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3.2 Development of putative shuttle vectors

pECOR251 (fig. 3.2) and pDA22 (fig. 3.3) were digested with BamHl
and ligated together. The pDA22 was prepared in excess of the
pECOR251.  (The ligation mix contained pDA22 and pECOR251 DNA

in a raio of 3:1.) Prior to ligation, the pECOR251 DNA was de-
phosphorylated to minimise self-ligation. The ligation product
was transformed into AMM294 and transformants were selected on LA
plates containing ampicillin (50 ug/ml). Nineteen transformants
were observed and these were patched onto another LA plate con-
taining ampicillin (50 ug/ml1). Of the nineteen transformants
only 17 grew. E. coli plasmid screens were done on these trans-
formants (Plate 3.1). Eleven transformants contained the pro-
duct of the ligation between pECOR251 and pDA22 (putative shuttle
vectors). The other six only contained pECOR251. Two of the
putative shuttle vectors were of intermediate size. BamHl digest:

were done to confirm the presence of the two plasmids.




pECOR251

-

Fig. 3.2 The Escherichia coli suicide vector pECOR251.

pECOR251 has a single BamHI site, outside either
the ampicillin or BEcoRI endonuclease gene, suitable
for ligation with pDA22. The single recognition
sites for Bgl 1I and Hind IXI in the EcoRI
endonuclease gene are suitable for cloning
chromosomal fraguwents.

1 - Origin

2 - Promotor
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ECORI

Fig. 3.3 Restriction map of pDA22. pDA2) is a nocardioform
plasmid conferring resistance to arsenate an?
arsenite. It has a single BamHI site outside any
critical part of the pDA22 genome. It has no Bgl
II recognition site. (A. Daffey and K. Downing;

M.Sc Biotechnology course, February 1988).



Plate 3.1 0.4% agarose gel, run at 80 V for 2 hours, of DNA
from 1 ml of culture of 8 transformants of the
ligation of pECOR251 and pDA22. anes 1, 2, 3,
andi 8 have a band (arrcwed) running alightly
faster than the chromosomal DNA. This band is the
putative shuttle vector. The band in lanes

4 - 7 is pECOR251.



Plate 3.1
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0.4% agarosw gel, run at 80 V for 2 hours, of

from 1 ml of culture of 8 transformants of the

ligation of pRECOR251 and pPDA22. Lanes 1, 2, 3
and 8 have a band (arrowed) running slightly
faster than the chromosomal DNA. This band .s
putative shuttle vector. The band in lanes

4 - 7 is pECOR251.

DNA

‘he



38

3.2.1 Establishing the orientation of the

putative shuttle vectors

Two orientations (designated A and B) are expected to arise
as a result of the ligation between pECOR251 and pDA22 (figs
3.4a and b). In order to establish whether both
orientations where present, EcoRI digestions were done.
Two of the putative shuttle vectors were of orientation A,

while the remainder, 7, were orientation B.

Examples of pboth orientaticns and the two shuttle vectors of
intermediate size were prepared £or. & bulk plasmid
purification. Further studies were confined to these
putative shuttle vectors. The two full size plasmids were

designated pDA27 (orientation A) and pDA28 (orientation B).

The BamHl and EcoRl digests were repeated (plates 3.2 and
3.3, respectively). Size determinations were made (tables
3.5 and 3.6) from the graphs of molecular weight Vversus
distance migrated (figs 3.5 and 3.6). The sizes determined
are those that are expected (figs 3.4a and b). The results
also suggest that putative shuttle vector 19 has a deletion

of DNA which includes one of the EcoRl sites.
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Fig. 3.4a Diagrammatic representation of orientation A of
the shuttle vector (outer ~ircle). pDA22 and
pECOR251 (inner circles) were digested with
BamHI and ligated together. EccRI digestions
distinguish between the two orientations. The
expected size of the fraguents obtained after an

EcoRI digestion are indicated on the outer circle,
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Fig. 3.4b pDiagrammatic representation of orientation B of
the shuttle veztor (outer circle). pDA22 arnd
PECOR251 (inner circles) were digested with
BamHI and ligated together. EcoRI digestions
distinguish between the two orientations. The
expected size of the fragments obtained after an

EcoRI digestion are indicated on the outer circle.
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1 2 3 4 8 8 7

Plate 3.2 0.4% agarose gel of BamHI digestions of purified

DNA of the putative shuttle vectors, pDA27 (lane
2), pbA28 (lane 3), 15 (lane 4) and 19 (lane 5),
and pECOR251 (lane 6). Lanes 1 and 7 are the
DNA molecular weight markers*, AII and III,

respectively.

