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TABLE 1. Yeast species and strains examined and their sources

Species Strain(s) Source

Candida zeylanoides Type, NRRL Y-6360 Georgia State University"
103, 130, 155 Smoked turkey drumstick*
157, 217 Turkey sausage*
121, 128 Roasted chicken breast*

C. guilliemiondii NRRL 2075 Georgia State University"
C. kmsei (Issatchenkia 

orientalis)
NRRL 7179 Georgia State University"

C. famata (Debaryo- 
myces hansenii)

CBS 767 Georgia State University"

C. parapsilosis ATCC 22019 Georgia State University"
C. sake CB,S 159 Georgia State University"
C. tropicaUs CDC-59 Georgia State University"
C. lipolytica 90-019095 Georgia State University"
Yarrowia lipolytica 142, 160, 218 Chicken liver'’

138, 253 Chicken liver II*
173, 175, 246 Roasted chicken breast*

B

bp

1000

500

M

1000

500

‘’ Courtesy of Sally Meyer. 
^ From Ismail et al. (25).

washed and resuspended in 100 |jl1 of sterile distilled water. After washing again, 
the suspension was boiled for 10 min and centrifuged at 16,000 X g for 5 min. An 
aliquot of the supernatant was used for PCR analysis.

DNA extraction for PFGE. Yeasts were grown in TGY broth at 25°C for 24 h 
on a gyratory shaker {150 rpm). Cells were centrifuged (16,000 X ^, 2 min) and 
washed in LET buffer (500 mM EDTA, 10 mM Tris [pH 7.5]); 6 X 10^ cells/ml 
were embedded in 100-p.l plugs of 0.75% low-melting-point agarose and incu­
bated overnight at 37°C in LET buffer containing 25 mg of Lyticase per ml and 
7.5% 2-mercaptoethanol. The plugs were washed and incubated in NDS buffer 
(500 mM EDTA, 10 mM Tris [pH 7.5], 1% laurylsarcosine, 2 mg of proteinase 
K per ml) at 50°C for 24 h, then thoroughly washed four times with 50 mM 
EDTA (pH 8.0), and kept at 4°C until used. All enzymes and reagents were 
obtained from Bio-Rad (Hercules, Calif.).

ITS-PCR. Two primers, ITSl (5'TCCGTAGGTGAACCTGCGG3') and ITS4 
(5'TCCTCCGCTTATTGATATGC3'), custom synthesized by Gibco Life Tech­
nologies (Grand Island, N.Y.), were used as described by White et al. (55). The 
amplification reaction was performed with a Thermocycler 480 (Perkin-Elmer 
Corp., Norwalk, Conn.) using a mixture containing 2 U of Taq DNA polymerase 
(1 U/|jl1), 2 |jl1 of deoxynucleoside triphosphate (dNTP) mix (10 mM each dNTP), 
10 |xl of lOx PCR buffer with MgCL (all Boehringer reagents; Roche Diagnos­
tics, Indianapolis, Ind.), 2 |xl of each primer (0.1 |xg/p.l), and 10 p.1 of boiled cell 
extract as a template. The volume was made up to 100 p-1 with sterile distilled 
water. After an initial denaturation at 95°C for 5 min, amplification was made 
through 35 cycles, each consisting of 1 min at 95°C, 2 min at 55°C, and 2 min at 
72®C, followed by a final extension step of 10 min at 72®C.

Restriction analysis. HmH and Haelll restriction endonucleases (Boehringer) 
were used separately to digest the amplification products of ITS-PCR. The 
digestion mixture consisted of 16 pl of amplicon, 2 pl of restriction enzyme (10 
U/pl), and 2 pl of each of the buffers provided by Roche Diagnostics. The 
mixture was incubated 16 to 18 h at 37°C.

RAPD analysis. Enterobacterial repetitive intergenic consensus (ERIC) prim­
ers were used singly or in combination as described by Metzgar et al. (31). 
ERICIR (5'ATGTAAGCTCCTGGGGATTCAC3') and ERIC2 (5'AAGTAA 
GTGACTGGGGTGAGCG3') were custom made by Gibco Life Technologies. 
The same thermocycler and Boehringer reagents as described above were used. 
The PCR mix (50 pl) contained 20 pl of boiled cell extract, 5 pl of lOX PCR 
buffer with MgCL, 6 pl of dNTP mix, 1 pl of Taq DNA polymerase, and 2 pl of 
primer. This mixture was heated at 94°C for 5 min and then subjected to 40 cycles 
at 92°C for 45 s, 25°C for 1 min, and 68‘’C for 10 min, followed by a final extension 
at 72°C for 20 min.

