
ii. The M^iubercul.gs^s DNA is prepared for cloning by 

random £'ragmentation: the only method by which DMA 

can be fragmented in a truly random fashion, 

irrespective of its base composition and sequence, 

is mechanical shearing. The DNA is then methylated, 

ligated to Eeo R1 linkers, and separated from 

excess linkers by sice fractionation.

lit. The arms of the vector and the fragmented

d.*.kB.fe§L££.H.!.£§i§. DNA are then ligated to form long 

concatemeric molecules that are subsequently 

packaged into ?S heads using in vitro packaging 

systems. The recombinant phages are amplified by 

S i-3wth in g^-2 9.1 1, and the resulting librarv can 

then be screened for the pi'esence of recombinant 

genes/proteins.

S-vSt S£®ES£S.ti.2E-2£_3y^w£2£_£i22.iD.£

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 

< .

M.tuberculosis DMA was mechanically sheared to an average 

length of 5 kilobase pairs Ckb) with 200 passages through a 

27 gauge needle attached to a 1-ml syringe. The degree of



shear was monitored by electrophoresis through a O.fV. agarose 

gel (appendix 15. A positive control inset t DMA (P r o me g & 

Biotech, Madison, WI, USA) was used to test the performance 

of the system. The insert was a 3 kilobase plasmid DMA 

fragment with blunt ends.

2 .5. 3 Msth^^at ian^of ̂ interna.l__Eco_Rl._si_tes

introduction

The Eco Ri methyiation reaction protects any internal Eco R1 

restriction sites that nu. occur in the DMA by subsequent 

digestion with Eco Rt when cohesive ends are generated on 

synthetic linkers. The reaction is carried out by Eco R1 

m e t h y l a s e , which methylates the A residue in the Eco R1 

recognition site (Perbal, 1984) - 5 '~G AATT C - 3 '

3 ’-C TTAA G - 5 '

Eca r.l cannot digest at the methylated site, thus ensuring 

that the full foreign DNA sequence can be cloned.

2 J5. 3 _i.ii. !3® t hod_e m£l_oyed

The methyiation reactions were set up, for the Mj.tubercu.losi.s 

and the control DNA, in 1.5 ml microcentrifuge tubes on ice. 

The components were added in the following order:
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»

vo l_ume 

4 u 1 

4 ul 

2 ul

volume

5 ul 

\ u 1 

2 ul

Tube_A

Sheared M^tuk§££!it2-i-§. ONA, 1 ug 

Methylase buffer (appendix 2)

100 uM s-adenosyl methionine

(Hew England Biolabs, Beverly, MA, USA) 

Sterile distilled water to bring the 

final reaction volume to 20 ul including 

the* methylase enzyme.

7ube__B

Control D N A , 1 ug 

Methylase buffer (appendix 2)

100 uK s-adenasyl methionine

(Hew England Biolabs, Beverly, MA.USA) 

Sterile distilled water to bring the 

final reaction volume to 20 ul including 

the methylase enzyme.

The components of each tube were mixed gently and spun for a 

few seconds in a microcentrifuge tube to collect the contents 

to the bottom of the tube. Twenty units of Eco R1 methylase 

(Hew England Biolabs, Beverly, MA, USA) were added to each 

reaction tube. The reaction components were mixed gently, and 

incubated at 37°C for 60 minutes, followed by a further 

incubation at 70°C for 10 minutes to heat-inactivate the

e n s y m e .



2.5.4 i * loJiE£^!i£~~2'~

In order to enable the covalent attachment of the insert DNA 

to lbs vector DMA at the Eco Ri insertion .it., synthetic 

F.« R1 linkers must be attached to the DNA (Wu, W u , and Ray, 

1,87). Because effiel.nl blunt-end ligation requires a vast 

. o u r  excess of linker DNA molecules to drive Ih. reaction 

I W u , Wu, and Ray, 198?) , this results in Ih. covalent 

attachment of oligomers of the linkers bo the ends of the 

insert DilA. II is therefore necessary to subsequently cleave 

Ih, reaction product with Eco R1 to remove any excess

.Huynh, Y o u n g ,  a n d  D . v i . ,  1985). A s i n g l e  E co R1 

" s t . c k y  e n d "  o n  e a c h  t e r m i n u s  of t h e  i n s e r t  D N A  1. p r o d u c e d  

b ,  d i g e s t i n g  a n d  r e l e a s i n g  t he e x c e s s  l i n k e r  m o l e c u l e , .

2.5,4 i i *, M e t h o d

R e a c t i o n s  w e r e  s e t  u p  in m i c r o c e n t r i f u g e  t u b e s  o n  ice. T o

20 ul of methylated ^ t u b e r c u l o u s  and D N A’ 3 Ul °f

T4 DNA ligase buffer (appendix 2) were added, followed by 

1.5 ug of phosphorylated Eco Rl linkers (d (pGGAATTCC; New 

England Uiolabs, Beverly, MA, USA). Sterile distilled water 

was added to bring the final reaction volume, after the 

addition of the ligase enzyme, to 30 ul. The components were

2..5M A d d i t i o n ^ o f ^ E c o . R ^ l L n k e r s ^ l o ^ t h e ^ D N A



mixed gently and spun in a microcentrifuge for a few 

seconds. Seven point five units of T4 DNA ligase (New 

England Biolabs, Beverly, MA, USA) were added, the reactions 

mixed gently, and incubated in a 15°C waterbath for 20 

hours. The reactions were then stopped by incubating the 

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

Following ligation, Eco R1 digestions of the linkered DNA 

were set up on ice. Ten microl i ti'es of Eco R1 buffer 

lappendix 2) were added to each reaction tube, followed by 

sufficient sterile distilled water to bring the final 

reaction v o x u m a , after the addition of the Eco R 1 enzyme, to 

100 ul. The components were mixed gently, and 250 units of 

Eco Ri INev England Biolabs, Beverly, MA, USA) were added to 

each reaction. The 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,

RgfflS val_of _excess_Eco_R  ̂ .̂l i.nkera_and-si ze 

2 ._5i.5_ii Introduction

Pjfore the DNA can be insorted into )\ gt 11, excess linker 

molecules must be removed, since ligation of the linkers 

into the vector DNA results in the appearance of false
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recombinants in the library (Huynh, Young, and Davis, 1985). 

The DMA is then fractionated by size, and excess linkers are 

removed in a single step by running the linker reactions 

through a gel filtration column (Huynh, Young, and Davis, 

1085).

♦

h.i.Si-1-ii.i. tfekhSSt

Separate gel filtration columns (supplied as part of the 

X  gt 10 cloning kit, Amersham International, Li tile 

Chalfont, Buckinghamshire, England) were used for the 

fractionation of the tLtube£Cul,osis, and the control DNA.

Fraet isnation was carried out at room temperature. The 

c >■) 1 umna ware washed twice with 3 ml of STE buffer (appendix 

Si, and then e<fui 1 ibrated by passing a further 2-3 ml 

volumes of mTE buffer through each column.

The linker reaction solutions (100 u l ) were loaded on the 

top of the column beds, and when these had entered the 

matrix, 100 ul of STB buffer were added to the top of each 

column. The column eluates (100 ul) were collected into 2 

mlcrocentrifuge tubes, and a further 200 ul Of STE buffer 

were loaded onto each column. The eluates (200 ul) were 

collected into 2 tubes, and the procedure repeated until 10 

eluate fractions were collected for each column. The eluate 

fractions were analysed for the presence of DNA by
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electrophoresing a 30 ul aliquot of each fraction through a

0.7VC agarose gel (Appendix I). The fractions containing the 

major peaks of DNA were pooled, and all remaining fractions, 

containing buffer or linkers, were discarded.

The iinkered DMA was ethanol-precipitated by adding 1/10 

volume of 3 H sodium acetate, followed by 2 volumes of 

ice-cold absolute ethanol. The solutions were gently mixed, 

and the DNA precipitated at -20°C for 16 hours. Precipitated 

OKA was collected by centrifuging at 8 500 g in a 

microcsntrifuge for 30 minutes at 4 °C. The supernatants were 

carefully removed, the DNA dried at room temperature, and 

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

final concentration of approximately 100 ug/ml.

,5.15 L, Introduction

At this point the DMA had Eco R1 cohesive ends and was ready 

for ligation into the X gt 11 vector DMA. There are 2 

important parameters to consider when setting up a ligation 

reaction (Maniatia, Fritsch, and Sambrook, 1982): the ratio 

of arms to potential inserts, and the concentration of each 

of the DNA species. The bast substrate for i,n„vi_tro 

packaging is a concatemer of the form Cn X (left arm - 

insert ** right arm) 3. Each arm of the DNA carries 2

¥
\



different cohesive termini: one cos that is compatible only 

with the complementary cos sequence at the end of the other 

arm, and one, e t , that is compatible with both termini of 

the insert and with the remaining terminus of the other arm 

CManiat i s , Fritsch, and S a m b r o o k , 1982). To obtain the 

maximum yield of the desired c o n c a t e m e r , the ligation 

reaction should contain equimolar concentrations of the ct 

ends of each of the 3 species of DNA. Because each 

bacteriophage arm contains only a single ct end, whereas 

each potential insert contains 2 ct ends, the ratio of 

molecules in the reaction should be 2:1:2 (left arm: insert 

right ar m ) , This results in a 2:1 molar ratio of annealed 

arms t* potential inserts (Maniatis, Fritsch, and Sambrook, 

1 9 3 2 K  The absolute concentration of DNA in the reaction 

mixture ia also important. The concentration must be high 

enough to ensure that the intermolecular ligation, which 

leads tt the formation of e o n c a t e m e r s , is favoured over 

set£ -I I gat i o n , which leads to the cyclisation of the DNA 

moltfijyies (Maniatis, Fritsch, and Sambrook, 1982).

