U e
h ]
B ks
-
e
b
.
- i
~ ity
A
i
£ -
.
-‘
i
"
R )
i L -
(37
|
/208
T }
y m
o
& . =
i
\:u“
L
:I‘.
"3
.
i
T -
4
: .
} Al
.
b,
|
.
‘
o\
v ]
it
"l
..|
-

Figure 4.2, .in sftu colony hybridisation of D286 wt genomic library using
a 2% labelled probe made from the D286 DNA insert isolated from pCD1253.

Colony in row 5, column 3 (from left to right), is &. coli DH1 (pCD1253).
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enting about 25% of the library were no longer abtle to grow and could not
be recoveied. Therefore the genomic library became incomplete and it was

decided to construct a new library.

To Qetermins if it was possible to centinue using the same D286 wt DNA
fragment in pCD1253 as a probe in further hybridizations it was necessary
to establish categorically that such fragment had in fact originated from
strain D286 wt DNA. NA homolugy experiments showed that this was not the
case.Undigested samples of pCD1253, pLAFRI and D286 wt DNA as well as
a partially digested (EcoRl) sauple of D286 wt DNA were electrophoresed
(Figure '.3), Scuthern blotted and then hybridized with a ’ZP labelled
probe of the putative D286 wt EcoRI fragment present in pCD1253. The probe
hybridized only to pCD1252 (Figure 4.4). The lack of homology between the
probe DNA and D286 wt DNA showed that the insert DNA in pCD1253 is not
D286 wt DNA. Therefore it was decided to utilize pCDTn5-3, a hybrid
pSUPLU. cosmid containing a D286 wt DNA:: Tn5 insert to probe the new
gene bank, in order to detect a clone with which chromosome walking could

be startec.

4.2 CONSTRUCTION OF A D286 WT CELLULAR DNA "ENE BANK IN THE
COSMID VECTOR PLAFRI

Partial EcoRI d.gestion of D286 wt DNA and total EcoRl digestion of pLAFRI

A calibration digestion was carried out to determine the conditions that
would result in an abundance of 20-30 kb D286 wt DNA fragments, a pre-
requisite of the chromosome walking technique (Hadfield, 1985). The di-
gested samples were electrophoresed (Figure 4.5). Analysis of the
aelectrophoretogram indicated that digestion of D286 wt DNA for 1 h at
37° € with 0.39 U EcoRI/ug DNA produced large fragments in abundance
(figure 4.5, lanes 3), Therefore D286 wt DNA was digested under these

conditions end used in ligations te pLAFRI,
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Figure 4.3. Agarose gel electrophoresis of pCD1253, plAFRI and D286 DNAs.

1253; 2, pLAFRI digested with EcoRI; 3, D286 total DNA; &, D286

Lane 1, pCD

total DNA partially digested with E.oRI; S, A HE () 5 & 1 1N
1 2 3 & 5
e —— - am—— -

)
Figure 4.4. Hybridisation of pCD1253, pLAFRI and D286 wt DNAs with a

32? labelled probe made frow the DNA insert isclated from pCD1253. The

DNAs were Southern blotted from the agarose gel seen in figure 4.3. Lane

1, pCD1253; 2, pLAFRI digested with EcoRI; 3, D286 wt total DNA; &4, D286

wt DNA partially digested with EeoRIl; 5, M HE (A IID).
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Figure 4.5. Agarose gel electrophoresis of calibration digestion of D286

Lanes 1-5 and 7-10 show digestions of D286

wt DNA digested with EcoRI.
,0.20,-0.39, 0.78, 1.56, 3.13; 6.25,:12:5

DNA for 1 h at 278 ¢ with 0.1

and 25 U EcoRI rospectively. Lane 6, A\ HE (A III).
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Ligation and in vitro packaging

Agarose gel electrophoreses of EcoRI digested D286 wt and pLAFRI DNA
ligations and control ligations can be seen in Figure 4.6. Lane 2 shows
undigested pLAFRI whereas lanes 3 and 4 show pLAFR]1 digested with EcoRI
and pLAFRI after ligation to itself respectively. Lanes 5, 6 and 7 show
D286 wt DNA, partially digested with EcoRI, undigested, and after T4 DNA
ligase ligation to itself. In both cases it can be seen that after
ligation the migration pattern of undigested DNA was restored to an extent
indicative of successful ligation. It is difficult to explain, however,
the appearance of additional DNA bands iu lanes 7, 8 and 9, which in turn
made difficult to conclude if insert-vector DNA ligation had taken place
{lan=s 8 and 9). However, since vector and insert DNAs ligated to them-
o 2 selves it was assumed that they had ligated to each other as well. The
remaining ligaied DA was therefore used for in vitro packaging with )

DNA and subsequent infection of E. coli DHI.

