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Mycobacterium tuberculosis genomic DNA fragments with

vahdomly'generated ehdpoints were used to construct a

récdmbinantk?\ gt llkDNAkexpression library., This library was

séreened using,polyclohal anti—M.tubercﬁiosis serum, and
aﬁti~ﬁLgalacﬁosidase monoclonalkantibodies. Ten~recohbinaﬁt
~“phage eibnés showing reactivity to these antibodies weie
isolétéd.‘Restviction enzyme analysis of “these clonés |
revealed that the‘clones contained DNA ifserts ranging
between 1.9 kilobases and 8.0 kilobases in size. Stable
lysqgéns yéve generated from nine of ﬁhe recombinant clones,
and the recombinant proteins produced by the lysogéns‘wefe
‘analysed4hy’polyacrylamide gel electrophoresié and Western
blotting, Each of the recombinant clones was found £o produce
recnmbinént non-fusion proteins 32 kilodaltons and 50
kilodaltons in size, 1n addition, Fﬁgélactodidﬁse fusion
proteins of molecular weights 22kkilodalton5, 12 kilodaltons,
’and 6 kilodaltohs were produced by the recombinant phages,
Pféliminary studies‘indicate that the 32 kilodalton ‘
recomb;naﬁt anhigen is capable of inducing
1ymph§proliferative te#ponses in ‘mononuclear cells'frbm

tuberculous patients.
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" Science! true daughter of Old Time thou art!

fho alterest all things with thy peering eyes.

Why preyest thou thus upon the poet’s heart,

Yulture, Wwhose wings acve dull realities?
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GENERAL _INTRODUCTION

Tuberculosis: 1§ a chrenie, granulomatous infection‘of~man

that is caused by Mycobacterium tuberculosis

(M, buberculosis).

T

Tubevculasis isyféund woridwide, althaugh
Thivd World counkries are most seriously affected with the
disease, Mycobacterial infections in the Western world are
however on the indrease} and vaccination and chemotherapy are
:failing to eliminate them {(Lancet Editérial, 19801+ The
aﬁargencé af the ;¢qﬂired immunodeficiénéy syndrome (AIDS)
has also focused attantion on the sudden rise in the
incidence pf mycabactavial disease in the weskern world
{Raymand, 1986).‘There are estimated to be between 20 and 30
millien new’c35es of tuberculosis, and 3 millien deaths from
~kuberculosis, per year. Tubereulosis therefore ranks as the
tgading cause of death resulting from an identifiable

{nfectious agent (Ellner, 1986). Although much progress hage

beon made in the characterisation of mycobacterial antigens,

and knowladge of their‘immunological importance has
{nereased, extensive reswarch is atill needed to vrid the
world of a disease which "ought to be 2 disease of
antiqulty”j ynd for whieh "every single case ought to be

yiewed as a failure in public health” (Raymond, 1988).
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1,2 TRANSMISSION AND RESERVOIR_OF_INFECTION

Tuberéuloéis is primavily a diseasekof hHumans, Man i~ the
major;reservoiv of ihfechion,’and the disease is transmitted

by diract person-to-person aerosol tranamission of droplets

“formed when inféntagus material i discharvged into the alr by‘k

céughing'ov,athhrvmeans (Youmans, 1988). The portal of entry
af‘the~infactian ig usually the lowepr vespiratory tiact,réndf
the major site of the tnitial infection is the lung (Youmans,
1986), Tuberculosiz can also be acqulred by way of the k

gastéointestinal tract. In this case, however, the péthogenic

organism lg ﬂxécbactérium boyis'(m.bdvis), which causes a

puimcgary~dissaaa thit is indistinguishable from tubsreulosls
(Yaﬁméns, 1988}, This microorganism ﬁayrbe found in large
nunbers in the milk of infected cows, and ingestion of such
milk by humans may result in extensive tuberculous disease.
However, effective éontrol of tuberculoaisg in cattle and the
pasteurisation of milk have virtually eliminated tuberculosis
1986) .

in humans caused by Mobovis (Youmans,

The fivst major manifestations of the diseasas occur inkthe
lung, from where it can disseminate to almost any tlasue and
ergan in the body (Grange, 1980). Multiplicatlon of