It is important at ti stage of the cloning procedure that 

a number of control reactions be included. These serve the 

dual functions of testing various stages In the whole 

cloning process, and of providing the background data 

necessary to analyse the results.



The major control reactions for the ligation and packaging 

stops are (Maniatis, Frilach, and S a m b r o o k , 1982):

i, >\ gt 11 Eco Rl arms without any Insert DNA.

This monitors the efficiency of the ligation reactions, 

and allows the estimation of false recombinants which 

appear independent of added insert DNA.

ii. X g t  it arms ar.d linkered control fragments.

This control DMA is processed throughout the 

p r o c e d u r e , and checks the performance of the whole 

cloning system.

£ii» packaging of whole A  DNA.

This monitors the overall efficiency of the in_vitro 

packaging reactions, 

iv. a mock packaging ra-.cfcion.

This -rntains no DNA w h a t s o e v e r , and gives a 

measure of any background that might be contributed 

by the packaging extracts,

i t s j k . s u  y&t&od

Ligation reactions were set up on ice as described in Table 

4, The tube contents were mixed gently, and a 1 ul aliquot 

was removed from each veaction and added to 10 ul TE buffer 

fvr subsequent eJectrophoreais. T4 DNA ligase (New England 

B i o l a b s , Beverly, MA, U^A; was then added as specified in 

Table 4, and the reactions incubated at 16°C for 20 hours. 

Aft 01 ligation, another aliquot (1 ul) was removed from each



’ ■'. ■■ ■■■■ e ' 1 v .
<** VM;

61

TABLE 4 LtGAT(OH REACTIONS

Tube ftu»ber insert OfW Ngt It ar«6 10 X ligase d lstilied  T4 DNA ligase
buffer* water

!.0 ug <2 ul) 1 ul

positive control 0.5 ug (I ul! 1 ul
0.2 ug (1 ul)

1.0 ul 

4,5 ul

5 units 

2.5 units

H, tuberculosis 1.0 ug U ul) 1 ul
i o n n n i r

1.0 ul 5,0 units

M.tuberculosis 1,0 ug !1 ul) 1 ul
ii'ftg irsr

5.0 units

J t 14 JNft Ugase buffer (appendix 2)
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reaction tube and added to 10 ul TE buffer (Appendix S). 

These aliquots, together with those set a-side hefere the 

addition of the ligase, were heated to 70°C to for 5 minutes 

to denature any uniigated X  cohesive ends, These samples 

were analysed for successful ligation by electrophoresis 

through a 0 .7Y, agarose gel (Appendix I).

2 •Jh.i In_vi,tromgIcka£^ag;_of _i_i ̂ ated_DNA

Si.li.I-ii, Iak.C.S^ESki25.

The establishment of in-vitro packaging systems has been the 

decisive step in making A  phage such a highly efficient and 

favoured vector for DNA cloning (Perbal 1984 ). The in_vit.ro 

packaging of recombinant X DNA molecules into mature phage 

particles results in 2-5 logs greater plating efficiencies 

than do calcium chloride transfection procedures (Perbal,

1984). In addition, the packaged phage mixture can be stored 

at 4°C as a stable phage preparation far several months. 

Phage packaged by i_n_vi_fcra methods may be plated at a 

i00**fold greater density than a similar transfection 

mixture. They can be easily amplified, and contain a high 

percentage of recombinant molecules (Perbal, 1984). 

Cu-i'joaofal packaging uf -tKombinant molecules is dependent 

an the physical nature of the substrata DNA. There is a 

,atriet requirement for the presence of the )\ cohesive 

torminl (eoa sites), w h i c h , for efficient p a c k a g i n g , must be
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separated by 35~52 kb of DMA (75X-105X length of wild type 

DNA) CPerbal, 19S4), Although linear, multimeric linear' 

(concatemers), and multimeric circular D N A’s are all 

packaged, monomeric circular molecules are not packaged in 

vi_vg or i _viitro (Verbal , 1984). It is thus necessary to 

'irfot'tn 1 i gat ion/i for packaging under conditions which limit 

me. numeric circle formation.

Packaging of bacteriophage A  DNA in_vi_t.ro was initially 

developed by Becker and Gold (1975) using mixtures of 

extracts prepared from bacteria infecKjd with mutants of 

bacieri ophage X  that map in genes required for assembly of 

bacteriophage particles (Maniatis, Fritsch, and Sambrook, 

1582), A diagrammatic representation of the various stages 

of haeteriophage X  packaging, the gene products required, 

and the stages at which various mutations affect the process 

is shown in Figure 3,

The E protein is the major component of ".no bacteriophage 

head, and is required for the assembly of tha earliest 

identifiable precursor ! Man i at is , Fritsch, and Sanibrook, 

1982). Mutants in E protein accumulate all the compvr snts of 

the viral capsid. The D protein is localised on the outside 

of* the phage head, and is involved in the coupled proceu.i of 

insertion of \  DNA into the head precursor and subse^'ent 

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

1982). Mutants in the D gene accumulate the immature
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-pr.h.ad- b ut do n=t . n = «  insei'iio'- of X  D N A  into th. h..d, 

Th. A protei n U  1 . . . W  1. th. of th. A  DNA into

th. bact.viopliage h.ad and cl. - S. of th. eono.len.l.d,

D N A  a t  t h .  o o h . a i v .  e n d  . i t . .  C M . n i . t i . ,  F r i t . c h ,  

a n d  S a m b r o o k , 1 9 8 2 1 .  M u t a n t .  in t h .  A  g « n «  » l « o  a c c u m u l a t e  

e m p t y  p r e h e a d s .

C o m p l e m e n t a r y  e x t r a c t s  h a v e  b e e n  p r e p a r e d  f r o m  c e l l s   ̂

i n f e c t e d  w i t h  A “ a n d  E "  , o r  D" a n d  E "  s t r a i n s  ( M a n i a t i s ,  

F r i t s c h ,  a n d  S a m b r o o k ,  1 9 8 2 ) .  E x t r a c t s  a r c  u s u a l l y  p r e p a r e d  

f r o m  c e l l s  c o n t a i n i n g  b a c t e r i o p h a g e  A  l y s o g e n s  o f  t h e  

a p p r o p r i a t e  g e n o t y p e  ( a m b e r  m u t a t i o n s  in t h e  A, E o r  D 

genei-3 M a n i a t i s ,  F r i t s c h ,  a n d  S a m b r o o k ,  1 9 8 2 ) .  T h e  l y s o g e n s  

a l s o  c a r r y  t h e  f o l l o w i n g  m u t a t i o n s  ( M a n i a t i s ,  F r i t s c h ,  a n d

S a m b r o o k ,  1 9 8 2 ) :

e I t a  g 5 7 . s p e c i f i e s  a t e m p e r a t u r e - s e n s i t i v e

b a c t e r i o p h a g e  X  r e p r e s s o r  m o l e c u l u ,

w h i c h  c a u s e s  t h e  X  D N A  t o  be m a i n t a i n e d

in t h e  l y s o g e n i c  s t a t e  w h e n  t h e  b a c t e r i a

a r e  g r o w n  a t  32°C, a n d  to r e v e r t  t o

l y t i c  g r o w t h  w h e n  g r o w n  a t  42 C.

c 7 . a n  a m b e r  m u t a t i o n  in t h e  b a c t e r i o p h a g e
bam ( •

s g e n e  t h a t  is r e q u i r e d  f o r  c e l l  l y s i s  

a n d  w h i c h  c a u s e s  c a p s i d  c o m p o n e n t s  t o  

a c c u m u l a t e  f o r  s e v e r a l  h o u r s  f o l l o w i n g  

i n d u c t i o n  o f  t h e  c i t s  8 5 7  l y s o g e n -  

b r e g i o n  d e l e t i o n :  a d e l e t i o n  in t h e  b a c t e r i o p h a g e  g e n o m e

I
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that effectively removes the X  DNA 

attachment site Catt). This mutation 

reduces the packaging of endogenous 

DNA molecules in extracts made from the 

i nduced cel Is.

mutations that inactivate the 

generalised recombination systems of 

bacteriophage A  and the host, thereby 

minimising recombination between the 

endogenous X  DNA in the extract and the 

exogenously added recombinant genomes.

The Paskagene Lambda DNA packaging system (Promega Biotech, 

Kadison, WI, USA) was used for packaging the recombinant 

phage. The system has a high capacity, packaging up to 5 ug 

of DNA per extract. It is derived from a lysogen carrying 

the eosJL mutation which prevents packaging of prophage DNA 

(Kabayashi , Hurialdo, C rase man, et^al^, 19S/1). The ex 

contain all the components and buffers needed to perform the 

packaging reaction, and require only the addition of

substrate DNA.

