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The present review deals with chemotaxonomic methods for yeasts. DNA base composition, 
which is expressed as molar percentages of guanine plus cytosine (G+C), is fitted for 
description of a new species and serves exclusionary functions. G+C content range among 
species within a genus is often 10% or less. Larger ranges may indicate an amalgam of genera. 
Typing and mapping of DNA may also be used for taxonomy. Strains showing 65% or greater 
relatedness after DNA-DNA hybridization may be considered members of the same species. 
With rRNA-DNA homology assessment, intrageneric relationships established are not usually 
meaningful, but intergeneric distances can be resolved. rRNA can be used for examining 
phylogenetic diversity of yeasts and alloenzyme variation to calculate genetic distances among 
large yeast populations. Furthermore, heterogeneity in coenzyme Q pattern, cytochrome 
spectra, composition of cell wall glucan, mannan, and chitin, and cellular fatty acids may 
serve chemotaxonomic purposes. 0 Fungi; chemistry; systematics 
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Yeasts can be described as unicellular fungi 
reproducing by budding or fission (1). They 
include a diverse group of organsims whose 
sexual stages are distributed between Asco- 
mycotina and Basidiomycotina. Imperfect 
yeasts represent a third group with affinities 
both for ascomycetous and basidiomycetous 
yeasts. There are approximately 60 genera 
and 600 species of yeasts. Speciation orig- 
inally relied on the morphology of vegetative 
and sexual stages and later on biochemical 
and genetic tests. Recently, chemotaxonomy 
has become increasingly useful. 

Chemotaxonomy 
Chemotaxonomy is concerned with the eluci- 
dation of the chemical composition of 
microbial cells or their products (2). Analysis 
of fermentation products and enzyme sys- 
tems and their regulation may also be 
included in efforts made to demonstrate 
compounds that are specific, characteristic 
of, or unique for a particular group of organ- 
isms. Advances in analytic equipment 
related to chromatography and electro- 
phoresis and to other physical and chemical 

techniques have led to major improvements 
in chemotaxonomy over the past decades. 
Research in chemical composition and 
nuclear deoxyribonucleic acid (DNA) base 
composition of yeasts has added charac- 
teristics to the standard descriptions of fun- 
damental importance. Such characteristics 
are not routinely analyzed, but their assess- 
ment is the work of specialists. It is to be 
hoped that chemotaxonomy of yeasts will 
expand to a level at which it can be so easy 
to perform that it replaces/supplements tra- 
ditional tests in the characterization of 
species and genera. The present review will 
give examples in which chemical methods 
have proved useful in yeast taxonomy. 

DNA base composition 
Several methods can be used to determine 
the base composition of nuclear or mito- 
chondrial DNA in yeasts, expressed as the 
molar percentages of guanine plus cytosine 
(G+C) (1). DNA composition values are 
mainly exclusionary. This is not surprising, 
considering the fact that the approximately 
600 yeast species known range from 27 to 



70molu/c in G + C  content, and overlap 
between unrelated species is inevitable. The 
fact that #organisms have similar G + C  con- 
tents does not necessarily mean that they 
have similar base sequences of their DNA. 

The G - t C  content of ascomycetous yeasts 
is about 27-50%), whereas that of basi- 
diomycetous yeasts varies between 50% and 
70% (1 ). 'The taxonomic affinity of imperfect 
yeasts can also usually be determined from 
base composition, their G+C content vary- 
ing from 35.5% to 67%. 

Deterniination of base composition is par- 
ticularly valuable in the description of new 
ycast species. The G + C  content among 
species within a genus often varies within 
10%. DifFerences much above 10% may sug- 
gest that the genus in which the organisms 
have been placed is composed of several 
genera. 

Typing and mapping of DNA 
DNA typing methods, based on digestion 
and electrophoresis of DNA fragments, 
appear to offer important potential advan- 
tages over phenotypic methods in taxonomy 
( 3 ) .  Such methods provide a base for devei- 
opment of cloned probes for studies on DNA 
homology. 