Gel electrophoresis. ITS-PCR- and RAPD-PCR-amplified products and re­
striction digests were separated by agarose gel electrophoresis using a horizontal 
submarine gel system (E-C Apparatus Corp., Holbrook, N.Y.). Agarose (Gibco 
BRL Life Technologies) at a concentration of 0.8% (wt/vol) was used to separate 
ITS-PCR products and RAPD products, whereas a concentration of 1.4% (wt/ 
vol) agarose was used to separate restriction fragments. Electrophoresis was 
conducted in 0.5x TBE buffer (5.4 g of Tris base, 2.75 g of boric acid, and 2 ml 
of 0.5 M EDTA [pH 8.0] in 1 liter of distilled water) at 10 V/cm for various times, 
depending on the size of the gel unit; DNA size markers (Boehringer XII and 
XIV) were used as standards. DNA bands were stained with ethidium bromide 
and then visualized and photographed under UV light using a GelDoc2000 
Transilluminator (Bio-Rad).

PFGE. A CHEF-DR II apparatus (Bio-Rad) was used for karyotyping of 
yeasts. C. zeylanoides chromosomal DNA prepared in agarose plugs was sepa­
rated in 1% agarose at 100 V for 15 h with a pulse time of 120 s followed with 
a 240-s pulse time for 33 h at 14°C in 0.5X TBE buffer. For separation of much

FIG. 1. (A) Direct ITS-PCR amplification from broth cultures and colonies. 
Lanes: 1, 3, and 5, K lipolytica strain 160; 2, 4, and 6, C. zeylanoides strain 155; 
1 and 2: 36-h TGY broth culture; 3 and 4, 12-h TGY broth culture; 5 and 6, 36-h 
colony on TGY agar plate; M, DNA size marker. (B) Effect of cell concentration 
on amplification by direct ITS-PCR from 48-h TGY broth culture of K lipolytica 
strain 160. Cell populations (CFU per milliliter): lane 1, 3 X 10®; lane 2, 3 X 10'’; 
lane 3, 3 X 10**; lane 4, 3 X 10^.

larger DNA molecules of K lipolytica, PFGE conditions were modified as fol­
lows: 50 V and 1,200-s pulse time for 36 h followed with an 1,800-s pulse time for 
another 36 h. Saccharomyces cerevisiae chromosomal DNA size standards (Bio­
Rad) were used as markers. After electrophoresis, bands were visualized as 
described above.

Cluster analysis. Genetic relationships and divergence between ERIC-RAPD 
patterns of strains isolated from poultry were calculated from the Pearson coef­
ficient using Bio-Rad Molecular Analyst software (3) and are illustrated in a 
dendrogram constructed using the unweighted pair-group method with arith­
metic averaging (UPGMA) and single linkage.

RESULTS

Direct extraction of DNA from washed, boiled yeast cells 
enabled PCR amplification using ITSl and ITS4 primers. Sim­
ilar patterns were obtained with cells from overnight TGY 
broth cultures and 24- to 36-h colonies formed on TGY agar; 
however, working with broth cultures gave more uniform re­
sults (Fig. 1). Cell populations up to 3 X lO” CFU/ml did not 
interfere with PCR, whereas less than 3 X 10“* CFU/ml did not 
result in amplified product. Each yeast species produced a 
single amplified ITS-5.8S rDNA fragment (Fig. 2). The frag­
ment in Y lipolytica was shorter than that in C. zeylanoides

M 1 2 3 4 5 6 7

FIG. 2. Direct ITS-PCR amplification products of several yeast species. Tem­
plate DNA was extracted from washed overnight TGY broth cultures by boiling. 
Lanes: 1, E lipolytica', 2, C. guilliermondii; 3, C. sake, 4, C. parapsilosis; 5, C. 
tropicaUs; 6, C. kmsei; I, C. famata; M, DNA size marker.
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FIG. 3. Direct ITS-PCR amplification products and restriction fragments 
from K lipolytica and C. zeylanoides. Lanes 1 to 10, K lipolytica strains 160 (lanes 
1 and 6), 138 (lanes 2 and 7), 173 (lanes 3 and 8), 246 (lanes 4 and 9), 175 (lanes 
5 and 10); lanes 11 to 20, C. zeylanoides strains 155 (lanes 11 and 16), 130 (lanes 
12 and 17), 103 (lanes 13 and 18), 121 (lanes 14 and 19), 128 (lanes 15 and 20). 
ITS-PCR amplicon, lanes 1 to 5 and 11 to 15; IlmH digest, lanes 6 to 10; Ilaelll 
digest, lanes 16 to 20; M, DNA size marker.

(about 350 and 650 bp, respectively), and all strains belonging 
to these species gave a single, uniform band (Fig. 3). Digestion 
of PCR products with restriction endonuclease HmH resulted 
in two fragments of 200 and 150 bp from K lipolytica strains, 
whereas three fragments of 350,150, and 100 bp were obtained 
from C. zeylanoides, using restriction endonuclease Haelll 
(Fig. 3). Again, all strains of both species produced uniform 
digestion patterns.

