Rabson, 1987; Kalish, Radin, Phair, et al., 1983; Stroebel,

Daniel, Lau, et al., 1982) have pecently beeﬁ developed for
the diagnosxs of both mycobaatevlal antigena, and antibcdles
to mycobacheria, in serum, pleural, s/ncvial, and '
cerebraspinal fluid These techniques dre vreliable and may

',differentia£é active tuberculosis from a variety of other

diseases.

With very faw éiéephiCns, however, studies on the serology of
tubarculosis have shown that sera from a proportion of '
patients with non-mycobacterial diseases, and healthy
individuals, contain antibodies which react with
;myénbacbérial antigens, There are several reasons for this

{Grange, 1980);

i, antibodies producéd in‘vesponse to contact with
anvironmantal mycobacteria;
it 'anhibodxes produced to antigens common to mycobacteria

and other bacteria as a result of contact with the

latier;

{il. eryptis infection hy environmental mycobacteria in other

diseaseay

iv. -unproven mycobacterial aetiology of certain other

dizeasas;

Ay an inecrease- in the baskground level of‘antibodies due

to polyclonal sbtimulation of antibody production;

vl, a "non~immune”" reaction from garum factors.




Persons who develop tuberculous disease or become infested
with,ﬁubeb&le baailli demonstrate delayed hypersénsitivity to
'certa;n;my¢obacterial;antigens (Youmans, 1986).VSuch
‘hype?gensibiﬁity‘can be detected by introducing small amounts
of tuberculdpréhéin ttuberculin; PPD) into £he skin (Drutz |
and Gt~aybiLlr 1987), In the face of competent deil‘mediated
immunity, howeueh,khhe tuberculin skin test provides no
dlagnostic information relative to acute illnesa unless 1t
ﬁah be matablished that the skin test has converted from
‘negative to positive in temporal relation bte the illness. A
positive skih’hesg Eherefové only indicatés’that thé patient
has‘expefienced tuberculosis or a closely‘felahed
mycobacterial {nfection at some time in the past (Drutz and

Graybill, 1987),

Pcsibive and negative tuberculin reactions must however be
interpreted with caution, A false positive reaction may oceur
as a raéult,of converaion to tuberculin hypersensitivity by
persons vaccinated with BCG, and due te possible
aross~reaction PPD, the @xact antigeénic comnosition of
which {s unknown, with the proteins of other nycobacteria
{Youmans, 1986). A negative skin test can aignify no
tuberculosia, or an anergic immure state (Daniel, Oxtaby,
Pinto, @b al.,, 1981; Ellner, 1986), caused by advanced and

disseminated tuberculosis, or immune suppression due to viral
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iniecﬁians, lymphoreticulév malignancies, Hodgkin's‘diseasa;
savcoidosisa, and lmmunosuppressive therapy (Drutz and -
Graybill, 1987; Youmans, 1986). | |
‘Charaéterisahloh of the ﬁ;ggégggglggig antigens which are
knesponsible for elleciting antibody responses and deléyed
hypérsénsltivity in ihfacted persons is therefore neceﬁsary'
in order to reduce the lowksensitivity’aﬁd n@ﬁ»specificity of
éﬁvvently available diagnostic teats, Ideally, mycobacterial V~;J‘
antigegs which can be chavactewvlsed to the lavel of protein’ , ;;,'
ovypolypephidé, and which are unique to M.tuberculosis, could

act as specific‘bodls for the diagnosis of mycobacterial

infection..

1.6  PREVENTION AND _VACCINATION PROGRAMMES

Tha basic pringiple involved in the preventlon of
”tuberauloﬁis foeﬁses’cn proceduras that prevent contact b }
hetween susceptible persons and the disegsed éérvier : ' ,4f‘j §ff'
{Youmans, 1986). Intensive efforts have been made to control . i
tuberculosis by these means. Mass chest roenterogram
screening programmes have been conducted in order to detact
persons with patholagic pulmonahy'findin:n (Youmans, 1986},

Diseased persons diagnosed in this way have then heen

T ; , i
f intensively treated with chemotherapeutic agents to render R
them non=infectious (Youmans, 1986). In many communities, : %k,ﬁ

tuberculin testing surveys of populations are conducted '
« , ;
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vegularly, Those found to be tubereulin positive are then
Fupther testad and treated If found ho'be infaected with

s 2 I 2 T

M.tuberculosis (Drutz and Graybill, 19871,

The uﬁpli¢atian 4f these procedures fof~the detection,
jsolation and treatment of tuberculosis has resulted in a
steady drop In the incidence and prevalance df; and mortality
from, tuberculosis in the Western world (Youmans, 1986).
However, mest cases of tuberculosis have been found in areas
Hﬁé?a there is a low lavel of education, lack of sanitation,
‘cvavpﬁpulatiaﬁﬁ and overcrowding. The preventive'progfammes
ﬁeaﬁribed above ave gnormously expensive; present problems
with the full cooparaktlion of everyone in the targeted
population groups, and require facilities for the detsction
of tubsreulesis and the treatment of known cases. Thesé
‘prmgvammeﬂ‘ara thorefore of limited benefit to those
populations most at risk. Other means of eontrael in such

populations must thergfore be found,

An {mportant approach to the prevéntion of tuberculoails is
vagelination agalnst the dlaease, A vaccine is avallable in
the form of BCG (Bacillua Calmette-Guerin), BCG is an
attenuated mutant of & virulent strain of M. hovis, developed
in the early yeara of the twentieth century (Calmette, 1931).
BCG vaceinatlon againat tuberculoals has heen used for many
yeara in practiecally all national programmes (Youmans, 19868).

A high level of immunity can he induced, which persists for

L Y A
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as~loné as IQ;years sfter.da single vaccination with BCG
(Youhénsk 1988) Although it has been iﬁstrumeﬁtal in
canbroliihg*tuberouloSis in the Western world;‘BCG has;
‘héwevéﬁ,‘préved~ccmpletely iﬁefficient inybbo&iding

L protection against M. tuberculosis infections in a large-scale

¢linlecal trial in rural Southe?h;lndia {Ten Dam, 1984). In‘

addition, vaccination with BCG induces tuberculin
hypevSensihivihy‘in thairecipienbz and ag such a valuable

diagnostic tool may be iost.

