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Figure 1. The gold nanoparticle aggregation induced by

probe-DNA hybridization

Figure 2. Absorbanc spectra of gold-nanoparticle solutions

produced by designed in this study

Figure 3. Tramission electron microscopic images of gold
nanoparticles produced by different experimental

methods

Figure 4. Absorbanc spectra of gold-nanoparticle solutions
produced with different concentrations of citrates varying

from 38.8 mM to 42.8 mM

Figure 5. Absorbance changes of gold nanoparticles with MTC
specific probe molecules after hybridization with 16S

rRNA NASBA amplicons

Figure 6. Absorbance changes of gold nanoparticles attached to
MTC specific probe moleucules after hybridization with
supernatants of cell lysates obtaine by bead-beating of

varying amount of M. bovis BCG cells

Figure 7.M. bovis BCG cell lysate when binding with the
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BCG . Dbacille de Calmette-Guerin vaccine

CFU . colony forming unit

MTC . Mycobacterium tuberculosis complex
DTT . dithiothretol

EDS . energy dispersive spectroscopy

HIV :human immunodeficiency virus

NASBA : nucleic acid sequence-based amplification
PCR . polymerase chain reaction

SDS . sodium dodecyl sulfate

TEM . transmission electron microscopy

Vi



T 8 o

F e 94 0§
297 AR B AT

gte] ca¥y Ee} Solwo @AZF o] HT Al
29 FAAPEE0] AT, AwEa gty B AFdAe &

FYRE vag A 15 me) F e AA4E FHT
W 7 vhe 9] 277k #AAch @9, F e |

Aot At Ho] ZEHo] AFLS pH 7.09 washing
buffere} pH 8.32] re-suspend bufferE AF83}3lS o 23
o 5o 2289l ¥4 &4 Mycobacterium bovis BCG
16S rRNASLe] Aol HA sty = Aoz yehyth B3

02 M& MgClLE AH&3S W 240 o] A8 ¥d 34t

vii



ool 40 oR wFHo] A& de] f83 =dS
g8kt M. bovis BCG & hafste] 2 &3l

EA5HE 16S IRNAS BAEAR ALg35le] Adda 5

o} Escherichia coli& ©]&3to] Holx=& glst. &
AT d3e FF 5 U YAE o] & g A

H o] Ego] EZlo R AR ETL

)
o>,
i
rlr

o

1=}
it
i
b
o
2L
i
)
g

>
0
ML
D)
2
uv

viii



A 1A AE

A &l (tuberculosis)< <13 2 37 (mycobacterium tuberculosis)©]

T2 575 st A Aotk AA AA 19 13

<y

9JS Howm =AsH, 20104 dha o] ut

(o]
SN
o
)
=)
1o,
>
b
Mo
i)
N
T

a7t s 10ve] AR Ab

538 ofxelzbst obAlote] A FAL we A FYES
veba *° sjel A= 2007d A3 AEa dEe] - 107

T 7169, = FH 200 A3 W Ee] & el ©

i

A7+ A ulo] 2 2~ (human immunodeficiency virus, HIV) 2] 4
3} A opAl/AE S W A 2 3 (multi/ extensively drug resistant tuberculosis,
MDR/ XDR-TB)¢] &d oz A9 9go] §43| F7lstar ot *
5

olglgk Ao tisto] MARATF= olw] 1993 A|A 23

q7ks Sldsa ee 9l ot 4Fe veldA gm gk



j2e

7

olof 2000 AARAVIFE=

FaL Al A €

S

(Millennium Development Goals)’ &

!
an
e
o
Pyl
)
qr

wK

o

.
fi%e)

|
—_

AA] ez de] ARgEa

Rl

o

Ak gk o

wt

g

o X

=
=

014 o

9|

] Ogawa ¥i#] &9 il

. ofel H]

10, 11

712l dA EoiM wiA =

Bol7] "ol w5

R
=

A4 ~ 85)]

el

o

—EE]- 12, 13.

ol

™ 1]

A==Ye)
=0

73 °]

=
[e)

7}

I 2 MGIT(Mycobacteria Growth

b 98

5]

LR

o
=

9]

Indicator Tube 960 system, Becton Dickinson, Sparks, MD, U.S.A.)



