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| Taxonomy of Yeasts':
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2. A CLASSIFICATION OF THE GENUS HANSENULA
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INTRODUCTION

The wltimate objretive of this bullelin is to present a method of
clasaification that will lead to the defining of cuch genus of ascosporo-
cenous yeasts so (hat it will eontain only a single group of species
which appeur to be phylogenetically related. A similar definition,

'Received for publieatien day 15, 1950. Report of s study in which certnin
phases were earried on under the Research and Marketing Act of 1044,
i



http:Sul11l113.ry

L
H
2 i‘ECEiNI'CAL BULLETIN NO. 1629, U. 5. DEPT, OF AGRICULTURE

covering essentindly the smne range of characteristics except the ability
to form ascospores, will be used to define the corresponding non-
sporogenous geis 1 sieh genns exists,  This procedsire necessitates
some mavked changes in the curvently accepted classificitions, but it
shonld clarify refationships between certain sporogenons genera and
their previously unestablished generic counterparts among the non-
sperogenous yeasts.

Phylogenetic lines arve vocognizable through the use of common
Inboratory techniques.  The separation of species is accomplished pre-
dominantly by biachemical tests, since severnl workers, among (hewn
Wickerham and Rettger (/22)* nwd Skinner (97), have vepovted that
physiologicenl characteristies ave less vaviable than morphological
characteristios in the lilemen{ons yeasts.  This hullelin deseribes the
techmiques used by the author, ind gives some teehiniques used cuvrently
or in i}w past by otlier yeast taxonomisis.  Additiona) teehniques of
timited application will be deseribed in conneetion with the genera to
which they apply.

Beenuse vaviation secues connnotdy within species of yveasts, due
consideration is given the applieation of morphological and physiolo-
eieal charscteristios iy the ddentifiention of individaad stvains.  There-
fare, a briel disenssion is presented to bring the veader’s aftention to -
the more commen types of variation among the yeasts,

Eack report in the series conlaing o talle of the salient diagnostic
charncteristics by whicl species may be readily identified.

Part 1
TECHNIQUES OF CLASSIFICATION
1S0LATI0N AND MAUNTENANGE

The isolation of yeasts from subsiratos that contain many yeasts
and relatively few bacferin and molds may generatly be effected by
streaking the materid diveetly on a rich organic medium which con-
tains [ pereent or more of ghwose and liss 1 moderaiely acid reaction.
At the Novthern Regional Resenvely Laboratory, malt extract-yeast
extract agnr is used Tor isolating yeasls, preparing ivocula for bio-
chemiead and other fesis, and for the maimenance of enlinres.  This
medinm econtains the following conslitoents in grams per liter of
distiliod water: 3 gm. malt extenet, 3 gme yeast extract, 3 gin, peptone,
10 g, gitueose, 20 g nguee. The pFL whieh is not adjusted. is between
Hand 6, depending upon the pavticnlar bateh ot ingrodients.

By lowering the pIl between 3 and b malt exivact-veast oxtract
broth may be nxed as an envieliment medipun for ihe isolution of
yeasts from populadions consisting wmainly of bacteria.  H molds ave
present wlso, thetr growth may he restricted by obstrueting the en-
tranee of alr to the culture, To accomplish this, n laver of sterile
puradlin oil 1 cenfimeter deep s earefully placed on the surcface of
the moculated enviehment medinm, and the culture is incubated until
grawth has ocenrred and is then strenked on ordinary malt extract-
yeast extract agar. This techniue Tavors the development of Termen-

*Halie nombers I parcmiheses refer to Lilerarure Cited, p. 50.
I
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PREFACE

In eavly attempts at yeast classification, the cha acteristics em-
ployed for separaling the larger groups of ycasts were the ability
fo wrow us filaments, the ability to produce asei which consist of two
cells frsed together, the shupe of the ascospores, the ability to pro-
duce # gaseous Ternientation of one or maore sugurs, atud the nbility
to produce pellicles on liquid media,

Tavidence obtained i the present study indieates that the use of
the foregoing chameteristics led to the unintentional cleavage of
ndutal, or pﬂ}-‘logvnt'tic groups into seetions.  Maircover, sections of
different phylogenetie lines which had in conmmon only one or two of
(he charneteristios just mentioned were often assemnbled into the same
genus,

These characteristics, applied by Fansen, Barker, and Klseker dur-
ing (he cally 190U, continue in nse as the basis for sepaialing genera
and subgoners in the presently aceepted system of yeast clagsifieation.
As a resulis all of the lorger generaof ot The ascosporogenons an
nonnscosporogenous yeasts contain dissimilar types.  The mixing has
been thornugh—in many cases the true relafionships which exist
wmong species of the diflerent geners have been concenled,

Corveclion of (his situation by (he arrangement of species in what
appear to be phylogenetic lines ol related species ix believed to be a
njor advance,  The species of 1 given Hne are presumed to have
been derived Trom s common ancestor beeause they share certain bio-
chemicad or sporulation characteristies. The evolutionary sequence
in the arigin of the species i helieved Lo be reveuated by the state of the
nucleus in the vegetative ciltire. The species which consist exclu-
stvely of ascigerous haploid cells are considered the most ancient in
ovigin, and those which consist exclusively of ascigerous diploid cells
are consitdered the most recent. Species between these extremes are
avranged in the order of invreasing numbers of the diploid cells and
of decreasing numbers of the haploid cells which exist together in
growiing cullores. A study of the change in properties from species
(o specivs of the yeasts thus arcanged is nelieved (o show step by step
(he nequisition of new properties durving the evolntion of the genus.
The generie deseription is hen wade (o include all of the species in
(hix phiylogenetic 1ine xnd to exelade spectes of all other phylogenetie
lines,

A noteworthy Teature of the present classifieation is that it is based
lrgely on studies of revent isolates from natare. collected by con-
fermporary workers und by the author. An ixolation program has led
(o the discovery of species of Zanscmda which are entively haploid
and very different from those species placest in (he genus by Stelling-
Dekker,  Study of the new species has resalted Inaelearer, more com-
prohensive conception of the entire group,  LVhe seareh for new spe-
cies not only Glls in many missing links in the phylogenetic chains
of this and other menerm. bt it adds o the wmber of yeasts with
special indusirind aind acadernvie potentialities.  The isolation and
study of targe numbers of strains of dilfevent species & necessuary
1o determine which tasxonomic characteristios ure least varible, and
therefore Uhe most valuable, for the sepavation of species within the
{renUS,

PIGTET: 31 - 1 I




n PREFACH

Probably the most important advance made in the classification
presented berein is the marked increase in the number of physiological
characteristics used for recognizing the individual species. With
morphology so variable and biochemical tests so limited in number, it
often was diflicult to decide whether an isolate which differed in cne
or twe characteristics from the deseription of the species that it most
closely resembled, should be placed in that species or regurded as a
new species. Undor this new system, if an isolate belongs in a cer-
tain species, its similavitics to that species nre multiplied by fhe re-
sults of the numerous biochemical tests; if the isolate does not belong
in that species, the differences are multiplied. Thus identifeation
of isolates is made less subjective,

The incrensed number of biochemical tests here propased does not
increase inordinately the efflort involved in the identification of veasts.
The chemically defined media on which these tests ave based have
recently been placed on the warket in the form of powders. Their
use greatly simplifies the preparation of media,  Further. the nuthor
determines which of the 37 carbon sources he regularly cuploys give
the most consistent and uselul veactions for the separation of specics.
Then a limited number of these are selected for separating the species
of n genus; in this case, the genus ffansemuda.

This bulletin is divided into two parts. Part 1 deseribes the tech-
niques used for the classificatizan of yeasts, These techniques com-
prise procedures for isolating and preserving eultures, for conducting
sporulation aud morpholegical studies, and for performing assimila-
tion, fermentalion, vitamin deficiency, and other tests. The tech-
niques deult with in this paper are to be applied to the study of the
yeasts gencrally; those which ave applicuble only to the siudy of one
or two genera must awnit deseription in Tater reports on those genera.
The principal types of variation occurving in yensts ure discussed.
Part 2 presents a classifiention of the genus Hansenwla based on the
described technigues and on the phylogenclic eonceptions of the
author,

1t is hoped that investigntors who have described new species and
those who huve isolates which they believe may represent new or
rarely Jsolated species, will send them to the Novthiern Regional Re-
search Lanboratory, Peoria, 111, for inclusion in these sfudies.

Acknowledgment is made to Xrnst A. Bessey for supplyving the
Latin descriptions and helping with ihe seloction of names for the
new species; to Kermit A. Burton and Richard J. Gill for their tech-
nieal assistance ; and Kenneth B. Raper, principal microbiologist, and
George ¥. Jordun. editor of this Laboratory, for their many vatuable
suggestions and the howrs of work they have cantributed to the prep-
aration of the munuseript.

Workin the Inboratory has been greatly Tacilitated by the powdered
media used in the carbon and nitrogen assimilation tests, vitnmin de-
fictency tests, and morphology studies.  These media were supplied by
the Difeo C'o. of Detroit, Mich., and the splendid cooperation extended
by L WW. Schoentein of that company is greatly appreciated.

Thanks are extended to Lhose persons in charge of the Centraal-
burenn voor Schimmelcultures, Delft, Holland, and of the American
Type Cuiture Collection, and to il others who supplied cultures or
frass from various specles of trees.
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tative species. In another procedure, a flask of an acidified liguid
medium is inoculated and placed on a votary shaker for 1 or 2 days.
The molds will be prevented from sporulating. and the number of
yeast cells will so greatly cutnmmber the mold pellets that further
separation of the cells may be veadily achieved by styeaking. This
method favors the development of both feruentalive and oxidative
yeaslg, :

Hertz and Levine (9} veconmended media in which sodimm pro-
pionate aud diphenyt were incorporated as fungistatic agents Lo
eliminate molds and permit the enomeralion of yeasts in mixed
populntions.

Oceasionally sirups, Fondants, salad dressings. and other substrates
of high osmotie pressure undergo fermentation by veasts whieh cannot
be isolated on medin confaining only 1 pereent glucose.  Depending
upen the nuture of the sionple from which the veasts are 16 be solated.
the following media may be nsed < 500 or 300 gam. glucose (the smaller
amount is usially suflicient . 3 gin. yeast extract. 3 gm. walt extreact,
& gy, peptone. 30 gni agar, by § lter distled water. The pH s
not adjusted,

The medim i streaked and (he cultures are incubated af least a
weele.  In general, yeasts grow slowly amd produce snud] colonies on
such viedia. Mmost always, osmophilic yeasts ean be snccessively
subeultured on 30016, and Hnally on 1 percent glueose medinm, and
growth on the latter s usaa)ly more typical in appenranee.  Rarely
will an osmophilic species be found whicl cannof beeoswe adapted to
growth on ordinary inedia.

General information regurding veasts capable of growih at high
esmotic pressures may be oblained from papers dealing with speeies
i=olited from varvious substvates, including: Honey 28, 57 raw
and refined stigars, sirups, and molasses (200 26, 36Y @ pickle brines
wied enewmber Termentations (2420, 70y« fevienting musts of espe-
clally Bigh sugur concentrtions (34 47, 36, 473« swoeetened condensed
mitlke () s deied Tenits {4050 55 s and nseets 76, 873,

The yeusts assoctated with the animal hody. with (be exeeption of
the genis P yrospurnm. may be isolated on medin sueh as malt
extraci-veast extriael agar, tomato juice agar as used by Welnstein
and Wickevhans {#47), walt agar ax used by Stovall nnd Bubolz
197,08 or Sabournud’s agne. Benham (77, 1.2) and Kimmons (.20
have given considerable attention to the development of media suit-
able for cultivation of the members of the small genus Pityrusporim.,

Purification of irolates i« accomplished by restreaking until the
colonies are ax homogencous in appearsnee as space relationships
between the colonies will allow. Where two or inore forms vexppoar
on subenltnre, 3t s possible that they represont variants of o single
speetes. T they prove to possess the some physiological properties.
the belief that they neay be varinnt= rathier i distinet species, is
strengthened.  Bach vaeiant is stwdied and it~ deseription s ineladed
i that species to which it i helieved to belong.

Al Jsolates ave Iyophilized aceording to the procedure described
by Wickerham and Flickinger (/07 ‘The veasts ave grown on
slants, and ns soon as growith beeomes abundant it is dispersed in
sterile blood serum. The mixture ix ghen frozen at approximately
—40° C.and kept under vacuuns near 3 until visibly dry. The
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drying is continued at room temperative for 30 minutes. Then the
tubes are sealed by means of # cross-fire toreh while the vacuum
pump is still running, The desiceated preparations ave kept in a
refrigerator until Gnie is available for chsilying them. Then the
tubes ave opened, the pellets suspended in tigquid malt exteact-yeast
extract medinny, and a loopful sivenked on un agnr plate, Tl ve-
sulting eolonies provide stariing materinl for sporulation and mor-
shological and physiologienl studies,  Lyophil preservation rednees
loss of the abilify Lo sporulate and provides & way of keeping indefi-
nitely for future observation (he gporulation process in all its siages,
Tt greatly reduces loss of olherwise short-lived spocies, such as men-
bers of the genus Brelfanon yees,

Mlkin, .\lnaea, andl (n'n' (£ reported that Tyophil preservation of
brewers” yeasts resulted in the vecovery of substraing differing from
the parent sieain in theiv ability to synthesize vitamins, Gienen rally.
variation consisted of u lessened eapacity, althongh sometimes an in-
creased eapacity, Lo produce paviieular vitinrins.  Such echanges, while
disturbing, ave not regarded by the anthor us sevious, sinee Schulie
and Atkin (89) found that strains of Nuevhurompees cerepisine could
be separated into 13 (ypes on (he basis of their vitwmin requiveiments.
Should future investications prove that qualitalive differences in che
more stable physiologieal charadteristies, sieh as Termentation veuce-
tHons, ave duced by lvophilization, this procedure for the mainte-
nanee of stock cudtures will have to be re-evaluated.