It is thus of consldefab1e importance théb & standardised,

specific and effective vaccine be found against

M.tuberculpsis.
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1.7 MYCOBACTERIAL ANTIGENS

An important feature in the pathogenesis of tuberculosis is

the natuve ‘and specificity of the response of the immune

- system to antigens of~€UEerc1e bacilli. These antigens are

‘numéroué,ibutyas yet have been poorly defined. A variety of

polysaccharide and protein antigens fﬁom mycobacteria have

been described (Young, 1988; Chaparas, 1982; Déniel and-

Janicki, 1978). There is currently no standard nomenclature

for mycobacterial antigens; different investigators use

diffevent codes based on varieus reference systems.: The

methods used to isolate mycobacterial antigens to date have

largeiy employed physiochemical fractionation; including

ion~exchange chromatography, molecular exclusion

‘ehromatography; density gradient ulhradenhrifugation,

ispelectric focussing, and zonal electrophoresis (Daniel and

Janieki, 1978). Salt or solvent solubility has often been

used'in combination with these techniques (Daniel and

Janicki, 1978},

It was not until the work of Janicki and his collaborators

(1971) that a widely and readily applied system of

identification and nomenclature for individual mycobacterial

antigens became available. Their work was based on a

velatively simple immuncelectrophoresis technique, offering

the advantage of ready applicability with easily ohtainable

materials (Daniel and Janicki, 1978). Such




a

mmunoelectrophoresis techniques have been used to idéntify

11 major mycobacterial Antlgens (Danlel and Janicki 1978). A

second reference system: based on crossed immuno=

elecbrophoreSLs (CIE) was ‘more vecéntly introduced (Clo:s,

Harboe, Axelsen, et al., 1980) It has certain advantages over

'fdthev'characterisatiOn gystems in that it covers a large
range of antigen molecules; it has béen’partiéularly QQerl
for iaéntifying ahtigéns présent in mycobacterial culture
fxltrates. ngniflcant progress has been made in the

; puriflcatxon and analysis of several of the. antigens
 0vig1na1ly defined by CIE (antlgens MPBE&4 MPB?O and MPBSO
of M.bhovis CG), and partial or complete sequence data has.
’bsen obLaxned in some cases (Wiker, Harboe, Bennedsen, et
é;;, 1988; Harbpe, Nagai Patarroyo, et al,, 1986).
Disadvantages~of the CIE ‘system howevér,~include low.
repvoduciblllty of results, and the Ldenhification of single
precipitin lines corresponding to multi-molecular strugtures
(for example, line 7 of the M.leprae CIE system has been

shown t6 represent not one, but 3 antigens subsequently

identified using monoclonal antibodies) (Engers, Abe, Bloom,

et al., 1985).

Cell wall poiysaccharides, proteins and peptides have all '}Jj;f'~'”Vf SRy
keen shown to be antigeﬁic under different experimental 5 Sl
conditiéns (Dahiel and Janicki, 1978). With respect to
polysacchavide antigens (Table 1), however, the ability to

elinit delayed hypersensitivity reactions remains doubtful

e
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TABLE 1 Mycobacterial carbohydrate antigens (Young, 1988)

Disﬁribﬂtioﬁ Location

Ahhigen'class' 

e e i o

1.inbrace11ulare
M.scrofulaceum

Glycbpepbidclipids M,aviua capsule
B ’ M .

M. lepraemurium

M.paratuberculosis
(species specific)

=

M.leprae capsule

‘ H.kansasil

- . - Mibovis -

' H.tuberculoals (canetti)
{gpecies specific)

Phepolic glycoliplds

Lipooligasaccharides v M. kansasii capsule
L ‘ i, gordonae
H.szuigal
H.xenopl
{apecies spacific)
Phosphatidyl inositol all mycobacteria membrane
mannosides
Arabinogalactan all mycobacteria ¢ell wall
Llpoarabinomannan all mycobacteria cell wall,
' capsule
- l’ .
k ‘
5t LN
¥ 4 '*.
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an& ﬁay‘be limiﬁed,to‘guinea pig models only (Daniel and
Janicki, 1978)5;In addi£ion,‘these antigens have heen shown
to be~non~specifi¢, Being shared by all spédies‘of
mycobacﬁeria, and by~ndcardia and cobynebacteria aé well
{(Young; 1988). Cell wallfarabinogalactanfand arabinomannan
,have been found - to be excellent ‘antigens in serologlcal
systems, and the antigenic detevminant of avabinogalactan has

been identified to ‘be a major arabinose side chain (Daniel

and Janieki, 1978).

Some mycobacterial antigens have been shown to be
specles-spacific (Daniel and Janicki, 1978; Young, 1988).
 Antigans 1 énd 2 {arabinogalactan 2) have been identified to
‘fbe pblysaccharide antigans and have been found to be widely
ﬁishributed among the mycobacteria {Daniel and Janicki
71978), Anhigens 6, 7 and 8 have also found to be present in
cultuve £iltrates from the madority of mycobacterial specles
studied Daniel and Janxckz, 1978), Antigen B, a cytoplasmic
proteiﬂ anttgen, has been demonstrated to he limited to

H;tubéraulosig and M, bovis (Daniel and Janicki, 1978).

Antigen 6 has been shown to contain at least 2 antigenic
determinants, one of which appears to be specific for
M. tuberculosig, and the other of which is present on several

ELEIR A S

other'myCQbacberia {Daniel and Janicki, 1978).

It is unreasonable to axpect real success in antigen

purification using physiochemica& techniques, as the antlgens
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puvified&by'suah neans have a greater af'lesser gxtent of B {f»yyji,"y <  5
molaaular'hetévoganéiby;—All ahtlgenic mahériaLs are derived | | | =
ifrﬁm physically disrupted or lysed cells, Aﬁd there is ne
@easudvhé expeét‘hhat theiv:reléase ie a uniform process; ;
many antigéné are prwbably derived from the cell wall, where
;vepeating units anund, and'individual antigenie determinants
’méy bé,eépéctéd to be present on Qarious4sized fragments in

varying combinations and numbers (Daniel and Janicki, 1978).

