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ABSTRACT

Mycobacterium tuberculosis 1is the causative agent of the
infectious disease tuberculosis, infecting about one-third of
human race. Infections are not wvast in the United States when
compared to many other countries, yet many cases seen 1in the
United States are of those who have immigrated to the United
States. The Hispanic/Latino population in the United States
contributes to a large fraction of those infected with
tuberculosis 1in the United States. During this study we
purified recombinant Mycobacterium tuberculosis secreted factors
ESAT-6 and CFP-10 from Escherichia coli. Here we have
introduced a method in which we can refold and purify insoluble
ESAT-6 using one column. Our purified proteins when incubated
together form a heterocomplex just as previous works have shown.
We have subjected each protein, ESAT-0, CFP-10, and the
heterocomplex to a K' release assay in which we use prepared
liposomes filled with K" to show protein activity. We have shown
that our recombinant proteins are capable of membrane disruption
at a low pH. The work presented here builds a base for future
biochemical studies in protein-membrane interaction and
providing information on how such reactions may contribute to
latency and reactivation of Mycobacterium tuberculosis

infection.
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CHAPTER 1: INTRODUCTION

1.1 THE DISEASE

Mycobacterium tuberculosis 1is a weakly gram-positive rod
shaped bacterium with a lipid-rich cell wall. This particular
mycobacterial species 1s the causative agent of infectious
tuberculosis. Tuberculosis is transmitted from person to person
via air particulates generated by an infected individual through
actions such as coughing, sneezing, and spitting. According to
the 2011 annual report by the World Health Organization (WHO)
[1], it was estimated that there were 8.8 million reported cases
of tuberculosis, of which 1.1 million deaths had occurred during
2010 among non-HIV people, and 0.35 million deaths occurred

among those who were HIV positive. According to the Centers for

Disease Control (CDC) [2], there were a reported 11,182 cases in
2010. Of those reported cases 30% were Hispanic/Latino

including US born and foreign born, of which 37% attributed to
those of whom were foreign born (Figure 1.2). This 1is an
important aspect to consider, especially in a large border town

like E1 Paso, TX (Figure 1.1).
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Figure 1.1: CDC report of tuberculosis cases during 2010.
Texas, Arizona, and California, the three states
bordering Mexico, have cases that are above the national
average.

Reported TB Cases by Origin and Race/Ethnicity,*
United States, 2010
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Figure 1.2: CDC reported tuberculosis cases by ethnicity. A

high rate of tuberculosis 1is seen 1in the Hispanic
community, both foreign born and native



1.2 LATENCY AND REACTIVATION

Persons who have been exposed to Mycobacterim tuberbculosis
and now harbor the pathogenic bacteria will present themselves
in one of the following ways. One way is that the innate immune
response of the exposed individuals is activated and effectively
inhibits the pathogens. If the innate immune system fails in
inhibiting the pathogens, the infected person will develop
active tuberculosis within 1-3 years of exposure [3]. Many who
have been exposed do not show any signs of infection, but show
positive in tuberculin test. These individuals are identified as
those with latent infection of tuberculosis, which may be
reactivated in to active tuberculosis (Figure 1.3). The
mechanism as to how latent  tuberculosis becomes active

tuberculosis has yet to be elucidated.
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Figure 1.3: Natural history of tuberculosis infection. Here it
is shown that after several vyears of having latent
tuberculosis, by means not understood can become active
tuberculosis.



1.3 BCG anp TB

Currently Bacillus Calmette-Guerin (BCG) , a vaccine
discovered by Albert Calmette and Camille Guerin from Pasteur
Institute, is used worldwide to combat tuberculosis. BCG 1is a

live, attenuated strain of Mycobacterium bovis, which has been

used since 1921 with an 80% efficacy. It is widely used in
areas where tuberculosis 1s highly endemic. Currently the

United States does not vaccinate.