37

AEst AA el AdEo] 1~ 25 ol

=
=

e R R

ol
ok

baqleh mebd @e A

bl Abgs

)

e

)

o
Z.e
oo
el

s

o

°©
flacy

2

A

241 ) ¥F-$-(polymerase chain reaction, PCR), 2 A] 7k & &

2 ZAd2] DNA

=y
T

(real-time PCR)

7 5 ol i}

L
a

1
=

7H Ha}ﬂﬂ 9}]\]:} 15, 16, 17.

Aol A 2

A%k A}

A5} )7}

Tl
=

H]-§

o 7§

=
) SN

| ok mep )

gs}o

Al

S
) .

To-

ol

o



ﬂo
=
o
o
e

1.0

s

A

o]
H

-
I E

| oA 3 gley 102 1y
M

=

=

< A7, AV aea A

x 10° me] o}F 2L =7

THAIAl

jq_f—L
=

iod

s
[

|

X

B

o))
HH

=

2} =& (Plasmon) ¥

}o]

<)

gl ¢
il 250l o] 8- Tt

=}
S,

9

A7) 3he)
DNA vj<

T
vl
PN

T

[}

Q.

g=2 M=r A7 A =w, 530 nm 3 AN

1= Axhe 6s AAFet JALE

°©

3L
=

A

22



2

T

u:HL.

S
M=

(o3}

)

530 m¢ HUEZFFAE /A Ao Bo
#o]al o] DNAS}

=
=

<715 DNA

Q_]l:
a8 7 med A A& (aggregation) 7t @A o)

W

T

T

22

ol
=

F th(Figure 1). weba &9

As

T

“ DNAZE Sl& wel =

i

UERp T

Bebg =



i rQ) = QFIIIQ

LLLEELEEE] I,
TargetDNA

Figure 1. The gold nanoparticle aggregation induced by probe-DNA

hybridization *°



o

i

ol
N

H

T8 7

g

O

=

A 7HA

ArbEel dAHa glk % e

—_
fite)

rze)

B!
iy

03
L
;OO

Bl
22
—_

X
il

2%

—

7} 10° ~ 10° cells/m A EodA] A A ©

o] gl %,

ol B} &

WAL el AL 5 =

ol

A

)|
—_
o

4

e 2 g

5]

a7ke] gH] glo] Ae] W

e

Gl
£

o

oyl

}

& 7FA°] A

]

o

or
o
mjn
|
I

—

0

olo
Gt

&

Wi

A 32

T
T

Z o]l 16S rRNA

T
T

o] -3}

ol 2} messenger RNA (MRNA)X.

HH
e

A7 EA(10° ~ 10* 7R

=]
-

A she] WA Al

=
=

A RNAS <F 80%

il

i

S

o e



mjp
—_

T

fite)
o
il
1
i

b
N

kil

ahar

i



A2 AE R U

1. 3 Y= 9& &4

w7 Ui gAY A7)¢ BYS ddstA ek el W
AR B3], hydrogen reduction, citrate reduction 5¢] o] ¢lomn 3
Ao citrate reduction®S o] &3lo] A& A TH Citrate
reduction®] W2 FAHAo] FtAstHAME thE Wy w3}
kg0 93 ol Aok 5 st 44k(Hydrogen tetra chloroaurate
(1), HAUCI,) 3} ¢34+ L E & (Sodium citrate tribasic dehydrate)S ©]-&
skl st A719 5 Uk JAE FAsH Aol AREE o

71 A] ek Sigma-aldrich (St. Louis, US.A)ZFE 435t AL83519
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Table 1. Chemical compositions used to produce gold- nanoparticles

Hydrogen tetra chloroaurate (III) Sodium citrate tribasic Reaction Time
Method
(9/1000 mf) dehydrate (g/100 ml) (min)
A 1.00 mM (0.3398 g) 38.8 mM (1.1408 g)
B 1.15 mM (0.3938 g) 38.8 mM (1.1408 g) 15
C 1.15 mM (0.3938 g) 45.0 mM (1.3408 g)
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2. 7 U= dA9 FFE A

74 (Transmission electron microscopy, TEM, JEM-2010, JEOL, Japan)o.=

sl o,
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A3 #2l Mycobacterium tuberculosis HiF-S Q¥ tolmg A
N3t 28 complexol]l £3t= A+ (M. tuberculosis complex)<!
M. bovis BCG(Pasteur 1173P2)5 3o A3}t w3k, At
zgHol Eo|Z golaly] 9s] M. smegmatis (ATCC 25855)<}
Escherichia coli (ATCC 25922)& AF&-3Slth M. bovis BCGSF M.
smegmatisi= Middlebrook7H9 A vl x| ol A 218 wjokate] AFE3}S
© 1, Escherichia coli= brain hear infusion (BHI) <A ulj=<]o| A Z &t