A number of attempts to in vitro package ligated DNA did not meet with
success. Since the system was proven to work efficiently when the pack-
aging of standard A DNA (provided by the manufacturer) was tested, it was
suspected that the amount cf DNA used was insufficient, therefore in the
ligations c:scribe above, the amount of insert DNA was increased from
about 200 ng to about 1 ug and insert to vectour ratios of 2:1 and 5:1 were
used. The in vitro packaging system used requires that the ligated DNA
be added in & voiume of 4 ul, to which end the samples in this work had
to be concentrat~d by ethanol precipitation. Very low yield in the DNA
precipitation :tep was shown to be the likely cause of of unsuccessful
ligations. The DN. concentration of a 1 ul aliguote of the "concentra.ed"
ligntad DNA was determined (using a concentration gel, Figuie 4.7) to be
only 25 ng/ul. With such low yield in previous unsuccessful packagings,

insignificant amounts of DNA were being added.




“
r
‘:
|

phoresis of ligation of pLAFRI digested

Figure 4.6.Agarose gel electro
d D286 wt total DNA partially di
2, pLAFRI digested with EcoRI; 3,

with EcoRI an gested with EcoRI, and con-

trol ligations. Lane 1, \ HE X 13133
pLATRI undigasted: &, pLAFRI ligated to jtself; 5, L2R6 wt total DNA
partially digested with EcoRI; 6, D286 wt total I ndizested; 7, D286

wt total DNA partially digested with EcoRI and itself; 8. 5:1

ratio D286-pLAFRI DNAs ligation; 9, 2:1 D286-pl. ; ligation; 10,

\HE () III).

" 9 g s Ol i
Figure =. Determination of concentration of pLAFRI-D286 wt ligation

’

DNA used for iIn vitro packaging. Lane 1, ligated DNA; 2, 3, & and 5, )\

DNA 25, 50, 100 and 200 ng respectively.




Following infection strains harboring recombinant pLAFR1 were selected
by plating in LB agar supplemented with Tc (20ug/ml). From the number
of colonies arising and from the knowledge cf the amount of DNA used in
the packaging reaction ( 100 ng) the packaging efficiency was determined

to be :.1 x 10%/ug DNA.
Determination of library size

In order to determine the number of memb- 5 necessary for the genomic
library to represent the entire D286 cellular DNA, plasmid DNA from 9
clones selected following infection was digested to completion with EcoRI
and the samples electrophoresed (Figure 4.8). This yielded a number of
fragments, in addition to the open vector, the sizes of which were added
in . der to determine the insert size of each of the recombinant cosmids
digested (Table 4.1). The average insert size (27.7 kb) was used for
the calculation of the number of members needed in the library using the
formula published by Maniatis et al. (1982>. It was calculated that the
library should have at least 497 members, 1750 colonies were then prop-
agated in order to work with a complete library even if a considerable

percentage of the members were lost,

Corroboration that the insert DNA in the recombinant cosmids originated

from strain D286 wt DNA

In order to confirm that the insert in the newly constructed library had
indeed originated from D286 wt, the recombinant cosmids of 4 randomly
selected clones of the gene bank were digested with EcoRI and Southern
blotted agarose gel electrophoreses of such digestions (Figure 4.9)

hybridised with a -2

P labelled D286 wt DNA probe (Figure 4.10). As ex-
pected the results show that the insert DNA was D286 wt DNA. Since the
characteristics of this new library satisfied our expectations it was used

through the rest of this study. From here .nwards, when reference is made
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Figure 4.8. Agarose gel electrophoresis of total EcoRI digestions of 9

recombinant cosmids from the D286 wt gene library used for the determi-

nation of average size of inserts.