Despite the regular usage of the BCG vaccine, it had never
been investigated as to why and how this attenuated strain of
Mycobacterium bovis provides protection against tuberculosis and
loses its wvirulence. A research group based out of Seattle,
Washington has provided some insight as to why the BCG strain
had lost its wvirulence. A genomic analysis of virulent strains
(M. tuberculosis; Erdman, H37Rv, and H37Ra), avirulent
(Mycobacterium bovis), and vaccine strain (Mycobacterium bovis;
Connaught, Pasteur, and Brazil) of Mycobacteria had identified
three genomic differences, commonly referred to as region of
difference (RD1, RD2, and RD3), through the use of subtractive
genomic hybridization. Of these three, it was found that RD1l, a
9.5 kb segment, was conserved in all virulent strains of
Mycobacterium tuberculosis and Mycobacterium bovis [4], while it

was absent in all BCG strains, including the BCG vaccine strain.



1.4 RD1

Region of difference 1 encodes a secretion system, termed
as ESX-1, which stands for the early secreted antigenic 6 kilo-
Daltons (ESAT-6) 1 secretion system. Current understanding of
the RD1 region indicate that the following proteins are required
for the secretion of virulence factors, also encoded by RDIl:
trans-membrane protein (Rv3877), and two FtsK-SpoIIIE ATPase
like proteins (Rv3870, Rv3871), and secreted virulence factors
Rv3875 (ESAT-6) and Rv3874 (culture filtrate protein 10 kilo-
Daltons/CFP-10) [5, 6] (Figure 1.4).

To date this secretion system is not well understood as to
exactly how mycobacteria utilize such a secretion system or even
as to why mycobacteria need this secretion system. Previous
works have shown that ESAT-6 and CFP-10 may be directly involved
in membrane disruption [7, 8]), probably through forming pores

on the membranes [9].
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Figure 1.4: Secretion of CFP-10/ESAT-6 as proposed by Patricia
Champion. [5]

1.5 SECRETED FACTORS

The secreted factors ESAT-6 and CFP-10 are encoded within
the RD1 region of Mycobacterium tuberculosis. These two
secreted factors are small molecular weight proteins composed of
on average 100 amino acids. The average size of these proteins
and related proteins share an additional characteristic where
they contain the motif tryptophan-X-glycine residue. Thus these
families of proteins are commonly referred to as the WXG family

of proteins [10].



1.6 HETERO-DIMERIC STRUCTURE OF ESAT-6/CFP-10
In 2002, a group reported that the secreted factors ESAT-6

and CFP-10 of Mycobacterium bovis expressed in Escherichia coli

interacted with each other [11]. Utilizing methods such as far
uv circular dichroism, fluorescence spectroscopy, NMR
spectroscopy, and various binding assays the group

“conclusively” showed that ESAT-6 and CFP-10 form a hetero-
dimeric complex.

In 2005 the same group was able to determine the solution
structure of the hetero-dimeric complex by NMR spectroscopy
[12]. The group showed that the complex formed a four-helix
bundle, in which each protein upon complex formation adopted a
helix-turn-helix hairpin structures and that the two proteins
lied antiparallel to each other (Figure 1.5). The group also
showed that the N- and C- termini of Dboth proteins in the
complex are unstructured and flexible. The unstructured C-
terminal end maintains a helical structure, for which they
hypothesized that this region may be involved 1in interacting
with proteins associated with host cells. In addition, the
group has identified two salt bridges between the two proteins,

which may aid in stabilization of the hetero-dimeric complex.



Figure 1.5: Cartoon ribbon representation of CFP-10/ESAT-6
complex. This representation shows how the two proteins
interact when bound to each other. Here it is shown the
antiparallel association and flexible N- and C- termini.

1.7 HYPOTHESIS AND SPECIFIC AIMS

Does the ESX-1 system and its secretion of ESAT-6 and CFP-
10 trigger reactivation of tuberculosis through membrane
disruption/pore formation on the phagosomal membrane? To
understand the mechanism of reactivation, the goal is to study
the early secreted antigens and how they interact not only with
each other but with lipid membranes. Previous works have been
successful 1in studying and getting a Dbetter understanding of
pore formation with pore forming toxins [14] in a K' release

assay. During this study we will investigate whether the K’

release assay 1is a plausible tool for future studies involving



Mycobacteria tuberculosis secreted factors and their involvement

in pore formation.

