The M.tuberculosis DNA is prepared for cloning by
random fragmentation: the only wethod by which DNA
can tie fragmented in a truly random fashion,
irrespective of its base composition and sequence,
is mechanical shearing. The DNA is then methylated,

ligated to Eco R1 linkers, and separated from

excess linkers by size fractionation.

iti. The arms of the vector and the fragmented
HMotuberculosis DNA are then ligated to form long

[P = Lt

concatemeric molecules that are subsequently
packaged into N heads using in vitro packaging
systems. The recaombinant phages are amplified by
grovwhh in E.coll and the resulting librarwy can

then be gcreened for the presence of recombinant

genes/proteins,

The method employed for the preparation of the mycobacterial
DNA for cloning, and the construction of the genomic library,
was essentially that described by Huynh, Young, and Davis
1198%),
tuberculosis DMA was mechanically sheared to an average
length of 5 kilobase pairs (kb) with 200 passages through a

27 gauge needle attached to a l-ml syringe. The degree of
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shear was monitored by electrophoresis through a 0.7% agarose
gel t(appendix 1). A positive control insert DMNA (Promega
Rictech, Madison, WI, USA) was used to test the performance
of Lthe system. The insert was a 3 kilobase plasmid DNA

fragment with blunt ends.

The Ecc R! methylation reaction protects any internal Eco R1
restriction sites that ms  occur in the DNA by subsequent
digestinn with Ezo Rl when cohesive ends are generated on
synthetiz linkers. The reaction is carried out by Eco Rl

methvylase, which methylates the A residue in the Eco R!

recognition site (Perbal, 1984) - 5'-G AATT c-3"
3'-C TTAA G-5'
fies B! cannot digest at the methylated site, thus ensuring

that the full foreign DNA sequence can be zloned.

2.5.3 14, Methad employed

The methylation reactions wers set up, for the M.tuberculosis

o

and the centrol DNA, in 1.5 ml microcentrifuge tuhes on ice.

The components were added in the following order:
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o
volume ’
Sheared M.tubergulosis DNA, 1 ug 4 ul .
Methylase buffer {appendix 2) 4 ul - '
100  uM s—-adenasyl methionine 2 ul : -
(New England Biclabs, Beverly, MA, USA) %
sterile distilled water to bring the E
final peaction volume to 20 ul including é
the methylasge enzyme. i o g
4 5 : o
Tube B volume ’
Control DNA, 1 ug 5 ul :
HMethylase buffer tappendix 2} 4+ ul Esu
160 ul s~adenosyl methionine 2 ul %"‘, s
(New England Biolabs, Beverly, MA,USA} /
Stepile distillad water %o bring the |
final rezction volume to 20 ul inecluding g . ' L
the methylase enzyme, t vv '
v
The components of each tube were mixed gently and spun for a ' & .
few seconds in a microcentrifuge tube to collect the contents é ‘ ’ ;
to the bokttom of the tuhe. Twenty units of Eco Ri methylase L ~ .
{New England Biolabs, Beverly, MA, USA) were added to each %
ceaction tube, The reaction componants vere mixed gently, and %
{ncubated at 37°C for 60 minutes, followed by a further
incubation at 70%C For 10 minutes to heat-inactivate the ?
ennyme. '
¢ =
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In order to enable the covalent attachment of the insert DNA :

to the vector DNA at the Eco R1 insertion site, synthetic

,
7

Eee R{ linkers must be attached ta the DNA (Wu, Wu, and Ray,
1987). Because efficlent plunt-end ligation requires a vast
melar excess of linker ONA molecules to drive the reaction

tWu, Wu, and Ray, 1987), this results in the covalent

attachment of ollgomers of the linkers to the ends of the

insert DNA. It is theprefors necessary Lo subsequently cleave )
the veaction praoduct with Eco Rl .to remove any excess b
< inpers (Huynh, Young, and Davis, 1985). A single Eco Ri b

“sricky end” on zach terminus of the insert DNA is produced o .

By Jdigesting and releasing the excess linker molecules. .

Reactions were set up in microcenkrifuge tubes on ice. To : .

25 ul of methylated U.t and control DNA, 3 ul of : .

1=
{28
1]
s
{0
=
{—
{0
i
-
jn

T4 DNA ligase hbuffer {appendix 2) were acdded, followed by g

1.5 ug of phosphovylated Eco R1 linkers (d {pGGAATTCC; New

tngland Diolabs, Baverly, MA, USA}. sterile distilled water
was added to briag the final redction volume, after the

additicon of the ligase enzyme, to 30 ul. The components were
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mixed gently and spun in a nicrocentrifuge for a few
seconds. Seven polnt five units of T4 DNA ligase (New : .
England Biolabs, Beverly, MA, USA) were added, the reactions
mixed gently, and incubated ln a 15°C watevbath for 20 i
heurs. The reactions were then atopped by incubating the i

tubes at 70°C to heat-inactivakte the enzyme.

Foilowing ligation, Eco R1 digestions of the linkered DNA

TSR

were set up on ice, Ten microlitres of Eco Rl buffer !
rappendix 2) were added to each reaction tube, followed hy
gufficlent atevile distilled water to oring the final

reaction veiume, after the addition of the Eco Rl enzyme, to

R TR T

htY

100 ul, The ccmponents were mixed gently, and 250 units of
Ece RI (New England Biolabs, Beverly, MA, USA) were added to 1
each reaction. Tha tube contents were gently mixed,
centrifuged for a few seconds, and incubated at 37°C for 7
hours. The reactions were then incubated at 70°C for 10

minutes to heat-inactivate the enzyme, ;

P.fore the DNA can be insaerted inte A gt 11, exceas linker

molecules must Be removed, since ligation of the linkers

inte the vector DNA results in the appearance of false

o D i el bl S oot P et s e i



g

recombinants in the llbrary (Huynh, Young, and Davia, 1285).
The DNA is then fractionated by size, and excess linkers are
vemoved in a single atep by running the linkér reactions
threugh a gel filtration column (Huynh, Young, and Davis,

1285,

Separate gel filtration columns (supplled as part of the

A gt 1% cloning kit, Amersham International, Lii:le
Chalfont, Buckinghamshive, England) were used for the
fractionation of the M, tuberculosis and the control DNA.
Fractisnation was carried out at room temperature. The
cotumng ware washed twice with 3 ml of STE buffer (appendix
21, and then equilihrated by passing a further 2-3 ml

wolunes of STE buffer through each colunmn,

The Linker reaction solutions {100 ul) were loaded on the
top of the column beds, and when these had entered the
matrix, 100 ul of 5TE buffer were added to the top of each
column. The column einates (100 ul) were collected into 2
microcentrifuge tubes, and a further 200 ul of STE buffer
wors loeaded onto sach wolumn, The eluateas (200 ul) weve
cellectnd inte 2 tubes, and the procedure repeated until 10
pluate fractions were collected for sach column. The sluate

fractions were analysed for the presence of DNA by
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elactrophoresing a 30 ul aliquot of each fraction through a
0.7% agarose gel (Appendix 1), The fractions containing the j .
major peaks of DNA were pooled, and all remaining fractions,

containing bulfer ¢v linkers, were discarded.

The linkered DNA was ethanol-precipitated by adding 1/10
volume of 3 M sodium acetate, followed by 2 volumegs of

jce~cold absolute ethanol., The solutions were gently mixed, -
and the DNA precipitated at -20°C for 16 hours. Precipitated : ' ,
ONA was collected by ceatrifuglng at 8 500 g in a i |
microcentrifuge for 30 minutes at 4°C. The supernatants were : ’ >

carefully removed, the DNA dried at room temperature, and "

N

finally resuspended in STE buffer (Appendix 8) to give a

final concentraticn of approximately 100 ug/ml.

