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STELLINGEN

Wanneer in een Fhizobiwm stam &én plasmide ongeveer twee maal
zo groot i1s als een ander is dat niet een voldoende reden om
te veronderstellen dat het grotere plasmide een dimeer 1s van
het kleinere.

Tichy, H.V. & Lotz, W.C. (1981) FEMS Microbiol. Letters 10,
203-207.

. Yamada en Sakaguchi (198C) hebben onvoldoende duideliik ge-

maakt dat de door hun geiscleerde stikstofbindende algen

niet in symbiose leven met een stikstofbindende prokaryoot.

Yamada, T. & Sakaguchi, K. (1980) Arch. Mircechicl. 124, 161-
167.

. De conclusie van Leonard en Zaitlin dat het 30.000 dalton

palypeptide van tabaksmozaiekvirus betrokken is bij het

cel-tot-cel transport van dit virus is zeer wvoorbarig.

Leonard, D.A. & Zaitlin, M. (1982) Virclogy 117, 416-424,.

. In vitro weefselkweek is een goede methode voor de selectie

van koude resistente tomatenplanten.

Templeton-Scmers, K.M., Sharp, W.R. & Pfister, R.M. {1981)
Zeitschrift fiir Pflanzenphysiol. 103, 139-148.

. De cbservatie van Gordon e¢% al. dat de nitrogenase reaktie

in Azotobacter vinelandi?{ niet geremd wordt door ammonia kan
verklaart worden door de geringe depolariserende werking van
ammenia onder de door hun gebruikte experimentele condities.

Gorden, J.X., Shah, V.K. & Brill, w.J. (1381) J. Bacteriol.
148, 884-888.



De conclusie van Albrecht et al. (1979) dat hydrogenase
bevattende RAizobiwm stammen de opbrengst van vlinder-
bloemige gewassen zouden kunnen verbeteren mist iedere
grond.

Albrecht, S.L., Maier, R.J., Hanus, F.J., Russell, S5.A.,
Emerich, D.W. & Bvans, H.J. (1979) Science 203, 1255-1257.

Vergelijk: Carter, K.R., Jennings, N.T., Hanus, J. & Evans,
H.J. (1278) Can. J. Micrcbiol. 24, 307-311.

. Het ontwikkelen van stikstofbindende tarwe-rassen zal niet

bijdragen aan het oplossen van het wereldvoedselprobleem.

Wageningen, 25 mel 1982 A.J.M, Krol
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I INTRODUCTION

1.1 NITROGEN FIXATION

Nitrogenous compounds are an important part of the nutrition of
all organisms. Only a few species however have the capacity to convert
nitrogen gas N, from the atmosphere into NH; and use it as the sole
source of nitrogen. This process is called nitrogen fixation; for a
detailed review we refer to Burns (1979). The reaction equation for
nitrogen fixation is:

N, + 6e” + 12ATP » 2NH; + 12ADP + 12Pi.

In all nitrogen fixing organisms this reaction is catalyzed by the
enzym nitrogenase. Nitrogenase is composed of two components: com-
ponent I, a FeMo protein, composed of two o and two B subunits, and
component II, a Fe protein, composed of two identical subunits.

The FeMo cofactor is a complex cluster of molybdenum, iron and sul-
fur atoms (Burgess et al., 1981) and is located in the active centre
of the enzyme. Component I is the actual nitrogenase: it is the site
of the binding and reduction of W;. Component II mediates the flow
of electrons to component I. Although the reduction of N, is exer-
gonic, 12 molecules of ATP {adenosine triphosphate) are hydroclysed
per molecule of N,. Probably the ATP is hydrolised to overcome the
high activation energy to break the triple bond in N,.

As a side reaction nitrogenase produces besides NH; also H,:

2" + 2e” + 4ATP - H, + 4ADP + 4Pi.

At maximal electron flux through nitrogenase at least 25% of the
ATP utilized by the nitrogenase is consumed by hydrogen evolution,
but this process can use up to 60% of the ATP at lower rates. Some
nitrogen fixing strains possess a hydrogenase and in these crganisms
a part of the ATP which was hydrolysed during H, eveclution can be
recovered by oxidation of the H, (Stouthamer, 1981).

N, is an inert molecule and its reduction requires electrons of
sufficient low potential. These electrons are possibly generated by
the potential difference between the inner and ocuter surface of the



cytoplasmic membrane {Laane et al., 1979). Maintenance of the mem-
brane potential also requires the hydrolysis of ATP. In Rhizobium
the nitrogenase reaction, the hydrogen evolution and the maintenance
of the membrane potential use up to 40 molecules of ATP per molecule
N, fixed (Stouthamer, 1981).

Possibly with the exeption of an eukaryotic alga (Yamada and Saka-
gucki, 1980) all nitrogen fixers are prokaryotic organisms (Table 1).
They can be divided into two groups: the organisms which fix nitro-
gen in a free living state, and the organisms which must live in
symbicsis or intimate assosiation with a particular plant or fungus
before they develop the ability to fix nitrogen.

Nitrcgenase is inactivated by oxygen. Therefore all nitrogen
fixers have provisions to protect their nitrogenase against oxygen.

Anaerobic, facultative anaerobic and phototrophic bacteria only fix

nitrogen under anaerobic conditions. Some aerobic bacteria, e-g-

Mycobacterium flavum can only fix nitrogen under low oxygen tension.
An obligate aerobic bacterium like Azotobacter virnelandii maintains
a low intracellular oxygen tension by a high respiration rate. More=-
over it possesses a FeS-protein which binds to nitrogenase and pro-
tects it against oxygen (Haaker and Veeger, 1977). In filamentous
blue green algae, e.g. Anabaena cylindrica, nitrogenase is only syn=-
thesized in heterocysts. These specialized cells lack an oxygen pro-
ducing photosystem and respire all incoming oxygen, whereas the
energy for nitrogen fixation is supplied by photosynthesis in the
vegetative cells. Also symbiotic nitrogen fixers have provisions
for protection of nitrogenase against inactivation. In root nodules
of legumes the plant protein leghemoglobin facilitates a high flux
of oxygen at a low pressure by binding free oxygen. In other sym-
biotic systems like actinomycetous root nodules of alder such a
protein has not been demonstrated.

it will be obvious that as a consequence of the high energy de-
mand of nitrogen fixation, nitrogen fixation will in general not oc-
cur when fixed nitrogen is available. In nature a large part of the
fixed nitrogen is recycled. Only the fixed nitrogen which is removed




from the nitrogen cycle by denitrification, leaching or other pro-
cesses must be replenished. In most ecosystems nitrogen fixing organ-
isms are not abundant, indicating that the amount of nitrogen lost
from the nitrogen cycle is relatively small. Only in areas where
little fixed nitrogen is present, organisms possessing a nitrogen
fixing apparatus can become abundant. Akkermans and van Dijk (1976)
estimated that in a stand of alders (Alnus glutinosa) 58 kg N, per

Table I Nitrogen fixing organisms (Eady and Smith, 1979, Vincent,
1980, Akkermans, 1978a, Doébereiner and Boddey, 1981).

