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PHAGE CLONE NUMBER
237
9(4-
65"
43~
2,3-~0
207K '
PHAGE CLONE NUMBER : LN
15 16 17 18 -
b b a b a b f
kY
W
Restriction enzyme analysis of DNA purified SN
from recowbinant clones,
The DNA bhefore (a) and after (b) digestion with Eco Rl c¢an be
seen. The positions of the molecular welght markers P
’
(kilobases) and the A gt 11 Eco Rl arms ( -¢) are indicated. !
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3.8  GENERATION OF RECOMBINANT LYSOGENS IN E.coli ¥ 1083

Saturated cultures of E.coli Y 1089 were infected with each of
the following phage clones: TB 3, TB 6, TB 9, T8 12, TB 14, TB
15, T8 {6, TB (7, TB 18, and TB 23. The multiplicity of
infection was in the order of 10, Two hundred colonigs were
plated per plate, and plates were incubated at a2%.
tndividual colonies were picked with a sterile toothpick and
tesbed for growth at both 320C and at 429C. Those colonies
which grew at 32°C, but not at 42°C, were assumed to he
lysogens, Figure 15 demonstrates the results of such an
experiment,; whereby Y 1089 cells were infected with
recombinant phage TB 6. Cells were plated in duplicate and
incubated at 32°C (Figure 15, plate A) and at 42% (Figrve 18,
plate B), Those colonigs which grew at 3200, but not at LZOC,

were assumead to be lysogens,

Using this technigque, lysogens ware ganerated from all of the
recombinant clones with the exception of clone TB 3 (Table 5.
Infection of hLhe Y 1089 cells with this clone was repeated 3
times, but no lysogens could be ganarated. The frequency of
lysogen generation for the remainder of the recombinant clones

rangod between 104 and 34%.
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TABLE 9 Freguency of generation of recombinant lysogens

in E.coll Y 1089

Recombinant phage
clane pupber

Freguency of lysogen generaiian
(pereentage of total colony numbers)

19
23
22
{2
17
34
15
10

19

|
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Cellas were infeected with clone TH 6. Those colonies which grew

abt 3200 but net at 42%¢c (A) wore assumed to be lysogensa.
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OF RECOMBINANT M.tuberculosis ANTIGENS BY SDS-

e

PAGE _AND_WESTERN_BLOTTING 5

Antigens that were axpressed by the recombinant phage clones
were identified and analysed by SDS~PAGE and Western blotting.
The production of foreign proteins by lysogens of clones TB 6,
TB 9, TB 12, TB 14, TB 15, TB 16, TB 17, TB 8, and TB 23 was
induced by the addition of IPTG to the medium, and lysates of
these cultures were subjlected to SDS~PAGE on duplicate gels as
described in Section 2.9, One set of gels was stained, while
protelns from the second set of gels were transferrved to -
nitrecellulose Vilters (Sections 2.9 and 2.10). Recombinant L ,k
{mmunodominant mycobacterial antigens were identified by
sereaning Western blots with anti-M, tuberculosis antibodias.

Blots were also screened with anti-/3—galactosidase antibodies -

{n order te identify recombinant fusion protelinsa.

Total protein profiles of the recombinant lysogens can be seen s v
in Figure 1%, The asizes of the recombinant proteins expressed
by the lysbgens are tabulated in Table 10, Fusion proteins of
molecular weights 22 kDa, 12 kDa - 13 kDa, and 6 kDa were

produced by sevaral clonas. In addition, 2 non~fusion proteinsa
of molecular weights B0 kDa and 32 kDa were also produced. The

50 kDa and 32 kDa non-fusion proteins were produced by all of

e g .
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the recombinant clones, and in addition were also produced hy
lysegens grown in the abgance of IPTG (Figure 16, lane 4).
These proteins were not produced by clones containing
non-recambinant A gt 11, These results suggest that both
these protelns are not normal phage protaelns, and that they

are not dependent on &gg§~direched expression.

Clones TB 5, TB 16, TB 15, and TB 9 produced a 22 kDa fusion
protein, gxpressed 8s 4 recombinant protein of molecular
welight 136 kDa (Figure 16, arrvow "a"). Clones TB 17 and TB 23
also produced a 12 kDa fusion protein (Figure 16, arrow "ht'y,
expressed as a recombinant protein of 126 kDa. In addition,
elones TB 9, TB 15, TB 12, 18 17, and TB 23 produced a small

fusion protein & kDa in size (Figure 16, arvow "c¢").

Commant

The ﬁ?galactasidasa portion of the fusion proteins accounts
for 114 kDa of the final protein molecular weight., The sizes
of the fusion protelns were therefore calculated by
subtracting 114 kDa from the size of the expressed proteins:
for example, clone TB & produced a recombinant protein of
molecular welght 138 kDa, By aubtracting the molecular waelght
of ﬁvgalachosidase (114 kDa) from this slze, the size of the
reconbinant fusion protein was caleulated as heing 22 kDa,
The bands produced hy theae fusion proteins on gels after

elsetrophorealis and stalning were very faint (and are aven
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TABLE 10  Identiflcation of recombinanb proteln antigens
racognition hy
“aoembinant clone Recombinant protein anti~ anti~
tumber size (kDa) M.tuberculoais B-galactosidase
serun antibodies
T8 6 50
32
22 (fualon protein) *
T8 9 50
32
22 (fuslon protein)
6 (fusian protein) + Lk
T8 14 50
32
22 (fusion protein) +
T8 17 50
32
12 « 13 (fusion protein)
& (fusian orotein) +
TB 23 50
3z
{2 = 13 (fusion praotein’
€ (fusion protelin) +
T8 14 32
TB 18 50
32
22 (fusion protein)
6 (fusion prateln)
TB 18 50
32
TB 12 50
32
& (fualon protein)
7 * . '

PR

e i ibd L




123

S 33
s c 5 LYSATE NUMBER
(GRS A&
1 » 3 4 6 16 17 23 14 15 9 18 12

e s o s s S

s e i T

SDS~PAGE analysis of total protein profiles from

recombinant clones.

Lysogens were generated as described, and lysate samples were
electrophoresed on 10% polyacrylanide gels.'Lane 1- molecular
weight standards (kDa); lanes 2, 3 and 4~ control lysogens
containing no % gt 11 (2), non~recombinant A gt 11 (3), and
clone TB 17 in the absence of IPTG (4). Fusion proteins are

marked with an arrvow (==); recombinant non-fusion proteins are

marked with an astevisk ( +).
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more faint on photographs!), suggesting that very small

amounts of these proteins were being synthesised by the

respactive clones, or that the- sroteins were being rapidly

degraded by the host cells.

Of the recombinant proteins identified, only the 6 kDa and the

7% kDa fusion proteins were recognised by the anti-

. tubergulosis serum {(Figure 17). Even though 4 clones (TB 6,

e

TB 16, TB 1§ and TB 9) produced the 22 kDa protein, the

anti~-}M.tubsrculosis seruam bound only to the 22 kDa protein

produced by clones TB 6 and TB 16 (Figure 17, arrow Tal).

Similarly, although clones TB 9, TB 17, TB 23, TB 6, and

TB 12 all produced the & kDa fusion protein, the anti-

rculosis antibodies bound only to the 6 kDa protein

produced by clones TB 17, TB 23, and TB 9 {(Figure 17, arrow

"bv). The reactions produced by the anti-M.tuberculosis

antibodies with these 6 kDa and 22 kDa proteins were very

weak.
Commenkt

In spite of extensive adsorption of the

serum with an E.coli

E.coll proteins was obsarved (particularly with proteing of

molecular weights 114 kDa, 33 kDa, 82 kDa, 59 kDa - 60 kDa,
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lysate, a prominent cross-veackivity with
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FIGURE

17

-

Recombinant proteins recognised by a
antibodiss are marked with an arrow
cross-reactivity of the antiserum with E.coli proteins can be

seen., Molecular weight standards (kDa) are indicated on the

right.

Analysis of recombinant lysates by Western

blotting.

nti-M.tuberculosis
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and 26 kDa) in the immunoblotting experiments. The reasons for L

this eross-reactivity include:

- nop~specific binding of the antibodies due to the high

concentration of antibodies requived to detect recombinanb

proteins;

~ possible crosg-reactivity of mycobacterial proteins with

some E,eolil proteins)

-

~ possible cross~reactlvity of the rabbit antibodies with

E.coli proteins.

e
W

When the recombinant proteins were sereened with anti-
ﬁ~galachnsida5e antibodles, only the 22 kDa fusion protein )
produced by clone TB 9 was recognised by the anti-

ﬁ»galactosidase antibodies (Figure 18). Two additional protein

hands, of molecular weights approximately 150 kDa and 200 kDa,

were alse recognised by these antibodies. Immunoblotting was

repeated geveral times, altering the concentrations of the

gels used for electrophoresis of the proteins (7.8%, 10%, and

15% gels were used), and increasing the dilution of the

antibodies for sereening (antibody dilutions of 1/1 000,

{/1 500, 1/2 000, and 1/2 BOO were used). The 200 kDa protein

was not visible on the gels under any of the electrophoresis

conditiona employed. Both the 150 kDa and the 200 kDa bands

were presgent on immunoblots under conditions of different

acrylamide concentrations, and dilution of the antibodies only

resulted in very much weaker signals belng produced by the b
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and 26 kDa) in the immunoblotting experiments. The reasons for

this cross~veactivity include:

- nan-apecific binding of the antibodies due to the high

concentration of antibodies required to detect recombinant

proteins;

~ possible cross-reactivity of mycobacterial proteins with

some E.coll proteins;

