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A study on the Aptamer Specific Detection on P. gingivalis
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Abstract

In this study, by selecting specific aptamers that selectively detection on ~. gingivalis, the main cause
of periodontal disease, and purifying and identifying protein molecules that bind to the selected
aptamers, the mechanism of action of £. gingivalis was investigated. A DNA library having 39 random
sequences was prepared, and aptamers with specificity for P. gingivalis were selected using the SELEX
method, and the nucleotide sequence was analyzed by cloning using PCR2.1 cloning vector. 8 of
aptamers with different nucleotide sequences were selected, and modified weston blot was performed
using APG-3 among the selected aptamers to identify 11 proteins that act directly, and proteins were
analyzed. As a result, a protein that selectively binds to £. gingivalis was isolated and identified.
Therefore, aptamer selectively binds and attaches to proteins related to inhibition of sugar metabolism
and cell activity of P gingivalis, suggesting the possibility of a sensor for diagnosis of periodontal
disease.
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2FAsE Lol & 7F EAJo] 7%t Porphyromonas
gingivalis (P. gingivalis~= Bacteroide gingivalis
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o] ABA|ZA 9] 7Fs-do] AAHTH16-18]. EZF X
e FetAE ol gst I2Y-19 AYV|E 55 H
3= A77F AFE T QIeH19]. o]e}k o] thofst Ak
9o At & AaE fdf AMSEE dEHE HuF
T3 2FH3ho]| AHgoto] Ky HA AFH
< AET = QIEE Heto] digt A7t 28
olch. et £ At X5 FH AT
2-80l= P, gingivalis®] £014<1 YEtHE SELEX®
HZ o]gsto] MEstal, 119 Aol 9 EXE
A D SHFOEN P gingivalis®] FENAS T
goto] 2|F2A% Ak 3t AN RS 7S Rl
Skart gt

LTS TR}

s

Aol He HE  H#F=E
Porphyromonas gingivalis ATCC 332775 AM8-5}
R, FepH 9] FolA o gt wAEFE AlBsh] 9
st FAEERS dorle dgEFHd Al
Streptococcus mutans ATCC 31989, Treponema
denticola ATCC 33521& AR8sIT:.  YEtH
cloning® 9Ist9 pCR2.1-TOPO TA cloning
vector (Invitrogen, USA)®} Z. coli TOP10& AR
sheich

2. MEHHO| MEH

P. gingivalis?ll 0302 ZAjlol= HEtHE Al
371 Yol SFaAA9R(polymerase Chain
Reaction, PCR) 7]¥t9]  SELEX
Evolution of Ligand by Exponential Enrichment)
WS g5 ARESHTH16]. DNA library= 3974
random sequence® = FEYLEEQ] 59 3°9]
x]oll Z+ 447K, 387H9] primer sequence’} AgHH
oligomer& 11%¥sto] ARSI L, PCRES S5 AEd
e E SFA717] Y5te] AE-E primere BamHI
primer®} T7

promoter sequence®} BamHI sequence’} 23

(Systemic

sequence?2 EFE reverse

forward primerg Alxsto] AREFTHTable 1. A=
% primer?] A5HLS A AL selection buffers
50 ul ¥ ¥ 13,000xg, 4°C, 5EE% AR
AB5t L 200 ple] PBSZ AlF F 10 19 PCR
productE 100°Cof| 585 7FgstaL ZA] 4302
IS A5l 10 pl9 At d=tdm =Fokoit
Rocking shaker®Z 4°C& 1A|7t B9 2% st &
13,000 g, 4°CollA 1083F YAEE AlPotH L
PBS 50ulE ¥& ¥ FHAIZIZL Al 500 mME]
NaCl 200 plE ¥2 ¥ dEslal 13,000xg, 4°CE
108 B¢ YAEDE APtk A5HE HotA
20°CZ B35ttt A" A5HE nucleic acid
library poolo] &35}9 nucleotide ©HEO] it
DNAof| F2g 4= & 47 Algto] A|d S A%
oA G2 S AlA ST, e S He R
o] A AAhS EEotich £eE 4t dEE
2 tHA] PCR & Soto] SZAIX] o] 12 fEH
library2 ARESIRI AEE e library= oAl
target £AF EF6t ti4t DNAC] izt A4S
E017] 9ot 3 919 TS RhESIGic Ad=
FepHol gt F71ME B2 Bioneer Co. Ltd.
(South Korea, Daejeon)ell 2J=3ict.