Morriorocy
SPORULATION

Many medin have been devised for the study of sporulation in yeasts.
Miak and MeClung (77 veported finding yeast which sporulated
on cucumber wodges but not on the other inedin they used.  Lader
Myrak, Phaff, and I)ml"l.l‘-\ (7.2) recommended an agar medinm con-
twining a1 mixture of \‘\Il‘ll't‘a of cuvwmibier, beel, polato. and carrot
for maintenance of stock cnlfures so thai use ()H}H’}It"« might be avail-
able  whenever needed.  The Lindegrens (97) ]m‘p.uocl a pre-
sporulation medinm Trom fruit juices, vegelable extracts dricd yveast,
giveerin, ealcium envbonate. agar, and water.  They reported (hat
spores were Tormed on this medium it the yeasts were allowed to
grow Tor o few weels,  If spores were needed sooner. sume of the
cells were trunsferred from fhe presporulation wediu to gypsun
shints, as devised by Graham and Hastings (20,

Staniiadl (57 ohtained the best sporulation of Saecharomyees
ceretisine by continuously shaking eells in a solution containing 1 to
3 mg. of glicose and 10 to 30 mur, Cof potassium acelate per milliliter.
Stovall and Bubolz {97, 48 obiained spores hy growing yeasts on
malt agar plates and permitting the cultures to dry completely,  The
eolonics und pgr were then rehydrded and the celis were observed
for ascospores,  Liver modia, such as wsed by Etehells and Jones
{27), sometimes favor sporulation.  Nickerson and Thimann (78)
found that dead yeast cells and filtrates of enlture medin in whi(h
I?purﬂmrs wiger had heen zrown wonkbd stimulate con]ugutmn in
Zygoracchuromyers acidifuciens, Lafer, these authors (#9) found
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that riboflavin and sodium glutarate had the same effect. Phaft
and Mrale (82, &2) huve recently published o review in which various
sporulation procedures ave conpared and discussed.

'he author routinely employs one or more of the following media
for obtaining ascuspores:

HENRICUS viGETABLE Jmer ™ 2 agan {110} —To 500 ml, of juice are
added 500 ml. of distilled water. Ten grams of moist yeust (taken
frem a cake of bakers' yeast) is dispersed in the dijuted juice. The
mixture is adjusted Lo a pi of T.0 with potassinm hydroxide and 2
percent of agar is added.  The wmediwm is immediately heated to melt
the agar and prechude Termentation, then tubed or bottled and auto-
claved the nsnnl 20 minutes.  Excessive heating is avoided.

MALT BEXTRACT adar sLants—TLThis is one of the best sporulation
media. Lwelve grams of agar and 400 mi. of distilled water are heated
to welt the agar, Then 20 p, of powdered malt exiract is dissolved
in the hot solutien.  The medinm is dispersed in test tubes, autoclaved
at 15 to 18 ponnds for 15 minutes, then all tubes are slanted. The
slants ave kept in the vefrigerator until nsed.  The mediam is acidic
and therefore should not bhe remelted.

MALT BEXTHACT-VEAST EXTRACT AAR SLaNTS.~—This medinm is de-
sertbed in the previous section on Isolation and Maintenanee (p. 2].

carror wencis.—Iresh voung carrots are washed and ent longitudi-
nally in quarters.  lach wedge is placed in a Javge (28 mm.) test tube
with 3 ml of distilled water. ‘The wedges ave sterilized 20 minutes
wilh steam at 15 pounds pressure,

gyrsear rLocks.—Although widely nged for sporulation, gypsum
Llocks donot yield materinl suitable for lvophilization and are resorted
Lo rarely.

The yeast to be studied ix grown for 48 hours on & slant of malt
extracl-veast extract apar, then reanslerred to o second slant which
s inculmted for 20 howrs, Cells from the second culture are trans-
Terved by loop to the entire surface of slants and to the eut surfaces
of plugs. The inoculation is light.  After 2 weeks of incubation at
257y oand ngain at 6 weeks if necessary, cells from the center of
the culture mre stained to aid in the detection of ascospores.  The films
are Hghtly fixed by heut, then stained in hot (80° C.) S-pereent aqueous
solulion of malaehife green for 3 o H minntes.  Decolorvization is ac-
conplished by washing in running water for 30 seconds.  Counter-
stai ting is done with O.5-pereent agqueous sufranin for 10 seconds.
The spores are stained blue and the vegetative eells ved.  The author
has Toand that meture Setorn-shaped spores which bear thicle vings
resist both staing, and it shonld be borne in mind, as shown by Beau-
verie (o), (hat members of the genus Schizesaceharomyees produce
spores which retnin the counterstain.

Greay (42) and MeClhuing (08) have proposed modifications of the
malachite green spore stain for yeasts and other fungi.  Gray recom-
mends staining for 1 minute over stesn with a solution containing 0.5
pereent malachite meeen and 0.05 percent basie Tuchsin, After being
washed and dried, the spores appear greenish blue and the vegetative

A commercial prepiention knewn ng V-8,

e e of naes ol commerelt] products or equipnuent in (hig bullelin does
not hmply either endorsement or recommendation by the Depaviment o Ap-
ricultnre ovier ofbery of o ginillur nature not used.
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cells are violet or pink. McClung prescribes the use of 1-percent
matachite green dissolved without heating in 1 pereent phenol solution,
The stenming period is 2 minntes. The counterstain is 0.5-percent
aqueous safranin.

Another spore stuin is one commonly used to demonstrate spores
in breterin.  The film is fixed with heat, flooded with carbol fuehsin,
und steanied gently for about 2 minutes, Decolorizing is done with
2-percent lactic aerd, or with 95-percent aleohol containing 1 percent.
concentrated hydrochlorie nctd.  The film is washed in water, then
counterstained 2 or 3 minutes with 1-percent aqueous thionin or with
methylene blue, The vegetuative cells are blue, the spores red.  As
mentioned previously, the spores in species of Sehizosaccharomyces nre
not acid-Fast, and will not rvetain the earbol fuchsin stain.

Langeron and fiverra (48) drseribe a more elaborate method of
using the preceding sinin by combining it with Nile blue and Tudin
ink.  In snecessful staing the ascospore walls are colared red, the ase
are white, the vegetative cells are blne, and the background is black.
Several modifieations of ascospore stains have been deseribod recently
by Phaff and Mk (82).

After a staining procedure has demonstrated the presence of asco-
spores, cells from the varions media e eximnined in a water mount.
If the spores are sGI within (he asei, the sha pe, stse, and nmunber of
spares wie recorded, along with a deseription of the type or types
of ascl, that is. whether conjugation iy isogamic or heteroganiie,
whether it oceurs hetween independent or between mother and
daughter cells, or whether conjugation is Incking.,  Spores that are
quite smull or that have appendages that are difficult to see may be
studied withont interference from Browninn movement by carefully
placing them on a wlass stide, the surface of which is covered by a
very thin cont of sgar.

It 15 usually desivalile to determine whet her nscosporogenous yensis
are haploid or diploid. The (ype, ar types. of asei in sporulaied enl-
tures will usaally indicale in whal proportions the ascigerous vegota-
tive cells are hapleid or diploid, sinee all asci showing conjugation
prestmably arise from haploid cells and those without conjugation
avise Trom diploid cells,

CELLULAR MORPHOLOCY

Morphelogical studies of (he yeasts wre of Yiniled nse in taxonomy
because of the extreme variability of these micro-organisms when
grown in luboratory culture. Much of this variability resulis from
differences among straing whieh comprise the individunal species, Also
important, however, is variability resniting from differences in the
charaeter and composition of media employed by different investig-
fors.  Whereas varinbility avising from (he first of these causes must
be nceepted and evaluated, (hat avising from the second ean he sub-
stantinlly reduced, as can also the variability resulting from differ-
ences in time and temperature of inenbation,

The availability of pure vitaming and amino acids has permitted
the development of chentically defined media that support the growth
of practically all yeasts. In earlier investigntions the aunthor em-
ployed stock solutions combined in variouns ways to prodoce media
suitable for different biochemical tests and morphological studies.
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'The reader is referved to papers reporting these investigations (105,
106) for detailed information regarding the prepuration of the media,
Dehydrated medin now are comnercially available in the form of
powders.®

Composition of the media used by the author in conducting the
taxonomic studies herein is shéwn in gnble 1,

TasLe l—Composition of the chemically defined media employed
for determining wmovplological and physiological characteristics
of yeasts

l ]
'Nitrogen! Carbon |
Mor- : buse for | bnse for , Vitamin-
Ingrediend, phology . carbon 1 nitrale | freec
. oagar  oassimiln- assimila- base
‘Hon tesis Lion test |

Miero- | Micra- | AFero- | Micrg:

Compounds supplying frace clements: grams grams Grits grams
B0 300 500 500 | 540
%.‘_&1.‘%0;-5113()_ 40 4G 49 i 10

ST L 100 100 104 108
Pol 68,0 . . 200 200 200 : 200
AMnn( 110 . 400 408 | 400 400
NnaMoOe 284 .. P 200 200 200 200
Znk0,.THLO o - 400 160 4900 400
¥itamins:
Biotin e - . 2 2 2 None
Cndeium pantofbenate . 400 460 440 None
Foiie ncid . ... . ' 2 2 2! None
Tnesitel __.. .. .. . 2000 20060 - 20007 None
NinCifte: commmee e 168 480 400 None
Farc-aminobenzaeie neid 200 200 : 200 None
Pyridoxine hydrocidoride. 0t 400 400 ©  Neone
Ribollavin. . __. 200 200 200 | XNome
Thiamine hydrgchloride. | : 430 | A08 400 ! Naone
P Ath- |- Milthi- o Ml
Amino acids: b ograms | grams groms | grams
-histidine monohydrechloride. 1 L0 10 - 10 1.D . 1
pr-mei hionine. ; 20 ¢ 24! 20
pi~tryplophan, : 20 28 2.0
3 | Grams | Graems | Grams
WILPO. .. ... . . . ' .00 1og .
MpsO 7,0 . . 3 . of
Nal(l ... . .10 .10
O 2110 S0 .10
Carbon souree: Gluesse. . . T3 00 None
Nitrogen sourees:
NS P14 .50 5460
Aspuragine . . ... . 1. 50 Nonr
Apar . 18, 40 Nono
Milii- REFIITS
Hiders Itlers
Thstilled water... .. ... .. - ._._.1 1,600 1, 4608

Salt

S One of the eomnpantios making debyelenled snedin (110g) his suecesstplly pre-
pared these medin o powderedd form angd as sterile Hguids in tenfold coneentra-
tlon,  One medinm iz for merphologicnl stadies and others are for earbon and
nitrnte nssimiintion nnd vitemin deficleney tests,  Fhe media for morphological
siudios ki vituwein deficieney festg require only the addition of water te muke
them compleie, wherens differont carbon seurees und nitrinde wust be added Lo
the onvbou nnd sitente assimilation wedin, respectively,
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Tio nitrogen sources ave used ns a result of Thorne’s work (101,
104, 103} which revealed the generally beneficial effect on growth of
binary mixtures of nitrogenous compounds.

The medium is prepared by combining the ingredients listed in
column 2 of table 1 or by adding the appropriate amount of the pow-
dered medium (Difeo) to distilled water. The medium is autoclaved
ab 15 pounds pressure for 15 minutes, then cooled and poured into
plates to o depth about 1.5 mm. for the preparation of spot and streak
cultures.

Luz Marie Dalmau (29) perhaps should be eredited with originat-
ing the use of coverglusses to permnit the microscopic observation of
fungus cultures growing in petri dishes, hence such cultures ave desig-
nated here ns “dnlman plates™ in honor of that mycologist, Benliam
(10) cut a slit with the inoculating needle through a deep layer of
cornmeal agar in a petel dish. After the culture had matured, a
coverglass was 'phlced over if, and the yeast was observed.  Slide cul-
tures for observation sud photomicrographic purposes may be pre-
pared by the procedures of Wickerham and Rettger (7/2), Di(l(llons
and Lodder (.21) or Rivalier and Seydel (87). Iov routine identi-
ficution of yensts, dalmau plate enitures ave prefevred to slide cultures
beeanse their preparation requires less thne, and no special precu-
tions need be tuken regarding humidity.

The anthor's present technique of preparing dalmau plates is similar
to Benham’s procedure, but diflers in one very important respect :
The covergluss is applied immedintely after inoculation, This proced-
ure leads to the formuation of hyphae by muany yeasts that would not
form then if the coverglass were not applied af the time the medinm
is inoculuted.  TFreshly poured dishes are set aside at room tempera-
ture for 24 to 48 hours to allow the surface of the agar to dry. Then
the yeast to be studied is streaked across the plate near one side,  The
amount of inoculm used is small, and enough pressure is exerted on
the needle to searify, but not to split, the agar, Two point maocula-
tions, agnin using small amounts of inoculum, are made on the same
plate. A coverglass, 22 mm. square, is removed by forceps from
absolute aleohol, drumed. flamed, and cooled Tor a few seconds and
then pluced across the streak.  Another coverglass is centered over one
of the peint inoculations. The plates are incubated at 25° C. for 6
to 8 days. The general appearance of the resulting cultures is shown
in piate L.

A description of the aerebic colony (pl. 1, B) is recorded, and cells
from its edge nre suspended in water and observed for arrangement,
shape, nand size.  The smullest {exclusive of buds) and the largest
normal healthy blastospores found in one or two fields, depending
upon the number present, are nieasured. The presence or absence
of hyphae on the aerebic portien of the streak is noted (pl. 1, &),
Larning then to the annerobic growth, if long hyphac are present
in the covered section of the strenk (dalmau streak), their length is
determined with o millimeter scale. This seefion is then examined
with_a 4-mm. dry objective and the presence of true Lyphae,
pseudohyphuae, or intermedinte types is recorded.