2:.5.6  Ligaklon of the DNA to & gb LI _arms
3 » :
2.8.6. L. lnkrodustion -
»
¥
At this point the DNA had Eco Rl cohesive ends and was ready oo . .,
; . L
for ligation into the A gt 11 vector DNA, Thaere are 2 - . %
important parameters to consider when setting up a ligation {“ S -
reaction (Maniatis, Fritesch, and Sambrook, 1982): the ratio :
of arms to potential inserts, and the concentration of each
of the DNA species, The best substrate for in vikirg
packaging is & concatemer of the form [n X (left arm -
insert = right arm)l, Each arm of the A DNA carvies 2 .
i
I
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different coheaive termini: one gos that ls compatible only
with the complementary ¢os sequeneve at the end of the other
avm, and one, ¢t, that ls compatible with hoth termin! of
the inservt and with the remalning terminus of the other arm
{(Maniatis, Fritach, and Sambrook, 1982), To ohtain the
maximum yield of the desived concatemer, the ligation
reaction should contain equimolar concentrations of the ¢t
ends of each of the 3 species of DNA. Because each
bactericphage "\ arm contains only a single gk end, whereas
pach potential insert contains 2 eb enda, the ratis of
noleculeos in the reaction should be 2:1:2 (left arm: insert:
right arvm). This results Iin a 2!! molar ratio of annealed
arms to potential inserts (Maniatias, Fritseh, and Sambroak,
19821, The absolute aancenivation of DNA ina the rsaction
mixture is alse important. The concentration must be high
oncugh ke ensure that the intevmolecular ligation, which
leads te the formatlioen of concatemers, 1s favoured over
gelf-ligation, which leads to the ecyclization of the DNA

mulenulas (Maniatis, Pritsch, and Sambrook, 1982),

{t is important at ti - stage of the c¢loning procedure that
a number of control reactions be included. These serve the
dual functions of tegting varioug astages in the vwhole
cioning gsrocess, and of providing the background data

necessary ho analyse the results,

e

R T ST TR

I
!
i
i
!
i
|

-
e o i i AT, " .
— e - ol x v i - " .
— PR B T R S R




LB TR w3 $r

R o . . i
‘ : . B .

. ‘
¥ : * . §
RN - ‘ : Lo ‘ v
|
;
60
The major control reactions for the ligatlion and packaging ,
steps are (Manlatis, Fritach, and Sambrook, 1932): )
i. N gt 1l Eco Rl arms without any insert DNA.
Thiz monitors the efficlency of the ligatien reactions, o
and allows the estimation of false recombinants which z
appear independent of added insert DNA. f .
ii. Agk 11 arms and linkeraed control fragmants, f /
This control DNA ls processed throughout the i R .
pregedure, and checks the performance of the whole i '
aloning system. :
iii. packaging of whole A DNA, é
Thia menlhters the overall efficiency of the in_vitre t\ J
pacskaging reactions, [ .
iw. & mook packaging re-chkion, {
This ssatains no DNA whatsoever, and gives a
measure of any backgreund that might be contributed ] , X
Ly the paskaging extracts,
AR
28808, Hethad L .
Ligation reactlons were gsaet up on ice as deseribed in Table ’
4, The tube sontonts were miwed gently, and a 1 ul aliquot L
was remeved from each reaction and added to 10 ul TE bhuffer
for gubneguent electrophoresis. T4 DNA ligase (New England
Bislaka, Beverly, MA, UBEA: was then added as apegcifiod in
Takle 4, and the veactions incubated at 169¢ for 20 houra, i
After ligatien, ancther aliguet (1 ul) was removed fraom gach :
\
!
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LIGATION REACTIONS

TABLE 4

fube nusber  Insert DRA wat 11 arss 10 X ligase  distilled T4 DNA 1igase
buttert water
{ - LOug f2ul) fwd 1,0 ul 5 units
2 positive control 0.5 ug 11 ul) 1 ul 4.5 u) 2.5 units
9.2 ug ttul}
3 Htuberculosis [0 wg thul)  ful £.0ul 5.0 units
100 ng () ul)
4 M.tuberculosis L0 ug fhuld  ful - 5,0 units
200 ag 12 ub)
1t T4 DNA Ligase butfer {agpendix 2
" . » Y
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reaction tube and added to 10 ul TE buffer (Appendix 8).
These aliguots, together with those set asfde hefure the
addition of the ligase, were heated ta 70°C to for 5 minutes
te denature any unligated A cohesive enda, Thess samples
were analysed for succesgful ligation by electrophoresis

through a 0.7% agarose gel (Appendix 1). %y

The establishment of inp_vitre packaging systems has heen the

decisive step in making A phage such a highly efficlent and
favoured vector for DNA cloning (Perbal 1984). The in vitre
packaging of recombinant A DNA molecules into mature phage
particles results in 2-5 logs greater plating efflciencies
than do galeium chloride tranafection procedures (Perbal,
198432, In additicon, the packaged phage mixture can be stored
at 4°C as a stable vhage preparation for sgeveral months,

Phage packaged hy in viire methods may be plated at a

100~fold greater denalty than a siwilar transfection
mixture, They can be easily amplified, and contain a high
percentage of recombinant molecules (Perbal, 1984),
Duszressfal packaging of ra~ombinant molecules is dependent
en the physical nature of the gubstrate DNA, There is a

strict requirement for the presence of Lhe A eohesive

torminl (cog sites), which, for efficient packaging, wust be
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separataed by 35~52 kb of DNA (75%-105% length of wild type
DNA} (Parbal, 1984). Although linsar, multimerie linear
{epncatemars) , and multimerie eircular DNA's are all
packaged, monomerie clireular melecules are not packaged in

vive or i vitre (Perbal, 1984), It is thus necessary to

1

seform Ligations for packaging under conditions which limit

wenomeric olvele formatian,

Paclaging of bacteviophage A DNA in _vitro was inltially
devaloped by Becker and Gold (1975) using mixtures of
axtracts prepared from bacterla infectwd with mutantas of
hazteriophage A that map in genes regquired for asseubly of
bacteriaphage particlea (Manlatlia, Fritseh, and Sambrook,
PRELY . A diagrammatie vepresentation of the various stages

aeteriophage N packaging, the gene products requived,

px
i
e

and the stages at whieh various mutatiang affect the process

is shown in Figure 3.

The E proteln 1la the major component of fne bacteriophage
head, and {8 requived for the assembly of the earliest
identifiable precursor (Manilatis, Fritsch, aind Sambhrook,
1982), Mutants in E protein accumulate all the comp.renta of
the viral capsld. The D proteln iz localised on the outside
of the phage head, and ils involved in the coupled proces. of
ingertion @f W DNA inte the head precuraor and gubsgeyeent

maturation of the head (Manlatig, Fritsch, and Sambrook,

1982), Mubtants in the D gene accunmuladle the lumaturs
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FIGURE 3 A schematic diagram of the assembly of bacteriophage

et G b 2 h L

(Maniatis, Fritsch, and Sambrook, 1982 ). The gene products involved

in each step are indicated.
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"prehead” but do not allow insertior of N DNA into the head.
The A protein is invelved in the insertion of the A DNA into
the bacteriophage head and cla '7ge of the conoatenated,
precurser DNA at the cohesive end sites (Maniatis, Fritsch,

and Sambroock, 1982). Mutants in the A gene also accumulate

empty preheads.

Complementary extrac£s have been prepared from cells
infected with A~ and E- , or D7 and E™ strains (Maniatis,
Fritseh, and Sambrook, 1982). Extracts arz usually prepared
from cells containing wacteriophage A lysogens of the
approprlate genotype (amber mutations in the A, E or D
genewul (Maniatis, Fritsch, and Sambrook, 1982). The lysogens
also carry the following mutations (Maniatis, Fritsch, and
Zanbrook, 1982):
=Its 857: specifies a temperature-sensitive
hacteriophage A repressor molecule,
which causes the A DNA to be maintained
in the lysogenic state when the hdcteria
are grown at 32°C, and to revert to
1ytic growth when grown at 42°cC.
Sam 7: an amber mutation in the bacteriophage
§ gene that is= required for cell lysis
and which causes capsid components to
accumulate for several hours following
induction of the clts 857 lysogen.

b regicn deletion: a deletion in the bacteriophage genome
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that effectively removes the N DNA
attachment site (att). This mutation
reduces the packaging of endogenous

DNA molecules in extracts made from the

induced cells.

coll):t mutations that inactivate the
generalised fecombination systems of
bacteriophage A and the host, thereby
minimising recombination between the
endogenous )\DNA in the extract énd the

exogenously added recombinant genomes.

™he Pazkagene Lambda DNA packaging system (Promega Biotech,
Madisan, WI, USA) was used for packaging the recombinant
phage. The system has a high capacity, packaging up to 5 ug
=f DNA per extract. 1t is derlved from a lysogen carrying
the zos_2 mutation which prevents packaging of prophage DNA

—r, ——

{Kobayashi, Murialdo, Craseman, et_al., 1986/). The extracts
contain all the components and buffers needed to perform the
packaging reaction, and require only the addition of

substrate DNA,

Packaging was performed as suggested by the manufacturers of

the in_vitro packaging extracts. The packaging extracts
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{(Packagene in vikro packaging systems, Promega Biotech,

o

Madison, WI, USA> were thawed on ice, briefly centrifuged to
collect the contents to the bottom of the tubes,; and
immediately transferred to the tubes sontaining the lligated
DNA, and te a tube containing DNA to be used as a packaging
conkrol., The control DNA ({1l ug) used was concatemeric lambda
¢ 1857 Sam 7 DNA, ligated with an excess of T4 DNA ligase
{Promega Biotach, Madison, WI, USA). The tubes were gently
mixed, and the packaging reactions incubated at 22°C for 3
hours. After packaging, 500 ul of SM puffer (appendix 8)
were added to each tube, followed immediately hy 25 ul of
shlorofarm. Tubes were mixed gently, and packaged phage

libraries were stored at 4°C until required.