- pasasible cross-reactivity of the rahbi% sntibodies with

E.coll proteins,

T

When the vecombinant proteins were acreened with anti-
ﬁ~gala¢toaidase antibodies, only the 22 kDa fusion proteln
praduced by clone TB 9 wai recsgnised by the anti-
ﬁkgalactosiduﬁm antibodies (Figure 18). Two additional protein

bands, of molecular weights approximately 150 kDa and 200 kDa,

were also rescogniseg by these antibodies. Immunoblotting was

repeated several times, altering the concentrations of the

zels used for electrophoresis of the proteins (7,5%, 10%, and

16% gels were used), and inereasing the dilution of the
antibodies for screening (antibody dilutions of 1/1 000,
1/1 500, 1/2 000, and 1/2 50C were used). The 200 kDa protein

was not visible on the gels under any of the electvophoresis

conditions employed. Both the 150 kDa and the 200 kDa bands

were presant on immunoblots under conditions of different

acrylamide concentrations, and dilution of the antihkodies only

resulted in very much weaker signals being produced by the
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FIGURE 18  Analysis of fusion proteins by Western blotting. )
Filtera were incubated with antibodies to ﬁ~galactosidase in
ordar to identify fusion proteins. The lysate from olone TB 9 %f
demonstrated fusion proteins, the aizes (kDa) of which are ?

i
indicated on the right of the blot. The 136 kDa band :
rapresents the 22 kDa fuaslon pratein. i
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92 kDa fusion protein, as well as the 150 kDa and 200 kDa

protaeins (data not shown).

The 150 kDa protein which reaoted with the anti-
ﬁ~galachosida59 antibodies on immunoblots was present in gels
of all the lysates as a weak protain band (Figure 16). It does
not appear to be a recombinant protein, since it was present
in all the control lysates, including the normal E.coli Y 1089
controll the positive reaction observed with the apti-
p-galactosidase antibodies could posaibly be attributed to
erass-roaction of the antibodies with this protein. The

200 kDa protein recognised by the anti—ﬁ~ga1actosidase
autibodiss was not present on any of the gels of the

recombinant lysates, and it can only be assumed that this

roaction was an artefact of the immunoblotting reavkion,

At prosent it is nob clear why positive reactions for protelns
produced by more bthan one recombinant clone only oceurred for
partigular clones. It ia also unolear why the anti-
ﬁ»galachosidaae anktibodies did not recognise all the fusion
proteina produved by the clones (viz, the 22 kDa, 12 kDa, and
6 kDa proteins), and why the 22 kDa protain produced by clone
TB 9 alone was recognised. In addition; why the anti~
ﬁwgalactcaiﬂa;e antibodies falled to resognise the 114 kDa

ﬂvga]auhmaidaae protein of FE.goll is also unolear,
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Characterisation of individual, zpecies-specific antigesnic
components has long been viewed as a éotantial approach to the
doevelopment of vaccines, diagnostic reagents, and as a tool
for the analysis of the i{immune response to M.tuberculosis.

There are several goals of research into mycobacterial antigen

structure!

1. bte identify determinants with well-defined
spacles~specificities which could be substituted for
haeterogenous reagents such as PPD In immunodiagnostic
teats;

ii. taxonomic applications of specieas-specific antigens;
characterisation of species-~specific antigenic
determinants which are involved in T cell recognition;

iii. the identification and characterisation of
surface~exposed antigens and thelr potential role in
intragellular survivalj

iv, ldentification and characterisation of antigens which may
be poasible candidates for subunit or recombinant

vacoiang against tubevculosis,

Molecular blology and monoclonal antibody technology have
providaed the means whereby mycobacterial antlgens encoded on
linear segments of the mycobacterial genome can be
systematically characterised, A gystematic examination of

foreign polypeptide antigens in E,coli could be possible if

—

the factors which influence production of detectable levels of
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proteins are adequately considered. There are 3 major problems
associated with obtaining expression of foreign DNA a: a

aktable antigen (Young and Davig, 1985),

The firgt problewm is that most foreign DNA does not contain
the transeription and translation signals required for
expression in E.coli. Thus, the foreign gene must genevally be

placed under the control of sn E.gpli promoter that is

=

afficiently recognised by E,coll RNA polymerase, and an E.colil

ribosome hinding site that can be used by the bacterial

translation machinery (Young and Davis, 1985),

The second problem in expresgliang foreign DNA ia that foreign
peptidas are efficiently degraded in E.coli (Young and Davis,
1983). The inatability of foreign antigens can often be
reduced by fusing the antigen to a gtable hogt protein; and by
using host mutants defilcient in specific proteases (Young and
Davis, 1983), Fusion of unstable protein antigens to the
carboxy terminus of the stable E,coli protein P-galactosidase
has bs~n shown to enhance the stability of some foreign
proteing (Stanipsv, 1983), In addition, the stabllity of the
fuglon product of ﬁLg&lactcsidase and a foreign antigen can be
markedly lncreased in lon mutants of E,coll (Young and Davis,
1983). These mutants are deflcient in cne of the ATF-dependent
proteases that are responsible for the destruction of

proteins. Thisg particular protease deficlency is eapeclally

ugeful since the presence of this mutation does nal appear
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to alter the normal growth properties of the cells (Young and
Davig, 1983). The lon protease appears te have some
gpacificily for the class of abnornmal polypeptidas of which
carboxy~terminus B~galactosidase fusions are a membar, and

doas not enhance the stahility of other kindas of abnormal

peptides {(Young and Davis, 19885),

The third major problem with foreign antigen synthesis in
E.eell 15 that constitutive high level expression of foreign
polypeptidas can often he lethal to the host cell (Young and
Davig, 1983): A solution to this problen is to ensure that the
production of the forelign antigen is transient. Thus, the
axpression of the DNA encoding the foreign protein is
repressoed durlng early exponential phase growth of the hosat.
Near the end of this period; when the transecriptional and
translational apparatus are still fully active, the expressaion
of the forelgn proteins is induced, and satisfactory levels of

the antigen are produced before the cells become inviable.

These concepts, designed to improve the levels to which
foraelgn antlgens can accumulate in E.coli, have been
incorporated into the A gt 11 vector~host system (Young and
Davis, 1983). This phage expresalon vector was constructed to
permit insertion of foreign DNA into the/B~galacbosidase
struetural genae LacZ under the control of the lac operon

(Figure 1), The recombinant DNA can be propagated lytically,

and expresalun of the foreign DNA Is raepressed by the Lacl
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gene product (Young and Davis, 1983). Production of a
recombinant fuslon polypeptide can be rapldly induced by the
addition of the derepressor IPTG to the culture medium. The
prasence of bthe lon mutation appears to permit acecumulation of
otherwise unsgtable novel proteins to levels which faclilitate
detection by immunological or physgical (polyaecrylamide gels)

analysis (Young and Davis, 1988).

The successful ilsolation of genss encoding for a particular
protein with the A gt 11 system depends on the quality of ihe
recombinant DNA library and the antibody probe (Young and
Davis, 1983), Hoth genomic and ¢DNA libraries have been used
suecesafully to {solate genes with antibody probes (Huynh,
Young, and Davia, 1985), The decisien ko employ one or the
other tspe of library rests on several conslderations: &
shearaed genomic library can be constructed to have insert DNA
breakpoints at each base pair throughout the genome, thus
inereasing the probability that all coding sequences are
equivalently represented (Young and Davis, 1985), Problems
with this approach lnelude concerns about intervening
gequences {(thae degrewe to which intervening sequences interfere
with tLhe expresaion of speciflec epitoepes lg Iimpossible to
predict), In addition, screaning of genomes of more than

108 bp is laborious and time-consuming (Young and Davis,
1988) ., A cDNA strategy may lmprove the frequency of a coding
sequance, but only If Information about the abundance of

apecifiec mRNA 1is avallable,
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% gt 11 recombinant DNA expression libraries constructed with
cDNA (Kemp, Coppel, Cowman et al.,

digested genomic DNA

(McCutchan,

1983)

Hansen,

133

and with DNase-

Dame, and Mul

lins,

1984) have heen used to isolate genes by using antibodies

directed against Plasmodium falciparum. These libraries,

however,

may not contain insert DNA that is representative of

all of the coding sequences of interest in a pathogen genome:

¢DNA i3 bhiased toward the more abundant mRNA's,

act on genomic DNA in a non-random fashion

Dane,

{Young,

this blas:

and Mullins,

Bloom,

19843 .

The

Grosskinsky et

part of the impact

(McCutchan,

and DNase can

Hansen,

sheared genomiec DNA approach

al., 1985)

attempts to minimise

of this approach lies in the

potential to detect any epitope encoded in the genome of an

organism,

even 1f it is not always expressed.

Genomic libraries of mycobacteria have been constructed in A

gt 11

of mycobacterial antigens,

t s date,

largely because knowledge and characterisation

and more so of their mRNA’s,

has

been limited (Young and Davis, 1985). The use of A gt 11

libraries to analyse mycobacterial antigens was pioneered ny

Young, Bloom, Grosskinsky, et al.,(1985). They used sheared

genomic DNA from M, tuberculosis to construct the library, and

used monoclonal antibodies directed against specific

determinants for the detection of recombinant phage clones

expressing mycohacterial antigens.

This technique has since

beaen used extensively to analyse antigens from M.tuberculosis

{(Young,

Kent,

and Young,

1987

Husson and Ycung,

1987;

Lu,

s
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Lien, Becker et al., 1987; Andersen, Worsaae, and Chaparas,

1988; Damiani, Biano, Beltrame, et al.; 1988); M.leprae

{Young, Mehra, Sweetser, et al., 1985); M.bovis (Radford,

Duffield, and Plackett, 1988} Lu, Lien, Becker et al., 1987);

t,africanum (Lu, Lien, Becker,et al., 1987); and

M.intracellulare (Morris, Rouse, Hussong, et al., 1988).