Restriction fragment length polymor- 
pliisms in the ribosomal DNA (rDNA) have 
also been used as a distinguishing charac- 
tcristic tci facilitate classification of clinically 
important yeasts. Magee et al. (4) found, in 
a sample o f  12 clinical isolates of Candida 
trlhicwis, 6 different classes based on vari- 
Litions in the fragments produced from gen- 
omic DNA b y  EcoRI and visualized after 
Southcrn transfer by being probed with a 
plasinid containing Sacchuromyces ceveuisiae 
rL1NA. Simihr digestion of other Cnndidu 
species showed that each could be identified 
on the basis of its restriction enzyme pattern. 
Laascr et al. ( 5 ) ,  using rDNA restriction 
fragment analysis as a taxonomic tool in 
separating physiologically similar basidio- 
mycetous yeasts, found rDNA restriction 
analysis useful in establishing general taxo- 
nomic rt:lationships, whereas DNA-DNA 
hybridiza.tion could only be used to exclude 

conspecificity. Six yeast species from the 
DekkeralBrettanomyces genus, separated on 
the basis of physiologic characteristics, were 
grouped into three pairs after restriction 
endonuclease digestion of their mitochon- 
drial DNAs (6). Yeast classification has also 
been attempted by mapping mitochondria1 
DNA (7). Recently, Merz et al. (8) defined 
electrophoretic karyotypes of C. albicans 
and found differences in the electrophoretic 
pattern among isolates from 14 different 
patients. 

Select strains of C. albicans switch rever- 
sibly and at extremely high frequency be- 
tween a white and an opaque colony-forming 
phenotype. The orthogonal field gel elec- 
trophoresis and rDNA restriction fragment 
profiles of white and opaque phenotypes 
were indistinguishable, and a genetic marker 
introduced into a white strain was present 
in all its opaque derivatives (9). Recently, 
opaque colonies isolated in parallel or in 
sequence after very short periods of time 
showed differences in Southern hybrid- 
ization pattern with the highly mobile, mod- 
erately repetitive DNA sequence Ca7, 
suggesting that opaque colonies were not 
genetically identical (for a review. see Ref. 
10). 

DNA-DNA homology 
DNA-DNA complementarity experiments 
measure the fidelity of complementary base 
pairing of renaturated DNA strands from 
test pairs. Leth Bak & Stenderup (11) syn- 
thesized radioactive complementary RNA in 
vitro, with each test DNA serving as a tem- 
plate. The relatedness between taxa could 
then be assessed from hybridization of 
single-stranded DNA with the synthesized 
RNA. DNA re-association can also be stud- 
ied with radioactive preparations or spectro- 
photometrically by measuring the kinetics 
of duplex formation. DNA-DNA homology 
experiments are most valuable for species 
delimitations (12). Strains showing 65% or 
greater DNA relatedness may be considered 
conspecific, although the lower limit is not 
well defined (1). Values less than 20% 
usually indicate a distant relationship 
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between the strains (13). Complementary 
figures ranging between 20% and 35% may 
be difficult to interpret. Low DNA-DNA 
homology correlates with the lack of inter- 
fertility among yeast strains, since pro- 
gressively less DNA relatedness parallels 
decreasing mating competence and fertility 
(1). When mating and DNA complemen- 
tarity are correlated among closely related 
heterothallic ascomycetous and basidiomy- 
cetous yeasts, resolution of DNA-DNA re- 
association goes no further than to detection 
of sibling species. 