W Fste] Abg-salnt.
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EN
—}N

+ McFarland Standard (BioMerieux, Durham, NC,
USA) BEAE o]l&sle] wde s=& st #+5 3¢
s17] 9138 3 mm glass bead (Sigma-aldrich, St. Louis, Mo, U.S.A)<} ¥

golg] 7l Eo]9l= 50 ml conical tubeES 2 HEE¢t Ao] oy E
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el
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Ll
o,
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PN'
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_1%

LN '6‘
e WA Eegk 1 38 FHo x=e¥ Y owA McFarland

Standard ElEAE o] 43le] Fole] En= slolalgiul. AEa F

5 (colony forming unit, CFU)7} E1E F NS Alg] 2d4
(0.85% sodium chloride, NaCl)& 10 #]|& wAE 3]4] (1 x 10" ~ 1 x
10*CFU/Mme)Ste] 4t el ARgopgle} #5305,

A

AL FES 98 34 #FE 7,500 x goll Al 20 & 7F QA

o

2]3 % 1.5 ml microcentrifuge tubeo] %71 ¥ T}A] 12,000 x goll A]

Al

10 ¥ 7+ 94

e

glete] AT as AAST FdE F5el 2 m
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glass beadE “Z 1 Precellys 24 bead-beater (Bertin Technologies, bis
Avenue Ampéere, Montigny-le-Bretonneux, France)E ©]-&3}o] oA 60

% 7+ 23] bead-beating3}tiL 4°C, 12,000 x gollA] 10 ¥7F LA &2

A=

]_

ol

At} oo AEFMZ=S AHEL 15 ml microcentrifuge tubeoll 7 A}
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5. Nucleic Acid Sequence Based Amplification

F=3 Idr T RNAS F3 o2 3Fo] Nucleic Acid Sequence
Based Amplification (NASBA)E ©] &3+ RNAS IS Aldd3stgit). 43
2] 16S rRNA 7 A} E-©] T7 RNA polymerase promotor &3 7] A & o]
EZ3E forward primere}l reverse primers A28 0™ NASBA
premix= NucliSens EasyQ Basic kit V2 (bioMérieux, Chemin de I'Orme,
Marcy-I'Etoile, France)E A}-&3}3itH(Table 2). 534WHS-S £33 PCR
thermal cycler= GeneAmp PCR System 2700(Applied Biosystems, Foster
city, CA, US.A)S AF&3}3ITh

Aok 9 =3 RNAS] =4 S = reagent solution 64 1{, 80 mM KCI
working solution 24 (, primer mixture 8 xlE 41°] master mixtureE TF
E 3, master mixture 5 x0¢} 34 (1 x 10" ~ 1 x 10° CFU/m) 3 3

RNAS5 ulE o]&sto] & 10 o] ¥ NS AL&359t} whex

2 RNA 22t Fx25 FF7] ¢3t9 65CelA 5 & WHg3hal,

enzyme solution 2.5 W= H7}3le] & 125 ulo] WHE-8olS 41T

16
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Table 2. Primers for amplification of 16S rRNA using NASBA and probe

linked to the gold nanoparticle for detection of M. tuberculosis

Primers and
Oligonucleotides (5' — 39
the probe
F [T7]-[Extra”]-CTT CGG GAT AAG CCT GGG AAA
R CAC CCC ACC AAC AAG CTG ATA
5-thiol-AAA AAA AAA A GGT GGA AAG CGC TTT
MTC™ -probe

AGC GGT-3’

“T7 : T7 RNA polymerase promotor sequence, [AAT TCT AAT ACG ACT CAC
TAT AGG G]
“Extra : Extra purine residues, [AGA AGG]