2.5.7 i i Method

Packaging parfor-.d a. .uS S .Bt.d by th. manufacturers of

the In vitro p a c k a g e s  extracts. The packaging extract,

1.
*

‘ ’ i
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(PackagBne in„vi.tro packaging systems, Promega Biotech, 

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 containing the ligated 

DNA, and to a tube containing DMA to be used as a packaging 

control. The control DMA (1 ug) used was concatemeric lambda 

C 185? Sam 7 DMA, ligated with an excess of T4 DNA ligase 

iPromega Biotech, Madison, WI, USA). The tubes were gently 

mixed, and the packaging redactions incubated at 22 C for 3 

hours* After packaging, 500 ul of SM buffer (appendix 8> 

were added to each tubs, followed immediately by 25 ul of 

chloroform. Tubes were mijosd gently, and packaged phage 

libraries were stored at 4 3C until required.

‘U s L S  lItratiSa-.S£-.^St_ii„recombinants

i,tsL§,.jLi iflt£2d!iSkt2!l

In order to estimate the t,umber of recombinant phage which 

may be screened for isolation of the recombinants of 

interest, the numbers o f  recombinants in the library must 

first be determined. The ion p r o t e a s e - d e f i c i e n t  host, E..cgli,

Y 1090, used to plate out libraries for screening with 

antibody probes, is not defective in host-controlled 

restriction and modification enzyme activities (Huynh,

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

mix of libraries cloned in 'A gt 11 should not be plated



d i r e c t l y  on V 1090 f o r  a c r . e r . U s ,  b ut s h o u l d  f i r s t  be

a m p l i f i e d  t h r o u g h  E U 9 l i  * 1088 ' ”h l c h  11 d * £ l c l s ''1 ln t h * 

a b o v e m e n t i o n e d  e n z y m e  a c t i v i t i e s .  In E d i t i o n ,  to . v o i d  

s e a t i n g  a b i a s  a g a i n s t  r e l a t i v e l y  p o o r - g r o w i n g  r e c o m b i n a n t s  

d u r i n g  a m p l i f i c a t i o n  of t h. l i b r a r y ,  it i« i m p o r t a n t  to 

r e p r e s s  p r o d u c t i o n  of t o * i o  p . l y p e p t i d . s  (In. t h. f = ™  of 

f S - g a l a c t o s i d a s .  f u s i o n  p r o t e i n s .  . n c o d . d  b y  th e  r e c o m b i n a n t  

, h a g e .  T h e r e f o r e ,  E „ c e H  V 1088, w h i c h  p r o d u c e .  !»= 

r e f r e s s o r ,  is u s e d  as the h o s t  to a m p l i f y  t he l i b r a r y  

i Hisyr.h, Y o u n g ,  a n d  D a v i s ,  1985., a n d  h i g h e r  p h a g e  t i t r . s  a r e  

£ u r t h e r  o b t a i n e d  b y  g r o w i n g  the X  « t  U  l i b r . r i . s  a t  « * C  

i n s t e a d  of  3?°C (You n g  a n d  D a v t s ,  1985).

T h e  t r a n s c r i p t i o n  of t h e  l Lc Z  g e n e  p r o d u c t ,  a n d  t.ie

. r o J , c , „ „  ,-.f f u s i o n  p r o t e i n s  b y  r e c o m b i n a n t  X  gt 11 p h a g e s

b e  i n d u e d  b y  t h. a u d i t i o n  of IPTB, a m o l e c u l e  w h i c h  has

« ^ g a l . c t o s i d e  l i n k * * ,  that is f o u n d  in l a c t o s e ,  a n d  w h i c h

r e l e a s e s  t h. I . e Z  g e n .  r e p r e s s o r ,  p . e s u m a b l y  b y  i n t e r a c t i o n

( R l r s e ,  1 9 3 1 ) .  I n s e r t i o n  o f  
w i t h  the r e p r e s s o r  rftolecule itsirge,

f o r e i g n  D N A  i n t o  A  gt 11 i n a c t i v a t e s  t h. U s S  g « " *  f " » d u c t ,  

a n d  as s u ch, p l a q u e s  f o r m e d  b y  la.cZ- X g t  11 p h a g e s  on a 

U c Z -  h o s t  c a n n o t  . e t . b o i i s .  t h e  o h r o m o g . n i c  s u b s t r a t e

5 . . b r o . o - 4 - e h l o r o - 3 - i n d o l y l 10 - D - B « l * c t o s i d e  IXgal), a n d

t h e r e f o r e  f o r m  c l e a r  p l a q u e s .  fcacZr. „ o n - r e = o „ b l n a n t .  ( % gt 

! 1 p h a g e s  c o n t a i n i n g  no f o r e i g n  i n s e r t s ,  a r e  g e l *  * n d  can 

m e t . b o l U .  X g il, p r o d u c i n g  b l u e  p l a q u e s .  T h i s  a l l o w s  for

c o l o r i m e t r i c  s e l e c t i o n  of r e c o m b i n a n t s  by d i s t i n g u i s h i n g



, ,' ■*..* >— ' - ^ ̂  ,T:T.
. ' ‘ '
„ u>, •

* ^

. _
* ’ ' ■'■*.*

• 8 k  ’

69

between insert-bearing (clear) and non insert-bearing 

(blue) ?S gt 1 1 plaques (Davis, Dlbner, and Battey, 1986),

S.i.£:JLiLv Method

Phage plating cells were prepared by streaking a loopful of 

indicator bacteria (ELsSii Y 1088 for X gt 11 recombinants; 

E ^ c o U  LE 392 for the packaging control DMA) onto separate 

dry Luria-Bertani SuB) plates (appendix 4). The plates were 

incubated at 37°C overnight. An individual colony from each 

plate was inoculated into SO ml LB broth containing 0.4X 

maltose (appendix 4), and the flasks incubated at 37°C wiin 

good aeration until the 0, D . 50Q of the cultures was 

approximately 0.6. The cultures were cooled on ice, spun at

1 500 g for 10 minutes at 4°C, and the cells resuspended in 

IS ml of ice-cold 10 mM M g S 0 4 . The cells were now considered 

ready for infection with phage, and were stored at 4°C until 

required. Fresh tup to 36 hours old) plating cells were used 

for all phage titrations, since storage of the cells at 4°C 

for long periods of time leads to a significant loss of 

packaging efficiency (Maniatis, Fritsch, and S a m b r o o k ,

1982) ,

The packaged phage was then titrated essentially as 

described by Huynh, Young, and Davis (1985). Serial tenfold 

dilutions (from 10"' to 10‘6) of the packaged phage were made 

in SM buffer- One hundred microlitres of each phage dilution
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were mixed with 100 ul of of the appropriate plating cells, 

and phage was allowed to absorb for 20 minutes at 37 C. Five 

mil 1111 tree of molten (45°C) LB agar (appendix 4) were added 

to each tube t the tubes quickly inverted several times, and 

the phage plated onto dry (at least 2 days old) LB plates 

(Appendix 4), Plates were incubated at 42°C overnight. The 

phage titres were tabulated and the optimal phage dilutions 

determined for each recombinant phage library.

In order to determine the percentage of the library that was 

r e c o m b i n a n t , and to have an estimate of the complexity of 

the library, 100 ul of the appropriate dilutions of the 

packaged phage were mixed with 100 ul of fresh Y 1088 

plating cells, and incubated at 37°C for 20 minutes. Five 

millilitres of molten LB agar containing 20 ul Xgal (SO 

mg/ml in di methylf orma m i d e ) Sigma Chemical Co., St. Louis, 

HO, USA) and 20 ul IPTG (40 mg/rtl in distilled water; Sigma 

Chemical Co., St, Louis, MO, USA) were added to each tube, 

and the phage plated onto dry LB plates. The number of clear 

and blue plaques on the plates were counted, the cloning 

efficiency of the mycobacterial DNA calculated, and the 

percentage of recombinant (clear) plaques determined,

2.JL1 Amal,ifieation_(2f„the_library_and„fireaaration_of

Fov amplification, the library constructed with 200 ng
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M t A a S s n s s i a a U  DNA “ s P lat,id oul at a d“"“ily °f 10 

plaque “" lts ipCU'‘) P"  ^  “  P8tri ‘“'"’’ '*‘l'S

200 v.1 of V lOBfl cells and fresh LB plates. F i v  ■“ lil“ " *  

of molten agar containing 20 ul Xgal and 20 ul iPTG

stock S. 1 . U . « =  —  »**« P «  » lat-  Plat"  “*” lnCUb* U d

overnight at 42 C»

K.c-mbinani ph«J. stocks were pr.p.r.d using * modification 

of the technique described by Davis, Botstein, and Roth,

(1930). On. hundred clear (r.co.blnantl plaques were cored 

from the plates containing the amplified library using 

sterile Pasteur pipette, and r . s u s p . n d . d  in a sterile Bijou 

bottle containing 5 .1 S« buffer. A 300 ul aliquot of the 

phage suspension fro. the bottle was then added to 5 «1 of 

fr„ h V 1090 plating o i l s .  The phage -ere a l l o w e d  to absorb 

to th. cells for 30 minutes at 37°C. The cells and phage 

were then transferred to 50 »1 of warm !37"CI LB broth 

containing 5 »H C . C 1 2 <C,Cl2 was mad. up as a 500 »H stock 

sol .'tion i filter sterilised, and th. r.quir.d volume added 

cool LB broth to provid. th. final concentration 

required). Flasks were incubatsd at 37 C with good aera

., ,u'i-V, son Ul of chloroform were added to for S hours, after which 500 u j. ot cn*w

each f l a s k , and the cultures incubated at 37>C for a further

10 minutes, Bacteria and debris were removed by 

centrifugation at 2 500 g for 15 minutes, The supernatant 

was centrifuged a second time at 2 500 g to remove any 

remaining dabris, The resultant phage stock was titrated,



and stored at 4°C until required. For long term storage, 

dimethylsulfoxide (DMSOj Merck, Darmstadt, W.Germany) was 

added to the stocks at a final concentration of 7%, and the 

amplified recombinant phage stocks stored in liquid nitrogen

Sj.-ti.ifi 1 11Ration, 0 ,̂,!,he recombinant, .phage, stock

Serial tenfold dilutions (10*’' - 10_,z) of the recombinant 

phage stock were made with SM buffer. One hundred 

microlitres of each phage dilution were mixed with 100 ul of 

¥ 1090 plating cells, and the mixture incubated at 37°C for 

20 minutes. Five millilitres of molten agar containing 20 ul 

IPIG and 20 ui Xgal stock solutions were added to each tube, 

and the phage plated onto dry LB plates. IPTG and Xgal were 

added to the agar to confirm that the stock was recombinant. 

