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ABSTRACT

The development of a system for shuttling DNA cloned

as yeast artificial chromosomes (YACs) between yeast
and mammalian cells requires that the DNA is main-
tained as extrachromosomal elements in both cell
types. We have recently shown that circular YACs
carrying the Epstein—Barr virus origin of plasmid
replication ( oriP) are maintained as stable, episomal
elements in a human kidney cell line constitutively
expressing the viral transactivator protein EBNA-1.
Here, we demonstrate that a 90-kb episomal YAC can
be isolated intact from human cells by a simple alkaline
lysis procedure and shuttled back into Saccharomyces
cerevisiae by spheroplast transformation.  In addition,
we demonstrate that the 90-kb YAC can be isolated
intact from yeast cells. The ability to shuttle large,
intact fragments of DNA between yeast and human
cells should provide a powerful tool in the manipulation
and analysis of functional regions of mammalian DNA.

INTRODUCTION

vectors contain pBR322 sequences, allowing replication and
selection inE.coli, and both carry a gene for selection in yeast.
Replication of YEp plasmids in yeast initiates from within the
2um origin of replication and the plasmid is stably maintained at
a copy number of 30-50 per cell. In contrast, YCp vectors contain
yeast centromere sequences and an origin of replication which
allows autonomous replication of the single copy plasmid in yeast
cells.

Escherichia colthuman cell line shuttle vectors contain a
mammalian selectable marker gene and rely on interaction
between the Epstein—Barr virus latent origin of replicatdR,
and the viral transactivator protein EBNA-1, for stable, extra-
chromosomal maintenance of the plasmids in human gdi3.(
oriP consists of two components: a family of repeats which
comprises 20 tandem copies of a 30-bp repeat, and the dyad
symmetry element which contains four copies of the repeat
(114,12). Both sets of repeats are necessary for stable, extra-
chromosomal maintenance of plasmid DNA in human c&l)s (
and both bind the EBNA-1 protein. The dyad symmetry element
is the site of initiation of episomal DNA replicatialB), while
the family of repeats acts as an EBNA-1-dependent enhancer of
transcription {4) as well as a replication fork barrier and
termination site{3). In addition, the family of repeats promotes

Shuttle systems exist which allow cloned DNA to be transferrealiclear retention by the specific binding of EBNALT)( followed
between bacteria and yeast) (and between bacteria and by non-specific association of EBNA-1 with host cell chromosomes
mammalian cells 2-4). Bacterial-yeast shuttle vectors have(16,17).
permitted the cloning of yeast genes by complementation of yeasPlasmids carryingriP are present as multiple copies within the
mutants. This has included identification of genes important tauman cellsZ,8) permitting easy isolation by Hirt extractiahl(8),
the yeast cell cycle, metabolis),(@nd repair and recombination which can be followed by reintroduction irccoli by transform-
systemsg) and has facilitated characterisationiefacting DNA  ation of competent bacterial cells. The ability to isolate the
elements such as promoterd &nd autonomously replicating extrachromosomal DNA leads to possibilities in addition to
sequences (ARSS))( Genes encoded on bacterial-mammaliaxpression cloning. For exampheyitro mutagenesis i&.coli can
shuttle plasmids have been shown to be stably expressedbifollowed by reintroduction of mutated clones into mammalian
mammalian cells4) and such vectors have been used for theells and screening for altered phenotypes. The extrachromosomal
efficient expression of cDNA librarie®)( TheoriP-EBNA-1  DNA can then be isolated from the human cell lines, and returned
shuttle vectors allow cloning of genes by direct complementatidn bacteria for analysis and further manipulation, thus facilitating
of mutant phenotypes and have been shown to be 100-fold mehe functional analysis of mammalian genes and their regulatory
efficient than vectors lacking the EBV elements in the isolatioalements.
of low abundance sequencé ( Although highly efficient, one major limitation of plasmid based
The term ‘shuttle system’ reflects the ability to move a vectdracterial-mammalian shuttle systems is the size of DNA which
back and forth between two hosts, hence a means of selectingdhe be accommodated in the vector. This problem could be
vector in both hosts is required as well as a means of propagatovgrcome by the use of shuttle cloning systems with a larger
it in both organisms. The origin&laccharomyces cerevisiae capacity for DNA, e.g. P1 artificial chromosome (PACSs), bacterial
Escherichia colshuttle vectors, YEp and YCp (reviewedl)n artificial chromosomes (BACSs) or yeast artificial chromosomes
have different systems for autonomous replication in yeast. BofffACs). The use of YACs is particularly advantageous because the
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buffered saline (without calcium or magnesium), pelleted by
centrifugation at 1000 r.p.m. and resuspended irnuL60lysis
buffer (50 mM NaCl, 2 mM EDTA, 1% SDS, adjusted to pH
12.45 with 2 M NaOH). The cells were lysed by vortexing at
OriPYAC highest speed for 1 min followed by incubation &C3fbr 30 min.
The lysis buffer was neutralised by addition of 0.2 vol of 1 M Tris
pH 7.0, 0.11 vol of 5 M NaCl and 0.01 vol of 10 mg/ml proteinase
K. The cellular proteins were partially degraded by incubation at
37°C for 30 min. The cell lysates were then cooled to room
amp Hygrof EBV HIS5 temperature before extraction with 1/3 vol phenol (saturated with
oriP 0.2 M NaCl, 0.2 M Tris—HCI pH 8.0). Extraction was carried out
_ _ _ _ by very gentle inversion of the tube several times. The tubes were
e oo oing omesteny i *** then chled slowly to 2C and the phases separated by
cHPIQSyeast markers, the mamma?{angelectgble?n&rygmr’ and the EBV centrifugation at 5000 r._p.m. for 20 ,mm &Gt The aqueous
oriP domain. phase was recovered using a cut-off tip and 1/3 the volume of 24:1
chloroform—isoamylalcohol added. The phases were separated as

