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Abstract — An autonomous replication sequence (ARS) derived from Cephalosporium acremo-
nium ATCC 20339 was cloned in Saccharomyces cerevisiae SHY 3 using YIp5s as a cloning
vector. A new recombinant plasmid, designated pCY-2, which contained a 3.7 kb BamHI frag-
ment of C. acremonium DNA showed the highest stability among the 40 recombinant plasmids
composed of the Ylp5 and ARS of C. acremonium. Also, Southern hybridization and transforma-
tion of £, coli with DNA purified from yeast transformants verified that pCY-2 autonomously
replicates in yeasts. Transformation efficiency and plasmid stability of pCY-2 in yeast were
higher than those of YRp 7 containing ARS which originated from yeast. Detailed studies
hy subcloning revealed that two ARSs existed within 2.6 kb of the insert, which is a novel
discovery. However, it was concluded that these two ARSs were ligated during the gene mani-

pulation n wvitro.

The idea that eukaryotic DNA replication may
involve specific sequences was strengthened by
the discovery that a specific group of replication
fragments from yeast chromosomal DNA can be
1solated and preform replication independent of the
chromosome when cloned into integrative plasmids
(1, 2). The minimum subfragment capable of confer-
ring these properties has been reported to be an
autonomous replication sequence or ARS. ARSs
have been identified in DNA obtained from yeast
(1, 3, 4), Neurospora crassa, Drosophila melanogaster,
Zea mays (2,5), human (8), C. acremonium mitocho-
ndria (7,8) and C. acremonium chromosome (9).

Many reports suggest that the DNA fragments
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with ARS activity may contain biologically signifi-
cant sequences which are important for the initia-
tion and/or regulation of DNA replication. For exa-
mple, estimates of the number of ARSs in Saccharo-
myces cevevisiae genome agree with the number of
initiation sites estimated by fiber autoradiography
and electron microscopy (10). Also, the average re-
plicon size of yeast according to the determination
by the precentage of random yeast DNA fragments
that contain these functionally defined ARSs is
about 30 to 40 kb (1, 11). Several ARSs have been
sequenced and all have been found to contain the
sequence A/T TTTAT Pu TTT A/T (5, 6,12). This
11 bp core consensus sequence 1s necessary but not
sufficient for function as the ARS. Deletion experi-
ments have demonstrated that addition of sequen-
ces to the ARS are needed to promote high freque-
ncy transformation of the vector (3,5, 6).
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A fungus, C. acremonium 1s used in the manufac-
ture of many clinically important semi-synthetic ce-
phalosporin antibiotics (13). In this report, we have
cloned a 3.7kb BamHI fragment containing ARS
of C. acremonium chromosome in YIp5 vector, a
yeast integrative vector as the first step to develop
a secretion vector in C. acremonium. If we succee-
ded in developing it, we would clone and express
the genes involved in cephalosporin synthesis in
order to produce this antibiotics in higher yield
in C. acremonium. The characteristics such as tran-
sformation frequency and plasmid stability of vector
with C. acremonium ARS were compared with those
of YRp7 containing veast ARS. The 3.7 kb BamHI
insert was analyzed for the localization of ARS by
restriction endonuclease mapping and subcloning.

Materials and Methods

Strains and plasmids

C. acremormium ATCC 20339 was the wild type
strain used as a source of the ARS gene. E. colt
IM83 (ara, del ({ac-proAB), rpsL, ¢80, del (ac Z)
M 15) served as a host for gene amplification. S.
cerevistae SHY-3 (a, ste-Vc9, ura 3-52, trp 1-289, leu
2-3, len 2-112, his 3-1, ade 1-101, can 1-100) was
used for the transformation of hybrid plasmids con-
taming ARS. Plasmid YIp5 (5.5 kb, /R, ampR, URA
3. ARS1) (2) was used as an ARS cloning vector
in this study.

Media

E. colt were grown in Luria-Bertani broth (1%
Bacto-tryptone, 1% NaCl, 0.5%, Bacto-yeast extract).
The YPD (2% Bacto-peptone, 2% glucose, 1% Bacto-
yeast extract) and YNBD (0.67% Bacto-yeast nitro-
gen base without amino acid, 2% glucose) medium
for yeast culture were prepared as described by
Johnston (14). C. acremonium was grown in TS
broth (3% tryptic soy broth, 0.005% potassium phos-
phate, pH 6.7).

[solation and manipulation of DNA

Plasmid DNA from E. coli was prepared by ce-
sium chloride-ethidium bromide density gradient
centrifugation and by rapid minipreparation of clea-
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red lysates (15). Total yeast DNA was rescued ac-
cording to the method of Johnston (14). C. acremo-
niwm genomic DNA was isolated from protoplasts
which were prepared by B-glucuronidase treatment
(Sigma, USA) (16).