Table 1. Random DNA library and primers used for

SELEX
Primers Sequences

APT-N40 | 5-CGGATCCATGGGCACTATTTATATCAA -N40-
(86mer) AATGTCGTTGGTGGCCC-3'

APT-F (44mer) 5'—CGCGGATCCTAATACGACTCACTATAGGGGC

CACCAACGACATT-3

A P T - R | 5CCCGACACCCGCGGATCCATGGGCACTATTTA
(38mer) TATCAA-3'

3. Modified-western blot analysis

AdE gEH A4S A sty vigH
50 lysis buffer (50 mM NaH2PO4, 300 mM
NaCl, 10 mM imidazole, pH 8.0) 5 mlE H7}5l
220+ ohfj7|(Vibra cell VCX-600, Sonics and
Materials Inc., USA)l A€ =gt & 13,000
rpmOlA 1087F AAERE Algste] 45dE £
3ttt Nitrocellulose membrane2 5 cm X 1 cm
7|2 Z&} transfer buffer (25 mM Tris, 192 mM
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Glycine, 20% (v/v) methanol)oll 20& &<t E7Fs
1, membrane©] 20 ng/mlo] #F5 E5Hct. g
membrane2 TTBS buffer (0.2 M Tris-HCl pH
7.6, 1.37 M NaCl, 0.1% Tween 20)° 20& <
blockingd}il nitrocellulose membrane2 0.1%
Tween 20°] 8% TBS buffer 50mlo] 1584 33]
A28t TTBSO primary antibodyS 1 : 5009 &
T2 3|4ste] H7Ist & 2443 B3t RESAIFAT

HESAIZE £2 & nitrocellulose membranes
TBS buffer 50mlo] 1584 33Jo] HAA ANHsiaL
Alkaline phosphatase-conjugated anti DIGE
blocking buffere] 1 20009 =2 3|45t
secondary antibody £o]lA 1A]7F &<t WRSAIA
. H-S & TBS buffero] LA Al&sta,
NBT/BCIP stock solution 200 plo] 7
detection buffer (0.1 M Tris-HCI, 0.1 M NaCl,
pH 9.5) 5 mlo] Y3}t negative controlZ E.
coli TOP10Z& 1¥ol S8 mutanss 249 P
gingivalisE 3¥9||, T. denticolaE 4| loadingd}
At olE filter paperol %711, A¥E FeHE
primary antibody® AFEdA modified-Western
blot& 3t

YEpH O] F2tol| A A 02 Hoish= P gingivalis
FAEES E45H7] flste] 259 371 ol-89]
of HjgE FAE Tt F YHEHE S5to] #AY
Azt Axdg Fejste] E5tqiaL, 2] st
o] modified-Westernblot analysis& A|¥5FHtt.
T sHHoZE HEMHE nitrocellulose membrane
of THSIT 5 2eE Az goig Hrlsje] B
L& gt o] S BEA5elr

. A28

1. MEE AEHHO| FI7|IME

P. gingivalis®] DNAY 25 HetHE EA|7]
T PCREZ B9l 5Eot, A7|952 Bot] E4519

=] L5 9F 100 base pair FE=2] YA|ofA &
gd FEHE AT 5= USlTh A=E dEHE
pCR2.1-TOPO cloning vectorZ cloningdkal E.
coli TOP10° HFAAE A1 ¥ FAAY =
positive colonye< W95, o]ZFE plasmid
vectorg wolotl g1t A, HEH HHE|
cloning® A& &RIFT} lane MolE= 100 base
pair DNA ladderg lane 1,32 243l plasmid
vector, lane 2,4= £&3t plasmid vectorgs 2l
3+ Aito|t}Figure 11.

Fig. 1. Cloning of aptamers with of pCR2.1-TOPO

el PEtHE A71AE 246k%1aL 11 5 SELEX
£ 9ol AF2EH DNA library255 F3sh 2 2kl
3171918 BamHI®} T7 promoter sequences 7|&
o2 ol 47IAYgo] gk YEtHet A=gt A1} 8
7N FetH7t ERIE 2 PEFHE APG-1, APG-2,
APG-3, APG-4, APG-5, APG-6, APG-7, APG-8°]
2}l FEoi L 1 B71A Y-S tha} ZtHTable 2].

