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In an atvempt to find agrocins with a broadey host range than that of the
very specific agrocin 84, Hendson et al., (1983) screened strains isolated
from crown galls on a variety o -lants. They isolated numerous agrocin
producing strains, most of them with very limited host ranges. Ho.ever,
one of the strains; the non-pathogeniz A. tumefacierns strain D286,
produced an agrocin with a broader host range than agrocin 84. Hendson
et a., found that sencitivity to agrocin D286 maped in a region that

falls within one of the regions home.ogous to both pTiC59 and the octopine

plasmids pTiB653and pTiAch5 and may explain the broad host range of
o ) agrocin D286,

Breakdown of biological control of crown gall can occurr in two manners.
The first one involves the transfer of pAgX84 (which encodes agrocin
g ; synthesis; Cooksey and Moore, 1981) by pAt84b (whick cgrries genes for
e A mobilizing pAgK84; Ellis et al., 1979) to a pathogenic strain., The second

mechanism of breakdown is by the transfer of a ‘Ti-plasmid from a
Vi pathogenec strain to strain 84. This could be prevented by transferring
the agrocin encoding plasmid to a bacterium unlikely to rece.ve and/or
maintain a Ti-plasmid. Using this approach Hendson and Thomson (1986)
transferred the plasmid encoding agrocin production from A. tumefaciens

396 to Rhizobium meliloti. The agrocin plasmid was stably maintained and

produced yields of agrocin comparable to the parental strain.

From the biological control point ¢f view it is important to determine
where the agrocin genes of a particular strain map and to analyze such
DNA. This can be useful in determining the vulnerability of the strain
to the two mechanisms of breakdown of bio. gical control and in designing
a system to overcome it. For instance, a strain ha loring the agrocin
production genes on its chromosome (as appears to be the case of A.
tumefaciens D266) is unlikely to be affected by the first mechanism of
breakdown and if the agrocin genes are to transferred to another strain

( to avoid the second mechanism of breakdown and/or to capitalize on ad-
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vantages that may be conferres by a different host s’ ~in) detailed
knowledge of their position and organization is required in order to clone
them into adeguate delivery vehicles. Thomson (1986) points out in con=
nection with biological control af crown gall in vines (not yet possible)
that with the advent of genetin engineering we are no longer reliant on
the organisms that nature provides: we can now tailor our biocontrol
st © ns to fit the disease. If the genes coding for the broad host range
agrocin D286 are identified and cloned, they can be cloned into organisms
with outstanding colonization characteristics, providing in this manner
a me * biological control of crown gall in some plants where agrocin

84 uas proven ineffective,

Research on etrain D286 is currently be 'ng carried out in the CSIR,
IMCB.In order to localize the agrocin D286 producing genes Botha and
Thomson (unpublished data) utilized transposon mutagenesis, selection for
drug resistance, and hybridisations in the following manner. Transposon
mutagenesis was carried ouv by conjugating F. coli SM10 (pSUP1011) with
strain D286. &since .n5 (in vector pSUP1911) carries genes for resistance

to neomycin, transconjugants were detected by selection for neomycin re-

sistance. Screening of the neomycin resistant strains for loss of the
capacity to produce agrocin resalted in the identification of D286::TnS
Ag- mutants. Only one of the mutants maintained its phenotype. Total DNA
from the D286::Tn5 Ag- mutant was supjected to partial BamHI restriction
digestion and the resulting fragments were cloned into the Bglll site of
PSUP106 (Priefer et 21., 1985) in E. coli. This was followed by selection
for neomycin resistance. Nine neomycin resistant clones were obtained;

they were called pCDTn5~1 to 9.