2.5.8 Titratlon of A gt Ll recombinants
2.8.8.1.,  Inkroduction

In srder to estimate the rumber of recombinant phage which
may be screaned for igolation of the recombinants of

interest, the numbers of recombinants in the lihrary
first be determined. The lon protease-~deficient host, E:coli
Y 1090, used to plate osut librarvies for screening with
ant{body probes, is not defective in host~controlled
prestriction and modification enzyme activities (Huynh,

Young, and Davis, 1985). Therefore, the initial packaging

mix of libravies cloned in A gt 11 should not he plated
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divectly on Y 1090 for screening, but should first be ? 4
amplified through E.coli Y 1088, which is deficient in the é
abovementioned enzyme activities, In addition, Lo avoid o

creating a blas against relatively poor-growing recombinants

during amplification of the library, it is important to
rapress prodaction of toxlc pulypeptides {in the form of é

ﬁ»galactaﬁidase fusion proieins) encoded by the recombinant 4

ghage, Therefore, E.coli Y 1088, which produces lago
repressor, 18 used as the host to amplify the library
iHuynh, Young, and Davia, 1985), and higher phage titres are

tupther oktained by growing the N\ gt 11 librarvies at 42°C

instead of 37°C iYoung and Davis, 1985) . R e T

The transcriphtion ofF the licZ gene product; and Lae ;

produstian of fusien proteins by recombinant >\gt 11 phagas .o ﬁ a

~an be induced by the afdition of IPTG, a molecule which has

a ngaiaﬁtaside linksge that is found in lactosa, and which ; ; : S )

releases the lagZ gene repressor, presumably by interaction ‘ = .

with the repressor molecule (Birge, 1981). Insertion of {, s ‘f&
fareign DNA into A gttt inactivates the lacZ gene product, ‘ ‘”~
and as such, plagues formed by Lacid” )\gt 11 phages on a |
laeg - hosat cannot metabolise the chromogenic substrate
3wbrmm@—4~¢hlov0w3«indoly176~D~galactoside (Xgal), and
therefore form clear plaques. Lagdz non-recombinants ( A gt

11 phages containing no foreign inserts) are gal.+ and can

metabollize Xgal, producing hlue plaques. This allows for

colorimetric selection of recombinants by distinguishing <
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hetween insevt~bearing (elear) and non insert-~bearing

thlue) AN gt 11 plagues (Davls. Dibner, and Battey, 1986).

Phage plating cells weve prepaved by streaking a loopful of
indicator bacteria (E,goli Y 1088 for N\ gt 1!l recombinants;
.celi LE 392 for the packaging control DNA) onto separate 3

uria~Bertani (LB! plates (appendix 4). The plates were

R T TR

L
ingubated at 37°C overnight. An individual colony from each

by

plate was inoculated into 50 ml LB broth containing 0.4%
maltese (appendix 41, and the flasks incubated at 37°C witn !
guond aervatisn until the O.D.M0 of the cultures was
approximately 0.6, The cultures were cooled on ice, spun at
{ 890 g for 10 minutes at 4°C, and the cells resuspended in ie : N
1€ ml of ice-cold 10 mM MgS0Q4. The cells were now considered
ready for infection with phage, and were stored at 4°C until
required. Fresh (up to 36 hours old) plating cells were used L . ;
for all phage titrations, since storage of the cells at 4°¢
for long perlods of time leads to a significant loss of
packaging effliclency (Maniatis, Fritseh, and Sambrook,

19821}, .

The packsged phage was then titrated essentially as
desprihed by Huynh, Young, and Davis (1985), Serial tenfold
dilutions (from 10 te 10°% of the packaged phage were nade

in 8M buffer. Cne hundred microlitres of each phage dilution
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were mived with 100 ul of of the appropriate plating cells,
and phage was allowed to absorb for 20 minutes at 37°C. Five
millilitres of molten (45°C) LB agar f(appendix 4) were aclded
to each tuhe, the tubes gquickly inverted several times, and
the phage plated onto sdry (at least 2 days old) LB plates
(Appendix 4), Plates wera lncubated at 42°C overnight. The
phage titres were tabulated and the optimal phage dilutions

determined for sach recombinant phage lihrary.

In order to determine the percentage of the libravy that was
recombinant, and to have an estimate of the complexrity of
the library, 100 ul of the appropriate dilutions of the
packaged phage ware mixed with 100 ul of fresh Y 1088
piating cells, and incubated at 37°C for 20 minuves. Five
millilitres of molten LB agar containing 20 ul Xgal (50
mgsml in Jdimethylformamide; Sigma Chemical Co,, St. Louls,
MO, USAY and 20 ul IPTG (40 mg/ml in digtilled water; Signa
fhemical Co., St, Leouis, MO, USA) were added to each tube,
and the phage plated onto dry LB plates. The number of clear
and blue plagues an the plates were counted, the cloning
afficiency of the nycobacterial DNA caleulated, and the

percentage of recombinant (clear) plaques detecminad,

9 amplification of Lthe Librapy and preparation of

] o e

For amplification, the library conatructed with 200 ng
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M. tuberculosis DNA was plated out at a density of 102

plaque forming units (pfu’s) per 90 mm petri dish, using
200 ul of Y 1088 cells and fresh LB plates. Five millilitres
of molten agar agar sontaining 20 ul Xgal and 20 ul IPTG

atoek solutions wevre used per plate. Plates were incubated

svernight at 42°¢C,

Revosmbinant phage stocks were prepared using a modification
of the technigque dessribed by Davis, Botstain, and Roth,
(1986). One hundred clear {recombinant) plagques were sored
feom the plates econtaining the amplified library uzing a
sterile Pasteur pipatte, and resuspended in a sterile Bidou
pottle containing 5 ml SM buffer. A 300 ul aligquot of the
phage suspension from the bottle was then added te 5 ml of
fregh Y 1090 plating cells, The phage wevre allowed to abaorb
to the cells for 30 minutes at 37°9C, The cella and phage
werw then transferred to 50 ml of warm (37°C) LB broth
containing 5 mit CaCl, (CaCl, was made up as a 500 mM stock
golation, filter aterilised, and the required volume added
to mool LB hroth to provide the final concentratlon
raquired). Flasks wera {neubated at 37°C with good aeration
for 5 hours, after which 800 ul of chlovoform were added to
agach flask, and the cultures incubated at 37°C for a further
10 minutas., Bacteria and debria were vramoved by
ceptrifugation at 2 500 g for 18 minutes, The supernatant
was centrifuged a gacond Lime at 2 500 g Lo remove any

remaining debris, The rasultant phage stock was titrvated,
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and stored at 4°C until requived. For long term storage,
dimethylsulfoxide (DMSO; Merck, Darmstadt, W.Germany! was
added to the stocks at a final coneentration of 7%, and the
amplified racombinant phage stocks stored in liguid nitrogen

of the recombinant phage stock

=

Serial tenfold dilutions (10™ = 10°") of the recombinant
phage sastock were made with SM buffer. One hundred
micrelitres of each phage dilution were mixed with 100 ul of
Y 1090 plating cells, and the mixture incubated at 37°C for
20 minutes., Filve millilitres of molten agar containing 20 ul
IPTG and 20 ul Xgal stock solutions were added to each btube,
and the phage plated onte dry LB plates. IPTG and Xgal were
added to the agar to confirm that the stock was recombinant,
Plates were incubated at 379C overnight, and the numbers of

klug and clear plagues counted.

