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SUMMARY

A strain of the basidiomycete, Ustilago violacea, was transformed with a prokaryotic plasmid, pMP4-1,
which confers resistance to neomycin. U. violacea transformants were selected at a frequency of 5 per ug
pMP4-1 DNA. Such transformants were at least 8-fold more resistant to neomycin than was the untrans-
formed recipient U. violacea. Enzyme activity associated with the neomycin resistance gene was also found in
the transformants. Southern DNA-DNA hybridization detected pMP4-1-derived sequences in both nuclear
and mitochondrially-associated DNAs from transformants. The patterns of hybridization suggested integra-
tion of pMP4-1 sequences into the respective genomes. DNA from the nuclear fraction of U. violacea trans-
formants failed to produce E. celi transformants resistant to neomycin or to carbenicillin. In contrast, DNA
from the mitochondrially-associated fraction in U. violacea transformants produced E. coli transformants
resistant to neomycin. The E. coli transformants contained a pMP4-1-derivative, pWP8, which was sub-
sequently shown by Southern blot analysis to harbor U. violacea mitochondrial DNA. Thus, a prokaryotic
plasmid can be used to transform the eukaryote U. violacea and acquire endogenous sequences from this
organism.

INTRODUCTION

Although saprophytic and phytopathogenic basi-
diomycetes have been used by both geneticists and
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phytopathologists for genetic studies, limited link-
age data are available. Ustilago species are among
the few fungal pathogens that are as technically
suited for genetic analysis as Saccharomyces, Neu-
rospora, and Aspergillus. Much work has focused
on U. maydis due to its economic importance as a
pathogen of corn [1]. U. violacea, a pathogen of
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members of the Caryophyllaceae, has also been well
studied [2]. The genetics of phytopathogenicity is
now ‘ripe for analysis’ in this species [2] and would
be facilitated by molecular biological approaches.
The development of transformation system for U.
violacea is a first step in this direction [3].

In this report we describe the use of a prokaryotic
plasmid bearing a neomycin resistance gene to re-
cover endogenous sequences from U. violacea
which could promote extrachromosomal DNA rep-
lication in this organism. Concomitant introduction
of a prokaryotic plasmid and selection of the result-
ing neomycin-resistant fungal cells are demonstrat-
ed. In addition, mitochondrial sequences of U. vio-
lacea are recovered using this system.

MATERIALS AND METHODS

Cultures and plasmids

E. coli L-O [4] was the antibiotic-susceptible re-
cipient for all bacterial transformations. U. violacea
2.C436w [5; obtained from E.D. Garber, Univ. of
Chicago] was the white haploid strain used as recip-
ient for fungal transformations. Plasmid pMP4-1
confers resistance to carbenicillin and to aminogly-
coside antibiotics neomycin and G418 by virtue of
the gene for aminoglycoside 3'-phosphotransferase
II (APH(3)-II) derived from Tn5. The pMP4-1
plasmid was produced by cloning the APH(3')-11
gene as a BamHI-HindlII fragment into similarly-
digested pBR322 [4].

Enzymes and chemicals

f-glucuronidase (Type HA4) from Helix aspersa
and lyticase (from Arthrobacter luteus) were pur-
chased from Sigma Chemical Co., St. Louis, MO.
Nick translation kit (DNase I + DNA polymerase
I) and restriction endonucleases were obtained from
International Biotechnologies, Inc., New Haven,
CT. Carbenicillin sulfate and neomycin sulfate were
purchased from Sigma Chemical Co., St. Louis,
MO. Nitrocefin was a generous gift of S. Lerner.
Labelled nucleotides, o-[**P}-dATP (>600 Ci/
mmol) and y-[*2P]-ATP (1000-3000 Ci/mmol) were
obtained from New England Nuclear, Boston, MA.

Preparation of sonic extracts and enzyme assays
Extracts from strains were prepared by sonica-
tion as previously described [6]. f-lactamase activity
in crude cellular extracts was assayed qualitatively
by the production of orange color by cleavage of
the chromogenic cephalosporin, nitrocefin [7]. APH
(3)-1I activity in crude extracts was measured by
the radioenzymatic phosphocellulose filter binding
assay [8]. Alternatively, crude extracts were separat-

- ed by non-denaturing polyacrylamide gel electro-

phoresis (PAGE). Separated samples were then as-
sayed directly in the gel according to the procedure
of Sprengel et al. [7].