Example:
1. Free living microorganisms
a Obligate aerobic bacteria Azotobacter vinelandii
b Facultative anaerobic Klebsiella pneumoniae
bacteria (only fix anaerobically)
c Obligate anaerobic bacteria Clostridium pasteurianum
d Phototrophic bacteria Rhodospirilium rubrum
(only fix anaerobically)
e Blue green algae Anabaena cylindrica
2. Symbiotic nitrogen fixing organisms
a Blue green algae Nostoc (in lichens)

Anabaena azollae (in the
waterfern Azclla)

b Bacteria Azotobacter paspali (in
the rhizosphere of
Paspalum notatum)

c Actinomycetes Frankia (root nodules on
Alnus, Ceanothus and some
other higher plants)

d Rhizobium Rhizobium leguminosarunm
{root nodules on Pisum
sativum)

Rhizobium "“"Parasponia"
(root nodules on Paraspo-
nia parviflora)



ha per year was fixed. When most fixed nitrogen has been removed,
as is the case in agricultural fields, legumes can fix as much as
300 kg N, /ha/yr (Quispel, 1974). Because of the limiting supply of
energy for bacteria living in the soil free living nitrogen fixing
bacteria probably fix not more than 2 kg N, /ha/yr (Jordan, 1981).

1.2 THE RHIZOBIUM - LEGUME SYMBIOSIS

As is indicated above the Rhizobium - legume symbiosis can fix a
large amount of N,. Moreover legumes are an important crop and the
interaction of Rhizobium with a plant is an interesting example of
symbiosis. Therefore the Rhizobium-legume symbiosis is intensively
studied. The genus Rhizobium consists of gram negative bacteria,
which are able to form root nodules on leguminocus plants. Also the
non-lequme Parasponia parvirflora is nodulated by a Rhizobium species
(Akkermans et al., 1978b). In the root nodules the bacteria differ-

entiate into bacteroids, which are the actual nitrogen fixers.

Nodule induction and development is a complex process which is
dependent on genetic functions of both the Rhizobium bacterium
(Maier and Brill, 1976) and the host plant (Nutman, 1956). The va-
rious steps in nodule formation have been reviewed in detail by
Vincent (1980). Nodulation is started by colonization of the root
surface and adhesion of the bacteria to a root hair. This adhesion
and the subsequent nodule formation only occurs with specific com-
binations of Rhizobium species and host plants. A Rhizobium strain
isolated from Pisum sativum normally also nodulates other Pisum
species and Vicia, Lathyrus, Lens and Cicer species, but other
legumes are not nodulated by this strain. Non nodulating or ineffec-
tive combinations with a particular host within this group often
occur. All Rhizobium strains nodulating plants from the genera men-
tioned above have been classified as one species: Rhizobium
leguminosarum. The group of plants nodulated by a single Rhizobium
species is called a cross inoculation group. Other cross inoculation
groups are e.g. Trirfolium species, nodulated by Rhizobium trifolii,
Phaseolus species, nodulated by Rhizobium phaseoli and Melilotus,
Medicago and Trigonella species, nodulated by Rhizobium meliloti.
Host specificity will be further discussed in section 3. The specific

adhesion of Rhizobium to a root hair is supposed to happen via a




multi-valent lectin, which recognizes similar glycosylated receptors
on the bacterium and the host (Dazzo et al., 1981). It was suggested
that extracellular polysaccharides play a role in adhesion (Napoli
and Alberheim, 1980Q) but Sanders et al., {1981) found no correlation
between production of extracellular polysaccharides and nodulating
ability. After binding of the rhizobium the root hair curls, and by
an invagination of the cell wall the bacteria grow into the plant.
The bacteria continue to divide and the invagination develops into
an infection thread which penetrates into the root tissue up to the
inner cortex. Some cortical cells dedifferentiate and start to divide.
The final nodule tissue is polyploid; there are indicaticns that
the primary cells from which the nedules originated were already
polyploid, but polyploidy might alsg arise during nodule development.
The infection thread branches and grows into the newly formed meris-
temic tissue. Bacteria are released from the infection threads and
fill the cells completely. They remain surrounded by a membrane,
which is of plant origin. The bacteria increase in size and some
strains become Y shaped. Their amount of DNA increases (Bisseling
et al., 1977) and they are no longer viable (van den Bos and
Broughton, 1981). Because of the marked difference between free
living rhizobia and their endosymbiotic counterparts, the latter
are called bacteroids. At this stage nitrogen fixation starts and
the ammonia produced is exported to the plant. Both in the bacterium
(Krol et al., 1980, Prakash, 1981 and this thesis) and in the plant
{Legocki and Verma, 1980) a number of genes are only expressed in
the symbiotic state. One of the nodule-specific plant proteins is
leghemoglobin, which is very abundant in root nodules. The function
of leghemoglobin in protecting nitrogenase against oxygen was men-
tioned above. Other nodule-specific proteins, the so-called nodulins,
were detected by Bisseling (to be published). The function of the
nodulins is still unknown. That a number of proteins from plant and
from bacterium are only present in neodules indicates that the
formation of an effective symbiocsis is achieved both by the differ-
entiation of plant cells into nodule tissue as well as by differ-

entiation of bacteria intc bacteroids.




1.3 INVOLVEMENT OF RHIZOBIUM PLASMIDS IN SYMBIOSIS AND NITROGEN
FIXATION

Rhizobium contains large plasmids, as was first demonstrated by
Nuti et al., (1977). Because fast growing Rhizobium species are
closely related to Agrobacterium tumefaciens, the plasmids in
Rhizobium drew special attention. For Agrobacterium tumefaciens
induces Crown Gall tumors on plants by transfer of a part of a large
plasmid to a plant cell, where it becomes incorporated in the plant
genome (Drummont et al., 1977). In the relation between RAhjizobium
and a plant a plasmid might function in a similar way, but untill
now no transfer of bacterial DNA to the plant has been demonstrated.
Nuti et al. (1977) showed the occurrence of large plasmids in
Rhizobium leguminosarum (2 strains), Rhizobium trifolii (2 strains},
Rhizobium japonicum (1 strain) and Rhizebium "dolichos” (1 strain).
By conjugation experiments Johnston et al. (1978) found indications
for the invqlvement of a large plasmid in nodule formation. Nuti et
al. {(1979) demonstrated that at least a part of the nif (nitrogen
fixation) genes are located on a large plasmid in Rhizobium Iegumi-
nosarum by hybridization with pSA30, a recombinant plasmid containing
the structural nif genes of Rlebsiella pneumoniae (see section 4).
Conjugation experiments using Rhizobium leguminosarum demonstrated
that genes contreolling ncdulation and genes coding for a hydrogenase,
which apparently improves the efficienty of nitrogen fixation, are
located on a single plasmid (Brewin et al. (1980a). Also genes coding
for bacteriocin production, which might be important during coloni-
zation of the root hair, appeared to be linked teo the nodulating
properties of Rhizobium legquminosarum and were located on a single
nod plasmid (Brewin et al., 1980b). Using deletion mutants Dénarié
et al. (1981) demonstrated that genes controlling nodule formation
are located on a large plasmid in Rhizobium meliloti. By hybridiza-
tion with pSA30 the nif genes were also located on this plasnmid.
Hooykaas et al., (1981) transferred a plasmid from Rhizobium trifolii
to Rhizobium leguminosarum and to Agrobacterium tumefaciens. In
these experiments it was shown that this plasmid contained genes
for host specificity and nodule formation, as both transconjugants
nodulated Trifolium. By transfer to a fix (not fixing) strain of
Rhizobium leguminosarum which lacked a part of the structural nif