Purified, welz;gharactérised, and standavdisable antigens aré
ﬁecessary’Eab‘ﬁhe accurate diagnosis of thbevculosiS,‘and
3156 f&rrhhé’asSéssmeh£ of cell-mediated immunological
f@sﬁmnsés'to tubersulous infection, A means to survey all of

the protein ahtigens 65 M.tuberculosis, without carrying out

a vigorovs biochemical tsolation of each &amponént, could
facllitate the identificatlon of specific diagnostic tools,
and would be a useful prevequisite for the selection of a

palypeptide vacclne candidate for further study,
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AND_RECOMBINANT DNA_TECHNOLOGY
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Recombinant DNA héchnology~offers an effective strategy to
tharoughly and systematically examine the antigens encoded in

linear‘segments of the ﬁ#ggggg ulosis genome, and the

developmenh of mcnaclonal “antibody technology has provided a
,means for pvoducing monospecxfic antibody reagents which can

{Kolk, Ho; Klatser,

be used to dissect mycobacterial antigens

et al,, 1984). Application of these techniques for the

-

ﬁanalysis of mycobacterlal antigens has resulted in the

identlfication and dehailed structiural characterisation of a

-

'vaviéty of pvdhein antigens from M,tgggggglggig, M.leprae,

and glg,‘in addition to the previously described

u-an«—g e

carbohydrate and glycolipid components. DNA from

M.tuberculosis, M.lepras, and M.bovis was first cloned into
Escherichia coll (E.coll) using standard plasmid, cosmid,

ort\ bacteriophage vectors (Jacobs, Docherty, Curtiss, ek

1986; Clark-Curtiss, Jacobs, Docherty, ek _al., 1985;

1984; Thole, Dauwerse, Das; et

Bhattacharya and Bhattachdrya,

al., These studies showed that mycobacterial promoters

Pt |

1985) .

if at all, by the E.goli

were (mostly) recognised weakly,
‘branScrlptional_madhinery, but that mycobacterial
translational signals, however, were expressed
satlsfactorily. More recent experiments, however, have
indicated that although most of the recombinant nycobacterial

proteins ldentified to date have been fusion protelns, some

R RN 4

W71 Sk i




24

pacombinant proteins were capable of heing expressed from
thelr own signals«(Shinnick, 19873 Cohen, Mayer, RumsChlag,

et al ek a

al,, 1987; Lamb, Kingston, Estrada~Garcia, et al., 1988).
These latter studies suggest that some mycobacterial k

[
o

pvomatébs ébe,funatidnal id Eeolls

The combination of monoclonal antibodies and the ™ gt 11
éxpvession system has been a powerful Lnfluehte ot the
progreas made in the ldentification of novel mycbbacterial
anhigéns’avéb hhérpast faw years, and recombinant clones
@xgkassing‘anﬁigenic datevminants recdgﬁised hy menoclonal
antibodlies have heen isolated (Young, 1988) (Table 2), The
pveéan&e of shared epitopes among myCQbactériél antigens has
been demonstrated using monoclonal antibodies (Daniel and
Olds, 1985;,Ivanyi, Sinha, Aston; et _al., 1983; Huzson and
Ydung, lQS?;kAndarson, Barry, and Buchanan, 1988). A panel of
monoclonal antibodlies now exists which are able to recognise
~antigens unique to Myleprae (Engers, Abe, Bloom, et al,;

‘1985);,Léaa°succeés has been achieved in the development ot
“spewcles-aspecific prohes for M, tuberculosis. Although some
anbigehic diveraity has heen demonstrated,; (Coates, Allen,
Hewitt st al,, 1981}, ths majority of the monoclonal
'aptibodies uged falled to diétinguish between M.tuberculosisg

and M.bovis BCG (Young, 1988).

-
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TAMLEZ  Wituberculosis broteins tdentified using sabibodiey
éwttqen alacolar orfgin of T ene sequenée N type‘of “references ;
weight (daltonsl . protein known - - - -antibody
000 culture fil(ragé; Y85 k poiyclonal; foung. et al,, 1967
Nat il Hhriry ‘ abnoclonal Shinnick et aly, 1967
Andersen et al.; 1984
Lugt.al,, 1967
4 00 culture filtrate  no ; polyclonal g colling gt_al., 1988
sonaclonal -
55 000 cell sonteate 785 potyelonals {ttung et ali, i“?é?
K ~ ; gt 1 ibrary aonoclonal Shinnfek et aty 1967/a
Laoh et al,y 1786
~Bhinnick, 1987 ,
Shinnfck gt alyy 1967
_ Andersen gt gli, 1988
Shinnick et al., 1988
Young et _al., 1987
Daelant et al,, 1988
Lu et gl 1987
53 800 . recosbinant ha polyclonal Lohen gt alus 1987
plasaid
39000 tulture filtrate - np polyclonal} Worsade t_aj., 1987
; : sonoclonal
38 000 cell sonicatey yes polyclonaly Young et.al,, 1986
culture filtratey nonoclonal Andersen ef aly, 1988
Mot o dibrary Youny gt.al,, 1967
T Anderden et al,, 1984
o

viicontinued on next page




antigen ‘wolecular  origin uf " yene sequence type of references
“wefght {daltons) - protein ~known antibady ‘
3 000 cell éonicé't‘e‘;‘ fo polyclanal; Daniani et_aly, 1986
; culture filtrate; sonaclonal Dids et aly, 1987
Ngt 1L 1ibrary; Cohen &t aly, 1967
racosbinant
plasaid
32 000-33 000 - culture filtrate -~ no polyclanal;“ Worsaae et_ali, 1987
g aonocional - fndersen et al,, 1984
19 000 cul{ure {iltrate; - yes palyclonaly “Andersen ef aly; 1988
hgt L Yibrary apnoclonal Young, 1988 L
: : Laﬂh gt-éli‘ 1986
Oftung et _alyy 1987
sShinnick et_al, 19873
Lu et aly, 1987
14000 gt 1 Ttbrary  yes palyclonal Young et_als, 1987
' o “sonbelonal Kingston et _al,y 1987
: Shinnick et al,,1987a
Lu et als, 1987 :
12000 'M{ Il Library 1o zonoclonal Shinnick et.al. 19672