Measurement of antibiotic susceptibilities

Minimal Inhibitory Concentrations (MICs) of
antibiotics for strains were determined using a two-
fold serial dilution method [8] on agar plates.

Transformation protocols

The transformation of susceptible E. coli was by
the CaCl, method described by Maniatis et al. [9].
U. violacea protoplasts were transformed as de-
scribed by Wang et al. [1], except that §-glucuroni-
dase (50 000 U) and lyticase (1% final concentra-
tion) replaced Novozym 234 in the production of
protoplasts. Protoplasts of U. violacea 2.C436w
were incubated with 5 ug of pMP4-1 DNA and
were treated with CaCl, and polyethylene glycol.
Five separate transformations were performed.
Cells from each of these transformations (10° pro-
toplasts and 5 ug DNA) were spread onto regener-
ation medium [1] containing 10 mg neomycin per ml
and were incubated at 25°C for 12 days.

Mitotic stability of putative transformants

The mitotic stability of putative transformants
was estimated by inoculating single colonies of iso-
lates maintained on selective media into broth with
or without selective pressure (antibiotics) and al-
lowing growth to log phase (Agoo=1). At this point
cultures were diluted 200-fold again into broth ei-
ther with or without antibiotic and allowed to grow
to log phase. Cells were passaged at least 3 times in
this manner. After each growth phase to Agoo=1,
aliquots were diluted and spread onto selective and



non-selective media and the proportion of colonies
retaining the drug-resistant phenotype were deter-
mined. The fraction of cells losing the transformed
phenotype per generation was estimated by the fol-
lowing formula:

where y is the loss per generation and P, is the ob-
served proportion of antibiotic-resistant colonies
(compared to total) after g generations [10]. This
method of estimation was found to yield numbers
comparable to those obtained using either the
method of Murray and Szoskak [11] or that of Dani
and Zakian [12].

Isolation and purification of DNAs from U. violacea

Nuclei and mitochondria from U. violacea were
purified by differential lysis and centrifugation ac-
cording to the procedure of Wills et al. [13]. Total
DNA or DNA isolated from purified nuclei or puri-
fied mitochondria was extracted according to the
methods of Cryer et al. [14]. The DNAs were fur-
ther purified in cesium chloride (CsCl) bisbenza-
mide buoyant density gradients [15].

Characterization of DNAs

Methods for digestion with restriction endonu-
cleases were as described by the manufacturer. Elec-
trophoresis was performed in 0.8% agarose at 1.3
V/em?® for 6-8 h. The buffer system contained 89
mM Tris-hydrochloride, 8.9 mM boric acid, and 2.5
mM EDTA (pH 8.3). Nick translation of DNAs
with a[>?P]-dATP for use as probes, transfer of
DNAs to nitrocellulose, DNA-DNA hybridiza-
tion, and autoradiography were according to the
methods of Maniatis et al. [9]. A purified 1.5-kb
EcoRI fragment from nuclear DNA of untrans-
formed U. violacea 2.C436w was used to probe for
cross-contamination of mitochondrial preparations
with nuclear DNA sequences.

We wished to investigate whether transforming
DNA in the U. violacea transformants was integrat-
ed or if some of the detected sequences were inde-
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pendent of the nuclear and/or mitochondrial ge-
nomes. To do so, DNAs from purified nuclei and
mitochondria were prepared from the U. violacea
transformants [16] and these were then purified in
CsCl bisbenzamide gradients [18]. DNA fractions
from two of the independent U. violacea transfor-
mants were used separately for these experiments.
Susceptible E. coli L-O were transformed indepen-
dently with the nuclear and mitochondrial DNA
fractions.

RESULTS

Transformation of U. violacea

Colonies of U. violacea appeared at a frequency
of 5 per ug pMP4-1 DNA. Typically, transforma-
tion plates contained between 15-30 colonies. In the
absence of transforming DNA, protoplasts plated
on regeneration medium (containing 10 mg NM per
ml) failed to yield colonies up to 18 days at 25°C.
This was true even when the number of untrans-
formed renegerable protoplasts spread was as high
as 1 x 108® per plate. At 25°C, both transformed
and untransformed protoplasts grew on regenera-
tion medium lacking antibiotic within 3-5 days.
Similar results were obtained in all 5 separate trans-
formation experiments.

