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Abstract

Tuberculosis infection in man and other mammal's continues to be a major cause of
morbidity and mortality infection with Mycobacterium tuberculosis and remains
the single most important fatal causing around 2 million deaths and 8 million cases
each year. Fast and accurate diagnosis of tuberculosisis a very important element
of global health measures to control the disease. Tuberculin or purified protein
derivative has been used of the past 50 years to support diagnosis of buberculosis
in the clinic as well as for screening in national programs and epidemiological
studies. The weakness of the whole blood test is the lack of defined antigens
specific for tuberculosis diagnostics. The ESAT-6 and CFP-10 antigens have so
far consistently been reported to be strongly recognized by IFN-r-secreting
lymphocytes from patients with tuberculosis. Combining tuberculosis-specific
antigens into antigen mixtures to increase diagnositic performance is not a new
idea, but with the increasing number of mycobacterial antigens being cloned and
characterized, Ithis approach has now become aredlistic option. In this study, we
have successfully cloned the fusion protein of ESAT-6 and CFP-10, and expressed
and purfied it as the antigen for INF-r stimulation in T-cells. We also used this
antigen for detecting the blood antibodies for Tuberculosis screening tests. The
data show the ESAT-6 and CFP-10 fusion protein can be a promising antigen for
the TB screening.

Key words. Tuberculosis, Specific Antigens, T-cell interaction, INF-r
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( )PCR

A.

1. Sterile distilled water
2. 10 x Adv. 2 PCR buffer

3. Template(177ng/A )

4. Primer mix(10u M each)

5. 50 x dNTP mix(10mM)
6. 50 x Advantage2 polymerase mix

B.

1.PCR

(GeneAmp PCR System 2400 from PERNIN ELMER)

Volume
Sterile distilled water 81A
10 x Adv. 2PCR buffer 10A
Template(177ng/A ) 1A
Primer mix(10u M each) a4\
50 x dNTP mix(10mM) 2\
50 x Advantage2 polymerase mix 2\
Total 100A

PCR

cycles

15



95 2min

95 30s
60 3
72 30s
72 5min
( ) Gel Extraction
A.
1. Buffer QG
2. Isopropanol
3. Buffer PE
4. Buffer EB
B.
1 (FIRSTEK SCIENTIFIC B205)
2, (KUBOTA 1700)
C.
QIAquick Gel Extraction Kit
1. DNA
2.

35 cycles

Buffer QG

16



4, isopropanol

5. QIAquick spin column

1. 750N Buffer PE 2~5

9. 1 QIAquick spin column
10. 50N Buffer EB 1

11. 1

( ) TACloning
A.

1. 10 xPCR buffer

2. 25mM MgCl,

3. dATP(10mM)

4. Taq DNA polymerase

5. Sterile distilled water

6. 2 x Rapid ligation buffer
7. pPGEM-T easy vector

8. Control insert DNA

9. T4 DNA ligase

10. Sterile distilled water

B.

1. PCR (GeneAmp PCR System 2400 from PERNIN ELMER)



(TropiCooler from BOEKEL INDUSTRIES INC.)

Volume
PCR products for ESCF A
10 xPCR buffer 1A
25mM MgCl, 0.6\
dATP(10mM) 0.2\
Taq DNA polymerase 1A
Sterile distilled water 0.2\
Total 10A
PCR 70 30

PCR products

18



Backgroud Positive Sample

2 x Rapid ligation buffer 5\ 5\ 5\
pGEM-T easy vector 1A 1A 1A
PCR products 2\
Control insert DNA 2\
T4 DNA ligase 2\ 2\ 2\
Sterile distilled water 2\
Total 10A 10A 10A
4, 14 overnight
() Transformation
A.

1. E.coli DH 50 competent cell

2. SOC medium

3.LB

4. Ampicillin

5. X-gd

6. IPTG
B.

1 (FIRSTEK SCIENTIFIC B205)

2. (FIRSTEK SCIENTIFIC S300D)
C.