genes this strain was rendered fix+, but the Agrobacterjium trans-
conjugant was fix . So at least a part of the nif genes are located
on this plasmid, but some genes involved in nitrogen fixation are
either not expressed in Agrobacterium or are located either on the
chromosome or on another plasmid. The last possibility is not likely,
because hybridization experiments of bacteroid RNA with the two
plasmids present in Rhizobium leguminosarum strain PRE showed only
hybridization with the plasmid carrying the nif genes (Krol et al.,
1982 and this thesis). As there are strong indications that all
bacterial genes involved in nodule formation and nitrogen fixation
are located on a single plasmid, Hooykaas et al. (1981) proposed to
call these plasmids Sym plasmids.

It has been shown that host specificity, which has been used to
classify Rhizobjum species (Vincent, 1974} can be transferred to
other Rhizobium species (Johnston et al., 1978) and even to Agro-
bacterium (Hooykaas et al., 1981). On the other hand transfer of a
plasmid from Agrobacterium tumerfaciens to Rhizobium trifoliil ren-
dered the transconjugant Crown Gall inducing (Hoovkaas, 1979).

So symbiotic or phytopathogenic properties and host range depend on
the plasmid content of the bacterium and are therefore not species
determined. This led Hooykaas (1979) to propose a new classifica-

tion of Rhizobium species based on a number of other mostly metabo-
lic properties (Table 2). The classification and host range deter-
mination of the slow growing Rhizobium species are still very in-

complete. As the o0ld classification is still generally in use, the
older nomenclature also has been used in this thesis.

1.4 ORGANISATION AND REGULATION OF NIF GENES IN RHIZOBIUM and
KLEBSITELLA

The large plasmids found in RhiIzobium carry at least a part of
the genes involved in nitrogen fixation (Nuti et al., 1979). Prakash
(1981) made a physical map of such a nif plasmid from Rhizobium le-
guminosarum. On this map he localized regions which are expressed
in bactercids and in stationary phase bacteria, and regions which
are homologous to the Ti plasmid of Agrobacterium tumefaciens. The
Precise organisation of the nif genes in Rhizobkium is difficult to
assess. In most strains nitrogenase is only expressed in the sym=-
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biotic state. Some straing are able to fix nitrogen in a free living
state (Kurz and La Rue, 1975, McComb and Dilworth, 1975, Pagan et
al., 1975), but these strains do so only in the presence of fixed
nitrogen. Therefore it is not possible to select mutants which are
defective in nitrogenase using selective growth conditions; all mu-
tants must be individually tested. A genetic map of the nif genes
of Rhizebium has untill now not been constructed.

The free living nitrogen fixing bacterium Klebsiella pneumoniae
is moch better known. Rlebsiella pneumoniaze is closely related to
Escherichia coli. Therefore genetic techniques developed for Esche-
richia coli could be applied to Xlebsiella pneumoniae to map the
genes involved in nitrogen fixation (MacNeil et al., 1978). The
genes are located in a single region on the chromosome, approxi-
mately 24 kb in size. The nif genes and the function of the products
are listed in table 3 (Kennedy et al., 1981). The nif genes are
organized in 7 or B8 operons, which are all transcribed in the same
direction as indicated in the table by the arrows. Most operons code
for several proteins. The operons HDKY and LA code for related pro-
teins of which the synthesis is probably coordinately regulated.
The HDKY operon, coding for the subunits of nitrogenase, is of
special interest. This operon has been cloned on a 6.9 kb fragment
in the recombinant plasmid psSA30 (Cannon et al., 1979), which has
been used in chapter 3, 4 and 5 of this thesis.

The expression of nif genes of Klebsiella pneumoniae is subjected
to different levels of control. As indicated in section 1 nitrogen
fixation demands much energy in the form of ATP. This makes that
the nitrogenase genes of Klebsiella pneumoniae are strongly repressed
when sufficient fixed nitrogen is present. Also in the presence of
oxygen the nitrogenase genes are repressed because oxygen inacti=-
vates nitrogenase. A key role in the regulation of amino acids is
given to the enzyme glutamine synthetase. As is demonstrated by
mutations in the glutamine synthetase genes A, G and F, this enzyme
also mediates nitrogen starvation to the nif cluster (Leonardo and
Goldberg, 1980). It induces the expression of the nif LA operon,
which in turn regulates the expression of the other operons of the
nif region. The nif A product is a positive activator of all other
nif operons. On the contrary the nif L product prevents expression

of the other nif operons if ammonia or oxXygen are present. From both



Table 3:

The »nif genes of X.pnewmoniae and their products.
{Kennedy et o, 1981).

Kilobase DNA  Operon Gene MW, of product Function of product
1
0 Q unknown Unknown
| B unknown Essential for active FeMo-cofactor
=
A 60.000 Activates the expression of all
| 57.000 other »nif genes.
4 [ . 50,000 Inhibits the expression of all
1 45,000 other nif genes,
F 17.000
[ 10,000 Electron transfer to nitrogenase
~ 20=-22.,000
M 28,000 Activation of Kp2
8 v 42,000 Modifies substrate specificity of Kpl
. 18.000
{ 3 45:000 Unknown
22,000
[ U y Unknown
32,000(doubled
X fg{OOO ( ) Unknown
N 50.000 Essential for active FeMo-cofactor
12 E 46.000 E tial for active FeMo-cofactor
[ 40000 ssential fo e cofacto
24,000
[ Y 19.000 Unknown
K 60.000 Component 1 g-subunit
16 -
[ 56,000
D 60000 Component 1 a=-subunit
- 35.000
H 35/39.000(doubled) Component 2 subunit
- 31,753
20
J 120,000 Electron transfer to nitrogenase
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the nif A protein and the nif L protein the function is concluded
from genetic experiments, but the precise bicchemical action of the
proteins is far from understood. A further regulation of nif genes

is observed in the expression of the HDKY opercn. Dixon et al. (1980)
demonstrated that molybdenum, in combination with one or more products
of the HDKY operon, increased the expression of this operon sevenfold.
Presumably intact component 1, which is composed of the products of
the genes D and K and contains the FeMo cofactor, is involved in

the autogenous regulation of this operon. If molybdenum is absent
the synthesis of the subunits of nitrogenase is reduced to prevent

the formation of an inactive nitrogenase.