Lf blastospores (budding yeast cells which differ from the hyphal
cells in size or shape) are present on the hyphae, their arrangement
and shapes nre recorded also. Next, the covered growth which origi-
nated from the point inoculation {dalmau spoet, pl. 1, 4) is observed

-
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nievoscopically.  Generally, the number of hyphae developing from
the point inoenlabion is mueh greater, and the number of blastospores
on the hyphae is much smaller than obtains with the daimau streak.
I strains which form no hyphae, the blastospores in the dadman spot
arce comonly larzer and of a different shape from those in the dalnieu
strenk,

Maont hyphae can be readily vecognized ss either {rue hyphae or
predohyphae, but some strains show developments midway befween.
The basie differonee between the extremes is (hal pseudohyphae grow
by budding, with each suecessive ¢oll smniler than that which gave
rise Lo 10 brue hyphae, on the contrary, elongite by continuous growth
of the hyphal tp. which is followed by the formaiion of septa. The
formation of septa lugs belind the growth of the hyphal ip to such
an extent that the tip cell, ag mensuped from the tip to the fivst sepluam,
ix Jonger than the preceding cell, which is measured ay the distance
bolween the first and second sepla, asshown in plade 3,

[n practice, the following riles may be nsed 1n deterining whether
hephae wre trne, psendo, ot intermedinte. The tips of the longest
By phae should be observed in this determination.

1. True hyplie have vefretive, straight seple which genervally can
be differentinted from the edges of viaenoles by (heir greater (hickness
and relenetivity,  Pseudohyphiae have wo discornible sepin, and the
ends of the ntevenlary cells are enrved and not refractive.  Intermed-
fute hyphie usundly show anly asmall peveentage of the cells separnted
by sopis.

2. In true hyphae, the longest tHp eells are cousiderably longer
tan the cells Tmmedidely preceding them, In psendohyphaed the
tip cell ix shorter than, or approxinately egial to, i adincent ecll,
P intermediate byphae, only aovery few will be found in which the
tigreed] s decided)y Jonger than the adjneent eell,

3. In genernl, the longer (he individual hyphal cells, the greater
ix the development ol the hivphae,

1 Trwe hyphae vsaadly show Qe or no consirietion at the septa,
or af the poinis whore the septan will fater be Tormed,  Pscudobyphae
Siow wnrked constrictions at the junetions of the colls, Intermediate
hyphae asunbty show marked constrictions,

4. b general, hyphie which bear blastospores are more highiy
developed than those whieh bear no blastospores,

By application of rules 1 and 20 hyplie can be recognized as true,
interiediate, or peudoehyphae.

PrysioLocy
CARBON ASSIMLATION TESTS

Carbon as<imilation tests huve been used sinee 1889 whea Beijer-
inek (8) introduced the anxanographic plate technique, a procedure
whieh the Dinteh taxonomists (24, 60, 03) still apply Lo the classilien-
tion of veasts,  Phddens nnd Lodders (27) melhod vonsists ol plae-
ing s ll amonnts of dry sugars on the surfiee of a heavily inoea-
Iatedd synthetic medium. Growth develops in the areas wheve as-
simituble compounds are placed. Strains thet show poor growlly
are relested o the e medinm 1o which yeast exteact has been
added. The results are usually vend alter 1 or 2 days’ inenbation,
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The principal limiting factors of the plate procedure are the in-
adequiie basul medinm and the short inenbation period. The yeast
extract which is added (o supply vitaming in e event no growth
ocenrved on the basal medimm nlso supplies cisbon for growth of
some species, and thus complieates the reading of resulls, A Q-dlay
rebation period is naich too short (o pernit sieeessful use of pen-
toses, polyhydric aleohols, aud organie acids us (est materinls, Dot
plates permitt (oo much deliydration of the medium during the long
period of incubation required Tor the nse of (hose comipoungds,

Wickerbam and Burfon (707) have reemphasized the imporanee
of carbon asgimilation testy in yeust faxonomy, They have ineluded
# ntumber of compounds not previonsly employed in mejor tuxenomic
work and have introdueed standurdized metfiods with resuliant iti-
provements in the signifiennce and reproducibility of such tosts,
The wedinm nsed by them Tor enrbon assimilation tests is similar
to thal used for morphologien] studies (see po 5) except that it con-
tains no ghicose, asparngine, or agnr Five grams of ammonium
sulfute per liter is nsed 18 a nitrogen sonree. A tentold concentra-
tion stock wedium is prepaved, based upon the formula given in
table 1. or by dissolving 84 am. of the powdered carbon assimila-
tion mediom (Difee) and the approprinte earbon souree in 50 ml.
of distilled waler. I the Buiter is an acid or veid salt, the pH. is ad-
Asted to 5.2 by the addition of sodimm hydroxide pellets. The solu-
sion s sterilized by passage theough u Seitz filter and is kept iu the
efrizevator  until woeded.  IFive-tenths-inillilitor portions  are
pipetted into eloar 16-mr, (ubes containing 4.3 ml, of stevile distilied
water, The tubes, after shaking, are veaely for inoculation.  Phe
final concentration of hydroenrbon is squivalent in assinnilable carbon
to & Od-pereent giucose solutions however, raflinose is used in twice
the usual coneentiation,

Soluble staveh and innlin, whiel might be lost to & considerable
extent in filters, are solubilized in distilled waloy by heating over g
flame.  The solition, contnining 0.5 percenl. of the arboliydiale, is
pipetted in b3 wl amounts into 16-non. tabes. ‘The fnboes arve then
pingged and sterilized for 13 minutes in the auloclave, Tach tube
reeeives 0.5 ml, of sterile hasat medinin of funfold concent rution, is
shaken. and then is remdy to e inoenbited.

An inoculation medinm is prepared which containg the usaal con-
centration of other ingredients hut only 0. pereent of glucose. Bach
tube contains 18wl of oculation mediun, One miliiliter is ve-
moved by pipette and used 1o suspend the growllh from o 94 op
48-hour slant of the yenst to be studied. Two- Lo four-tenths miili-
liter of the suspension, depending npoi the abudance of the growth
on the shants, is returned to the inoenlntion medinm and the culture
s ineubated at 25° C. for I8 howrs, The inoeulum s then diluled
with the base medivm which containg ne glucose. With the aid of
a photometer the density is made equal To that imparted by ap-
proximately 10 million cells per mil. of SNdecharomyces cevevisiae,
NRRL Y-56728 or 15 mitlion colly pev ml of Lorulopsis utitis, NRRL

*Tle nhbreviniion ENRRES followed by & nnmber indienies the desiguntion
given n steain In Lhe Cullure Colleetivn of the Nurihern Roglonnl Research
Lahoraiory,
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Y-900. Those concenfrations of cells contnined in 18-nun, {outside
dinmeter) test tubes transmit sbout 55 pereent of the light from the
blue filter (420 A} in a Lumitvon photometer. If a pholometer or
other means for determining density is not available, 5 ml. of in-
oculum i 16-mm. tubes should be diluted antil black lines denwn on
a white eard become visible throngh the tubes as dark bands {equiv-
alent to u 24 rveaction as given below).  Generally, about two voluines
of diluent nve reguired per volume of culture.  Rach tube in the set
of test moedin receives 0.1 ml of the diluted inoculum.

The (1bes contuining the varions eavben sourves arve thon inenbated
at 25° O, and vead al approximately T days and ngnin at 90 to 24
duys, The enltores have the general appearance shown in plake 3.
‘They arve observed for pellicles and e presence of visible amounts
of viboflnvin (pract weally the only soluble yellow compound produced
by yeasts), then ave shaken and placed against » white card bearing
haes approximntely ¥ mm. wi&i‘. drawn with Tndia ink, Tt the
growth in (he (ubes completely obliferater the lines, it is recorded
s 3+ 5 0iF the Tines appear as g diffuse band, the growth is vecordwd
as 245 and if the lines are distingnishalle as sueh hut have indistinet
edges it is recorded ns T4, The absence of growtl is recorded as —,
A 34 or 24 reaction o 20 days s considered us positive, and n
1-F reaciion ag weul, .

The following compounds ave used i the carhon assnimilation
tesis: glocose, gninctose, L-sorbose, waltoge, suerose, eeilobiose, tre-
halose, Tactose, melibiose, rallinose, melezitose, inulin, soluble starch,
n-xylose, L-arvabinose, p-neabinese, n-ribose, L-rhannoese, p-ghico-
samine hydrochloride, eth; 1 nlechol, glyeerol, f-ervihritol, adonitol,
duleitol, p-nmnuitol, p-sorbitol, alpha-methiyl-p-glicoside, salicin,
polassium p-gluconate, ealeimm 2-kelo-p-grinconate, potassium -keto-
p-ghiconate, potassinm sodin sneeliarate, pyravie aeid, ou-laetie acid,
suceinie actd, citrie acid, efhyl acetoncetale, and f-inositol,

Only thase renctions obiamed with the most hnportant and cspe-
cialty relinbie cavbon compounds will be inehided in the tabies show-
g the salient eharacteristios of each genus, or group of velated genor
(Part 2). Crrbon assimilation tests are more sensitive in detecting
enzyme systems thaw are fermentation fests, and the nember of com-
poinids of vadue i {he assimilation fests i much grealer than the num-
bers of sugars that have value in forneniaiion renetions. If iy the
authors opinion that the asstmilation tests will prove to be the most
vilunble of all the biocheniical provedinres used iy (he classification of
yeusts,

RITRATE ASSIMILATION TEST

En 1802 Beijerinek (9) reported that Saccharomyeces acetacthyli-
eus (Hansenuly anomala?) assimilated nitiate but not nitrite.  Bat
Takabashi {760} found that nitrite conld be assimilated by this yeast
ift the medium did not contain an amount of acid saflivient fo make
the nitrite excessively toxie. Stelling-Deklker (£7) separated the gen-
era Pichia and Hansenude on e difference in their ability to agsimi-
lafe nitruie.

Castelli (£7) reported thal some common species of Saceharomyces
and Zygosaccharomyees nsshnilate nitrate, and Nickerson (78) made
the saime claim for Zygoseceharomyees wcidifuciens.  These observa-
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tions are at yavinnee with those of Stelling-Dekker (95} who reported
all species of the two subgenern as incapable of assimilating nitrate,
This difference of opinion may be expluined by the fact that no com-
pletely adequate procedure had been evolved for the assimilation test,
A prineipal sonvee of ervor is that yonng cells used ag inoenlum usually
contuin w high percentage of protein. Wlen tuoculated into « medium
contnining only nitrale as a source of nitrogen, many yeasts which are
mcnpublt. of utilizing nitrate ave capable of exereting much of their
nitragen {{.9). The exereted nitrogen s then used to form. many
more colls having a much lower pzoti.m conlent (80}, and the final
amount of gr owth mny give a strongly, but falsely, positive test.
Nickersen (7 0) and Slimer (N, while admitti fing ihe diftic ‘ulties in-
volved in the test Tor nitrite, regard the chemies al tost as superior to
the ussimilation tsst.

We have found that Sielling-Dekker’s results wilh the auxino-
graphic procedure covrelates very well with the chemicnl test for ni-
trite and with our resulis from lhe assimilation test. She did, how-
ever, erroncously report some species, such as Zndoniyropsis b:spomm
Beck and £ m!mru}(‘op,\:.&; pernalin,g as negative, probably because they

failed to grow in the short incubation pl:'tlml used.  Both of these
speeies grow well, though Tatently, with lll[l(lf(’ 18 the sole source of
nitrogen.,

'llw 1I}|]1Iv of n veasl to assimilate nitrate is more easily deter-
mined than bs its ability to prodice nitrite, muinly beeause the color
test for nifrite is wmphwiul by the action of many yeasts in assimi-
lating nitrite about as fast- ag it is liberated from nitrate. On the con-
tl'll) if the assimilalion test is properly conduncted, growth occurs
only i the yeast is capable of assimilating nitrate, and onee the test
becomes positive it renming positive.

The test medium used for the present sindies on nitrate assimilation
is similna to that For tests on curbon assimilation, except that it con-
twing when complete with water, 10 gin. of ”]ucoqc and 0.78 gm. of
potlagsium niteate, per liter, and amaller amounts of each of the three
amino acids (see tulile ). It contains no asparagine or ather sonrce
of nitrogen in mmounts large enough to interfere sericusly with the
(est. A tube of nitrate medhim receives 0.1 ml. of the sane ingeulum
used for the coben assimilation tests.  After the nitrute enlture has
been ineubated abont 7 days, even though niteate has not been assimi-
lTated, it usuilly shows grow(h. probably due both to the soluble nitro-
gen compounds excreted by the eells of the inoenlum and to the small
mmount of wmmaenivm sutfate in the inoculation medium, Honee, a
second nitrate tube is tnoenlated with one loop from the fivst. Aftera
similar per ind of incubation the second tube is observed. If it shows
a 2+ or 3+ reaction, the yveast is capable of assimilating nitrate; if
there is no growth orn L+ reaction, the yeast Iy considered incapable
of .1Hsmnhlmw nitmte,

Doubtful nitrte renctions ave seldom encounter ed, but swhen met,
they may be confirmed by the chemiceal test for nitvite. Four tubes
of nitrate assimilation medium are inoculated by needle from o slant
and fested at approximately 8, 5, 10, and 15 days, If the yeast under
Lest nssimilates nilvate, oue or more of the fubes usunlly give a positive
reaction.

The nitrite test employed is one of those 1ecommended in the
Manual of Methods for Pure Culture Study of Bucteria (93). The
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reagents nre (@) 0.8 gm. sulphanilic acid in 100 ml of 5 ¥ acetic
acid, and (3) 0.6 gm. of dimethyl alpha-naphthyiamine in 100 ml, of
5 & acetic ueid. Five-tenths-milliliter quantities of each wre added
to each culture to be tested. A pink to red color indientes the pres-
ence of nitrite. If no color develops within approximately 10 minutes,
a minute amount of zine dust is added to reduce any nitrate which
may be present. If no color follows the wddition of zine, the yeast
uncler test hus completely assimilated both the nitrate and the nitrite,

VITAMIN DEFICIENCY TIEST

A_number of investigators have studied vitamin deficiency patterns
in yeasts, Perhaps Burkholder e¢ al. {14, 15) have studied the great-
est number of species,  Lockhead (56) and Loclthead and Landerkin
(68) have app%ied vitamin deficiency datr to the classification of
vsmophilic species of Zygosaccharonmyees.  Leonian and Lilly (57,
52, 65) have reported that strains of Swecharomyees cerevisive vavy
consicderably from one ancther in the munber of essential vitamins
which they wre ineapable of svnthesizing. By using massive inoeula-
tions und long periods of incubation, and successively transferring
cells from a medium lacking only one required vitamin to a second
medinm Tacking another required vitamin, ete., these investigators
found that a sbrain originally deficient for five vitamins gradually
developed the ability to synthesize all of them, and thereafter would
grow rapidly ina medinm devoid of all five.