Plates were incubated at 37 °C overnight, and the numbers of 

blue and clear plaques counted.

2J> UtiSiIENING_OF_THE_RECOMBINANT_LIBRARY_WITH_.ANTIBODY

2-jLii. IatE.Sducti.on

A  gt 11 libraries can be screened with antibody probes as 

plaques on a lawn of E-.col.i, Y1090, Y 1090 contains the 

following features which make it an ideal host for screening 

libraries (Huynh, Young, and Davis, 1985):



1* kaS. t'spv’essot'i which prevents laeZ-directed gens 

expression until it is induced by the addition of 

IPTG to the medium,

i i . a deficiency in the 1cm protease, which increases 

the stability of recombinant fusion proteins, 

iii. sup F to suppress the phage mutation causing defective 

lysis (S 1005.

To ensure that recombinant proteins toxic to the host will 

not inhibit the growth of particular members of the library, 

plaque formation is initiated without expression from the

l.ae.2 promoter. After the number of infected cells 

surrounding the plaques is sufficiently high, lacg-directed 

gene expression is induced by the addition of IPTG (Huynh, 

Young, and Davis, 1985). The IPTG is added by overlaying the 

bacterial lawn with an IPTG-impregnated nitrocellulose 

filter, After 3 - 8  more hours of incubation, the filter is 

removed from the lawn, and proteins from the lysed cells 

will be bound to the filter. The filter is washed, and 

incubatad with the primary antibody solution, The filter is 

then incubated *<th an ensyma-'-con j ugated secondary antibody 

solution, followed by the enzyme substrate to visualise 

antibody binding,

Successful immunoseraening depends on the quality of the 

antibody, High tltre antibodies produce better signals than 

do low litre antibodies (Huynh, Young, and Davis, 1985), and
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antibodies that produce strong signals on Western blots 

(immunoblots) usually also produce good signals in the 

?\ gt 11 screening procedure (Huynh, Young, and Davis, 1985; 

Snyder, El ledge* Sweetser, gj^al^, 1987). Both monoclonal 

and polyclonal antisera have been used a u c c e s s f u l l y , but 

polyclonal antibodies have an advantage over monoclonal 

antibodies when used as probes, as they are usually not 

restricted to the recognition of a single epitope on any 

given protein (Huynh, Young, and Davis, 1985), The ability 

to detect a variety of epitopes on a protein is important, 

since genomic inserts will often not be full length and thus 

only a portion of the polypeptide will be expressed (Snyder, 

Elledge, Sweetaer, e t „ a l .., 1987). However, polyvalent 

antibodies often contain components which bind to antigens 

normally produced by ELsail* In order to avoid this high 

background, steps must be taken to reduce such non-soecific 

binding, This can be accomplished by immobilising an ILcoli 

lysate on a Sepharase rssin or on nitrocellulose filters, 

and incubating the antibody with the bound bacterial lysate 

(Huynh, Young, and Davis, 1985). In addition, because the 

antibody solution can be refused many times, cinti — E^col^ 

components are removed by adsorption every time the serum is 

re-used, and background binding often progressively decrease 

(Huynh, Young, and Davis, 1985; Snyder, Elledge, Sweetaer, 

HL-SL-f 1587),



2 ,6 , 2  Me thad i . ^ a a s a k U £ L - a £ - a a  k i ^ a a U  .aaaaaaaaka-Xuss! 

a ni i“H^tutaercuLosia^sarum,

The method described by Huynh, Young, and Davis, (1985) was 

employed to adsorb anti-E.coli components from the serum.

The E±c2n  lysate was prepared by growing E ^ o l i  Y 1090 to 

saturation in SO ml LB medium at 3?°C with good aeration 

(approximately 4 - 5  hours incubation). The cells were 

h a r v e s t s  by centrifugation at 1 SOO g for 10 minutes at 

roam temperature, and then resuspended in 20 ml 100 mM 

Trls-HClt pH 7,5. The resuspended cells were immediately 

in liquid nitrogen, and then thawed at room 

temperature, This resulted in ly*i* of essentially all the 

sella, the lysata was then sonicated (18 um peak to peak) at 

,V°C in a MSB Soniprop ISO aonicator to reduce its viscosity. 

Tv, bind the lysate to the solid phase, 82 mm nitrocellulose 

filters (Hybond C, 45 um) Amersham International, Little 

Chat font, Buckinghamshire, England) were dipped in the 

lyaafco, and incubated for 30 minutes at room temperature.

The filters wer« then washed twice, 5 minutes each wash, in 

TBS (appendix 8), and then blocked by incubating them in 1Y. 

BSA in TBS for 15 minutes at room temperature. Filters were 

then washed as before. The anti-^tufeerculosis and control 

aGra war* dilutee. 1/10 with TBS, and incubated with the 

filters for 30 minutes at room temperature. The antisera 

were removed, and incubated with a second batch of filters 

as before. The antiaera were then carefully removed and



stored at 4°C until required or at -20°C for long term 

s t o r a g e .

2 ,6 . 3  Method^m 3 ereen i^ng^of _the_recombi nantw l_i,brarY_wi.th

antibgdy_firobes

The method described by Huynh, Young, and Davis, (1985), 

Davis, Dibner, and Battey (1986), and Snyder, Elledge,

Sweetser, et a U . , (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 I X 103 p f u 'a of library were mixed, incubated 

at 3?°C for 20 minutes, and plated with 5 ml LB molten agar 

onto dry 90 mm LB plates, The plates were incubated at 42°C 

for 3-4 hours until the bacterial lawn just became visible. 

Plates were then overlaid with IPTG-saturated nitrocellulose 

filters, (Hybond C, 45 urn; Amersham International, Little 

Chalfont, Buckinghamshire, England), pretreated by 

incubating the filters in a solution of 10 mM 1PTG 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 hours. At the end of the incubation period, the 

lids were removed from the plates and the plates incubated 

at 37°C for an additional 10 minutes to prevent the agar 

from sticking to the filters,

Tha position of the filters on the plates was marked with a



needle, and the filters carefully lifted off the plates. The 

plates were stored at 4°C for subsequent reference.

t h e  n i t r o c e l l u l o s e  f i l t e r s  w e r e  b r i e f l y  r i n s e d  t w i c e  in T B S  

p l u s  0 . 0 U  T w e e n  ( a p p e n d i x  8! , a n d  b l o c k e d  by i n c u b a t i n g  

t h e m  in i •/. BSA i n  TBS (15 m l  p e r  f i l t e r )  f o r  1 h o u r  a t  r o o m  

t e m p e r a t u r e . F i l t e r s  v e r e  w a s h e d  4 t i m e s ,  5 m i n u t e s  e a c h  

w a s n ,  w i t h  T B S - T w e e n  (15 ml p e r  f i l t e r ) .  T h e  f i l t e r s  w e r e  

then p r o b e d  w i t h  p r e - a d s o r b e d  a n t i - t u b e r c u l o s i s  o r  c o n t r o l  

r a b b i t  s e r u m , d i l u t e d  1/30 in T B S - T w e e n ,  o r  w i t h  a n t i -  

/ S - g & I a c t o s i d a s e  m o n o c l o n a l  a n t i b o d i e s  (10 mi p e r  f i l t e r )  

d i l u t e d  1/1 000 w i t h  T B S - T w e e n ,  b y  i n c u b a t i n g  a t  4°C 

o v e r n i g h t .  A f t e r  w a s h i n g  4 t i m e s  w i t h  T B S - T w e e n  a s  b e f o t e ,  

f i l t e r s  w e r e  t r e a t e d  w i t h  p e r o x i d a s e - c o n j u g a t e d  s w i n e  

a n t i - r a b b i t  1*0 ( D a k o  I m m u n o g l o b u l i n s ,  D e n m a r k )  (10 ml per 

f i l t e r )  d i l u t e d  1/400 w i t h  T B S - T w e e n ,  o r  w i t h  p e r o x i d a s e

c o n j u g a t e d  r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s  ( D a k o

I m m u n o g l o b u l i n s ,  D e n m a r k )  (10 m l  p e r
f i l t e r )  d i l u t e d  1 / 2 0 0

for 1 h o u r  a t  r o o m  t e m p e r a t u r e .  F i l t e r s  w e r e  w a s h e d  4 t i m e s  

W i t h  TBS (no Tween), a n d  i n c u b a t e d  a t  r o o m  t e m p e r a t u r e  w i t h  

t h e  e n z y m e  s u b s t r a t e  ( a p p e n d i x  5) u n t i l  p o s i t i v e  s i g r a l s  

a p p e a r e d .  The r e a c t i o n  w a s  s t o p p e d  b y  r i n s i n g  t h e  f i l t e r s  

w i t h  s e v e r a l  c h a n g e s  o f  d i s t i l l e d  w a t e r .  F i l t e r s  w e r e  

a i r - d r i e d ,  and p o s i t i v e  s i g n a l s  a l i g n e d  w i t h  t h e  

c o r r e s p o n d i n g  p l a q u e s  o n  t h e  p l a t e s .
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Twenty five putative positive plaques were cored from the 

plates, and each plaque was amplified. Each agar plug 

containing a plaque was transferred to 0*5 ml of V 1090 

plating cells in a sterile 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 CaCl2 were added to each tube, and tubes 

were incubated at 37°C with good aeration for 4 hours. Two 

drops of chloroform were then added to each tube, the tubes 

shaken at 37°C 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 Y 1090 as 

described in section 2.5.10 and screened again.