* AII - DNA digested with Hind III
AIII = DNA digested with Hind III and EcoRI

(for sizes of ADNA markers see Appendix)
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Fig.

3 6 9 1215 18 21 24 28 32 3639 42 45 48
Distance migrated (mm)

3.5 Graph of molecular weight versus distance migrated:
Determination of fragment size for BamHI digestions
of the putative shuttle vectors.

= AII DNA molecular weight marker

X = AIII DNA molecular weight marker



Table 3.5 Size determination; of fragments obtained with

BamHl digestions of the putative shuttle vectors.

Putative shuttle vector

vector (kb)

pECOR251
pDA27 | pDA28 15 19
Size of 10,:3 103 5.8 4.8 e
fragments 33 3.3 3.3 eI
(kb)
Size of 13%3 13.3 9.1 8.1
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Plate 3.3 0.4% agarose gel of EcoRI digestions of purified
DNA of the putative shuttle vectors, pDA27 (lane
2), pDA28 (lane 3), 15 (lane 4) and 19 (lane 5),
and pECOR251 (lane 6). Lanes 1 and 7 are the
DNA molecular weight markers, AII and III,

respectively.



ALS A LA s L B

45

30
20}

T

Molecular
weight (kb)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Distance migrated (mm)

Fig. 3.6 Graph of molecular weight versus distance migrated:

Determination of fragment size for EcoRI digestions
of the putative shuttle vectors.
X = AII DNA molecular weight marker

*= AIII DNA molecular weight marker
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Table 3.6 Size determinations of fragments obtained with

EcoRl digestions of the putative shuttle vectors.

Putative shuttle vector
pECOR251
pDA27 | pDA28 15 | 19
1
| |
Size of 7.4 8.3 4.9 4.2 343
fragments 3.0 2.8 2.8 3.8
(kb) i 2.8 2.1 1.5
|
Size of 13.2 13.2 9.2 8.0
vector (kb)
|
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3.2.2 Shuttle vectors - &xpression of arsenic resistance
in E, coll

In order to obtain information on the locality of the arsenate/arsenite
resistance genes on the nocardioform DNA it was necessury to determine
whether nocardioform genes (in particular the arsenic genes) were ex-
pressed in E. coli. The shuttle vector, which would express resis-
tance to both ampicillin and arsenic, couid then be selected for its
ampicillin resistance while the pDA22 region of the shuttle vector
could undergo a series of deletions. The arsenic resistance of the
shuttle vector would then be determined; if the arsenic resistance

has been lost, the restriction map of the reduced plasmid could then

be compared with that of the complete pDA22 and the fragment confer-

ring arsenic resistance, determined.

The putative shu'‘tle vectors, pDA27 and pDA28, were replica plated
onto LA plates containing ampicillin (50 ug/ml) and various concen-
trations of arsenate (5mM, 10mM and 15mM) and arsenite (ImM, 3mM
and 5mM) to see whether there was any difference in the expression of

the arsenic genes in comparison with the pECOR251.

No initial difference was observed between the growth of the putative
shuttle vectors and pECOR251 on the 5mM and 10mM arsenate, and 1mM
and 3mM arsenite plates. There was a minimai growth on the 15mM
arsenate and 5mM arsenite plates. Thesa

plates we:e incubated for longer and individual colonies
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3.2.2 Shuttle vectors - expression of arsenic resistance
in E. coli

In order to obtain information on the locality of the arsenate/arsenite
resistance genes on the nocardioform DNA it was necessary to determine
whether nocardioform genes (in particular the arsenic genes) were ex-
pressed in E. coli. The shuttle vector, which wou  express resis-
tance to both ampicillin and arsenic, could then be sele.ted for its
ampicillin resistance while the pDA22 region of the shuttle vector
could undergo a series of deletions. The arsenic resistance of the
shuttle vector would then be determined; 1if the arsenic resistance
has been lost, the restriction map of the reduced plasmid could then
be compared with that of the complete pDA22 and the fragment confer-

ring arsenic resistance, determined.