1 o 6
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'In additicn to %cveaning anhigons with monoclonal antibodieq,
mycobaaterial antigena have also been 1denbi£ied using
pélyc!aﬁaf antisera (Thmle, Dauwarsge, Das, et al.,, 1985;
,Yaﬂng,,Ként;‘énd Ycuﬁg, 1987; -Young and Davié, 1983, The
majerity of the antigens idantified with polyclonal
antib@dias have keen shown to overlap with the proteins
‘idﬁﬁyifiéd using monoclonal antibodies. The mycabacber fal
’gntigens idantified to date uging antibody probes are shown

in Table 2.

1 is mea?t$nt to agke that the use of antibodies as probes
#Hay r@&ulh in a facus of attention on antigens which ave
important in bhe humaral response, but which may play only a
minor role in the T sell response, The human T cell response
' ﬁas haern agqesged using purified mycobacberial antigens
fY&ung, Kent, Rees, ot al., 1985; Ottenhof, Klatser, Ivanyi,

st aly, 1986), or antigens expressed in pecombinant DNA

el

i‘ﬂ

clonea (Emmeleh, Thole, van Embden, gk g;;, 1986; Mustafa,
GL1l, Nerland, ot al,, 1986} Oftung, Mustafa, Husson, et al.,
1937; Thole; van Schosten, Keuwlen, et al,, 1988), T cell
recognition, as judged by lymphoeyte proliferation, has been
damdnﬁtrahed for these antigens (Table a)w’Limitihg dilutieon
analysis has shewn that T =ells which recognise the &5'kDa
pbahein make up a major perkisan (20%4) of the total
antimycobacterial T e¢rll response follawing imnunisation of
uloals (Kaufmann, Vath, Thole, et al.,

mice with M.E gk»~g

19871,
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Hotuberculosis peoteins which stinulate the proliteration of.T lygghncytng

antigan aolecular

T Tyaphocyte

Antiqen'sou}ce references
weight (daltons) papulations '
‘f68 000. - polyclonal purified- antigen . Colling et aly, 1988
85 000 <polycionaly 508 biot; Daafani-et _al., 1988
i ¢long ‘recnabinant ¢lone. Laab eb-al., 1984
Oftung et al,, 1967
Kaufuann et _alyy 1997
52 000-55 000 clone 508 blot Lasb and Young, 1987
39000 palyclonal purifizd antigen Worsdae et aly, 1987
: Laab ot al,, 1986
38600 polyeonal puritied antigen Young et al,, 1986
15000 polyclonal 55 blak Daaiani et al., 1968
12 500-33 000 polyclonal purified antigen Kingston et ai.. 787
; Young et_al., 1987
26 000 polyclaonal 508 wlat Damfani et_al, 1988
19 000 palyclonal; recosbinant clone Laab at-al,, 1984
clone Offung et al,, 1947

1
L
Worsaae st al,, 1987

-

+oscontinued on next page
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[ABLE.3_(continued)

\ ;ai?gen,nole:ular : T }yaphqcyte‘ 4 tgen source - “references
weight tdaltons) populations : :

15 00018000 - ¢tlone recosbinant clone Hustafs et alyy 1984
' ‘ : ‘ o - Lanb and Young, 1987

13 000~ k pdlydlonal;‘ B “purified-antigen; Dftung et-al,, 1987
S : clone - recosbinant clone Kaufaann et al., 1987
: Kingston. et ali, 1987
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Tecbﬁiquas have-alsa béen developed to alidw the

>identification of antigens by direct soreening with ' T cells.
’:Aﬁtigens separatéd'by SDS=~polyacrylamide gelyelectrophoresis

(SDS»PAGE)’and Eraﬁsferbed'té nitbocéllulose~membranea have

been assessed for recognition by vloned or polyclonal T cell

pépulations {Young and Lamb, 1986; Abou-Zeid, Filley, Steele

et QLL; i987) {Table 3). ‘Analysis of T‘cell’clones in this
way is aﬁéldgqus to the identification of antigehs using a
panelfbf monoclonal antibodiés; and has resulted in. the
ideniifi&ation of several novel antigenic specificities

 {Young, 1988).

"chéening of SDS-PAGE fvaclionaﬁed antigens using polyclonal
T éeil;pbpulations‘has provided a unique important approach
tc;the,idéﬁbiflcation of immunodominant, biologically active
énﬁigensybf impdrbant biqlogical funection (Young; 1988). |
“Comparison of recognitlgn patterns from,patientsi BCG
va&ainees, and healthy individuals may provide a means for
assessment of the relative contribution of individual
'éolypeptides o the overall cellular immune résponse (Young,

1988) .

Recohbinant DNA technology, monoclonal and polyclonal

" antibody, and T cell-based assays provide a ﬁovel source of
mycobacterial antigens. Thesz can be subsequently purified
using the axpropriate antibodies, and can be anélysed by T

cell recogrition assays. In addition, sequence analysis,




abitope mapping; énd énalysis éf proﬁéin function. (Young, ~ , Qt‘_ SR R i
,1QBSf for the antigens are now possible with use of such e o
bechnoloéy, The applications of - these antigens includ@: 
taxonomic assignment ﬁf;mycdbacteria, based on antigen
énd‘DNA charaéteristiCS; 7
identificabion'andkisalation:of antigens~with diagnostic
andZor protective potentialj. ‘

large-scale production of such antigens, qnd the

‘production~of synthebic pept des produced on the basis

of‘idéntified nucleotide and amino acid sequences.

e
u
-
+ Ry
SN
. Y
S 3 b '
¥
4
H
v .
. : B
;
, W
» b
g 5
§ & . s
w o 1 5
o : Ve
v ¢ :
o
F B . r
. ! § =
< S
N
0 I3 i
il ot K E I
. b 2