Schultz and Atkin (89) sepurated strains of Sacoharemyces cere-
wisiue into 13 distinet types on the busis of thieir vitamin requirements.
These investigators believe {hat the determination of vitwuin de-
ficiency patterns should be included among the technigues wsed in the
classification of yeasts, Over a 10-yenr period, they found the de-
ficiency paiterns to be velutively constant, though variations in growth
rafe ocetrred as a vesult of the condition of the yeast inoculumn,

The writer believes that in many eases the inability of o given species
to grow in the nbsence of a specifie vitumin or combination of vitamins
will be found to hokd for all strains of that species.  Until such faels
are clearly demonsivated, however, he intends to limit his taxonomic
use of deficiencies to n defermination ol whether o yeast can grow in
the absence of all added vitanins,

The vitamin deficiency medium is similar to that used in the carbon
assimilation (ests exeept that 10 grams of glucose per liter is included,
and the vitaming are excluded.  The test is run 1 exactly the sume
manner as the nitrate assimilation tests. The first tube usually shows
growth ab T days, ewing to the curry-over of vitamins in the inoculum,
The yeasts which produce o 2+ or 3+ reaction in the secand tube ure
capable of synthesizing all the vitamins they require for growth ; those
which produee no growth orv & 1+ veaction wre considered to be in-
apable of synthesizing all of the vitamins reqnived for growth. In
the nutho’s experience, this test is proving of eonsiderable (axonomic
imporlance.

FERMENTATION TESTS

Guerra (32), Maxtin ef «f. (67), and Langeron and Guerra (48)
uged pefrolewm jelly or ]]_):u‘;lﬂin seals over the surface of media in
fermentation tubes to reduce the amount of air entering the cultores,
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thus increasing the intensity of the fermentation. Dr. Morrison
Rogosa ™ suggested the use of rubber stoppers placed in the lips of
fermentation fubes as o similar but simpler procedure.

Bouthilet, Neilson, Mrak, and Phaif (78) have stated that yeast
extract made from brewers’ yeast, or yeast autolyzate made Trom
bukers’ yeast are free from the fermenfuble sugar trehalose. Yeast
extract prepared from bakers’ youst may contain sufficient trehalose,
however, to interfere with the aceurrey of fermentation tosts in wiich
it is used as the basal medium.

Fermentation tests had been run on hundveds of yeast steaing in the
Northern Regional Resenrch Laboratory hefore a chemieally defined
meditm was developed, and the original procedure is being maintsined.
The medium stifl in use contains 4.5 gm. of powdered yeast extract (a
bateh should be used which will support growth of the murkedly
vitumin-deficient apiculate yeasts, such as Alocelera brenis), T.5 .
of peptone, 1,000 ml. of distilled water and enough bromthymol blue
to give a sulliciently dense groen color, Two-ml. quantities are placed
in 150X 12 mm. tubes earrying inserts measuring 50X6 mm, A fter
sterilization, 1-ml. quantities of ihe various sugar solutions are gdded
to the tubes.  Aqueons solutions of pincose, galactose, maltose, sucrose,
and lactose ave prepared in 6 percent concentration, and solutions of
aflinose are in 12 percent concentration. The solutions ave stevilized
by Seitz filtration and kept in the refrigerator. No seals or yubber
stoppers are used,

The fermentation media are inoculated with 0.1 mL of a suspension
of cells made by suspending the graowth of a %- or 48-hour malt
extract-yeast extract agar slant in 4.5 ml, of sterile distilled water.
The cultures are incubated at 28° C, The tubes are shaken and ob-
served for the amount of gus in the inserts or color of the indicator
after 1,2,4, 6,8,12, 16, 20, and 24 days of incubation.

The raflinose fermentation is given special consideration. If no
gas is formed and the indicator shows a neutral or alkaline reaction,
the yeast under test does not attrek ruflinose. If gas is produced, the
yeast may be either splitting frictose off the raftinose molecule and
leaving the remaining disuccharvide, melibiose, mtact, or fermenting
both the fructese and melibiose. o determine whether the raffinose
has been fermented completely or for only one-third part, the raflinose
tube s inoenlated afler 20 duys of ineabation with n second yeast,
Saccharomyces carlsbergensis, NRRL Y-379, which ferments molibi.
ose strongly. If evolution of gas follows the addition of 5. cwrlsheor-
gensis, the original yeast did nol feruent melibiose; it no ans is pro-
duced, melibiose was fermented by the yeast under test.  Thig proce-
dure was described by Wickerham (/055 tn 1943,

Skinner and Bonthilet (92) are of the opinion that thejr procedure
is preferable to the one just described. They ferment o raffinose
medinm with Succharomyces cerenisiue. This yeast ferments only
one-third of the sugar, leaving intact the resilting melibiose. Thig
medium is then used for testing the ability of yeasts to ferment
melibiose. 'The technique used by Skinner nnd Bouthiiet requires two
fermentation tnbes, one raflinose and one melibiose. if fhe usor is to
obizin the highly desirable information as to whether raffinose is
not attacked at wll, fermented for one-third part, or termented com-

FVerbal conunnniontion, 1948,
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pletely.  The author’y technigue requires only the vaflinose tube in
order to obtain all of this information.

Yeasts showing no gascous fermentation of ghucose at 8 or 12 days
are probably nonfermentative.  Information remurding the ability of
such yeasts to hydrolyze disaccharides or polysaccharides may be
obtained by inoculating the 8- or 12-day formentation cultures with
a yeast such as Naccharomyees globosues NRRL Y8, which Ter-
ments ghucose wnd aud galnciose strongly but has no action on maltose,
suerose, lactose, or raflinose, The yeast under fest is eapable of
hydrolyzing those di- and polysaceharides from which il is capable
of producing gas when acting in wssoctation with Sacedaromyees
f;fr;)m.mx. The success of this test depends upon the fact (hat non-
fermentative species conmmonly hvdrolvze disaccharides faster (han
they assuuilate thie resnlting monosaecharides.

GHOWTH AT MODERATE OSMOTIC PRESSUNRE

Somie yeasts cannol grow in medin baving high osmotic presere,
others tolerate thent and some prefer them.  The ability of o yeast
to grow in amedinm of moderately high osmotic pressire nay indi-
cate the tikhhood of finding sueh n yeast in osmotically netive sub-
sunees i nacure, The test s of moderate taxonomic value.

The medbun nred in the test is prepared by dissolving 10 gm. of
saodium chloride and 5 g of wlucose in 10wl of distiiled water,
The sohttion 15 pipetred into 16-mnn tubes in 4.5 mb guantities. The
Fubes are stoppered with cotton and autoclaved Tor 20 minutes, Each
tube receives A mb of gluease-Tree base mwdiom of tentold concen-
tration and G.1 ml of the same iboeslaa s used i all the assmila-
ton fests. A T+ anount of growth after 20 to 24 davs of incubation
ix recorded as weak, 2 2 ¢ mmomit of growih is recorded ax moderate,
and 3+ asgood. A negative or | Hreaction ot Tdays, followed by 24
ord e reaetional 2000 2 days, is recorded at tatent,

ABRLITY PO LIQUERY GELATIN

The ability of yeasts to Hguely gelatin is of definitoly Timited {ax-
onomie vadue beentse very few yeasts attnel proteins sirongly,

Ten grams of gelatin are dissolved in 90 mil. of hot distilled water,
The sohittion 1< pipetted in La-mb guantities huto 16-mim. test Lubes
stoppered with cotion., aud autocloeed tor 15 minutes, Afier cool-
ing Lo somewhat above roons wenperatore, 0-mb quantities ol ten-
fold glucose eoneentrate, as used in the assimilation tests. are added,
The final mediin contains approximately 10 percont eclatin, 0.3
pereent glneasewnd 6.0 pereent wmmoninnm solphate in addition (o the
usual vitanins, Lee elements, and salts, Fach fube receives the
usiat] inoeuhint as cployved in the assbntlngion test<. The inoeninm
is sprewd over the solid surface of the wmedinm, then ineubated at
257 Cuoab which temperature iU pomains solid wnless neted upon by
the yeasts. At approximately ¥ and 24 days the depth of the leuid
fayer, it anyy is measnred in mithmeters.

ABILITY 1O CHOW AT 47° €.

It is of interest taxonomically fo determine if a veast will grow
at 372 Cl beenuse possible inferenees regarding ability to wrow in

IETHRY S 5 u
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association with warm-blooded animuls may be obtained. A tube of
the usunl glucose assimilation medinm, inoculated in the usval way,
is itncubated uf 37° (L 1 is read in the usual manner at approxi-

mately T and 24 duys.  The results are recorded in the same manner
as in the test for the ability to grow in the osmotic pressure mediun,

PRODUCTION OF STARCEH

Aschuier, Mager, and Leibowitz (7} reported that wnder ceslain
conditions, species of yoasts, mainly in the genus 7'orudopsis. synthe-
size starch which gives a (ypirai blue color reaction with iodiue.  In
16 Mager and Aschner (65) deseribed a bioehemien! test bused on
this veaction. Plates contuining a synthetic medium were ingeu-
Iated and incubated for several days at 372 C., then floaded with
Lugol's iodine solution. It the yeast under lest grow at 37° C. and
guve a positive starch test, the yeast was considered to be Torudopsis
neoformans, u species capuble of causing futal infections of the cen-
tral nervous system. A goneral diseussion of staveh synthesis from
the biologient aspeet was published by Muger and Ascliner (66), and
another paper by Mager (67} on the chemistry of iis starely also
uppeared in 1947,

‘Phe 2d-day enrbou ussimilation lest cullvres which eontained sugnrs
or polyhydrie aleohols are examined for the presence of starch.  Oune
drop of approximately 0.2 ¥ iodine solution is added per tube and
the {ube .t;}mken. Those strains producing stareh will show reactions
varying in intensity from blue to purple to green ; the color iy reside
in the mediuny, in the cells, or in botli.

In some geners the relatively fargze amounts of glyeogen synthesized
may interfere with the test, especially if stronger indine solutions ave
usec. . The brown color typical of glvcogen nuy mask 1 weak starch
reaction.  Where doubt arises, the tubes niay be ailowed to stand at
room tempersature for a few hours or overnight, The brown celor
indicating glycogen disuppears but the bine color indieating stareh
remging, _

The ability (o produce starch has interesting applications in the
taxonomy of yeusts.

PRODUCTION OF ESTERS

The yenst is streaked on mall exiraci-yeast exteaet agar in a petri
dish and the culture is tested organoloptieally after 21 or 48 hours of
incubntion.  Except with a few genern, (his test is of relatively little
taxonomic value.

VARIATION

Morphologienl charaeters, and to a less extent physiological charue-
ters, may vacy considerably from strain to strain within a wiven spe-
cies. The principal types of variation which may be encountered in
studies relating to the classifieation of yeasts will be considered briefly.

Variation is found in practieally all species where several to numer-
ous slrains are available for study.  Morphologienlly, vaviation con-
sists of minor differences i color and texture of colonies. and in the
size, shape, and arrangement of cells®  Physivlogically, it is revealed

" See Wickerhnm and Roliger {72y on morphctogieal vavintions in Qundide
afbicanas,




TAXONOMY OF YEASTS 17

principally by varintions in the ability to assimilate or ferment carbo-
hydrates, ~ Sueh normal var iation is found in both freshly isolated und
old stock cultures, and if has, in the past. led to the naming of many
unwarranted species.  An example is Langeron and Talice’s (.;())
classification of the nonascosporogenous, Tlilunentous yeasts—six
cenera being reeognized on the basis of morphology,  Later , Langeron
and  Guerrn (,.S‘} combined five genera into the t.mu'le Zenus
(andida. Tt s now generally 1\110\\1! that a single sirain, or even a
single culture, t](‘|)(‘ll(i|1!”‘ upon its age and conditions of cultivation,
l'l‘l‘l\ reveal the nmin chavacteristios of (wo or three of Teogeron and
Talice's genert.

The anthor does nol wor the etrrent trend tow mrd naming varieties
wmerely on differences insize and shape of eells beennwe w ide ranges of
morpholugteal vaviations are found in species which are Iluqllontl\'
isolated®  Bedlormd (&2 po 632 has veported that seme strains of
{Hansenida qnomuln, when growi on synthete medinm and on wort.
have cells so different in shape vl size that they would be clussilied
in different varieties, depending on the medinm used.  The trend to.
ward nming numeros varieties on movpholegiend variations, if con-
tinued. will soon elutter the taxonomy of yeasts. The author believes
i is berter and simpler o set the limits of the speeies wide enough
to inelnde minor varintions, varieties being erexted only for those
strains which are almost different enough to be set aside as separate
species.  This coneept expluins the w nIn\ range of cell sizes and mor-
pholagical appesrances which will Le eriven 1 the deseriptions (Pavt
23 of the more commaonly isalated species.

