+0.04° P<0.001
BMMB 15 7874329 449+052° 4584+12.92° P<0.001
R/RGB TSA 15 0.34£001° 0.38+0.02" 044£003° P<0.001
TSAB 15 0.7340.05" 0.74+0.03" 0.66+0.03° P<0.001
BMM 15 0.38+0.01° 041£001" 036+0.01° P<0.001
BMMB 15 0.69+0.05* 0.66+0.03° 0.89+0.01° P<0.001

*P<0.001 by Mann-Whitney test.
“Kruskal-Wailis test, ““Duncan post-hoc test.
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&4l Lactobacillus Casei, Actino-
myces naeslundii, Prevotella intermedia®ll W2, ¥i#] < &
7 A g o] v A= G dotkr] flste], A9l
ol A 7t o wl et A3t vhet 22 AvE At

1. L. Casei, A. naeslundii, P. intermedia Al=+ H2+2] 24 &
B2 vl K, o9lo] 3-H TSA v Rk vletgl K, 39, Ho
o] 3hf+l TSAB B A ol A S7FsH3drt.

2. L. Casei, A. naeslundii, P. intermedia Al A2+e] A4 &
2 vlek K, 3jalo] 338 BMM Hij 2| 2ot vlebql K, #9l, &
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