In the present study, a A gt 11 recombinant DNA expression

library of M.tuberculosis DNA was constructed as described in

Chapter Two. Genomic DNA was mechanically sheared to produce
fragments of 5 kb average size. Eco R! linkers were added to
the ends of the DNA fragments to allow insertion at the unique
Eco Rl site of the A gt 11 phage. The ligated, recombinant DNA
was packaged into phage heads, and this material was used to
infect E.gol} cvells to produce a library. The aim of this
approach was to generate DNA fragments with endpoints
throughout the mycobasterial genome and then to produce
recombinant phage in sufficient numbers such that insert

endpoints would occur between most base pairs in the

M.tuberculosis genome. The library constructed in this manner

contained approximately 1.3 X 105 individual recombinant phage
(63% of the total library) (Table 6). In order to determine
whether the generation of the recombinant library had been

successful, the titre for the M.tuberculosis library was

compared to the titres obtained for the control reactions
(Table 6). The titre for the mock packaging reaction (Table 6,

reaction 1) gives a measure of any background that might bhe
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caused by the packaging extracts. It is expected to be very

low {less than 100 pfu/extract, as indicated by the

manufacturers) (Promega Biotech. Madison, WI, USA). The result

obtained (no plagques) indicates that the packaging extracts
themselves were not contributing any background plaques to the
library.

The packaging control reaction was included in these assays to
provide an indication of the efficiency of the in vitro

The expected efficiency of the packaging

packaging reactions.

systems, determined by the manufacturers, (Promega Biotech,

Madison, WI, USA) in a standard packaging reaction using the
indicated ligated N c 1857 Sam 7 DNA, is 2.7 X 10%pfu/ug DNA.
The results obtained in the present study, namely 2 X 108
pfu/ug DNA (Table 6, reaction 2), indicate that the packaging

systems as a whole were performing efficiently.

The titre of the A gt 11 arms alone (Table &6, reaction 3)
gives an indication of the ligation capacity of the arms, the
efficiency of the ligation reactions, and a measure of any
background that may be caused by the A gt 11 arms., Eco Ri
digested, dephosphorylated, and ligated k gt 11 arms without
inserts should show fewer than 10 blue plaques, and very few
clear plaques per microgram of DNA when titrated on plates
containing IPTG and Xgal (Davis, Dibnner, and Battey, 1986).
Mlear plaqueg indicate either damage to the Eco Rl cloning

site, or DNA contamination of the A gt 1l arms preparation
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(Davis, Dibbner, and Battey, 1986). The results obtained

{Table 6, reaction 3) were within the expected range - 104

plaques, 100-fold less than the maximum limit of 10% , with
very few clear plagues, indicating that the ligation capacity
of the arms was good, and that minimal damage to the Eco R!
insertion site had occurred. There wa& an approximately 3-log .
difference in the titres of the packaged A gt 11 arms alone,
and the A gt 1l arms containing control DNA, indicating that
approximately 1 plagque in every 1000 plaques was a false =

racombinant.

The ligated and packaged positive control insert should show a
significant stimulation in the number of clear plaques seen in ‘
comparison to the ligation and packaging of the vector arms
without the insert. Approximately 105 clear plagues per
microgram of inserted DNA are usually attained, these clear
plagques representing "model insert” DNA clones (Davis, : . a
Dibbner, and Battey, 1986), The expected cloning efficiency |
for this particulacr control reaction, obtained by setting up a l .
pogsitive control reaction using a 3 kb plasmid DNA fragment
with compatible Eco Rl ends, is approximately 107 pfu/ug DNA,
with greater than 95% insertional efficiency (Promega Blotech,
Madison, WI, USA), The titre obtained for the positive control
reaction (Table 6, reaction 4) was 7.5 X 108 pfu/ug DNA, with | -
94% insertional efficiency, indicating a satisfactory cloning

effielency for the systenm.
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It has been suggested (Maniatis, Fritsch, and Sambrook, 1982)
that cloning efficlencies of 10% . 10% vecombinants per
microgram of DNA are indicative of a sufficiently concentrated
library which sheuld be large enough to represent all of the
DNA sequences available for cloning. The library constructed
with 200 ng M.tuberculosis DNA appeared to have the properties
indicative of a successfully genevated library, and was
therafore chosen for amplification and screening. This library
{Table 6, reaction &) contained a reasénable percentage of
recombinant phage (63.5%), and enough total recombinants (3 X

10° pfu/ug DNA) to be considered representative of most of the

DNA sequences of M,tuberculesis.

The recombinant library was amplified in E.coli Y 1088 by
small-scale liquid culture. The titre of this amplified
library was 10n pfu/ml and consisted of essentially greater
than 90% racombinants, The recombinant mycobacterial library
generated in the present study compares well with other
mycobacterial libraries constructed in A gt 11. Young, Bloom,
Grosskinsky, et al., (1985) constructed an M.tuberculosis DNA
library containing 4 X 105 recombinant phage. The titre of
this library after amplification was lollpfu/ml, and consisted
of approximately 40% recombinant phage. A library construcied
with M bovis DNA contalned a alightly lower titre of 2.2 X 10°
phage clones, 90%Z :f which were recombinant (Radford,
Duffield, and Plackett, 1988). A similar titre of 2.5 X 10°

rocombinant phage clones was obtainad for an M,leprae libra.y
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{Young, Mehra, Sweetser, et al,, 1988). This library was
amplified to produce a library of 2 X 1011pfu/ml, and which
songlated of approximately 25% recombinants. Mehra, Sweetser,
and Young, (1986) constructed an M.leprae library of 105 phage

clenes, of which 95% were recombinant. Titres of 10°

reconbinants waere obtained for an M.intracellulare library

{(Morris, Rouse, Hussong, et al,, 1988). Amplification of this
library resulted in a library titre of 10" phage, of which 85%
were recombinant. The percentage of recombinant clones in the
library constructed in the present study is high (63%), and
although the titre of this library (1.3 X 105 pfu/ml) is
gslightly lower than the mycobacterial DNA librarvry titres
obtainad by other investigators (Young, Grosskinsky, .ioom, et
al., 1585; Radforvd, Duffield, and Plackett, 1988; Young,
Mehra, Svwetser et al., 1985; Mehra, Sweetser, and Young,
1986; Morris, Rouse, Hussong, et al., 1988), it nevertheless
compares favourably since it is only approximately 10-fold
lower than that obtained for the other libraries. The
amplified library titre of loilpfu/ml (>90) recombinants)
obtained in the present study is in keeping with the findings

of the abovementioned investigators, who obtained titres of

10" = 10" prusml,

The amplifilied libhrary was then screened for phage producing
roul

osis antigens using anti-M,tuberculosis
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recombinant M,tube

antibodies, and with monoclonal antihodies to
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f3~ga1actosidase for the detection of fusion proteins. Both
palyvalent (Young, Kent, and Young, 1987) and monoeclonal
antibodied (Young, Bloom, Grosskinsky, et al., 1985; Damiani,
Biane, Beltrame, et al.; 1988; Anderzen, Worsaae, and
Chaparas, 1988) have been used for the detection of
vecombinant phage clones expressing mycobacterial antigens. It
has besn found that the immunodominant antigens defined hy
monoclona)l antibodies can also be detected using polyvalent
savum (Young, Kent, and Young, 1987; Table 3, For successful
likrary screaning, the gquality of the antibody probe has been
shown to be of major importance (Young and Davis, 1985).
Gensrally, high titre specific antibodies produced better
signals than did low titre antibodies, and antibodies that
produced good signals on Western blots generally produced good
signals in the 4A gt 1} screening procedure (Young and Davis,
1983)., Different protocols exist for the detection of the
primary antibodies, The !#5I-protein A protocol, initially
used by Young and Davis (1983 b) to isolate phage clones that
produced yeast RNA polymevase 1I, has the advantage of heing
gsansitive and allowing controlled film exposure to maximise
sighal-to-noiss ratios. This method is however useful only in
the deteation of IgB, and is prone to producing false positive
signals (Young and Davis, 1983). Young, Bloom, Grosskinsky et
al., (1985) modified several features of the original antibody
sareaning protocol in order to cbtain lmproved sensitivity and
permit a more thorough and efficient saereen of,A gt 1t

libraries. In particular, hiotinylated secondary antibody was
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used to detect bound primary antibody. The secondary antihody
was in tuern bound by avidin-coupled horseradish peroxidase.

This approach had several advantages over the use o
lahelled protein A (Young, Bloonm, Grosskinsky et al
the choice of primary antibody did not depend on lts ability
to bind protein A; good signal-ta-riolse ratios were obtained
with greater primary antibody dilutlon; no false positives

ware cbaervad, and the precise slgnal-producing plague could
be located by comparing the faint background patiern produced

Ly nelghbouring plagques on the agar plates.