TH_ANTIBODY

S
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MBINANT LIBRARY W
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A gt 11 libraries can be screened with antibody probes as

plagques on a lawn of E,goll Y1090, Y 10%0 contaling the

e

followlng features which make it an ideal host for screening

libraries (Huynh, Young, and Davis, (985):
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lag repressor, which prevents lacZ-directed gene
axpression until it is induced by the addition of
IPTG %o the medium.

ii. a defiglency in the lon protease, which increases

the atabillity of recombinant fusion proteins.

iii{, sup F to suppress the phage mutation causing defective

lysis (S 1007,

To ensure that recombinant proteins toxie to the host will
net inhibit the growth of partlcular members of the library,
plague formabion is initiated without expression from the

lag2 promoter. After the number of infected cells

-

4

survounding the plaques 1§ sufficlently high, lagZ-directed
gone expression ls induced by the addition of IPTG (Huynh,
Young, and Davis, 1985). The IPTG is added by averlaying the
bactarial lawn with an IPTG-impregnated nitrocellulose
Filter, After 3 - B more hours of incubation, the fillter is
remaved from the lawn,; and proteins from the lysed cells
will be bound to the filter. The filter is washed, and
incubatesd with the primary antibody seolution, The filter is
then ingubated +ith an enzyme=-conjugated gecondary antlibody
solution, followsd by the enzyme substrate to visualize

antibody binding.

Suecnssful immunosereening depends on the quality of the
antibody, High tltre antibodies produce hegtter signals than

do low titre antibodles (Huynh, Young; and Davlis, 1988), and
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antibodies that produce strong signals on Wastern blots
(immuneblots) usually also produce good signals in the

AN gt 11 smereening procedure (Huynh, Young, and Davis, 1985;
Snyder, Elledge, Sweetser, gl_al.,, 1987). Both monoclonal
and polyeclonal antisera have been used auccessfully, but
polyclonal antibodies have an advantage oever monoclonal
antibodies when used as probes, as they are usually not
restricted to the recognition of a single epitope on any
glvew protein (Huynh, Young, and Davis, 1988), The abllity
to detect a variety of epitopes on a protein is important,
since genomiec inserts will often not be full length and thus
only a portion of the polypeptide will be expressed (Snyder,
Elledge, Sweetser, e _al., 1987). However, polyvalent
antibodies often contain components which bind to antigens
normally preduced by E.goli. In order to avold this high
background, steps nmust he taken to reduce such non-specific
binding., This can be accomplighec by immobilising an E.caoll
lysate on a Sepharose resin ov on nitrocellulose filters,
and ineubating the antibody with the bound bacterial lysate
{Huynh, Young, and Davis, 1985)., In addition; because the
antibody molution can be re-used many timea, anti-E.coll
components are removed by adsorption every time the serum ls
re~ugad, and background binding often progressively decrease

{Huynh, Yeung, and Davis, 1985; Snydsr, Elledge, Sweetser,

ek _al., 1987),
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orpbion of anti-f.coli componants from

i

anti=M. tuhsvoulosis serum.
The method descriked by Huynh, Young, and Davis, (1985) was
gmployed to adnorh anti-E.coli components from the serum.
The E,ec3li lysate was prepared by growing E.coli Y 1090 to
saturation in 50 ml LB medium at 379% with good aeration
tapproximately 4 - % hours inzubation). The cells were
warvegted by centrifugation at 1 500 g for 10 minutes at
room temperature, and then resuspended in 20 ml 100 mM
Trig~Hi21, pH 7.8, The presuspended cella were immediately
Froses in liquid nitrogen, and bthen thawed at room
temperature, This resulted in lysis of sasentially all the
2elle, The lysate was then sonicated (18 um peak to peak) at
49 in a MOE Soniprep 180 sonicator to reduce its vigcosity.
To bind the lysate to the solid phase, 82 mm nitrocellulose
filters (Hybond C, 45 umj Amersham International, Little
Chalfent, Buckinghamahire, England) were dipped in the
lysate, and ineubated for 30 minutes ab room tamperature,
The filters wers then washed twice, 5 minutes each wash, in
T*BS (appendlix 8), and then blocked by incubating them in 1%
BZA Ln TBS for 15 minutes at room temperatuf;. Filters were
then washed as before. The anti~{,buberculosis and control
sora were dilutea 1710 with TBS, and incubated with the
Filtera for 30 minutes at roon temperatura. The antiserva

were removed, and incubataed with a second bateh of fillers

as hafove, The antlsera were then carefully removed and
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stored at 49c until required or at —20% for long term

storage.

The method described by Huynh, Young, and Davis, (1985),
Davis, Dibner, and Battey (1988), and Snyder, Elledge,
Sweetser, et al., (1987) was used to screen the recombinant
library. The recombinant library stock was plated out on a
lawn of Y 1090 cells: 200 ul of Y1090 plating cells and
approximately 1 X 103 pfu's of library were mixed, incubated
at 37°C for 20 minutes, and plated with 5 ml LB molten agar
snto dry 90 mm LB plates. The plates were incubated at 420¢
fsr 3-4 hours until the bacterial lawn just became visibie.
Plates were then overlald with IPTG~gaturated nitrocellulose
filters, {(Hybond C, 45 umj Amersham International, Little
Chalfont, Buckinghamshire, England}, pretreated by
incubating the filters in a selutien of 10 mM IPTG in
distilled water for 1 hour, and allowed to air-dry on
plastic wrap film. The plates were further incubated at 42%c
for 8~10 houra. At the end of the incubation period, the
lids were removed from the plates and the plates incubated

at 3700 for an additional 10 minutes to prevent the agar

from sticking to the filters.

The position of the filters on the plates was marked with a
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neadle, and the filtevrs carefully lifted off the plates. The

plates were stored at 4%¢ for suhsequent reference.

The nitrocellulose filters were hriefly rinsed twice in TBS

plus 0.01% Tween (appendix 8}, and hlocked by incubating

them in § % B3A in TBS (15 ml per filter) for { hour at room

temparature, Filters vere washed & times, 5 minutes each

wasn, with TBS-Tween {15 ml per fi{lter). The filters were

then probed with pre-adsorbed anti-M.tuberculosis or control

rabbit serum, diluted 1/30 in TBS-Tween, oOr with anti-

B-galactosidase monoclonal antibodies (10 ml per filter)

diluted 1/1 000 with TBS-Tween, by incubating at 40C

svernight. After washing 4 times with TBS-Tween as before,

filters were treated with peroxidase—condugahed swine

anti-rabhit IgG (Dake Immunoglobulins, Denmark) (10 ml pevr

Filter) diluted 17400 with TBS-Tween, or with peroxidase

sonjugatbed rabbit—anti-mouse immunoglobulins (Dako

Inmunoglobulins, Denmark) (10 ml per fFilter) diluted 17200

for ! hour at room temperature. Filters were washed 4 times

with TBS (no Tween), and incubated at room temperature with

rthe enzyme substrate (appendix 5) until positive sigrals

appeared. The reaction was stopped by rinsing the filters

with several changes cf distilled water. Filters were

air-dried, and poesitive signals aligned with the

corrasponding plagues an the plates.
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Twenty five putative positive plaques were cored from the
plates, and each plaque was amplified. Each agar plug
containing a placgue was transferred to 0.5 ml of Y 1090
plating cells in 2 aterile 50-ml centrifuge tube, and mixed
vigorously for 30 seconds. The phage was allowed to adsorb
at 37°C for 20 minutes. A further 10 ml of LB broth
containing 5 mM CaCly were added to each tube, and tubes
were incubated at 37°C with good aeration for 4 hours. Two
drops of chloroferm were then added to each tube, the tubes
ghaken at 37% for a further 5 minutes, and the bacteria and
debris removed by 2 centrifugation steps at 1 500 g for 15
minutes. The phage stocks were titrated on ¥ 1090 as
described in section 2.5.10 and sereened again,
Amplification and screening was rapeated until all the

plagues on the plates produced a positive signal,

2.7 PREPARATION OF RAPID LYSATE DNA FROM_PHAGE_CLONES
SHOWING _POSITIVE SIGNALS
2.7.1 Introduction

In order Lo asecertain that the positive phage clones
contained insert DNA fragments, and to determine the size of
the inserts, the DNA from such clones was isolated, and its

Eco RI restriction patterns analysed.
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Phage purification

Phage was purified and the DNA extracted using a
modification of the method described by Davis, Botstein, and
Roth (1980)., Five milliliters of each of the positive
reconbinant phage stocks were centrifuged at 1 200 g for 190
minutes at room temperature, Centrifuge tubes were
pravivusly prepared by soaking them first {n ethancl for 30
minutes, and then rinsing them in distilled water for 60
minutes., After centrifugation, the supernatants were
immadiately discarded, and the translucent phage pellets
vesuspended in ! ml TE buffer (appendix 8), Aliquots

0.8 ml) of each of the purified phage preparations were

used for the aubsequent DNA extractions.