Specific Aim 1:
Purify recombinant Mycobacterium tuberculosis ESAT-6 and CFP-10

proteins expressed in Escherichia coli.

Specific Aim 2:
Determine membrane activities of ESAT-6 and CFP-10 using the K'

release assay on liposomes.

Specific Aim 3:
Compare membrane activities of ESAT-6 proteins from
Mycobacterium tuberculosis and Mycobacterium smegmatis, a non-

virulent Mycobacteria strain.



CHAPTER 2: MATERIALS AND METHODS

2.1 EXPRESSION AND PURIFICATION OF CFP-10

Escherichia coli BL21(DE3) transformed with pGEX-4T-1-CFP-
10 were grown in 4 L of LB containing 100 pg/mL carbenicillin at
37°C. At ODgypo 0.8, Isopropyl-pB-thiogalactoside (IPTG) was added
to reach a final concentration of 1 mM. Cells were harvested
after three hours of induction. Cell pellet was then
resuspended with 1X PBS (pH7.3), 3 mL/gram of cell, lysozyme,
MgCl,, and phenylmethanesulfonyl fluoride (PMSF) were added to
final concentration of 0.2 mg/mL, 1 mM, and 1 mM, respectively.
Lysis was carried out at 4°C for 15 minutes with constant
stirring, after which cells were centrifuged at 32, 000 X g for
1 hour at 4°C. The soluble fraction was then loaded onto
glutathione sepharose 4B column equilibrated with 1X PBS.
Proteins were eluted using a linear gradient with elution buffer
(50 mM Tris-HCl, 10 mM reduced glutathione pH 8.0). Thrombin (1
U/mg) was added to the elute and incubated at room temperature
for 14 hours. The thrombin-treated proteins were then applied
to Ni’*-charged sepharose column equilibrated with binding buffer
(50 mM NaH,PO4, 300 mM NaCl, 10 mM imidazole, pH 8.0). The bound
proteins were eluted with binding buffer containing 250 mM

imidazole using a linear gradient at a flow rate of 5 ml/min.

10



2.2 EXPRESSION AND PURIFICATION OF ESAT-6

BL21 (DE3) cells transformed with pET-22B-esat-6 were grown
using BioFlo 115 Dbio-reactor with 2.5 L of ECPM]I media
containing 100 pg/mL carbenicillin. Culture was induced with
IPTG (1lmM) at ODgyp of 1.0 and incubated for 5 hours at 37°C,
after which cells were pelleted, resuspended and lysed (4°C, 30
min, with constant stirring) with B-Per, Bacterial lysis buffer,
(4 mL/gram of cell) supplemented with EDTA (0.5 mM) and PMSF
(100 uM) . The inclusion body was isolated from cell lysate by
centrifuging at 12, 100 X g for 15 mins at 4°C. The resulting
pellet was then washed three times with wash buffer (50 mM Tris,
10 mM EDTA, 0.5% Triton X-100, pH 8.0). Pellet was then
solubilized with 8 M urea (pH 7.4) containing 1 mM EDTA and 100
uM PMSF for four hours at room temperature and then centrifuged
at 15,200 X g for 40 min at 4°C. The solubilized inclusion body
was then loaded onto a Ni’‘-charged sepharose column equilibrated
with 8 M urea, 20 mM Tris (pH 7.4), 20% glycerol buffer. The
bound proteins were then refolded on the column using a linear
gradient 0-88% refolding buffer (20 mM Tris, pH 7.4, 500 mM
NaCl, and 20% glycerol) at a flow rate of 5 ml/min for ten
column volumes. Proteins were then eluted wusing a linear
gradient (0-100%) with refolding buffer containing 250 mM

imidazole at flow rate of 5 ml/min.

11



2.3 PURIFICATION OF CFP-10/ESAT-6 COMPLEX

Purified ESAT-6 and CFP-10 were mixed at molar ratio 1:3
and incubated for two hours at room temperature. The mixture
was then transferred to the binding buffer (20 mM phosphate, 500
mM NaCl, pH 6.8) through buffer exchange using a concentrator
with (molecular weight cut off 3 kDa). The sample was then
loaded onto 5 ml HisTrap column and washed 3 times using binding
buffer with 20 mM imidazole. The heterocomplex was eluted with
binding buffer containing 250 mM imidazole. Elution was carried
out at a flow rate of 5 ml/min using a linear gradient from O0-

100% for 20 column volumes.