Since ~he gene bank had been made with D286::Tn5 Ag- DHA, the neomycin
resistant clones had D286 DNA which coded at least for part of the func~
tions involved in agrocin D286 production. Therefore DNA homology of

pCDTnS (1)=(9) with D2€6 wt DNA should provide a means of detecting D286




wo agrocin D286 genes. With this purpuse Botha and Thomsor (unpublished

work of this laboratory) constructzd a D28€ gene bank in the cosmid vector

pLAFRI (Friedman et a&l., 1982). They cloned laige fragments, 20-30 kb,

from a partial D286 wt DNA EcoRl Aigestion into the urique EcoKkI site of

s

pLAFRT. A 2P labelled pCDTn5-2 probe was then used to probe the D286 wt

genomic library using the .n situ colony hybridisztion method (Grunstein

A

B B,

and Hogness, 1975). In this manner one pusitive clone was detected; it

oL
L

‘é:' k

was called pCD1253.

ik
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The selecticn of clones carrying putative agrocin D286 genes in the D286
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wt librecy has thus far met with limnited success because it has been
possible to isclate only oue Ag- mutant (D286::Tn5 Ag-). However, Farrand
=t al. (19t5) feund that & single 20kb fragment of the agocin 84 encoding
isz2wid pAgX84 is responsible for the production of agrocin. If the pro-
section of agrocain D286 is also determined by a DNA fragment of similar
sjize it follows that tha D236 DNA s ~uences that can be detected through
o legy with the existing pCDTnS5 (1)-(9) will contain at least part of
the inin wation necesvary for agrocin D286 production., Transter of the
"wirid vectors containing putative agrocin D286 genes into a plasmidless
Az ehacterium strain such as C58 C1G and assessing if the strain produces
gorsnat 84 would be a categoric demonstration that the DNA sequences
contai ing the informacion necessary for agrocin D286 production have
been c).inea. It is possible, however, that only part of the Did encoding

agrocii 0286 has been cloned. In that case, working on the assumption

that ag:.ccin D286 production is encoded in a single , continuos DNA
stretch th~ totality of the DNA sequences can still be detected using »

the chr norome walking technige

Chremosore we'king is a technique which utilizes the unique sequence of
an inivial .loned fragment of chromosomel DNA to idertify, by homology,
a set of g nwic library clones that contain all or part of the initial

clone's sequence and also extend into the adjacent DNA along the chromr- -

e
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some (Hadfield, 1983). The identification of this cloned adjacent DNA
represents & single walking step. The chromosomal walk is continued by
another similar walking ste¢p. This leads to the isolation of a further
set of overlapping genomic library clones, which extend the cloned region
tarther down the chromosome. Such walking will c¢ccur in both directions
along the chromosome from the starting position. Chromosome walking
provides a means of cloning the regions adjacent to an existing clone.
Starting with a ‘ragment of a gene or ¢DNA, the entire gene, including

control sequences can be isolated from the genomic library.

Farrand er a&l. (1985) have located the determinamnts for transfer and
agrocin 84 vroduction in plasmid pAgK34. They analyzed the sites and ef-
fects of Tn5 insertions in order to construct a functional map of pAgK84.
They analyzed, by endonuclease restriction mapping a total of 43 in-
sertions affecting agrocin B4 production, suggesting that there are at
least three plasmid regions involved in apgrocin 84 bicsynthesis, A
similar analysis of agrocin D286 procduction in strain D286 would be
practically impossible because restriction mepping would have to be car-
ried out on the chromosomal DNA, where the agrocin D286 genes appear to
map. In addition, we only have cne D286::Tn5 Ag- mutant which renders the
task theoretically impossible. An alternative is to use site directed
mutagenesis. This approach (described in the discussion section) bas-
ically involves subcloning D286 DNA fragments containing putative agrocin
grnes (as those detected through chromosome walking) in a vector which
can be mobilized but does not replicate in A. tumefaciens. Tn5 mutagenesis
is then carried out in the hybrid vector in order to label different re-
gions of the insert DNA with a Tn5 secuence and the hybrid vectors
mobilized into A. tumefaciers D286 wi. Selection on rich medium supple~-
mented with the antibiétic for which the Ta5 marker codes resistance re-
sults in cetection of mutated D286 clones which have acquired Tn through
recombination with the homologous DNA 1fragment carcried in the hybrid

vector. Screening such D286 mutants for lous of agrne.n D286 production

59




and determinati of the position of Tn5 in the insert .ivA tiagments

giving rise to D286 Ag- mutants results in the detection of different

r ‘'ons involved in agrocin D286 production.