To aach of the phage preparations, SDS (10% stock soclution,
pH 7.2) and EDTA (0.5 M stock solution, pH 8.0) were added
te glve final concentrations of 0.25%4 and 10 mM
respectively., Proteinade K (200 ug/ml; Boehringer Mannheim,
West Germany) was added to sach tube, the tubes gently mixed
and centrifuged for a few seconds to collect the contents
to the bottom. The tubes were incubated at 37°C for 60
minutes, after which 100 ug/ml RNase (10 mg/ml stock
selution in distilled water; Sigma Chemical Co., St.Louis,
MO, UZA) was added to each tube., The tubes were ilncubated at
37%C for a further 40 minutes. An equal volume of

phensl/chloroform (1:1) was added to each tube, the
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solutions mixed gently for | minute, and then centrifuged in

a microcentrifuge tube to separate the phases.

The aguecus phases vere carefully removed and placed in
slean tubes, An aqual volume of chloroform/iscamylalcohol
{24:1}) was added to each tube, the solutions mixed for 1
winute, and then microcentrifuged for 30 seconds. The
aguecus phase was removed, placed in amall (5 ml volume)
glass tubes, and adjusted te 0.1 M sodium acetate, pH 5.5.
Three volumes of {ce-cold absolute ethanol were slowly
added, and the tubes gently {nverted several times. The
precipitated DNA was spooled out and transferred to 200 ul
of sterlle distilled water. When the DNA had resuspended, it
was gquantified spactraphotometrically (appendix 3) and
analysed hy alectrophoresis through a 1% agarose gel

tAppendix 11,

The following reactions were get up on lece for each phage

DNA sample:

10 % Eco Rl huffer 1.5 ul

tappendix 2)
DNA 0.25 ug
Sterile distilled water aufficient to bring

the final reaction

o
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valume to 12 ul

including the enzyme.

The tubes were gently mived, and 40 U of Eeo RY (New England
Biolabs, Beverly, MA, USA/ were added for each reaction.
Tubes were briefly centrifuged to callect the contents to
the bottom, and the reactions were incubated at 37°C for 2.5
hours. The Eco R1 was then inactivated by heating the tubes
to 20% for 10 minutes. Restriction patterns were analysed

en 1% agarcse gels (Appendix 1),
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RECOMBINANT _ANTIGENS_FROM A gt 1l

o —

Lysates containing a particular recombinant antigen can be

propared easily by expressing & N gt 11 recomblnant as a

lysogen in E.goll Y 1089 {(Huynh, Young, and Davis, 198%) .

Y 1089 econtalns !

i. the lac repressor (lacl gene product), which prevents
lagZ-directed gene expression until derepressed by the
addition of IPTG to the medium;

ii. a daficiency in the lon protease, which increases the
sbability of the recombinant fuslan protein;

{{{, a mutation which enhances the frequency of phage

lyscgeny (hfl A 18Q).
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To produce the recombinant fusion protein, Y 1089 is

lysagenigsed with bthe recombinant clone of interest. Lysogens
uzsually arise at a freguency between 104 and 70% (Perbal,

Elledge, Sweetser, gt _al., 1987). The lysogen

s, e s s e

1984 IZnyder,
is grown to high cell density, lagZ-directed fusion protein
produstion is induced by the addition of IPTG to the medium,

and the cells are harvaested and lysed. If crude antigen is

required, the crude lysate can be uged direct’v, If pure
antigen iz needed, the ﬁ~galachosidase fugsion protein can be
purified in several different ways (Huynh, Young, and Davis,
19851, The size of the ﬁ»galactosidase fusion protein (the
ﬁwgalaatﬁsidase portion of ﬁhe fusion protein accounts fer
{14 kBDa) enanbles its resolution from other proteins on
SDS-polyacrylanide gels, Preparative gels can be used to
iznlate large quantities of denatuved proteln. If pure
antigen in native form is required, the protein may he
purified by classical zolumn chromatography. The
avallability of monoslonal antibodies to the required
antigen makes it possible to purify the antigen using
Young, and

monoclonal antibody affinity columns (Huynh,

Davis, 1988),
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Lysogens wvere genevated using the method described by Huynh,

Yaung, and Davig, (19238%), ¥ 1089 cells were grown to

saturatisn ab 37 wreernight in LB medlium containing 0.2%

naltose, The sells wers supplemented with 10 mM MgCly ,and
ware Llafacted with each of the recombinant phage stocks at a

mutiiplicity of approximately 10: the volume of the cell
suspension wag kepht congtant at 100 ul, and the phage stock

velumes adfusted to abtaln the regquired
multiplicity, The gphage was adsorbed for 20 minutes at 37°C,
and the zells were then plated onto fresh LB plates at a

Plates wvere

dansity of approximataly 200 cells per plate,
inzubabted gsvernight at 329%, At this temperature, the
temporature~sensitive phage rvepressor is functicnal.
Individual sélonies from the plates vere tested for
tamperature sensitivity at 42°C: calls from incdividual
selenies were spottad in duplicate antw ea.a of 2 LB plates;
sne dat of plates was Jocubated at 32°C, and the other at
AQOC. Colonies which grew at 32°C, but neot at 4200, ware

agsuned to be lysugens.
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{100 ml each) of LB medium were incculated with
single cclonies of the ¥ 1098 lysegens. Control cuitures
containgd 1) oo lysegen (l.e. a colony of non~lyscgenised
YEG29ry 2 no IPTS (3) no lysogen plus no IPTE; and (4)
Lracgeng »f nea-recombinant A gt 11, Cultures were incubated
at 3370 with gosd agrarisn, When the Q.D.GM of the cultures
s eached approximately 0.5, the temperature of the cultures
wad rapidly raiged teo 4203, and bhe cultures ineubated for a
further 23 minutas at the elevated temperature. IPTG was
addod vy the sultures te a final concentratien of 10 aM, and

, . ., 0 .
tures ingubated at 37 C for a further 50 minutes, The

v
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ceals wove vapidly harvested by centrifugation at 2 500 g
Yuy 19 minubes at room tenperature, and inmediately
vegnapended, in 1710 the oviginal culture volume, in 100 mM
Teio-HOL, pH 7.5, The rvecvosouended cells were immediately
frazsen in liguld nitrogen, and lysed by thawing the cells at
roon temperature, Theo proteln soncentration of the lysates
waa catimated uging the Blorad proleln estimation kit

iorad Laboraterics, Richmend, CAY. Lysates were aliquoted
and grtored at ~20°C until roquirved,
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LYSIS OF RECIMBINANT PROTEIN

s it Y et Snrt

it

Proteins in the lysates were resclved by 3DS-PAGE on
palyacrylamide slab gels acanrding to the discontinuous
Laffer syshem of Laemmli (1970), Lysates were diluted 1:1 {n
120 mm Trisg~-HCl, pH 7.5, and the diluted lysates were
prepared for electrophoresis by adding 173 the lysate volume

tring solutioen (2Y% 303; 54 ﬁ~mercaptcethanol (Sigma

e

Chemical To. 2t.Louis, MO, USAY; 8 M urea (BDH, Poole,

Eaglandly 104 sucraese (BDH, Pocle, England); 0.14

it
[
&

hrarsphanol b {Biorad Laboratoriea, Richmond, CA) and
boiling for © minutes. The denatured samples were then
appiied vo 7.8, 10%, and 18% peolyacrylamide gels (appendii
?r at a gunsentraticn of approximately 50 ug per lane.
Samples were eleztrophouresed in a Tris-glyeine-=3DS buffer
system (appendix 7), using L% Biuvad Protean Il slab gel
apuvaratuyg (Biovad Labovat<vies, Fichmound, CA) undevr
cunditions of congLsst o . 2n0 (25 mAsgel), High and/or low
molecular welghl standa 2 Pharma: 4 Flne Chenmlcals,
Yppsala, Sweden) 1erz cliecyrspouresed on each gel for the
determination o a~ie - lar weipnl  Afeer completion of
electrosnoreslis, guls eve Lised tn 18Y% trichlorcacetic acid
1o 20 minutes, stairered overnight in 0,254 Coomassie
bBrilliant blue R 280 (Biorae Laboratories, Richmond, CA) in
48% methanol/7% gloclal acetle aclid, and cestained in 48%

methane) /7% glacial acetic acid.
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For wolegular welght determination, & standard curve of Rf
values versus log molecular welght was constructsd for the
melecular welght protein standards. Rf values were
saloulated far the proteins of interest, and their melecular

welghts determined from the standard curve,

510 IMMUNOBLOTTING OF RECOMBINANT LYSATES
.10 IMMUNGOBLOTTING OF RECOMBINANT LYSATES
Jei3el Inbrpoduskian

Polyaceylanide gel electraphoresis has become a standard

£

zul for bhe analysis and purification of proteinag, The
transfar =f preoteing onto nitrocellulose membranss is a
veeful teshnigque for the screening of serum or monoclenal
anbtibodies for specific antlbody activity (Lin and
tasamatau, 19833)., The entire process involves the elution of
polypeptides onte nitrocellulose, and treatment of the
nitvecelliulese replica for ifmmuncloegical detgetion of

spocific antigeans (Tuwhin, Staehelin, and Gordon, 1979).