Physiological elinractors also vary from strain to struin of either
freshly isolated or old stoek celtures. 1t is neeessary (o delermine,
therefore, the physiologiceal reactions of a large number of strains of
each species, in order to aseartain which reactions are common to all
strains and which are variable. s Tor as |1::~-1h[v variahle reactions
nre not used in the separation of species. The number of strains
studied Iy the author will be given in the deseription of each species.
so Lhal the reader may judge the author’s knowlee lere of the vange of
varintion of each species,

Serains of ascoxporogenons yeasts generally, hul not always, sporu-
lnie readily when Treshly isolated from nature, thongh this Chavacter
max be diminished or Tos adier a periad of labor Hory cultivation.
Oceasionally, nonascosporugenic variznts show a slightly different
shade or even a markedly different eolor than colonies of the same
strain containing sporogenic cells. Strains of the genus Nudsonin
represent an example of the species which may show @ marked differ-
ence in color. When ealtured on malt extraet-yeast extracl agar it
10" to 15° (., some »{rning may produce not only white, nonsporogenous
colonies but also dark-hrown, gporugenotls colonies,

Ir an oceasional isolate is identical Lo @ given sporogenous species
except that it does not produee spores. it i~ constdered to be merely a
nonsporowenots variant of that species. However. a Tew species may
be iselated frony nature as the ascosporogenons or ax {he notmseosporo-
genous form with about equal frequency. For the benefit of the user

P e Stelling Dekker (831 on Neceharomgecs corevizene, ad Bedford (7) an
Langenuly anwnnte.
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of the forthcoming classifications, such species will be deseribed in
both the sporogenous and nensporogenons geners under the mune
applied {o each form, and a note will Le incladed to this effect in both
of the approprinie gencra,

Another form of yaviatton is cluracterized by the ability of strains
to produce two types of colonies, one {ypo having n mat surface and
the other a glistening surface,  Freshly isolated strains as well as old
stock cultures may show this form of varintion. It is found much
move commaenly in some geners, such as Hansenula, Dedaryomyers,
Piekia, Wycode rina, and Cundida. than in others, such as Navelaromy-
ces and Nehizoswecharomyens, where the nat type is perhaps non-
existent,  Genera in which these two Torms of variutions are fonnd
melde mainly oxidative speeies: genera in which only glistening eolo-
nies wre formed are composed predominantly or exclusively of formen-
tative species. Fabian and Wickerham (29} have shown Uhat the
forms produee Jess uleohol than the corresponding slistening forms
of the same strain and also that they produee heavier pellielos on
Hquid media than the glistening forms. Ihe anthor believes that the
mat form i adapied to an aerobie type of metabolivin. whereas the
glistening form is better suited (o ah anmerabic existence,

The difference in culiure appearance between the Hwo tyvpes is gen-
erally due to n difference in the nature of the colls on the sivface of the
colomies. The mat eolonies are commonly covercd with somewhal
water-resistan(_cells, often in Jong chaing, which way be foated free
fron: the remainder of the colony by wently powring waier into the
petri dish. These detached eells may concelvably he the wmost prinni-
tive type of aerinf blastoconidin prodaeed by veasts.  They probably
corvespond to the blastoeonidiz formed by species of L uelaniypea pais,
but difler by lacking aerial conidiophores, Usually the mat covering
extends completely across (he colonios, bt sometimes eovers only the
center, leaving a Droad wlistening band at the edge. Highly glisten-
ing colonies are devoid of Iastocenidin,

In some steains all degrees of transition exist hetween the extrenes
of white, powdery mat, and highly glistening surfaces. The mediam
greatly influences the formation of the “primitive” blastocontdin,
For example, u the species Heanscnule anomala, pearly all strains
which produce glistening colonies on malt extract-yenst ‘extraet agar
Torm mat colontes on the synfhetic morphology medium. A nunpho-
logricul study of the mat-glisiening (ype of vaviation in 77, anomale
{under the syvouym ot Nuecharon yees e réixsesaechardy has hoen
reported by Wickerlinw mud Fabinn (1683,

Another form of variation, which probably is noi velated to (he type
just diseussed, oceurs in cattnres thal have been wmatntained on labora-
tory media for a Tong time.  Strains which produce smooth, wlisten-
g colonies when first isolated may in time give vise Lo colonies that
are i py, convoluted. erateriform, ov membranous. They ave usuntly
mat but often more or dess maoist in appearance, T the Species is fil-
amentous, finy spienles ar coremin may be produced on the surface
of the colony.  Morphologieally, filumentous yeasts undergoing this
change produee more hyphae and Tewer hlastospores thun when the
eulbires were first isolated ; usunily the blastospores become clongated
and their aveangenient on the hyphae may be altered.  Vaviation of
this type lias been deseribed by Muckinnon (623 and by Mickle and
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Jones (60 for Candide albirans,  Liltle, iT any, qualitaiive change
in phasiology accompanies this change in morphology.  The change
is usuadly reversible it the yeasi has nol existed (oo many yvears in
its altered form.  ‘Fhis form of varistion may oceuy in oxidative or
fermentative, filamentons, or nonfilamentous gencru.  Ascosporo-
repous yeasts which huve undergone the change generally produce
Tew or no nseospores.

Toven belfore o ehange ocears in colany appoumanes, aowmarked vedue-
tion may be poted in the number of hlistospores borne on the hyphac.
Consequent by, morphologien] chacteristies of okl tovk steains of
Cundidie ol Endompeopsis may vary considerably Tromr original
deseriptions which were hased on freshiyv olated eulturves (147, p
Sy, The tendeney Tor arihrosporie fungi related to the yeasts (o
produee move myeeliunm and Tewer artlieaspores a (ter continued culti-
vation on labaratory medin is siressed by Ciferr, Verona, and Sagegese
(8}, ;

Finallv. o form of variation that shouid be mentioned coneerns the
chauee which some mineaid spoeies show on cantivued ealtivation in
the Juborgtory,  Soeh =pecies mby give rise to smooth, glistening,
haivrous colonfes o even to mal, eeaterifovn, or convoluted colonies,

Many other Tforms of varviation ovenr in yveasts, but those doeseribed
here should =erve to alert the person intere=ted I yeast taxonomy to
ihe principtl morphological forms that e may expect to encoutter
in dillevent sfrains or ina single strain of o given speeies, In addi-
ot 1o the Titeratnre already eited, information regarding variation
it yeasts may be obtatoed frony publieations of Punkard and ITenviel
(7 8T, Fabian aad MeCulleugh 20y, Langeron el Guerse (49)
and Mackinnoen (40.2),

ParL 2
A CLASSIFICATION OF THIE CENUS HANSENULA
Hisrory

The gevealogzy of several of the earrently vecogmized genera of
sewsts iy be traewd baek to the genus Saeeddromoe s 1 eveny Reess
of 15T As delined hy Reess (3%7) at that early dates the bowdarvies
ol this genus were extensive—any species that peproaduces] by hudding
and formned endospores corld quadify. provided Qe did not prodnee @
tewe myeelinne The wlogaus fovie which prroduesd hiyplie were
placed 1 ol amite s Reess,

Reess" delinition appeared 1o he wdenuate up to the time when Ilan-
~e beginn his exrensive =Gy of veasts, the resalts of which indjeated
the trends thaa taxonomuy was ta Tollow,  Previous o the Giue of
Flansen™ %) ninjor eleavage ol the genus Seecluronopeos in 1901, 1t
contained sueh enrrently recoonized wnrehied species ws Flanse vl
apopmigle Yinsonu, Frokie e mbpaned fueions Tansen, Ao ek vy apirn-
Fufer IRoess, el ,‘\m-r‘ﬁru'ﬂﬂff{r'n{h 5 ]I‘frfn‘.:qr.r. i lnsen,

The fumily Sueclimnyeetacene, as deseribed by Hansen at that
thne, eorvesponded ronghly in s limits with Reoss” Novcduromipee s,
Tt consisted of speeies which reproduead asexually by budding and
formed endospores.  Only a Tew of the species formed mycelinm
profusely.
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Thosge species whieh rapidty produced praminent, dry. mat pellicles
on lignid media were placed in {wo new genera which Funsen desig-
nated Wilkia and Pichin, The tformer was charnciorized by hut-
shuped or Satwen-shaped ascospores, the latier by hemispheroidal or
angulay spores. Most of the species of Willin produced gaseons for-
mentations and esters, bt none of Pickie produced formentation. The
latter was eapable, however, of forming myeelia.  Hansen seleetod
his previousty deseribed Nuceharomyecs menbrnae fucie ps s the type
species of the genns Plehic and Wis Seeeelaromieecs anomatis ws the
type species of B, A seemingly intermediate Torm was Nee-
charmnifecs anomalns vars helgions Tiddner (351, The ascospores
bad the typieal hat-shape, but glicose was only stightly formenied,
and esters were nof produeed, Hansen placed this species i Willie
slvo.  He inelded Steuber’s (85) isolate, known ax Seecdaromiees
anomalr var, THa sterin very similae to Lindner's var, elgieus, the
principal difference heing s bnability (o produce any s from
slucose,

Zilkkes (773} tsolated from soil a yeast which formed hat-shaped
gpores. produced esters, Termented no sugars, formed pellicles slowiy,
and produced mueoid or submncoid colonies, He named it Witk
wéchmannil,

Kiieker (1) reviewed previous elassifications of yensts jn 1906 in
an attempt to provide an inelustve and ap-to-date elassifiention of
the sporogenous yveust=, s definitions of Wollia and el were
the sunte s Hansews, but e goave deseriptions of species whieh Hansen
Lind Histed bt not deseribed. T 19820 without offering a vevised
definition of the genern, Wldeker 221 placed in 2iehin some new
peliiele-fornting speeies which did nol capform (o Hansen's definilion.
One was [ichic polipmarphy which Klicker deseribod as having
spherieal ireospores anud as fornenting wlieose and suerose: whether
i formed estors was not stated, Another spevies was Fiehin st os
e Kliseker, which was veported as having predominantly spherieal
spoves thousls some were observed (o Te somewhat Hattened on one
side. Tt fermented gineose wad sperose strongdy and produced esters,

The Sydaws (2295 i Y gave only ane sentenee Lo the Tact thal a
zevus Wil O MuIL (1550) in the Pottincese had priority over fan-
sen's genats, These Investigators designated the latter a= Hansnnta
Sydi g gsage whieh has beeosne grenerally vocognized,

Guilliermond ¢80 in B2 and Guillivemond and Tanwer 0371 in
120 vetained alniost intact the names and deseriptions given by Tho-
sen in W to Willia, but Pichic was expanded (o conform with
Klieker's coneeption which ineluded species having spheroidal asco-
spores and producing strong fermentation,

In 1925 Zender 1771) produced o elassifieation of the HECORPOIOET-
enous yeusts whieh, had i been aceepled, would have altered pro-
fonndiy the taxonomy of yeasis. He destred o shavper separation of
the genera comprising the family Suwecharomyeetaceae and the genus
Endomyecs of the Fndomyeotacene.  Those fumilies, al the time
Zender hegan lix studies, were distingoished by (he ability of the

inddomyretaceac to form (e myeelin and o Torm asel exviusively
throngh the action of hypal eells. Zender eited, as examples of the
poor separation of the two families, the specles Sarcharomyees mare-
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denns Tansen which en gelatin forms typicol septate. Branched my-
celiune and in liquid medinmg forms pseadohyphae consisting of chains
of hudding colls.  On the other hand, he cited Zrdoniyecs juranensiy
Kekor, which lucks u typical myceliom and produces ascospores in
Ilastospores (hudding yeast cells). Zender also wished to eliminate
Trom family and generie deseriptions fermentation reactions, pellicle
Tormation, and sueh variable charnereristios ax cell size nnd shape, and
culony appeara nees,

Zender proposed thal aseospore shape be made the main chavacteris-
tiv by which fronilies and gener should he detormined,  Mecordingly,
Fodomgres was reserved Tor those speeies possessing hal-shaped asco-
spores, and to (his genus he added 1 heferogencous assortment of
speries, such s S anse ndaspore vallijensis Klocker, Zygosaeeharomyces
pustori Guilliermond, Hanscmda anomals Nansen, and Kwdamjpees
tihudsg - Linduer, aldl of whieh have widely different physiologicnl
charneteristivs. Eudomyees capsuluris Sehionning wnd Hansennla
atupprs Klieker were moved 1o the new genns Williapsis crented Tor
those speetes possessing Saturn-shaped sporves. 1the wall: ol which
were smoath and the rings equatortnl. Péedin was elevated 1o the
riank of a Tamily,

The complete disregard of physiologien] properties in the deserip-
tions of genern made impossible the seceptanee of Zender's classifi-
eafion by his stecessors in the field of yveast taxonomy.  Thad i been
avveptea and expanded, however, it might have developed into n more
workabie elassilication, despite its arbitpraviness. than the currently
acvepted naturad systenn, T prineipal disadvantage would have been
the Jaek of a Toundation Tor an wnlogous seheme of Lhe nonaseosporo-
genos yeasts, _

Shrewshury £06Y in 1930 presented o deiailed morphotogical study
ol the genus 177770 alongr withh some results on patbogenicity (ests.
Tte coneluded that the speetes wiiieh he had stadied were not patho-
penice for laboratory aninels,

Steliing-Dekker 12453 presented n cireinlly exeented classifieation
ol the spororreno s yeasts in 1931 Tlev delinition of Hansonda was
similar to that @ven by Hansen to B/n exeept that it was Tinited
to speries which ebnilated niteate, formented sugars strongly, and
hydrobvzed esenlia Bpore shapes asstaped fo the gonas were hat-
shaped, Sainrp-shaped o flattened spheres,  Piekic was liniited to
spreies whivh could not assimitare pitrte, ferment sugaes strongly,
or hydralyze esenlin sirongly.  Hat-shaped spores were added to the
wstind hemispheraidal and wngular shapes. Bueh maedifieations of
Hansen's deseriptions gave o sharper separation of Hensenanda and
Fehin. Some ehimees were made in the membership of the two
senera s notabily, Pichia siercolons Klbeker was translerred to Hean-
semah, noed Witkia bolpieca (Lindper) Hansen was teansfeered to
HPichiu. The genus Pichia, aceording to Kloeker's (21 suprgestion,
wis (livided tnto twe subgenera, One, Picfkie was Timited Lo speetes
whicl always Tormed ascospores “prrthenogenctically™: the other.
Zipropickin, was Hiited taspedies iy which somie of the spoces formed
following conjugation of the vegotative vells. Beelling-Dekker eve-
ated Toar vaetvties ol Haesoode wnomale hused peimarily on minor
mirphologieal differences.
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Next. Lodder (39) divided the genus Hamsenile into two subgeners,
The name Hunsenida was applied (o the more connon subgenng which
meluded the species recognized by Stelling-Dekdior, and a separate
sibgenus Zygohansounly was ereated Lo include the new species Z,
eulifornieq which Lodder believed should be differentiated Trom the
other speetes beennse some of The veselative cells conjugied just belore
ftscozpores were produced, Lodder also deseribed a0 new speeies,
Flesese wndee edfe peii,

Bedford (7Y deeided that Stelling Dekker's fanse niela v pio
tGroenewewe) Dkker, and 770 anamnta vavs, pohusta Dekleer and
productivg tBeijerinek) Delcker were not suffiviently distinet from
Hownpmabe yud U anmmda vavs, sphoae sion (Naegeliy Deklaer andd
Tanga Dekker to contine their separation as spocies or varieties,  //.
anonadel v, sphocvied sl 1 apooeals var, bonge were retained but
redefined on the Lasis of ol <ize in Houid syuthotie sedion,  Bed ford
added the new sariety, /7. ananstta vav, et ropeorpha, e roported
that I, anameada and its varietios coulid be separated only on the Dasis
of their cel! size.  This was not entirely satislietory, oy his eultures
showed considvralife variability Tn size in the <ame medinm and in
different medin. e added (e new <pecies £ sufop et i,

Munk eFals 07 7) stated that the distinetions hetwoen /anse mtda wind
Piclie wore rapidly fuding, They pointed ont that it was no Joneer
psible to separate those penera on spore shapes Loddee’s (G
Pichin o ntans vemoved the formentation difference, and Bed-
Tord's (7 Piedida My ecr i produced osters ind =plit esculing This left
the ntilization ol nitrate as the only point of difference beennse, mor-
phologically. the tva genera gre very similare, Ded Ford 07 aimd Mk
ol 1751 found that. v contrast 1o all other Hanscmdda spocios, 1,
suth pe Hiculosa did not attack nitvare ina completely synihetic medium,
This wis boewwse 2 subpedfiodue veqpuived vitinnins and Bed Ffords
syinhetie mediim lacked them., Had the essential vitamins been pres-
ent. nitrate would have boen atrieked.