The enzyme-labelled secondary antibody approach wase used in
the present study to detect phage clones producing
mycobacterial antigens, Seventy flve filters containing
antigens from approximately 103 phage eclones sach were
secreaned, Twenty two phage clones producing positive signals
with either anti-M.tuhersulesis or anbi—ﬁ—galactosidase
antibodies were laolated, Of these, only 10 agaln produced
positive signals after re~lgolation and amplification (Table
7). Twalve false positlive gignala out of 22 were obtained,.
Thase results are in contrast to the findings of Young, Bloom,
and Grosskinsky, (1985) who obtained no falge positive algnals
when sereening 3 M.tubereulosis libyary. The numbers of
positive clones detectad in this study using antibody prohes
are alightly Jower than the numbars obtained by othar

investigators who sereenaed myecobacterial DNA libraries. Mehra,

Sweetser, and Young (1986) ascreened 500 recombinant phage
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plagques from a recombinant M,laeprae library. From these, 54
clones wara purified to homogeneity using monoclonal
antlbodies to M.lepras. Young, Mehra, Sweetser, et al., (1985)

probed 103 recombinant M.leprasg clones; 17 of these were found |
to produce signals, and 15 were successfully purifiaed to o
homogeneity in { or 2 successive rescreens with a monoclonal |
antibody pool. Radford, Duffleld, and Plackett (1988) screenad
20 filters containing plaques produced by a recombinant

M.bovis library; of the 88 positive clones found on the .
original filters, only 32 phage clones gave consistent si nals
whan passed through primary and secondary purificatién steps. - k a
Although several of the positive signals produced by

recombinant phage ¢lones in this study were distinct (Figure

12 B), in general the signals were weak, suggesting a poor C , ;

level of transaription and translation of the foreign genea, S ' Y

or vapid degradation of the recombinant products before
gufficient accumulation of such products occurrved in the host
cella., Alternatively, the antibodies used for screening of the ' . .
recombinant library may have had low avidity for the
recombinant mycohacterial antigsns. Radford, Duffield, and
Plackatt (1988) also report variable signal strengths for an |
U.bgvls likrary screened with polyclonal antiserum; the |
signals observed ranged from haraly perceptihle dots to

consplcuous apots, Although no explanation as to the reasons

for this obmarvation was offered, Lt is poaalble that the

abovementioned mechanisms may have occurred in their

S kil AN @ B

N S ST GH ey




i B

Syaad e A T T .
j; faks 2% V’W".xﬁ’ :"”V “)?‘“v :w i v g MR fwwffimwgmwmr?x ey ar >y -y

142

systam too.

In spite of the fact that the antiserum used in the present
study was pre-ddsorbed with an E,coli lysate; a strong
cross~reaction with E.coll proteins still occurred (see Figure
17y, It is interesting to note that libraries probed with
monoclonal antibodies to M. leprae (Young, Mehra, Sweetaer gt
1985; Mehra, Sweetser, and Young, 1986) and to

g (Young, Grossaskinsky, Bloom, et al., 1985)
generally gave fewer false positive reactions than did thoze
libraries probed with uvnpurified serum (Radford, Duffield, and
Placketbt, 1988; this atudy)., This high incidence of falsasg
positive background plagques was probably due to the presence
of E,goli-~eross reactive antibodies in the unpurified serum.
Radford, Duffield, and Plackett (1988) found that this high
background was reduced when affinity purified antibodies were
used. Adsorption with E,¢oli lysates either bound to
nitrocwllulose or added directly to the serum was found to he
far lesz effective in roducing baskground signals than the use

of affinity purified art.igrrum 'Radferd, Duffield, and
Plackett, 1988),

BNA restrietinn sudonuelinmura viges ‘aan znalysis of the
racombinant phag. accated toat t:/e phage contained inserts
ranging in sier Metweon 1,9 ..» and 7 kb (Table 8). The average
langth of the DNA insertisz was 5 kb, Thias is in keeping with

the findings of Young, Bloom, Grosskinsky et al (19885), who
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conairucted a library with M, tuberculosis ingerts averaging

4 kb in length. DNA inserts with an average length of & kh
ware found in a recombinant M.intracellulare library
conatructed hy Morris, Rouse, Huasong, et al., (1988), Smaller
inserts of approximately 2 kb were found in recombinant clones
constructed with M,leprae DNA (Young, Mehra, Sweetser, et al.,
1985). The presence of substantially smaller inserts in the
range of 200 bp ~ 900 bp has been reported for a M,bovis
library constructed in A gt 11 (Radford, Duffield, and
Plackett, 1988), These inserts were considerably smaller than
“he M tuberculesis and the M,leprae inserts discussed above,
and since thisg «ize range wa; amaller than the size of the DNA
prepared for cloning (average alze 2 kb); the results suggert
proferantial sloning of smaller fragments. Since recombinant A
gt 11 prophage of this length are bhelow the optimal packaging
size (Young and Davis, 1983}, the presence of small inserts
could have affected pachkaging efficiency. However, it has heen
shown that recoemhinant phage with sueh amall inserts are still
able to expresd .mmunolaglcally reactive fusion proteins

(Radford, Duffield, and Plackett, 1988),

In the present study, 3 of the 10 recomhinant phage clones
contalned inserts ranging in size from 10 000 bhp to 18 000 hp
{Clones TH 17, TB 18, and TB 23; Table 8)., The presence of
such large ingerts, larger than the maxlimum cloning capacity
of the >\ gt 11 vector, could be explained by the presence of

damaged A gt 11 arms. Alternatively, one of the Eco Rl sites
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flanking the insert DNA may have been lost at some stage of
the clening procedura. The absence of one or more of the

Exa Rl sites in the insert DNA has also been reported for 5
aut of 12 recombinant phages lsolated wilh monoclonal
antibodies to M,tubsrculogiz (Andersen, Worsaae, and Chaparas,
1988), Radford, Duffield, and Plackett (1988) also reported
the lack of twe Eco RI sites on elther side of insgerted
H.bovig DNA in several phage clones isolated: Similar results
have been reported by Shinnick (1987) who found that only one
of the Eeo Rl restriction sites was present in 6 of 20
rasonbinants studied. These observatlions ralse the possibility
that a significant fraction of the recombinant p.age in the
library may have arigen from bthe insertion of a DWA fragment
containing only one functional Eco R1 aslte into the >\ gt 11
Eea RY cloning slte. It is also possible that some clouis
might have undergene gome sort of recomblnation,
rearrangement, or doletion event durlng propagation which
raomoved ane of the Eeco R! situs., However, further

dosumentation {8 required to verify the latter suggestlon.

Lysogans of the recombinant phages were generated in E.coll
Y 1089 (Table 9). All except one recombinant clone, TB 3,
produced stabla lysogena. It 18 unelear why ¢lone TB3 falled
to lysogenise. A possible suggestion {5 that some camage
sceurraed to the genos coding for the proteins rvequirved for
Intergration (gl and int), or that the att site in the

Y- P}

bacteriophage or the bacterlal genome were damaged (Manlatis,
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Fritsch, and Sambrook, 1982). The frequency of lysogen

generation for the remainder of the recombinant clones ranged

between 10% and 34% (Table 9). These figures a..e within the

expected frequencies of between 10% and 70%, as suggssted by

Huynh, Young, and Davis, (1985), and Snyder, Elledge, and

Sweetser, (1987), and were thus considered satisfactory.

Cohen, Mayer, Rumschlag et al.,(1987), Young, Kent; and Young

(1987}, and Andersen, Worsaae, and Chaparas (1988) reported

that screening of an M.tuberculosis recombinant DNA library

with monoclonal or polyclonal antibodies resulted in the
greferential selection of clones expressing one or more of
three mycobacte.ial antigens which appear to be immunodominant
as regards the antibody response to mycobacterial proteins.
These antigen were of molecular weights 71 kDa, 65 kDa, and

14 kDa. They all appeared capable of being expressed as free
proteins rather than as fusion proteins, and each of these
antigens could be expressed in different melecular weight

1987; Andersen,

forms (Cohen, Mayer, Rumschlag, et al.,
Worsaae, and Chaparas, 1988). Analysis of the protein profiles
of the recombinant lysates generated in the present study has

led to the identification of recombinant proteins of molecular

weights 50 kDa, 32 kDa, 22 kDa, 12 kDa, and 6 kDa (Table 10;
Figure 16). It is therefore tempting to speculate that the
antigens isolated in this study may be related to the

abovementioned immunodominant antigens of similar molecular

welght.
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All of the 9 recombinant phage clones produced 2 proteins of
molecular weight 50 kDa and 32 kDa; £ of these 9 clones
produced a 6 kDa polypeptide; 4 eclones produced a 22 kDa
polypeptide; and 2 clones produced the 12 kDa polypeptide
(Table 10). The predominance of these polypeptides synthesised
by recombinant clones may reflect immunodominance of certain
proteins. It may also indicate a selective pressure by E.coli
host factors due Lo the fact that some recombinant proteins
may be more harmful to the hast cell than others. This would

result in preferential accumulation of non-toxic proteins by

the host cell.

Tha 50 kDa and 32 kDa polypeptides are of particular interest
because they are non~-fusion polypeptides (Table 10; Figure
15), Their synthesis was independent on the addition of IPTG
to the culture medium, They are not normal phage proteins
since they are not synthesised by non-recombinant lysogens,
and they are not normal E,col}i proteins since they are not
synthesigsed by Y 1089 cells alone (Figure 16). Although the
gt 1] system was designed for the production of antigenic
proteins as fusion proteins linked to B~galactosidase (Young
and Davis, 1983), there is increasing evidence that
M.tuberculosis promoters are also functional in this system.

The 65 kDa from M,tuberculosis has been demonstrated tc Le

expressed as a free protein in E,coli (Thole, Dauwerse, Das,

o

et al,, 1985; Shinnick, 1987), and it has thervefore been
hypothesised that the mycobacterial promoter for this protein

is recognised by the E.coli
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transcription system. Young, Kent, and Young, (1987) have
suggested that a similar hypothesis could also apply to the
71 kDa and 14 kDa M.tuberculosis antigens identified during
their investigations. It is therefore also possible that a
similar mecﬁanism exists for the synthesis of the 50 kDa and

32 kDa non-fusion antigens identified in the present study.