1. 1A ligation reagent

E.coli DH 50 competent cell

19




4, 2

5. 80\ SOC medium

6. 37 60
7. LB X-ga IPTG 80y g/ml  0.5mM
7. LB 37 18 24

() Plasmid Extraction

A.

1. Buffer P1
2. Buffer P2
3. Buffer N3
4. Buffer PE

1. (KUBOTA 1700)

QIAprep Spin Miniprep Kit
1. 5000rpm 2

2. 250\ Buffer P1 (pellet)



4, 250N Buffer P2 4~6
5. 350\ Buffer N3 4~6
6. 14000rpm 10

7. QIAprep column

0. 750N Buffer PE

10. 1

11. 1 QIAprep column
12. 50N Buffer EB 1

13. 1

() DNA Concentration

A.

1. Buffer PB
2. Buffer PE
3. Buffer EB

1. (KUBOTA 1700)



QIAquick PCR Purification Kit DNA
1. DNA Buffer PB QIAquick

columns

3. 750N Buffer PE

4, 1

5. 1 QIAquick column
6. 50N Buffer EB 1

1. 1

() Ligation

A.

1. 2 x Rapid ligation buffer
2. pTrcHisB

3. TADNA ligase

4. Sterile distilled water

B.

1. (TropiCooler from BOEKEL INDUSTRIESINC.)

1. tube

22



Background Sample
2 x Rapid ligation buffer 10A 10A
pTrcHisB 6.9\ A
Insert for ESCF 1A
T4 DNA ligase 2\ 2\
Sterile distilled water 1.1\
Total 20\ 20\

2. 14 overnight

() Expression of Fusion Protein

A.

1. E.coli TOP10
2. SOC medium
3. Ampicillin

4. IPTG

1. (FIRSTEK SCIENTIFIC S300D)

2 (UV/VIS 916 from GBC)

1. E.coli TOP10 SOC medium
ampicillin 50p g/ml

2. 37 2



3. ODgoorm ODgoonm ~ 0.4~1.0
4, IPTG 1mM

5. overnight

6. 10000g 10

( ) SDS-PAGE

A.
1. H,0O
2.30 Acrylamide mix

3. 1.5M Tris (pH 8.8)
4.10 SDS

5.10 Ammonium persulfate

6. TEMED
7. Coomassie Blue (GelCode Blue Stain Reagent from PIERCE)

B.
1. (Mini-PROTEAN 3 Cell from BIO-RAD)
2, (POWER PAC 300 from BIO-RAD)
C.
1 (gl
cassettes)

2. 15 Separating gel

24



Volume

H>O 2.3ml
30 acrylamide mix 5.0ml
1.5M Tris (pH 8.8) 2.5ml
10 SDS 0.1ml
10 ammonium persulfate 0.1ml
TEMED 0.004ml
Total 10ml

3. separating gel mix (gel cassettes)

4.

5 gd

6. 5 Stacking Gel

Volume

H,O 1.4ml
30 acrylamide mix 0.33ml
1.0M Tris (pH 6.8) 0.25ml
10 SDS 0.02ml
10 ammonium persulfate 0.02ml
TEMED 0.002ml
Total 2ml

7. stacking gel mix (gel cassettes)

8. well-forming comb

9. well-forming comb

10. gel

11.

25



12. sample buffer

13. sample sample well

14. 100 15

15. gel Coomassie blue 1
16. 1

( ) Protein Purification

A.

1. BugBuster reagent
2. Benzonase
3. lysozyme

4. 10 BugBuster reagent

5. 6M urea

6. HiTrap affinity columns
7. sterile distilled water

8. 0.1M NiSO,

9. start buffer(8M urea 10mM imidazolein PBS, pH 7.6)

10. 20mM imidazole buffer
11. 500mM imidazole buffer
12. strip buffrt(100mM EDTA in PBS, no urea)

1. (Roto-Shake Genie™ from Scientific Industries, Inc.)