Several examples can be given demon- 
strating the validity of DNA-DNA homology 
experiments over that of traditional taxo- 
nomic criteria (1). Evidence has accumu- 
lated that presence or absence of hyphal 
development is not necessarily a good trait 
for species differentiation (14) but that the 
degree of DNA homology can be as, for 
example, in Torulopsis and Candida species 
(15). Yeast strains exposed to antimycotic 
agents often display altered physiologic 
characters. DNA-DNA complementarity 
may be used to identify unequivocally such 
strains (16). Rough-spored species of 
Saccharomyces, which are currently classi- 
fied as Torulaspora (12), showed 98% or 
greater DNA relatedness and could there- 
fore be considered conspecific. These species 
have previously been separated by differ- 
ences in sugar assimilation and fermentation 
tests. Similarly, Leth Bak & Stenderup (1 l ) ,  
using nucleic acid re-association as a means 
to determine relatedness among Candida 
species of medical interest, found C. albi- 
cans, C. stellatoidea, and C. claussenii to be 
conspecific, while C. tropicalis showed 
little relatedness to these taxa. 
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intergeneric distances and, accordingly, 
more distant relationships between yeast 
species. Since the portion (approximately 
2%) of genomic DNA encoding for rRNA 
is highly conserved, it has been suggested 
that an evolutionary hierarchy of yeasts 
based on rRNA-DNA homologies can be 
created (1). Genera, families, and, possibly, 
orders of basidiomycetous yeasts have been 
defined by 25s rRNA homology and cor- 
related phenotypic characteristics (18). 
Other studies used 5s rRNA sequences to 
investigate taxonomic relationships among 
basidiomycetes and fungi imperfecti (19,20). 
The sequences of Pneumocystis carinii 16S- 
like rRNA recently showed this organism to 
be a member of the fungi rather than of 
protozoa (21). 

Ribosomal RNA 
Ribosomal RNA (rRNA)-DNA homology 
studies have been made with species of rela- 
tively few genera. The data obtained suggest 
that intrageneric relationships established 
with this method are usually not meaningful 
owing to the high degree of conservation of 
the DNA sequences coding for rRNA (17). 
Such studies are promising in demonstrating 

Enzymes 
The amino acid sequence of enzymes such 
as glutamine synthetase and superoxide dis- 
mutase determined with quantitative micro- 
complement fixation may help evaluate the 
relationship between yeasts (1). 

Coenzyme Q in yeasts vary in accordance 
with chain length from Q-6 to Q-10. Usually, 
species of one genus have the same Q- 
system, but exceptions exist in Pichia and 
Hansenula (17). Moreover, the number of 
isoprene units in the side chains of coenzyme 
Q differs from 5 to 10 (Q-5 to Q-lo) among 
yeast taxa (22, 23). Studies of the coenzyme 
system of asporogenous yeasts demonstrated 
the taxonomic relationships between imper- 
fect yeasts and certain groups of perfect gen- 
era (17). 

Alloenzyme electrophoresis is based on 
the idea that genetic diversity develops over 
time. This implies that genetically distant 
organisms show a major difference in their 
protein composition and that more closely 
related organisms show a high degree of 
similarity. Alloenzyme analysis is more sen- 
sitive for studying intraspecific variation 
among yeasts than is DNA-DNA sequence 
complementarity (24). Holzschu (24) exam- 
ined the banding patterns in starch gels of 14 
metabolic enzymes in 400 strains of various 
cactophilic Pichia species, and the genetic 
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'pseudotropicalis', 'robusta', and 'glabrata' 
groups, as evaluated by other molecular 
approaches. The low relatedness observed 
between these clusters and their close 
relationship with perfect genera such as 
Kluyveromyces or Saccharomyces pointed to 
the heterogeneity of the genus Candida. 

distances (intraspecific and interspecific) 
among various populations were deter- 
mined. Specific alleles could be used for 
identification of all Pichia species and their 
varieties. Yamazaki & Komagata (25) con- 
cluded from electrophoretic comparison of 
7 enzymes in 108 strains of Rhodotorula and 
Rhodosporidium that this technique was use- 
ful in establishing taxonomic relationships 
among red yeasts. Urease testing is also of 
value in yeast taxonomy (26). 