For gene library construction, total DNA from
C. acremonium was partially digested with BamHI
and digested DNA was ligated to the BamHI clo-
ning site of the YIp5 vector. These hybnid vectors
were amplified by transformation to E. coli. Plasmid
DNA was isolated from all £. coli transformants
which were resistant to ampicillin and sensitive to
tetracycline, And then, S. cerevisiae SHY-3 was
transformed to uracil prototroph with amplified hy-
brid plasmds.

Transformation and plasmid stability

Yeast was transformed according to the method
of Ito (17). E. coli competent cells were prepared
by Ca*" treatment and transformation was carried
out by the method of Mamiatis (15). Plasmid stabi-
lity of yeast transformant was determined as men-
tioned 1in a previous paper (18).

Southern hybridization analysis

The electroeluted 3.7 kb BamHI insert of pCY-2
was labelled by nick translation using (a-*P) dATP
for the preparation of the probe (15). Restriction
endonuclease digested DNAs were fractionated by
agarose gel electrophoresis and were transferred
to a nitrocellulose filter by the Southern procedure
(19). Hybnidization was carried out in 50% forma-
mide, 0.8 M NaCl, 0.1% SDS, 0.5% polyvinylpyrroli-
done, 1mM EDTA, 0.05% BSA, 0.05% Ficoll, 100
ug/m/ denatured salmon sperm DNA, 50 mM so-
dium phosphate (pH 6.5) at 42C for 12 hours.

Results and Discussion

Isolation of ARS from C. acremonium genome and
construction of pCY-2

A yeast integrative plasmid, YIp5, which contain-
ed the S. cerevisiae URA3 gene and bacterial pBR
322 sequences, did not have replication origin of
yeast (4). Therefore, YIp5 can not exist in an extra-
chromosomal state in yeast. This is the reason why
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Fig. 1. Schematic diagram of pCY-2 plasmid.

In diagram, YIp5 sequence is represented by thin line,
and 3.7 kb of the insert containing C. acremonium re-
plication origin is represented by thick bar.

C: Clal, H: Hindlll, B: BamHI, T: Taql, K: Kpnl, X:
Xbal, Bs: BstEll, E: EcoRlL

Ylp5b 1s particularly well-suited for ARS cloning.
In the present study, C. acremonium DNA/YIp5
plasmids were transformed to S. cerevisiae SHY-3
to select for the independence of uracil in YNBD
medium (without uracil). The resulting transforma-
nts were assumed to possess the hybrid plasmid
containing YIp5 and ARS of C. acremonium. An
ura” transformant which showed the highest stabi-
lity among 40 yeast transformants was selected for
this research. Plasmid DNA was rescued from the
retransformant of E. coli and restriction enzyme
analysis showed the plasmid, designated pCY-2, co-
ntained the 3.7 kb BamHI fragment 1in Yip-5 (Fig. 1).
The mnsert DNA was not digested by EcoRI, Pstl,
BamHl, Clal and Smal (data not shown here). Be-
cause C. acremonium mitochondrial ARS was re-
ported to have a EcoRI site in the 1.9 kb Pstl frag-
ment (7), this 3.7 kb BamHI ARS fragment was as-
sumed to have been derived from C. acremonium
chromosomal DNA, not mitochondrial DNA. Also,
this ARS 1s different from the proviously reported
ARS of C. acremonium (9) because the latter has
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3.7kb—

Fig. 2. Southern hybridization of the BamHI-digested
C. acremonium chromosomal DNA, S, cerevisiae SHY-
3 chromosomal DNA and recombinant plasmid pCY-
2. The 3.7 kb BamHI-digested DNA fragment of pCY-
2 was used as a probe.
A. Agarose gel electrophoresis pattern

Lane 1: A DNA digested with HindIIl as a molecu-
lar weight marker
pCY-2 digested with BamHI
S. cerevistae SHY-3 chromosomal DNA di-
gested with BamHI
C. acremonium ATCC 20339 chromosomal
DNA digested with BamHI
B. Hybridization pattern of A

Lane 2:
Lane 3:

Lane 4:

the Clal and Smal site.