Table 2. Nucleotide sequences of aptamers specific to
P. gingivalis

Name Sequences

APG-1 —~TGCTACAGCATTCAACGTCGCGTGGTACAGCATTGTGA

5
A-3

APG-2 | 5-GGGTATCCCTTTCGGACGTTCATACCTGGCTGGTTGCA
A3

APG-3 | 5-AGCGCGTGGACACTATGCGCTAGCTTCAATTTGAGCTA
A-3
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AAPG’ 5-GCCAACTGGTTATTCCCCTGTGTCTAAACATCCCGGAA
A3

/;PG‘ 5-CGTTTGGGGTGCACTTGCAAGACCGTACGTTGCCCCC
AA3

’QPG’ 5-TGCAACCGTTCGTGTTGAGGAGGTTGACGCAATGCGT
AA-3

/;PG' 5-TGGTACGGAGCGTGGAGTCGTGGGAGGCGCAATGCGT
AA-3

’;PG’ 5-TTACGTCAGTCTCCCACGTTGATCGTTCGTTTACGGAA
A3

2. QEtDe] My el

A= HeEHO AL E coli TOP10(lane 1)
< negative controlZ 3}l S mutans(lane 2), P.
gingivalislane 3), 7. denticola(lane 4)& Ar&-51o]
modified-Western blot& Al¥stct. 1 A
APG-13+ APG-4E A &gt UE FEHES S
mutans(lane 2)%% W|FSHA| wAERY] THsHE
Bor I = APG-73 APG-82 S mutans®}t P.
gingivalislane 3)°] ¥4 733t nA4% EALS Y
EFHQITt. APG-13} APG-4+= P. gingivalis©l A¥1%
oz Agehe 202 YehgtHFigure 2].

Fig. 2. Modified-Western blot of APG

3. D] 23 Ty

Yt o] Baof| 2208 Bojsh= P gingivalis
9 BEE BA5l] flste] APG39 Tlde &
A3t A3t EAlgo] fARRE 1159 Daido] Fg=
THTable 3.

Table 3. Putative list of proteins from Porphyromonas
gingivalis which bind to APG3

Seq
Acce cov
ssion | erag
e

seq
cou Description
nt

AOA1
W7R0 | 683 | 52
76
AOA1
WOFL | 63 31
68
AOA1
WOIFP | 60 45
S5
AOA1
WOFM | 518 | 29
53
AOA1
WOFL | 583 | 22
PO
AOA1
WOFM | 478 | 22
22

ABHK
P2

AOA1
W7QZ | 39.1 | 25
N8

AOA1
WOFL | 337 | 15
Y7

AOA1
W7R3 | 325 | 16
13

AOA1
W7R0 | 313 | 16
28

Cell division protein

Phospho-2-dehydro-3-deoxyheptonate
aldolase

Ketol-acid reductoisomerase (NADP(+))