Cellular protein/polypeptide 
profiles 
Ixhman et al. (27), using polyacrylamide 
gel electrophoresis of cellular proteins and 
sevcral enzymes, found a close relationship 
between C. tropicah and C. parapsilosis. 
Thesc species were distinct from C. albicans. 
C. stellatoidea could be separated into two 
types. Schecter (28) applied disc electro- 
phoresis of soluble proteins to taxonomic 
studies of dermatophytes and species of Can- 
didu. Au toradiographic analysis of profiles 
ot ("S)methionine-labeled cellular proteins 
separated by sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis showed that 
different Candida species and other yeast 
species produced distinct patterns (29). 

Killer system of yeasts 
Killer toxins of yeasts may be useful for 
differentiating strain types among the patho- 
genic species and for surveillance of noso- 
comial infections caused by yeasts (30). They 
may a150 determine the distribution of patho- 
genic yeast strains within different countries. 
Moreover, killer yeasts have been classified 
b v  their ioxiri interaction (31). 

Cytochrome spectra 
Law-temperature cytochrome absorption 
spectra may be efficient tools in yeast sys- 
tematics. Using such spectra, Montrocher & 
Claisse (32,33) obtained results that cor- 
roborated the affinities of the species in the 

Polysaccharides 
Capsular polysaccharides have been used in 
yeast systematics. The fact that certain Han- 
senula and Pichia species contained slimy 
phosphomannons suggested a common an- 
cestry (34). Several species of Rhodotorula 
were transferred to Cryptococcus because 
of similarities in capsular polysaccharides 
(35) ,  and Lipomyces species have been sep- 
arated on the basis of the presence or ab- 
sence of D-galactose in the capsule (36). 
Mutants may diverge from this system. 

In addition to the capsule, polysaccharides 
of yeast cell walls have been used in taxo- 
nomic studies, particularly on the generic 
level (37-39). Gas chromatographic-mass 
spectrometric analysis of hydrolysates from 
intact whole cells of species from the genus 
Candida recognized three distinct groups 
on the basis of carbohydrate patterns, re- 
affirming the heterogeneity of this genus 
(39). Using pyrolysis-mass spectrometry, 
Windig & Haverkamp (40) could distinguish 
between Rhodosporidium strains from their 
cellular hexose and N-acetylamino-sugar 
contents. The species Saccharomyces cere- 
uisiae, Rhodosporidium toruloides, and 
Filobasidium capsuligenum could be 
differentiated on the basis of N-acetylamino- 
sugar, hexose, pentose, and protein com- 
position (41). Differentiation between yeasts 
has also been made from absence or presence 
of glucuronic acid or D-xylose in the cell wall 
(37, 42). 

Taxonomic information has also been 
gathered from the structural composition of 
yeast wall polysaccharides. Ascomycetous 
budding yeasts contain an alkali-insoluble, 
acid-insoluble /3-( 1-3)-glucan as the major 
structural component (42). Associated with 
this compound is an alkali-insoluble, acid- 
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soluble /3-(1-6) glucan and an alkali-soluble 
p-(1-3) glucan with a large number of 6- 
(1-6) bonds in its branched structure. The 
residual major component is a mannan-pro- 
tein complex. Important differences have 
been demonstrated in the side chain of the 
branched mannan molecule (43). Controlled 
acetolysis of yeast mannans yielded mixtures 
of oligosaccharides with (1-2) and (1-3) link- 
ages between the mannose units, whereas 
the less stable (1-6) linkages of the poly- 
saccharide backbone were cleaved (44). The 
fingerprints obtained by gel filtration of the 
oligosaccharide mixtures, indicating pro- 
portion and size of side chains in various 
mannans, could be used to distinguish among 
different yeasts species. Proton magnetic res- 
onance (PMR) spectra also provided sen- 
sitive criteria for distinguishing between 
mannans of different yeast species (45). 
Species with similar spectra probably had 
a close phylogenetic relationship. Another 
practical application of this technique has 
been the confirmation or rejection of pos- 
tulated imperfect and perfect forms of the 
same yeast species (46) and tentative group- 
ing of seemingly related species in het- 
erogeneous asporogenous genera such as 
Candida (47). PMR spectra have also been 
used for confirmation of proposed phylo- 
genetic lines of Hansenulu and Pichiu species 
(48). PMR spectra of mannans are not highly 
stable in cases of mutational modification of 
the cell envelope (1). 