Southern hybridization was conducted to deter-
mine if the 3.7 kb BamHI insert was drived from
C. acremonium chromosomal DNA using nick-trans-
lated 3.7 kb BamHI inset as a probe. Fig. 2A repre-
sents the agarose gel electrophoresis pattern of
pCY-2, S. cerevistae SHY 3 chromosomal DNA and
C. acremormum ATCC 20339 chromosomal DNA di-
gested with BamHI respectively, The results of
Southern hybridization are also shown in g 2B.
The signal was detected at C. acremonium DNA
(lane 4 of Fig. 2B), not at S. cerevisiee DNA (lane
3 of Fig. 2B) and its size was the same as that of
pCY-2 digested with BamHI

From these results, it was concluded that the
ARS fragment of pCY-2 originated from C. acremo-
nium chromosomal DNA.
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Analysis of yeast transformant by Southern hybri-
dization

Southern hybridization was performed in order
to verify whether transformed pCY-2 plasmid exists
extrachromosomally or is integrated into chromoso-
mal DNA in yeast. Fig. 3A represents agarose gel
electrophoresis pattern of pCY-2 and total DNA of
yeast transformants digested with EcoRI. Also, the
result of Southern hybridization by using nick
translated 3.7 kb BamHI insert as a probe, 1s shown
in Fig. 3B. The signal in yeast transformants was
detected at the same size of pCY-2 linearized by
EcoRI digestion. This result confirms that pCY-2
autonomously replicates in yeast because pCY-2 has
a unique site for EcoRl as shown in Fig. 1. If pCY-
2 was integrated into yeast chromosomal DNA, the
size of two signals would have been different, not
saime,

In addition to the above evidence, to independ-
ently prove that pCY-2 18 maintained extrachromo-
somally in yeast transformants, plasmud DNA from

A B

9.2 kb—

Fig. 3. Southern hybridization of EcoRI digested total
DNA of transformed yeast and recombinant plasmid
pCY-2. The 3.7 kb BamHI-digested DNA fragmemt of
pCY-2 was used as a probe.
A. Agarose gel electrophoresis pattern

Lane 1: pCY-2 digested with FcoRI

Lane 2: total DNA of transformed yeast, digested

with EcoRl

Lane 3: A DNA digested with HindIIl

B. Hybridization pattern of A
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yeast transformants was retransformed to E. colt
JM83. The plasmid from E. coli retransformants was
the same size as pCY-2 (data not shown here). This
1S @a common phenomenon that yeast vectors, except
for integration vectors, are maintained in extrach-
romosomal state before and after transformation in
veast (8, 14).

From the results, it could be concluded that pCY-
2 autonomously replicates 1n yeast.

Transformation efficiency and plasmid stability of
pCY-2 in yeast

To characterize the pCY-2 vector, the transfor-
mation efficiency in yeast was compared with those
of Ylpb and YRp7 under transformation conditions
by the method of Ito ef al. (17). Plasmid YRp?7,
which contains a yeast ARS, replicates autonomous-
ly 1n yeast and transforms yeast at a high frequency
(4). The selection marker for pCY-2 and YIp5 was
uracil prototrophy and for YRp7 was tryptophan
prototrophy. The transformation frequency per 10
ug DNA of pCY-2, YIp5, and YRp7 was 9.1X10%
10 and 3.3X10° respectively. Thus, the transforma-
tion frequency of pCY-2 was about 1¢¥ times and
3 times as high as those of YIp5 and YRp7 respecti-
vely.

Also, among veast vectors, it was reported that
the YRp type vector containing yeast ARS was mi-
totically unstable even under selection pressure (2).
Tryptophan-independent veast cells transformed
with the yeast replicative plasmid, YRp7, have been
observed to be similarly unstable (20).

In the present study, plasmid stability of pCY-2
was estimated by measuring veast transformants
independent of uracil after 48 hr growth in selective
medium (without uracil) and after 25 hr growth in
non-selective medium (uracil present). For compa-
rison, the stability of a YRp7 was estimated by
measuring the number of yeast transformants inde-
pendent of tryptophan in both selective medium
(no tryptophan present) and in non-selective me-
dium (tryptophan present). The average retentions
of pCY-2 in 8. cerevisiae SHY3 in selective and non-
selective medium were 10.0% and 0.5% respecti-
vely, compared with retentions of 4.3% and 0.1%
for YRp7 as shown in Table 1. It could be conclu-
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Table 1. Comparison of plasmid stability of pCY-2 and
YRp7“ in 8. cerevisiae SHY-3

% Retention of plasmid phenotype”

Plasmids
Non-selective Selective
growth growth
pCY-2 0.5 10.0
YRp7 0.1 4.3

“Stability was estimated after 48 hr and 25 hr cultiva-
tion in selection and non-selection medium, respecti
vely,

"Uracil prototrophy for pCY-2

Tryptophan prototrophy for YRp7

ded that the retention of pCY-2 is more stable in
veast than that of TRp?7.