Recognition of a mycobacterial translation initiation signal
on an mRNA molecule with transcription remaining und-r the
cantrol of the ﬁ~galactosidase promoter would he an
alternative ewxplanation for these results (Young, Kent, and
Young, 1987}, If the initiation signals for these particular
proteins are sultable for recognition by E.goli, then their
expression in a recombinant DNA system would ke independent of
the orientation and reading frame of the insert. This effect
could then contribute * . the high frequency with whiech clones
expreasing these preteins are picked up. On the other hand,
the method by which the A gt 1! library was generated in the
present study, using a large number of fragments with random
endpoints, would be expected to make this effect less
pronounced sinse the numbgr of inserts with start points
within a gene would be high compared with those containing the

initiation portions of the gene.

It has been suggested (Young, Kent, and Young, 1987) that &he
relative Lmportance of the abovementioned factors (i.e. the

production of fusion polypeptides; the recognition of
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mycobacterial promoters by the E.,coli transcription machinery;
or the recognition of mycobacterial initiation signals) in
determining the frequency with which particular phage clones
are detected depends on the nature of the epitope recognlsed.
For an epitope conaisting of a short linear sequeénce of amino
acids, it'wouldkbe expected that fusion proteins would occur
most freguently. However, if & complex conformational
determinant is recognised by the antibody used for screening,
then the type of whole-gene transcript resulting from
recognition of naturally occurring initiation sequences may
provide a more satisfactory antigen (Young, Kent, and Young,
1987). However, detailed analysis of the epitopes recognised
by the antibodies used for the detection of these particular
antlgens is necessary to provide conclusive evidence of the
mechanisms operating in the mycobacterial system. Although
monoclonal antibodies to the 6% kDa mycobacterial protein have
beaen shown to recognise linear determinantas of the molecule
{Mehra, Sweetser, and Young, 1986), the epltopes recognised by
antibodies in polyclonal serum have not yet been

characterised,

The 50 kDa and 32 kDa non~fusion proteins identified in this
study did not react with anti~M,tuberculosis polyclonal serum

on Western blots. There are severasal possible reasons for this:

i, the inability of the available antibodies to

recognise their target antigen in a Western blot
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agsay {i.e. the antigens were denatured during
electrophorasis);

the polypeptides are unatable in E,¢oli and

[
oo

¥

subjected to proteoclysis or other post
translational modifications;

1ii. the concentration of the antibodies directed
against these proteins is too low to permit

dateelion of the recombinant antigens.

In addition, the sonicated M.tuberculosis antigens, used to

immunise the rabbh ts for the production of antibodies, were
denatured during the autoclaving step of the preparation. This
ralags the posaibliity that an antibody response to all the

mycohacterial antigens in thelr natlive form was not mounted.

Cohen, Haysr, Rumschlag et al,, (1987) succaeded in producing 3
recombinant E.coli strains, using pUC 13 as the vector, which
produced the same 2 M,.tuberculosis 35 kDa and 53 kDa
non-fusgion proteins. The asizgs of these proteins are vevry
zimilar to the 32 kDa and the £6 kDa non-fusion proteins
detdcted in the present study, The reactivity of both proteins
to rabbit antiserum produced against only the 35 kDa protein
suggested that these were polymers, subunits, or degradation
products of the same protein. Young, Kent, and Young;(1987)
reported the lsolation of a 52 kDa protein, recognised by

polyclonal anti=M,tuberculosis serum, that was also recognised

by a monoeclonal antibody directed against a 71 kDa
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mycabacterial protein, These findings led to the speculation
that the 52 kDa protein was a low molecular welght form of the
71 kDa protein., Lew molecular weight products of a particular
protein eould result from loss of the terminal reglon of a
protein due to cloning of & partial gene in the insert DNA
{(Young, Kent, and Young, 1987), or they may arise from
post~translational processing of original high molecular
weight products (Young, Kent, and Young, 1987). Since the
level of transcription and translation of non-fusion proteins
gannot be econtrolled by exbternal means, and since the host
cells ave deficient only in proteaszes which are active against
mainly fusion proteins, hLhe proteolysis of original high
molacular welght non-fusion prot ins to more stable and less
toxie lzwer molecular weight forms ia therefore a likely

AR T .

Younz, Kent, and Young (1%87) also reported the isolation of a
14 kDa M.tuberculesis fusion protein from recombinant A\ gt 11
clones using polyclonal antiserum. Lowaer molecular weight
forms of this protein were also obrainwed., It has bheen
suggestad that 1t wasg possible that the 14 kDa protein itsgelf
was produced by pavtial breakdown of an original 25 kDa
rolecule (Young, Kent, and Young, 1987). Fusion proteins of
molecular weights 22 kDa, 12 kDa, and & kDa were detected in
the present study. It is tempting to speculate that he 22 kDa
fusion protein isolated in tha prasent study is analogous to

the 25 kDa protein isolated by Young, Kent, and Young (1987).
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and that the 12 kDa and 6 kDa fusion proteins are breakdown

products of the 22 kDa protein.

By the same token, it {s possible that the 50 kDa and the 32
kDa non-fusion proteins reported in the present study are
analogous to the 53 kDa &nd 35 kDa non=fusion proteins
deseribed hy Cohen, Mayer, Rumsehlag, et al. (1987), which in
turn may be related Lo the 71 kDa protein described by Young,

Kent, and Young (1987),

However, further analysis of the antigens isolated iﬁ this
study with moneclonal antibodies directed against fully
characterisod mycobacterial antlgens js regquired to elucidate
whether these antigens are in fact related to those reported
by other laboratories. Characterisation using
inmunopreecipltatior techniques and detalled regtiriction
mapping and sequenze analysis of the reading frames of the
mycobacterial DNA inserts will also be required to further
define the antigens expressed by recombinant clones, and to
fully undrratand the origin of different melecular weight
proteina produced by these clonea. The 32 kDa non-fusion
protein may be of papticular interest for further study since
a 35 kDa ~ 38 kDa non-fuslon vecombinant antigen of
stuberoulnsls, contalning epitopes recognised by B cells, has
been reported (Cohen, Mayer, Rumschlag, et al.; 1987}, These

epitopes were found exelusively on the M, tuberculosig
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35 kDa = 38 kDa complex., Antihodies to thia antigen were
detected in 40% of patients with active tuberculosia (Cohen,
Mayer, Rumschlag, et al., 1987). Furthermore, thia antigen was
able to stimulate T cells from tuberculosis patients, BCG
vaccinees, and Immunised guinea pigs (Cohen, Mayer, Rumshlag,

et al., 1987),

L
Recenkt evidence haas shown that several of the mycobacterial
non~fusion proteins ldentified to date are unrepresentative of
mycobasterial genes In general, and that they are in fact
structural homologues of stress proteins (Hopwood, Kieser,
Colston, at al., 1988). The amino acid sequénces of these
proteins are highly conserved across eukaryotes and
prokaryctes, and their genes are transcribed by a specific
form of RNA polymerase in E.cell (Young, 1988). Stress
pretelinsg are synthesised during periods of significant
alterations in the patterns of metabolism when mycobacteria
are exposed to adverse environmental conditlions (Hopwood,
Kleser, Colaton, et al,, 1988). The 71 kDa antigen of
ﬁkggpgg;giggﬁg has been shown to be related to the dnak
protein of E,coli and hag been demonstrated to be a member of
the family of 70 kDa heat shock proteins (hsp 70) found
throvghout nature (Young, Lathigra, Hendrix;et al., 1988), The
mycobacterial 65 kDa antigen has been shown to display strong
gequente homology te GroEL, anobhaer major stress protein of

E.,eoli (Shkinnick, Vedkin, and Williams, 1988), The M.leprae

18 kDa antlgen ig related to a class of plant heat shock
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(Young, 1988). The evidence therefore indicates that

proteins
raecognition of atress proteins may be a significant factor in
the iImmune response to mycobacteria, The 71 kDa antigen of
Mituberculeosis, for example, has been shcw:. to possess a
signiflecant degree of sequence homology with human hsp 70
proteins (Young, Lathigra, Hendrix, et al.,, 1988). It i=s
therefore likely that immune regponses to this antigen may be
r« gulated to some degree hy the self-tolerance mechanisms of
the immune syscwem (Young; 1988). A potential role for such
sansarved stress proteins can also be postulated in the

induction of autoimmune responses in association with

nycobacterial Infection (Young, 1988).