The analysis of DNA fragments carrying putative agrocin ‘'nes by re-

striction endonuclease mapping is a critical prerequisite ot 2 above-

described approach for the location and characterization of the

determinants involved in agrocin D286 production.
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3 MATERIALS AND METHODS

3.1 BACTERIA AND PLASMIDS

The bacterial strains and the plasmids used in this study are described

in Table 2.1.

3.2 BACTERIAL CONJUGATIONS AND TRANSFORMATIONS

3.2.1 TRANSFORMATION OF E. COLI SM10

E. coli SM10 was tranformed following procedures by Mandel and Higa

R (1970). A 1:50 dilution of an overnight culture in LB medium (to give a
final volume of about 40 mls) was grown at 37° C to an 0.D.()\ 600nm) of

0,25 after which the cells were pelleted by centrifugation at 5000 rpm

for five minutes. The cells were resuspended in one half the culture

volume of 0,05 M CaCl2 and kept at 0° C for fifteen winutes. The cells

were pelleted again and resuspended in one tenth the culture volume of
g TR 0.05 H CaClz. Two hundred microliters of cell suspension were mixed with
; 100 ul of DNA solution. The DNA sclution should be in 10 mM Tris pH 7,5;
10 mM CaC]2 10 mM MgClz. The cell/DNA mixture was incubated for fifteen
gﬁ{i ¢ minutes at 0°C followed by a ten-minutes incubation at 25°C. In order to
;ﬁ; ‘ allow expression of antibiotic resistance genes 0,5 ml of LB medium was
added to each tube and the tubes incubated at 37" C for thirty minutes.
Q- o Two and a half mls of molten 0,8% agar held at 45° C were then added and
J éi mixed on a vortex mixer. The mixture was poured onto LB agar plates con-

taining Amp (200ug/ml) and Cm (200ul/ml). The plates were then incubated

for 24 hrs at 37° C. This resulted in two sizes of colonies since the

surface bacteria grew faster then those submerged in the agar.

3.2.2 TRANSFORMATION OF A. TUMEFACIENS C58 C1G

ik R T e _-AALA_-L L o
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TABLE 2.1 Bactarial strains and plasmids used in this study
| Ttr.un-.‘- ARG ,)l-a.‘-m'lﬂd.; 2 <a:ﬂ—l-vvnom ‘,‘:‘?".‘:l 4t 1-'T d Source or reference
A, Tumefac.ang
D286 wt range agrocin D286 Depar.ment of Plant Protecti.n
\ South Africa
P286::1'nS Ag .t Km® C.Botha, this laborat- -y
| c58 Cl6 PLaa Hynes et al. (1985)
| B, colil
DH1 Plasmidless scrain, Rec A ; inducible A phage receptors Massachussets Institute oO.
Techrology
OF 3046 Contains pRK20I1Y §., Marrand U. of Chanpaigne
Urbana. Chicago USA
5M10 Rec derivarive of LG00 with RP4-2:1Mu integrated Simon et al. (1%&3)
Plasmids and cosmids
! pRK201) KmF; salf transmissible derivative of K2 containing Colk Figurski and Helinsky (1979)
cep'icon and tranfer functions necessary to mobilize
pF'.290 and }v'. ‘I\(-rw\'xv-w
! pSUP204 { 12 kb) Ap ', Cm™, T:", mobilizabl. vy Inc Cplasmids Simon et al.i198%) |
i pSUP204-1 t 12.7 kb) Ap®, cm®, mobilizable by ine O plas ids This work
»
pLAFRL ( 21,6 xb) derivacive of wide-hosj-range vacror K290, mob ¥riedman ot al., (1982) |
tra , mobilizable by peKIO1]}, 7
pCNTns~) A hybria cosmid psliPLO& -D286 'S 3 .dotha,this ilaburatory
pCol253 a hybrid cosmid pLAVRI-D24E wt DONA, insert siz2e 5%b; +Batha,this laberatory
pPrDO9 32 A hybrid cosmid pLAFRLI=D29R wt DNA, insert size 21.8 &b This work i
] pCD21375 3 hybrit cosmid pLAFPI~D286 wt DNA, insert aize 24,8 kb 'hia work