2.4 GEL FILTRATION

All of the purified proteins (ESAT-6, CFP-10, CFP-10/ESAT-
6) were further clarified by gel filtration using a Superdex 75
column at flow rate 0.5 ml/min in the buffer containing 20 mM

Tris-HCl, 150 mM NaCl, at a pH of 7.4.

2.5 PROTEIN QUANTITATION

Purified proteins were quantified using BCA Protein Assay

Kit (Thermo Scientific Pierce).

12



2.6 NATIVE GEL SHIFT ASSAY

Increasing concentrations (1-2 uM) of purified ESAT-6-Hisé6
were mixed with 1 pM of purified CFP-10-His6 and incubated at
room temperature for 2 hours. Samples were then run on 8.5%

Native PAGE.

2.7 LIPOSOME PREPARATION

1,2-Dioleoyl-sn-glycero-3-phosphocholine (DOPC) were
solubilized in chloroform (20 mg/ml) and purged to dry under
nitrogen gas. The resulting lipid film was further dried in
vacuum overnight and rehydrated with 10 mM HEPES (pH 7.4) and
150 mM KCl. The lipid solution was then subjected to 6 freeze-
thaw cycles and then extruded 20 passages through a filter with
200 nm pore size using a mini-extruder. The liposome solution
was then loaded onto HiTrap desalting column equilibrated with
10 mM HEPES (pH 7.4) and 150 mM NaCl and eluted which resulted

in liposomes having Na' outside and K' inside.

2.8 K" RELEASE ASSAY

A 100 pl of prepared liposomes was added to 5 ml of
reaction buffer (pH ranging from 4.0-9.0) with constant
stirring. The purified proteins, ESAT-6 or CFP-10 or the

heterocomplex, were then added to the reaction buffer containing

13



liposome. Release of K' ions from liposomes was monitored by K’

ion selective electrode and recorded using DATAQ software.

2.9 AGGREGATION ASSAY

In a 96-well plate, 50 pg of desired protein was mixed with
the buffer (pH 7.0) used in gel filtration to bring to a volume
of 100 nl. An initial reading at a wavelength of 340 nm was
done, this reading would then be subtracted from reading after
either pH 4.0 buffer or pH 7.0 buffer was added to mixture. 50
nl of the pH buffer, 1 M NaAc or 1M Tris was added to each and
mixed thoroughly by shaking for one second every five seconds

for 30 seconds on shaker after which a reading was taken.

14



CHAPTER 3: RESULTS

3.1 EXPRESSION AND PURIFICATION OF CFP-10

CFP-10 is reported to be co-secreted with ESAT-6 [15, 16],
so it would be necessary to purify CFP-10 and test its binding
to ESAT-6. GST-CFP-10 was shown to be expressed as a soluble
product of ~36 kDa, after a three hour induction, in Escherichia

coli BL21 DE3 (Figure 3.1).

200=—

97
66 e

55 m—
45 m—

LT — eGST-CFP—-IO

25
24—

2 () e

14 . 2

Figure 3.1: Induction and expression of CFP-10. Lanes 1-3 are
whole cell lysate (WCL), soluble fraction, and insoluble
fraction, respectively. Lanes 4-6 are samples which have
been induced with IPTG, showing WCL, soluble fraction,
and insoluble fraction, respectively.

GST-CFP-10 was then treated with thrombin while bound to the

column. After a 14 hour incubation period at room temperature we

15



were able to detect cleaved CFP-10 and GST (Figure 3.2). About
75% of CFP-10 was cleaved and recovered (Figure 3.3). Using
this approach, we were able to obtain 17 mg of CFP-10 per gram

of cell weight.