“"MTC : Mycobacterium tuberculosis complex

18



6. 7 U= At 2RFT So] Z2we AF

A 9] 16S rRNA A z}bol] Eolz o7 Agsts= Adlgd Eo

(e

=2 a¥2 el 57 238l o] (Genotech, Daejeon, Korea) AF&-3193 T}
Thiol7|2 X|8td 2B 5 &A3} A]7]7] 9135}e] Dithiothreitol (DTT)
0.1 M ¥} 170 mM phosphate buffer (disulfide cleavage buffer, pH 8.0)&
o] g3sle] 1 mk WHEI FH|E TEZHE 10nMo] HEE 1 MDTTE
=2 SIMAZTE &FE S & F 25Tl A 2 ~ 3AIF HEGA]
7IHA 7FEA Aol ©]o], Nap-5 Z-H(GE Healthcare, Little

Chalfont, Buckinghamshire, UK)S o]&3}o] AA® X2 H 8 100

w=S Zrdol S5 F o Nano pure water 400 plS 0] AZ9
F< 500 pb REEOA AR

T U dxte} A Eo] z2HE AYsy] Yste] A
So] LRHO FE 5nME o] 156 m = W= dAket e
th defl o3k AkstE W8] flske] &fo] 5o AU tubeE =

Qo A 25T oA 12 AZkel4 WuH]E o] gahe] wukehel

Hlo] Soj7bx == @ AEel4 §o06] 5 40 100 mM phosphate

19



buffer (pH 7.0), 10% sodium dodecyl surfate (surfactant solution, SDS) 100
s gol 25T 30 w1F wytalgich nlgko] £k oo 2 M
sodium chloride (NaCl, pH 7.0, salting buffer)S % x| 2] ko] 300 ul7}

HEE 6~8 AT AFE Fal 4~6 3] wns Tote] Yol

FHlE Bl 12,000 < golA 30 &b AHEE Foll FT

S AASFY] F31 100 xl 150 mM NaClel 10040 10 mM phosphate

ol
2
o

buffer (pH 7.4)E o] 83te] YA Fa] dlo] BLZo| 9= 4
AAst FAH. 2 ~ 33] WHES Foto] EeEo] s AAHW

300 «£2] 0.3 M potassium chloride®l], 300 0 0.1% (v/v) Triton X-100,
400 102] 20 mM Tris-HCI (pH 8.3) resuspension buffers ©]-83}o] H.3%
sEaATh oF 4T 9 WA Hasia daes Z3FE=AE o

gatol alstaln

20



7.3 U= RS A" AYdT 5ol ZEHS 16S

rRNAS] 733}

1x 10" ~1 x 10 CFU/ml2] M. bovis BCG H] %S Ao & bead-

beating= Aldste] FE3 AN FEF 10 W A3 So] =
2871 A%E 5nM & Y= YA 50 WE RHEAITIAL 2 ARE F
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Figure 2. Absorbanc spectra of gold-nanoparticle solutions produced by
(A) Hill & Mirkin’s method®®, (B) Natan’s method®®, and (C) the new

experimental method which was designed in this study.
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50.0 nm

Casor: 201675 ke

Figure 3. Tramission electron microscopic images of gold nanoparticles
produced by different experimental methods, (A) Hill & Mirkin’s method®,
(B) Natan’s method®, and (C) the new experimental method which was
designed in this study. (D) Energy dispersive spectroscopy image of solutions
containing gold nanoparticles which show the presence of gold partcles in the

solutions.
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Table 3. Particle diameters and relative standard deviation (%)

Mean diameter Relative standard deviation
method
(nm) (%)
A 15 (£ 2.1) 9.8
B 22 (£ 5.4) 23.9
C 15 (£ 3.2) 10.8
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1.2

= Control + 38.8 mM

r
0.6
b = Control + 39.8 mM
d e Control + 40.8 mM
04 €ontrol + 42.8 mM
C
0.2
0.0 T T T T T T T T

400 450 500 550 600 650 700 750 800
wavelength, nm

Figure 4. Absorbanc spectra of gold-nanoparticle solutions produced
with different concentrations of citrates varying from 38.8 mM to 42.8
mM. As the concentratin of citrate increases, the maximum absorbances
of the gold nanoparticels decreases indicating the concentration of the

citrate influences the sizes of the gold nanoparticles.
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A7z W57 dojuA Ha ol F3Ee WstE A d 5 9l
(Figure 5). &4 TS = E. coli ¢ M. smegmais®] 16S rRNA
NASBA T 34w ARgeto]l 22 WAow 243t AuE Huls3
o,