—
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transformation of A tumc.iaciens C58 C1G was atteapted as follows. An
overnight culture of A. tumefaciens C58 C1G grown in LB medium was diluted
to give a lightly turbid suspension in a total volume of 20 mls and grown
at 27° C to medium turbidity. The suspension was concentrated 100 fold
by centrifugation at 10000 rpm for 5 minutes at 4° C and washed in 10 ml
10 mM Tris pH 7.0. The latter was decanted and the cells resuspended in
0,2 ml of LB medium. One hundred microliter-aliquotes of cell suspension
were dispensed into cold 10 ml tubec and to ea.h 50 ul of a pCD0932 DNA
solution (50ug/ul) was added. The tubes were then piaced on a mixture
of dry ice and ethancl (-45° C) for 5 minutes, exposing the cells to a
freeze shock. This was followed by static incubation at 37° C (heat
shock). Following the heat shock ! ml of LB medium was added to each tube
and incubated at 27° C for expression of antibiotic resistance genes. One
hundred microliter-aliguotes of the celi culture were plated on L agar
supplemented with Tc (5pg/ml) and incubated at 27° C until the appearence
of conspicuous colonies (72 hs).

3.2.3 CONJUGATION OF E, COLI DH1 (PCD0932) X A. TUMEFACIENS

D286::TNS AG-

The hybrid cesmid pCD0932 in &. coli DH1 was mobilized into A. tumefaciens
D286::Tn5 Ag using plasmid pRK2013 in E. coli DF3046 as mobilizer. Thke
method of Simon et al. (1983) as implewented by Farrand (U. Chempaigne,
personal communication) was followed. Overnight cultures of the donor,
recipient, and mcbilizing <trains in nutrient broth were used. Twenty ul
of each c"ltu;o were mixed in each of 20 Fppendorf microfuge tubes and
the mixture incubated overnight at 27" C. The mixed culture was then
spotted (20u1 dots) on nutrient ggur plates and incubated for 48 hrs. The
resulting colonies were scraped off with a sterilized spatula and the
cells suspended in 2 mls of saline solution (0.6% Na Cl1). Ten and one

hundred fold dilutions of the suspension were made and plated on nutrient

agar supplemented with Neo (100 wg/ml), Nal (100 ug/ml) and Te (2ug/ml).

Lk




The plates were incubated at 27° C until the development of conspicuous
colonies (about 72 hrs). The plates were compared with control platee
where only A. tumefaciens D286::TnS Ag~ had been plated and incubated
under the same conditions than those of the conjugation mixture. This was
done in order to decide if screening for agrocin production would be

feasible.
3.3 EXTRACTIONS OF DNA
3.3.1 CELLULAR OR TOTAL DNA EXTRACTION

Cellular or total DNA was extracted from A. tumefaciens D286 following a
procedure by Thomson (CSIR LMCB). An overnight culture of A. tumefaciens
D286 in 50 m] of LB medium was centrifuged at 10000 rpm for 10 minutes
at 4° C and the pelleted cells were resuspended in 1,5 ml of a 50 mM Tris;
100 mM EDTA; 20% sucrose solution pH 8.0, Three hundred and sixty
microliters of fresh lysozyme solution in 0.25 M Tris pH 8.0 were added
and the mixture incubated on ice for 20 minutes. Four ul of heat inacti-
vated RNAse A (20 ug/ul), 2 ug of proteina;a K in 1 ul of 0.25 M tris pH
8.0 and 2 ml of 1% N-lLauryl sarcosine in 75 mM EDTA pH 8.0 were then added

