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IN YEAST+ 

Five different DNA sequences of Phanerochaete chrysosporium capable of 
supporting autonomous replication of yeast integration plasmid (TIPS) in 
Saccharomyces cerevisiae were isolated. These hybrid plasmids with the 
autonomous replication sequences from p. chrysosporium are maintained extra- 
chromosomally, are mitotically unstable and transform x deletion mutant of 
~~pl~x~r~~i",",qu~n~eUr~n p;$Otype with high frequency. The autonomous 

one of the recombinant plasmids, was further 
characterized and was shown tb be homologous to p. chrysosporium genomic DNA. 
Restriction analyses showed that this plasmid has unique PvuII and Sal1 
restriction sites for cloning. 

Specific DNA sequences called ars which when cloned into YIp5, confer on - 

the latter plasmid the ability to autonomously replicate in yeast and 

transform yeast with high frequency have been isolated from Saccharomyces 

cerevisiae and a number of other eukaryotes (l-9). However, there have been 

no reports on the isolation of ars from Phanerochaete chrysosporium, a - 

ligninolytic filamentous white-rot fungus, which is perhaps the most 

extensively used organism in studies on lignin biodegradation. We have 

described here the isolation of DNA sequences from p. chrysosporium, which are 

capable of autonomous replication in 2. cerevisiae, to further our 

eventual objective of construction of a cloning system for p. chrysosporium. 

MATERIAL AND METHODS 

Strains, Plasmids and Media. 

Plasmids YIpS,TRpl2 and 2. cerevisiae YNN27 (a ml-289 -3-52 ga12) 
were supplied by R. W. Davis and Escherichia & HBlOl (hsd proA2 thi lacYI -- 
~A13 *20 ~-14 &KE z&-5 s-1 mT44) and plasmid pBR322 were 

+ Journal article no. 11111 from the Michigan Agricultural Experiment Station. 
l To whom correspondence should be addressed. 
Abbreviations used: autonomous replication Sequence(s), ars. 
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provided by P. T. Magee (7). p. chrysosporium (ATCC 34541) was obtained from 
T. K. Kirk and was maintained through periodic transfer on malt extract agar 
as previously described (10). E. coli was grown in L-broth (ll), 2. 
cerevisiae was grown in YEPD or YNBGmedium (12) and II. chrysosporium was 
grown in malt extract broth (10). 

DNA preparation, transformation of cells, and Southern hybridization. - 

Plasmid DNA from E. coli and total yeast DNA from transformed and 
untransformed cells was isolated as previously described (12,13). P. 
chrysosporium DNA was isolated as follows: wet mycelial mass (4 g) was mixed 
with 10 g of glass beads (0.1-0.2 mm), frozen at -70' C, powdered in a mortar 
and pestle, mixed with 20 ml of lysis buffer (12) and incubated at 65' C for 
30 min. The supernatant was collected by centrifugation at 2,000 x g and 
extracted thrice with phenol (11) followed by ether extraction. The DNA was 
precipitated with ethanol at -20°C, the pellet was dissolved in TE buffer 
(ll), and treated with RNase A (100 ug/ml) for 3 h at 37'C followed by 
proteinase K (100 ug/ml) treatment for 2 h at 37'C. Two additional phenol and 
ether extractions were then carried out, 
ethanol at -2O'C. 

and the DNA was precipitated with 
The DNA pellet dissolved in TE buffer was used. 

E. coli BBlOl was transformed with plasmid DNA using the calcium chloride 
heat shockmethod (11). 2. cerevisiae was transformed by using a modified 
Beggs method as described previously (12). The mitotic stabilities of hybrid 
plasmids in yeast were determined as previously described (7). 

Southern 
al. (11). ( 

gbridization procedure used was that described by Maniatis 3 
P)dCTP was incorporated into plasmid DNA by nick translation 

zth E. coli polymerase I (14). The procedure used for high stringency 
hybgidiza= was described previously (15). Autoradiography was performed at 
-70 C with Kodack KAR5 film and intensifying screen (16). 