A colony from each of the 5 independent trans-
formations was chosen for further study. All five
were at least 8-fold more resistant to neomycin than
their progenitor strain, 2.C436w (see Table 1).
These haploid strains were examined for mitotic
stability of this acquired trait. After 29 generations
of mitotic division in selective media, the neomycin-
resistant phenotype was retained in approx. 100%
of cells for each of the five transformants. However,
after 14 generations of mitotic growth without se-
lective pressure (see Table 2), 71-80% of cells main-
tained the neomycin-resistant phenotype. After 24
generations in non-selective media only 3-8% of
these cells retained the transformed phenotype.

Characterization of U. violacea transformants
All five independently-isolated U. violacea trans-
formants had identical characteristics with regard
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Table 1

Antibiiotic susceptibilities and enzyme activities in U. violacea and E. coli strains

Strain MICs® (ug/ml) of the following drugs®: Enzyme activities®

NM CB APH(3")-I1 p-lactamase
2.C436w 1250 N.D.4 - -
2.C436w(pWP8)° >10000 N.D. + -
L-O(pWP8) 800 800 + +
L-O(pMP4-1) 800 800 + +
L-O 3.12 <12.5 - -

* MIC, minimal inhibitory concentration.
® NM, neomycin; CB, carbenillcillin.

¢ APH(3")-II activity in crude sonic extracts determined by radioenzymatic phosphocellulose filter binding assay [8] or by the non-
denaturing polyacrylamide gel electrophoresis assay [7]; f-lactamase activity in crude sonic extracts determined qualitatively as produc-
tion of orange color by the cleavage of the chromogenic cephalosporin, nitrocefin.

4 N.D,, not done since U. violacea are not sensitive to this drug.

¢ Represents each of 5 independent U. violacea transformants, since the results were identical.

to antibiotic susceptibilities, enzyme activites, and
observed DNA content. The MICs of the transfor-
mants and the enzyme activities present in crude
extracts of these strains are shown in Table 1.

U. violacea strains 2.C436w had an MIC of 1250
ug per ml neomycin. The spontaneous mutation
rate of this strain for growth on 10 mg neomycin
per ml was less than 1 x 107°. As previously men-
tioned, the U. violacea transformants were at least
8-fold more resistant to neomycin than 2.C436w.
All U. violacea strains tested grew readily on plates
containing 10 mg carbenicillin per ml. The non-de-
naturing PAGE assay [7] confirmed the presence of

Table 2

APH(3')-I1 enzyme activity in the U. violacea trans-
formants. No such activity was detected in untrans-
formed U. violacea 2.C436w.

Fate of transforming DNA in U. violacea. transfor-
mants

The probes used to characterize the nuclear and
mitochondrial DNA fractions of the five indepen-
dent U. violacea transformants were linearized
pMP4-1 and the 1.8-kb HindIll-BamHI fragment
from pMP4-1 bearing the APH(3")-1I gene (hereaf-
ter referred to as the APH(3')-1I gene probe). Both
the nuclear and mitochondrial fractions of all 5

Mitotic stability® of transformed phenotype in U. violacea on non-selective medium

Generation Trans® 1 Trans 2 Trans 3 Transv4 Trans 5

% Cells®  py° % Cells  py % Cells  py % Cells % Cells
14 78 0.018 74 0.022 80 0.016 72 0.024 81 0.015
19 27 0.067 38 0.050 22 0.077 29 0.064 31 0.060
24 3 0.081 4 0.126 5 0.118 3 0.136 8 0.100

* Mitotic stability calculations were made with the per cent cells containing plasmid at time 0 normalized to 100%. Cell were grown to log
phase and serially passaged up to 24 generations in the specific media.

® Trans, transformant.

¢ % Cells, percent cells maintaining transformed phenotype (i.e. neomycin resistance).

9 ug, plasmid loss per cell per generation.



transformants showed hybridization to both of
these probes.

The results of hybridization with pMP4-1 are
presented in Fig. 1A. The pMP4-1 plasmid hybrid-
ized strongly with itself (lane 8). For the nuclear
fraction BamHI digestion produced a 9.2-kb band
of hybridization (Panel A, lanes 1,2,4,5,7) to linear
pMP4-1. The digested DNA from purified mito-
chondria (lanes 10, 11, 13-15) produced a 7.43-kb
band of hybridization to pMP4-1. Thus, sequences
from pMP4-1 were present in the transformed U.
violacea.