Amplification and screening was repeated until all the 

plaques on the plates produced a positive signal.

2 ,7 PREPARATION_OF„RAPID_LYSATE_DNA_.FRQH„PHAGE_CLONES 

SH0WING_P0SITiyE_SIGNALS

In order to ascertain 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 R1 restriction patterns analysed.
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E!l5.S.S,™£ii£li.£i£.eLti.S!l

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 

recombinant phage stocks were centrifuged at 1 200 g for 190 

minutes, at room temperature. Centrifuge tubes were 

previously prepared by soaking them first in ethanol for 30 

minutes, and then rinsing them in distilled water for 60 

minutes. After centrifugation, the supernatants were 

immediately discarded, and the translucent phage pellets 

resuspended in 1 ml TE buffer (appendix 8), Aliquots 

(0.5 ml) of each of the purified phage preparations were 

used for the subsequent DNA extractions.

To each of the phage preparations, SDS (10X stock solution, 

pH 7.2) and EDTA (0,5 M stock solution, pH 8.0) were added 

to give final concentrations of 0.25X and 10 mM 

respectively. Proteinase K (200 ug/ml; Boehringer Mannheim, 

West Germany) was added to each 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 

solution in distilled water; Sigma Chemical Co., St.Louis, 

MO, USA) was added to each tube. The tubes were incubated at 

37°C for a further 40 minutes. An equal volume of 

phenol/chloroform (1:1) was added to each tube, the



solutions mixod gently for I minute, a n d  then c e n t r i f u g e d  in 

a mteroeentriJTuge tube to separate the phases.

The aqueous phases were carefully removed and placed in 

clean tubes, An equal volume of chlorof o r m / i s o a m y l a i c o h o l  

{24:1) was added to each tube, the solutions mixed for 1 

mi n u t a , and then microeentrifuged f o r  30 seconds. The 

aqueous phase was removed, placed in small (5 ml volume) 

glass t u b a s , and adjusted to 0.1 M sodium acetate, pH 5.5. 

Three volumes of ice-cold absolute ethanol were slowly 

added, and the tubes gently inverted several times. The 

precipitated DNA was spooled out and transferred to 200 ul 

of sterile distilled water. When the DNA had resuspended, it 

was quantified spectrophotometrically (appendix 3) and 

analysed by electrophoresis through a IX agarose gel 

(Append!x 1)•

2.7.3 Restri_ct i,on_,diges ts_of _£hage_DNA

The following reactions were set uP on ice for each phage 

DNA sample:

10 X Eco R1 buffer 1.5 ul

(appendix 2)

DNA ° ' a 5  " 8

S t . r i l e  d l . U U a d  » . l . r  a u f f i c l . n l  to b r i n g

the final reaction
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volume to 12 ul 

including the ensyme.

The tube*s were gently mi^ed, and 40 U of Eco R1 (New England 

Biolabs, Beverly, MA, USA, were added for each reaction. 

Tubes wars briefly centrifuged to collect 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 ?0°C for 10 minutes. Restriction patterns were analysed 

oo 1Si agarose gels (Appendix 1).

§,il PESEASATIOy-OF„gECOHBlNAHT_AyTIGEHS„FROM_^.gt>.li

ggCOHBiHAMI„I.YSQGEHS

SiJ.*,!, Ilil,£2^H£fei2a

Lysates containing a particular recombinant antigen can be 

prepared easily by expressing a “X gt 11 recombinant as a 

lysogen in E^coli Y 1089 (Huynh, Young, and Davis, 198S).

Y 1089 contains :

i. the lac repressor fl.acj[ gene product) , which prevents 

lacZ-dlrected gene expression until derepressed by the 

addition of IPTG to the medium;

ii. a deficiency in the loa prctease, which increases the 

stability of the recombinant fusion protein;

iii. a mutation wl^ch enhances the frequency of phage 

lysogeny (hfl A 150).



To produce the recombinant fusion protein, Y 1089 is 

lysogenisad with the recombinant clone of interest. Lysogens 

usually arise at a frequency between IQ'A and 70V. (Perbal, 

1984; S n y d e r , Elledge, Sweetser, 1987). The lysogen

is grown to high cell density, lacE-directed fusion protein 

production is induced by the addition of IPTG to the medium, 

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

required, the crude lysate can be used d i r e c t 1v. If pure 

antigen is needed, the /^-galactosidase fusion protein can be 

purified in several different ways (Huynh, Young, and Davis,

1985), The size of the |B~galactosidase fusion protein (the 

j&-*galactasidase portion of the fusion protein accounts for 

114 kOa) enanbles its resolution from other proteins on 

30S'polyacrylamide gels, Preparative gels can be used to 

Is,'late large quantities of denatured protein. If pure 

antigen in native form is required, the protein may be 

purified by classical column chromatography. The 

availability of monoclonal antibodies to the required 

antigen makes it possible to purify the antigen using 

monoclonal antibody affinity columns (Huynh, Young, and 

Davis, 1985).

* *4**%



Ikld-L M e t h o d

Iyscger.3 were generated using the method described by Huynh 

Ysur.g, ar.d Davis, (19$5>, Y 1089 cells were grown to 

saturation at overnight in LB medium containing 0.27.

aaii^se. The cells were supplemented with 10 mM MgClj fand 

w.;-i o Ir.facted with each of the recomblnant phage stocks at 

rauitijii ici ty of approximately 10: the volume of the cell 

suapenaion was kept constant at 100 ul, and the phage stock 

aiJi.ti in volumas adjusted to obtain the required

11 i 1 L . i ty. The phage was adsorbed for 20 minutes at 37 °C 

and the tolls were then plated onto fresh LB plates at a 

density ■»■£ approximate*y 200 ceils per plate, Plates were 

iRjufcatiid overnight at 3Z°Q, At this temperature, the 

teraparatuie-senaitIve phage repressor is functional.

Jr,dividual colonies from the plates were tested for 

temperature sensitivity at 42°C: cells from individual 

loloniea were spotted in duplicate onto ea.a of 2 LB plates 

one set of plates was Incubated at 32°C, and the other at 

42°C. Colonies which grew at 32 °C, but not at 42° C , were 

assumed to be lysogena.
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KgESfflfeiG.SQS;,. lygogen a

As tqucsis (100 ml each) of LB medium were inoculated with

eeloniea of the Y 109S lysogens. Control cultures

contained U )  no 1 ysogen (i.e. a colony of non-lysogenised

Yi/)39!; (Z> na IPIG; i3> no 1 yaagen plus no IPTG; /and 54)

lyaii-g^ris if n^n-recombinant h  jtffc 11, Cultures were incubated

0
at 32 with gOi*.d aeration. When the ®*D*600 of the cultures 

: eached Approximately 0,5, the* temperature of the cultures 

waa rabidly raised t>s 42 ®C, and the cultures incubated for a 

further 2>7 minutes At the elevated temperature. IPTG- was 

addtid *■ v the cultures to a final concentration of 10 i»M( and 

the i'.ltures incubated at 3?°C for a further SO minutes. The 

•’s/I la wore rapidly harvested by centrifugation at 2 500 g 

f >v 10 minutes at r » m  temperature) and immediately

* eauap«r.ded i in I ‘10 the original culture volume, in 100 mM 

TfiO'HCl) pH ?>3, The reavsoanded cells were immediately 

ficsen in liquid nitrogen, and lysed by thawing the cells at 

room temperature. Tho protein concentration of the lysates 

was estimated uaing the Biorad protein estimation kit 

:Biorad Laboratories, lUi.hmond, CAS, Lysates were aiiquoted 

and stored at until required,



fcil ANALYSIS_OF^RE v22MBINANT^PROTEINS_BY_POLVACRYLAMIDE.GEL

gtscisseaesssiSj.