1.9  RECOMBINANT DNA TECHNOLOGY

of new ombinatlons of her;table maternal by the insertlon of
nucleie acid molecules, produced by whatever means outsxde
the cell, into any virus, baoterial plasmxd, or other vector
system,so as ho allow their incorporation into & host
organism in which they do not naturally occur; but-in which;
they are oapable oE continued obopagation" {Seckl, 1985).
'Cloning~iﬁVolves the ig_gig joining of passenger DNA to
yector DNA,; énd thekﬁropagation of the resulting hybrid
melecules into suitable host cells to obtain a clone of
ideﬁhical cells harbouring reoombihanb DNA, and derived from

a single parental cell,

1.9.1 Vector=host systems for molecular cloning

Three types of vectors have generally been used to clone
fragments of foreign DNA and to propagate then in‘the'host
cell of choice, whieh has usualiy been E.coli (Maniatis,
Fritsch, and Sambrook, 1982). These are plasmids;
booteviophage N, and cosmids, These vectors are different in

size and structure, but zhare the following properhieé:

i they can replicate autonomously in E.coli, even when
in recombxnant form;

ii. they ecan be easily separated firom baoherial nucleic

”Racombinant DNA technology has been defined as: "tha formabion




’acldf
kli} khhey~coﬁtain,regiohs of DNA- which abe not esgential for

thelr propagation in hcst'bactefia. Foreign DNA inserted
inte tHeSe regions is replicated and propégatéa as;if‘it

wers vector DNA;

The Qarious types of EVailabié cloning vectors - plasmids,

bacteriophage N, cosmids, and single—atrénded bacteriophages

- havé particular biological and phyniological propérties
“that make each vector suitable for different cloning purposes

(Msniatis, Fritsch, and Sambrook, 1982).

1,9.2 Single-stranded DNA vectors

Sibgle4sﬁfanded DNA eloning vectors have been used chiefly as
seuééea of tamplaﬁés for saquencing; . and aé sources of |
'stfandmapecific probes for nucleic acld hybridisation
k(ManiatIs, Fritach, and Sambhrook, 1982). The relative
’instability of DNA inserts that are larger than about !
kllebage (xb) effectively eliminates their usefulness for

nagt other cioning purposes.:

Plasmids have been dascribed as extrachromosomal genetic
elements present in a variety of bacterial specigs (Perbal,

1984; Maniatis, Fritsch, and Sambrook, 1982). They are

€1




double~stranded, closad circular DNA molecules that range in

size Eram I kb to greater hhan 200 kb. In most cases, plasmid

cloning v@cbors have been devived from nahurally oceurring
plaSmids thah have 3 "relayed" kxnd of replication control,
implying that they are found in mulbiple (10~200) copy number
inside the bacterial cell (Maniatls, Fritsch, and Sambrook,
1982). Pla#mids with a "stringent” veplication control have
bedn found to bé~pfésent ina single:gopy per bacterial cell

{Maniatis, Fritsch, and Sambrook, 1982).

The dem@nstration af,single siteé for sevaeral restriction
endcnu~leases, and of drug resistance markers in plasmid DNA
has imai*fied the lntroduction of foreign DNA into pldaanmids;
and the seiec iun of the resultant recombinant plasmids

(Perk.sl, 1984). Plasmid vectors are well adapted for cloning

DNA fragments whose sizes range.from a few hundred base pairs

{bp) up te approwimately 9 000 bp {Perbhal,; 1984). The choice

of a pavticular plasmid depends esgentially on the

availabilisy of restriction sites compatible with those

prezgent in the fragment to~be cloned, and of the drug
resistance markers for the selection of vecombinants. The
ability of plasmids to accept moderately gized fragments of
‘DNA has made them the vectors of choice for Bubcloning from
genomic DNA libraries constructed in ¢oamids or '
bacteriophage A . They have also heen descpibad as being the
only vectors suitableyfar the cloning of éomplimentary DNA

(cDNA) (Parbal, 1984).

.
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1.9.:4 g ¢ eriophage A (Méhiatis, Fritach, Sambroqk, 1982)

:Baéterigphagé7\ Hasnbeen deséribed as a double’shrénded DNA
virus with a’ genome si”e of approxlmately 50 kb. A DNA is in
the form af a linear duplex molacule with single~stranded
’complementary ends 12 nucleotldesf;n‘length (cohesive ends).
After entering the host céll; the DNA circularises through
,paiﬁing~of>the cohesive endg, },became’a basic4vedtor fct
olecular cloning hecause of an intevesting feature of itg

molecular organxzaﬁzon, >\ean not only replicate u51ng lytic

fuhctiona, Bt cih a15o exist in an integrated form in the

bacterial genome (Maniatis, Fritsch, and Sambrook, 1982).

Dq%ing lytie grvowth, the elrcular DNA is vreplicated manyfold
in the =ell, phage gene products are synthesised, progeny
phage paﬁticles ave formed and mature, and the cell

aventually lyses, releasing many new .nfectlous particles,

Alternatively, during lysogenic growth, the N\ genome is

inbégrated‘into the bacterial host DNA and is subsequently

rdplicated and transmitted to progeny bacteria aaz any cther '" :\W“

chromosomal gene,

Many of the Akgenes involved in recombination and
lyéogenisation are not essential for phage multiplication, 1“"~ 4 . L e
and san thevaefore he deleted and replaced by foreign'DNA k

wi£haut impairment of the replicative;funétionswkThis L

e

praviﬂes the basis for construction of A-derived cloning

vectors, There is no single A vector suitable for cloning o '5k‘jf.i




all DNA fragments, ‘and the choice of the cloning vector is

'influanced by the vestriction enzyme(s) hhat is to be

amplbyed, and the siza of the Eragment of foreign DNA that ig
to’ be inserted Only about 60% of the viral genome (the left
army apprcximately 20 kb in length, including the head and
tail genes,‘and the right arm) is necessary'for'lytic |
propagation of the phage‘ The centre onemthird 2f the phage
”DNA, t&rmed‘the "stuffer” region; can be veplaced by forelgn
DNA. Iﬁ:haé begn well documented that the'viability of A k
decreages dbamatically swhan DNA 1onger than 105% (53 kb) or
shorter than 78% (38 kb) is packaged (Maniatis, Fvitsch, and
Sambrdok; 1982). I£ is therefore important to choose a

’¢mmbinaﬁlon of vector and foreign DNA such that the size of

hhe reaombxnant phage falls within accep,able limits.