20 () e

176 e
97—

© © e
5 m—
45 m—
36—

€ GST-CFP-10

2 O

€—GST

P
2 () e

14| 2 e

&—CFP-10

0.5 mm—

Figure 3.2: Thrombin cleaves GST moiety from CFP-10Cleavage of
GST moiety from CFP-10. Lane 1 shows thrombin to ensure
thrombin is not found in elutions, lane 3. Lane 2 1is
GST-CFP-10 prior to thrombin treatment.

16
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Figure 3.3: Purification of CFP-10 after thrombin cleavage. Lane

1 shows the soluble fraction. Lane 2 shows the wash
after binding to GS4B column. Lane 3 shows CFP-10
purified following thrombin treatment. Lane 4 shows

that GST was cleaved from CFP-10.

3.2 EXPRESSION PURIFICATION AND REFOLDING OF INSOLUBLE ESAT-6

Previous attempts to purify GST-hexa-histidine-ESAT-6 using the
same approach as described for CFP-10 resulted in expression of
soluble product, yet unspecific cleavage of hexa-histidine-ESAT-
6 during thrombin cleavage, which resulted in complete loss of

protein.

17
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Figure 3.4: Expression of pET 22b-ESAT-6. Lane 1 and 2 are
whole cell 1lysates prior to and after induction with
IPTG, respectively. Lanes 3-6 are soluble and insoluble
fraction before induction with IPTG and after induction,
respectively.

Sub-cloning of esat-6 from expression vector pET-15b into
PET-22b, we were able to express ESAT-6 in BL21 cells as before
with the exception that ESAT-6 was found to be expressed as an
insoluble inclusion bodies (Figure 3.4), which 1is consistent
with other reports. ESAT-6 is expressed as an insoluble protein
in Escherichia «coli. Here we developed a more efficient
purification strategy so as to not lose product due to changes
of wvarious purification columns. The pellet containing
insoluble inclusion body was solubilized with 8 M wurea; the

2+

soluble extract was then loaded onto a Ni charged column.

Prior to elution urea was slowly diluted out wusing a linear

18



gradient, 0-88%, over a period of 2.5 hours, ensuring proper
folding of ESAT-6. During elution the remainder urea was
removed and the yield of the refolded ESAT-6 was 26 mg per gram
of cell weight, and purity is about 80% (Figure 3.5 lane 4 and

lane 5).

45

20.1

14.2

€—ESAT-6

Figure 3.5: Purification of ESAT-6 after on- column refolding.
Lane 1 showing insoluble fraction after treatment with 8

M urea. Lane 2 is the flow through after urea
solubilized fraction was loaded onto the HisTrap column.
Lane 3 is after 3 column volume of washing. Lane 4 and

5 are the elution of refolded ESAT-6.

3.3 ESAT-6 REFOLDED ON NI?* CHARGED CoLuMN BINDS CFP-10

Previous studies have indicated that ESAT-6 and CFP-10 form
a heterodimer [11] and Renshaw et. al. have “conclusively” shown
that these two proteins form a 1:1 complex. To evaluate whether
the refolded and purified ESAT-6 is functional, we looked at the

binding of the two purified proteins. On an 8.5% native gel the
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migratory patterns of ESAT-6 and CFP-10 alone differed

significantly (Figure 3.6).

CFP-10 : ESAT-6

1:0.5 1:1 1:1.5 1:2

CFP-10

€— CFP-10/ESAT-6

€— ESAT-6

Figure 3.6: Native gel shift binding assay. On-column refolding
resulted in properly folding of ESAT-6 so as to bind
CFP-10. Lane 1 and 2 show 2 npg of CFP-10 and ESAT-6,
respectively. Lanes 3-6 show formation of heterodimer
while maintaining a constant CFP-10 concentration ESAT-6
binds in able to bind in a dose dependent manner as
evident Dby the steadily increase 1in formation of
heterodimer.