t host all fficient ch terisati d iulati bffore and episomal DNA precipitated overnight at €2 the
yeast nost allows eflicient characterisation and manipu'ation 8losence of 219 of glycogen (in the case of OriPYAC90
cloned sequences by homologous recombination, prior

ements) or Ag of sheared salmon sperm DNA (for purification

mtroduc_:tlon_ into mmma"?” cells. f OriPYAC660) and 2 vol of ethanol. The DNA was recovered
The inability to maintain YACs as stable, extrachromosomzﬂ centrifugation at 10 00§ 4°C, for 30 min, washed once in

elements in mammalian cells has, however, hindered the devel % ethanol and resuspended overnight inl H,0 (for yeast

ment of a large cloning capacity yeast-mammalian shuttle vec : T
system. We have recently made circular YACs carrying the EB nsformation) or 51 HoO (fory irradiation) at 4C.

oriP domain, termed OriPYACs, as shown in Figuréwo YACs  Shuttle transfer of purified episomal DNA intoS.cerevisiae
of 90- and 660-kb were used in the initial study. AfterAB1380

circularisation and addition ofiP, the OriPYACs were introduced . . ) )
into human 293 cells constitutively expressing EBNA-1 b)Purlfled OriPYAC90 DNA from the human fusion cell lines was

spheroplast fusion. A total of six cell lines were generated: thré§€d to transform the YAC library host stréincerevisiae
from fusion with yeast containing OriPYAC90 (F90-1, -2 and -3§\B1380 €3). Yeast cells were grown up in the rich medium YPD
and three from fusion with yeast containing OriPYAC660d1% yeast extract, 2% bactopeptone, 2% dextrose) to a density of
(F660-1, -2 and -3). All six cell lines contained replicating,EBx 107 ceIIs/mI. Spheropl_ast transformations were carried out as
extrachromosomal elements. The 90-kb OriPYAC was found fscribed previoush2€). Episomal DNA isolated from $Guman
be intact and unrearranged in all of the cell lines analyseg€!lS was used in each transformation reaction. An aliquatgf 5
whereas the intact form of the 660-kb OriPYAC was present #f Sheared saimon sperm DNA was added to act as carrier and 1 mM
two out of three cell lines. The episomal elements were found R9lyamines (0.75 mM spermidine  trihydrochloride-0.30 mM
be highly stable, with loss rates of 1-3% per cell division in thePermine tetrahydrochloride)9) were included to help maintain
absence of selection). the high r;]olecular weight DNA intact. Transformed spheroplasts
We demonstrate here that the OriPYACs can be isolated 5 * 10) were plated onto five 90 mm sorbitol agar plates
intact circular elements from human cells by a simple alkalin@cking histidine.

lysis procedure and shuttled back into the yeast host. In additiQgy|ation of intact OriPYAC DNA from yeast
we show that it is possible to isolate OriPYAC90 intact from yeast

