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A comparative study of different species from the yeast genera Cyptococcus and Rhodotorula, isolated from rotted wood, was camed 
out using analytical pyrolysis-gas chromatography-mass spectrometry. The predominant compounds obtained were various alkanes, 
cyclic ketones, indolic compounds, alkanoic acids and furan derivatives, which are pyrolytic products of lipids, proteins and 
carbohydrates. The amount of some pyrolytic products showed significant differences between both genera. A high proportion of an 
alkyl indole was characteristic of Cyptococcus, which also showed the highest ratio between products derived from lipids and those 
derived from carbohydrates. 

The Cypfococcw-like state of Tremella aurantia, hardly distinguishable from Cypfococcus laurentii on the basis of characters 
currently used for yeast species identification, was recognized by its characteristic pyrolysis pattern, which showed a high 
predominance of undecane. 

Multivariate numerical analyses were performed from the relative abundance of the different pyrolysis products. The results of 
multidimensional scaling from pyrolysis data were compared with those obtained from the current taxonomic characteristics, showing 
the separation between Cyptococcw and Rhodoforula and a considerable intraspecific variation. The agreement between pyrolysis and 
taxonomic characters was also shown by the results of the canonical correlation between both sets of data. 
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Cyptococcus and Rhodotorula are two representative genera of 
basidiomycetous yeasts which lack sexual reproduction in 
most species, although the production of basidium-like 
structures has been demonstrated in some. For that reason, 
relationships between these anamorphic species and the 
Basidiomycotina have frequently been established on the basis 
of various chemical, metabolic and ultrastructural characteris- 
tics. These genera are near to each other in taxonomic 
arrangements of yeasts (Bamett, Payne & Yarrow, 1983; 
Kreger-van Rij, 1984), the most relevant characters used to 
differentiate them being the red pigmentation (carotenoids of 
Rhodotomla) and the fungal growth on inositol as the sole 
source of carbon (Cyptococcw). However, the teleomorphs of 
Cyptococcus and ~hidotorula are included in very different 
groups of basidiomycetous yeasts, related to Tremellales and 
Ustilaginales, respectively. It has been shown that affmities 
with these taxonomic groups can also be established for the 
anamorphic species, using criteria such as the type of septa1 
pore, and the cell-wall composition (v. Arx & Weijman, 1979; 
Golubev, 1981). Such studies could lead to a more natural 
systematics of the yeast-like fungi, although the application of 
these criteria in taxonomic revisions presents practical 
limitations (Kreger-van Rij, 1984), and further investigations 
are required. 

Analytical pyrolysis, frequently followed by numerical 
taxonomic analyses, is of great interest in yeast taxonomy 
due to the possibility for rapid differentiation of whole 
microbial cells (Gutteridge & Norris, 1979). Most of the 
studies of pyrolysis followed by gas chromatography (Py-GC) 
of fungi correspond to filamentous genera, namely Penicillium 
(Kulik & Vicent, 1973; Bums, Stretton & Jayatilake, 1976; 
Soderstrom & Frisvad, 1984), Aspergillus (Vincent & Kulik, 
1970, 1973 ; Stretton, Campbell & Bums, 1976), Sporothrix and 
Ophiostoma (Taylor, 1976), and several dermatophytes (Sekhon 
& Carmichael, 1972; Carmichael, Sekhon & Siegler, 14)73), but 
the application of Py-GC to yeasts has so far received only 
limited attention (Gunasekaran, Hughes & Wilberg, 1983). 
However, studies of numerical taxonomy of red yeasts based 
on pyrolysis combined with low-energy electron-impact mass 
spectrometry (Py-MS) have been carried out by Windig & 
Haverkamp (1982) and Windig & de Hoog (1982). This 
technique provides more limited information than pyrolysis 
followed by gas chromatography-mass spectrometry 
(Py-GC-MS), the latter enabling unambiguous differentiation 
of the pyrolysis products. 