10
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C.

a. BugBuster reagent treatment
1. 1g 5ml BugBuster reagent

2. 1ml BugBuster reagent 1y | Benzonase

3. 10~20

4. 4 16000 g 20

S. 1 BugBuster reagent
6. lysozyme 200u g/ml

7 5

8. 10 BugBuster reagent 1
9. 4 16000 g 15

10. 20ml 10 BugBuster reagent
11. 4 16000 g 15

12. 10 11

13. (pellet) 6M urea

b.His-Tag protein purification
1. 5ml steriledistilled water HiTrap affinity columns

2. 2ml 0.1M NiSO, HiTrap affinity columns Ni®*

27



3. 5ml sterile distilled water HiTrap affinity columns
Ni**
4. 3ml start buffer HiTrap affinity columns
5. sample HiTrap affinity columns
6. 10ml start buffer ~ 10ml 20mM imidazole buffer HiTrap
affinity columns
7. 5ml 500mM imidazole buffer HiTrap affinity columns
protein 1ml
8. 3ml strip buffrt HiTrap affinity columns

0. 4

( ) Western blotting
A.

1. (filter paper from 3M)

2. PVDF membrane

3.100

4. sterile distilled water

5. Western transfer buffer (25mM Tris, pH 8.3, 192mM glycin, 20
methanol)

6. (Western blot sandwich)

7. blocking buffer

28



8. TBST buffer

9. anti-HisG-AP antibody

10. dilution buffer

11. BCIP/NBT liquid substrate system (from SIGMA)

B.
1 (POWER PAC 300 from BIO-RAD)
C.
1. 8 x10cm? PVDF membrane 6 x8cm’
2. PVDF membrane 100 5

3. PVDF membrane sterile distilled water

4. PVDF membrane Western transfer buffer

S. SDS-PAGE

6. ( ) - - -
~ PVDF membrane — - > (
) Western transfer buffer

7. 4 30 overnight

8. PVDF membrane
9. blocking buffer 1
10. TBST buffer

11. anti-HisG-APantibody 1 5000 dilution buffer

29



12. PVDF membrane

13. TBST buffer
14, TBS buffer

15. (BCIP/NBT liquid substrate system) 10~30

( ) Assay for Protein Concentration

A.

1. BSA (Albumin, Bovine Serum)
2. PBS

3. 96

4. protein assay dye reagent concentrate (BIO-RAD)

1. (DYNATECH MR5000)

1. PBS 80 40 20 10 O p g/ml BSA

2. 160y | BSA 96
3. 160p | 96
4, 40u | dyereagent

S. 15

30



BSA

ODGSOnm
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() PCR
ESAT-6 CFP-10

619bp ESAT-6 forward primer

(5 -AGCTTGGATCCTATGACA GAGCAGCAGTGGA-3)  CFP-10

reverse primer (5-AATTCCTCGAGTCGTAT CGTGTCATGT-3)

PCR PCR
600bp band (Fig. 1) band
( ) TAcloning
gel extraction
deoxyadenosine T vector E.coli DH5a
10 BamH |
Xho |
10 9
(Fig.2) 9

9 1 (Fig.3)
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()

pTrcHis B vector (from Invitrogen)

E.coli TOP 10 6
BamH| Xhol
6 4
(Fig.4)
()
pTrcHis B vector E.coli
TOP 10 E.coli TOP 10
pTrcHisB vector  E.coli TOP 10 IPTG
012 3 4

SDS-PAGE (Fig.5)  Western blotting (Fig.6)
pTrcHis B vector
pTrcHis B vector
Western blotting

30kDa band

()

BugBuster reagent

33



(inclusion body) HiTrap

affinity columns 5 SDS-PAGE
5 2 30KDa
band (Fig.7) Western

blotting (Fig-8)

()
protein assay dye reagent
ODeso  0.339 BSA
(Fig-9) 29.36p g/mi
()
() T INF-r

T INF-r

34



PCR primer

PCR BamH| Xhol
PCR

pTrcHis B vector

PCR

PCR T vector
BamH|1 Xhol

pTrcHis B vector

pTrcHisB

vector  E. coli TOP10
pTrcHisB vector E. coli TOP 10
(Fig.5) Western blotting
1
2~3 Western blotting
band (Fig.6)