Meak 7wl 177y believed it nnsonnd to differentiate two genera on
a single charaeteristie, suel as the ability (o assimilate nitrate,  They
believed it niight he desimbte to Torm one genns, containing subgenera
of the nature of ek, Zygqopiviin, Houscnnde, and Zapggoducnse wide.
Nickerson (77, on the other land, belioved that the differenee in
aetion o nitrate indieates o fondamental diference et ween Hanse-
el ond Diekén,

Dy sy, 10 may he stated that ever sinee the ereation ol Han-
se i and Siehin newrly o had ! cencorey aea, taxonomists have heen
attempting to more clearly deline amd to separate them. Yot the
nunber of distinguishing cliavacteristies has boen roduced rathier (han
multiplied.  One by voe new species hayve been isolated which possess
nf Jeast one charaeteristiv that foruerly was believed ta be ehareter-
isthe fonr funse wddee aind at least one other that was believed to be ¢hine-
actevistic of Pickie. Redoetion in the number of diztinguishing
charactesistios has now reached the peint where Mrak o «f. (75) wdvo-
eate merger of the twe genera. Frarther considerations regarding the
relationship of Péckiv aoud Heanse nedee are presented on page 12,
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Descripriox ov Tig (GENUS

Hansenula Sydow, Aonn. Mycol. 17: 8, 1919, Type species,

H,ognomtin [ Hansony Sypdow,  Jhid,
Synunyms: Wit lhunsen, Zentlbl, . Baki, Parasiionk. Abi, T§, 12: 388,
16,
Huansenntn {1inasen) Svdow cmend, Sielling-Delkdoer, e spore-
gonen Tioten, oW, 1081,
Zugobuseitte Loddey, Zonil, 1 Dokt Puensitenk, A, 1L
861G, e
Nuamee for Budl Christhoe Fhatisen, the Gitler of Yonst taxonoiy.,
Yeausts which reprodice ascaenally crelusiody by budding. form 1 o
.; WSCOSPOICS U I dsens. aned axsimilale nitrabe. Heterogamie or iso-
gainic conjugation ol cells may oceur just previous to apmnl dion: or
'()il}ll"(llllill DIy oy during the e eOspores e germinaling,
thus giving rise to diploid aypotes which remain in the vegetative
stage unl i conditions favor sporadation. whereapon thev are eonverled
diveetly into aset without further conjugniion.  Ascospores ave hal-
shaped, hemispheroidal, Spturn-shaped o spheroidal, one to four
per asens,  True hyphne, preudohyphne, or no hypline may be formed.
Pellicles may or may net be Tormed, and sugavs nuy or may not
be fermented,
species of Fanscpda are conimondy found on or in trees, in soil, as
contatinnnls b industrial fermentations, and on il

KEYS T0 THE SPECIES

Some of the salient characteristices by which the species of the genns
are recognized are presented in table 2. Thie order of appewranes in
the tuble s believed (o correlate ¢ dosely with phylogenesie development
within the menus, For this veason, the deseriptions of the species will
follow in the sune order as the names Tu the table.  Supplementing
the table ix the sl dicholomons key Tor the convenience of the user,
The key is based on the ability or inability of species Lo assimilate
five selected enrhon sonrees, wrow i the absence of added viming,
and o produce true ov pseudohypliae,
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Tanue 2—Salient diagnostic characters of the species of Hanserada
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Raflinose 4
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4 ] Gineose
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H. canadensis...... . .
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- None.
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H. minut@. _..._ i
H. silvicola_ ... ceedol oo
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H.angusta. . ... ... _do...
H. subpellicidosa. .. do.__ .
H. jadinii odo, oo
H. schneggit ... ... .
H. anomala... ... .
. ciferris
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H. californica.. .. | Saturn.
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- loid,
© Mainly dip-
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!+ Means growth where it refers to assimilation, gas where it refers to fermentation; V means variable; — means no growth where
reference is to assimilation, no gas where reference is to fermentation.

Howmroldi. ... sodoL Lo
H.osaturnus. oo oo doo. ..

s I T o SR BUR TR M RS

o

FHOLIADIEDY J0 "Td3d *S "0 ‘6501 "ON NILATIOY TVOINHONS




TAXONOMY OF YRASTS 25

A DICHOTOMOUS KEY TO THE SPECIES

[Bised primarliy on shape of gseospores, ability (o asshinflute eavbohydrentes,
nud gbiltey {o grow ln & ehewiceily delined medinm ta which ne vitwuing have
boey added. ]

1. Ascospores hal-shaped or hemidspheroidnt;
A, Baflinose, rlunnose and alpha-methylghueaside not assimiinted,
Hunsepnty minitba nov, sp,
. alpha-methylgineoside nssimiinted ; ralnese nod vluiionose not assimillated,
1. Gulnetose assimilated Fransenalu sebnegpii (Weber) Dekkew,
2. Gulucetose oot assinibated Honsenide angusle oy, s,
O, dtaflinose and nlpho-methylglieoside asshmilsted ; vhamnoese not nssimilnted,
1, Iixterun] souvee of vitnming neb requived,
i eytheitol nssimilaied Hausenuts ayomala (lnnsen) Sydow.
b Bryibvitel not assimiluted flapsenida Judfidi nov, cotuly,
2. Kxternnl xource of vinmins required. Honsenala swbipeiticatogze Dedford,
T Hbrunnose et iphn-tet hyfgineosids pssbhni nied | rflinase not assinibated)?
1, Galnetose wsshalaiel . Henaewla gitricoly nov, sp.
2, Gobiclose nal assimitalod
o, Brevibeitol aseimbibded oo _o. oo . o flansepunly eqpsidatd Doy, sp.
b, Wryiheitol nob asshioiliied,
1) Myue hyphone produesd . Huheente beeltii nov. ecotub,
U2 Proe bipphne o produedl. Hunsentle eopadensiz 1oV, 5.
3, Hafthitose, rhmbose, sund alpba-iethylglueoside assielialed,
Hapsennin oiferrii laodidor,
i1, Awxrospores Raturoa-shnped, or sphereldal wilthont ring:
AL eainose nsshinlinded | ehmnnose wud aipiasthylzineostde pol assimilated.
Hneenafe siiveoiens (Kificloor) Dekkor,
i3, Rhmenose mssimitiated ) rofinese nad alpba-methyiglieoside nog asshintlated,
Hunsenuly mralii nov, sp.
', Tinflinose nued i pose assimibibed s alpha-metbylglucoside pot ussimilated,
Ihansenutn snfurnns (Rlicker] 8yxdow.
1, Lhnnase nnd alpla-moeiylgiveoside assindbited : reinose not assihmilatod,
Hangeistba cofifornica nov. cotb,

DESCRIPTIONS OF THE SPRECIES

Hansenula capsulata nov. sp.

Conjuggatio heterogainime nder colluing maternas ot earum pemmns, Pliel-
Pormy aseosorae oo 2 homogue asco,  Celluine vogedativee clllpsoldese
vel sphaoroldene, $0: 3 dg ad 3dpxdSe.  Drewdomyeslia ot vern mycelin defi-
clunt,  Porwantuy colonine uitkne ot mueidne,  Nitras, maltoson, trebintosum,
vhgmnosuny, cryvihrilolnm of alphe-methylglneosidun gpssimilnotar, af non galicto-
2ui, sterasui, tee rflinosum,  Gincoswu fortwenlatur of non goluctosim, nid-
tostm, suerosim, lrefgsum, nee rafilnosant, Vitaming oxtranea sunt necessaria
ned evosentinm,  Ixeladn ox tunioul levneam sub covtiee Piecue, Pial divericatae
EAE) Gords, Pini coldnetae ML, Pind fecdae L., Pini reshiosee Adt, ot Pini
ponderosue Doughis,

Wrom the Tatin, eapitiht, 1 igtie ease, md voferving {o the eapsalar material
sirrotnding the cells,

Conjugation is exclusively heferogamic and with fow exceptions
goeuts betwren mother cells and theie buds. ‘The mother vells are usu-
alty spheroidal but may be ellipsoidal; daughter eells ave spheroidal.
Ascl contain i maximum of two spores, :m_d the asel ruptnre soon witer
the spores are produced, The spores at thine of rupture are approxi-
mately 2.0 to 2.6p broad and L7g high. They are hat-shaped with a
thin, often downward turning brim. After liberation they tend to
remein chavacteristically brim-to-brim.  The pairs agglutinate in

Uihe pssimiintion of rhammose tmd aipli-mebhyleiveoside by Hansewale cap-
stlutu is sometimes wenk,
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large masses when produced abundantly. While still in the ascus,
the young spores are not especially refractive; have small, if any, oil
drops, and stain a uniform blue with malachite green. After the
spores arve liberated they become larger, veaching diameters of 3.5, to
3.Bp. The spores appenr ore refractive probably because of stored
fat, and the oil drops become Targer. The hat shape is maintained,
but the spores lose their ahility to retain the malachite green stuin,
Best sporulation is obtained on malt extract agar and malt extract-
yeast extract nﬁrm.‘.

Colonies on dalman plates are mucoid, glistening, large, white or
gray-white, convex, circular, and entire.  Colonies somelimes flow
slowly over the surfuce of the ugar when the plate is held vertieally.
Batyrous colony variants may ocenr after isolates have been cualti-
vated for some time on Inbovratory medin.

Cells from the edge of the dalman colony ocenr singly and in pairvs,
rarely also in small elusters.  Cells are spheroidal fo ellipsoidal,
0.0 X 1l to 3.4uX 3.8,

No hyphae ave formed in dalnan streale or spot eultures.

No pellicles wire Tormed on assimilution media.

This species always ussimilates niteake, glucose, maltose, cellobiose,
trehalose, melezitose, soluble siareh, xvlose, n-nrabinose, ribose. rham-
nose, glucosamine hydrochloride, ethyl aleoholy glycerel, evythritol,
adonitel, mamitel, sorbitel, alpha-methylglueoside, salicin, ealeium
2-ketogluconate. L6 sometimes weakly assimilates nileate, alpha-
methylglucoside, and rhammose. A positive color test for nitrite is
reaclily obtained. Pyruvate and n-nrvabinose give variable veactions.
Galactose, sorbose, sucrose, Inctose, melibiose, raflinose, nulin, dulci-
tol, potussium d-ketogluconate, potassinm sodinm saccharate, lzctate,
guceinate, eitvate, ethyl acetoavetate and inosilol are nol assimilated.

Only glucese is fermented, and the fermentation is slow. The in-
sert is nsually filled with gas ut 6 or 8§ days, bui bubbles of gas are
seldom observed rising throngh the mediom.

Added vitamins are vequired,

Isfers are not produced.

Gelabin is liqueiied to o maximum depth of 5 mm,

There is8 no growth or very little growth in the osmotic pressure
medium.

All straing 1solated from trees loented in Mississippt and Cali-
fornia grow at 37° C., bui- euly one of the strains from (anada grows
nt that temperature. This strain is exceptional in other characteris-
tics which arve mentioned subsequently.

Six strains were isolated from the tunnels of larvae in jacl pine
(Pins divaricate) and spruce (Pieeq sp.) af Wabatongushi Lake
approximately 16 kilometers north of Franz, Ontario, Cen., during
the fall of 1949. Tive strains were isolaied from similar material in
short leaf (Pinus ecliinata) and loblolly (Pinus taeda) pines at Piney
Woods, Mississippi, during the winier of 194980, Three strains were
isolated from yellow (Pinus ponderesa) pines in the mountains of
Santa Barbara County, Calif,, in 1950. Strain NRRIL Y-1842, iso-
lated From. Canadian frass, 1s designated as the type.

One strain of Hunsenule cupsuletn NRRT: Y-1889 merits special
interest. It was isolated from Trass of aoved pine, the sume tree which
yielded the new species canadensis, 1t is diflerent from all other
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Canadian strains of the speeies—growing at 37¢ C., assimilating lac-
tose latently (the only Hensenule now known which attacks this
sugar), and having an interesting mode of conjugation between inde-
pendent cells.  About half of the conjugations are the usual mother-
daughter type, but the vemainder are between large spheroidal celis
which conjugate with smaller, usually ellipsoidal cells, each beuring
very small bud on one end.  The bud fusxes directly with the lirge
coll or with & short conjugation tube produced by the larae cell. The
nucteus of the smaller cell passes through its bud and on into the
large cell where the uscospores are produced,

Lxeept tor the properties noted above, strain NRRE Y1889 is char-
acteristic of the species.