Aminotransferase

Catabolite control protein A

dTDP —glucose 4,6-dehydratase

452 | 15 Elongation factor Tu

Glyceraldehyde-3-phosphate
dehydrogenase

Ribonuclease Z

Methionine import ATP-binding protein

Cysteine synthase

V. aF

QUetuli Agke] Yelo] Hi AR tie 412
3} 1 gge] ARARA) S et ATt A%
Moz YT ek B Y A e
B4 A A2A FARG Pepis TARA
A5teio] Foluh Ame} 2 ARE B3lo] 53l
A ERZANN BAHE EASot Qo] =
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o]gog YHsh= dWMAZ IA|5te] JUAAR &
& 75t Ho| QAN R A-E5l= T Tt ATt
o]Fo]x| 1 QUrH20][21]. ol&gt A A&7
v o= 20069 AlZpAtolAs FEHPIS Y
sto] ARt AKY dAE A& A8
&3l 77~100% ks A7 AFEATH22].
AL} H A AR E49 dEtHE EAER |
ZRESHA| T TRl Aol thEA it dRo|nE
AYEE-Z FEokA] 2L 71 A2717F v ot A7t
Z4o17] ojEle RENE AHHow JoAES T
& Slo] g9 XEARE L87Ms/do] ule Art
19709t % folkmane 23] A2E 5t Y
oA 2/dRA A vascular  endothelial  growth
factor, VEGH)S] Aol thet A& Al&Fstiar et
9] &AL F= AR L Aok EES o
Ael= ATE sFo] VEGF165 ©Hidof Eojzo=g
Z8ok= PEPHE A8ttt ol 20040 vl=4]
9FA4(food and drug administration, FDA)°] %%
< Wt I24 ARgol 7t HEh 7]ukY
oM g A(age-related macular degeneration,
ADM)9] X ZA9] Pegaptanib (Macugen®)7} 7
Eo] AlEE It 0|2} o] theFet #AEA ] AgE
o] 2=5t11 Fol/do] Hojd Yt E o]&sfo] A
HhE-S Aok IRES Aol 7hssh] wiRol 1
E A%t A &6 Y F oltH231124].
W= XA 3= A4 p. gingivalis=
DNAEAS Bdto] 2of4159] Al AT
streptococcus mutans (S mutans)®] GTPaseSl
SGPoll thgt ofn]| At A7|A D3 Hl%EE E45 71K
PGP (P, gingivalis GTP-binding protein)”} A5t
tH25]. 2¥7] &0l PGP 4L 7H E. coli'
HjFotd . A2 PGP ©¥A(recombinant PGP,
rPGP)E A4tstal JAsto] Eo|d Ak sl et
HE A o] uf SELEX WS v o2 NI-NTA
optE A #Xlo| IPAZ] rPGPE H-85t9aL AHE
o= ZAdst= 89 HeHE Adsigict AdEE
Ej9] Bold EA4x A-87149 A4S Aol HEk
7b APgHor sk oH Lt NI
gingivalis®] MZEHI AEZHL EZ3l modified
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—
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re
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P

(o)
L.H"%:_]“E_E_

weston blots Algt 23t APG-3 FEpHolA 2.
gingivalisoll A0 E AYsl= 8719 Td Fe
= £, S8kl ARSI S mutansel]
T26]00A= Hetw et ddtsl= 671 gd EE
i io] v]s=st =olt}, E3t S mutanss £E
% %F 36 kDa%] €& A5t H|=3t BA=FL

HHo| SHHUJU=H P gingivalise BEES F
25 kDa®] #8& 551511 15 A% a3 &
3t EAER odE 11%0] BREeH

Aminotransferase, Catabolite control protein A,

il

<t

N

2 19 Lol do R

Cell  division synthase,
dTDP-glucose

factor Tu,

protein, Cysteine
4,6-dehydratase,

Glyceraldehyde-3-phosphate

Elongation

dehydrogenase, Ketol-acid reductoisomerase
(NADP(+)), Methionine import ATP-binding
protein, Phospho-2-dehydro-3-deoxyheptonate
aldolase, Ribonuclease Z2 &% A=A f &}
= wiFort, A2 X22ke] 2 HAFe] ¥
Q10 & Z-goh= AHAlFIE Fdoket 28|
shedl  AwHAEEE 3Adsted B Al
streptococcal pathogenesisE HAC=2 gt Ao
A Kietzman[27]< Catabolite control protein A
(Cep A)°] ZH=UES W Alwt9] %ol AAES &
915} Tang 5128l Streptococcus suis?] Ccp
A7} &40 BoiE Aoty /ol ZE3to] el A
Cep A7} Alltoll o3t =44Q1 7ol 283 & ofy
2} NRAHFEE 2okt $8% 98-S & Zolzt
AJZy=t. Cell division proteine A|ZIHEHO|| £A5
£ ddE PP AT £ Sle 84 B2

717 ARl HY T FARE BE Hof grhuigo]
SHeshEo] 28 4 A B S o2e BAke

=
g5ujute] e FAskL #A9] dEe =9 27]

-

2 e el 2YE ¥ o= DNA et
A48 ANt P gingivalis®] WARRE 24

9 Mz gAA o Fojsk= i) Heygoz H
25t 24 2|F3ATe] AdS At AA 29| AL 7}
S3L ANt B3 P gingivalis?} AFAS Bt

ohjet teRt Aol Y %7 ] 1) we
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V. 28
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gingivalid] AYHOZ AYS Aetug Fasta
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1. P gingivaliss WJEE2 83 geEHE
SELEX ®F#& 53]l pCR2.1 cloning vectoro]
cloningdtl, I 9714 ES 4519

2. 1 A% 247 oE 8F5Y B71AEE 7M1 HEH

£ Adsielr

3. Al et F APG-3E ol-&sto] et e} 3

d Adste 2d 1152 =2, S35

slo] 2otz A8E eSS P gingivaliel A
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