The differing migrating patterns of both proteins allowed
for unambiguous distinction and thus it was possible to
visualize binding upon mixing the two monomers together. CFP-10
concentration was held constant while mixing with wvarious
concentrations of ESAT-6 it was apparent that binding had
occurred in a concentration dependent manner, as seen by the

decrease in CFP-10 and an increase in the complex.
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3.4 IsolaTION OF ESAT-6/CFpP-10 COMPLEX SHOWS 1:1 BINDING

In order to carry out any further biochemical studies on
the heterodimer, it would be necessary to further isolate the
complex from any unbound monomers, which have been shown to have
membrane disrupting activity individually [17]. ESAT-6 was
mixed with an excess of CFP-10 (1:3), and after 2 hours of
incubation, the mixture was then loaded on to a 5 ml HisTrap
column. Using this approach we were able to isolate the
heterocomplex, which was further confirmed by gel filtration

(figure 3.7).

00 mm—

45=—
36 =—
29 m—
24 —
20 =——

14.2 €— CFP-10

€—ESAT-6
0.5 =

Figure 3.7: Final purification step of all proteins. All
proteins were subject to gel filtration. Lane 1 1is
purified CFP-10. Lane 2 is purified ESAT-6. And lane 3
is the purified 1:1 heterocomplex.
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3.5 DISRUPTION OF LIPOSOMAL MEMBRANES AT Low PH

Previous works have utilized liposomal membranes to study
bacterial toxins and their ability to cause membrane disruption
[14]. de Jonge et al. had suggested that interaction of ESAT-6
with liposomal membrane 1s pH dependent. We have utilized
liposomes which contained KCl1 and upon liposomal disruption a
release of K' could be detected using a K' ion selective
electrode. Here we are able to show our approach to purify and
refold ESAT-6 results in a functional ©protein capable of
liposomal membrane disruption as evidenced by the detection of

the release of K' (Figure 3.8).
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Figure 3.8: ESAT-6 disrupts liposomes by measuring the release

of K'. ESAT-6 is involved in a greater amount of K+ and
while the heterocomplex appears to have no effect on
disrupting liposomes.
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CFP-10 appeared to disrupt the liposomal membrane in a dose
dependent fashion albeit that the amount of K' release was
substantially less than what was seen with ESAT-6. When the
hetero-complex, ESAT-6/CFP-10, was tested it maintained a steady
level of K' release despite the amount of protein introduced into

the reaction mixture.
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Figure 3.9: Comparison of purified proteins at wvarious pH. As

the pH is lowered it is shown that ESAT-6 (100 pg) has
an 1increased effect on the disruption of liposomes.
CEFP-10 (100 pg) and the heterocomplex (200 pg) display
activity at low pH but not to the extent as ESAT-6.

At a pH of greater than 6.5 ESAT-6 is unable to completely
dissociate from CFP-10 [17] and here we have shown that at pH of
7.0 and greater there is no significant amount of K' detected and

that pH 4.0 is the optimal pH to allow for a significant release
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of k' (Figure 3.9). Here once again it 1is shown that the
heterocomplex was unable to generate a K' reading similar to that
of ESAT-6 alone. The results suggest that the heterocomplex did

not dissociate at low pH.
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Figure 3.10: K' release from virulent and avirulent Mycobacteria
at pH 4.0. Mycobacterium tuberculosis ESAT-6 shows a
greater release of K'.

To this point we have shown that using K' release we are
able to distinguish the wvarious activities of recombinant
Mycobacterium tuberculosis secreted factors ESAT-6, CFP-10, and
heterocomplex on liposomal membranes. We next compared those

activities to that of Mycobacterium smegmatis. We used

24



recombinant Mycobacterium smegmatis ESAT-6, CFP-10, and
heterocomplex which had previously been purified by the same
approach we have shown here for ESAT-6 (data not shown). When
comparing all proteins of both species at pH 4.0, we see that
the activity of CFP-10 and heterocomplex of both species are
similar in liposomal disruption. On the other hand ESAT-6 of
Mycobacterium tuberculosis shows a greater amount of K' being
released when compared to that of Mycobacterium smegmatis

(Figure 3.10).