Clohing of the DNA into A vectors involves the following 3

7qtépq,

‘i,‘ elimxnation of the stuffar raglon DNA after digestion
| wihh regtriction endonucleases;

11, ligation of the roreign DNA to the A aimsj

ili. packaging and multiplication of the beﬁombinant DNA

molecules to give rise to infectious recombinant phags.
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e o

(Perbal, 1984; Maniatis, Fritsch, and : S

Sambrook, 1982) ,>  : o P

The 1lmited size capaelty of A vectors is a disadvantage in
some situahions, parhiculavly far the cloning of @ukabyotic

DNA fragments. Cosmid veeﬁors were thus specif* ally designed

for claning large fragments of DNA. The eszential components‘

of cosmid vecborg arey

4. a,drug?résistance marker and a plasmid origin of
éeplicatiah;” | : :

‘11. a small size,‘so that DNA fragments up. to 45 kh in
length ean be accommodabed“ ,

'iii"a DNA’fbagmgnt that carries the ligatéd’cahesive atds

‘ (cos sites) of bactarisphage M.

Cosmids can elrcularise like phage DNA and replicate asz

nurmél plasmids wiihout~the~expréssion of the A phage
fun¢£i6n5. The;use‘of cosmid vectors; howaver, presents
several problems, including

is vector to vectop iigation whereby intramalecular

recombination bhetween 2 op more vector molecules can

lead to a faster-replicating cosmid vector and _ i
evenbually to loss of the cosmid by segregation, , AR  ' ' S
ii, s¢rambling" cauged by insertion into the same vector
molecule of 2 or more foreign fragments that were

not adjacent to one another in the original genonme; ' : SRR o e
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itd, difficulty in screening large numbers of host colonies.

Bacteriophage N _gb. Ll

[
Ko

Ia

1o

The bachéﬁibphage R gt 11 has sevebal unique properties

which make 1t the vector of choice for the generation of

large racombinant genomic libraries. These include (Young and

Davis, 1983):
s A gt 11 4ia an expressibn vector, and can therefore

axpress forelgn genetic material in addition to

centaining the foraelgn genetlc material in an

integrated form;
{1, the pacombinant DNA ¢an ba pvopagahed in the >\kgt i1

host as nkalngle copy genomic insert, thus enhancing

Its stabllity and facilitating pe~axprassioni

i1, A gt 11 can respond to {nduction with a rapld increase

in copy number, and high lavel transcription of the
foralgn DHA;

v, A gt 11 and its bacterial hosts include features that

minimise degradation of foreign prdhéins axpressed

in the cells.

In additlon, this vector has hzen demonstrated to be

afflcient in generating many clonas from &small amounts of DNA

(Davis, Dibner, and Battey, 1986), and to have an advanbnge

aver plasmid vectors for library formation in that the

afflclancy and reproducibility of in_vitro packaging of A DNA

*
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is high (Huynh, Young, and Davis, 1985) Furthermore,

sevreaning and manipulating phage libraries has been 5hown to

,foew~many feehnical advantages over screening pacterial

_and Battey, 1986).

eolonies (Davis, Dibner,

The structure »f A gt 11 is shown in Figufe 1." The site of

iﬁsevtioﬁiof foreign DNA has been described as a unidque Eco
R1 cieav#ge‘site located within the LacZ gehe,'53 bage pairs
ubsb?eam,from the ﬁ~galac£osidase translation termination ‘
11l was constructed to

codon (Young and Davis, 1983).

a&comModate up to 8.2 kb of in:ir . DNA, assuming a maximum
‘wxld type packageahle DNA length of 105% (Young and Dévis,
i983).fThe vactor has been shown to produce a
temperature~sens;tive repressor which is inactive at 42°¢,
and to contain an amber mutation which renders it
|ysig-defective in host bacteria thab lack tha amber
suppressov (Huynh, Young, and Davis, 1685) ., The site nf
insertion of foreign DNA inf A gt 11 was chosen to be within
the structural gene for E—galactosidase, and thus foreign DNA
sequences in the vector have therpotential to. ba expresded as

fusion proteins with ﬁ-galactosidase (Huynh, Young, and

Davis, 1985).

Proper expression of foreign DNA in recombinant lysogens has
bean shown to depend on the orientation and reading frame of
it has

the insert DNA with vaespect to those of lagZ. Thus,

been suggested that one-sixth of A gt 1t recombinants
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containing a specific furaign insert would be expscied to
prmducefﬂ~galactmsidaaa fuswd to the protaein of interest ‘
Young and Dawvis, 19837, !
.
Sinze A gt 1) was Jesigoed as an expragsion vectsr,
t.onant DNA likraries sonstracted in A gt 11l ozan be :
goeeencd with antibody probes For antigens prodused by
rosombinant CLongs 1783y, Individual
imanta are streensd 2o *he form of phage plagques in a
is Young and Davis,
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ensured that the foreign DNA would be expressed efficiently

in E.coli, which has a strong lacZ promoter (Young and Davis,
1983). The second problem is the ability to control the
production of foreign proteins, which have often been shown S

to be toxic to the host cell and kill it before sufficient

PRGEY L

amosunts of antigens are produced (Young and Davis, 1983). It §
was found that this could be minimised by using host cells ’
which produced large amounts of the lac operon repressor to
prevent lacZ-directed expression of the fusion protein until
the number of infected cells was sufficiently large (Young L
and Davis, 1983)., LacZ~directed expression could then be
induced by inactivating the repressor with isopropyl~ﬁ5
‘tniogalactopyranoside (IPTG). The third problem associated
with the praduction of fusion proteins in E,coli is the
instability of the fusion proteins themselves. The position &
chogen for fusion with the ﬂ—galactosidase gene, .
corresponding to a regilon close to the carboxyl terminus of

the B~galactosidase protein, appeared to aid the stability of b

certain extent (Young and Davis, 1983}, The use of lon
protease deficient host cells for the screening procedure
was also found to aid in maintaining the stability of fusion

proteins (Huynh, Young, and Davis, 1985).