The putative shuttle vectors, pDA27 and pDA28, were replica plated
onto LA plates containing ampicillin (50 ug/ml) and various concen=-
trations of arsenate (5mM, 10mM and 15mM) and arsenite (I1mM, 3mM
and 5mM) to see whether there was any difference in the expression of

the arsenic genes in comparison with the pECOR251.

No initial difference was observed between the growth of the putative
shuttle vectors and pECOR251 on the 5mM and 10mM arsenate, and 1mM

and 3mM av.enite plates. There was a minimal growth on thke 15mM
arsenate and 5mM arsenite plates. These

plates were incubated for longer and individual colenies
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that grew up in the areas where the putative shuttle vectors had
been spotted were then taken for further analysis in the hope that

they were piasmid mutants with increased resistance to arsenate.

In vrder to determine whether the increased resistance was plasmid
conferred, the strains were grown in LB in the absence of any selec-
‘tive pressure (that is, in the absence of ampicillin and arsenate).
The "cured" strains were then compared to the parental strains by
replica plating on LA plates containing ampicillin (50 ug/ml), and

arsenate and arsenite at varying concentrations.

The arsenite resistance appeared to be chromosomally determined -
there was no difference in the level of resistance between the parental
and the "cured" strains. The arsenate resistance, however, appeared
to be plasmid born - the "cured" strain showed decreased resistance

as compared to the parental strain.

3.3 Nocardioform transformation: Optimisation of conditions

Preliminary transformation experiments of stationary phase cultures
only gave a transformation frequency of 21 transformants per micro-
gram of DNA.  This frequency is far from efficient and various con-
ditions were varied in order to optimise conditions for transformation.
100 ng of plasmid pDA30 DNA was used per transformation in each of the

axperiments described below, unless otherwise stated.
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331 Agitation

Incubation at 37 °C without agitation was shown to increase

the transformation efficiency. (Table 3.7).

Table 3.7 Number of transformants obtained with cultures of

different optical density with and without

agitation.
—
Number of transformants
0D, 5 with agitation without agitaticn

1310 5 7

2.760 6 3

5.160 4 6

3.370 2
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3.3.2 Growth stage of the culture

This was done in collaboration with 8. Andersen and H.

Golob.

One millilitre of a stationary phase culture of 01 was
diluted intc 100 ml TYG. The culture was incubated at 26°C,
and at various intervals, 20 x 1 ml samples were taken and
placed in 1.5 ml Eppendorf tubes. The samples were then
frozen at =70 °C. One tube from each sampling was then
thawed slowly, and transformed with 100 ng of plasmid pDA30.

The results are summarised in table 3.8.

Table 3.8 Number of transformants obtained at different

stag f growth vf the 0L culture.
Time after Number of No. of transformants
dilution 0Dy, | transformants per ug DNA
14 hours 0.820 0
22 1.940 5 30
30 3.330 0
38 3.890 20
46 4.150 9 <
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From the above results it appears that the optimum growth
stage for transformation |is post-exponential anrd pre-

stacionary.

All following optimisation experiments were done with the 1
ml samples taken 38 hours after dilution of the stationary
phase culture, that is, with an optical density of 3.890.

Only one parameter was changed at a time, otherwise tne same
procedure was followed as described in Methods and Material

2.4.7.1.

3.3.3 Polyethyleneglycol (PEG) concentration

The amount of PEG added to the samples was adjusted as to
vary the concentration. The results of the experiment are

shown in table 3.9.
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Table 2.9 The number of transformants obtained with various

concentrations of PEG.

% PR (w/v) ' Number of Nurber of transformants
trarsformants per ug of DNA
0 22 220
10 62 620
20 25 250
25 35 350
30 37 370

From the above results it would appear that 10% PEG (w/v) is
the best concentration of PEG. Prolonged incubation of the
2generation plates, however, resulted in t7e appearince of
a large number of smaller colonies. These c¢olonies, when
patched onto TYA plates containing 60mM arsenate and 10mM
arsenite, grew and are therefore real transformants (no
spontaneous mutants are ever found which are simultaneously
resistant to both arsenate and arsenite). This biphasic
growth of transformants would appear to a be a function of
the PEG concentration since it was found that with
incrzasing concentrations of PEG, the number of maller

colonies also increased (table 3.10).
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Table 3.10 The nunber of smaller colonies obtained with

different concentrations of PEG.