Localization of the functional region of the

ARS

Subcloning of the 3.7 kb BamHI insert containing
ARS was performed to find the functional region
of pCY-2. Hindlll-digested fragments of the 3.7 kb
BamHI insert were ligated to Hindlll-digested Ylp
5. The Hindlll site 1n YIp5 1s not directly related
to the tet” promoter and structural gene. YIp5 vec-
tor containing an insert at Hindlll site, however,
would block the expression of tet” gene because
the Hindlll site in Ylp5 is so closely located at
to disturb the function of the promoter of the tet’
gene. This is the rationale of using of the HindIll
site of YIpb as a cloning site. Therefore, it was
easy to select transformants containing an insert
at HindlIl site of YIp5 because they cannot grow
at 15 ug/ml of tetracycline in medium.

Plasmid DNA was rescued from these transfor-
mants and analysis by restriction enzyme digestion
showed the plasmids, designated pCYH-1 and
pCYH-2, contained 1.5, 1.1 kb Hindlll fragment in
the 3.7kb BamHI insert. These fragments were
subsequently designated H-1 and H-Z2 respectively
(Fig. 4A). The transformation frequencies of each
clone 1in yeast were investigated. These two plas-
mids, pCYH-1 and pCYH-2, transformed S. cerevi-
siaqe SHY-3 to uracil prototroph at an extraordinary
frequency of 3.8X10° per 10 ug DNA and 1.3X1¢°
per 10 pg DNA respectively.

To 1dentify the presence of pCYH-1 and pCYH-
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Fig. 4. Demostration of ARS activities of H-1 and
H-2 fragment, separatively. Restiction maps (A) and
digestion pattern (B) of subclones isolated from ret-
ransformant.

Lane 1: A DNA digested with HindIll

Lane 2: Standard marker (linearized YIps, H-1, H-2)
Line 3: pCYH-1 digested with Hindlll

Line 4: pCYH-2 digested with Kpnl

Line 5: pCYH-2 digested with HindlIll

Line 6: pCYH-2 digested with Xbal

2 in the transformant uracil prototroph, total DNA
1solated from the yeast transformants was trans-
formed into E. coli JM&83. The restriction pattern
of the plasmids from the retransformant of E. coli
was investigated. Fig. 4B represents restiction pat-
terns of subclones. Lane 2 shows the control mar-
ker by linearized YIp5, H-1, H-2 fragments. The
H-1 fragment in lane 3 and H-2 fragment in lane
5 are shown by digestion of pCYH-1 and pCYH-2
with Hindlll. Also, a single band 18 shown 1n lane
4 and lane 6 by digestion with Kpnl and Xbal which
is unique site for pCYH-1 and pCYH-2 respectively,
This result indicates that both pCYH-1 and pCYH-
2 transform S. cerevisiae SHY3 to uracil prototroph.
In other words, each H-1 and H-2 fragment con-
tains ARS activity.

However, 1t is concluded that these two fragme-
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Table 2. Transformation efficiencies and plasmid stabi-
lities of pCY-2, pCYH-1 and pCYH-2 in yeast

Vector Transformation® % Retention of
efficiency plasmid phenotype’
pCY-2 9.1 % 10° 10.0
pCYH-1 3.8xX10° 5.8
pCYH-2 1.3X10° 2.0

“Numbers of transformants which were observed per
10 ug DNA.

?Uracil-independence portion was estimated after 25 hr
cultivation in selective medium.

nts (H-1 and H-2) were lhigated during the ligation
reaction of BamHI-digested (. acremonium DNA
and YIp5 because, as shown in Fig. 2, single band
in C. acremonium DNA was observed in Southern
hybridization by using 3.7kb BamHI insert as a
probe. These results indicate that two adjacent
ARSs are located in C. acremonium chromosomal

DNA in vivo.

Plasmid stabilities were also estimated by mea-
suring the number of transformants independent
of uracil after 25 hr cultivation in non-selective me-
dium. The average retentions of pCYH-1 and
pCYH-2 in S. cerevisiae SHY-3 were 5.8% and 2.0%
respectively.

As summarized in Table 2, it can be seen that
transformation efficiency is directly related to plas-
mid stability. Also the efficiency of trasformation
and plasmid stability increased in the other of
pCYH-2<pCYH-1<pCY-2. It may be concluded from
this result that H-1 and H-2 ARS fragments cumu-
latively work to reach the replication efficiency of
pCY-2. Nontheless, the colony size of yeast transfor-
mant harboring pCYH-1 and pCYH-2 was the same
as that harboring pCY-2.

Many ARSs have been reported to contain multi-
ple copies of sequences that have at least 10 out
of 11 bases homologous to a previously reported
11 bp core consensus sequence (5,6,9) but each
ARS is separated at the spacing of 30~40kb in
yeast genome. This vector, pCY-2, will be the first
reported case that two ARSs existed within a dista-
nce of about 2.6 kb i wvive. This clone may also
serve as a useful probe for the study of replication
events initiated from adjacent replication origins.
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