A gt 11 recombinant libraries can therefore he used to
produce prepdrative amounts of recombinant proteins in the

form of fusion polypeptides (Hyunh, Young, and Davis, 1985).

e

Jinia s cuad ot

the fusion protein and hence overcome this problem to a w
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Hybrid proteins can be produced by ;\ gt 11 clones as

E.coll. Lysogens can be grown to high cell

lysogens in
density, lacZ-directed fusion protein production induced, and
the cells are -harvested and lysed (Huynh, Young, and Davis,
1985)., Recombinant preteins can bhen be resolved from other
proteins ia the cell lysates by polyacrylamide gel
g¢lectrophoresis, and can be further purified by classical
zwlumn chromatography.

he ability to clone and express mycobacterial genes in

"

e ]

¢uli has provided an approach towards major progress in the

*
o ——

L]

havacterisation of mycobacterial anbigens. As discussed in
Section 1.8, the combination of the A gt 1! expressaion
system, monoclonal antibodies, and the establishment of T
cell olones reactive to Mituberculosis, has enabled the

[

identification of several novel antigens of potential

£

linical importance. In order to obtain the maximum benefit
from the advances described in the latter two secrtions, it is
important that the investigation of antigen structure

should bhe e¢l=sely integrated with study of the microbiology

and immunology of tuberculous disease (Young, 1988),

;
i
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Cloning of the antigens encoded by the M.tubergulosis genome
provides an initial starting point whereby large quantities
of recombinant antigens can be produced easily, using
standardisable techniques. Once this has been achieved,
detailed characterisation of these antigens @an then bhe made.
The aim of the present study, therefore, is to generate
cacombinant M, tuberculosis antigens utilising the A gt 11

axpression systaem, and to characterise these antigens by

polyacrylamide gel electrophoresis and Western blotting.
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CHAPTER 2

MATERIALS AND METHODS
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is organisms were coliected by scraping colenies
{from positive sputum cultures) off Lewenstein-Jensen slopes
tnto shysivlogical saline. The suspensions were centrifiged
at 200 g for § minutes te remsve any contaminating medium.
The supernatant was sollected and centrifuged at 2 000 g for
20 finutes at 49¢, followed by 3 auccessive washings of the
gellets in saline. Mycobacteria were then heat-killed by
surselaving, washed 3 move times as hefore, counted, and made
ap b A0 106 smil in saline. The arganlisms were sonicated
{13 am peak to peak) at 490 in a MSE Soniprep 150 sonicator.
The sonicated material was centrifuged at 2 000 g for 15
minatesg, the supernatant savefully collected, and the protein
cop.antratisn of the senicate determined using the Biorad

protein pestimation kit (Biorad Laboratories, Richmond, CA?

aceurding . the manufacturer 's {nstructions. The
[P
C

3

myzﬂhaaterial sanlcate was aliguoted and storad at -20

)

sntil reguired,

2.2 F’.B.E.?é&ﬁIlQBMQ:,.‘MZEE.QQIEé_EQ,JLEBEQEEBLgéié

Rahbits wevre {mmunised iatramuscularly with L ml each of

tuberculosis sonicate, 6.5 mg/ml in saline. Immunisatians

S

e

were repeated at T-day intervals for 4 consecutive weeks.

Blood was obtained from the rabblts by blesding from the ear
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vaina. The serum was separated and tested for the presence of

antibodies to M, by

ot

berculoais using the ELISA assay of Wadea,
Cohen, and Rabson (1987). Serum from 3 healthy, saline~
inmmunised rabbits wag used as a negative control. All sera

were aliquoted and stueved at ~20%¢C until required.

The ELISA was performed in flat-bottomed 96=~well plates
{Nune, Denmark), the wella of which were coated with 100 ul

of 10 ug/ml M. tubarculosis soniwcate in sodium carbonate

buffer, pH 9.6 (Appendix 8), for | hour abt room temperature.
The plates were washed 4 times with PBS~0,054 Tween, pH 7.2
(appendix 8) and the unbound sites then blocked with 100 ul
per wall of 0.5% bovine serum albumin (BSA; Seravac, SA) in
sodium carbonate buffer for I Dhour at room temperature.
Plates were washed as hefore, 100 ul of a 1/40 dilution of
anti~M.tuberculoals serum in PBS-Tween were added to each
wall, and the plates were incuhated at room temperature for 2
hours, After washing as before, 100 ul of peroxidase-
conjugated swine anti-rabbit IgG (Dako Immunoglobulins,
Denmark), diluted 1/2 000 with PBS~Tween, were added to each
wall, and the plates were lncubated at room temparature fowr |
hour, The plates were washed again, 100 ul of peroxidase
substrate (appendix §) were added to each well, and the
colour reactlion terminated after 10 minutea by the addition
of 2.5 M H,80, (50 ul per well). The absorbance of each well
waa read at 492 nm in a Titertek Multiskan MC plate reader

{(Flow Laboratories; Sweden).
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In order to aszsertain that the antibodies to M,tuberculosis
werp able to recognise apecific M tuberculosis antigens
inmobilised on nitracellulose, WBstern‘blots of the
M.otnbarculosls sonicate wore screened with the

antd~M;tubarculsais antihodies, Proteins and polypeptides in

the mycobacterial sonlcate were resolved by gel
alectropharesis on 10% polyacrylamide~SD5S Laemmli gels

iLaemnli, U370; appendix 7). The mycobacteriul scnicate was

selubilised in 173 volume gplitting solution (see sesction
2,9%, bailed for 8 minutes, and applied to the gels at a
concentratioun of 100 ug per well., Conditions for

wieskrophoresis and immunoblotting were the same as those

Jessiriked ia Jection 2,9 and Section 2.10.