Proteins in the lysates ware resolved by SDS-PAGE on 

polyacrylamide slab gels according to the discontinuous 

Luffer ays tern c£ Laemmli (1970). Lysates were diluted 1:1 in 

100 mm T r i s - H C l , pH 7.5, and the diluted lysates were 

prepared for electrophoresis by adding 1/3 the lysate volume 

Splitting solution <2'< 3P3} 5'A /3-mercaptoethanol (Sigma 

Chemical Co, St.Louis, MO, UCA! | 8 M urea (BDH, Poole, 

Ef.glar.il> s 105, sucrose (BDH, Pocle, England); 0,1'/ 

brer, jphenal blue (Biorad Laboratories, Richmond, CA) and 

b-iilir.g for 2 minutes, The denatured samples were then 

applied to ?.5", iO'i, and 1-3K polyacrylamide gels (appendix 

at a concentration of approximately 50 ug per lane. 

Samples were eleitrophoresad in a Tris-glycine-SDS buffer 

system (appendix 7 ) , using ».•*< Blovad Protean II slab gel 

apparatus (Biorad Laboraic ,*ies, Richmond, CA) under 

conditions of consi s t  c . jut (25 m A / g e l ! , High and/or low 

molecular weight stanja *PY it'?;*.: «* Fine Chemicals, 

Uppsala, Sweden! /era r.ec v  '.pnyres ed on each gel for the 

determination «■ ,i •■! (-*>•■<1 a. t w^i.-nl ^fcer completion of 

electrophoresis, <jola • era t i.sad in 15H trichloroacetie acid 

; *<r .10 minutes, stained •overnight in 0.257, Coomassie 

brilliant blue R 250 (Biorad Laboratories, Richmond, CA) in 

4SX methanol/7X glacial acetic acid, and destained in 45!'. 

methanol nv, glacial acetic acid.



For ...eleeular weight determination, a standard curve of R'f 

values versus log molecular weight was constructed for the 

nviiecuiar weight protein s t a n d a r d s . Rf values were 

calculated for the proteins of interest, and their molecular 

weights determined from the standard curve,

S^Ifi I«MaM21l!^IlIHQ^Q£„SS£2MaiNAtiT„LY3ATEg

•'’.i.iSi.i

Polyacrylamide gel electrophoresis has become a standard 

t-'iel for the analysis and purification of proteins. The 

transfer •■>£ proteins onto nitrocellulose membranes is a 

\,m£ul t«?.:hni for the screening of serum or monoclonal 

antibodies fir specific antibody activity (Lin and 

Kaaa m a t a u , 1*333.' . Th<? entire process involves the elution of 

polypeptides onto nitrocellulose, and treatment of the 

nitrocellulose, replica for immunological detection of 

apoeifie antigens (Towbin, Staehelin, and Gordon, 1979).

§, A-ifii.il iM,kad

Eleetroblotting was performed essentially as described by 

Towbin, wtaaholin, and Gordon, (1979). Briefly, lysate 

samp lea warn diluted, split, and electrophoreaed on 10’/. 

polyaerylamide gels as described in Section 2.9, Qnc& 

electrophoresis was complete, the gels ware equi I iht;aled in
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cold (4°C) electroblot ting transfer buffer (25 raM Tris; 102 

roM glycine; 205i methanol* for IS minutes, and then blotted 

cnto nitrocellulose chests (Hybond C, *15 ym; Amersham 

International, Little Chal f o n t , Buckinghamshire, England), 

Electroblot i- ing was carried out in Tri s~glyei na-matHanoi 

’C5 mM Tris; 192 mM glycine; 201' methanol) transfer buffer, 

under wcnditi :-ns i-S -• instant current and voltage (0.3 A;

V* f sr 3 hzui a . The Di.st.au TM Transblot Cell apparatus 

«BI ,rad Laboratories, Ri-'hmand, CA) was used for

o lee* r'jh letting.

';pon iwmpletion of aleeti'obletting, ths nitrocellulose 

."hoeta wore rinsed twi;e in TBS (appendix 8 ), 5 minutes each 

wash, and nen - bound si tea sn the filters were blocked with 

1*. 8CA fer 1 hsur at rscm temperature, or overnight at 4 U'~. 

The* bl-sta were washed 4 tiwea with TBS, S minutes eaci vArfh. 

and j.fwued with pro-adoorbeJ rabbit a nti-Mi.tubercul-osi.s 

serum (di luted 1/30 with TBS) or anti-jS-galactosidase 

monoclonal antibodies (diluted 1/1 000 with TBS) for 2 hours 

at room temperature with gentle agitation. After washing 

with TBS, horseradish peroxi dase-label 1 ed swine anti-rabbit 

IgG (Dako Immunoglobulins, Denmark), diluted 1/400 with TBS, 

it* peroxldase-label lod rabbit anti-mouse immunoglobulins 

(Dako Immunoglobulins, Denmark), diluted 1/200 with TBS, 

were added for I hour at room temperature. Blots were gently 

agitated during incubations. The blots were washed a final 4 

times, and then incubated in the anayme substrate solution
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(appendix 5) at room temperature. When colour had developed 

(after approximately ^0 minutes in c u b a t i o n ) , the clots were 

rinsed several times with distilled water, and dried on 

blotting paper at room temperature. The blols were then 

compar-ed to their corresponding stained gels to determine 

the siss tsf the bands to which the antisera bound.



C H A P T E R  3 RESU LT S
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3j.i DETECTIO>1_QP^ANTIBODIES„TO-K^tubercultosia

Antibodies to sonicated Mi.tubercul.oais antigens were prepared 

in 3 rabbits, and tested for recognition of Mi.tubercuiosis 

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

3 rabbits was found to recognise mycobacterial antigens in the 

ELISA. Pooled serum from normal saline-immunisad rabbits did 

not react to these mycobacterial antigens (Table 5).

In order to establish that antibodies from immunised rabbits 

could detect specific mycobacterial antigens, the 

tSi.tEteSE£Ei2£iS sonicate was fractionated by SDS-PAGE, the 

proteins transferred to nitrocellulose by Western blotting, 

and reacted with the a n t i - ^ t u b e r c u l o s i s  antibodies. Figure 4 

demonstrates the results from such experiments. The 

£j2.£.!ifeSE£!ii2Si.§. sonicate revealed several pro tain bands, with 2 

major protein bands of molecular weights 65 kDa and 43 kDa - 

45 kDa. The sera raised against the mycobacterial sonicate 

showed a strong positive reaction to both the 65 kDa and 

43 kDa “ 45 kDa antigens^ Control serum from saline- 

immunised rabbits did not •'eact with any of these antigens.

Since the ant 1-M. tube.-culosis serum affectively recognised 

several mycobacterial antigens iiamobilised on nitrocellulose, 

it was considered suitable for us« lo screening the 

recombinant ^  gt 11 library for phage clones which produced 

specific mycobacterial proteins.



TABLEJ5 ELISA_to_detect_antlbgdies_to_antlgens_cleri.ved 
, fron\ sonicated K. tuberculosis

Significantly
Specimen 0. D'. value different from

492 control

ant i -H i.t ube rcu 1 os i s 
serun

rabbit I 0.318 + 0.097 yes (p < 0 .01)

rabbit 2 0.349 + 0.05o yes (p < 0.001)

rabbi t 3 0.532 +• 0.056 yes <P < 0.001)

control rabbits 0.096 + 0.061
(pooLed sera from
3 rabbits)



EiSMSILi. SDS-PAGE elect rophoresis and Western blotting of 

whole Mi,tuberculosi>s sonicate.

Lai- * 1: molecular weight markers (kDa) ; lane 2: ^ t u b e r c u l o s i s  

aerjcate (100 ug/la n e ! ! lane 3: immunoblot of H^tubtrcul.osi.s 

sonicate incubated with pooled negative control rabbit serum; 

lanes 4 , 5 , and 6 : immunoblots of ^ t u b e r c u l o s i s  sonicate, 

incubated with anti"M.tub e rculosis serum from rabbit 1 (lane 

4), rabbit 2 (lane S ) , and rabbit 3 (lane 6 ). The major 

mycobacterial protein bands recognised by the anti- 

!3ife!ife®n&ul,eai.£ antibodies are marked with an arrow ( -- )»



0HA was extracted from MiAiibercul osis, organisms obtained from 

sputum cultures. After phenol/chloroform extraction, the DNA 

was precipitated with absolute ethanol. Any remaining protein 

er RNA was romcved ensymaticaily, and the DNA was 

re-extracted, precipitated, and resuspended in TE buffer, pH 

8,0, The concentration and purity of the preparation was 

«i4se3sad speetrophetometrically and by agarose gel 

electrophoresis, The concentration of the DNA was found to be 

approximately 0.35 mg/mi. An 0, D . 26Q /0, D . 280 value of 1.75 was 

attained for tne preparation, indicating that it was purs and 

free I rom cc-i.tami n a n t s ,

Th>' electrophoretic pattern of the DNA through a 0.7'A agarose 

«al is shown in Figure 5, Although the gel is somewhat 

over leaded i clean high molecular weight Mi.tubercul.gsls DNA, 

senlairiing no detectable degraded DNA or RNA (which migrate 

faster than high molecular weight DNA) can be seen (lane 2), 

The sheared M,J.uberculosis DNA ranged in si as from 

approximately 10 kb to 0.5 kb, with the majority of the DNA 

concentrated in the 3 kb - 6 kb range (lane 3) , X  gt 11 left 

and right arms, the sizes of which are 19.w kb and 24,1 kb 

respec t i v e l y , were also run on the gel (lane 4 ) t and fan as a 

aingla band of approximately 20 kb in siae.