£

.10:2 Method

Electroblotting wag performed essentialiy as deseribed hy
Towbin, ntashelin, and Gordon, (1979)., Briefly, lysate
samples ware diluted, split, and electrophoresed on 104
polyacrylamide gels as described in Section 2.9, Oncwe

eloctvophoresis was conplete, the gels wera equilibgated in
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cold (4°C) electroblotting transfer buffer (25 mM Tris) 190
aM glycine; 20% methanals £or 1% minubtes, and then blutted
ents nitvosellulese chesbs (Hyhond 4% um; Amersham
International, Little <halfont, Buckinghamshive, England:.
Electroblatting wag zarrvied cut in Tris-glyecine-methanol
28 mM Teis) 192 mM glyocine; 209 methanol) transfer huffer,
under conditions of sonstant curvent and veltage (0.3 A

T3 for 3 heurs. The Blovaw TN Transhlot Cell apparatus
tBivrad Lakoraturies, Richmend, CA) was used for

clectrabletiing.

Ypon zempletion of electrobletting, the nitrocellulose
shoebts wore rinsed twice in TBS (appendiz 8), 5 minutes sach

wash, and nen-hound alteg an the filters were blocked with

-

1% BZA fer L haur at rscom tomperature, or cevernight at 4Y%,

it

The klasta were washed 4 tipes with TBI, 5 minutes eac: wash.

it

and probed with pre-adscrbed vabbit anti-M,tuberculosi
garum f{diluted 1530 witk TB3) or anti~ﬁ~ga1actasidase
menoslonal antibedies (diluted 141 000 with TBS) for 2 houra
at room tomperature with gentle agitation, After washing
with TBE, horsgeradiash peromidage-labelled awine anti-rabbit
Tg® (Dake ITmmunoglobuling, Denmark), diluted 17400 with TBS,
or paroxldage-labellod vakbit anti-mouse inmunoglohuling
(Daks Iomunogloabuling, Denmark), odiluted (/200 with TBE,
were added for 1 hour abt roon temperatuwre. Blotsg wvere gently
agitated during fncubaticnsg. The blots were washed a final 4

tlmes, and then incubated ln the ennyme subsatrate solubion

»
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{appendix 5) at room temperature. When colour had developed
{after approximately 30 minutes incubation), the oleots were
rinsed several times with distilled water, and dried on
Blotting paper at room temperature. The blols were then

compared to their corresponding stained gels to determine

the size of the bands to which the antiseva hound.
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3.1 DETECTION OF ANTIBODIES TO_M.tuberculosis
Antibodies to sonicated M.tuberculosis antigens were prepared

in 3 rabbits, and tested for recognition of M,tuberculos

o

2

antigens using a standard ELISA assay. Serum from each of the

3 vabhits was found to recognise mycobacterial antigens in the

ELISA. Pooled serum from normal saline-immunised rabbits did

not veact to these mycobacterial antigens (Table 5).

In order to establish that antibodies from immunised rabbits
coeunld detect specific mycobacterial antigens, the
M.tuberculpsis sonicate was fractionated by SDS-PAGE, the
proteins transferved to nitrocellulose by Western blotting,

and reacted with the anti-~M, tuberculosis antibodies. Figure 4

demonstrates the results from such experiments. The

fi.tuhersulosis sonicate revealed several protain bands, with 2

o g B i - 2 e £ E

najor protein bands of molecular weights 65 kba and 43 kDa -
4% kDa. The szera raised against the mycobacterial sonicate
showed a strong positive reaction to both the 65 kDa and

43 xDa -~ 45 4Da antigens. Control serum from saline-

immunised rabbits did not react with any of these antigens.

culosis serum affectively recognised

o e

Zince the anti-M.tube:
several mycohacterial antigens .mmobilised on nitrocellulose,
it was conzidered suitable for use in screening the
recombinant A gt 11 library for phage clonas which produced

specific mycobhacterlal proteins.
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TABLE 5

ELISA to detect antlbodies te antigens derived

from sonicated I, tuberculosis

Specimen

G.D. value
492

Significantly
different from
control

anti-H, tubercylosis
saryn

rabbit 1

rabbit 2

rabbit 3
control rabbita

{pooled sera fron
3 rabbits}

0,318 + 0.097
0.349 + 0.05%
0.532 + 0.0586
0.0%96 + 0,061

yes (p ¢ 0,01)
yes (p < 0.001)

ves (p < 0.001)
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SDS-PAGE wlectrophoresis and Western blotting of
whole M, Luberculosis sonicate,

Lars 13 molecular weight markera (kDa); lane 2: M.buberculosis
sct;céte (100 ug/lane)} lane 3i immunoblot of M.,tubarculosis
sonicate incubated with pooled negative control rabbit serum;
lanes 4, 5, and 6: lmmunoblots of M. tuberculosis sonicate,
incubated with anti=M tuberculosis serum from rabbit 1 (lane
4), rabbit 2 (lane 3), and rabbit 3 (lane 6). The major

mycabacterial protein bands recognised by the anti-

M.tuberculosis antibodics are marked with an arrow (- ),
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3.2 EXTRACTION OF M.btuberculosis DNA

DNA waz gxtracted from M

.
-

tuberculosis organisms obtained from
sputum culbures. After phenol/chloroform extraction, the DNA
was precipitated with absolute ethanol. Any remaining protein
s RNA was romeved enzymatically, and the DNA was
re-oxtracted, precipitated, and resuspended in TE buffer, pH
2,0, The concentration and purity of the preparation was
ssasessed spectrophutometrically and by agarose gel
electrophoresis. The concentration of the DNA was found to be
appraximately 0,35 mg/ml. An O.D.,. /0:D e value of 1.75 was

sbtained for tne preparation, indicating that it was pure and

frea from cenbaminants,

The electrophoretic pattern of the DNA through a 0.7 agarose
#nt i shown in Figure 5. Although the gel 1is somewhat
sverlcaded, clean high molecular weight M. tuberculosiz ONA,
senlaining no debtectable degraded DNA or RNA (which migrate
fasteyr *han high molecular welight DNA) can he seeéen (lane 2).
The sheared M, tubsrculosis ONA ranged in aize from
approximately 10 kb to 0.5 kb, with the majority of the DNA
concentrated in the 3 kb ~ 6 kb range (lane 3). A gt 11 left
and right arms, the sizes of which are 19.8 kb and 24,1 kb

respectively, were also run on the gel (lane 4), and ran as a

aingle band of approximately 20 kb in size,
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indicated on the left.

Agt 11 arms,

Agarose gel electrophoresis of M. tuberculosis

and A gt 11 DNA.

The DNA waa isolated as described in the text, and :
alactrophoresed through a 0.7% agarose gal. The sizes (base k
pairs) of the DNA molecular welght markers (lane 1) are

Lane 2
lane 3 - wechanically sheared

100 ng.
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3.3 CONSTRUCTION OF THE RECOMBINANT_LIBRARY :

3.3:1 Methylation and size fractionation of DNA :

Internal Eeo Rl sites in the M. tubergulogsis DNA and the

control DNA (a 3 kb plasmid fragment, obtained commercially)
were methylated as described in Seetlon 2.5.3 {i., Synthetic

Eeo R1 linkers were covalently attached teo the DNA, and excess

linkers were then removed by size fractionatlon of the DNA
through gel filtration columns. The results of the

fractionation are shown in Figure 6. M,tuberculesls DNA eluted

from the eolumpn in fractlions 4 and 5, These 2 fractions were
posled and set aside for further studies, and other remaining

fractions collectad from that column were discarded., Since the

e

gize of the control DNA was slightly smaller than the average

TR

size of the M, tubereculosis DNA, it was expected to elute from

(2

the column slightly later than the M,tuberculesis DNA. The

canbtrol DNA was fractionated on a separate column and eluted
in fractiona 5 and 6. These 2 fractiuns were pooled and kept
for furthaer investigations, and all other fractions discarded,
Excess Eeo Rl linkers, which, dus to thelr very small size,
wors expectad to elute in the final fractions from both

columnas (fractions 7 to 10), are not visibkle in the agarose

gel, since their amall size precludes their being detected

under ultravioleb light,
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FRACTION NUMBER
¢
23130 - i
4361 — A
2322 ~ §
FIGURE 6 Agarwvse gel electrophoresis of fractionated DNA
elukted from 431 filtration columna. -
;
Plate A - fractionated, double-stranded Eco Ri~1li:'wr.ed {
M.tuerculosis DNA. The major DNA peaks can be a<-u in ;
froetions 4 and 5.
Plate B - contrel DNA. The DNA peaks can be seen in fractions
{
5 and 6, The position and sizes of the molecular weight f
markara (base palra) are indlcated eon the left.
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o A gt 11 _arm