Future studies basgsed on the use of antigens which belong teo
the ocrogss-reactive group of stress proteins and common
antigens would have to he very carefully considered, In
addition, reagents ugsed would have to be carefully analysed to
avald complications arising from the conserved nat ‘re of these
proteins. Detalled analysis of the synthesls of stress
proteins within phagoeytic cells, and the involvement of
congerved and variable reglons of such proteins in immune
interactions will be important in the assessment of the role
played by stress proteina during mycobacterial infection and
immunity. Finally, the basis of gcreening recombinant
mycobasterisal libraries needs to be widened in order to
facilitate the study of those antigens important for

coll-mediated immunity against tuberculosia, and of complex
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non=pretein antigens. This includes the use of alternative
host systems, and alternative =creening procedures such as
direct selectlion of recombinants by T cell activation tests
{Lamb &and Young, 1987; Oftung, Mustafa, Husson, et al 1987).
It is important that the probss which have already heen
developed - cloned genes (Picken, Plotch, Weng, et al., 1988),
and defined antigenic determinants (Lu, Lien, Becker,ei al.,
19877 Andersen, Worsaae,; and Chaparas, 1988; Radford,
Duffield, and Plackett, 1988; Thole, Van Schooten, Keulen, et
al,, 19BB) « should be used to assist in the investigation of
the basle aspects of the Immune response. This includesg the
analysis of the pathway of antlgen processing from the level
of Lranasription within the mycobacterium to cell surface
pregsentation of the antigens by macrophages in conjunction
with MHC moleculesa (Young, 1988). Questions of immunodominance
af dndividual determinants in the context of different MHC
hapletypes, and the possible association of specific T cell
funetions with particulayr antigen<MHC combinations could also
be addressed (Young, 1988). The ultimate aim is to identify an
immune parameter - antibody or T cell response - which is
uniquely associated with either protective or defective

immunity to M, tuberculosis, and to thoroughly characterise the

antigenic determinant(s) assoclated with this response so that
thay can be manipulated to the advantage of better
undarstanding, and eventually eliminating, mycobacterial

infaction.
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In the present stidy, an M.tuberculosia recombinant DNA

g

library was constructed in the expression vector k gt 11, Nine

raecombinant phage clones which produced proteins recognised by

anti~M, tuberculosis serum and anti~ﬁ*galactosidase antibodies
ware isolated. These phage clones were found to produce 2
non~fusion proteins of molecular welights 32 kDa and 50 kDa,
and also produced ﬁ~galactosidase iuslon proteins of molecular
weighta 22 kDa, 12 kDa, and 6 kDa. These proteinsg a’ nllar,

in size and reactivity patterns with anti-M.tubercus .¢ o

polyclonal serum, to recombinant proteins identified by other
investigators using similar vector systems. It has begn
suggested that the non~fusion proteins ldentivied by other
investigators may ke gstress proteins, and may belong to the
family of common antigens and heat-shock proteins: the same
may be true of the non~fusion proteins identified in the
present gtudy, The recombinant proteins lsolated in this study
ara curvently being investigated as poesazible tools for the
study of call-mediated immunolagical responses to
tubarculosig, and ag potanvial reagents for the

immunodiagnosis of tuberculosals.
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The presant experiments are preliminary studies performed to
determine whether the recomhinant mycobacterial antigens

identified in this study (the 50 kDa and 32 kDa non=fusion

proteing, and the 22 kDa, 12 kDa, and 6 kDa fusion proteins)

contain epitopes recognised by T lymphocytes, and = capable

of stimulating N

I’
PRS-

tuberculosis—-sensitised lymphoey. s from

tuberculosis patients. Since these experiments are outside the

scope of this dissertation, clearance to use human blood for
these studies was not requested. The preparation of
mononuclear cells from tuberculosis patients and healthy
volunteersa, and proliferation assays usfng these cell
preparations, were therefore performed in conjunction with Dr.
A. A, Wadee in the Department of Immunology, South African
Ingtitute for Medical Research, and University of the

Witwatersrand, Johannesburg.
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The immunological response and resistance to mycobacterial
infection is mediated primarily by the cellular immune system,
and it is therefore important to identify recombinant antigens
that are able to elicit a human T cell response. The recent

development of an SDS-PAGE assay for screening T cell -

populatinns (Young and Lamb, 1986) provided the possibility of R '
such an approach. The tschnique involves immohilising
recombinant antigens onto nitrocellulose by Western blotting,

cutting out the required protein band, adding the excised

bands directly to lymphocyte cultures, and measuring
lymphocyte proliferation. T cell activation by
nitrocellulose~bound antigen has been found to be accessory e e L
cell dependent, and it is suggested that the mechanism for the | s o

T cell response involves active uptake of the solid-phase
antigen by accessory cells, rather than the leaching of

| ¥
antigen from the nitrocellulose particles (Young and Lamb, ) ‘

19867 . ' ” ﬂ

Abou-Zeld, Filley, Steele, et al., (1987) have modified the
technique by converting the excised nitrocellulose strips into
antigen-bearing particles small enough to he engulfed by

macrophages. This technique enables the preparation of

nanogram quantitiss of antigen from single protein bands.

{

¥

i |
After transferring the antigens to nitrocellulose, the blots % . R .

are stained to make visualisation of the required bands Co . : Qf
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possible, Several different staining protocols exist;
including colloidal gold, coomassie blue, amido black, &and
Indian ink. The cclloidal gold stain was founit to be “he stain
of choice (Abou-Zeid, Filley, Steele, et al., i987). Of the
stains tested, it was the only one which combined lack of cell
toxieity with low background proliferation. The choice of
solubilising agent for the nitrocellulose is also critical
{Abou-Zeld, Filley, Steele, et al., 1987): DMSO was chosen
among other organic solvents {such as acetone or pyridine) ‘as
heing the least toxic to the cells in proliferation assay, and
unlikely to damage the antigens on the nitrocellulose. DMSIOQ
also had the added advantage of sterilising the solubilised

antigens.

Direct screening of human clonal or polyclonal T cell
populations with immobilised mycobacterial antigens has
resulted in the demonstration that antigens previously
identified with polyclonal or monoclonal ant.bodiss, or
exprassed by recombinant DNA clones, are able to bhe recognised
by sensitised T lymphocytes. Lamb and Young (1987) identified
human T cell epitopes on mycobacterial proteins 16 kDa -

18 kDa, 18 kDa - 20 kDa, and 52 «<Da - 55 kDa in size. Oftung,
Mustafa, Husson, et al. (1987) showed that recombinant

M.tuberculosis of 65 kDa and 19 kDa were able to stimulate

lymphocytes from tuberculosis patients. Recombinant
mycobacterial proteins 65 kDa, 35 kba, and 28 kDa in size were

shown to be able to induce a proliferative response in T cells

i B G s o
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from the pleural effusions of tuberculosis patients (Damiani,
{Biano, Beltrame, et al., 1988), indicating the presence of T

call epitopes on these antigens.

The aim of the present preliminary experiment is to determine

in _vitro, whether lymphocytes from tuberculosis patients and

o

healthy donors are able to recognise any of the recombinant

mycobacterial antigens identified in this study.
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MATERIALS_AND_METHODS

5.2.1 Preparation of solubilised antigens

Solubilised antigens were prepared essentially as described by
Abou-Zeid, Filley, Steele, gt al., (1987). Proteins in
recombinant lysates from clonea TB 15, TB 16, TB 17, and TB 23
were resolved by SDS-PAGE using a 10% final acrylamide

concentration as described in Section 2.9. Fifty ug of protein

Y 1089 lysate were also electrophoresed. After completion of
electrophoraesis, the proteins were transferred to
nitrocellulose sheets (Hybond C, 0.5 um; Amersham
International, Buckinghamshire, England) by Western blotting
as described in Section 2.10. An additional sheet of
nitrocellulose was inserted hetween the filter paper and the
gel on the cathode side of the blotting sandwich, in order to
block the transfer of impurities from the filter paper onto
the nitrocellulose. The presence of impurities on the blot
give rise to improper staining of proteins, and high

background staining.

After completion of Western blotting, the nitrocellulose sheet
was incubated with PBS (Appendiy 8) supplemented with 0.3%
Tween 20 at 379C for 30 minutes. The blot was then washed 3
times, 5 minutes each wash, in 0.3% PBS~Tween, at room

temperature, The blot was agitated gently during the washing
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steps and during incubation with the stain. The washed blot
was drained off, washed briefly with distilled water, and
incubated in Aurodye forte colloidal gold solution (Janssen

Life Sclences Products) for 12 hours atbt 37°C. The stained blot

was drained, rinsed briefly with distilled water, and dried

betwean 2 sheets of filter paper.

The 50 kDa, 32 kDa, 22 kDa, 12 kDa, and 6 kDa recombinant
protein hands were excised from the blot, divided into small
pleces, and plased geparately in glass vials. Normal 65 kDa
and 25 kDa E.coli protein bands, as well as a band of
altrocellulose conkalning only background stain, were also
excised and solubilised and used as controls. Two hundred and
fifty ul of DMSO (Merck, Darmstadt, W.Germany) were added to
sach vial, and the mixturea left for 60 minutes at room
temparatura for complete dissolution of the nitrocellulose
strips, The nitroselliulose particles wvere then precipitated
from solution by adding an equal volume (250 ul) of
filtev-sterllised carbonate/bicarbonate buffer, pH 9.6 (the
agme buffer uged for coating ELISA plates; appendix 8),
dropwige vaery slowly while vigorously vortexing., After
precipitation, the particle suspenalons were tpansferred to
gterile microgentrifuge tubes and centrifuged at 8 500 g for 5
minutes. The gupernatants were carefully ramoved, the
particles rasuspendad in RPMI 1640 (Highveld Biologlicals,

§ A), and re-centrifuged at 8 500 g for B minutes. The

particles were washed 3 times with RPMI 1640, and after the
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steps and during incubation with the atain. The washed blot
was drained off, waahed briefly with distilled wabter, and |
{ncubated in Aurodye forbte colloidal gold sclution (Janssen
Life Sciences Products) for 12 hours at 37%C. The stained blot

was drained, rinsed briefly with ditatilled water, and drled

between 2 sheels of filter paper.