pCDO175,

pCDO531,

spectively.

pCDOZ11,

pCDO4A3

pCDO151,

pCD0&12,

and

peDO41 1

Lane 1, X HE () III); 2-10 , pCD2775.
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4 TABLE 4.1 Insert sizes of 9 recombinant cosmids of the
1 D286 wt gene bank
5 Hybrid cosmid  Number of ECORI fragments Total insert
designation of D286 insert DNA size
pCD0451 7 30.19 kb
-~ pCD2727 8 30.87 kb
R s pCDO155 8 26.39 kb
R pCD0531 11 25.89 kb
i pCDO211 9 30.97 kb
3 pCD0463 2 27.57 kb
pCDO151 5 26.92 kb
pCDO412 4 21:32 kb
pCDO0411 6 29.17 kb
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Figure 4.9, Agarose gel electrophresis of total EcoRI digestions of four

recombinant cosmids from the D286 wt gene library. Lane 1, X HE () II1);

2-5, pCDO151, pCDO155, pCDO211, and pCDO451 respectively; 6, D286 DNA
| ’ I I I y

nartially digested with EcoRI.
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Figure 4.10. liybridisation of recombinant cosmids subjected to EcoRI
total digestion with a 2P labelled probe made from D286 wt total DNA
partially digested with EcoRI. DNA samples were Southern blotted from
the gel seen in figure 4.9. Lane 1, AHE (MIII); 2-5, pCDO0151, pCDO155,
pCD0211 and pCDO451 respectively; 6, D286 wt DNA partially digested with

EcoRI .




to the D28v wt DNA gene bank, we refer to the library described in this

section.

4.3 DETECTION OF THE FIRST CLONE CARRYING PUTATIVE AGROCIN
D286 GENES, E.COLI DHI (PCD0832), IN THE D286 WT GENE BANK

The recombinant cosm!d pCDTn5-3, which consists of pSUP106 (Priefer et
al.,1985) carrying a D286 wt DNA:: Tn5 insert, was labelled with
[0-32P]dCTP to a specific activity of 1 x 108 cpm/ug DNA and used to probe
the D286 wt gene library in search for clones carrying putative agrocin
genes. /n situ colony hybridisation of the library resulted in the de-
tection of 1 clone, E. coli DH1 (pCD0932) that hybridised strongly with
the 32? labelled p.-be (Figure 4.1).

In order to characterise the recombinant cosmid pCD0532 it weas subjected
to EcoRl total digestion and the digest electrophoresed (Figure 4.12).
To corroborate that the insert DNA was in fact D286 wt DNA, the gel was
Southern blotted and hybridized with a 2P labelled D286 wt DNA probe.

To obtain reasonable [u-32

P dCTP incorporation during nick translation
as well as detectable hybridisation it was necessary to use D286 wt DNA
partially digested with EcoRI. This improves incorporation o€ label as
well as hybridisation results markedly, apparently because it relaxes

the DNA

The insert DNA of pCD0932 was shown to consist of 4 EcoRl fragments
(Figure 4.12, lane 4 and Figure 4.14 lanes 2-5 and 6) of 14.3, 3.55, 1.99
and 1.Y5 kh, totaling 21.8 kb (sizes were calculated from
electrophoretograms shown in Figure 4.19). Results of DNA hybridizations
(Figure 4.13) showed the insert to be D286 wt DNA. Overloading (in order
to visualise the lower molecular weight fragments) resulted in lack of
discrimination between the vector DNA and the larger EcoRI D286 DNA

fragment. Therefore, the indivi. 21 D286 DNA fragments (that had been
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in situ colony hybridisation of the D286 wt gene library

Figure 4.11.
The filter which contained £. colf

with a 2p labelled pCDTnS-3 probe.
DH1 (pCD0232), the only positive colony detected, is shown in row 3

column 2 (from left to right).