RAPD amplification with commercial decamer primers of 
crude DNA extract did not result in amplified products. Using 
the much longer ERIC primers enabled typing of strains by 
producing patterns consisting of several different bands. Clus­
ter analysis was used to determine if strains with different 
patterns can be grouped according to their source of isolation 
(Fig. 4). The dendogram also shows that isolates of K lipolytica 
and C. zeylanoides are clearly distinct and separated. Within 
each branch, strains exhibit a high degree of similarity, and 
with a few exceptions, groups correlate well with the source of 
isolation.

Chromosomal DNA molecules were separated successfully 
by contour-damped electric field (CHEF) PFGE. From 
C. zeylanoides, we obtained six to eight bands in the range of 
750 to 2,200 kbp; chromosomal DNA molecules in K lipolytica 
were much larger, mostly over 2 Mbp, and separated into three 
to five bands (Fig. 5). Karyotypes of both yeast species showed 
polymorphic patterns differing between strains.

84 86 88 90 92 94 96 98 100 Isdate No.

155 Smoked turkey *
103 Smoked turkey
130 Smoked turkey 
6360^
6360^
121 Chicken breast
128 Chicken breast
158 Turkey sausage
217 Turkey sausage
6360'^ •
253 Chicken liver 2 •
138 Chicken liver 2
173 Chicken breast
246 Chicken breast
175 Chicken breast
142 Chicken liver 1
160 Chicken liver 1
218 Chicken liver 1
095 C.lipolytica •

FIG. 4. Cluster analysis of RAPD-ERIC2 patterns of K lipolytica and C. zeylanoides showing relations with the source of isolation. Dendogram was derived using 
UPGMA and Pearson product method. Reference strain, C. zeylanoides^ 6360. Other strains: C. zeylanoides 103, 158,121, 128, 130, 155, and 217; Y. lipolytica 138, 142, 
160, 173, 175, 218, 246, and 253; C. lipolytica 095.

C. zeylanoides

Y. lipolytica

DISCUSSION

Karyotyping is a reliable and discriminative technique that 
has been used commonly for typing yeast isolates from food 
samples and clinical specimens (36, 54). In agreement with 
another report (38), K lipolytica has few but large chromo­
somal DNA molecules. To our knowledge, this is the first study 
reporting the karyotype of C. zeylanoides. The number and size 
of its chromosomal DNA molecules are grossly similar to those 
of several other Candida species (14).

Characterization of polymorphic karyotypes permitted dis­
crimination of strains and enabled correlation with the source 
of isolation. However, the greatest drawback of karyotyping is 
the long time necessary to obtain results. Preparation of chro­
mosomal DNA takes at least 2 days, and PFGE proceeds for 
another 2 to 3 days to obtain good separation of chromosomal 
bands.

The direct PCR technique, i.e., extracting DNA by boiling 
yeast cell suspensions, has been used by other researchers. A 
survey of the literature revealed more than 20 publications 
using this method since 1992. The 1997 Cold Spring Harbor 
laboratory course manual (1) describes a yeast colony PCR 
protocol. Experience has shown that for successful amplifica­
tion, the density of the cell suspension is crucial. However, a 
detailed study to optimize amplification as influenced by cell 
density has not been published. Yeast densities between 10^ 
and 10^ cells/ml have been used. Pearson and McKee (40) 
added an ice-cold suspension of yeast cells directly to the PCR 
mix, which was then heated at 92°C for 2 min before being 
subjected to amplification. This method was used in subse­
quent studies (26). Hopfer et al. (22) obtained DNA for PCR 
amplification from yeast cells boiled in EDTA, but Howell et 
al. (23) reported that RAPD amplification from boiled cells 
was not sufficiently reproducible. Steffan et al. (45), using col­
ony lysates, optimized conditions of RAPD for the identifica­
tion of Candida species of clinical significance. Their toothpick 
protocol involved picking up a barely visible amount of cells 
from a single colony and suspending it in a buffered Zymolase 
solution. The direct addition of intact cells to the PCR mix 
resulted in successful amplification in a less reproducible man­
ner. In contrast, several workers have observed that boiled 
extracts of yeast cells can be used reliably for PCR amplifica­
tion (15, 28, 29, 39, 46). Lachance et al. (27), using whole yeast
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B M 1 2 3 4 5 6
Kb