The 50 kDa, 32 kDa, 22 kDa, {2 kDa, and 6 kDa recombinant

protain bands were excised from the bhlot, divided into small

pleces, and placed separately in glass vials. Normal 65 kDa

S

i protaln bands, as well as a band of

—

and 25 kDa E.col
aitroceliulose containing only hackground stain, were also

excised and solubilised and used as controls, Two hundred and
fifty ul of DHMSO (Merck; Darmatadt, W.Gaermany) were addaed to

each vial, and the mixtures left for 60 minutes at room

temparature for complete dissulution of the nitrocellulose
strips. The nitrocellulose particles were then precipitated

from solution by adding an equal volume (250 ul) of

game buffer used for coating ELISA plates; appendix 8),

|
filter-starilised carbcnabe/bicarbonate puffer, pH 9.6 (the %
dropwige vary slowly while vigorously vortexing, After é
precipibablon, the particle gugpensiona were transfaerrved to I
sterile microcentrifuge tubes and centrifuged at 8 500 g for B % .
minutes. The gupernatants were carefully removed, the :
particles resuspended in RPMI 1640 (Highveld Biologlcals,
s.A), and rag-centrifuged at 8 500 g for B minutes. The

particles were waghed 3 times with RPMI 1640, and after the |

.
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final wash, particles were resuspended in | ml of the same
madium. The suspensions were used lmmediabely in lymphocyte

proliferation assays, and thereafter storaed at -200¢,

5.2.2 Hononuclear cell preparation

Venous blood from patients suffering from clinically diagnosed
tuberculosis and from healthy volunteers was collected into
pragervative~free heparin (Panheparin, Abbott; 10 units/ml).
The ¢ells were sepsarated by centrifugation on a Hypagque-Ficoll

gradient and bhe mononuclear cell fraction at the plasma-~
A

N

Ficoll interphase was collected, The cells were washed 3 times
In RPHI 1640, and the cell count was adjusted to 1 X 10%/ml in
RPMI 1640 supplamented with 10% heat-inactivated (56°C for 30
minutes) foetsl calf serum (Highveld Biologicals S.A.).

5.2.3

-

Lymphoeyte transformation

W

Hononuclear cells were cultured in round-bottomed 96-well

microtitre plates, at a concentration of 2 X 10° cells per

well, with whole M. tuberculosis sonicate (10 ug/ml; 20

ul/wall), undiluted solubilised recombinant antigens .

(50 kDa, 32 kDa, 22 kDa, 12 kDa, and 6 kDa, 20 ul/well),

undiluted solubillsed control antlgens (.5 kDa and b5 kDaj -
20 ul/wall) or solubilised nitrocellulose. All experiments

wera performed in triplicate. Plates were incuhated at 379¢ in

5% humidified air for 5 days. Tritiated thymidine (mebthyl-

cR e RN 5 L S i ikl _ . o N e " ' :
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3H~hhymidine, specific activity 24 ci/uMole; Radiochemical
Cantre, Amersghanm, England) at 0.5 uCu per well was added for
the final 18 hours of culture, afiter which the cells wvere
harvested onto glass fibre fllbters. The filters were dried
overnight at 37°C, 5 ml of Ing:rflusr (Chemlab) were added per
filtar, and the incorpourated radicactivity measured in a
Packard Tri-carb liguid scintillation counter, Counts were

axpresaad as mean cpm of triplicate culture resulta,
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5.3  RESULIS

s
res N o it 1oy

Peripharaal blood mononuclear cells from 3 patients with
pulmonary tuberculosis werse incubated in the presence of the
56 kDa, 32 kDa, 22 kDa, 12 kDa, and 6 kDa recombipant antigens -
to assess whether any of these antigens contained epltopes
capable of belag recognised by asensitised T lymphoeytes.
Several control systems were employed in this study: control
ecultures ineluded solubilised nitrocellulese, two soluhilised
oli proteins of molecular welghts 65 kDa and 25 kDa, and an
gonlcate previously demonstrated in this - o
laberatory (Wadee, Cohaen, and Rabson, 1989) to induce

proliferative responses in mononuclear cells from tuberculosis

patients. The results of the lyphoproliferation studles (Table

11) indicata that the patients' lymphoeytes undergo ' L .

blastogenesla in response to the M. tuberculosis sonicate

ERPIS 2t ]

{Table 11, line 2) and to the 32 kDa recombinant antigen ' ' -
{Table 1!, line 9), but do not proliferate Ln response te i . .
E,coli antigens or nitrocellulose. Mononuclear cells from

normal haalthy velunteors who were not praviocusly exposed to ; ‘ 1
tuberculosis dld not proliferate to any of the antigens tested ’
{(Table 11). The lymphoproliferative ability of the mononuclear
cells {rom the patients and the contrels was determined in a
separake experiment, where it was shown that all of the

individuals tested (patients and controls) responded well to

t
the antigens of Candida albicans (rasults not shown).
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Proliferative responses of mononuclear calls from

Table 11

J patients with btubaerculosis to various recombinant

M, tubereulosis antigang

e o o

epm (H=-thymidine incorporated)

cell mean of 3
systan Patient | Patient 2 Patient 3 normals
monenuclear
cells alone 954 { 922 1 986 1 784
pononusluar
calls +
H.tuberculosis
sonicate 12,108 24_191 26_307 2 762
nitrocellulosge
alone 1032 1 736 2 070 2 726
E.coll
25 kba { Gz8 1 890 1 908 2 169
E.coli
% kDa 1 832 2 080 2 118 { 577
Y, tuberculesis
B kDa { 550 2 504 i 306 2 167
H.tubarculosis
12 kDa 1 230 1 904 1 476 2 937
. tuberculosis
22 kDa 1 274 2 276 1 494 1 483
Hotubavrculosis
32 kDa 1.078 7.720 10763 L 569
H. tuberculogis
50 kDa 1 653 2 036 2 280 2 527
" f & ’ o J‘ * *'
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DISCUSSION

The regults of the T weli proliferation assays presanted in
thig latter section inaicate that the 32 uDa recombinant
nyccbhaterial pretaln lg capable of activating lymphoeytes from
tuberculosis patlients in vitro. The 32 kDa protein is able to
significantly astimulate Immune lymphoeytes (it is able to
induse almoat half as much stimulation as that induced by the
pesitive control containing the mycobacterial sonicate): this
suggests that the recombinant 32 kDa protein ig a potent T
eell immunogen, The deosoription of apecific mycobacterial
proteins which are immunogenic ls by no means novelj several
roperts describing specific antigens rocognised by T cells,

including recomblnant antlgens expresased in E.go

1i, have
recantly appeared., Recoumbinant mycobacterial antigens
domongtrated to he immunogenie include proteins of molecular
wogights 14 kDa, 16 kDa - 19 kDa, 18 kDa = R0 kDa, 32 kDa,

35 kDa = 38 kDa, 52 kDa - 55 kDa, and 65 kDa (Emmrich, Thele,
Van Embden et al,, 19887 Lamb and Young, 1987; Mustafa, Gill,
Nevland, at al,, 1986; Oftung, Mustafa, Husason, et al., 1987;

Kingston, Salgame, Mitchisen, gt al., 1987; Lamb, Kingaten,
Estrada~G, gk al., 1983; Cohen, Mayer, Rumalach, et ale,

L1987y,
Immunmgenic antlgens of similar molaecular welght aa the

antigen deseribed {n the present study (32 kDal have

praviously been dascribed, Huygen, Palfliet, Jurion, at al.,
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(1988) demonstrated that lymphocytes from 71% of patients with
active tuberculosis proliferated to a 32 kDa protein antigen
present in mycobacterial culture filtrates. Young, Kent, Rees,
et al., (1986) described a 38 kDa protein antigen which
induced T cell proliferative responses in 60% of tuberculosis
patients and healthy BCG-vaccinated subjects. Cohen, Rumslach,
Mayer;, ek al., (1987) have described a non-fusion recombinant
35 kDa =~ 38 kDa protein antigen which was able stimulate T
cells from tuberculosis patients, BCG-vaccinees, and immuaised
guinea pigs. The findings described in the present study,
together with those described above; suggest that
immunodominant T cell-stimulatory mycobacterial determinants
exist in a M.tuberculosis antigen of molecular weight 30 kDa -

o~ =

40 kDa.

The preliminary results reported herein also confirm previous
reports indicating that SDS~PAGE immunoblotting could be used
effectively for the analysis of the cellular immune response

to a pathogenic agent during human infection (Young and Lamb,

1986; Lamb and Young, 1987).

Screening for the presence of specific gene products expressed
in recombinant DNA libraries has heen shown to be readily
acecomplished using A gt 11 vectors in conjunction with
antibody screening procedures (Young and Davis, 1983). The
resulis reported in the present study suggest the possibility

of developing analogous screening procedures using sensitised

Sy
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T lymphocytes. This would facilitate the detection of cloned
M.tuberculosis genes expressing antigens involved in
protective ar pathogenic interactions with the host. However,
the present findings must be interpreted with caution, as the
numbeyr of patients used are few, and the experiments need to
be repegated, In addition, the recombinant 32 kDa antigens
identified in this study needs to be furither characterised. It
{5, however, tempting to speculate that this protein is
similar to the previously described {(Huygen, Palfliet, Jurion,
et al., 1988; Cohen, Mayer, Rumschlag, et al., 1987; Young,
Kent, Rees, et al., 1987) proteins, ranging in size from

32 kDa - 38 kDa, which have been shown to elicit blastogenic
responses from sensitised lymphocytes. If it is determined
that these antigens are in fact all the same, it would lend
credibility to the hypothesis that mycobacterial antigens of
molecular weights 30 kDa -~ 40 kDa are immunodominant proteins
which may prove useful for the diagnosis and prevention of
tuberculosis, and may help elucidate the mechanisms of both

the humoral and cellular immune response to M,tuberculosis.
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AGAROSE GEL_ELECTROPHORESIS

TEA_electrophoresis running buffer (10 X)

-

Tris (BDH, Poole, England) 42,0 g
EDTA (disodium salt) 37.2 g
(BDH, Poole, England)

Glacial acetlic acid 57.1 ml

Make up to 900 ml with distilled H,0, adjust the pH to 8.2

using acetic acid, then top up to ! litre with distilled H,0

Stere at room temperature.