Gene of interest

cells by the same procedure. Yeast clones containing OriPYAC90 or OriPYAC660 were grown
to a density of B x 10/ cells/ml. 1.5x 1P yeast cells were then
MATERIALS AND METHODS washed once in 20 ml of water and once in 20 ml of 1 M sorbitol
) ] ) . and resuspended in 20 ml of SCEM (1 M sorbitol, 0.1 M sodium
OriPYAC design and generation of human fusion cell citrate pH 5.8, 10 mM EDTA). Yeast lytic enzyme (ICN) (1.3 U)
lines containing episomal OriPYACs was added and the cell suspension was incubatetiataél the

. - . P yeast cells were 95% spheroplastéZh min. The spheroplasts
A map of the final OriPYAC construct is shown in Figdre ere washed twice in 20 ml of STC (1 M sorbitol, 10 mM Tris

Construction of the OriPYACs and generation of human kidne P
. . o : . 7.5, 10 mM CaG) before resuspension in 1 ml of STC.
fusion cell lines containing the OriPYACs has been descr'be%rliPYAC DNA was prepared from aliquots of 4 1P

elsewhere(s). Fusion cell lines F90-2 and F-90-3, containing ar} Bheroplasts by the same alkaline lysis procedure as that describec
average of 1.3 and 18 intact copies of the 90-kb circular molecﬁ i human cells. Carrier DNA was included during precipitation

respectively, and F660-3, containing three intact copies of t e ) ! ;
660-kb circular molecule per cell were used for the isolation &t the purified OPYAC DNA, in an attempt to reduce shearing

episomal elements. of the DNA.
Isolation of OriPYAC episomal elements DNA preparation and analysis

OriPYAC episomes were isolated from the human fusion ceflgarose plugs of high molecular weight yeast or mammalian cell
lines by a modification of a previously described alkaline lysi®NA were prepared by modification of a previously described
procedureZ0-22). 1 x 1(P cells were washed once in phosphateprotocol ¢6). yirradiations were carried out in a Gammacell 1000
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Elite. Plugs were equilibrated twice in TE &tCAprior toy ¢ $
irradiation in 2 ml of TE. Purified episomal DNA was irradiated s &L & - é,-‘
in solution, using the same irradiation conditions. Restrictio §‘9 $ 3—? _\é? & f s S e e
enzyme digests of plug DNA were carried out overnight in | g & & & 6‘@ & § y & & & w
volume of(R200pl. Plugs were equilibrated twice in TE &C} —_— e ——— W W W W W WOl
followed by two washes for 30 min in restriction enzyme buffe
on ice, prior to overnight digestion with 40—-60 U of enzyme. -» ® : “
Pulsed-field-gel electrophoresis (PFGE) was carried out on fimit
BioRad CHEF DRIl or DRIII apparatus, using a 1% agarose g =
cast and run in X6TBE. Samples of irradiated DNA in solution * - - - T

were loaded onto a pre-chilled gel and run for 15 min withot
circulation of the buffer. The gels were then run &Cland 200 V,
with the switching times given in the figure legends. Souther
transfer, onto Hybond N+ membranes (Amersham), was carried ( ' - 96
using the conditions described by the manufacturer. Al ad - - '
prehybridisations and hyidisations were carried out in modified

Church buffer (16.8 g/l NaifPQy. H,0, 54.1 g/l NeHPQy. 12H,0,

7% SDS, 10ng/m| salmon sperm DNA) at 88. Filters were Figure 2. Analysis of S.cerevisiaeclones transformed with OriPYAC90
washed with 2 SSC for 5 min, followed by two washes in episomal DNA purified from human cells. DNA prepared from non-

. transformed AB1380 cells, the original yeast strain carrying OriPYAC90, the
— 0, Of
0.1x SSC—0.1% SDS for 30 min, all at*& The 0.9 kisma human cell line F90-2, the transformation clones S1, S2 and S3, and DNA

~144

fragment from pHEBo was used as ¢ probe 27). purified from the human cell line F90-2 was analysed. The DNA was treated
with 0 or 450 Gy of irradiation, as shown in the brackets. The DNA was then
RESULTS resolved by PFGE with switching times of 5-15 s for 20 h, the gel was blotted,

and the filter hybridised with thaiP probe. The locations of size markers, the

limit of resolution and the wells are indicated to the right. The positions of

characteristic extra bands, which probably correspond to circular forms of the
d)riPYAC, are indicated by arrows.