M, tuberculosis occurs most rapldly in the lung, possibly due

to the high concentration of molecular oxygen, which the

i
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nycobacteria paguire for growth (Yucmans, 1986) . The progress
of iﬂfectinn then takas one of Lwa courses, dependlng o
‘whebhev the tnfaetion is primary, or whebher it oceurs in a
pevsan prevloualy infected with bubarculcsis (Grange, 1980) .
IC the infaction is primary, mycobacteria lodga within the
alveolus, whera they are vapldly phagocybosed by alveolar
macrophages (Gbange, 1980), The mycobacteria are reslstant to
deébruation,in these maoraphages, for veasons not -yet wholly"
clarified, but which include the {nhibitlon of fusion between
the phagosomnes and lysmsompa ins side the macrophages (Wadee,
Uohan, and Rabson, 1987). The rate of replication of the
£nbarclé ba¢i11i inaide the macrephages is slow, and
Ehétafﬁre the appearance of symptoms or pathological
cmndihions ‘due to a tuberculous intechion may reguire several
waaks, Whan hhe number of tubevcle bacilli bacomes
aignificant, an inflammatory cellular axudate appears
{Youmans, 19863, Dissemination from the primary focus of
infeaticn new occurg within a faw hours, primarily by way of
Lhe lymphabic SJshem. At the same time, spillover from the
Iymphatics to bhe sloodatream occurs, resulting in a geeding
of virulent bacilli te all tissues and organs of the hody
{Youmang, 1886}, This procaess may advancee until wideaspread
puberculeous disease, and possibly death, occurs (Youmans,
1986), In the majority of primary infectlons, hovever, after
a period of a few weeks the raote of multiplication of the
haellli markedly decreases, possibly as a result of

activation of the infected macrophages (Collins, 19887,

o ik s v




These cells‘nﬁw;demﬁhgbrate a number of bicchemisal and
physiological chavactavi ties whizh differentiate them from
ncbmal macrophages, including an increaSed number of
;mibaahandri>, lysogones, inecreased metabolic activity,
gpraading, phagocytosls, and inévéased»tuberculocidal"

4 éiviky in £he form of released hydrolytic enzymes and
Bydrwgaﬁ'psﬁox;de (Hadee, 1985; Armstrong and D’Arcy Havh,k
19713 Hahn and Kaufmann, 1981} The pneumenie process now'

resolves and dissemination to other organs ceases.

Caincld&nh'wihh theas ehangas,khwo immunological

manit stahiana appear (Chaparas, 1982): first, the
mamraphages in which the baecilli were initially able to
replicate now non-specifically express antimicroblal and -
enhanged humaricidal activity; second, the infaected
individual shows & eutaﬂaous‘reaﬁtion of delayed
hypevsensitivity to certain proteins and polypeptides

ttubarculin) found in the tubercle baellid .

Tubarculin hypervsensitivity is specific to tubegrsuloprotein

or polypeptide. It does not involve circulating antibodies,
and can be brapsfarred paasively using lywmphooytes f£:.ux
hubéﬁcultn—aensitive animals (Colling; 1988). Such

lymphoeytas, in the predence of tuberculoprotein; elaburaty

the releage of lymphokines sueh as interfaeron ¥y (IFN-T) and

tumour necrosls faetor (TNF) (Rook, 1987), which may bn

raespongible for the destructive inflammatory reactions

s

T TR TR

; : s g x
e £l Gkl G L o e 2T

somp

. ‘X!
P U 3



sharacteristic of “tuberculosis.

Acquived=cellﬁlar immunity to tuberculosis also does not

invdlve7mycobacteria~speeific circulating antibodies, which
ars ﬁresent buk hHave been. found to play no role in host

protection (Reggiardo and Middlebrook, 1974). Specific

rESisbanée has been shown to be mediated by antigen-specific
ylymphoﬁytéé, with a minor role being played by activated

macrophages (Hahn and Kaﬁffman, 1981).

Until tubarculin hypersensitivitykand acquired immunity

deuelcp, prinary tuberculosis is for the most part a

ndnfdéstructive,ﬁisease. Resolution of the disease may

procaed to a point where 1ittle or no residue of infection

pemaina. Reinfection tuberculosis (secondary tiuberculosis),
however, is a disease which occurs in the presence of

tuberculin hypersensitivity and in spite of specific cellular

immunity (Youmans, 1986). Secondary infeetian may be

_endogenous, occurring as & result of recrudescence of a

primary infection,; or exogenous, occurring due to infection

fyrom an active case. Regardless of the cource, the injtial

lgsion is characterised by necrosis, as a result of the

inflammatory reaction due to tubérculin hypersensitivity. The

lesion is also locallsed by densitised macrophages and
lymphocytes Which, found in the adjacent tissues and draining

the lymphatics, prevent multiplication of the tubercle

bacilli and spread of the disease (Grange, 1980).




However, although multiplication of the tubercle bacilli in

céllé of the immune system is inhibited, often not all of the

bac;lli are destroyed and may remain viable‘but dornmant

Withln the txssues for many months or years (Youmans, 19867

The disease may then spread by extensxon, as adjacent tissues

devplop necv0515 a5 a consequenze of inflammatlon. Spread may

also qccur when a ‘bronchus is eroded {bronchogenic spread)

or may occur via the blocdstream if a blood vessel is eroded

lhaematqgenous spread}) (Youmans, 19861 .