Figure 4.12. Gel nh-r,(rnp\mrl-".l.'i of pCDT

DN/

to

EcoRl total digestion

3, Lane 1, » RE (A 111); 2=b, p(ll)‘l'n%-'\,

respective ly; 9,

n53, pLAFRI, D286 and pSUl"2010
pLAFRI, pCDOY32, subjected

D286 wt total DNA; 6, pSUl"zf)lo.
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Figure 4.13. Hybridisation of 3outhern blotted pCDTn5-3, pLAFRi, pCD0932,
D286 and pSUP204 DNAs with a 2P labelled D236 wt DNA probe. DNAs were
Scuthern blotted from the agarose gel seen in figure 4.12 ILane 1, X\ HE
(A 111); 2-4, pCDTn5-3, pLAFRI and pCD0932 subjected to EcoRI totel di-

gestion respectively; 5, D286 wt total DNA; 6, pSUP204.
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purified from from electrophoresed EcoRI digestions of pCD0932 with the
purpose of making a labelled nrobe) were electrophoresed (Figure 4.14)

and the Southern blotted gels hybridized with a the >°

P labelled D286wt
DNA probe. The results (Figure 4.15) further confirmed those obtained from
figure 4.13 and helped to establish that the larger D286 wt DNA fragment,
and not vector DNA, hybridized to the D286 wt DNA probe.The

electrophoretograms were used for the determination of the fragment

sizes.

4.4 USE OF THE RECOMBINANT COSMID PCD0932 IN CHROMOSOME
WALKING. DETECTION OF PCD2375

Since one of the members of the library was being used to probe the entire
library it was not possible to use the entire recombinant cosmid pCDOf ;2
as the probe. Therefore the individual D286 wt DNA fragments , isolated
from an electrophoresed EcoRI digestion of pCD0932, were pooled and nick
translated. The resulting probe (specific activity about 0.5 x 107
cpm/ug) DNA was used for the im situ colony hybridization of the library.

One posit.ve clone was detected, £. coli D1l (pCD2375), (Figure 4.16).

Preliminary characterization of pCD2375 wes carried out following an ap-
proach similar to that wused in the character.zation of pCD0932. EcoRI
digested pCD2375 was electrophorescd (Figure 4.17). The resulting agarose

32

gel was Southern blotted and hybridized with a pCD0932 insert-DNA P

labelled probe (Figure 4.18).

The DNA insert of pCD2375 consists of 4 EcoRl fragments (Fig 4.17) of
10.5, 7.3, 3.5 and 3.4 kb, totalling 24.8 kb. The third largest EcoRI
insert fragment (3.5 kb) of pCD2375 coincides in size with the second
largest EcoRI fragment of pCD0932 (Figure 4.17; lanes 2-3 vs lanes 4-5).
That pCD2375 and pCD0932 have such 3.5 kb EcoRI fragment in common was

shown by hybridization of Southern blotted EcoRl digestions of both
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recombinant cosmids with a EZPp labelled probe made from the pCD0932 in-

sert DNA (Figure 4.18). The 3.5 kb EcoRI fragment of pCD2375 hybridized
to the 32P labelled pCD0932 3.5 kb EcoRl fragment corroborating, as ex-
p.cted, that the 2 fragments are homologous D286 wt DNA. From the fore-
going it follows that the D286 wt DNA inserts of pCD0932 and pCD2375

represent 2 contiguous DNA fragments with an overlapping 3.5 kb region.
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Figure 4.14. Agarose gel electrophoresis of pCD0932 subjected to EcoRI
total digestion, and of isolated EcoRl fragments of the D286 wt DNA insert
in pCD0932. Lane 1, X\ HE; 2-3 isolated isolated EcoRI D286 wt DNA insert

fragments of pCDU932; 5-6, pCD0932 subjected to EcoRI total digestion.
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Figure 4.15. Southern biot hybridisation of pCL0232 subjected to EcoRI

total digestion and of isolated EcoRl fragments of the D286 wt DNA insert
of pCD0932 with a 2P labelled D286 wt DNA probe. DNA was Southern blotted

from the agarose gel shown in figure 4.14. Lane 1, X HE (X 111);

2+3,
isolated EcoRI fragments of the D286 DNA insert of pCD0932; 5-6, pCD0932
! ' subjected to EcoRI total digestion.
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Figure 4.17. Agarose gel electrophoresis of EcoRI

fragments of pCD0932

and pCD2375. Lane 1, X HE (X III); 2-3, pCD2375 EcoRl fragments; &,

pCD2375 undigested; 5-6, pCD0932 EcoRl fragments.