2200

FIG. 5. (A) Separation of chromosomal DNA from C. zeylanoides by CHEF 
PFGE. Lanes 1 and 9, C. zeylanoides type strain; lanes 2 and 8, isolates 217 and 
158, respectively, from turkey sausage; lanes 3 and 5, isolates 128 and 121, 
respectively, from chicken breast; lanes 4, 6, and 7, isolates 130, 103, and 155, 
respectively, from smoked turkey; M, S. cerevisiae DNA size marker. Electro­
phoretic conditions: 100 V for 15 h with 120-s pulse time, followed by 180-s pulse 
time for 33 h at 14°C in 1% agarose gel. {B) Separation of chromosomal DNA 
from K lipolytica by CHEF PFGE. Lanes 1 and 4, isolates 218 and 160, respec­
tively, from chicken liver 1; lanes 2, 3, and 6, isolates 246, 173, and 175, respec­
tively, from chicken breast; lane 5, isolate 138 from chicken liver 2; M, S. 
cerevisiae DNA size marker. Electrophoretic conditions: 50 V for 36 h with 
1,200-s pulse time, followed with 1,800-s pulse time for 36 h at 14®C in 0.75% 
agarose gel.

cell extracts, obtained amplification products with quality 
equivalent or better than that of purified DNA. This simple 
and rapid method gave reproducible patterns in a study with a 
broad range of yeasts (16). In our study, the ITS-PCR method 
was robust enough to produce amplification products in a 
reproducible way. The RAPD technique is influenced more by 
experimental conditions, and in agreement with Power (41), 
the use of a crude DNA preparation cannot be recommended.

In food and beverage industry laboratories, of great signifi­
cance is the time saved by analytical methods. Standard meth­
ods for DNA extraction and purification may require 24 h or 
more, compared with extraction by boiling, followed by cen­
trifugation, all within 15 min. The time required for identifi­
cation of an isolate can be as short as 8 h, which includes DNA 
extraction, amplification, restriction digestion, and electro­
phoretic analysis. Additional typing by RAPD can be finished 
the following morning.

Numerous studies have confirmed the efficiency of ITS-PCR 
for identifying yeast species. The region of the rDNA amplified 
by ITSl and ITS4 primers includes variable ITSs and the less 
variable 5.8S rRNA gene (55), allowing differentiation of more 
closely related species than can be achieved using conservative 
18S and 25S rDNA sequences. ITS-PCR has been used for the 
taxonomic study and delineation of Candida (30), Saccharo- 
myces (37), Kluyveromyces (7), and Metschnikowia (49) species 
and for rapid identification and population analysis of yeasts in 
wine (10, 17, 21), kefyr (58), and other foods (5). The tech­
nique has also been used for taxonomy, diagnosis, and epide­
miology of yeasts of clinical importance, in particular, Candida 
albicans and other Candida species (9, 30, 33, 57). These stud­
ies demonstrated that the amplicon length alone can some­
times differentiate species (33, 49). Unequivocal identification, 
however, requires more precise determination. This can be 
achieved in various ways, e.g., using inner primers in nested

PCR (9), separating PCR products by capillary electrophoresis 
(47), or hybridization with specific DNA probes (8). However, 
a simple but sufficiently sensitive method is restriction analysis 
of amplified fragments that has been widely used (16). The 
amplicon lengths obtained from K lipolytica and C. zeylanoides 
in our study agree well with those described for one strain of 
each species investigated by Esteve-Zarzoso et al. (16). Diges­
tion patterns, however, differed slightly in that Hint! produced 
two unequal fragments from the amplicon of K lipolytica, 
whereas HaeUl resulted in three rather than two fragments of 
the C. zeylanoides amplicon. In our study, eight strains of K 
lipolytica and seven strains of C. zeylanoides gave uniform di­
gestion patterns. Guillamon et al. (21) tested the same strain of 
C. zeylanoides used by Esteve-Zarzoso et al. (16) and obtained 
similar results. In an earlier investigation (52), two size classes 
found in rDNA units of K lipolytica were attributed to differ­
ences in the nontranscribed spacer.

Using boiled extract as template DNA, we did not obtain 
amplicons with the RAPD method using five commercially 
available decamer primers (A-01 to A-05; Operon Technology, 
Alameda, Calif.). This may be due to the small number of 
primers tested, as previous studies showed that sometimes 40 
or more primers need to be screened for successful RAPD 
amplification (20, 34, 43). For RAPD amplification, oligonu­
cleotide primers can be of variable length, from five to 24 bp, 
often used singularly but sometimes in pairs, and can be syn­
thesized arbitrarily or selected from natural sequences, e.g., 
microsatellite and repetitive sequences which are also used in 
PCR-fingerprinting (32). ERIC sequences are frequently used 
primers in PCR-based molecular typing of bacteria (53) and, 
under the nonstringent conditions of RAPD, may also anneal 
to eukaryotic DNA. This allowed their use in typing dermato­
phytes and clinical yeast strains (24, 31, 50). In our study, both 
ERICl and ERIC2 produced several polymorphic fragments 
resulting in band patterns differing between strains within a 
given species. Cluster analysis of patterns made it possible to 
trace the source of isolation of strains. Thus, ERIC-PCR can 
be used as a tool to study the ecological diversify of yeasts.
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