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ABSTRACT

In biological warfare,

it is important to identify biological agents for proper treatment.

We focused on

developing a real-time RT-PCR kit that can detect multiple species of biological agents. AccuPower® Biothreat

Real-Time RT-PCR Kit(v3.0) could detect Bacillus anthracis,

Yersinia pestis, Vibrio cholerae, Francisella

tularensis, Salmonella typhi, Rickettsia prowazekii, Variola virus, Hantaan virus, Yellow fever virus, Brucella spp.,

Shigella dysenteriae in a single reaction. The results showed that the kit was verified to be able to detect at least
0.005 ng of nucleotide and 10,000 CFU/ml of bacteria. Therefore, the kit is expected to be used as a rapid and

sensitive detection kit for 11 species of biological agents within 2 hours.
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2.1 EMAE

2.1.1 Genomic DNA

AsAA  Hest FAANRE B (Bacillus
Anthracis; BA), =&t 01/0139(Vibrio Cholerae;
VO), ©FEtt(Francisella Tularensis; FT), & delst
(Salmonella Typhi; ST), BlAX| o}t (Rickeettsia Prowazekit,
RP), WAJL]o} u}o]#]~(Vaccinia Virus; VACV), 3Hek
vlo] 2] 2~ (Hantaan Virus; HINV), B 22k (Brucella
Melitensis; BM), ©|Z < (Shigella Dysenteriae; SD)l T
3k genomic DNAS AH&-3}3i Tt

2.1.2 At

AE2EA Aol gt A THALE 5t ©A
o Sterne @59 JYAE E ¥z, FE Ol #,
Amdaldt HA= 121 °CcolA 40 B3 udEdS
g 5 20 A7F 37 °Col A wikste] AbES SHQldh ¥
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2.2 Real-time PCR

AAIE FFEaANTES 98] AccuPower®
Biothreat Real-Time RT-PCR Kit(v3.0)(Bioneer, South
Korea)S AF8-3}91 2™, QuantStudio 6 Flex Real-Time
PCR system(Applied BioSystems, USA) JH|E A}-8-35}
AN FHEAAANS B B4 DL AN,

2.2.1 AccuPower® BioThreat Real-Time RT-PCR
kit

AccuPower® Biothreat Real-Time RT-PCR Kit(v3.0)+
11 F] A=2eA dig 21 A 54 4=
HAEY 4 YTHTable 1).
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(Brucella melitensis)> 18711, 2~ B FA& -+ (Brucella
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Table 1. The target gene of biological agents

Species target

Bacillus anthracis PA, LF, pXO2, Ba813

Yersinia pestis CAF1, pla, yihN

Vibrio cholerae ctxB, O1, O139

Francisella tularensis FopA
Salmonella typhi viaB, fliC
Rickettsia prowazekii 17 kDa
Variola virus HA
Yellow fever virus Polyprotein
Hantaan virus NP

Brucella species(spp.) alkB, 1S711, BR0952

Shigella dysenteriae HP

PA, protective antigen; LF, lethal factor; CAFI1, chromatin
assembly factor 1; HA, hemagglutinin protein; NP, nucleocapsid
protein; IS, insertion sequence; HP, hypothetical proteins



71Ex e Adxs Fue] AFS R primer, dual-
labeled fluorogenic(TagMan®) probe, DNA polymerase,
dNTPs7} ©Y tubeoll 1 3] AME #=Fo= 7z ¥
B ¥]o] 9l o1 (Table 2) ¥+ well'd DEPC DW 19 ul
2} Internal Positive Control(IPC) 1 ul Z22]3l template 5
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Table 2. List of reagent components

Table 3. Reporter dye of target genes

THEE

AL
+2

Biothreat PCR premix

96-well plate x 1 EA

Biothreat Positive
Control(PC) DNA/RNA

100 pl/tube x 1 tube
(Natural)

Internal Positive Control

100 pl/tube x 1 tube

(IPC) (Natural)
DEPC DW(No template 100 pb/tube x 1 tube
Control, NTC) (Natural)
1800 pl/tube
DEPC DW 2 EA or 4 EA
Optical Sealing film 1EA

2.2.2 ABI QuantStudio 6 Flex Real-Time PCR
system

AN FHELANNSS $I5H  QuantStudio 6
Flex Real-Time PCR system= AF2-3}312.™ dye®} PCR
WS X2 EF S A3 TH(Table 3). Pre-denaturation
L. 95 oCo|l A 5 7t ©@3] A A|S}al, denaturation 2
2 95 °ColA 15
5 °CollA 30 27+ %
3H3ATt.

%3}, annealing®} extension ¥}
legsh o] 5 IAS 45 3] HA|

W

3. &1t

3.1 MESEEH &/

L8849l DNAT 0.001(0.005 ng/well), 0.01
(0.05 ng/well), 0.1(0.5 ng/well), 1(5 ng/well), 10 ng/pl
(50 ngwel)®] 5 7H4] EE= Asdeh. 1 Ay} o)
yrel AEeAsA B4 494 4% H9e
o Wl f-2lu]skA Ct(threshold cycle) #ko] W}
£ 28 Fasign v, debitolesg) Aot A