The reasohs'far the local breakdown +I resistance that lead

té a necrotie focus are not well understood. They are thought

to {nclude hhe presence of other degenerative diseases-
(Youmans, 1988), physical fitness, body build and state of
utrlhicn {Sriider, 1987), age (Orme, 1987), possible genetic

predisposition {Mehra and Bovornkitti, 1986; Bahr, Rook,

Shahin, et_al., 1988; Al-Arif, Goldstein, Affronti, et_al.,

1979}, and acquived or induced immunosuppression (Ellner,

19861 .

1,3.1 The_immunopathology of tuberculosis

Mycobacterial constituents and cytokines prdduced‘in response
to mycobacterial infection have been shown to be largely
responsible for the pathological reactions associated with

mycobacterial {infection (Rook; 1987). The mycobacterial




haamcérhagic and nacrotic inflammation at local sites of
injeétioh ih guineé pigs (Nagao, Takada, Yagawa, et él;;
198?);_Potéht,maarophage primers; such as IFN-7Y and’v
D3 metébolitesy (Rbok,‘StEele, Fraher, et al., 1986),‘cduid
alss prihektheée cells to relédse tummur'necrpsis factor

(TNF) (Rook, Taverne, Leveton, et

 compcneht muraﬁyl dipeptide has been shown to tause severe

tamin

b

al., i987). TNF has heen

demonstrated to be pyrogenic, to cause weight loss (Beutler

and Cerami, 1985), and toc be a mador,mediahcf_of'toxié,shock.

Endothelial damage and fibrin deposition have also been shown

to be ¢haractevi$tic of tuberculous lesions (Rook, 1987): TNF

has also been shown to lead
anticoagulant properties of

(Bevilacqua, Pober, Majeau,

to the loss of formal
the vascular endothelium

et al., 1986). Acting locally,

the,release of TNF pould account for much ot the tissue

necrosis seen in tubsrculosis (Rook, 1987).

1.4  THE_IMMUNE. SPECTRUM IN TUBERCULOSIS

i.4.1 T lxmphgéytes

T eells have been shown to play a mandatory role in acquired

resistance to nycobacterial infection. The. exact mechanisms

of T cell interactlons are however still poorly understood

{Lamb and Rees, 1988). It is currently believed that

sensitigsed T cells, on recognition of antigen in association

with clags 11 histocompatibhility antigens, release
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lymphokines sﬁch,as macrophage activating factor or IFN~Y
(Lowrie,‘Lgsai. These lymphokines acii&ate or pfime
manﬁaphages'5uc5 that they are able to express enhéncedk
 aﬁhimi&robial activity against the infecﬁihg ovganigm
(Lonie; 1983)! Regent evidence has aléo indicatéd tha£

T cells can divectly kill masrophages infected with

N.tubé?éuloéis (Rook, 1987), Mycobacterial antigénfspecific
cytotoxic T cells which kill antigen—presenting macrophages
have been defined as CD 3, CD 4%, CD 87, and have been shown
ta bhae reShfiCEed by HLA élasé Ii antigens (Hahéen, Petersen,
qulaeaQ'gg al,, 1987; Nusbafa and Godal, 1987). Sensitised T
ceilg‘havé éiso been‘shbwn to release gytokines that promote
ylﬁhs migration af‘biood~bovne monocytes io the sité of
mycobacterial infection, and which contribute to the
fermation of a gﬁanuloha’(Chaparas, 1982).‘They have also
bean démonstraﬁéd to mediate hypersensitivity to
‘mycabacherial {nfection, and t® be rasponsible for
immunologie memory (North, Mackaness, and Ellint, 1972; Orme,
i§87f¢ Passive transfer experiments have provided evidence
that diffaerent populations of T cells play akprotective role
in mycobacterial infections: this may veflect switching from
a state of active immunity to one of immunclogic memory
iOrme, 1987 b; Muller, Cobbold, Waldmann, et al., 1987; Boom;

Husson, Young, et al,, 1987},




Little is known about the antigens that4are important in the
'génerahioh'éf‘prdtectiVe immunitykand’memory. Recént'evidéhce
has iﬁdicaﬁed that éhtigens from viable mycobactéria are
fequiﬁed’forktﬁe induction of Spécific;protective {mmunity

(Orme, 1988), Antigens from dead organisms were able to

indﬂée‘delayed,hypersensihivity and mediate helper signals to

anhibddy~pvoducing B cells, but did not induce protective

ca;lulaw7immunity (Orme, 1988).