In the present study, Py4C-MS was applied to yeasts 
from the genera Rhodotomla and Cyptococcw, isolated from 
rotted wood (Gonzilez, Grinbergs & Griva, 1986), in order to 
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investigate chemical differences that might contribute to the 
delimitation between both genera and to establish the 
taxonomic position of the different species. Furthermore, 
the relative intensities of the chromatographic peaks 
were submitted to multivariate treatments, illustrating the 
relationship between yeasts from both genera. 

MATERIALS A N D  METHODS 

Organisms studied 

A total of 35 yeast strains were studied from different species 
of the genera Cyptococcus and Rhodotorula (Table 1). The 
taxonomic position of some of the species or varieties has 
been modified (Kreger-van Rij, 1984), but the names used in 
Lodder's (1970) revision are used here, while the possible 
contribution of Py-GC-MS to the taxonomy of these yeasts 
is discussed. 

All the strains studied were obtained from decayed wood 
from a Chilean rain forest, after a unique process of natural 
degradation produced by several white-rot fungi (Ganodema 
applanatum (Pers.) Pat., Phlebia chysochrea (Berk. & Curt.) 
Burdsall, Armillariella limonea Stevenson, and Bondarzewia 
guaitecasensis (Henn.) Wright). These fungi produce a partially 
delignified wood (called 'huempe'), used as feed by local cattle 
because of its high digestibility (Zadraiil, Grinbergs & 
Gonzdlez, 1982; Gonzilez ef al., 1986). At the same time, this 
material contains a great variety of yeast species (Gonzilez 

ef al., 1989). The common origin of all the strains in the 
present study may minimize the differences resulting from 
yeasts adaptated to different habitats (Martinez, de Hoog & 
Smith, 1979), while the phylogenetic relationships become 
more evident. The yeasts studied are preserved at the Culture 
Collection of the CIB-CSIC, Madrid (IJFM), and several strains 
were deposited at the Centraalbureau voor Schimmelcultures, 
Baarn, The Netherlands (CBS). 

Taxonomic characteristics of yeasts 

The determination of the different morphological, cultural and 
physiological characteristics used for yeast identification was 
carried out using the methods described by van der Walt and 
Yarrow (in Kreger-van Rij, 1984). Among them, the following 
44 variables were used for multivariate treatment of the yeast 
taxonomic data: growth on galactose, sorbose, maltose, 
cellobiose, lactose, melibiose, raffinose, melezitose, L-arabinose, 
D-arabinose, ribose, rhamnose, ethanol, glycerol, erythritol, 
adonitol, dulcitol, mannitol, sorbitol, a-methyl glucoside, 
salicin, lactic acid, citric acid, inositol; splitting of arbutin; 
nitrate assimilation; growth on vitamin-free medium, with 
50% glucose, and at 37 OC; production of amyloid 
compounds; hydrolysis of urea; growth in presence of 5 and 
10% NaCl; colour reaction with DBB; presence of carotenoids; 
production of pellicle and ring in liquid media; presence of 
spherical and ovate cells; length/width ratio, and maximum 
and minimum length and width of budding cells. 

Table 1. Yeast strains isolated from white-rotted wood and used for the Py-GC-MS study 
Species Strains 

Cyptococcw uniguttulatw 
(Zach) Phaff & Fell 

Cypfococcw albidw 
(Saito) Skinner var. albidw 

Cyptococcw albidw 
var. difiuens (Zach) Phaff & Fell 

Cyptococcw-like state of 
Tremella aurantia Schwein. 

Cyptococcw laurentii 
(Kufferath) Skinner var. laurentii 

Cyptococcw laurenfii var. flavescens 
(Saito) Lodder & Kreger-van Rij 

Cyptococcw neofomans 
(Sanfelice) Vuill. 