3.6 COMPLEX DOES NOT DISSOCIATE AT LOW PH

In order to confirm that ESAT-6 was not dissociating from
CFP-10 at pH 4.0 we carried out an aggregation assay. Here we
showed that at low pHs ESAT-6 formed aggregation in solution
while little aggregation was observed at pH 7.0. In contrast,
CFP-10 alone and the heterocomplex showed no signs of
aggregation, even at low pHs (Figure 3.11). Thus the data
suggests that at the low pH ESAT-6 forms aggregation in
solution, but in heterocomplex ESAT-6 is not dissociating from

CP-10, thus prevents ESAT-6 from interacting with membranes.
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Figure 3.11: ESAT-6 forms aggregates at pH 4.0. While CFP-10
and the hetero-complex forms no aggregates at both pH
4.0 and pH 7.0.
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CHAPTER 4: DISCUSSION

Our approach of purification resulted in a substantial
amount of protein yields for Mycobacterium tuberculosis ESAT-6,
CFP-10 and heterodimer. It 1is about 20-30 mg on average from
each preparation, and achieved purity upwards of 90%. Other
groups working with such proteins purify these two proteins from
the culture filtrate of Mycobacterium tuberculosis.
Mycobacteria tuberculosis has a doubling time of 12-24 hours.
With such a long doubling time it could take several weeks to
culture the Dbacteria, which results in limited vyields of
proteins. When one compares the doubling rate of Escherichia
coli, which is about twenty minutes, a large culture could be
generated, allowing for the potential to isolate a large of
amount of proteins of interest. Groups have utilized an
expression system for the expression of ESAT-6 and CFP-10 in
Mycobacterium smegmatis, although this particular species grows
at a much faster rate, two to three days for colony appearance.
Still qguite slow when compared to the potential yield one could
generate using Escherichia coli. An additional advantage of
having Escherichia coli 1s that when the proper facilities
required for work with mycobacteria species 1is not available,
such as a biosafety level III lab, one could study mycobacteria

utilizing the fast growing Escherichia coli. This approach has
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also been used in the purification of Mycobacterium smegmatis
ESAT-6 and CFP-10 expressed in Escherichia coli, with success.

Many groups when purifying ESAT-6 and CFP-10 resulted in
generating an insoluble product, especially with ESAT-6. Groups
who have expressed ESAT-6 1in Escherichia coli has wutilized
dialysis for refolding, which has a time disadvantage compared
to the on-column refolding developed by us. This method does
save time as it can be done in a single day. In addition to
saving time the volume of buffers needed is reduced when folding
ESAT-6 through an on column method. With that being said, our
on-column approach using affinity chromatography is accomplished
using one single column, in which we can use this system to
purify protein and fold the protein of interest without changing
columns. Through several column changes one can lose product,
so using a single column for multiple steps prevents the loss of
product. An additional advantage is that as the urea is being
diluted one could get proper folding, but the potential to form
aggregates may also occur. Allowing protein to be bound to
resin can reduce aggregation during the refolding process,
since the protein are immobilized on the matrix until complete
folding has occurred. Once the protein has properly folded in
the majority of cases aggregation is prevented.

Following purification we had to verify that purified ESAT-

6 and CFP-10 were able to bind each other. We accomplished this
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by way of native gel binding assay. In this assay we maintained
the concentration of CFP-10 while increasing the concentration

of ESAT-6. We were able to visualize complex formation by the

disappearance of CFP-10 band and the appearance of
heterocomplex. To further show that our approach to refolding
ESAT-6 while bound to resin 1is advantageous. After refolding

and having previously purified CFP-10 one can load, by
injection, the purified CFP-10 onto the column having harboring
refolded ESAT-6. After incubation the column is washed with
buffer allowing any unbound CFP-10 to flow through. The
heterocomplex was eluted from the column and it 1is from our
experience that the complex has been isolated to 100% purity in
a 1:1 molar ratio.