In the second set of hybridizations (Panel B), the
nuclear and mitochondrial DNAs digested with
HindIIT and BamHI allowed detection of an intact
APH)3')-II gene in the transformants. The APH
(3)-1I gene probe hybridized to a 1.8-kb fragment
in the nuclear DNA fractions from the transfor-
mants. Interestingly, in the mitochondrial fractions,
the APH(3')-IT gene probe produced the same 7.43-
kb band of hybridization which had been detected
with the pMP4-1 probe. No cross-contamination
with nuclear DNA was detected (Panel A, lane 16).
Thus the observed hybridization appears to be ex-
clusively to sequences associated with the mito-
chondria.

In these experiments, no hybridization was de-

tected for the parental U. violacea 2.C436w strain
(Panel A, lanes 3,6,12; Panel B, lane 4), or for U.
violacea transformants which had subsequently lost
their neomycin-resistant phenotype (not shown).
The only hybridization to parental U. violacea
DNAs was that observed for the nuclear probe to
the nuclear DNA fraction from this strain (panel A,
lane 17). Comparison of the degree of intensity of
hybridization to one copy equivalent of pMP4-1
(Panel A, lane 9) suggests the presence of approxi-
mately one copy of these sequences in the nuclear
components of three U. violacea transformants
(lanes 1, 4, and 7) and multiple copies for at least
one transformant (lane 5).

Transformation of E. coli with DNA from U. Vio-
lacea transformants

When crude DNA from purified mitochondria of
U. violacea transformants was used to transform
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bacteria, E. coli L-O transformants appeared at a
frequency of 12 per ug U. violacea DNA on TYE
agar [16] plates containing 200 ug carbenicillin or
neomycin per ml. Alternatively, when fractions
were used from CSCI bisbenzamide gradients on
which U. violacea transformant DNA had been sep-
arated, DNA from the fraction just below the mi-
tochondrial band was found to transform E. coli at
a frequency of 80 per ug. Despite numerous at-
tempts to produce E. coli transformants using the
nuclear DNA fraction, no such transformants were
observed. The eighteen tested E. coli transformants
produced from mitochondrially-associated DNA
had identical characteristics, including antibiotic
susceptibilities, enzyme activities and plasmid DNA
content.

E. coli L-O(pWPS) is a representative re-trans-
formant and was resistant to the same high level of
carbenicillin and neomycin as L-O transformed
with pMP4-1 (see Table 1). In addition, the L-O
(pWP8) transformants were all highly resistant to
several aminoglycosides which are not normally
modified by APH(3')-II, such as gentamicin and
streptomycin (not shown). Crude extracts of these
transformants exppressed the B-lactamase activity
also present in extracts of E. -coli L-O(pMP4-1).
However, a lower level of APH(3")-II activity was
detected in extracts of E. coli L-O-(pWP8) than in
those of L-O(pMP4-1).

The plasmid, pWP8, was detected in all bacterial
transformants tested. This plasmid is approximate-
ly 9.0-kb, compared to the 5.8-kb pMP4-1 plasmid.
Plasmid pMP4-1 and pWP8 were compared by re-
striction endonuclease digestions (Fig. 2) and by
DNA-DNA hybridization (not shown) and were
thereby shown to have some similarities and some
substantial differences between their organizations.
In addition to acquisition of new sequences, pWP$
contained new Ball, BamHI, Smal and Sall sites. It
had lost EcoRI and HinDIIII sites. The restriction
maps suggested that the carbenicillin resistance
gene was intact.