Rhodotorula mbra 
(Demme) Lodder 

Rhodotorula glutinis 
(Fres.) Harrison 

Rhodotorula grinbergsii 
Ramirez & Gonzilez 

Rhodotorula pallida 
Lodder 

Rhodotomla pilimanae 
Hedrick & Burke 

Rhodotorula minuta 
(Saito) Hamson 

1 = cu 10 

2-4 = CAA 12, CAA 45, CAA 216 

5-10 = CAD 23, CAD 54, CAD 65, CAD 211, CAD 246, CA 251 

I I =  C 3 2  

12-16 = CLL 49, CLL 252, CLL 295, CLL 316, CLL 325 

17 = CLF 145 

18-19 = CN 224, CN 237 

20-26 = RR 1, RR 62, RR 70, RR 80, RR 141, RR 193, RR 259 

27-29 = RG 51, RG 125, RG 318 

30 = RGR 56 

31-32 = RPA 85, RPA 312 

33-34 = RP1 2, RPI 180 

35 = RM 84 
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Pyrolysis-gas chromatography-mass spectrometry taxonomic variables: peaks D, E, G, J, L, M, 0, R, U, V; and 
(Py-GC-MS) growth on cellobiose, meliobiose, rhamnose, a-methyl glu- 

The yeasts were grown in 250 ml Erlenmeyer flasks with 
50 ml of YGP (0.5 % yeast extract, 2% glucose, 1 % peptone), 
inoculated with 10-d-old cultures (YGP with 2% agar) and 
grown at 25 OC in a rotary incubator (120 rev. min-'). 
After 4 d growth, the cells were recovered by centrifugation 
(I0000g) washed twice with 0.9% NaCl and twice with 
distilled water and then freeze-dried before pyrolysis. 

Whole cells (3 mg) were pyrolyzed at 700' (heating rate = 
2O0/ms) in an inert atmosphere in a 'Pyroprobe' pyrolyzer, 
using a 2 mm inner d i m  quartz tube. For peak quantitation, 
the products released were separated in a Konik 300C gas 
chromatograph (flame ionization detector) equipped with a 
20 m capillary column, and a cold trap. The stationary phase 
was FFAP (polyethylene glycol esterified with nitrotereph- 
thalic acid). Identification of the pyrolysis products was 
carried out in a Hewlett-Packard 5992 GC-MS system, using 
a 40 m FFAP column in the same chromatographic conditions. 

Data processing 

coside, salicin and inositol, growth at 37 O, and production of 
amyloid compounds and carotenoids. 

RESULTS 

Yeast pyrolysis 

The gas chromatograms of the pyrolysis products from 
representative Cypfococctrs and Rhodotomla strains are shown 
in Fig. 1, whereas the bar diagrams corresponding to the 
chromatographic patterns from the yeasts studied are shown 
in Figs 2,3. The most important peaks after pyrolysis of yeasts 
from both genera corresponded to undecane (peak F), a 
mixture of fluorene with an olefin (peak R), pentadecane (peak 
Q) and a cyclopentanedione (peak H). 

A singular chromatographic pattern was observed in strain 
C 32, characterized by the high yields of undecane (peak F) 
and the comparatively smaller intensity of peak R. 

The most abundant products obtained after pyrolysis of the 
yeasts studied are shown in Table 2. They included different 
unspecific pyrolysis products, such as acetic acid, naphthalene, 

Values of the chromatographic response of individual peaks phenol and alkyl phenols, which may derive from varied 
were normalized as percentages of the total area of the biopolymers, but also a series of compounds frequently 
chromatogram, and the data for the 22 major peaks were interpreted as having a specific origin (Simmonds, 1970). 
taken as the variables defining the yeast samples in the 
multivariate treatments from pyrolysis results. The affinities 
between the samples (yeasts) were expressed as Euclidean 
distances (ED) after logarithmic transformation of the relative 
abundance of the peaks. Multidimensional scaling (Kruskal, 
1964), by using the MDSCAL algorithm, and principal 
component analysis (PCA) were carried out from pyrolysis 
data and taxonomic characteristics of the different yeasts. The 
results of replicate runs were processed simultaneously in the 
case of the PCA, in order to evaluate the effects of pyrolysis 
reproducibility. Canonical correlation (CANCOR) between 
the two above sets of characters was established (Orloci & 
Kenkel, 1985) after selection of the following pyrolysis and 