In Rhizobium the regulation of the nitrogenase genes is not yet
understood. A difference between Rhizobium and Klebsielila in the
regqulation of the nif genes is that in Rhizobium fixed nitrogen is
apparently not repressing. The strains which are able to fix nitrogen
in a free living state do so in the presence of fixed nitrogen, and
bactercids export a large part of their fixed nitrogen to the plant.
Laane et al., (1980) demonstrated that bacteroids excrete methylam-
monium as a result of a ApH across the cytoplasmic membrane. 1%C-
labeled methylammonium was used as an analogue of ammonium; methylam-
monium and ammonium are supposed to react similarly in respons to
the ApH. Ludwig (1980) found an increased ammonia export from free
living Rhizobium under microaerobic conditions. The export of ammonia
from the bactercids might result in a low level of ammonia in the
cell. This decreases the degree of adenylylation of glutamine syn-
thetase and in this form this enzyme might induce the nitreogenase
genes (Ludwig, 1980). Involvement of genes analogous to nif A or
nif L of Rlebsiella pneumoniae is still unknown, but possibly also
Rhizobium possesses a nif A protein. Rhizobium "cowpea" strain CB756
and Rhizobium japonicum strain 32H1 develop a pink colour in the
presence of 6-cyanopurine, an activity which is associated with nif
A in Rlebsiella pneumoniae (Kennedy et al., 1981).

Experiments on the expression of the nitrogenase genes were done
by Bisseling (1980). Radicimmunoassays showed that during the onset
of nitregen fixation in root nodules component I was synthesized
before component II. Reducing the oxygen tension by placing the nodu-



les under water (waterlogging) resulted in the repression of the

synthesis of compcnent II, but not of component I. This resembles
the autogenous regulation of nitrogenase in Klebsiella pneumoniae,
where component I is supposed to regulate the expression of the ni=-
trogenase operon HDKY. But in Klebsiella pneumoniae we were not
able to detect component I before component I1 during the derepres-
sion of the nif genes. That component I from Rhizobium is synthesized
independently from component II suggests an organization in different
operons, or a selective translation of messenger RNA. By hybridiza-
tion experiments of blotted bacteroid RNA with pSA30 it was shown
that in Rhizobium the nif genes D and H are presumably located on
one messenger (this thesis). This implicates that selective trans-

lation of this messenger may occur.
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II ISOLATION AND CHARACTERIZATION OF THE
PLASMIDS OF RHIZOBIUM LEGUMINOSARUM
STRAIN PRE

2.1 INTRODUCTION

Tn this chapter our experiences with different procedures for
the isolation of large plasmids from Rhigzobium Jeguminosarum are
described. Agarose gel electrophoresis demonstrated that Rhizobium
leguminosarum strain PRE contains two plasmids of approximate
molecular weights of 230 x 10% and 570 x 10° respectively. Rean-
nealing experiments and electron microscopic measurements confirmed
the value of the molecular weight of the smaller plasmid. The
difference in buoyant density between plasmid DNA and chromosomal
DNA which was found by Spitzbart et al. (1979) for Rhizobium meliloti
strain 20-1 and 20-2 was confirmed for the plasmid DNA of strain
PRE. This difference in density could not be used to isolate plasmid

DNA on a large scale.
2.2 MATERIALS AND METHODS
2.2.1 cultivation of bacteria

Rhizobium leguminosarum strain PRE was cultured in medium con-
taining 5 g bactotryptone (Difco, Detroit, Michigan, U.5.A.), 3 g
veast extract (Difco) and 10 mg uracil in 1 1 demineralized water.
After sterilization for 15 min at 120°C 0.13% Ca (NO;), was added.
This medium will be referred to as TY medium. Bacteria were grown
at 29°C. When the culture had reached an optical density of 0.15 -
0.20 at 660 nm, which corresponds to the mid-logarithmic growth
phase of the culture, cells were collected by centrifugation at
16,000 x g for 10 min and resuspended in buffer containing 0.05 M
Tris-HC1 0.02 M EDTA, pH = 8.0 (TE buffer). For labeling of DNA
bacteria were cultured in 10 ml TY medium containing 100 uCi 3H
Thymidine. Bacteria were grown for 16 h at 29°C till the culture
had reached an optical density of 0.15 - 0.20 at 660 nm. This




18

corresponds to approximately five generations of growth.

2.2.2 Alkaline sucrose gradient centrifugation of total cellular
DNA (Ledeboer et al., 1976)

3H Thymidine labeled bacteria from a 10 ml culture were pelleted
by centrifugation at 16,000 x g for 10 min and resuspended in 1 ml
TE buffer. Cells were lysed by addition of SDS (sodium dodecylsul-
fate) to 1% (w/v). The lysate was made 0.3 M NaOH and sheared for
60 sec on a Vortex mixer at maximum speed. After centrifugation at
12,000 2 g for 10 min the lysate was loaded on a 5 - 20% sucrose
gradient in a solution containing 0.05 M Tris, 0.02 M EDTA, 0.3 M NaOH,
1 M NaCl and centrifuged at 40,000 rpm for 16 min in a Beckman SW4l
rotor. Fractions of 10 drops were collected through a hole punctured
in the bottom of the tube. Aliquots of 50 pl were spotted on Whatman
3MM paper, the DNA was precipitated in a solution containing 5% (w/V}
TCA (trichlorcacetic acid) and 2% (w/v) sodium pyrophosphate in water.
The filters were washed in a solution of 2% (w/v) TCA and 2% (w/v)
sodium pyrophosphate and radiocactivity was assayed in 8 ml insta-
fluor (Packard) in a liquid scintilation counter. The counting
efficiency for tritium was 10 - 20%.

2.2.3 Renaturation kinetics (Ledeboer et al., 1976)

Fractions containing 3H-labeled plasmid and chromosomal DNA were
pocled from an alkaline sucrose gradient (Fig. 1) and dialysed against
distilled water. The DNA was sonified in a Sonifier celldisruptor
(Branson Sonic Power Co., U.8.A.), at maximal output, 50% duty, for
30 sec. After sonification the water was evaporated in vacuwo and
the DNA was dissolved in 0.12 M sodium phosphate buffer, pH 6.8, to
a concentration of approximately 1 pg/ml for plasmid DNA and 30 pg/ml
for chromosomal DNA. Samples of 1-5 pl were taken into micropipettes
{Brand, Germany) which were sealed by melting both ends. The DNA in
the micropipettes was denatured at 100°C for 10 min, and then the
micropipettes were transferred to a waterbath of 66°C for renatura-
tion of the DNA. DNA samples were taken at t = o and further at
regular intervals, every interval being approximately twice as long
as the preceeding interval. The last sample was taken at 48 h. Each
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time the DNA samples were diluted to 1 ml with 0.15 M sodium
phosphate buffer and applied to a 0.25 ml hydroxylapatite (Biorad,
U.S.A.) column in a 2 ml syringe at 60°C. The column was washed
two times with 1 ml 0.15 M sodium phosphate buffer; all three ml's
were collected in the same vial. Then the column was washed two
times with 1 ml 0.3 M sodium phosphate buffer and the effluent was
collected in another wvial. The contents of beth vials were filled
up to 4 ml with a final concentration of 0.15 M sodium phosphate
buffer, 16 ml hydroluma ({(Packard) were added and the radioactivity

in the samples was assayed in a liquid scintillation counter.