Chitin composition has been used to dis- 
tinguish among yeasts. Whereas budding 
ascomycetous yeasts contain only a small 
amount of chitin (1-2% of the cell wall dry 
weight), the wall content in filamentous asco- 
mycetous yeasts is considerably higher (42). 
Fission yeasts differ in several respects in 
cell wall composition from that of budding 
ascomycetous yeasts. The former lack chitin 
and contain a-(l-3)-glucan (49,50), and their 
mannan has single galactose units attached 
to the backbone instead of mannose chain 
residues (43). Because of their unique cell 
wall composition, fission yeasts are not 
closely related to other ascomycetous yeasts. 
Cell walls of basidiomycetous yeasts usually 
contain P-glucan and chitin as the most 
important structural components (51). 
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Fatty acids 

Total lipid content and examination of vari- 
ous classes of yeast lipids have been claimed 
not to offer much in taxonomy (52). 
However, cellular fatty acids were recently 
used to distinguish among Candida albicans, 
Torulopsis glabrata, and Saccharomyces 
cereuisiae after alcoholysis of whole cells 
(53), analytical data being subjected to multi- 
variate statistical analyses. Kobayashi et al. 
(54) also suggested that the Candidu genus 
can be distinguished from Torulopsis and 
Saccharomyces by gas-liquid chromato- 
graphic analyses of fatty acids. Further, 
long-chain fatty acids have been found to 
be valuable tools in the identification 
and classification of yeasts (55-57) and for 
studying the relationship between the per- 
fect and imperfect stages of the genus 
Candida (58). 

Conclusion 
Chemotaxonomic methods should be 
increasingly used in classification and identi- 
fication of yeasts. A major reason for this is 
that they provide exact, reproducible, and 
objective criteria for yeast systematics. 

Conventional tests should be ccnsidered 
convenient and practical procedures of the 
routine diagnostic laboratory for separating 
taxa rather than basic indicators for yeast 
taxonomy. 

References 
1.  Kurtzman CP, Phaff HJ. Molecular taxonomy. In: 

Rose AH, Harrison JS, eds. The yeasts. Vol. 1.2nd 
ed. London: Academic Press, 1987:63-94. 

2. Brondz I, Olsen I. Review. Microbial chemo- 
taxonomy. Chromatography, electrophoresis and 
relevant profiling techniques. J Chromatogr 
1986;379:367-411. 

3. Scherer S, Stevens DA. Application of DNA typing 
methods to epidemiology and taxonomy of Candida 
species. J Clin Microbiol 1987;25:675-9. 

4. Magee BB, D’Souza TM, Magee PT. Strain and 
species identification by restriction fragment length 
polymorphisms in the ribosomal DNA repeat of 
Candida species. J Bacteriol 1987;169: 1639-43. 