Multivariate treatment of pyrolysis data 

The analysis of variance of the relative abundance of the 
chromatographic peaks in the different yeast strains showed 
that the peaks 0 (alkyl indole) and J (hydroxymethyl 
cyclopentenone and methyl phenol) were significantly 
(P < 0.05) higher in the genera Cyptococctrs and Rhodoforula, 
respectively. Other chromatographic peaks, e.g. peaks G and 
U in Cyptococcus and peak D in Rhodotomla, appeared 
characteristic of one of the genera studied, but the differences 
were not very significant. The two characters used for 
taxonomic differentiation between both genera, namely the 

Fig. 1. Gas chromatograms of pyrolysis products. A, Cypfococctrs albidus CAD 211; B, Rhodoforula rubra RR 70. For peak identification 
see Table 2. 

A n  CAD 21 1 RR 70 
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Fig. 2. Bar diagrams of gas chromatograms corresponding to Fig. 3. Bar diagrams of gas chromatograms corresponding to 
pyrolysis products obtained hom Cryptococcw spp.: (CU = C. pyrolysis products obtained from Rhodotorula spp.: (RR = R. rubra, 
uniguttulatus, CA = C. albidus var. albidw, CAD = C. albidus var. RG = R. glutinis, RGR = R. grinbergsii, RPA = R. pallida, RPI = R. 
difluens, C. = Cypfococcw-like, CLL = C.  laurentii var. faurentii, piknanae, RM = R.  minuta; for peak identification see Table 2). 
CLF = C.  laurenfii var. flavescens, CN = C. neoforrnans; for peak 
identification see Table 2). I  1 , I  RR 1 

1 1 1  1 ,  , I ,  , I  1 , I t  CAD 21 1 1 RG 12: 

I I  1 , l  I I  , 1 I 1 1 1 l 1  , I  I I 1  CAD 246 RG 311 

I . I  1 1 1 1  I .  . 1 8  . I  r I I I I I I CAD 25 1 RGR 5' I 

1 CU I0 1 1 1 1 .  , I  1 . 1 1 1 .  I 

I I 1 1  I  , I  1 , . 1 1 . 1  1 1 .  A CAA 12 

1 1 . 1 1 1 1  . I  t I I 1  CLL 49 I... RPA 31 

I I  I RR 62 

I I I  I  RR 70 

I l l  1 .  . I I . I  1 I 1 1  CLL 252 3 R.12 

1 . n 1 1  . I  I . , I . ,  I a I 1  1 . 1  I I . I  1 ,  4 1 . .  I  r r  RR 80 CAA 45 

1 1 1  1 I .I1 1 , .  1 1 ,  . i I  ~ . I I ~ ~ I  1 1  ) \ . . I  8 I  1 1  RR 14 CAA 216 
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1 1 4 1  1 1 1  . I  1 I I I CLL 295 5 ~ p 1  18, 

I  . I  . I 1  I  I  I I  . I .  . 1 I  I  CLL 316 
1 1 1  1 I B 1 l l l l l ,  r I  I 1 1  
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I I  

1 CLL 325 
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. I 
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red pigmentation (Rhodotorula) and the fungal growth 
on inositol (Cypfococcus),  showed the most significant 
correlation with the relative abundance of peak J. 

When considering the sets of individual peaks, the 
differences between both genera were found not only in the 
average values but also in the distribution of frequency 
classes. Both the skewness and kurtosis indices were different 
for the distributions of most of the peak values, indicating 
greater sharpness and homogeneity in the genus Rhodotorula. 
This is illustrated by the two peaks shown in Fig. 4. 

The three-dimensional representation of yeasts after PCA 
is presented in Fig. 5. The circles indicate the variability limits 
for each sample as determined for replicate runs. Fig. 5 shows 
two non-linear maps of yeast strains after MDSCAL From ED 
between yeasts, from the pyrolysis data and from the results 
of the current taxonomic tests. A separation of the yeasts 
belonging to both genera was observed in both cases (stress 

8 I 1 1  CLF 145 

, I I I 

value = 15% indicating a fair goodness of fit), although the 
differentiation of clusters was better in the case of the 
taxonomic set of data. Nevertheless, no well-defined clusters 
appeared in the two genera studied, suggesting considerable 
intraspecific variation. In addition, the existence of affinities 
between the strains belonging to several varieties, e.g. C .  
albidw vars albidus and difluens, C. laurenfii var. laurentii, was 
shown by the pyrolysis data. 