Bromophencl blue tracking dye for agarose gels (10 X)

507 sucrosae (BDH, Poole, England)
50 mM EDTA (disodium salt)

10% Ficoll 400 (Pharmacia, Uppsala, Sweden)

0.1% bromophenol blue

(Biorad Laboratories, Richmand, CA)

Make up in distilled H,O0. Stare at room temperature.
t

Agarose gels

The technlque for casting and running agarose gels is

essentially that described by Maniatis, Fritsch, and

o
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Sambrook, (1982). Make up the required percentage agarose
(Sigma Chemical Co., St. Louls, MO, USA) in | X TEA huffer.
Dissolve the agarose completely by heating. Cool to 56°C.
Add 3 ul ethidium bromide (10 mg/ml stock in distilled H,0;
Boehringer Mannheim, W.Germany) per 100 ml agarose. Mix well
and pour carefully into the casting slabs. allow the gel to
set completely at room temperature. Place the gel in the
alectrophoresis tank, and fill the tank with sufficieat 1 X
TEA buffer to completely cover the gel. Mix the sample to be -
slectrophoresed with 1/10 volume bromophenol blue tracking 4
dye, and load the sample into the wells. Carry out S %
eloctrophorasis at 85 V/ew at room temperature untll the dye k "VVIA
front has migrated the requirved distance. Remove the gel 8
from the electrophoresis tank, and view under ultraviolet

light, R

LY T LS An i,
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ENZYME BUFFER_STQCKS

Eco Rl _methylase buffer

100 mM Tris-HCL, pH 8.0; 100 mM NaCl; 1 mM EDTA.

Make up fresh when required.

T4 DNA ligase huffer

50 uM Tris=HCl, pH 7.8; 10 mM MgCly; 20 mM dithiothrelitol
{Boshringer Mannheim, W,Germany); 1 mM ATP (Boehringer
Mannheim, W.Germany).

Make up fresh when required.

Eco RL

—

buffer

o

100 nM Tris-HCL, pH 7.5; 50 mM NaCl; 5 mM MgCl,.

Make up fresh when required.
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APPENDIX 3 SPECTROPHOTOMETRIC QUANTIFICATION

Botn DNA znd RNA absorb light in the ultraviolet between 250
nm dand 270 nwm, owing to the gpectral characteristics of the
4 bages. At 260 nm, an absorbance of 1 measured in a cuvette
with a l-cm path length is indicative of double-stranded DNA
at a concentration of approximately 50 ug/ml, or of RNA or
single-stranded DNA at a concentration of approximately

40 ug/ml (Baerger, 1987},

The ratioc of the absorbance at 260 nm to 280 nm ls an
indieation of nucleic acid purity. Values of 1,8 to 1.9 for
DNA selubtions, and 1.9 to 2.0 for RNA solutions, are
indicative of pure solutions. The presence of protein, which
absorbs at 280 nm, decreases the ratlo, as cces phenol,
another likely contaminant of nucleic acid solutions

{Berger, 1987).

To measure the absorbance of DNA solutions, dilute a small
allgquot of the solution 100-fold with distilled water.
Maasure the asbsorbance of the diluted preparation in a
aspectrophotometer (Varian DMS 70 UV/Visible
spactrophotometer) at bhoth 260 nm and 280 nm wavelengths,

uging a distilled water blank,
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APPENDIX 4  LURIA~BERTANI MEDIA

Luria=Bertani broth (LB b. ath)

Tryptone (Difco Laboratories, Detroit, USA) 10
Yeast extract 3
(Difgo Laboratories, Detroit, USA)

NaCl (Univar; S.A.) 10

Disgolve in distilled Hy0, adjust the pH to 7,0,

sterilise by avteclaving.

Luria-Bertani agar (LB agar)

-

Tryptone (Difco Laborateries, Detroit, USA) 10

Yeazt sxtract 5
(Difece Laboratories, Detroit, USA)

NaCl (Univar, S.A.) 10

Agar (Difco Laboratories, Detroit, USA) 15

Dissolve in distilled H,0, adjust the sH ta 7.0,

sterilise by autoclaving.
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uria-Bertani molten agar P
Tryptone (Difco Laboraturies; Debroit, USA) 10 g/1
NaCl (Unjivar, S.A,) 8 g/l
Yeast extract 5 g/l h
(Difco Laboratories, Detrait, USA)
Mg30y (Univar, S.A.) 2.5 g/l
Azgar (Difeo Laboratories, Detroit, USA) 10 g/l
Dissolve in distilled H,0, adjust the pH to 7.0, and ]
sterilise by autoelaving. | :
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APPENDIX 5  PEROXIDASE_SUBSTRATE_FOR_ELISA

Citric acid (BDH, Poole, England) 1.029 g/100 ml

N32HP04(BDH, Poole, England) 1,448 g/100 ml

Dissolve in distilled Hy0, adjust the pH to 5.0, and store

in the dark, Make up fresh daily.

i
I~
X
ity
e
I
o
e
e

Immediately prior to use, add 50 ul of cold 30% H,0p, and
34 mg O-phenylenediamine (Sigma Chemical Co., St.Louis, MO,

UsSAY, to 100 ml substrate huffer,
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APPENDIX 6 PEROXIDASE SUBSTRATE FOR_IMMUNOBLOTS
Selubion A et T
( f
80 mg 2~chloro=!i~naphthol (Biorad Laboratories, Richmond, 4
CA) in 20 ml fce-cold methanol. Dissolve Immediately prior
to use, and protect from light, v ’ E '
g N
solution B ‘f
Immediately prior to use, add 60 ul of ice-cold 30% H,0, to ™
100 ml Tris-buffered saline (see appendix 8). e
Substrate solution
Mix golutions A and B at room temperature, and use
lmmediataely. *
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SDS-POLYACRYLAMIDE GEL ELECTKOPHORESIS
REAGENTS

1 M Tris-HCl kuffer, pH 8.8

Electrophorasis running buffer (10 X stock)

Tris (BDH, Poole, England) 30.3 g
Glyecine (Merek, Darmstadt, W.Germany) 144.1 g
3DS (BDH, Psole, England) 10.0 g
Make up te 900 ml with distilled H,0; adjust the pH

to 8.8, and top up to 1 litre with digtilled H,0.
Acrylamido stock sgolution (304)

Acrylamide 30 g

{Biorad Laboratories, Richmond, CA)}
Big~agrylamide 0.8 g
{(Biorad Lahoratories, Richuond, CA)

Dissolve in 100 ml distilled HyO. Fliter, store at 4°C
and protect from light,

10%, 8D3

Make up 100 nl stock solution of SDS (BDH, Poc:a,

England) in distilled H,0, Store at room temperature.
’ * ¥ 'f' s
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5, 1.57% Ammonium persulphate

Make up 1.5% ammonium persulphate

(Biorad Chemicals,

Richmond, CA) in glass distilled H,0. Store at 4°C,

and use fresh daily.

6. TEMED (N N ,N'~N'-tetramethylethelenediamine)

{Biorad Laboratories,

TABLE 12

Richmond, CA).

Solutions for acrylamide slab gels

177

—— ; .
volumes of solutions for percentage acrylamide gels ’ “
solutirn 7.5% 8.25% 10% 15% RS .
%
acrylamide stock 14.03 ml 13.40 ml 20.10 ml 22.00 ml ; ¥ .
1 M Tris-HCl, 22.50 ml 18.75 ml 22,50 ml 12.00 ml é . h
pH 8.8 i ) ‘
distilled H,0 19.90 ml 14.85 ml 13.80 ml 16.50 ml é
!
10% SDS 0.60 ml 0,60 ml 0.00 ml 0.60 ml }
1.5%4 ammonium 3.00 ml 3.00 ml 3.00 ml 4,00 nml % -
persulphate é
TEMED 20 ul 25 ul 30 ul 35 ul %
i
o oL ‘
- ’ o4 )
,
’ S T Y -




178

APPENDIX 8 BUFFERS

Phosphate buffered saline (0.15 M)

NaGl (Univar, S.A.) 8.0 g

KG1 (Univar, S5.4.) : 0.2 g

Na,HPO4.2H 0 1,18 g
{BDH, Poole, England)

KH; POy 0.2 g

{BDH, Poole, England)

Dissolve in 900 ml distilied Hy0. Adjust the pH to 7.2,
make up bta ) litre with distilled H,0, ard sterilise hy

aytoclaving.

Carbonate/bicarbonate _buffer pH 9.6 (0.15M)
Na €O (BDH, Poole, England) 1.59 g
NaHCO (BDH, Poole, England) 2.93 g

Make up to 900 ml with distilled Hy0. Adjust the pH to 9.6,
wake up to | litre with distilled water, and sterilise hy

autoclaving, Store in aliguots at ~-20°%C,
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IE buffer

e

10 md Tris~-HCl, pH 7.8
100 mM NaCl {Univar, S.A.)

! mM EDTA.2H, 0 (BDH, Poole, England)
Make up in distilled Hy0. Sterilise by autoclaving.
IE

buffer

-

10 wM Tris~HCl, pH 8.0

1 mM EDTA (BDH, Poole, England)

Make up in distilled Hp0. Sterilise by autoclaving,

50 mM Tris-HCl, pH 8.0

150 aM NaCl (Univar, S.A.)

Make up in distilled HqeO. Sterilise by autoclaving.
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NaCl (Univar, S.A.) 5.8 g
MgS04.7H,0 (BDH, Poole, England) 2.0 g
"' M Tris-~HCL, pH 7.5 50 nl
2% gelatin (BDH, Peole, England) 5 ml
Make up to ! litre with distilled Hp0. Sterilise by
avtoeclaving, and store in 50-ml aliquots.
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