5. Laaser G, Moller E, Jahnke K-D, Bahnweg G, 
Prillinger H, Prell HH. Ribosomal DNA restriction 



24 I .  Olsen ACTA ODONTOL SCAND 48 (1990) 

fragment analysis as a taxonomic tool in separating 
physiologically similar basidiomycetous yeasts. Sys- 
tem Appl Microbiol 1989;11:170-5. 
McArthur CR. Clark-Walker GD. Mitochondria1 
DNA size diversity in the DekkeralBreftanomyces 
yeasts. Curr Genet 1983:7:20-35. 
Hocben P, Clark-Walker GD. An approach to yeast 
classific.ation by mapping mitochondria1 DNA from 
L)ekker,i/Ruettcmomyces and Erniella genera. Curr 
Genet 1986; 10:371-9. 
Merz WG, Connelly C, Hieter P. Variation of elec- 
trophoretic karyotypes among clinical isolates of 
C,hzdidu ulhicunx J Clin Microbiol 1988;26:842-5. 
Rikkeriiik EHA, Magee BB, Magee PT. Opaque- 
white phenotype transition in Candida alhicnns. J 
Bactcriol 1988;170:895-9. 
Anderson J.  Cundiff L, Schnars B, Gao M, Mack- 
enzic I, Sol1 DR. Hypha formation in the white- 
opaque transition o f  Cundidu ulhicans. Infect 
Tin mun I989;57:458-67. 
Bak A Lcth. Stendcrup A. Dcoxyribonucleic acid 
homology in yeasts. Genetic relatedness within the 
Senus C’andidu. J Gcn Microbiol 1969;59:21-30. 
Price CW, Fuson GB, Phaff HJ. Genome com- 
parison in yeast systematics: delimitation of species 
within the gcnera Schwunniomyces, Sacchuro- 
tnyccs. Deburomyce.s and Pichia. Microbiol Rev 

schu DL. Genome comparison in  
veast systematics: evolutionary divergence among 
c;ictus-spccific yeasts. In: von Wettstein D ,  Friis J ,  
Kielland-Brandt M1 Stenderup A, eds. Proceedings 
of Symposium 16, Molecular genetics in yeasts. 
(‘opcnhagen: Munksgaard, 1981:413-27. 
Fuson GB, Price CW. Pfaff HJ. Deoxyribonucleic 
acid sequence relatedness among some members of 
the yeast genus Hansenulu. In1 J Syst Bacteriol 
I979;29:6.1-9, 
MzndoiipHagler LC. Phaff HJ. Deoxyribonucleic 
acid b a x  composition and deoxyribonucleic acid/ 
dcoxyrihonucleic acid hybrid formation in psy- 
chroiihobic and related yeasts. In t  J Svst Bacteriol 
197S;2S:222-9. 
Holzschu DL. Preslev HL. Miranda M. Pfaff HJ. 
Idcntifisation of Cuidida lusitaniue as ‘an oppor- 
tunistic yeast in humans. J Clin Microbiol 1979;lO: 

Phaff HJ. DNA, enzymes and cell wall. In: Kreger- 
van Rij NJW, ed. The yeasts. A taxonomic study. 
Third revised and enlarged edition. Amsterdam: 
Elsevier Science Publishers B.V., 1984:17-21. 
Baharaeen S, Vischniac HS. 25s ribosomal RNA 
homologies of basidiomycetous yeasts: taxonomic 
and phylogenetic implications. Can J Microbiol 

Walker WF, Doolittle WF. Redividing the basidio- 
mycete:; on the basis of 5s rRNA sequences. Nature 
1982;24”9:723-4. 
Walker WF, Doolittle WF. 5s rRNA sequences 
from eight basidiomycetes and fungi imperfecti. 

202-5. 

I984 ;3U :613--2 I . 

- .  
Nucleic ‘kcids Res 1983;11:7625-30. 

. _ I .  Edman JC, Kovacs JA, Masur H, Santi DV, Elwood 
H J ,  Sogin ML. Ribosomal RNA sequence shows 

Pneumocystis carinii to be a member of the fungi. 
Nature 1988;334:519-22. 

22. Yamada Y, Kondo K. Taxonomic significance of 
the coenzyme Q system in yeasts and yeast-like 
fungi. In: Iwata K, ed. Yeasts and yeast-like micro- 
organisms in medical science. Proceedings of the 
2nd International SDecialized SvrnDosium o n  ,~ 
Yeasts, Tokyo; 1972: 63-9. 