I CN 224 

DISCUSSION 

Most of the molecules identified as results of the pyrolysis 
of the yeasts were typical pyrolysis products of microbial 
cells. The polymethylene compounds (alkanes, olefins and 
fatty acids) are likely to derive from the volatilization or 
breakdown of yeast lipids. Other characteristic compounds 
were the substituted furans, formed from carbohydrates 
(Bracewell & Robertson, 1976). Cyclic ketones are typical 
pyrolysis products of soil humus (Alcaiiiz, SerCs & Gassiot- 
Matas, 1983) and have been interpreted as derived from 
polycarboxylic acids (Bracewell, Robertson & Welch, 1980). 
Nevertheless, these compounds are also produced b y  
dehydratation of sugars (Popoff & Theander, 1982) and their 
presence here could be explained from pyrolysis of 
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Table 2. Organic compounds corresponding to the major predominant and more abundant in Cypfococcw than in 
chromatographic peaks after pyrolysis of yeasts from the genera Rhodofomla, and the ratio between products derived from 
C yptococcus and Rhodotorula lipids and carbohydrates (the latter amounting to ca I I %) was 
Peak significantly higher ( P  < 0.01) in the former genus. This 
ref. Compound predominance of compounds from lipid pyrolysis was not 

reported for Py-MS in related red yeast species (Windig & de 
A Acetic acid Hoog, 1982; Windig & Haverkamp, 1982). 
B Methyl pyrrole 
C 

Significant differences were found when the pyrolysis Phenol 
D Diisopropyl disulphide products from the studied yeasts were compared with those 

E Acetyl furan reported after Py-GC-MS of other micro-organisms 
F Undecane (Simmonds, 1970). This discrepancy is in agreement with the 

Methyl furancarboxaldehyde 
Thioacetic acid, isopropyl ester 
1,3-Cyclopentanedione 
Benzenethiol 
Hydroxymethyl cyclopentenone 
Methyl phenol 
Alkyl cyclopentanedione 
1-1'-Ethylidenebis cyclopentane 
Naphthalene 
Indoline 
Alkyl cyclopentadiene 
Tetradecene 
Alkyl indole 
Tetrahydro quinoline 
Pentadecene 
Pentadecane 
Fluorene 
Hexadecene 
Alkyl cyclohexane 
Hexadecane 
Alkyl indole 
Hexadecanoic acid 
Heptadecene 
Tridecanoic acid, isopropyl ester 

carbohydrates (Saiz-JimCnez & de Leeuw, 1986). Methyl 
pyrrole is a characteristic product of the pyrolysis of 
porphyrins (Bracewell & Robertson, 1976), and other nitrogen 
compounds (mainly indole derivatives) may derive from 
protein. 

Pyrolysis products presumably derived from lipids were 

preliminary results of Medley, Simmonds & Manatt (1975). 
pointing out the very different nature of the principal products 
obtained after pyrolysis of bacteria and fungi. The variation 
observed between replicate pyrolyses from the same strain 
was, in most cases, lower than that found between different 
strains from a single species (Fig. 5) showing the feasibility of 
comparative studies based on yeast pyrolysis upon the 
present experimental conditions. 

The most striking result of the pyrolysis of yeasts concerned 
the singular pattern in the strain C 32 (Fig. 2). This fungus was 
formerly identified as Cypfococcus laurenfii, but after sub- 
sequent taxonomic revision in the light of the above pyrolysis 
results, it was considered as a Cypfococctrs-like state of 
Trernella auranfia. Using electrophoretic patterns of six yeast 
enzymes, Baptist & Kurtzman (1976) had previously pointed 
out the differences between species of Cyptococcw and 
cultures of Trernella. These cultures are hardly distinguishable - 

from C. laurenfii as regards the taxonomic characters used for 
identification of yeast species. 