Having purified CFP-10, ESAT-6, and ESAT-6/CFP-10 we wanted
to determine if using K" release assay would be a suitable
approach to studying these proteins. With the understanding
that ESAT-6 displays activity at a low pH of about 4.5, we
looked to see at which amounts of proteins give an appreciable
signal and 1if that signal reflects any differences between all
three proteins being studied. Our results had indicated that at
a pH of 4.0 ESAT-6 activity reached a saturation point at about
20 ng. CFP-10 showed a steady increase 1in the release of
potassium, lower than ESAT-6, in which it can be assumed that

membrane disruption may be is dose dependent. The hetercomplex
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showed very little activity when compared to the ESAT-6 and CFP-
10 alone. This result was surprising as we had expected the
heterocomplex to give similar results as ESAT-6. Previous work
done by other groups has identified two forms of ESAT-6 using 2-
D electrophoresis. They had distinguished the two forms by mass
spectrometry and found that one form of ESAT-6 was N-terminally
acetylated [18]. They give speculation that this post
translational modification may play a role on how ESAT-6 and
CFP-10 associate and dissociate with each other specifically
ESAT-6 N-terminal acetylation may prompt the dissociation of the
complex.

In order to see why activity was low with the complex when
compared to ESAT-6 and using the information provided in the
literature, we wanted to investigate the notion that the low
activity may be attributed to the inability of ESAT-6 to
dissociate from CFP-10. Our approach to investigate
dissociation was to use an aggregation assay. During this assay
we compared all three proteins at two different pHs, one at pH
4.0 and the other at pH 7.0. From the data it seems that the
heterocomplex is not dissociated. At a low pH we see that ESAT-
6 has a tendency to form aggregates, which seen through the
spectrophotometer readings. Our thought 1is that since ESAT-6
displays aggregation the heterocomplex should display similar

results at pH 4.0. We did not see the expected aggregation,
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suggesting that ESAT-6 and CFP-10 maintain interaction despite
the drop of pH, which is consistent with the result of our K’
release assay where we were not able to record a strong signal
with the heterocomplex. This data may further give insight as
to the role that CFP-10 may have as well. We were not able to
detect aggregation with CFP-10 indicating that it maintains
stability at low pH. This stability may further implicate that
the role of CFP-10 may aid in the stabilization of ESAT-6 in a

low pH environment.

4.1 FuUTURE DIRECTION

The issue of dissociation and association of the heterocomplex
should be resolved. One step towards such resolution would be
to subject purified ESAT-6 to mass spectrometry [18, 19]. Using
this approach one could determine the various forms of the ESAT-
6, especially acetylated or non-acetylated form. It was
reviewed that N-acetylation more commonly occurs with eukaryotic
proteins, yet although rare can occur with prokaryotic proteins
being that they do harbor a N-terminal acetyltransferase [20].
Acetylation occurs on amino acids threonine and serine. Okkels
et al had shown that the acetylated form of ESAT-6 was found on
a threonine residue [18]. Many groups have utilized mutations

which can mimic acetylation [21, 22, 23, and 24].
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Through the works presented here it could possible to
further characterize the interaction of these proteins on an
individual basis and a complex. Deletions of either N- or C-
terminus of the proteins could aid in the identification of the
initial interactions of protein with lipid membranes.
Additionally identifying the major contributor to the
interaction it could also be possible to map the interaction.
One advantage is that both CFP-10 and ESAT-6 have no cysteine.
Ideally one can introduce a single point cysteine mutation into
the proteins. An environmental sensitive fluorophore, 7-
Nitrobenz-2-oxa-1,3-diazole (NBD), can bind the cysteine and
emit fluorescence when this dy 1is inserted into a non-polar
environment. Thus, one could identify where that amino acid in
relation to exposure to an agueous or nonagueous environment
[25, 26].

An additional direction 1is on further investigation of
interaction of the potential pore forming toxin with lipid
membrane. As reviewed 1in Biological Cell, cholesterol is an
important contributing factor to activity of toxin, such as
serving a receptor or providing an ideal environment for the
formation of pores on the host cell (27). We currently used
DOPC as lipid membrane for K' release assay. It could be

possible to compare these results with the results of future
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experiments in which one would generate liposomes containing
various concentrations of cholesterol [17].

Another approach to support the idea that ESAT-6, CFP-10,
or CFP-10 are forming pores we could make use of molecular
rulers to measure the size of these pores. Using various sizes
of ethylene glycol’s and/or polyethyelene glyocols is could be
possible to determine the size of pores generated by these
proteins (28). Determination of pore sizes could give a good
indication of the composition of the pore itself as it relates

to recombinant proteins interacting with prepared liposomes.
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