3.2 E X T R A C T I O N _ O F m M^tubercul_osi.a>_DNA



EMUSIL5 Agarose gel electrophoresis of M^tubercul.osis 

and 7\ gt 11 DNA.

The DNA was isolated as described in the text, and 

electrophoresed through a 0.77. agarose gel. The sizes (base 

pairs) of the DNA molecular weight markers (lane 1) are 

indicated on the left. Lane 2 - ^tuberculosis. DNA, 2.5 ug; 

lane 3 ** mechanically sheared M^tuberculosis DNA, 2.5 ug; 

lane 4 - J\gt 11 arras, 100 ng.

âttawnsc-'4-'**



3,4.3 E2H§£SU£II2H~2E~IEE_EE£Q£S§7.H&MIwtI§Edi£X

Msth^laiion_aad^si2e_fragti_onati.on„of_DNA

Internal Eeo R1 sites in the M.tuberculosis. DNA and the 

control DNA (a, 3 kb plasmid fragment, obtained commercially) 

were methylated as described In Section 2.5.3 ii. Synthetic 

Eco R1 linkers were covalently attached to the DNA, and excess 

linkers were then removed by sise fractionation of the DNA 

through gel filtration columns. The results of the 

fractionation are shown in Figure 6 . Hi.tube£Culosi.s DNA eluted 

from the column in fractions 4 and 5, These 2 fractions were 

pooled and set aside for further studies, and other remaining 

fractions collected from that column were discarded. Since the 

Siso of the control DNA waa slightly smaller than the average 

size of the Mi,tubercui_osi,s DNA, it was expected to elute from 

the column slightly later than the ^tuberculosis, DNA. The 

control DNA was fractionated on a separate column and eluted 

in fraction# 5 and 6 . These 2 fractions were pooled and kept 

for further investigations, and all other fractions discarded. 

Excess Eco R1 linkers, which, due to their very smsll sise, 

were expected to elute in the final fractions from both 

columns (fractions 7 to 10), are not visible in the agaro.se 

gel, since their small siae precludes their being detected 

under ultraviolet light.



FRACTION NUMBER 

1 2 3  4 5 6 7  8 9  10

23 130 
4 361 “ 
2 322 -

FRACTION NUMBER 

1 2 3 4  5 6 7  8 9  10

23130
4361
2322

B

FIgU|E „6 Agarose gel electrophoresis of fractionated DNA 

eluted from a ?l filtration columns.

Plats A ** fractionated, double~stranded Eco Ri- 1 1‘; V  ; ed 

DNA. The major DNA peaks can be s- in 

fractions 4 and 5.

Plate B - control DNA. The DNA peaks can be soon in fractions 

5 and 6 . The position and sines of the molecular weight 

markers (base pairs) are indicated on the left.



Ligation reactions weve set up as described in Table 4. A 1 ul 

aliquot, was removed from each ligation reaction prior to the 

addition of the ligase enayme, and another following 

completion of the reaction, Both sets of aliquots were 

elect rep horesed through a 0 ,7 '/. agarose gel to determine 

whether successful ligation had taken place. Successful 

ligations are indicated by the presence of DNA of at least the 

aiza of intact /\ OKA (approximately 40 kb). The presence of 

DNA of molecular weight lower than that of the X  arms 

indicates that ligation between the insert DNA and the A  arms 

has net occurred, Electrophoretic analysis of the ligation 

reactions can be seen in Figure 7. M.tuberculosis and control 

DNA can be seen before the addition of the ligase enzyme 

(Plata A; not clear on photographing)) after the addition of 

the enssyme, only DNA of high molecular weight is visible 

(Plata B ) . The results indicate that most of the insert DNA 

had ligated to the A  gt li arms to produce recombinant DNA of 

higher molecular weight.

The ligated reactions wera therefore packaged as described in



23 130­

9 410“ 
6 557“ 
4361­

2322 
2027

FIGURE_I Electrophoretic analysis of the X  gt 11 arms/ 

insert DNA ligations.

Plate A: DNA before the addition of the ligar.* enzyme - lane 

1 , X  gt U  arms only; lane 2 , X  gt 11 arms and 100 ng 

^kiifeSESiilSsii~ DNA) 1 3 1 X  gt 11 arms and 20u ng 

Mituber£ul_osis DMA (faint smear) ,

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

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

I, 2 and 3.

Plate C; X g t  11 and positive control insert before the 

addition of the ligase (lane 1) and after completion of 

ligation (lane 2 ).

The posit Iona and siaes qf the molecular weight markers (M; 

base pairs) are Indicated on the left.
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3 ti XiI5AIION^OF„RECO£10INANT „L IBR Ag IBS

The packaged libraries were titrated on E^coli Y 1088 ( gt 

11 libraries) or E^col^ LE 392 (packaging control), using LB 

agar plates containing IPTG and Xg&l (Figures -3, 9, and 10). 

Both the total number of plaques per plate (blue and clear 

plaque-si and the number of recombinant plaqued (clear plaques 

■rnly' were scored. Titles were expressed as pfu/ml and pfu/ug 

DNA lTable t>' . The percentage at* plaques which ware 

re.'csmfcinant was calculated by dividing the recombinant titre 

iclear piaquas only) by the total library titra (clear and 

blue plagues) , ar.d multiplying the result by 100.

Th*> titrea ■">? all the reactions were analysed to determine 

wV.o* tt&r the generation s£ a recombinant library had been 

s«'.ceosful. Th* M. fcuh^cu 1 Qfl,!,.# and positive control DMA 

library t itrea were compared to the litres for the control 

r oa; t j. <iriB. litres from the latter reactions reflect the 

efficiency of the cloning and packaging a3 a whole. As can be 

seen in Table 6 , no phage were produced by the packaging 

extracts alone, whereas the packaging control reaction 

produced a high titra <10 X 1 0 8 pfu/ml) of phage. When X gt 11 

ar«£i alone wer« packaged, a titre of 2 X 10*pfu/ ml was 

•sixain. A, 5n sontrast to the 100-fold increase in the phage 

tiire whan the positive control DMA was used (Table 6 , 

react ions -i and 4) , A recombinant titre of 2.6 X 10** pfu/ml 

waa obtained when 0.1 .ig of H. tMbentuloala DNA waa ligated to



ieactioii’nusber A l i S  insert""’ Library titre * recombinant titre * percentage

pfu/ii pfu/ug DNA pfu/al pfu/ug DNA recoabinants

j - - 0 0 0 0 0 

packaging extract 

an.'y

2 * packaging 10 X t0S 2 X 10B 10 )( 10s 2 X 10 100

control DNA 

2.S ug

3 A  gt 11 iris - 2 X 104 1 X 104 1.4 X 10* 80 0.8 

I ug

4 X  gt 11 aris positive 3 X 106 7.5 X 10F 2.8 X 10s 7.1 X 106 94 

0,5 ug control DNA

0.2 ug

5 A  gt 11 aris !!itub§[£l!l95IS 2 X 10S I X  10s 2.4 X lO*1 i.28 X 105 13 

t ug DNA 0.1 ug

h A  gt 11 ar.s ^tuberculosis 2 X 10s 5 X 10s 1.27 X 10s 3.2 X 10s 43.5

1 ug SNA 0.2 ug

TABLE 6 IitcatLsn_g£_N_gt_l l_recgBbiQant_l ihrari_es

t - Results shown are aeans of three separate titration experiaents



\  gt 11 arms. Increasing the concentration of mycobacterial 

DNA for ligation from 0.1 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 l3tf to 63 '/•.

C o m m e n t

%' plaques were 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 

backgr.v „ plaques were produced by the extracts themselves.

g
The high titre for the packaging control reaction (10 X 10 

pfu/ml) indicates that the packaging extracts were functioning 

well and were able to package a high concentration of DNA and 

to maximise phage yields.

A low library titre of 2 X 1 0 4 pfu/ml with K gt 11 arms alone 

indicates that the arms were able to ligate succe s s f u l l y , and 

that a. small number of ligated X  gt 11 arms were packaged.

This low background titre was expected.

g
The positive control insert titre was high — 3 X 10 pfu/ml — , 

and approximately 100—fold greater than the titre for the 

X  gt 11 arms alone, indicating that the cloning system as a 

whole was functioning efficiently.



The titre for the library constructed using 0.1 ug of 

H.tu b e rculosis DNA was high - 2 X 10 5 pfu/ml. This titre was 

only 10-* fold lower than the titre obtained using the positive 

control insert DNA under optimal conditions of size, 

concentration and intact DNA; this is indicative of efficient 

cloning of the M.tuberculosis DNA. 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 

obtained using a. ratio of 0. 1 ug of DN.A to 1 ug of X  gt 11 

arms, the Selection 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 /S gt 11 libraries, the titres were 

calculated as pfu/ug DNA (the weight of the DNA being that of 

the insert DNA, or of the X  gt 11 arms alone where no insert 

was 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.

aH'nMlr in 11 n rin



; oximately 99'A of the phage appear not to contain inserts 

(blue plaques) when plated in the presence of IPTG and Xgal. 

One clear (C) plaque can be seen.

FI GU RE _8  L i g ate d and p ac k a g e d  X  gt 11 arms, c o n t a i n i n g  no

inserts, pl at e d  on E^coi.i Y 1088.