23. Yamada Y, Konda T. The coenzvme 0 svstem in , 
strains of species in the genus Ztersonilia, Spo- 
robolomycetaceae. J Gen Appl Microbiol 1984; 
30:313-5. 

24. Holzschu DL. Molecular taxonomy and evol- 
utionary relationships among cactophilic yeasts 
[Thesis]. Davis, Calif.: University of California, 
1981. 

25. Yamazaki M, Komagata K. Taxonomic significance 
of electrophoretic comparison of enzymes in the 
genera R ~ o d o t o r ~ l a  and Rhodosporidiutn. In t  J Syst 
Bacteriol l981;31:36l-81. 

26. Booth JL, Vischniac HS. Urease testing and yeast 
taxonomy. Can J Microbiol 1987;33:396404. 

27. Lehmann PF, Hsiao C-B, Salkin IF. Protein and 
enzyme electrophoresis profiles of selected Cundida 
species. J Clin Microbiol 1989;27:400-4. 

28. Schecter Y. IV. Electrophoresis and taxonomy of 
medically important fungi. Bull Torrey Bot Club 

29. Shen H-D, Choo K-B, Tsai W-C, Jen T-M, Yeh J -  
Y, Han S-H. Differential identification of Candida 
species and other yeasts by analysis of 
(35S)methionine-labeled polypeptide profiles. Ana- 
lyt Biochem 1988;175:548-51. 

30. Morace G, Archibusacci C, Sestito M, Polonelli 
L. Strain differentiation of pathogenic yeasts by 
the killer system. Mycopathologia 1983/84;84:81 
-5. 

31. Young TW. Killer yeasts. In: Rose AH. Harrison 
HS, eds. The yeasts. Vol. 2. 2nd ed. London: Aca- 
demic Press, 1987: 131-64. 

32. Montrocher R ,  Claisse ML. Biochemical studies in 
the yeast genus Cundidu. Cell Mol Biol 1984;30: 

33. Montrocher R, Claisse ML. Spectrophotometric 
analyses of some Candida species and related 
yeasts: significance in taxonomy. Cell Mol Biol 
1987;33: 3 13-23. 

34. Wickerman LJ, Burton KA. Phylogeny and bio- 
chemistry of the genus Hansenula. Bacteriol Rev 

35. Phaff HJ, Spencer J F T .  Improved parameters in the 
separation of species in the genera Rhodotorula and 
Cryptococcus. Proceedings of the ITnd International 
Symposium on Yeasts. Bratislava, 1966:59-67. 

36. Slodki ME, Wickerham LJ. Extracellular poly- 
saccharides and classification of the genus Lipo- 
myces. J Gen Microbiol 1966;42:381-5. 

37. Arx JA von, Weijman ACM. Conidiation and 
carbohydrate composition in some Candida and 
Torubpsis species. Antonie van Leeuwenhoek 
197995 547-55. 

38. Weijman ACM. Carbohydrate composition and 
taxonomy of Geotrichum, Trichosporon and allied 

1973;100:277-87. 

241-301. 

1962;26:382-97. 



ACTA ODONTOL SCAND 48 (1990) Chemotaxonomy of yeasts 25 

genera. Antonie van Leeuwenhoek 1979;45:119- 
27. 

39. Weijman ACM, Rodriguez De Miranda L. Carbo- 
hydrate patterns of Candida, Cryptococcus and 
Rhodotorula species. Antonie van Leeuwenhoek 
1988;54:53543. 

40. Windig W, Haverkamp J.  Pyrolysis mass spectro- 
metry. I. Rhodosporidiurn. Stud Mycol1982;22:5~ 
64. 

41. Windig W, De Hoog GS, Haverkamp J.  Chemical 
characterization of yeasts and yeast-like fungi by a 
factor analysis of their pyrolysis-mass spectra. J 
Anal Appl Pyrol 1981/82;3:213-20. 