Isolation of intact 90-kb OriPYACs from mammalian cells

In this study, we wanted to establish whether the OriPYA
episomal elements could be easily isolated from the human fusion
cell lines, and thus used as the basis of a shuttle system f@nsformation efficiency. Polyamines (1 mM) were included in
transferring large DNA molecules between mammalian and ye&stme transformation reactions because they have been shown tc
cells. Fusion cell lines containing the 90-kb OriPYAC rather thafeduce shearing of high molecular weight DNE&)( However,
660-kb OriPYAC were used first, because of the probleni$iese were found to be unnecessary to maintain molecules of this
associated with handling very large, purified DNA. size intact. A total of 138 colonies (42 with OriPYAC90 DNA
The 90-kb episomal OriPYAC90 molecules were isolated frorarepared from F90-2 and 96 with OriPYAC90 DNA purified
the human fusion cell lines F90-2 and F90-3 by a straightforwaftpm F90-3) grew on media lacking histidine. The larger number
alkaline lysis procedure2(), as described in Materials and Of colonies which were produced with DNA prepared from F90-3
Methods, which is similar in principle to a bacterial plasmicnay be a result of the higher copy number of the OriPYAC
preparation. This method involves alkali treatment to selectiveBpisomes (average 18 per cell) in this cell line, in comparison with
denature host linear DNA, followed by shearing to allow efficient 90-2 (1.3 episomes per cellf.
strand separation of the denatured DNA. The lysate is thenFigure2 shows analysis of three randomly chosen yeast clones
neutralised and a limited protease step carried out before phewiich were positive by this genetic selection. S1 and S2 were
extraction at high salt concentration8 This method was generated by transformation with episomal DNA purified from
developed for isolation of the 172-kb EBV episomal moleculeE90-2, S3 by transformation with DNA purified from F90-3.
from human cells. Episomal DNA purified from the humanAgarose plugs of high molecular weight DNA from AB1380, the
fusion cell lines was resuspended in TE containing 100 mM Nagfiginal OriPYAC90 yeast clone, the human cell line F90-2
and the integrity of the purified episomal DNA was testeg by carrying OriPYAC90, and transformation yeast clones S1, S2 and
irradiation followed by PFGE and hybridisation taaif® probe. ~ S3 were treated witly irradiation and resolved on a PFG.
As can be seen from the last lane in Figrthe OriPYAC90 Hybridisation to aroriP probe demonstrated the presence of a
DNA purified from the human cell line gives a clear band of 90 kBO-kb band after irradiation of all samples except non-transformed
aftery irradiation, suggesting that OriPYAC90 has been isolate§iB1380 cells, suggesting that OriPYAC90 has been transferred

intact from human cells. intact to all yeast clones analysed. The slight shift in mobility
between yeast and mammalian bands has been observed frequentl
Transfer of purified OriPYAC90 DNA from human cells (29.30) and is due to the 200-fold greater complexity of the

mammalian genome in comparison with the yeast genome.
OriPYAC90 is sufficiently small that the circular forms of the
We then determined whether the purified OriPYAC90 DNAYAC can resolve into the gel under certain PFGE conditions, the
could be transformed intact into yeast. Purified OriPYAC90 DNAvositions of these circular molecules are indicated by arrows.
isolated from X 1P F90-2 or F90-3 cells, was used to transformAnalysis of six further positive yeast transformation colonies by
the S.cerevisiaé’/AC library host strain AB1380, by a standard gamma irradiation demonstrated that OriPYAC90 was intact in nine
protocol using polyethylene glycol (PEGY), as described in out of nine clones (data not shown).

Materials and Methods. Sheared salmon sperm DNA was included’he yeast clones were further analysed with the rare cutting
as carrier in all reactions, to reduce shearing forces and increasstriction enzymeSstl, to determine whether the DNA was

into S.cerevisiae
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" : : i ; ; Figure 4. Purification of OriPYAC90 from yeast cells. Yeast carrying
Figure 3. Analysis of transformation clones by restriction enzyme digestion. 2 . .
(A) DNA prepared from the 293 EBNA-1 cells, the human cell line F90-2, the OriPYAC90 were spheroplasted and DNA was prepared by alkaline lysis as

iginal t ing OriPYAC90 and £t f ti | s1, 2 escribed in Ma_terials_ and Methods. Agarose plugs of DNA prepared from
ggg('gz iﬁﬁ%ﬁ?gﬂ,ﬁ% e 2 ach lan e)avr\]/ag Z%SES:Z?BSJ&T:SBC;C‘OS; SPFGE an yeast cells carrying OriPYAC90 and non-transformed AB1380 cells, and DNA

with switching conditions of 5-15 s for 20 h, blotted and hybridised with the purified from yeast carrying OriPYACSO (as indicated above the lanes), were