Hansenula beckii {Beclk) nov. comb.

Bynonyms:

Endompres bispares Deck, Ann. Myeol, U3 219, 1009,

Endompeupyds bdisporus (3cck) Dekiler, §lie sporogenen Hefea. o 204,
1931,

Thp éi'nnsl’vr of this species (o Hensennla necessifates a ehange in pume beenuse
Nanuizzi { Repectorie sistematico del micesi dell ‘uomo ¢ degli apimaldi, *Urait.
micopitol. mnand, CLopo 134, LU ) applied che niune Honscrade Disporus to o
species proeviousiy deseribed by Mattlet 1Ann soe, bolge nadd, trop. 6: 320 1956,
under the nnmoe Witlia bispora,

This yeast is renamed for Olga Beek, discoversr of thie specics.

No ascospores were obtained on any of the media used in sporrlation
testy.  Beck (¢} observed hat-shaped ascospores.  She reported that
all of the asel are formed “parthenogenetically,” which is interpreted
to mean that the vegetative cells of the species are diploid.

Colonies on dalmuu plates ave weakly glisteniug; flatly conienl;
smaooth near the edge but rugose. convoluted, or papiflate in the cen-
ter: and filamentous.  Colls at edge of the dalmuau colony are ollip-
sotdal to eylindrowdal, with a few cells in the shape of peanne lwolls,
Hyplal segnents ave present,  Cells generally oceur singly or in
paies, 1L.7a X 2.6p to £3uX 13.6,,

There ave abunduntl serobie and wunaerobic hyphae in the dalman
streaks.  True hyphae predominate and are commonty 5 to 8 mum, long
in the anuerobic portion, with average ratio of 168 954 for four of the
longest £1p eells to the corresponding adjacent cells. These measure-
ments Indicate highly developed true hyphae. Fhe hyphae branch
to a slight degree and the few sphevoidal and ellipsoidal blastospores
they bear are sitnuted mainly in small groups at the tips of short side
branchies.  Nometimes numerous vegetative cells in the shape of
peanut hullsare found.  The dalman spot shows abundant trae hyphae
and many peannt-shaped cells. .

No pelliclex are formed on assimilation media.

Test compounds assimilated are nitrate. glucose, maltose, sucrose,
cetlubiose, trehaloge. welezitose, xylose. L-arabinose, o-ribose. rlinm-
noze, cthyl nleohol. glyeeroll adonitol, mannitol. sorbitol. alpha-
methylglucoside, salicin, potassium gluconate, and pyruvie. lactic,
sueeinie, and eitrie acids test compounds not assimilated are galactose,
sorbose, lactose, melibiose, raflinose. inulin, soluble starch, p-arabinose,
glucosamine, erythritél. duleitnl, calvinm 2-ketogiuconate. potassium
5-ketogluconate, potassium sodium sacchiarate, ethyl acetoacetute, and
inositol.

Added vitamins are required.



http:aulli7.zi

28 THCHNICAL BULLETIN NO. 1029, U. 8. DEPT, OF AGRICULTURE

A faint, sweet odor wnay be present, but typical esters arve not
produced,

(ielatin is not liquelicd.

There is no growth in the osmotic pressure medinm.

Growth does not occur at 37° C.

Stranin NRRL Y-1482, originally isolated by Beck from a species
of wood beetle inhiabiting spruce burk, is the only strain of this species
in the NRRL collection.

Hansenula canadensis nov, sp.

Formunior agel ex bransformatiooe celbidaring vegetadivaram diploidenran,
Pliellormae nseogpore ad 2 in quogue aseo,  Collule vegefativao eyiiicdroidens,
T exdads e BipxO08e.  Vors myectin deficiunt,  Wormanior eolonine glabrae,
pee mncidae, NHras, mmllosin, saevesany, Orebnlosut, vlunnnesuni, ot nlphs-
methylglueosidum axshmilanber, of nen golactesm, reffinosuny, nee crythiitalum,
Gluegsmn, gabaciosum, mnliosuo, suevesum, Betosann ef mflivosum non sent
fermentatur,  Pormnine esterne, Nocessarine ad erescontinm sant vilaminae
externe,  Isodntn ex entdeulls lnrvaram sulr cortieo Pinf resinosae AL

This spocies is nnwed for Ciomdda, the country from which {he lirst sienin was
oblalnmi

Asei are formed exelugively Trom diploid vegetative celis,  Fueh
aseus containg a maxinem of bwo hal-shaped ascospores which are
Hberated from the ascus when they are mature. The mujority of
spores ave hat-shaped with o promivent and nearly fat brim. How-
ever, zome spores are hroadly elfipsoidal to spheroidal, having a subse-

uatorial ring that is thin and fnrns downward,  The nscospores vavy
from 3.0 to 8.3p in dinmeter.  Wree spores ocenr singly and in small
groups, and the almost exclusively brim-to-briin pairing, so chavacter-
istic of Hansenda capseinta, 1s not found in 7. eanadensis, 'The
aseospores remain acid-Fast alter they escape from the asens. Good
sporulntion ocenrs on malt extrae! agar.

Colonies on dalmaw plates ave smoolh, wealdy glislening, fiatly
conieal, nud without byphae.  Cells Trom (he edge of the colony veeur
singdy, in pairssand mosmall geoups. The cells ave predommuntly
ellipsoidnl, LY > debp to 31p X682, Some show budding on a broad
base,

Na hyphae arve prodoced in the nerobic seclion of The dolnmu streak,
but under the coverglass many hyphae are formed. They are approxi-
nulely 3 mm. long, are exclusively psendohyphae, and bear chains
ot blastospores.  The blastospores ave ellipsoidal to shightly elavate
in shape and are abont Su long, The tip cells of the hiyphae and their
adjacent cells vary from 9 lo 124 in length.

Blastospores are so abundantly produced in the spot daiman culinres
that they are packed solidly areund the psendohy phae,

Viey thinmat pellicles ave tormed on medin nsed in the asstnilation
tests,

This strain assimilates nitrate. maltose, sucrose. cellobiose {relin-
lose, melezilose, xylose, rhamnose, elhyl aleohol, glycerol, mannitol,
sorbifol, alpha-methylglucoside, sadicin, potassinm gluconate, pyru-
vate, lactate, succinate, and citvate,  Its action on rallinese, adonitol,
and ethyl acetoncetate is very weak. The other compounds used in
the assimilation fests ave neot assimilated.

No sugars nre fermented,

Added vitaming ave reguired,

Esters are produced.
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Gelntin is not liquefied.

There is no growth in the osmotic pressnre medium.

Growth ocears at 37° (.

Heansonula ewnadensis is more closely velated to . beekit than to
any other speeies deseribed, yeot these twe may be distinguished by
the Toellowing charactevistios, f7. heekii does not prow at 37° (0,
neither dees it produes esters, but J1. eanidensis dovs both,  The
greatest difference is in the type of hyphae they produce.  f1. beckii
lorths the longest hyphae of any species in the genus, and the tip
cells vary from 140p to 200 in length, whereas the fip cells of I,
eedvtelo s even in ospot cultuves, where they are longest. do not
exceet] 2.

Strain NRRT Y-1s88 is b present Uhe only strain o the collection.
It was isoluted froms [rass of a ved pine, Paius resinosa At located
i the Algoma District of Ontario, The (ree had been kilied by
five in June IS and was subsequently heavily attacked by bark
heetles and wood borers,  Hansenula canadensis was isolated 1 1950
from lrass made available by Drs JJ0 WL Cameron and M, L. Prebble
of the Forest Inseet Laboratory. Nuudt Ste. Marie. Ontario.
Hansenwnla minuta noy, sp.

Canjugntio heterogamion Inter collidns maternns et enrum gennuus,  Pilei-
formae gsewsporie wd - in quogue aseo,  Collalae vopetativie spimecoidese, 14g
wd Bhe dinon Pseodemyes!in of veen myeelin deficinne, Formastur coloniae
giabeae wl oitidue, Interdum sobmpcidae,  Trehatosnm ef sitras assimilantur
1t onen gnlaetosion, malioswit, soerostian, ralbnoesant, cleasnosaia, erstheilolim,
nee alphu-methivigineosidimg, Glucwsatn fermentatuy 31 not dalncerosan, malio-
sune Snerosty,  Jgetosum, nee estlithosnne Neepssarine ad erescentimm sant
vilaming externne. Iselata ox fonmnentantibus fungis, Hyceng Parg Fries.

From the Latlu, mindfr, moeinlng small, nad referrving (o the dimensions of
the vells,

Heterogamie conjugntion oecurs, apparently exclusively between
mother cells and their buds, The duughter cells are spheroidal,
wnusually suadly, mewsuring 1.0g to 1.2, whereas the mother cells
rungge Trom Bebe to 3.9x The conneclion hetween the conjugants re-
muins narrow. sl usually contain (wo spores per ascus, sometimes
three or four, and they rupture upon the matwraiion of spores.
Rpores are predominantly hat-shaped with thin, narvew, downward-
trning brims: same arve apparently hemispheroidal without appar-
ent brims. Spores vary from 12X L0g fo Lep X224 Spores are
stained to modevate intensity by malachite green.  Best sporulation
oecwrs on st exteact and on malt extret-veas{ extraet agar slants.

Colonies on dalman plates are small, swmooth, highly glistening,
submneoid, convex, and without hyphae.  Colonies producing a pink
sohuble pigment are ocensionadly enconntered,  There 15 1l 0 mucoid
varint of this steain, AN variants have the same sporulation and
biochemica! properties as the pavent strain,

Cells from the edge of the dalimnu colony are spheroidal, avranged
singly and in pairs, with the wall somewhat indistinet owing to the
presence of capsular naterid, Celis range from Ldp to 43z in
dinmeter.

by streak and spol dulman cultures 2o hyphae are formed.

No rings or pellicles are Tormed on assimilation media.

This strain always assimilates nitrate, glucose. cellobiose, trehalose,
xylose, ribose, glycerol, udonitol, mannitol, sorbitol, salicin, and pyru-
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vie acid. Tt is vavinble or very wenlo in is assimiinlion of sorbose.
ethyl aleohol, potassinm gluconate, and lactiv, guccinie, and eltric
acids,  The remaining test substanees are not utilized.

Only glucose is Termented. "The fermentation is rather slow in
stnrting Dut always {ills the insert with gas in 6 (0 12 days,

Adlded vitaming are requived.

Histers ave not produced.

There &= no growlh in the ostotic pressure medium, nor al 37" (8

Gelatin is soltened to @ depth of I num, so that it flows slowly when
the tube is fipped,

Strain N l!I{L Yei11 is the only representative of this species in
the NRRL collection. L was obtained from A, T, Henriel who
wsolaied  From fermenting mushvooms { M pecna prere Bries) 11 was
received nnder the desigmation “Sueclarom oo SHE”

Zikes (/43) in 10466 dmoluted Trom soil o veast, Willin wichmunni,
which is known ondy from the orviginat eulture, now lost, “The de-
seription indieates that i may be ¢ losely reluted to Hansennda mivnla
because of the veported muneoid character of (he colonies and the re-
stricted ability fo asstmilate sugars, s stated inability (o ferment
sugrars presumably would indicate that il is more primitive than
M. eapsututa,

Zikes further deseribed this species ns having hat—haped spoves,
andd as asstilating ghicose bt nol galactose, mattuse, suerose, lncrose,
raflinese, inulin, or dextein, B (il aeetate was produced. Pellielos
were Tormed on lgnid mediac Cells From (he sediment in wort
wore polymorphic, du to e long e in the pellicie the celly were Gpdo Jug
o, Iis action on niteate was not determined.

Willie wickmanni is not transferred fo e aenns nor inelnded in
the key or in the table of salient charneteristios beeannse the complete
reactions cannet be given, and beese reasonnble donbt regaeding
its generie pleement nuast remnin until 3@ bhas been reisolated from
nature and its action on nirie determined.

Hansenula silvicola nov. sp. .

Conjugttio heternsmamice, PHeilormae  aseosporae sd 3 la quogue  aseo,
Bhrstosporae elfipsoideae vel exlindeoideac, plermpgae catennlstse, ox eelindis
pretdomyestil aar verd myeclii gemmnntes. Vegetativae eellndae oifipsiddene
vel evilndriene, Tolp 3 20 od 305 X Séz. Formotnlue colonine glabrae,
nifidie, <ine hyphis,  Pellicu)a toniissting fomanture soper edia Hguida,
Gulvloswn, maltesun, sucvaspm,  (rebalosung, chamonsum, oipha-methy b
cosidnm of nitras assinilimier, A nen enifnosom wee ovvihritolmn, Gliceosim
e gaimedorn ferprenid ne ab non oSyl seerosm, Bedostin, nee raflinosgm,
Negessavhe ad erescontinm suot viBimisn exXwernne, Isolntd ox gunemi Prawi
serelinge Eheh.

The e is thken from the Lotin, gitriesln, no inhoabitant of e woods,

Admost all asci vesuli from beterogiumic eonjugation.  The smaller
cell of the pair is nearly alwavs a daughter cell. ‘The channel be-
tween the two cells usually becomes quriv witde, .\ very lew asel are
tormed directly from tilpteui cells and therelore show ne evidence
of conjugalion, The asei rapture at madurity, freeing up lo fonr
hat-shaped spores each,  The brim is thin, sometimes turned down-
ward, and aecasionally apnenrs {6 be missing. The spores stain mod-
erntely strong with malachile green. Spurulation is best en V-§
slants and carvol.
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Colonies on dulmau plates ave ghstening, smooth, civenlar, {lat to
conienl, and without hyphae.  Growth onmalt extract-yenst extract
agar is somewhul mucoid in appearance,

Cells Trom the edge of the dalman colony are ellipsoidal and cytin-
droidal, occwrring singly, in pairs nod threes, There is oceastonal
budding on a broad base.  Fyphal seements are seldom seen.  Cells
range from Ldp X 2 0p Lo 3dg X S

Hansenula silvieola usundly produces no Tiyphae acrobieaily, and
only a few under the coverglass in the dalmna streaks.  These range
up Lo fip Ocensionally, true hyplae are present, ns shown by ratios
of the lenuth of the tip eells to The adjavent cells in three hyphae;
Blps2bpe S8p e, and 34pc22e At ofher times, the hyphae ave
almost exclusively pseudohyphae. Most of the hyphae produce large
numbers of short eylindvical to ellipsoidal blastospores measuring
dp 1o T long. The blastospores are wrranged in chaing which form
clusters at the sepla, or they may be densely pacled all wlong the
hypha. The ehains of blustospores vary in length From about 3 to
26 cells,  Seme Liyphae have fow or no hlastospores.