0 gt b iy s e S et S it v

Ligation reactions were. set up as described in Table 4, A 1 ul
aliquot was removed from each ligation reaction prior to the
addition of the ligase enzyme, and another following
completion of the veactlon. Both sets of aliquots were
alectrophoresed through a 0,74 agarose gel to determine
whether successful ligation had taken place. Suezessful
ligations are indicated by the presence of DNA of at least the
size of intact A DNA (approximately 40 kb). The pregence of
DNA of molescular weight lower than that of the }xarms
indicates that ligation between the insert DNA and the A arms
has not occurred, Electrophoretic analysis of the ligation
reaclionsg can be seen In Figure 7., M.tuberculosis and control
DNA can be seen before the addition of the ligase enzyme
{RPlate A} net clear on photographing); after the addition of
the enzyme, only DNA of hlgh molecvlar welght ls visible
{Plate B), The vesults indicate that most of the insert DNA
had ligated to the A gt 1l arms to produce recombinant DNA of

higher molecular welght.

The ligated vreactions were therafore packaged as described in

Section 2.95,7 i1,
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PLATE A PLATE B

9 416~
6 557™
4361~

2222~
2027~

FIGURE 7  Electrophoretic analysis of the A gt 11 arma/

inzert DNA ligatlonas.

Plate A: DNA hefore the additien ef the ligace enzyme - lane

1, Agt Il arms only; lane 2, A gt Ll arms and 100 ng

X

uberculpsis DNA; lane 3, A gt 1l arms and 200 ng

*
oy i Xk %

H.tuberaulosis DMA (falnt smear),

Plate B: the same reactlions after the addition of the ligase

enzyme - high molecular weight DNA only can be seen in lanes

1. 2 and 3.
Plate ¢: Mgt 11 and positive control insert before the
addition of the ligase (lane 1) and after completion of

ligation (lane 2).

Tha pesitiasns and sizes of the molecular welght markars (M;

base palrs) are indicated on the left.
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. TITRATION OF RECOMBINANT LIBRARIES ‘g
The packaged libravies wevs titrated on Eycoli Y 1088 ( A gt | ( :g
11 librarvies) or E.goll LE 392 (packaging control), using LB i | ‘g
h

agar plates containing IPTG and Xgal (Figures 3, ?, and 10).

TR

e S

oo,

Bobh the total number of plagques per plate (blue and clear

plagues) and the number of recomblnant plagues ielear plagues

snlyt ware atoved, Titres were oexpressed as pfu/ml and pfu/ug
DNA {Takle 4, The percentage of plagues which wera
vecomcinant was caleulated by dividing the recombinant titre
fzlear plagues only) Ly the tobal library titre (clear and

Biue plagues), and multiplying the result by 100,

The wityes of all the reactlionsg were analysed Lo determineg
whaether Yhe genervatisn 3f a recombinant library had been
guccagsful, The tuberanloaslis and positive control DNA
likdavy titres were compared to bthe titres for the ceontrol
reaztionn, Titres frem the latter reactlons reflact the
pfficiency «f the cloning and packaging as a whele. As can be
seen in Table &, no phage were produced by the packaglng
extracts aloene, whereaa the packagling centrol reaction
produced a high titve (16 X 108 pfu/ml) of phage. Whan A gt 11
arng alene were packaged, a bitre of 2 X 104pfu/ ml wasg
shtain d, ‘n aentrast Lo the 100-fold increase in the phage
tirre when the peositive control DNA was usaed (Table 6,

reantions 3 and 43, A roaconbinant titee of 2.6 X 104 pfusml

was whtainsd when 0.1 ag of . bkubereculesig DNA waa ligated to

-
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TABLE 6 Titration of N gt 11 recosbinant libraries
feaction nuaber N DNA Insert Library titre*® recosbinant titre*  percentage
pfu/ai  pfu/ug DNA pfu/al . pfu/ug DNA recosbipants .
- 3
1 - - 0 0 0 0 0
packaging extract i
ony
2 . packaging tox10® 2% 16° 0y10® 21 10° 100
contral ONA
2.5 ug b
3 Agt s - 20 10° 10 1.6 1 10° 80 0.8 L
I ug "
3 A gt It aras  positive 31100 7.5 % 10°F 2.8 %10° 7.1 0 10° 94 ' '
0.3 ug control DNA 5~
0.2 ug
5 A gt 1f arss  H.tuberculgsis 2 X 10° & 10° 2.6 X 10° 128 X 10° 13
fug DA 0.1 ug
A A gt Ul ares  Notuberculoss 2% 10° 50X 10° 127 k105 32 x10° 435
{ug DNA 0.2 ug )
¢ ~ Results shown are seans of three separate titration experisents
|
|
;
o e a lff Y
B ¥ ! J
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A gt 11 arms. Increasing t%e concentration of mycobacterial
DNA for ligation from U.1 ug to 0.2 ug did not increase the

library titre, but significantly increased the percentage of
recombinant phage in the library (Table 6, reactions 5 and 6)

from 13% to 63 %.

% . plaques werg expected to be produced by the packaging
extracts alone (Table 6, reaction 1), since no packageable DNA
was present. This absence of plaques also indicates that no

backgri .+ plaques were produced by the extracts themselves.

The high titre for the packaging control reaction (10 X 108
pfu/ml) indicates that the packaging extracts were funetioning
well and were able to package a high concentration of DNA and

to maximise phage yields.

A low library titre of 2 X 10% pfu/ml with h gt 11 arms alone
indicates that the arms were able to ligate successfully, and
that & small number of ligated >\gt 11 arms were packaged.

This low background titre was expected.

The positive centrol insert titre was high - 3 X 108 pfu/ml -,
and approximately 100-fold greater than the titre for the
A gt 11 arms alone, indicating that the cloning system as a

whole was functioning efficiently.

S
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ulosis DNA was high - 2 X 10° pfu/ml. This titre was
only 10~ fold lower than the titre obtained using the positive
conlronl insert DNA under optimal conditions of size,
concentration and intact DNA; this is indicative of efficient

cloning of the M.tuberculosis UNA. A dramatic increase in the

percentage of recombinant phage titres when the concentration

of .igated M.tuberculosis DNA was increased from 0.1 ug to 0.2

ug indicates that although maximum ligation capacity was
ohtained using a ratio of 0.1 ug of DNA to 1 ug of A gt 1l
arms, the gelection of DNA inserts for ligation was increased;

thus resulting in an increased recombinant library titre.

For a more accurate comparison of the library titres with
known or optimal titres of A gt 11 libraries, the titres were
caleulated as pfu/ug DNA (the weight of the DNA being that of
the insert DNA, or of the A gt 1l arms alone where no insert
wasn added) (Table 6). When calculating the titres as pfu/ug
DNA, the total packaged library volume of 500 ul per library

was taken into account.
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FIGURE 8 Ligated and packaged A gt 11 arms, containing no : ; iy
inserts, plated on E.coli Y 1088. S B
: oximately 99% of the phage appear not to contain inserts , ) .
{blue plaques) when plated in the presence of IPTG and Xgal.
One clear (C) plagque can be seen.
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Ligated and packaged A gt 11 arms and a positive

control insert (3 kb fragment of plasmid DNA) .

Phage were plated on Y 1088 in the presence of IPTG and Xgal.

The majority of the phage contain inserts (clear plaques

One non insert-bearing phage plaque can be seen
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A gt 11 library constructed with 100 ng,

0
(plate A), and 200 ng (plate B) M.btuberculosis

DNA.

Phagea were plated on a lawn of E,goll Y 1088 in the presence

of IPTG and Xgal. Clear plagues (C) were produced by

insert-hearing recombina." phage. Blue plaques were produced

by non insert-hearing phage,

%
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Amplified stock of the A gt 11l library
conatructed with 200 ng M.tubarculosis DNA.