) " : o : treated withy irradiation (as shown in brackets) and resolved by PFGE with a
P .Th f k he | f | h [|g™ =e==t T ) - -2 -
oriP probe. The positions of size markers, the limit of resolution and the wells witching time of 25 s for 20 h. The filter was hybridised withoitiilé probe.

are indicated to the right of the figure. Digestion of S3 appears to be partial, a J ‘ C h g
a circular form of the molecule (al196 kb) is apparentBj DNA from %’he positions of size markers, the limit of resolution and the wells are indicated

non-transformed AB1380 cells, the original yeast clone carrying OriPYACQO ' the right. The intact circular forms of OriPYACS0, which resolve into the gel
and the transformation clones S1, S2 and S3 was digestdstaith resolved under these conditions, are indicated by arrows.
on a 1% agarose gel, blotted and hybridised with total human DNA. The
positions of size markers are indicated to the right.
we wanted to determine whether OriPYAC90 DNA could be
) ) isolated intact from yeast cells.

otherwise unrearranged. DNA from the human cell line 293 conventional purification from low melting point agarose gels
EBNA-1, the human fusion cell line F90-2, the original yeask difficult, because circular molecules run anomalously on PEGE
clone carrying OriPYAC90, and the yeast clones S1, S2 and §3d bands cannot generally be seen under UV light after ethidium
was digested witBstl, which is known to linearise OriPYAC90. promide staining. Also, isolation of episomal DNA by alkaline
The digestion products were resolved on a PFG and blotted, a(&is is more difficult from yeast than from mammalian cells, due
the filter was hybridised to amiP probe, as shown in Figu&. 1t the high concentrations of degradative enzymes in yeast cells.
Digestion of the yeast clones wiistl yielded a band of 90 kb, ' veast carrying OriPYAC90 were first spheroplasted and the alkaline
identical in size to that seen after digestion of the originaysis procedure was then carried out as described for the human
OriPYAC90. cells. Carrier DNA was included in both precipitation and

In addition, DNA from non-transformed AB1380 cells, theresyspension of the OriPYAC DNA, in an attempt to reduce
original yeast clone carrying OriPYAC90 and the yeast clones Sdicking or degradation of the circular molecules. The purified
S2 and S3 was digested wiflsaR| and the digestion products oripYAC DNA was then analysed yrradiation and PFGE.
resolved on a 1% agarose gel. The gel was blotted and the filtefigure 4 shows analysis of OriPYAC90 purified from yeast
was hybridised with total human DNA, to produce a fingerpringe|is. In the unirradiated sample of purified OriPYAC DNA, most
of the yeast clones, as shown in FigiBeAll three transformation  of the DNA is in the circular, supercoiled form of the molecule.
clones demonstrated identical sets of bands to those seen in AhQ/ery small amount of linearised DNA is also present,
original yeast clone carrying OriPYAC90. suggesting that some degree of nicking of the circular molecule
~Taken together, the gamma irradiatidBstl and ECORI  nas occurred during the isolation. Treatment withradiation
fingerprinting data suggest that the 90 kb OriPYACs have neésuits in a band of 90 kb for both yeast carrying OriPYAC90 and
undergone rearrangements during shuttling between human apd purified OriPYAC90 DNA.

yeast cells. The preparations of OriPYAC90 DNA from both human and
yeast cells contained a small amount of additional, non-hybridising

This may be the result of carry-over of denatured linear
Transfer of YAC DNA into mammalian cells by spheroplast fusiothromosomal DNA from the single phenol—chloroform extraction
is convenient and does not impose the same size constraintstep. Alternatively, the contaminating material may correspond to
lipofection and microinjection. However, some cell types, particulaRNA and mitochondrial DNA which are co-purified with the
ly human cell lines, appear to be refractory to spheroplast fusion.épisomal element28). It may be possible to prepare relatively
addition, gene therapy arid vivo transgenic applications of large quantities of highly purified OriPYAC episomal DNA by
OriPYACs would require introduction of purified DNA. Therefore,scaling up the procedure and by applying further purification
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Figure 5. Purification of OriPYAC660 from human and yeast cef3.High molecular weight DNA prepared from yeast cells carrying OriPYAC660, the parental
cell line 293 EBNA-1 and the fusion cell line F660-3 was treated with 0, 80 or 100y@yaafiation, as indicated above the panel. The DNA was separated on a
pulsed-field gel with 60-120 s switching for 24 h and blotted. The filter was hybridised vattPtipeobe. The positions of size markers, the limit of resolution of
the gel and the wells are indicated to the right of the figBy®©1iPYAC660 was isolated from yeast cells or from the human cell line F660-3 as described in Materials
and Methods. Yeast carrying OriPYAC660, AB1380 and the purified DNA samples were treatggiradtiation (shown in brackets), resolved by PFGE with a
switching time of 60-90 s for 21 h and hybridised withattiié probe. The positions of size markers, the limit of resolution and the wells are indicated to the right.