RESULTS AND DISCUSSION 

Isolation of ars. -- 

A typical yeast integration plasmid, YIp5 (1,17), which contains plasmid 

pBR322 DNA (18) and URA3 gene of 2. - cerevisiae was employed as the cloning 

vector. p. chrysosporium DNA was partially digested with MboI and the 

restriction fragments were ligated to BamHI-digested YIp5 plasmid DNA. This 

pool of hybrid DNA molecules was used to transform ura3 deletion mutant of 2. - 

cerevisiae YNN27 to the Ura+ phenotype. Five Ura+ transformants (PCl-PC5) 

were picked randomly for further study. If all the Ura" transformants 

possessed autonomously replicating plasmids, they should be detectable in 

total DNA isolated from these transformants by hybridization with (32P) 

labeled pBR322 DNA and by transformation of E. coli. Total DNA from Ura+ 

transformants (described above) contained bands homologous to pBR322, with 

electrophoretic mobility corresponding to the supercoiled, open circular and 

multimeric forms of the transforming plasmids (Fig. 1). DNA from 

untransformed YNN27 (control) did not show hybridization with pBR322 DNA. DNA 
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total DNA from Ura+ transformants of 2. cerevisiae YNN27 
labeled pBR322 DNA. About 10 ug of DNA, isolated from 

yeast transformants grown on YBBG containing tryptophan, was 
fractionated by electrophoresis on 0.7% agarose gel. Blot 
hybridization was carried out under high stringent conditions. YIP5 
plasmid DNA (lane A) served as positive control and DNA from 
untransformed 2. cerevisiae YNN27 (lane B) served as negative 
control. Lanes C, D and E contained DNA from Ura+ transformants 
PCl, PC2 and PC5, respectively. 

preparations from all the five Ura' transformants (PCl-PC5) transformed E. 

coli RR101 with a high frequency yielding 100 to 1000 ampicillin-resistant and 

tetracycline-sensitive bacterial clones. The five plasmids isolated from E. 

coli were designated pRR1, pRA2, pRR3, pRR4 and pRR5, corresponding, 

respectively, to transformants PCl, PC2, PC3, PC4 and PC5. Each of the five 

plasmids could transform 2. cerevisiae YNN27 to Ura+ phenotype with high 

frequency (Table 1). YIp5 alone does not transform the Ura3-52 deletion - 

mutant strain of S. cerevisiae YNN27 to Ura+ phenotype because the mutant 

contains a small deletion so that URA3 gene in Mp5 cannot recombine with its 

genomic counterpart at a frequency sufficient to observe transformants 

(1,171. Therefore, transformation of 2. cerevisiae YNN27 to Ura' phenotype 

occurs only when the DNA fragment inserted into yIp5 confers on it the 

ability to autonomously replicate in yeast (l-9,17). Thus the high-frequency 

transformation of 2. cerevisiae YNN27 to Ura+ phenotype observed with the 
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Table 1. Properties of recombinant platmids (YIp5 plus m from p._ 
chrysosporium) isolated from Ura’ transformants of 2. cerevisiaea 

Generation time (h) 
Plasmids Insert Transformation of transformants on: 

size (kb) efficiency Select.,Non-select. 
Mitotic stabilit$ 
SelecLNon-select, 

(Transformants mediumo mediumo mediumo med iumD 
per ug DNA) 

pRR1 1.55 55 4.1 2.8 23.3 4.2 

pRR2 1.50 153 4.1 2.5 22.0 pRR3 12.00 261 3.0 13.9 ::; 
pRR4 1.50 

Z:“, 
2.8 35.3 4.8 

pRR5 1.50 ;4’ 4.0 2.6 29.6 1.7 
YRp12 1.50 2164 4.0 2.6 30.7 0.7 
YIP5 0 

‘All mitotic stability experiments were performed on plasmids transformed 
into S. cerevisiae YNN27. Each stability figure is an average value from 
three separate experiments. 

b 
Selective medium refers to minimal medium supplemented with tryptophan (50 

ug/ml) and non-selective medium refers to selective medium supplemented with 
Uracil (50 &ml). 