The singular characteristics of the Cypfococcus-like state of 
T. auranfia were evident in the non-linear maps of Fig. 6. 
Cypfococcus albidus var. difluens was included in C. albidus var. 
albidus by Kreger-van Rij (1984). However, the strains from 
both varieties studied here showed important differences after 
pyrolysis, and the same occurred when the unique strain 
studied of C. laurenfii var. flavescens was compared with those 
of C. laurenfii var: laurenfii. O n  the other hand, the pyrolysis 
data did not contribute to elucidate the taxonomic position of 
R. pilirnanae, included in R. rubra (Kreger-van Rij, 1984), since 
considerable variation was found between the two strains of 

Fig. 4. Distribution of frequencies for the relative amounts of the chromatographic peaks J (A) and 0 (B) in the genera Cypfococcus and 
Rhodotorula. 
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Fig. 5. Representation of Cyptococcus (1-19) and Rhodotorula (20-35) isolates on the first three factors obtained after principal 
component analysis. The circles indicate the variability limits between replicate pyrolysis from the same isolate (for yeast identification 
see Table 1). 

the former species. The multivariate plot of the pyrolysis data 
also suggest some overlap of the genera. In particular, some 
strains of C .  albidw, C. laurenfii and C. uniguffulafus showed 
pyrolysis patterns that resembled to those of the Rhodoforula 
species. 

The cluster formation and the differentiation between 
Cyptococcus and Rhodoforula from the pyrolysis set of data 
were better after CANCOR (pyrolysis data us taxonomic 

data) than from PCA (Fig. 5) or MDSCAL (Fig. 6a). In the 
latter two cases some strains of Cypfococcus were included 
into the cluster formed by most of the Rhodotorula strains. A 
similar overlap between both genera was not observed after 
CANCOR (Fig. 7) but, even after this treatment, sharp clusters 
were not defined. In Fig. 7 the yeasts are represented in the 
space defined by the three first canonical variates from the 
pyrolysis set. Seventy two percent of the total variance is 

Fig. 6. Non-linear map (MDSCAL) from affinities between Cyptococcus and Rhodotorula isolates. A, Pyrolysis data; B, taxonomic 
characteristics. For yeast identification see Table I. 

0 27 Rhodotorula 1 

8 4  I Cryptococcus 
m 2  8 1 3  

Stress = 14.75 % I 

Rhodotorula 24 
a 3 2  9 3 5  0'25 

stress = 16.50 % I 

Cryptococcus 
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Fig. 7. Three-dimensional arrangement of Cryptococcus and Rhodoturula isolates on the first canonical variates of the pyrolysis set, after 
canonical correlation between pyrolysis and taxonomic data. For yeast identification see Table 1. 

7 Peak A 

ks 

Peaks F, I 1- Peaks C, G 
(30.3 %) 

explained by the three-dimensional representation and the 
high correlations between pyrolysis and taxonomic sets for 
the three above variates were found ( R  values of 0.95 ,  0.89 
and 0.68 ,  respectively). The proportion of the total variance 
and the peaks with the greatest weight on each canonical 
variate are also indicated in Fig. 7. Clusters corresponding to 
the genera Cyptococctrs and Rhodotomla were mainly defined 
on the first axis, with great positive weight for peaks G and 
0 (more important in Cyptococcw)  and negative weight for 
peaks M and U (more important in Rhodotomla). 

The results of the pyrolysis study of the genera Cyptococctrs 
and Rhodotomla brought out the chemical differences in the 
cell constituents of yeasts from both genera, reflected by the 
relative amounts of some pyrolysis products. However, the 
differentiation between species and varieties, currently es- 
tablished by individual characters used in dichotomous keys, 
was not always supported by the numerical treatments of the 
pyrolysis or taxonomic data, and much intrgspecific variation 
was demonstrated in several cases. 

This research has been partially supported by the 
Biotechnology Program of the Spanish CAICYT (Project 
BTIO, 1985-1988).  
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