2.2.4 TIsolation of bacterial DNA enriched Iin plasmid DNA

Three different methods were used to isolate DNA enriched in
plasmid DNA:
1) The method as described by Currier and Nester (1976).
Bacteria from 1 1 of culture were resuspended in 1 1 TE and lysed
by addition of sSDS to 1% (w/v) and proteinase K (Merck, Darmstadt
F.R.G., preincubated for 1 h at 37°C) to 10 ug/ml. After incubation
for 20 min at room temperature the lysate was made pH 12.1 - 12.3
by dropwise addition of 3M NaOH, under gently stirring. After 20 min.
incubation at room temperature the pH was lowered to pH §.5 by
dropwise addition of a solution of 2 M Tris - HCl pH 7.0. Solid
NaCl was dissolved to a final concentration of 3% (w/v) and the ly-
sate was extracted once with 1 vol of phencl/cresol (phenol//cresol
= phenol: m-crescl: hydroxyquincline = 1000 : 140 : 0.4 (w/wW/W}),
and once with chlorcform. DNA enriched in plasmid DNA, which will
be referred to as crude plasmid DNA, was precipitated from the ague-
ous layer by addition of 1 vol of ethanol and the mixture was kept
at -20°C for 2 h.

2) A modification of the methed described by Hansen and Chlson
(1978).

A lysate was prepared, titrated with NaOH and neutralized as des-
cribed for the method of Currier and Nester. The lysate was made
1 M NaCl from a 5 M stock solution, kept at 0°C for 5 h and then
precipitated material was removed by centrifugation at 16,000 x g
for 15 min.
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Floating material was removed with a strip of Whatman 3 MM paper
and to the remaining supernatant a 50% solution (w/v) of poly-
ethylene glycol 6000 in water was added to a final concentration of
10% to precipitate plasmid DNA. After 16 h at 0°C crude plasmid DNA
was collected by centrifugation at 16,000 x g for 10 min.

3) The method as described by Casse et al., 1979.

Bacteria from 1 1 of culture were resuspended in 5 ml of water and
the slurry was added to 95 ml of TE, previously made 1% SDS (w/V)
and adjusted to pH 12.4 a short time before the addition of the
cells. The suspension was kept at room temperature for 30 min to
lyse the cells, and then 15 ml 2M Tris-HCL pH 7.0 were added drop-
wise, followed by 25 ml 5M NaCL and 100 ml phenol/cresol, all drop-
wise without stirring. After addition of the phenol/cresol the
mixture was stirred very gently using a glas rod and then centrifuged
at 16,000 x g for 10 min. The aqueous layer was removed and mixed
with 1 volume of ethancl. After 16 h at -20°C crude plasmid DNA was
collected by centrifugation at 16,000 x g for 10 min.

2.2.5 CsCl-ethidium bromide gradients

Crude plasmid DNA from 1 1 of culture was dissclved in 8.5 ml of
TE buffer, 9 g CsCl and 0.5 ml ethidium bromide (10 mg/ml) were ad-
ded and centrifugation was performed in a 75 Ti rotor {Spinco) at
30,000 rpm for 64 h at 20°C. Crude plasmid DNA prepared by the me=-
thod of Hansen and Chlson was dissolved in 6.5 ml TE buffer contai-
ning 0.5% diethylpyrocarbonate. After centrifugation the DNA bands
were visualised with long wavelength U.V. light (300 nm) from a C63
transilluminator (U.V. products Inc., San Gabriel, California, U.S.A.)
and the lower band containing plasmid DNA was sucked into a syringe
through a hole punctured in the side of tube. The DNA collected from
the gradients was diluted with 1 vol of water and precipitated with
2 volumes of ethanol.
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2.2.6 Agarose gel electrophoresis

Crude plasmid DNA from 0.5 1 bacterial culture was dissolved in
0.5 ml TE buffer. This was mixed with 50 pl 50% Ficoll {w/v) {(con-
taining xylene cyanol FF as a tracking dye) and samples of 20 pl
per slot were loaded onto a horizontal ©.6% agarose gel in 89 mM
Tris 89 mM EDTA pH 8.0 (Meyers et al., 1976). The gel was submerged
in the same buffer and the DNA was separated by electrophoresis at
6 V/cm for 16 h. After staining with ethidium bromide (0.5 pg/ml)
the separated DNA bands were visualised with long wavelength U.V.
light and photographed using an orange filter.

2.2.7 Electron microscopy

Plasmid DNA isolated by CsCl-ethidium bromide centrifugation was
dialysed against a suspension of 10 g Dowex X50 in 50 ml 0.8 M NaCl,
0.01L M EDTA, 0.05 M Tris-HCl pH 8.0, to remove the ethidium bromide
(Thompson et al., 1974). After dialysis against 100 mM Tris-HCl1 pH
8.5 10 mM EDTA the plasmid DNA solution was made 50% formamide and
0.2 mg/ml cytochrome C (Davis et al., 1971). 0.5 pg/ml §X 174 DNA
was added as an internal standard. The DNA was spread on water,
picked up on a grid, stained with 0.125 mM uranyl acetate, shadowed
with platinum-iridium and examined in an Elmiskoop electron micros-
cope from Siemens.

2.2.8 Buoyant density

Plasmid DNA purified by CsCl-ethidium bromide centrifugation was
ethancl precipitated, dissolved in TE buffer and then 1.30 g CsCl
per ml were added. The solution was centrifuged in a Beckman 75 T1
rotor at 30,000 rpm at 20°C for 64 h. The tube was punctured at the
bottom and fractions of 10 drops were collected. The density profile
of the gradient was determined by measuring the refraction index of
every fifth fraction, using density {(25°C) = {10.8601 x refraction
index) - 13.4974 (Ifft et al., 1961). The DNA in each fraction was
stained by the addition of ethidium bromide to a final concentration
of approximately 0.5 pl/ml and visualised with long wavelength U.V.
light.
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Fig 1. Alkaline sucrose gradient.