%itotic stability is expressed as the percentage of cells remaining Ura’ 
after 20 generations on selective or non-selective medium. 

hybrid plasmid can be considered to be inherent property of the g. 

chrysosporium DNA sequences inserted into YIp5. 

The size of the P. chrysosporium DNA inserts in plasmids pRR1, pRR2, pRR'I 

and pRR5 was approximately 1.5 kb whereas that in pRR3 was 12.0 kb. The 

doubling time for Ura+ transformants in selective and non-selective media 

(Table 1) was similar to that of YRplE transformants (positive control). All 

the Ura+ transformants were unstable in selective and non-selective media 

(Table 11, similar to other ars plasmids previously described (l-9, 17, 19, - 

20). 

Restriction analysis of the ars plasmid pRR2 (Fig. 2a) indicated that the 

ars does not contain restriction site for PvuII or Sal1 and that this plasmid - 

still contains a restriction site for BamHI after BamHI-MboI ligation (Fig. 

2a). Double enzyme digestion indicated that BamHI site is near or at one of 

the ends of E, close to the Sal1 site (Fig. 2b). Restriction map of 

plasmid pRR2 (Fig. 3) shows that this plasmid has unique PvuII and Sal1 

restriction sites for cloning. Hybridization experiments showed that (32P) 

labeled pRR2 DNA, but not (32P) labeled YIp5 DNA, is homologous to p. 
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Figure 2. Restriction chr sos oriummapping of plasmid pRR2 containing ars from p. 
Y D 

a. Single digestion of pRR2 and Yfp5, respectively, with BarnHI 
(lane A and B), PstI (lane C and D), PvuII (lane E and F), Sal1 
(lane C and B), HindIII (lane I and J) and EcoRl (lane K and L). 
Lane M contained size markers of X DNA-HindIII fragments. The DNA, 
after restriction was electrophoresed on agarose gel 0.7%. b. 
Double digestion of pRR2 with BamHI-Pstl (b.1. lane A), PvuII-Pstl 
(b.11. lane B), PvuII-BanEI (b-111. lane A), PvuII-Hind111 (b.III. 
lane 6) PvuII-EcoRl (b.111. lane C) and PvuII-Pat1 (b.111. lane D). 
Lanes B, A and E in I, II and III in this figure are size markers of 
X DNA HindIII fragments. 

chrysosporium genomic DNA (Fig. 4). These results indicate that the ars in - 

pRR2 originated from g. chrysosporium genome. 

The results of this study show that several DNA sequences of p. 

chrysosporium which promote autonomous replication of plasmid YIp5 in S. 

acs 

+ EcoR I 

+ HlndIII 

* BomH I 

-f- Pstl 

-.- Sal I 

u Pvu II 

3 4 3 6 7.05 

1.60 1.60 .75 

EcoR I ,029 A0 1.55 
'p;3: 

4.65 6.25 
Hind III l-ti;~N EcoR I pvu II Pst I 

1.65 
Pstl BarnHI 

2.1 
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Figure 3. Restriction map of plasmid pRR2. 
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Figure 4. Probi% of total p. chrysosporiwn DNA with 13”P) labeled pRR2 (a) 
and ( P) labeled YIp5. Blot hybridization was carried out under 
high-stringency conditions. 

cerevisiae have been isolated. Hybridization experiments showed that the 

hybrid plasmids contain inserts of p. chrysosporium DNA. All of these hybrid 

plasmids transformed 2. cerevisiae and E. & at high frequency and could be 

reisolated from transformants without any detectable change in plasmid 

structure or function. These results suggest that the cloned DNA fragments of 

p. chrysosporium fit the description of ars previously isolated from other 

eukaryotic cells (l-9, 17). 
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