Figure 5914 &= <= 915%9], E. coli®t M. smegmais®] NASBA <

g

Zobgsl £A8G Aol U] WMErh 4L wlv(Figure 5. A,

o)

sk A7 739l

ol
ot
o

B), M. bovis BCG2] NASBA T3 t&E3 & A
St 3% 2tolE EAtH(Figure 5.C). 3% 530 mmollA k= Bl
A HH E. coli TZ2HEA = 0.1157)F 7483 a1, M. smegmais 5%

AHEo A= 01457 743 oY M. bovis BCGE| FEAME oA &=

04217} Fdkel Wal7h FEdde B + ANCH

32



B —
A Gold NP + £, colf amplicon Gold NP + M. smegmatis amplicon
12 10
£ £
c c 09 .
3 10 = —n 5 / \ —n
0 / \ RE
4] v
208 = — £ \
[ . . i} .
2 E coliamplicon+ | 2 07 ="M smeg amplicon +
0 0
g 2hr 4 2hr
2 2
< 0.6 < 0.6
450 500 550 600 45 500 550 600
C . D .
Gold NP + BCG amplicon Specificity of the gold nanoparticle probes
16 m————— 05
£ £ 04 i
£ 14 H /
7 ® 02 /
n 12 = v 01 Ju—
ST . R
' ®
55 BCGamplcon + | = FLAE | ALl PL+BCG
0 08 9 F1 coli smegmatis
a 2hr 3 : amplicon
'20-6 q amplicon | amplicon
450 500 550 600 =50 0 015 0ls 04l

Figure 5. Absorbanc changes of gold nanoparticles with MTC specific probe
molecules after hybridization with 16S rRNA NASBA amplicons of (A) E. coli, (B)
M. smegmatis, and (C) M. bovis BCG. Blue lines (P1) represent the abosorbanes
measured with the probe attached gold nanoprticles only, whereas the green lines
represent the absorbance measured with hybridized products of the amplicons using
E. coli, M. smegmatis, and BCG and the probe attached gold nanoparticles. +2hr
represents the time the absorbanes were measured after hybridization. (D)
Absorbance changes at 530 nm before and after hybridization were numerized and

compared.
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Cell lysate + probe

A
b 0.250
S
O 0.200
r
b 0.150
d
n ¢ —
0.100
¢ 530 nm
e
0.050
0.000
107 CFU 10° CFU 10° CFU 10* CFU 103 CFU 102 CFU
0.202 0.152 0.145 0.108 0.113 0.110

Figure 6. Absorbance changes of gold nanoparticles attached to MTC
specific probe moleucules after hybridization with supernatants of cell lysates
obtaine by bead-beating of varying amount (10?-10'CFU/mI) of M. bovis
BCG cells.
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Figure 7. M. bovis BCG cell lysate when binding with the sensitivity of Gold-

nanoparticle addition MgCl..
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ABSTRACT

Tuberculosis Diagnosis using

Gold nano-particles

Kang, Min Ho
Dept. of Biomedical Life Science
The Graduate school of Health and Environment

Yonsei University

Standard bacteriological testing method that is currently being used for
tuberculosis diagnosis takes a great deal of time and has limited in the
sensitivity and specificity. Therefore, there have been continual research and
studies to find a new test method. This study aims to present the base way of
making gold nano particles composition in order to develop tuberculosis
diagnosis method by using it. As a result of analyzing each particle size,

uniformity and absorbance that is composing gold nano particles, it was

found that 15nm of gold nano particle composition makes the particle size

48



uniform. In the regards to the combination of gold nano particles and the
tuberculosis specific probes, it was found that the Mycobacterium bovis BCG
16S rRNA, target substance has the best combination to that probes when the
pH 7.0 of washing buffer and pH 8.3 of re-suspend buffer are used. Moreover,
it took only 40 min to find the aggregation reaction that was used to take 240
min before by using 0.2 M of MgCl,, so it became one of the valuable

conditions for the quick diagnosis. It was found that the 10° CFU/m{, is the

result of the sensitivity to detect M. bovis BCG from the gold nano particle
when 16S rRNA was used as a target substance and that exists in the upper
part of solution that was obtained by cell lysate the M. bovis BCG. Also the
specificity was confirmed through the M. smegmatis and Escherichia coli. |
think this study will be greatly helpful to develope variable kinds of diagnosis

methods using gold nano particles in the future.

Key words : Gold nano particle, Tuberculosis diagnosis, molecular diagnosis
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