3H—Thymidine labeled DNA in a lysate of Rhizobium leguminosarum strain PRE was
sheared by mixing vigorously for 60 sec and loaded on a 5-20% alkaline sucrose
gradient. After centrifugation at 200,00 x g for 16 min fractions containing
10 drops were collected after puncturing the bottom of the tube and the radio-
activity in each fraction was determined. Fractions 11-16 were pooled as plasmid
DNA, fractions 40-43 as chromosomal DNA.

2.3 RESULTS
2.3.1 Alkaline sucrose gradients (Fig. 1)

If a *H-Thymidine labeled lysate of Rhizobium Ieguminosarum FRE
bacteria is applied to a 5-20% alkaline sucrose gradient and centri-
fuged at 16,000 x g for 16 min a radicactivity profile as shown in
Fig. 1 is obtained. The fractions 11-16 represent plasmid DNA, as
will be demonstrated below. Because it is necessary to shear the
DNA to achieve a good separation of plasmid DNA and chromosomal DNA,
the yield of plasmid DNA was low and amounted to only 0.5% of the
total amount of DNA, which corresponds with 60 ng plasmid DNA per
gradient.
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2.3.2 Renaturation kinetics

3H-Thymidine labeled plasmid DNA and chromosomal DNA isolated by
alkaline sucrose gradient centrifugation were broken by scnification
to fragments of approximately 900 bases in lenght. The sclution of
plasmid DNA had a concentration of 1 pg/ml and that of chromosomal
DNA a concentration of 30 ug/ml. These concentrations will be re-
ferred to as Co for each of the DNA preparations respectively.
The DNA was heated at 100°C to separate the two bands and allowed
to reanneal at 66°C. After different periods of reannealing a sample
was taken and analysed on a hydroxylapatite column. The DNA eluting
at 0.15 M sodium phosphate was regarded to be single stranded. The
amount of single stranded DNA eluting from the column was expressed
as a percentage of the total amount of DNA in the sample applied to
the column and plotted against Cot. This 1s the initial DNA concen-
tration Co multiplied by the incubation time of the sample. The ex-
perimental wvalues for the renaturation of the chromosomal DNA and

the plasmid DNA fitted to a curve representing second order kinitics

100 o

°/nssT

50 1

0 . r
193 1072 07 1 10 100

Fig. 2. Renaturation kinetics.

Chromosomal DNA (o) or plasmid DNA (0) was meited and allowed to reanneal at 66°C
in 0.12 M sodium phosphate buffer. At regular times t a sample was taken and the
percentage single stranded (%53) DNA was determined. This value was plotted as a
function of the initial DNA concentration multiplied by the time (Cot), expressed
as mel nucleotides per liter x time in sec. The drawn curves represent ideal
second order kinetics.

as is shown by the drawn lines in Fig. 2. In drawing these lines it

was assumed that in the samples taken at longer incubation times
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the percentage of single stranded DNA is overestimated due to degra-
dation of DNA. In the course of the experiment some DNA is degraded
as a result of the high temperature, and this DNA will be eluted in
the single stranded DNA fraction. The value of Cot at which 50% of
the chromosomal DNA has reannealed (Cotk) is approximately 29 times
higher than the wvalue of Cotk% for plasmid DNA. Based on a value of
6 x 10° for the molecular weight of chromosomal DNA (Reynders et
al., 1975, Bisseling et al., 1977) a value of 207 x 10% can be cal-
culated for the molecular weight of plasmid DNA.

Fig. 3. Purification of plasmid DNA.

Bacterial DNA enriched in plasmid DNA (see text) was dissclved in buifer and
centrifuged in a CsCl-ethidium bromide gradient (a) or electrophoresed in an
agarose gel (b). The DNA was visualised with long wave-lenght U.V. light. The
arrows indicate the position of circular supertwisted plasmid DNA.

2.3.3 Isclation of plasmid DNA on a large scale

Plasmid DNA was isolated on a large scale by a procedure produ-
cing DNA enriched in plasmid DNA, followed by further purification
by CsCl-ethidium bromide gradient centrifugation. The methods used
were essentially those described by Currier and Nester (1976), Han-
sen and Ohlsen (1978) and Casse et al. (1979), which are based on
denaturation of the chromosomal DNA at pH 12.1 = 12.4, followed by
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neutralisation which results in precipitation of the chromosomal
DNA. The DNA remaining in the supernatant is enriched in plasmid
DNA and can be concentrated by precipitation with polyethylene glycol
or ethanol. The plasmid DNA was further purified by centrifugation
in a CsCl-ethidium bromide gradient (Fig. 3a) or agarose gel electro-
phorises was performed to separate the plasmids (Fig. 3b). With all
three methods to isolate plasmid DNA the yields of purified plasmid
DNA ranged between 0 and 25 ug after CsCl-ethidium bromide centri-
fugation.

o
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Fig. 4. Mclecular weight estimation of plasmid DNA by agarose gel electrophoresis.
Plasmid DNA from Rhizobium leguminosarum strain PRE, Agrobacterium tumefaciens
strain C58 and Rhizobium meliloti strain 20-1 and strain MVIT/3 were separated
in a 0.6% agarose gel and stained with ethidium bromide, as shown in Fig. 4a.
The two plasmids of PRE are referred to as pR1Pa and pR1Pb. The molecular weights
of the marker molecules are: 2.5 x 10% (20-1), 1.2 x 10®8 (Ti plasmid of €38)
and 1.04 x 10%, 0.90 x 10.8, 0.54 x 10® and 0.36 x 10® (MVIT/1). The mobility

of the marker plasmids was plotted against the logarithm of their molecular
weight (Fig. 4b). From the mobility of the plasmids of PRE their molecular weight
was estimated; for pR1Pb it was necessary to extrapolate the figure (broken line).
0: PRE,O: C58,&: C20-1,A: MYII/1.




28

in a CsCl gradient without ethidium bromide. The gradient was frac-
tionated and the density profile was determined by measuring the
refraction index of every fifth fraction (Ifft et al., 1961). The
position of the DNA was determined by U.V. fluorescence after addi-
tion of ethidium bromide to every fraction. The buoyant density of
the plasmid DNA was found to be 1.717 g/cm®, compared with
1.722 g/cm® for chromosomal DNA centrifuged simultaneously in a
separate gradient. The density of plasmid DNA corresponds to a G-C
content of 56% compared with 63% for chromoscmal DNA. Similar values
were found by Spitzbart et al. (1979). To investigate if the differ-
ence in buoyant density between plasmid DNA and chromosomal DNA
could be used for the isolation of plasmid DNA on a large scale,
crude plasmid DNA from 1 1 of culture was centrifuged in a CsCl
gradient containing 0.5 ug/ml ethidium bromide to visualize the DNA.
This is less than 1/1000 of the amount used in CsCl ethidium bromide
gradients and not sufficient to saturate the DNA. Therefore the
difference in buovant density between plasmid and chromosomal DNA
will not change very much. As shown in Fig. 6 plasmid DNA bands
closely above the chromosomal DNA and it was not possible to remove

it from the gradient without contamination with chrcmosomal DNA.