Monerlonal antibodies to ﬁ*galactasidase, in the form of
as%iti; fluid, were cohiained as a gift from Professor
E.Dowdle, Department of Cliniecal Science and Immunolwogy,
They were stored in

University of Cape Taown, South Africa,

0,1% sodium azide at 497,

4 IZOLATION

e

QF M tuberzulosis
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Myeshactaria from positive aputum cultures were havvested

from Lowensteln~Jengen aslopes, and washed exbtensively with

saline, To & ml of pelleted mycobacterial cells, 4 ml of
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40 mM Trig=HCl., pH 8.9, were added, Ffullowed by lysozyne
iBoshvinger Mannhelm, W.Germany) and EDTA, pH 3.0, to final
coencantrationg of 2 mg/nl and 40 oM respeetively. The
myzabazberia were insubated on a robating wheel for 2 hours
at 379C. Sodium dudecyl sulphate (5DS; BDH, Poole, England),

;H 7.0, was then added te a final consentration of £¥%, and

s

the incubation was continued for a furbther 30 m.nvips at

o o G pn
v ¥ s

An ogqual volume of a 13l (volume/volume) mixture of
ehlorefsrm tohloreform/isoamylalechol 2431) (Merck,
Darmatadt, W,Germany) and Tris-saturated phenol (Merck,

Darmstadt, YW.0Gormany) was thon added, and the agueous phase

4

b

wag extracted with gentle agltation for (0 minutes. The
phasesn worg separated by sentrifugatisn at | B0 g for

1% minutes, Shlsrvaform/phenal extraction of the aquecus phase
wag ropeasnd twice were, The agqueous phase was then swtracted
ante with an egual velume of 4:1 (volume/volume)
shlurefsrm/iscamylaleshol with gentle agitation for 5
minutes, followad by centrifugation ak | 800 g for & minutes,
Sodlum acetate Wnivar, 8,A,) was adcded to 0,3 M to the
agueous phase, and DNA wag precipitated with 2.5 volumes of
ico-sold absolute ethanel (Merek, Darmastadt, W.Germany). The
DHA was sellectod by centrifugation at 5 000 g for 30 minutes

at QOS, and resndpended In 2 ml TE buffer (appendix 8).

DNaze -~ free RNase (Boehringer Mannheim, W.Germany) was added
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te the DNA solutien to a concentration of 80 ug/ml, and the
solution was incubated at 37°C Ffor 60 minutes. Proleinase K
{Bogshringer Mannhelm, W.Germany) was then added to 100 ug/ni,
and the solutien incubated For a further 30 minutes at 37°C.
The DNA was then ewtracted once with chloroform/iscanyl-
aleohsl, precipitated with 2.5 volumes of lece~culd absolute
ethanol, and collected by centrifugation as before. The DNA
was dried abt room temperature, vesugpended in | ml TE huffer,
pH 8.0 tappendix By, and guantified spectrophotomeilrically

tappandix 3.

Libravies of gonomic DNA may be prepared in 2 ways (Maniatis,
Fritach, and Sambrogk, 1982), The First approaech invelves the
digestion of genomia DNA to compleblon with a restricetion
onayme, and insertion of the resulting fragments in an
appropriate A hacteriophage vector., This method suffers from
2 dravbacgkar first, if the sequencs of interest contains
recognition attela) for the particular regtriction enzyne
chogan, it will be cloned in 2 or nore pleces, In addition,
the sequance may nobt be oloned at all, if, for examnple, it isg
rontained in a larger DNA fragment than the vector can
angept. Sacane, 1f very large genomic DNA is usaed initially =~

‘he genume of M. tuberculosis s 2.1 X 10% bp in size (Imaeda,
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Barksdale, and Kivehheimer, 1982), large compared to that of
feewliy, which is 4 X 08 bp in slze, and the human genome,
which 18 approximately 3.9 X 109 bp in gize (Stryer, 1938) -
the average size of the fragments generatéd hy eleavage of
the DNA with many regtriction encymes is velatively small
tapproximately 4 kb)), and an entire library therefore

soentaing a very large number of recombinant bacterviophages,

and scrcoening thus bheeomes laborious and expensivae.

Problems in library conagtruction can be avolded by cloning
fragments that are genarated by random shearing of genonic
DNA tHaniatia, Fritsch, and Sambrook, 1982), This method
gnsures that thers 1z no systematic ewclusion of sequences
fram vha oloned library movely hecause of an unfortupate
digtribution of resbtriction zites., In addition, knowledge of
thy digtribution of restricstien sites in or arvound the
secuence »f intevest is not required before cloning is

attenpbad,

The basle steps for the construction of a M huberculosis
genomic library in the A gt 11 veotor (Young and Davisg, 198B)

areg ashown in Figure 2, and are summarised as follows:

i. The DNA of X gt 11, which accepts inserts up to
3.2 kb in length, la digested with Eeo Rl to
to produce left and right arms, which carry all the

ganetle information for lytie growth of bthe virus,

CRL L iy g coibli e

i i o

RS 0

RS

W

*

S ekt



Eco Ri Site
L‘ R Cos
o

Cos
1 1 A Vector

loft arm righl am

Digest with Eco Rl Sheaor to yiekd

fragments

Cos L 'R__ GCos ~6Kb In fength

{ o T i
loft o right arm

L igation
¥ U

Cos L i Cos
— R

611 B
~58 Kb fragment
recofmbinant DNA molecule

In viiro packaging

Lok —

Infect E. Coll with recombhant phage

Screen plagues and

amplly r%combhants

FGURE : 2  Slralegy used o
conatruct orarles of
random fragments of
M. tubsrculoals DNA,

Byrary of recomblbiant dones

@ Phage stock conslatng of a

T Rl AL e s N

b
i
!

ol

i
t
i

W




Author Chezzi C
Name of thesis Cloning of the DNA of Mycobacterium tuberculosis and analysis of the expressed protein antigens 1989

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