and the cell suspension incubated at 37° C for 6 hs. Following incuba:ion
0.945 grams of cesium chloride were added per ml of solution. The mixture
without the addition of ethidium bromide was centrifuged at 45000 rpa
for 17 hs at 4° C in a Beckman L8-M ultacentrifuge using a Beckman VTi6§.2
vertical rotor. After centrifugation the DNA was recovered by puncturing
and dripping the centrifuge tubes through the bottom. The more viscous
fraction, containing the DNA, was collectea in an Eppendorf tube and the

remaining fractions discarded,
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3.3.2 EXTRACTION OF PLASMID DNA

Plasmid and cosmid DNAs were extracted using the procedures published by

Clewell and Helinsky (1969) and Irsh-Horowicz and Burke (1981).

The Clewell and Helinsky method.

The clewell and Helinsky method was implemented without modifications,

The Ish-Horowicz and Burke method

The "miniprep" method for analytical DNA extracticns published by Irsh-
Horowicz and Burke (1981) was used as & rapid method for extraction of
plasmid DNA. Some modifications wera made in the late steps of the method,

nemely during the precipitation of the DNA.

One volume of propan-l1-ol was added to the supernate istead of the 2
volumes of ethanol specified in the original protocol. The supernate was
then incubated at room temperature for 15 minutes and centrifuged in an
Eppendorf microfuge to precipitace the plasmid DNA. The pellet was washed
with 70% ethanol and dried in a Savant Speed Vac vacuum concentrator. The
dried DNA was redisolved in 30 ul of TE buffer pH £.0. Previous to re-
striction digest.ions the DNA was cleaned with phenol following Maniatis

et al. (1982).

3.4 RESTRICTION ENDONUCLEASE DIGESTIONS OF CELLULAR AND
PLASMID DNA

3.4.1 PARTIAL DIGESTS

Calibretion digestions were carried out to establish adequate partial

digestion conditions. A solution conteining a known amount of DNA (gen~-




erally about 10 yg) was made in restriction en[¥me buffer in a final
volume of 150 yl. To the first of 9 tubes a 30 yl volume of the DNA
solution was added, each of the rer Ining 8 tubes received a 15 vyl
aliquote of DNA solution. Five U of the restriction endonuclease EcoRl
in a volume of 1 yl were added to tube number 1 and mixed gently. From
tube number 1, 15 yl were transferred to tube number 2 and mixed gently
thus diluting the enld¥me concentration two—fold. The procedure was re-—
peated with the remaining tubes except for tube number 9 which received
no enlyme. Thus, tube number 1 contained 2.5 U of EcoRI and the concen-
tration in tubes 2 to 8 decreased in two—fold steps until it reached o.020
U in tube number 8. Tube number 9 served as an undigested control. Thr
tubes were incubated at 37[JC for exactly 1 h and the incubation stopped
inmediately by the addition of F.DTA to 20 mM. The samples were analyléd

by gel electrophoresis and the conditions for scaling-up the digestions

rhnlCén.

3.4.2 SINGLE AND DOUBLE TOTAL DIGESTS

Medium and high salt buffers were prepared as 5X and 10X stocks respec—
tively, according to Maniatis et a/. (1982). The volumes used varied be-
tween 10 and 40 yl depending on the amounts of DNA needed and the
concentration of the samples; In general about 2-4 U en[¥me were used per
yg of DNA digested. Incubation (at 37” C in all cases) were carried out
for 2.5 hs at the end of which the reaction was stopped eitner Ly addition
of EDTA to 20 mM or by heating the tubes at 65[JC for 10 minutes in a water

bath.

The above conditions were observed during single digests wherell] in doable
digests the following alterations were made. Digestions were made in a
final volume of 40 yl. In the case of restriction endonucleases sharing
the same salt buffer requirements the digest was carried out using only

one of the en@mes for 90 minutes after which the solution was heated at









