Fig. 6. Density centrifugation of plasmid DNA.

Bacterial DNA, enriched in plasmid DNA was centrifuged in a CsCl gradient con-
taining 0.5 pg/ml ethidium bromide to stain the DNA. The upper band is plasmid
DNA, as indicated in the text.




2.4 DISCUSSION

In the beginning of our study on Rhizobium plasmids we used al-
kaline sucrose gradients according to Nuti et al. (1977) to demon-
strate the occurrence of plasmid DNA. From these gradients small
amounts of radicactively labeled plasmid DNA could be isolated which
were used for molecular weight estimations by renaturation kinetics.
Later agarose gel electrophoresis was used to separate plasmid DNA
(Casse et al., 1979), giving a better molecular weight estimation
by comparison with marker molecules. The amount of plasmid DNA which
can be isclated by alkaline sucrose gradient centrifugation is too
small for restriction enzyme analysis or hybridization experiments.
Therefore procedures were developed to isolate plasmid DNA on a
larger scale. As a first step in purification a DNA fraction enriched
in plasmid DNA was isolated, because covalently closed circular
plasmid DNA represents only a small part of the total amount of DNA
in the cell. To prepare DNA enriched in plasmid DNA the methods
described by Currier and Nester (1976), Hansen and Ohlsen (1978}
and Casse et al. (1979), respectively, were used. All three methods
are based on denaturation of DNA at pH 12.1 = 12.4. The strands of
intact circular plasmid DNA cannot separate completely and will
again form a double stranded molecule upon rapid neutralizaticn.
Currier and Nester and Hansen and Chlsen titrate the lysate with
NaOH to pH 12.1 - 12.3. To avoid locally high pH's when the NaOH is
added dropwise stirring is essential. If the bacterial cells are
suspended and lysed in a small volume of buffer a very viscous
lysate is obtained, making stirring difficult. By adding the bacteria
in a small volume of water directly to a much larger volume of buffer
of pH 12.4 stirring can be avoided (Casse et al., 1979). After neu-
tralization and addition of NaCl, which is the same in all three
procedures, the viscosity of the lysate is much reduced because the
denatured chromosomal DNA precipitates. In the method of Hansen and
Ohlsen the lysate is placed at 0°C, which causes SDS and proteins
to precipitate. At the same time chromosomal DNA, SDS and proteins
are removed by centrifugation, after which plasmid DNA is precipi-
tated by complexation with polyethylene glycol. This precipitate'
contains beside DNA also a large amount of proteins and polyethylene
glycol. To avoid this contamination is it preferable to precipitate
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plasmid DNA with ethanol after extraction of the lysate with phencl/
cresol (Currier and Nester, 1976, Casse et al., 1979). After preci-
pitation plasmid DNA was further purified by CsCl-ethidium bromide
centrifugation (Fig. 3a), or electrophoresed in an agarocse gel
{Fig. 3b). It has remained difficult to isolate the large plasmids
from Rhizobium leguminosarum strain PRE using each of the three
methods. The most important problem in isclating large plasmid DNA
is the stirring of the lysate. It is important to achieve a good
mixture with as little stirring as possible, not only to avoid
shearing of plasmid DNA, but also to keep the chromosomal DNA as
long as possible. If the chromosomal DNA is too short, it will not
precipitate upon neutralization and may cause overloading of the
CsCl-ethidium bromide gradient if the amount of DNA applied to the
gradient is too large. Therefore the method as described by Casse

et al. (1979) appears the most suitable because it caused less
shearing of the DNA, it is less labourious and it uses less material.
With this methed it was possible to isolate plasmids with a molecular
weight up to 600 x 10% from different Rhizobium leguminosarum strains
as is described in Chapter 4, but many isolations did not produce
plasmid DNA at all.

If plasmid DNA from Rhizobium Ileguminosarum is separated by aga-
rose gel electrophoresis two plasmid bands are shown (Fig. 4).
From this gel a value of 230 x 10¢ is found for the molecular weight
of pR1lPa. This value was also found by electron microscopic measure-
ments, whereas by renaturation kinetics a wvalue of 207 x 10% was
obtained. The values for the molecular weight of plasmid DNA obtained
by renaturation kinetics showed a large variation with 90 x 10% and
480 x 10® as extremes. This indicates that these values are not very
precise. That pR1Pb is not detected in CsCl-ethidium bromide gra-
dients using electron microscopy or in alkaline sucrose gradients
using renaturation kinetics might imply that the band indicated with
PR1Pb in an agarose gel is a dimer or an open circular or linear
form of pR1Pa. This is not the case, as will be demonstrated in
Chapter 4. It appears probable that pR1Pb is lost in alkaline su-

crose gradients or CsCl gradients due to shear forces during the
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isolation. That pR1Pb is not isolated using these gradients indi=~
cates the increasing difficulty to isclate such large DNA molecules
by these methods. The value of 570 x 10% for pR1Pb is a rough esti-
mation, because no accurate molecular weight markers are available
in this range. A difference of 20% with the real molecular weight
should be considered. We have found no indications for the ovcurence
of still larger plasmids in PRE, like the plasmids with a molecular
weight of more than 800 x 10° which were found in Rhizobium meliloti
by Dénarié et al. (1981).

As the plasmid band in a CsCl-ethidium bromide gradient consists
for a large part of pRlPa, we determined only the buoyant density
of pR1Fa. The difference in bucyant density between plasmid DNA and
chromosomal DNA means a difference in G=C content of 7%. The reason

for this difference is unknown.
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ABSTRACT

Tsolated plasmid DNA from Rhizobiwn leguminosarum was hybridised with
cellular RNA from broth-cultured bacteria and endosymbiotic bacteroids. From
these hybridisation, experiments it is concluded that plasmid genes are
strongly expressed in bactercids and only weakly or not at all in bacteria.
From the hybridisation of plasmid DNA with the cloned structural nif genes
of Klebsiella preumoniae it is shown that at least part of the nif genes are
located on a plasmid,

INTRODUCTION

Upon the tramsition of free living Fhizobium leguminosarum inte nitrogen
fixing bacteroids in root ncodules, marked changes occur in the morphology,
DNA content and the patterns of protein synthesis in the cells (1, 2). Since
the presence of large plasmids (M.W. 100 - 250 x 106) in different rhizobium
species has been demonstrated by several authors (3 - 6}, these plasmids have
been attributed a key role in the infectivity of the Rhizobium bacteria, the
induction of root nodules and the achievement of nitrogen fixation. Evidence
for such a2 role of plasmids has been found in genetic experiments (7, 8),
demonstrating that genes involved in host specific nodulation are located on
a large plasmid, and in biochemical experiments {9, 10) which indicate that
the structural genes for nitrogenase are at least partly plasmid horne.