Two fragments (0.77-kb Ps¢I and 1.59-kb Bam-
HI) and portions of the 4.9-kb Ps:I fragment from
pWP8 did not hybridize with either the pBR322-
derived portion of pMP4-1 or the fragment bearing
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Fig. 1. Southern hybridization of U. violacea transformant DNAs. Approximately 3-5 ug U. violacea DNA was used in each case. Panel
A: Linear BamHI-digested pMP4-1, nick translated with o-[3*P]-dA TP, was used as the probe for lanes 1-15; a cloned 1.5-kb U. violacea
nuclear DNA fragment was the probe for lanes 16-18. For lanes 1-15, all DNAs were digested with BamHI before loading onto the gel;
DNAs in lanes 16 and 17 were digested with EcoRI before electrophoresis. Lanes 1,2,4,5 and 7 contained nuclear DNA from 5 U. violacea
transformants; lanes 3,6, and 17 were nuclear DNA from untransformed U. violacea 2.C 436w. Lanes 9-11 and 13-15 contained DNA
isolated from purified mitochondria for 5 U. violacea transformants; lanes 12 and 16 were mitochondrial DNA from untransformed U.
violacea 2.CA36w; lanes 8 and 9 contained 0.5 ug and 1 ng, respectively, of BamH]I-digested pMP4-1 DNA; lane 18 contained 0.5 pg of
1.5-kb nuclear DNA fragment-from U. violacea. Film for lanes 1,4-9, and 18 was exposed at — 70°C for 12 h; for lanes 2,3,10-17 exposure
was for 28 h at —70°C. Panel B: The 1.8-kb HindIII-BamHI fragment from pMP4-1 containing the APH(3)-II gene was used as the
radiolabelled probe. DNAs in all lanes were digested with HindIIl and BamHI before electrophoresis. Lanes 1--3,5, and 6 contained
nuclear DNA from 5 U. violacea transformants; lane 4, nuclear DNA from untransformed U. violacea 2.C436w; lanes 8-12, mitochon-
drially-associated DNA from 5 U. violacea transformants; lane 7, 0.3 ug HindllI-BamHI-digested pMP4-1. Film for lanes 1-7 was
exposed at —70°C for 12 h; for lanes 8-12 exposure at —70°C was for 32 h.
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Fig. 2. Restriction maps of (a) pWPS8, linearized with Ttk 1111,
and (b) pMP4-1, linearized with Ttk 111 I. The intact APH(3')-11
gene and the f-lactamase gene (from pBR322) are indicated by
N:I\)/Ir and C(i’»r, respectively. mmmmmmm , indicates material in
pWPS derived directly from pMP4-1 with slight or no alteration,
and the corresponding region on pMP4-1; ezzzzzzzm , indicates
material in both pWP8 and pMP4-1 which hybridizes with the
0.8-kb PstI fragment containing most of the APH(3")-II gene;
putative locations of the generalized aminoglycoside resistance
and what remains of the APH gene in pWP8 are indicated by
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AG" and APH, respectively. Sites for cleavage by restriction en-
donucleases are indicated by T, Tth 111 I; Ac, Accl; P, Pstl; Sm,
Smal; C, Clal; Bl, Ball; S, Sall; B, BamHI; Sp, Sphl; E, EcoRI;
H, HindIIl; Bg, Bglll.
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APH(3)-IT gene, suggesting that these additional
sequences were acquired from U. violacea. The 4.9-
kb and 0.77-kb PsiI fragments from pWPS8 were
each used as probes to search for homology with
the U. violacea genome. The results for the 0.77-kb
PstI probe are shown in Fig. 3a. This fragment hy-
bridized with a 0.4-kb fragment from mitochondrial
DNA of untransformed U. violacea 2.C436w. Ex-
cept for the pWPS8 control, hybridization was not
detected for any other DNA, including nuclear U.
violacea DNA. Furthermore, the 4.9-kb Pst1 frag-
ment probe hybridized with a 2.9-kb fragment in
Pstl-digested mitochondrial DNA from untrans-
formed U. violacea 2.C436w (see Fig. 3b).

Experiments using pWPS to transform U. viola-
cea 2.C436w to neomycin resistance have yielded
transformants at frequencies two-to-three times
that secen with pMP4-1 DNA. Preliminary investi-
gations of mitotic stabilities for such transformants
suggest that in the absence of selection they lose the
transformed phenotype at a rate comparable to that
of 2.C436w transformed with pMP4-1.

b
kb ABCD E
4.9 —
2.9 ¥ ‘
1.8 — o

Fig. 3. Southern hybridization of fragments from pWP8 to genomic DNAs from untransformed U. violacea. Methods were as described
in the text. a: The 0.77-kb PstI fragment from pWP8, nick translated with a-[>?P]-dATP, was used as the probe. Lanes A-D were: lane A,
pWP8, 1 ug, digested with Ps:I; lane B, the 0.77-kb Ps¢1 fragment of pWP8, 0.3 ug; lane C, mitochondrial DNA, 3 ug, from untrans-
formed U. violacea 2.C436w digested with Pst]; lane D, nuclear DNA, 3 ug, from untransformed U. violacea 2.C436w digested with Ps/I.
b: The radiolabelled 4.9-kb Ps:I fragment from pWP8 was used as the probe. Lanes A—E were: lane A, pWPS8, 1 ug, digested with Psd,
lane B, the 4.9-kb Ps1 fragment from pWP8, 0.3 ug; lane C, mitochondrial DNA, 3 pg, from untransformed U. violacea 2.C436w digested
with PstI; lane D, nuclear DNA, 3 pg, from untransformed U. violacea 2.C436w; lane E, pMP4-1, 1.5 pg, digested with HindIII and