42. Phaff HJ. Chemical composition of the cell wall. In: 
Kreger-van Rij NJW, ed. The yeasts: a taxonomic 
study. 3rd ed. Amsterdam: Elsevier Science Pub- 
lishers B.V., 1984:22-4. 

43. Ballou C. Structure and biosynthesis of the mannan 
component of the yeast cell envelope. Adv Microb 
Physiol 1976;14:9>157. 

44. Kocourek J,  Ballou CE. Method for fingerprinting 
yeast cell wall mannans. J Bacteriol1969;100:1175- 
81. 

45. Gorin PAJ, Spencer JFT. Proton magnetic res- 
onance spectroscopy-an aid in identification and 
chemotaxonomy of yeasts. Adv Appl Microbiol 

46. Manachini PL. DNA sequence similarity, cell wall 
mannans and physiological characteristics in some 
strains of Candida utilis, Hansenula jadinii and Han- 
senula petersonii. Antonie van Leeuwenhoek 
1979;45 :45 1-63. 

47. Spencer JFT, Gorin PAJ. Systematics of the genus 
Candida Berkhout: proton magnetic resonance 
spectra of the mannans and mannose-containing 
polysaccharides as an aid in classification. Antonie 
van Leeuwenhoek 1969;35:33-44. 

48. Spencer JFT, Gorin PAJ. Systematics of the genera 
Hansenula and Pichia: proton magnetic resonance 
spectra of their mannans as an aid in classification. 
Can J Microbiol 1969;15:375-82. 

1970; 13 : 25-89. 

49. Bacon JSD, Jones D ,  Farmer VC, Webley DM. 
The occurrence of 41-3)glucan in Cryptococcus, 
Schizosaccharomyces and Polyporus species, and 
its hydrolysis by a Streptomyces culture filtrate lys- 
ing cell walls of Cryptococcus. Biochim Biophys 
Acta 1968;158:313-5. 

50. Meyer MT, Phaff HJ. Purification and properties of 
(1-3)-c~-glucanases from Bacillus circulans WL-12. 
J Gen Microbiol 1980;118:197-208. 

51. Bartnicki-Garcia S. Cell wall chemistry, mor- 
phogenesis, and taxonomy of fungi. Annu Rev 
Microbiol 1968;22:87-108. 

52. Lechevalier H, Lechevalier MP. Chemotaxonomic 
use of lipids-an overview. In: Ratledge C, Wil- 
kinson SG, eds. Microbial lipids. Vol. l .  London: 
Academic Press, 1988:869-902. 

53. Brondz I ,  Olsen I,  Sjostrom M. Gas chromato- 
graphic assessment of alcoholyzed fatty acids from 
yeasts: a new chemotaxonomic method. J Clin 
Microbiol 1989;27:2815-9. 

54. Kobayashi K, Suginaka H, Yano I. Analysis of fatty 
acid composition of Candida species by gas-liquid 
chromatography using a polar column. Microbios 

55 .  Gangopadhyay PK, Thadepalli H, Roy I ,  Ansari A .  
Identification of species of Candida, Cryptococcus 
and Torulopsis by gas-liquid chromatography. J 
Infect Dis 1979;140:952-8. 

56. Koch JLF, Lategan PM, Bates PJ, Viljoen BC. 
Developing a rapid statistical identification process 
for different yeast species. Microbiol Meth 1985;4: 

57. Viljoen BC, Kock JLF, Lategan PM. Fatty acid 
composition as a guide to the classification of selec- 
ted genera of yeasts belonging to the Endomy- 
cetales. J Gen Microbiol 1986;132:2397-400. 

58. Viljoen BC, Kock JLF, Muller HB, Lategan PM. 
Long-chain fatty acid compositions of some aspo- 
rogeneous yeasts and their respective ascospo- 
rogenous states. J Gen Microbiol 1987;133:1019- 
22. 

1987;51:37-42. 

147-54. 

Received for publication 15 June 1989 