T R

& T

o e TN Y

ol o

s



80

-

Figure 4.18. Southern blot hybridisation of pCD0932 and pCD2375 EcoRI

fragments using a 32? labelled probe made from the isolated D286 EcoRI

DNA fragments of pCD0932. DNAs were Southern blotted from the gel seen

in figure 4.17. Lane 1, X HE (X III); 2-3, pCD2375 EcoRI fragments; 4,

pCD2375 undigested; 5-6, pCD0932 EcoRI fragments,




4.5 PREL!MINARY WORK ON THE RESTRICTION ENDONUCLEASE
CHARACTERIZATION OF PCD0932 AND PCD2375.

Genetic manipulations will be carried out on the DNA inserts of pCD0932
and pCD2375 (outlined in the discussion section) that will require know-
ledge of their restriction patterns for the interpretation of results (for
example the location of & Tn in a determined DNA fragment). Therefore,
the restriction endonuclease characterization of pCD0932 and pCD2375 are
underway. Thus far, preliminary restriction endonuclease digestions of
both recombinant cosmids have been carried out in order to establish ad-
equate conditions and select the enzymes most useful. A problem that arose
is that it is not possible, et this point, to isolate the entire insert
fragment of the hybrid cosmids., therefore digestions of the entire

recombinaut cosmids had to be carried out.

Preliminary digestions with a number of different enzymes (results not
shown) indicated that in addition to EcoRl Sall and BglIl were adequate
choices because thay cut the vector DNA only at 1 and 2 sites respectively
and they produce a i1estriction pattern reasonably spread and with not too

mar_, rragments in both pCD2375 and pCD0932.

It was necessary to establish the conditions for obtaining a reasonable
discrimination of sizes. This is because in single digests involving ei-
ther Sall or BglII not all the insert DNA is separated from the vector
DNA. The amount of insert DNA that remains with the vector can be esti-
mated from the knowledge of ihe vector's size and thut of the vector plus
the insert DNA not removed by Sall or BglIl. Since the DNA sizes involved
in this estimation are in the range of the 20 kb, differences of less than
1-2 kb are difficult to detect with the agarose concent- ition used in the

rest of this work (0.75%). Therefore, restrictions digestions were
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electrophoresed in 0.45% agarose gels. The discrimination of large size
DNA fragments improved greatly. Figures 4.19, 4.20 and 4.21 show the
discrimination obhtained using 0.45 % agarose gels electrophoresed for
24, 36 and 48 hs respectively in a large slab gel electrophoresis tank
at 45V and 4° C.'t can be seen that although good estimations of the
larger size fruagments can be made from these electrophoretograms, par-
ticularly from Figure 4.21, the smaller fragments are very difficult to
visualise because they tend to diffuse. Perhaps higher percentage agarose

gels should be used for estimating the sizes of the smaller fragments,

In pCD0932 there are 5, 4 and 3 restriction sites for EcoRl, Sall and
Bglll respectively. In pCD2375 there are 5, 7 and 3 restriction sites
for EcoRI, Sall and BglIl respectively (Figure 4.19). Doublie digestions
indicate the probable presence of doublets in pCD0932 digested with
EcoRI-Sall and pCD2375 digested with EcoRI-5all and BgllI-Sall since the
number of fragments that they give rise to is one less than the sum o1
the respective single digestions. Analysis o“ this information together

with data not presented here are underway.
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Figure 4.19, Gel electrophoresis (0.45 % agarose; run for 24 hs)of single

and BglII.
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and double digests of pCD0932 and pCD2375 with EcoRI, Sall

Lanes 1, 4, 7, 10, 13, 16 and 19, A H () II). Lanes 7-3, 5-6, 8-9, pCD0932

digested with EcoRI, Sall, BgllI, EcoRI + Sall, EcoRI + Bglll and Bglll

§
£
i
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+ Sall respectively. Lenes 11-12, 14-15, 17-18, pCD2375 digested with

EcoRI, Sall, Bglll, EcoRI + Sall, EcoRI + BglIl and BglII + Sal I re-

spectively,
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