E. coli TOP 10
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band

blotting

SDS-PAGE

SDS-PAGE
(Fig.7)
( 20kDa)
SDS-PAGE
band
T IFN-y

E. coli

Western

(Fig.8)

IFN-y

IFN-y
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|adder

primer

bp

1500
1000
500
300
100
Figl PCR M 100bp DNA
LaneA ESAT-6 forward primer ~ CFP-10 reverse
PCR 619 bp
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k
bMABCDEFGHIJM’ kb

5.0
3.0
2.0
1.5
1.0
0.5
Fig.2 TA-cloning M 100bp DNA ladder
M’ 1kb DNA ladder Lane A~J BamH| Xhol

T vector LaneE
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kb kb
MA BCDEFM

10.0
50
3.0
20
15
10 1.0
0.5
Fig.4
M 100bp DNA ladder M’ 1kb DNA
Lane A~F BamH | Xho |

vector Lane B

pTrcHis B vector

F

ladder

pTrcHis B
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kba M A B C D E F G F

201
94
48.6
36.4
29.8
20.6
6.6
Figb  SDS-PAGE M prestained
SDS-PAGE standards LaneA~D pTrcHis B vector
A B 1 C
2 D 3 30kDa
Lane E~H pTrcHisB
vector E F 1 G
2 H 3 6kDa



kDa

48.6
36.4
29.8

20.6

Fig.6  Western blotting M prestained
SDS-PAGE standards Lane A~D pTrcHis B vector
A B 1 C
2 D 3 30kDa band Lane
E~H pTrcHis B vector E F

1 G 2 H 3



M A
201 = W
94 — B
48.6=— W
36.4—
29.8—
20.6=—

Fig.7 SDS-PAGE

M prestained SDS-PAGE standards

affinity columns

Lane A~E HiTrap
30kDa

Lane B
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kDa

36.4

29.8

20.6

Fig.8 Western blotting
M prestained SDS-PAGE standards Lane A~E HiTrap

affinity columns LaneB
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OD650

0 20 40 60 80 100

BSA (ug/ mlyy 00.48 831
R 9897 85

Fig.9 BSA

ODssp  0.339 29.36

M og/mi
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Ab response to CFP-10 protein

3.0
2.5 °
o
2.0
§ 1.5
a) ¢ °
O 10
s s
0.5 [ o
| i :
0.0 o
normal ag©° faH °C f faH
plasma dillute: 1/80
normal:13
ag©° foH:14
°C f faH:12
CFP-10: 1ug/mi
Fig. 10 CFP-10 asAg. ( 1gG) (
80 )
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Ab response to CHP-10 pprotein

20
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0.2 1

0.0
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Ab response to Fusion protein

0.D.450

normal

plasma dillute: 1/80
normal: 13
15
°C f foH:17
Tusion protein: lug/ml

Fig. 12 Fusion protein asAg

80 )

19G) (
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Table 1 CFP-10, Fusion protein asAg

Y

IFN-

tests
3 days 5days
normal 1
Blank |CFP-1 & (urg){CF P61 Ogl ICFP-1 @ (0 wng@| /PHA S urg)/
1xcell 0 3 — 1891
oxcell 14 | _—1 a4 8 | _—
normal 2
Blank |CFP-1 & (urg){CF P61 Ogu ICFP-1 @ (0 wng@| /PHA S urg)/
Ixcell 156 206 1407
2xcell 341 _—1| 122 133 | _——
normal 3
Blank |CFP-1 & (urg){CF P61 Ogl ICFP-1 @ (0 wng@| /PHA S urg)/
1xcell 22 20 — 1074
2xcell 88 | _— 93 145

1xcell=1.5x10° cell/ml
2xcell=3.0x10° cell/ml
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