steps such as ethidium bromide—caesium chloride (CsCl) centrifuggammalian cells, e.g. Hirt extractidr8], have been shown to be
tion, followed by either density gradient centrifugation in CsCl ounsuitable for the isolation of molecules as large as the EBY,
glycerol gradient centrifugatio@®). Alternatively, the episomal resulting in considerable losses of DNBA); Similarly, methods
DNA could be further purified from chromosomal DNA using andesigned for isolation of the 172-kb EBV genome may be

affinity column @1). unsuitable for extraction of much larger circular molecules.

It will be of interest to determine the upper size limit of
OriPYAC660 could not be isolated intact from human OriPYAC molecules which can be isolated intact by the method
fusion cell lines or from yeast cells described in this paper. In addition, it may be possible to use

) adaptations of this protocol which reduce shearing of the DNA,
In order to see whether these methods could be applied taygh as lysing the cells at high pH (12.45) with stirring, followed

660'kb leeCUIe, in addition to the 90-kb one, we attemptEd E%/adjustment of the pH f®B.5 prior to pheno] extractioﬁz':gs)
isolate OriPYAC660 from yeast and human cells, by the samg isolate the 660 kb molecules intact.

alkaline lysis procedure. Carrier DNA was included during
precipitation of the isolated episomal elements, in order to reduggscyssION
shearing forces, and both polyamines and high salt (100 mM NaCl
were included during resuspension of the DNA. The DNA wa$he system described here allows DNA cloned as YACs to be
irradiated, resolved on a PFG and hybridised toréhprobe shuttled between human and yeast cells. We have previously
(Fig. 5). The human cell line F660-3 contains intact, 660 klransferred circular YACs containing the EBNP domain from
episomal elements (Fi§A) which are present at a copy number ofyeast cells into a human kidney cell line by spheroplast fusion.
approximately three per cell9), but no signal was seen from DNA The OriPYACs were found to be maintained as stable, episomal
purified from this cell line (FigsB). The very large size of the elements in all fusion cell lines analys&€)( Here we show that
OriPYAC may contribute to the inability to purify intact episomesepisomal OriPYACs of 90 kb can be isolated intact from the
The yeast genome is 200-fold less complex than the mammaliamman cells by a straightforward alkaline lysis procedure. Ability
genome so purification of OriPYAC660 was also attempted frotto isolate OriPYAC DNA by this method demonstrates that the
yeast cells. DNA purified by alkaline lysis from yeast cells carryin@riPYACs are being maintained as covalently closed, super-
OriPYAC660 hybridised strongly to theiP probe (Fig5B).  coiled molecules within the human cells, as has been demon-
However, although some DNA appears to remain trapped in ti&rated for the latent viral genon#l35). The isolated episomal
wells, as would be expected if the OriPYAC660 molecule has beelements were then reintroduced by yeast spheroplast transform-
isolated intact, a band at 660 kb is not apparent after irradiatication into theS.cerevisia&AC library host strain, AB138®(),
Inability to purify 660-kb molecules may be due to technicalvhere they were found to be maintained intact and unrearranged
difficulties in keeping such large DNA molecules intact, or thén nine out of nine clones analysed.
method may not be suitable for the isolation of such large The OriPYAC shuttle system has two major advantages over
molecules. Shearing of the circular DNA at high pH prior taonventional EBV-based bacterial-human shuttle systems; ease
phenol extraction may result in loss of the OriPYAC DNA withof manipulation of the cloned DNA by homologous recombination,
the linear, host cell genomic DNA. Standard methods faand large cloning capacifyaccharomyces cerevisia@an excellent
enrichment of small, circular viral and plasmid molecules fronhost for manipulation of DNA by homologous recombination
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