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

The majority of the phage contain inserts (clear plaques - C ) . 

One non insert-bearing phage plaque (B) can be seen

F I G U R E  9 L i g a t e d  and p a c k a g e d  A  gt 11 arms and a p osi ti ve

control insert (3 kb f r a g m e n t  of p l a s m i d  D N A ) .



FIGURE^IO; X gt 11 library constructed with 100 ng,

(plate A) , and 200 ng (plate B) ^ t u b e r c u l o s i s  

DNA.

Phages were plated on a lawn of E^coli Y 1088 in the presence 

of IPTG and Xgal. Clear plaques (G) were produced by 

insert-bearing recombina.ih phage. Blue plaques were produced 

by i.on insert-bearing phage.
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FIGURE_ii Amplified stock of the X  gt 11 library

constructed with 200 ng tji.tubercul,osis DNA.

Phage were plated on a lawn of E^coli Y 1090 in the presence 

of IPTG and X g a l . The majority of the plaques (> 9010 are 

clear, indicating that they are produced by insert-bearing 

recombinant phage.



The 0.2 ug M. tubercu josis library, which provided the greatest 

percentage of recombinant phage, was then amplified through 

E ^ c o U  Y 1088, and recombinant phage stocks were prepared 

using small-scale liquid culture. The titre of the resultant 

phage stock, determined as described in Section 2.5.10, was 

1011 pfu/ml, indicating good library amplification and a 

resultant library sufficiently amplified for plaque screening 

with antibody probes. This amplified library consisted of 

essentially greater than 90'/. recombinants when plated on 

plates containing 1FTG and Xgal (Figure 11).

3 J [  A M E L I F I £ A T X O N m O F _ T H E „ R E C O H B I N A N T _ L I B R A R Y



lt& SCREEN r^GwQF..THE^RECOHBI,NANT_Hi,tubercul>oai.si_iL I BRARY_WXTH

AHXXB2B2L.BSQSSS

The amplified raccmbinanlv Hi tubereuloai,s library was screened

for tha presence of phage which produced M^tuberculosi j

antigens. Preadsorbed anti~Mi,tuberculosis serum and anti-

^-galaetosidase antibodies were used for this purpose. Seventy

five filters (82 mm diameter), each containing antigen from

*1
approximately 1 X 10 individual plaques, were screened. Of 

these, 60 filters were Incubated with immune rabbit serum, and 

IS with anti-^-galactosidase antibodies. Nine putative 

positive signals were observed when filters were screened with 

the immune rabbit serum, and 13 putative positive signals were 

obtained with the anti-^-galaetosidase monoclonal antibodies 

(Figure 125.

Tha signal-producing plaques on each plate were then located 

by comparing thfe background pattern produced by neighbouring 

plaques on each nitrocellulose filter with the pattern of 

plaques on the corresponding agar plates, Each signal- 

producing plaque was than amplified and screened again to 

ensure its clonality. The results of a representative 

experiment with clone TB 12 are shown in Figure 13 - positive 

signals are more numerous than those produced after the 

primary screening. The amplified stocks were then re-amplified 

until all the plaques produced a positive signal (data not 

shown). Of the 22 clones producing putative positive



signals, 7 again produced positive signals after amplification 

and screening with immune rabbit serum, and 3 produced 

positive signals when re-screened with anti-^-galactosidaas 

antibodies.

The phage stocks that produced positive signals when screened 

with immune rabbit serum were then re-screened with anti~^S 

-galaetosidasa antibodies. Similarly those plaques producing 

positive signals when screened with anti~/3-galactosidase 

anti bodi es were re-screened using immune serum. Of these phage 

stocks, only I reproduced a positive reaction when screened 

with both antibodies.

The combined results of the screening procedures are tabulated 

in Table ?! clones TB 6 , TB 13, TB 14, TB IS, TB 16, TB 18,

TB 19, and TB 23 produced positive signals when screened with 

immune rabbit serum. Of these t all but clones TB 13 and TB 19 

again produced positive signals when amplified and 

re-screened, Clones TB 2, TB 3, TB 7, TB 8 , TB 9, TB 10,

TB U ,  TB 12, TB 18, TB 20, TB 21, TB 22, TB 24, and TB 25 

produced positive signals when screened with anti- 

^ “galaetouidase antibodies. Of these, only clones TB 3, TB 12, 

and TB 10 again produced positive signals after amplification 

and re~screening, Clone TB 18 produced positive signals when 

screened with both the anti “(^tuberculosis serum and the anti-* 

/S-galactosidase antibodies. All the clones which produced 

positive signals when re-screened, via. clones TB 3, TB 6 ,

" 1 *a ■ '-'fn m i. . > •
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TB 12, TB 14, TB IS, TB 16, TB 17, TB IS, and TB 23 were used 

for further investigation.

It was presumed that the phage clones which did not produce 

positive signals after re-isolation and amplification 

subsequent to the initial screening were producing 

false-positive signals initially, and these phage stocks were 

thus discarded. In order to eliminate the possibility of false 

po&itivG signals arising due to non-specific binding of the 

rabbit or mouse antibodies to phage or ELeoH, proteins, the 10 

positive phage clones were also screened with normal rabbit or 

mouse serum (negative control mouse aseites fluid was not 

available). No positive signals were obtained for any of these 

clones (results not shown).
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TABLE 7 liSa!i!12ki.2kki!l&~SEl&i^Si.S-S£^Eg£2!H^i!lSEfe-&!iaaaS

Phage clone 
numher

Recognition fay anti-

ditUfeSKSUiSSlS 
Immune serum

Recognition by 
anti-yS-galaeto- 
sidase antibodies

primary amplified 
screen library

primary amplified 
screen library

TB S. 4*

TB 3 •f

TB 6 + 4*

TB 7 ■f

TB 8 4*

TB 9 +

TB 10 4*

TB 11 4*

TB 12 4*

TB 13

TB 14 * +

TB 15 +

TB 16 + 4*

TB 17 + 4.

TB 18 4* 4. 4*

TB 19 +

TB 20 4-

TB 21 4-

TB 22 4*

TB 23 4* +

TB 24 +

TB 25 4*

4 (



r l , —n n f r e c o m b i n a n t  phages f r o m  the
FIGURE 12. I d e n t i f i c a t i o n  or

H._tuberculosis r. comhinant library.

, , u l i h  a n t i - n . tuberculosis antlbodie
The library was probed with an -------

A) .nd ,n l i - ^ g . U 0t = . i d a » e . n U ' . o d t . .  < p l * f  B. .

P o s i t i v e  t . . « »  -  “a"" ■>““  ‘ ~

background pattern of plaques.



FIGURE 13 First re-isolation and amplification of

recombinant phage stock TB 12 probed with anti- 

^-galactosidase antibodies.

Positive signals ( -  ) can be seen over the background pattern 

of plaques.

•Ill'* --



DNA from positive phage clones (when screened with both 

aftti'ikUb£E£!i!9SiS ^nd anti-^-galactosidase antibodies) was 

extracted as described in Section 2.7.1, and analysed for the 

presence of inserts by Eco R1 digestion and agarose gel 

electrophoresis. DNA inserts were identified in each of the 10 

positive recombinant phage stocks analysed (Figure 14). The 

results tf this analysis are tabulated in Table 8 . Of the 

c lanes a s s e s s e d , clones TB 3, TB 6 , TB 9, TB 12, TB 14, and TB 

16 each contained inserts of 4 000 bp, 1 900 bp, 2 000 bp,

4 200 bp, 3 800 bp, and 2 400 bp respectively. Clones TB 15,

IB 17, TB 18, and TB 23 were found to contain more than one

insert tTable 8 ).

Ccgjmen t

The results indicating the presence of more than one insert 

following digestion could be explained by the fact that the 

mycobacterial DNA inserted in these clones may have contained 

internal Eco R1 sites; these sites were protected by the 

methylation reaction described in section i.,5.3. Restriction 

c£ 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 R1 restriction 

sites contained in the original inserted DNA.

3 , 7 A N A L Y S I S „ Q F _ T H E _ D H A . _ g F - K , i C g M B  I N A N T _ P H A G E „ C L O H E S

J A .
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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 kh 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) 

represent/, the X  gt 11 arms, which are 19.6 kb (left arm) and 

24.1 kb (right arm) in size. In addition to the inserts of 

8 000 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 X  arms of these clones may have sustained some 

daraago during the extraction or restriction procedures: these 

bands would therefore represent damaged A  gt H  arms. 

Alternatively, the presence of phage clones lacking one of the 

Eco R1 sites flanking the inserted DNA could also explain the 

presence of these large fragments.
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TABLE 8 Analxsi£_2C-.^!lS-,Si2.§.S-2£_thSr B!i^ #
~ ‘ Inse rfes_in_thgmi;ecojblnanl<_cl_ones

‘RflcoSbriiant“phiige Size of insert DMA
clone number (base pairs)

Tg 3 4 000

T0 6 1 900

fg g 2 000

TB 12 4

TB 14 3 8°0

IB  15 8 000
4 000

TB 16 2 400

TB 17 12 600
10 000
6 300
5 000
1 900

TB 18 12 600
8 000
4 5OO

TB 23 S 000
5 300

2 600

* - DMA from the clones which produced positive signals when 
treated with antl-M^tuberoulosis and anti-f>-galactosidase 

antibodies was analysed.
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