This paper describes experiments to examine the extent to which plasmid
genes are transcribed in free-living rhizobia or in bactercids. For that
purpose RNA from bacteria or bacteroids was hybridized to restriction enzyme-
digested plasmid DNA using the Southern blotting technique (11)., The results
show that the large plasmids are actively transcribed in the bactercid form,
whereas transcription of plasmid genes remains undetectable in broth-cultured
bacteriz. The location of #nif genes on the thizobium plasmids was demonstra-

ted by using cloned Klebsiella pneuwmonice nif-sequences (12) as a probe.
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MATERTIALS AND METHODS

Cultivation of Rhizobium bacteria and bacteroids. Rhiaobium Leguminc-

sarum (strain PRE} was grown in TY medium (5 g bactotryptone, Difco, Detroit
Michigan U.S.A., 3 g yeast extract, Difco, 10 mg uracil in 1 1, plus separately
sterilized 10 ml 13% Ca(N0,), ) at 30°C to A = 0.15 - 0.20. The bacteria
were pelleted by centrifugation for 10 min at 16,000 xg.

Pea plants were grown in gravel as described by Bisseling et al.(13).
Nodules from 20 day old plants were picked and immediately frozem in liquid
nitrogen; 25 g of nodules were crushed in a cold mortar in 50 ml of cold 0.15
M sucrose, 25 mM Tris-HCL pH 7.4, 100 mg/l chloramphenicol (Sigma, St.Louis,

MG, U.5.A.}, and filtered through Miracloth. Bactercids were pelleted by
centrifugation for 7 min at 27,000 xg prior to RNA isolation, or purified by
sucrose gradient centrifugation (2) for DNA isolation.

DA igolation. Cell pellets from 1 1 cultures were suspended in 30 ml of
TE buffer (0.05 M Tris-HCl, 0.02 M EDTA pH 8.0). After addition of S$DS (SDS:
sodium dodecylsulfate) to 1Z (w/v) (from 207 stock) and proteinase K (Merck ,
Darmstadt F.R.G., preincubated for 1 h at 3700) to 10 ug/ml (from 200 pg/ml
stock), the suspension was incubated for 20 min at room temperature. The re-
sulting lysate was extracted 3 - 4 times with phenol/crescl (phenol: m—cresol:
hydroxyquinoline = 1000 : 140 : 4 (w/w/w) )}, until the aqueous layer was clear,
After extraction of the aquous layer with | wol of chloroform the solution was
made up to 0.2 M sodium acetate. Nucleic acids were precipitated overnight at
-20°C after adding 2 vols of ethanol. After cemtrifugation the pellet was dis-
solved in 5 ml 0.1 x S5C (1 x S$SC: 0.15 M NaCl, 0.015 M sodium citrate pH 7.0).
RNA was digested with 100 ug/ml RNAse A (Sigma) (preincubated for 10 min at
80°C) and 250 units/ml RNAse Tl (Sigma) for 30 min at 37°C. After incubation
with 10 pg/ml proteinase K (30 min at 37°C in 1% SDS) and phemol/cresol and
chloroform extraction the DNA was ethanol-precipitated.

Isolaiion of large plaemid DNA. The procedure used was a modification of
the procedure of Hansen and Ohlsen ([4). Bacteria were grown and lysed as
above. Cells from 1 1 cultures were suspended in 900 ml TE to give 1 1 lysate.
The pH of the lysate was increased to 12.3 by addition of 3 M NaOH with gently
stirring. After 20 min the pH was lowered to 8.5 with2MTris-HC1 pH 7.0 and 5M
NaCl was added to a final concentration of 1 M. After 5 h at 0°C precipitated
material was removed by centrifugation (15 min at 16,000 xg). Floating material
was removed with a strip of Whatmann 3 MM paper, and 50% {(w/v) polyethylene
glycol (PEC) was added to the remaining supernatant to a final concentration
of 10% (w/v). After leaving overnight at 0°C crude plasmid DNA was pelleted
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(10 min at 16,000 xg) and dissolved in 8.5 ml TE + 0.5% diethylpyrocarbonate
(DEP). 9 g CsCl and 0.5 ml ethidium bromide (10 mg/ml) were added and

equilibrium centrifugation was performed in a 75 Ti roter (30,000 rpm, 64 h,

20°c) in a Spinco centrifuge. DNA bands were visualized with long wavelength
UV light. The lower band was sucked into a syringe after puncturing the tube.
The DNA sample was diluted with 1 vol of water and precipitated with 2 vols
of ethanol.

Isolation of plasmid pS4 30 (15). All manipulations with bacteria conm-—
taining recombinant DNA were performed under the guidelines of the Dutch
Committee in charge of the control on genetic manipulation. E.colf K 12
strain GTM-4, containing plasmid pSA 30, was grown in a medium containing 17
bacto-tryptone, 1% NaCl, 0.5% yeast extract and 0.}7% glucose (w/v) at 37°¢C in
a shaking incubator. Chloramphenicol (170 mg/l) was added and incubation was
continued for 16 h at 37°C. The cells were pelleted, suspended in 50 ml TE
buffer and lysed by addition of SDS to a final concentration of !Z (w/v). The
lysate was made up to 1 M NaCl (from 5 M stock solution) and incubated at 4°¢
for 5 h. Precipitated material was removed by centrifugation (15 min at
16,000 xg), the supernatant was extracted once with phenol/cresol and plasmid
was precipitated at -20°C overnight by the addition of 1 vol of ethanol. The
plasmid was further purified by CsCl equilibrium centrifugation as described
above.

Restriction enzyme digestion and gel electrophoresis. 1 - 5 ug of DNA

was incubated in 20 ul of 90 mM Tris-HC1, 10 mM MgCl 6 mM 2-mercapteoethanol

s
pH 7.9 and 6 units of FcoRl or KindITI {(both from Boihringer, Mannheim FRG).
after a 2 h incubation at 37°C ficoll (5% w/v final concentration) was added
and electrophoresis was performed in a horizontal (.77 agarose (Miles Labora-
tories, England) gel (autoclaved before pouring) buffered with 40 mM Tris-
acetate, 10 mM EDTA pH 7.7 (16). After electrophoresis (2.¥/cm) for 16 h the
gel was stained in electrophoresis buffer containing 0.5 pg/ml ethidium bromi-
de. The DNA frapments were visualised with long wavelength UV light and photo-—
graphed. If restriction fragments were to be isolated from a gel, electropho-
resis buffer without EDTA was used. The DNA was freeze—squeezed from frozen
gel slices (17) and used directly for nick translation.

Southerm blotting. DNA bands were transferred from the agarose gel to a
nitrocellulose filter essentially according to Southern (11). After blotting
overnight at 4°C the slots were marked on the nitrocellulose filter; the
filter was washed in 3 x SSC and baked for 2 h at 80°C.

RNA tsolation. For RNA isolation, bacteria were cultured to A660 =