BamHI.
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DISCUSSION

In order to aid in the molecular characterization
of U. violacea, bacterial plasmid pMP4-1 was cho-
sen for transformation of this phytopathogen. An
aminoglycoside-resistance marker was used previ-
ously to transform fungi without further modifica-
tion of the gene to improve its expression in these
organisms [17,18]. Plasmid pMP4-1 was chosen to
transform U. violacea because it contained a similar
aminoglycoside-resistance marker and because as a
prokaryotic plasmid it should not replicate in U.
violacea. Stable transformation would thus require
integration of all or part of pMP4-1 into the U.
violacea genome or acquisition by pMP4-1 of U.
violacea sequences which allow autonomous repli-
cation. Neomycin-resistant U. violacea transfor-
mants were obtained at approximately 5 per ug
pMP4-1 DNA. This frequency was approximately
one-third that which we observed previously when
protoplasts were transformed with a plasmid bear-
ing a hygB (hygromycin-resistance) gene, engi-
neered for eukaryotic expression [3]. In this report,
hybridization results suggested integration of
pMP4-1 sequences into the nuclear genome, while
leaving the APH(3)-11 gene intact. However, DNA
preparations associated with the mitochondria
from the U. violacea transformants described in this
report could re-transform susceptible E. coli to car-
benicillin or to aminoglycoside resistance. The plas-
mid recovered in this manner, pWP8, is larger than
the original plasmid, pMP4-1, as evidenced by re-
striction enzyme analysis and since confirmed by
electron microscopy (A. Bej, unpublished observa-
tions). The lower-level APH(3")-IT activity found in
E. coli bearing pWP8 suggests that in the formation
of pWP8 some portion of the APH(3')-II gene was
disrupted (e.g. the loss of SpAl and Smal sites and
the movement of a Ball site). An alternative expla-
nation is that the larger pWP8 plasmid was found in
fewer copies per cell, resulting in reduced APH(3')-
IT gene dosage.
~ We propose that pWP8 was produced by recom-
bination between pMP4-1 and some part of the U.
violacea mitochondrial genome. This recombina-
tion yielded a plasmid (‘pWP8") with a rearranged

APH(3")-II and with sequences acquired from U.
violacea capable of conferring generalized amino-
glycoside resistance in bacteria. Aminoglycoside-re-
sistance genes have been described in the mitochon-
dria of yeast [19]. We have demonstrated that both
the 0.77-kb and 4.9-kb Ps1I fragments of pWP8 hy-
bridize to mitochondrial DNA from untransformed
U. violacea 2.C436w (Fig. 3a and b). In addition,
the cloned 4.9-kb Ps:l fragment confers generalized
aminoglycoside resistance in E. coli (A. Bej and M.
Perlin, unplubished observations). The data also
suggest that the pWP8 plasmid was associated with
the U. violacea mitochondria (Fig. 1), which is of
interest since the selective agent used for transfor-
mation, neomycin, elicits its effect only on the mi-
tochondrial ribosomes in U. violacea [20].

The fact that crude extract of putative U. violacea
2.C436w transformants could transform E. coli to
carbenicillin resistance could be explained in two
ways. Plasmid pWPS8 existed as an autonomous
molecule in transformed U. violacea; this molecule
could be a replicon or could be frequently produced
by recombination between integrated pMP4-1 se-
quences and the mitochondrial genome. Or, se-
quences from pMP4-1 integrated into the U. vio-
lacea genome; subsequent transformation of E. coli
with fragmented U. violacea chromosome allowed
cells to receive a fragment containing some of these
sequences which fortuitously recircularized to yield
pWPS. The mitotic stability of the transformed phe-
notype in the U. violacea transformants is consis-
tent with both a replicon containing an ARS-like
sequence [11,21] and also with integration of the
marker within mitochondria that show this segre-
gation. The high frequency of carbenicillin-resistant
E. coli transformants make the former possibility
more likely. Plasmid pWP8 transforms U. viclacea
at a rate 2-3 times that of pMP4-1, suggesting that
pWPS contains an ARS-like sequence. Mapping ex-
periments with the transformed U. violacea are un-
derway to see if the neomycin-resistance phenotype
is linked to any U. violacea markers. These experi-
ments should help to characterize further expres-
sion of a prokaryotic replicon in a higher fungus.
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