Even‘th@ugh it has been suggested that the effector
rnechanisms required for the;host's bactériciaal activity
against mycbﬁacheria raside priﬁarily within the macrophage
{Chaparas 1982), there are some doubts as to whether the
activated macrophage i& the final effector cell (Rook, 1987).
Howaver, normal macrophages have been shown to demanstrate
limited bactericidal ablility (Chaparas, 1982), and require
priming or activation by T-tell-derived mediators (Ivanyi,
1986) for their hactericldal activity. The contvibﬁtion of
these mediators seems mandabtory since macrophage
tubevculocidal activity ocecurs only in thé‘pfesence of such
mecdiators (Ivanyi, 1986). Amongst these, interferon—? (IFNJY)
has been shown to confer an enhanced intracellular killing

al., 1986;

ability to macrophages (Rook, Steele, Fraher, et a
Flesch and Kaufmann, 1987). In additien, IFN~Y has been

demonatrated to ke able to reverse the inhibition of

.

L G SN £ At P AR




léukmcyte bactericidal actiuity;mediabéd by mycobacterial

antigens {Wadee, Cohen, and Rabson; p987 by,

Palymarpﬁéﬁucleav leukocytes Have been demonsﬁraﬁed to he
able to mediate intracelluiav killing of mycobacteria‘(éfoﬁn;
Halzer; ahd,Andevsén; 1987) . Killing by neutrophils is'
anhkanced Qhén they are activated, and is mediated by reactive
éxygen {ntermediates produced during the resﬁiratory,burst}

as well as by non-oxygen-dependent mechanisms.

Antibedlies da‘nat confer pansive protection to mycobacterial
infention (Reggiardo and Middlebrook, 1974) and although the
contribution of B call responses ho‘the pathogenesis of
tuherculosis has not been rulad out kIvanyi, 1986), the main
interest in antibodies has been devoted to diagnostic

puprposes.
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.5  THE DIAGNOSIS. OF MYCOBACTERIAL INFECTION

1.8.1 Isolaticn and tdentification of mycobacteria

Tﬁékdiagnoslé of active huberéulosis can only be made if
tubéféleyhacilli aﬁé isolatéd from lesions or affected
organs, Since tuberculesis usually is é pulmonary infection,
spuﬁum is hhé,spﬁcimen'mosb cummaniy examine& for the
‘ﬁfeﬁence af Eubér¢le bacilli (Youmans, 1986). Urine, spinal
fluld or Lisaue biopsies are oflen also examlhed. Miérascopié
examination of spécimens involves the idenhifidation of
asid-fast bacilli (Grange, 1980), but this does not
distinguish virulent tubercle hacilli from contaminating'
’sgprdphyt&c basterias or from atypleal mycobacteria. The
pre#énﬁe of acid-fast bacilli in a specimen, therefére, doss
not §r¢vide a definite diagnesis of tuberculosis. Isolation
caf virulent bacilli is performed by culturing specimensa on
5peexalised;media such as Lowenstein~Jensen medium (Grange,
19801, Howewver, aving to the slow multiplication rate of the
tubercle hacilli, in most cases growth cannot be’deteetedkfor
3=6 weakd.

1,5.2 Neozimmunological disgnastia

-

Several non~immunologleal tests uaeful for the diagnosis of
hubercuicsiﬁ ardg avallable: measursament of adenosine

deaminase (ADA) activity ln pleural, peritoneal, yericardial
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and cerebrospinal fluid - (CSF) is used for the diagnosis and
follow up of hubavculoua infection (Ribera, Martinez Vasque
1987); the radicactive bromide partition teat
can bé‘uséfulyfﬁr thé detection of huberéulcus meningitis
Daniél, 198?) hhé'bicchemicai identification of |
mycobacterxal 3“(2'-PEbOhYdﬁokyl)“Lndollne and
tuberdulostearic acid in the sputum and CS F can be diagnostic
Drutz and Graybill,

of tuberculous disease {Daniel, 1987;

1987

Unfcrhun&bely, nona of the above tests can be used to provtde
8 aanclusxve dmagnosxs of tuberculosis, and the complex
inabvumentabloﬂ necesgsary precludes these measurements being

used in developing countries.

L1o8.3

Seralogleal tests for tuberculosis

,Savaral serodiagnostic tests have been émpldyed‘for the

diagnosis of huberculosis. These include fluoreascent antabody

tests {Affronti, 1985), complement fixation, agglutination,

, preci@ihahibn, and gel diffusion tests (Grange, 1980) . These

tests are however for the most part highly non-specific and

non~sensitive, and have thus fallen aside.

Radioimmunoassay (Kadival, Samuel, Mazarello, ekt al., 1987;

and enzyma=~linked

Ashtekar, Dhalla, Mazarallo, et al., 1987)

{mmunosorbent assay (ELISA) techniques (Wadee, Cohen, and
LS S i =
i L4 o v
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