=

AL ZHZA|E

1 2
B. anthracis R. prowazekii
A PA FAM
17kDa FAM
LF JOE
B. anthracis Variola virus
B pX02 FAM
HA FAM
Ba813 Cy5
Y. pestis Hantaan virus
C CAF1 FAM
NP FAM
pla JOE
Y. pestis Yellow fever virus
D .
yihN FAM Poly. JOE
protein
V. cholerae Brucella spp.
E alkB FAM
cixB FAM
IS711 Cys
V. cholerae Brucella spp.
F (0] FAM
BR0952 FAM
0139 Cy5
F. tularensis S. dysenteriae
G
FopA FAM HP FAM
S. typhi
H viaB FAM
fic Cy5
selsigint. 71 9] o

A1 nguetE HEe] Thsds &
2 AEsheAe 49 4 LollA zh A&l
o] cigtel FAHl SA == RS SIS t(Table
4, Fig. 1).
o] 5Ug ghA3f DNA 5 ngoll uishe] g-8-3l5o]
AFEE T Qe AT HE] J)E(TaqMan™ Bacillus
anthracis Detection Kit, Applied Biosystems™)Z 2IA]
o FTHELAHNES S Wk A AdE

YER SIth(pXO01 Ctgk = 19.7, pX02 Ct#k = 21.0).
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Table 4. The Ct value of genomic DNA amplification

Ct value

Species| Target Concentration(ng/uf DNA)

Gene | 10 1 0.1 | 0.01 |0.001

PA 153 | 183 | 214 | 260 | 29.2

LF 17.0 | 193 | 225 | 272 | 29.7

BA
pXO2 | 163 | 19.7 | 240 | 272 | 31.7

Ba813 | 15.7 | 19.1 | 234 | 27.0 | 30.0

ctxB 17.1 | 213 | 245 | 27.1 | 33.0

VC 0Ol 174 | 21.6 | 246 | 284 | 334

0139 | 179 | 212 | 247 | 282 | 319

FT Fop4 | 149 | 181 | 22.0 | 26.1 | 30.1

viaB | 184 | 22.0 | 25.6 | 31.8 | 38.7
ST

fic 18.6 | 220 | 254 | 305 | 33.8

RP 17kDa | 169 | 199 | 229 | 273 | 312

VACV | HA 189 | 220 | 265 | 29.1 | 329

HTNV | NP - 6.4 123 | 166 | 20.7

alkB | 17.8 | 213 | 24.8 | 288 | 33.8

BM IS711 - - - - -

BR0952 - - - - -

SD HP 144 | 17.8 | 215 | 252 | 284

BEAEe A3 B AT F nidnrel
DNAE AHE3I901} & BFATEe) Sol fa4
% akBst WA AENE AL FASNYD, FF £A
FRAAR 157018 AE] 514 o} A AFo]
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Biothreat Positive Control DNA/RNA+= X HE3-9]
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Fig. 1. Results of the real-time PCR amplification of
genomic DNA(0.1 ng/uf)

= A IS Yl eHA A Sterne 752 AUAE
A, FEEHA 01T, AT 59 AlAS AL
231 TE AbtE 2x10%(1x10" CEUAwell), 1x10%(5x10"
CFU/well), 2x10%(1x10*> CFU/well), 1x10°(5x10* CFU/
well), 2x10°(1x10° CFU/well), 1x107(5x10* CFU/well),
2x10%(1x10° CFU/well), 1x10°(5x10° CFU/well) CFU/ml
o] 8 7H wER st #AS e A
2x10* CFU/ml o]8}e] skolA HEEA kot 1
o] FEoAE Ctatel FowlstAl Wake Aol
o1 A tKTable 5, Fig. 2).
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Table 5. The Ct value of dead cells amplification

Ct value
. Concentration(CFU/ml)
Species Target
Gene 1X 2X 1X 2)( 1)( 2X
10° | 108 | 107 | 10% | 10° | 10*
PA | 16.0 | 19.0 | 23.1 | 264 | 29.5 | 33.8
LF | 160|189 |23.2|264 |293 |33.7
BA
pX02 | - - - - - -
Ba813 | 19.5 | 21.8 | 26.7 | 29.1 | 33.8 | 37.0
ctxB | 1451169 | 20.8 | 252 | 27.6 | 34.4
vC Ol | 141|168 (204 |24.8 (271|316
0139 | - - - - - -
viaB | 14.5 | 16.7 | 203 | 22.4 | 27.7 | 32.9
ST
SC | 153|162 (209 | 21.8 | 28.0 | 30.9
EbA32] 73-9- DNA 1 ng/ut3} 2x10%(1x10° CFU/well)
CFUml %9 JLAEL At Ctgko] 18~200.% A}

3FA 3L, 0.1 ng/ut DNAS}F 2x10%(1x10° CFU/well) CFU/ml
FXo XA} Alto] 22~239) Ctiks WERITh 2
22 7% 0.1 ng/uee] DNASH 2x10%(1x10* CFU/well)
CFU/ml ARtollA Ctgkel 242 fAFSHAl Lrebge). A
wdlgkte] 3¢ 2x10%1x10° CFU/well) CFU/ml Ab
Ct#to] 1 ng/ul DNAQ] CtatH Tl =4 U2 Zog
1o} 2x107(1x10° CFU/well), CFU/ml Abat Ct@kat &
}\]_zﬂ— 7—] o7 o;“}\l—g] 1:]_

=

—
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AccuPower® Biothreat Real-Time RT-PCR Kit(v3.0)<
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Fig. 2. Results of the real-time PCR
dead cells(1x10° CFU/mI)

amplification of
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