% PEG Number of smaller colonies
0 -

10 100

20 240

29 350

30 1000

3.3.4 Length of incubation with lysozmye

The length of time of incubation with lysoczyme was varied.

The results are shown in table 3.11.
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Table 3.11 Table showing number of transformants obtained

with varying lengths of lysozyme incubation.

Length of Number of Number of transformant4
lysozyme incubation | transformants per ug DNA
0 minutes 0 0
15 25 250
30 29 290
60 81 510
120 38 380

3.3.5 Length of time before underlay

The delay before adding the arsenate and arsenite underlay
allows for phenotypic expression of the introduced
resistance genes. The length of time before doing the
underlay was varied and the results are summarised in table

3.12.
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Table 3.12 The number of transformants obtained with

increased len_ :h of time before arsenate/arsenite

underlay.
Length of time Number of Number of transformants
before underlay transformants per ug of DNA
i
0 hours 0 0
4 20 200
8 20 200
12 28 280
16*% 19 190
, |

* With a 16 hour underlay there was increased background

growth.

3.3.6 Amount of DNA

The amount of DNA was trebled, that is, 300ng of DNA was

added to the cells. The number of transformants was 10l.

3.3.7 Number of cells

One third of the nuuber of cells was used for the

transformation. The number of transformants was 10.



3.4 Size determination of Plasmids

Size determinations were made of the plasmids pDA20, pDA30

and pDA40.  pDA20 and pDA40 are large plasmids, size esti-

mated to be approximately 100kb, migrating slower than chromo-
somal DNA on agarose gels. pDA20 confers resistance to arsenate/
aresenite and cadmium chloride. pDA40 confers resistance to
arsenate/arsenite and chloramphenicol. The plasmids were di-
gested with various enzymes, the samples were run on agarose gels
(piates 3.4 and 3.5) and zize determinations were made from the
graphs of molecular weight versus distance migrated (figs. 3.7

and 3.8). The resuits of the size determinations are shown in

tables 3.13 and 3.14.
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Plate 3.4 0.4% agarose gel of pDA20 digested with various

restriction enzymes : Bgl II (lane 3), Bgl II and
Not I (lane 4), Not 1 (lane 5), EcoRI (lane 6).
Lanes 1 and 2 are un ‘ut ADNA and AII,
respectively.

(The large fragment migrating in lane 4 was taken
to be the same size as the large fragment in lane
5 (information obtained from another gel - not

shown).
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1 2 3 4 5 6

Plate 3.4 0.4% agarose gel of pDA20 digested with various

restriction enzymes : Bgl II (lane 3), Bgl II and
Not I (lane 4), Not I (lane 5), EcoRI (lane 6).
Lanes 1 and 2 are uncut ADNA and AII,
respectively.

(The large fragment migrating in lane 4 was taken
to be the same size as the large fragment in lane
5 (information obtained from another gel - not

shown).
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Fig. 3.7 Graph of molecular weight versus distance migrated:
Size determination of pDA20.

+ = AII DNA molecular weight ma ‘ker
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Table 3.13 pDA20: Size determination of fragments obtained

when the DNA was digested with various enzymes

Restriction enzyme
Bgl II | BglI + Not I | Not I |EcoRI
? Al 2% 22,3
5.9 6.6 22.0 18.0
Size of 2.8 5.9 37 9.1
fragments < o 4 8.0
(kb) 2.8 4.1
1.05 ‘ 3.8
[ 2.9
1.8 |
!
l .
Total (kb) | 70.2 l'

? Even though lambda DNA was run on the gel as a size
marker, size determination of the large ‘fragmenus is
inaccurate.

* If the two fragments marked with an asterisk are given the
value of the size of lambda (+ 48 kb), the sum of the
fragments will equal 68kb for the Bgl II + Not I digestion

and 73.7 for the Not I digestion.



Plate 3.5 0.4% agarose gel of pDA40 digested with various
*
restriction enzymes s EcoRI (lane 3), Bgl II
(lane 4), Not I (lane 5).

Lanes 1 and 7 are uncut ADNA, and lanes 2 and 6

are AH.








































