3

Phage wera plated on a lawn of E,coli Y 1090 in the presence
of IPTG and Xgal. The majority of the plaques (> 904) are
clear, indicating that they are produced by ingsert~bearing

racombinant phage.
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AMPLIFICATION OF THE RECOMBINANT LIBRARY

The 0.2 ug M, tuberculosis library, which provided the greatest

percentage of recombinant phage, was then amplified through
E.coll Y 1088, and recombinant phage stocks were prepared
using small-scale liquid culture. The titre of the resultant
phage stoeck, determined as deseribed in Section 2.5.10, was
lﬂllpfulml, indicating good library amplification and a
vesultant library sufficiently ampliflied for plague screening
with antibody probes. This amplified library consisted of '

essentially greater than 90%4 recombinants when plated on

plates containing IFTG and Xgal (Figure 11).




AR S AR RINERTE s o S
: AT
BOAFLL

107

3.6 SCREENING OF.THE RECOMBINANT M,tubsrculosis LIBRARY WITH

-

ANTIBODY PROBES

The smplified raccmbinant M,buberculesis library was screened

for the prezence of phage which producec

0.
X
v
=

Luberguloss

| 158

antigens., Preadsorbed anti~}M,btubsrculogis serum and anti-~

ﬁmgalachasidase antibodies were uged for this purpose., Sevaenty
five filtevrs (82 mm diameter); each containing antigen from
approximately 1 X 107 individual plagques, were scregned, Of
these, 60 filters were incubated with immune rabbit serum, and ok
18 with anhi~ﬂ*3a1actosidase antibodies., Nine putative * ’; .
positive signals were obsevved when filters were screened with ”
the immune rabbit serum, and {3 putative positive signals were |

obtained with the anti~ﬁ~galacﬁosidase monoclenal antibodies

{Figurae 12}, o,

The algnal~producing plagues on each plate were then located ' : .
by comparing the background pattern produced by neighbouring
plagques on each nitrocellulose filter with the pattern of
plagques on the corresponding agar plates, Each signal- .
producing plagque was then amplified and screened again to
ensure its eclonality., The results of a representative
gxporiment with elone TB 12 are shown in Figure 13 ~ posltive
gignala are more numercus than those produced afrer the !
primavy sereening, The amplified stocks ware then re-amplified
until all the plaques produced a positive zignal (data not f

shown). Of the 22 clones producing putative positive

P - SR LTPER D L e i ’l/ . Sl g o i .kl Y
sl s Yt NS Pt e . e
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signals, 7 agaln produced positive signals after amplification
and seraeaning with immune rabbit serum, and 3 produced
positive signals when re~soreened with antiq@*galactosidase

antibodles.

The phags stocks that produced poslblive signals when sereened
with {mmune rabbit gerum were then re~screened with antij%
~galactogsidase antibodies. Similarly those plaques producing
pugitive asignals when sereened with anbi~ﬁ¥galactosidase
ankibodies wore re-déreened using lwmmune merum. Of these phage
stocks; eonly 1 reproduced a poaitive reaction when screened

with both antibodies.

The combined results of the screening procedures are tabulated
in Table 7! clones THB 6, TB !3, TB 14, TB 15, TB 16, TB 18,

TB 19, and TB 23 produced positive signals when ascreened with
immune rabhit serum, Of these, all but clones TB 13 and TB 19
again produced positive aignals wheh amplified and
ro~acreaned, Clones TB 2, TB 3, T 7, TB 8, TB 9, TB 10,

T 1y, TB 12, TB 18, TB 20, TB 21, TB 22, TB 24, and TB 25
produced positive signals when sereened with anti=-
B-galactouidase antibodies. Of these, only clones TB 3, TB 12,
arnd TB 18 agailn produced positive signals after amplification
and re~screaning. Cleone TB 18 produced positive signala when
gereened with both the anti-M.tuberculosis serum and the anti-
ﬁwgalaahosidase antibodies, All the clongs which produced

positive signala when re-ascreenad, viz. clones TB 3, TB &,

FEC i il esre calls Al R 2 R F g iy O (G v o1 e . " " i- P '|~ ;~
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TB 12, TB 14, TB 15, TB 16, TB 17, TB 18, and TB 23 were used

far furthaer investligation. , !

It was presumed that the phage c¢lones which did not produce
positive signals after re~isolation and amplification
subsequent to the initial ucreening were producing
false~positive signals initially, and these phage stocks were ) .
thusg digcarded. In order to eliminate the possibility of false -
positive algnals arising due to non-specific binding of the
rabbit or mouse antibodiesa to phage or E.goll proteins, the 10
pusitive phage clones ware also screened with normal rabbit or ‘ R,

nouge serum (nagatlve control mouse azeites fluid was not . « : -
availahkle). Ne pogitive algnals were ohtained for any of these

alones (rpgults not alown),
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Inmunoblotiing andlyals of recombinant phages

Phage clone

Recognitlion by anti-

Recognition by

numhar M. tuberculosis anti73~galacbo-
immune serum sldase antibodies
pelmary  amplified pripary amplified
sereen Library saraen library

T8 2 "

TB 3 * +

T8 6 * *

™7 -

1B 8 n

T8 9 +

TB 10 +

B i *

T8 12 + *

T8 13 +

TB 14 ) +

TB 15 + *

TB 16 * *

8 17 * *

TB 18 + + t "

T8 19 +

T8 20 +

TB 21 .

T8 22 +

TB 23 * *

T8 24 +

T8 2§ +
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Identification of recombinant phages from the
ﬁkggggggggggié ricombinant library.
The library was probed with anti—i;gggggggiggig antibodies
{plate A) and anti—ﬁrgalactosidase antihodies (plate B).
Positive signals are seen as dark spots ( = ) over the
hackground pattern of plaques.
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First re—isolation and amplification of
recombinant phage stock TB 12 probed with anti-
&galactosidase antihodies.

Positive signals ( = )} can be seen over the background pattern

of plaques.
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DNA from positive phage clones {when screened with hoth

anti-¥. tubercylosis and anti~ﬂ~galact05idase antibodies) was

extracted as desaribed in Section 2.7.1,

gresence of insaerts by Eco R1 digestion and agarose gel

elnctrophoresis,
positive roconbicant phage stocks analysed (Figure 14}. The

vesnlts of this analysis are tabulated in Table 8. Of the

slenes assessed, clenes TB 3, TB &, TB 9, TB 12, TB 14,
1% each contained inserts of 4 000 bp, 1 900 bp, 2 000 bp,
4 200 bg, 3 80C bp, and 2 400 bp respectively. Clones TB 15,

T L7, TR 18, and TB 23 were found te contaln more than one

(Table 8).

The resulis indicating the presence of more than one insert
fnllowing digestion czould be explained by the fact that the
mycobacterial DNA inserted in these
internal Eco Rl sites; these sites were protected by the

methylation reaction described in Seetion 2.5.3.

Restriction

and analysed for the

DNA inserts were identified in each of the 1C

and -TB

~lones may have contained

=f the DNA at these sites may have resulted in the generation

of several small fragments of DNA. The number of small

fragments produced depends on the number of Eco R! restriction

sites contained in the original inserted DNA.
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In addition to the small DNA fragments, clones TB 15, TB 17,
TB 18, and TB 23 also contained maximum length inserts
approximately 8 000 bp in size ( A gt 11 can accommodate up
to 8.3 kb of insert DNA, assuming a maximum packageable phage
DNA length of 52 kb; Young and Davis, 1983), The presence of
the entire maximum length insert DNA, in addition to several
smaller DNA fragments after restriction, indicates that
although some of the insert DNA was restricted, some of the
insert DNA may have been unaffected by the restriction
endonuclease. This would then result in the presence of

maximum length inserts, in addition to several smaller insert

DNA fragments.

The 20 kb band present in each recombinant clone (Figure 14)
veprasents the A gt 11 arms, which are 19,6 kb (left arm) and
24,1 kb (right arm) in size. In addition to the inserts of

g 000 bp or less, clones TB 15, TB 17, and TB 18 also
contained inserts ranging in size from 10 000 to 18 000 kb:
the presence of such large fragments may be explained by the
fact that the N  arms of these clones may have sustained some
damago during the extraction or restriction procedures: these
bands would therafore represent damaged A gt 1l arms.
Alternatively, the presence of phage clones lacking one of the
Feo Rl sites flanking the inserted DNA could also explain the

presence of these large fragments.
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Analysis of the sizes of the

lnaerts in bthe recon

binant clones™

Racambinant phage
cloneg number

§iza of insert DNA
{base pairg)

8B 3
T8 6
8 9
TB 12
TB 14
T8 15

T8 16
TH 17

TB 18§

TH 23

a0

- —
o 03P — i O O

N oo

4 000

900
000
000
800

609
000

400

600
000
300
000
900

600
000
500

000
300
600

« - DNA from the clones whlich produced
treated with antl~M.tuberculosis and anti
antihodies was analysed.
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H
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positive signals when
-galactosidase
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