Oecastonally no hyphae are formed in dilman spots. When they
are fornwed, they appear tn lneger ninnbers gend bear llt'\\‘(‘!' blastospores
than i the dalimau streak,

Very thin pellicles are formed on assimilntion medin.

Hanscnulu sl vicolu assimilates nitrate, glucose, grlaciose, sorhose,
maltose, suerose, eellobiose. trebalose. xylose, trarabinose, ribose.
rhamnose, cthyl aleohol, glveerel, adonital, sorbitol, alpha-methyl-
phucoside, wibicing potassinm gluconate, wnd pyruvie, suceinie, and
cierie acid. Variable reactions oceur in melezitose, mannitol, and
Jactic aeid. 1t atineks none of the other compomnds.

Glueose i Dmmedintely and strongly fermented.  Gulactose is
latently fermented, and the insert is completely flled with gas within
12 40 16 days after inoculation,

Vitamins must he added to synthetie media to obtain growtl.

A wweet, Truity odor is produced, bt not the (ypical esier odor
ustially ussociated with (e genas Hunsemidn,

Gelatin is not liguefied,

There is po gronth in the osmotic pressure medimm,  Kither rapul
or latont growth may oceur at 37 (L

Fhiee strains have heen isolnted from gnns of wild cherry. Prenus
serofing Khreho The freex were toeated a1 maximum of 13 Kilomelers
apart at Peorinc L Steain NRREL Y-1878 is desiguated as the typo,
Hansenula angusta nov. sp.

The Latin deseription of This species will e pabiished by BLE TTadl gnd
Barothen 3, Temmiisson.

From e Lo, aegisiiy, menning isirrow, i relorvinge to the brim an the
Bt sl pend nsenspores,

Conjuaation is predominantly botween mother cells and their huds
The mother cel s nsually sphevoidal bl somet imes ellipsoidal, and
the daughier cells wre spheroidal. Heteroganic conjugation belween
unrefaled cells s fonnd yvery infrequentiy, nnd sogamic conjnantion
1§ enconntered even more ravely, The diroet conversion of dipleid
vegetadive cells o asel is commun, The dipleid cells sporulate more
vaprdly than the haplold cells: thus, on walt extract-yeast extract

Mavsy il B
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agar after 4 days of incubation about half of the intact asei show no
conjugation, but at 24 days nearly all of the iniact asei show conju-
gation.  Theasei formed from diploid eelis sometimes develop a thick
double wall before the spores are produced, and (be ouler wall ocen-
sionally may be seen in the process of being shed. Most asel rup-
Lure ag soon as the spores nre muture.  The spores are hemispheroidal,
Occasionnlly u spore with a fairly broad brim ix fowmd, but usuaily
the brim is so reduced that the spores are suggestive of those Tound in
the genus Pickia Hansen.  Spores vary in size trom i ¥ Lidg fo
2.6p X 170, They statn o untform Jight Dlue with malachite green.
Sporulntion s most abunedant ou nialf oxt ract agar,

Colonies on dalman plates sre vather smzll, It yrons. glistening,
and show faint mdial styiations.  Frequently older volonies on yeast
extrael-malt extenet age have a pink i,

Cells from the edge of the datmau eolony occur matnly as single eells,
are spheroidal. mad the Targer ones have thicker cell walls, They vary
in size Trom Q.24 (o 5.2

No hyphue ave formed in daloun streak or spot enltures,

No pellicies are Tormed on assimilution media.

This species alwnys assimilafes nitrate, ghueose, maltose, sHerose,
trehalose, melezitose, xylove. p-arabinowe, piliose, ethvl aleohol. glyeerol,
ervthritel, adonital, mannitol, sorbitol, alpha-methyllucoside. pyra-
vate, suceinate, and clivate,  Alphu-methyleiveostde is assimilated
lntently. Sorbose is Intenfly assimilited or not assimiilated af all,
Compounds which are not assimilated ave walactose, collobiose, Inetose,
melibiose, raflinose. inulin, solible stuvel, L-arabinase, humnose, glueo-
samine hydrachloride, dulettel, salicin, potassium gluconate, ealeiinm
2-ketogduconnte, potassivm S-ketogluconate, potassiunm sedinm sae-
charate, sodium lactate, ethyl acetoacetate. and inositol,

Only glucose is formented, and the Termentation is rather weak,

Added vitansins ave required.

Baters ave nol produced,

Gelatin is soltened Lo a depth of 1 to 2 mm. and flows sTowly,

Growth is gond at 379 €, and there i moderate growth in the
osmotie pressure medinm, _

Only one strain of Hunsemudecangusta. NRRL Y- 1798, i now in the
colleetion, nid 13 designated as the type. This species was isolated
in 1811 by Iarlow 15 TIndl and Derothea J. Teunsson from spoiled
concentraled orange juice made from nranges grown Tu Florda.
Hansenula subpelliculosa Bedford, Mycologia 31: 636, 1012,

From the Latin, sib, toss; poliicafu, o thin skin,

The ascigerous vegerutive cells of /7, subprlliowluse ave considered
as heing diploid, although extremely rare cases of hiclerogamic conju-
gation are pbserved.  The ascospores for the most part ave hat-shaped
with a thick. prominent. and usually flat brim.  In some strains
spherical and broadly eliptical ascosporesirve also geon,  They possess
a ring which nmy be thin and downward curving, attached subequa-
tortally ; or the ring may be thick and attnched subequatorially to
tangentially.  One to four spores ave formed in aset which commonly
rupture at maturity.  Best sporulation is on carrot plags and mait
extruel sgar,
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Colony on dadmau plate is smooth, glistening, and usually witheut
hyphae. Cells at the edge of the colony ocenr singly and in pairs,
are ellipeoidadand range from 20p 8.0 60 12p % o0,

I the dalmane streak, Wy phae way be present or abeent hoth pero-
Bieally and anaerobienlly.  The hyphae underneath the voverglass
reach w maximum lepgth of 1.2 sy in some ~truins, Usunlly true
hyphae of 2 dow degree of developaent sre presont, and these show
costrictions in the tip eells previous to the formation of <epta. Such
by phgse wee brond nd the sepa distinet. The tip cells averngee about
st and the corresponding adjacent celis v orsge whont B2p. The (ip
celis contain dense protaplen bt the remainder of the hyphae are
hihly vaenolated,  Sonm <trains prodiee peeitdohyplhine exclusively.
Steaivs which produee hyphae almadantly shos velatively fow blasto-
sporcs becanse of tie Tos oxvaen tension enused by the heavy rrowit,
Steabes 3o which hyphae e more isalated waanlly form blusiospores
mabusdines, Fhe blastospores aee otlipsoidal and shorl exvlindroidal,
and oveur stngly wd i el np o elelit ae more collx in leneth,
En the dalneor spot the number of hephae varies from none to Y.

Pellicles ave thin or entively Treking,

Aol the steins stodicd a=~imidae milratoe, erhnieese, mnHose, sterose,
trebalose,  vaflinose, ethyl aloohol, glyeorol, crviiiritol. mannitol,
vorbutol, adphaauctiy rhueoside, salivin, polassiton gluconate, and
pyvivie. Jaeties suectnie, and citele aells, They wsially assimilate
adactose, xylose, ribose, and adonitol, Approximatels half of the
~trndns assimidate ecllobiose, welezitose, aid ~olable stareh ' and s
eraliv. but not alway~ o steain which wtibzes one of these thyee con-
petnsts abso ntilizes the other two.  Learabinose is seldom assimilafed.
Noostenin assimilates sorhose, laetose, melibiose, fnaling parabinese,
thamnose,  duleital, enlelnm 2 ketoghwonate, putissinm A-keto-
glwermate, potassin sodiom saceharie, ethyl acetuacelate, or
ino~itnl.

tidueose, sierome and ane-thind part of wiflinose are (ermeniod,
Maltose = either mot fermented or forment od very weankly,  Galnetose
and Tuetave nre not ferented,

Hetrse ol subpr Hividosa cannot always e differentinted Trom Lhe
whistening colony (e of 7. anemeda by assinilation or fermentation
renctions. but the two speeles can always be reidtly differentinted by
vitnin eosrivenients, sk Aieidlose will nob orow o vitamin.
delicient waedivm wheveus 10 anomali does. Usnally 77, s pot-
Loeadownt prostiic e trne by pluwe which enn be poacdily distingui=hed from
the pretdohyphae produced by . wnomnida,

Katers sre prodineed,

Ceelatin b Jiguelied by <ome strain-. 1o g tonsanom depth of ahout
i,

Exceptionally good srowth ovenes in the ostnoetie presste imedium,
Growth ovenes ad 37 (%

Bedford 173 solined severn] stenins From sonrees having hich
osmofic pessure, siueh s concent raded sugar-ege mxtire, dried prunes,
ad geape juice, Fichells and Bell (20 obtained many strains from
cucinnber hrines whicls contained 10 (o 15 pereent of <ah by weight,

Thivty-five strains have been studied.  Stnin NRRL Y=1683 s
[ypical,
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Nowvsporagenous stesing of this species wre ocengionally encountered.
An exnmple 18 NRRI: Y-1006, a steain used for the preparation of
SOV SHuce.

Hansenula jadinii nov, comb.
Synounym:
Saeeharompecs fudinl Sieetovy of al,, Congd, vemd, aead, sel,, 194 71088,
162,

Namm! for rofessor Joadin, of (he Taeully of phormaey, Strashourg.

Ascigerous vegetative cells may be entively diploid, us indieated by
the absence nfconju_t_r.ti ion in the asei.  Ascospores are hal-shaped with
a broad and faivky thick beim., TUsually there are four spores per aseus,
and the nset may et raplure on maturation.  Spores have been ob-
tained anly on cuctonber and carrolr wedges, nnd only in smadl nunmbers.
If sparulation were more sbundant, H()!ilt‘]l.l])l()l(i cells might be found
which would conjugaie.

Colony en dalmau plale is lavge, smooth, glistening, and withont
hyphae. Cells at the edge of the eolony oveur singly, i in pm . and
a few wre i chainsg ilw are ellipseidal and (‘lu"ll(‘, Sl 28 to
Bk X8Gp,

The daimay strealt shows in some areas pseudohyphae up to 27t
in length. The hiyphae branch profusely and bear enly a few chains
of vihpamd‘ll and evlindroidad blastospores.  The blustospores are

vather poorly differeutiated from the hyphal cells. Tip cells of the
h}';!h:lca\'omgo about e, the adjaeent cells averape about 11, There
are 0o true hyphare. T gome aveas there sre no pseudohyphae, only
chaing of blastospores,

No pellicles arve formed on the assimilation test media,

This species nsshuilates niteate, plucose, matlose, sucrose, celiobiose,
trehalose, raflinose. melezitose, inulin, xyiese, ethyl aleohol, glyeerol,
mannitol, sorbitol, alpha-methylglucoside, salicin, potassium gluco-
nate. amd pyruvie, laetic, swecinie, and eitvic ac ids, and cethyl
acetoncelale. Ti does not assimilate the other compounds.

(Glucose. suerose. and one-third part of raflinose are Termentesd. but
the Termentations are rather weals,

Added vitmmins are nol reguired.

Bsters are produced.

Gelatin 1s not liguefied.

There is no growth in the osmotic pressure medium.  Good growth
occurs at 37° .

Hupse il jodindi, strain NRRL Y-1542, was isolated along with
a staphylococcus from pus from o human abscess. Sartory ef al,
(88) reported that intercardine inoculation of this yeast into guinea
pigs led (o their death in 5 to 7 months, The veast was recovered from
numerous fesions i had caused. This steain was obtained from the
Centrantburean in 19475 the Centraalburean received it from Sariory.

Hansenula schneggii (“ cbery Dekker, Die sporogenen Iefen., p.
32, 1981,

Synonuym;
Wittin schneggil Woebor, Dlochem, Z 120 208, 1622,
Nimsned For (he dnie Hans Sehibegne who §s Known best for bis publieations on
e techoient aspeets of brewlng,
Weber observed only o very Tow hat-shaped ascospores, and these
were found ouly on media conluining sucrose, Neither Stelling-Dele-
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ker (97) nor Bedlord (7) obtnined aseospores.  he nuthor has sti-
templed to obtain agcospores on suerose and raflinose media and in
filter-s(erilized beer, as well as on the usnal sporulation media, hut
without stceess,

The dabman colony is mat. white, powders. radinlly rugoese, and
without hyphae.  Cells from the cdie of the colany ocenr singly, in
paies, and in <hort ehaing. They sre eviindroidal and ellipsoidal,
Sl Bt to 520 K0

Underneath ihe coverglass in the dalmau streals, abundant. highly
branehed pseudohyphae arve produced swhich bear numerons splwroidatl
and ellipsoidal blastospores. The hyphae are nhout 15 mm, Tong, wigh
the first and seeand eells of the hyphal tip~ ahour 10 longr,

White. folded pellicles wre Tormod on nestmilintion media,

Hanseonla sehue grii asdimilaies niteate, vhicose, galnetose, maltose,
sterase, eellobiose, trebalose, melezitose, soluble stareh. xviose. 1bose.
ethyi aleohol, wyeerol. ervihirital, mannitol. sarbitol, alpha-methyl-
glavoside, salicin, ghwonnde, pyravate, tetate, sneeinate and eltrie.
Adoenjtol is assimilated weakls or pol at all. The other componiids
used in the tests ave not assiniilated.

This species ferments ghico e and makiose < ronaly, and suerose
lntently. but does not ferment galactose or raflinose. Bed ford {7
Lound 1t to produce a weals formoniation of gnlactose,

Added vitaming are not requived.

Tsiers are produced.

(ielatin is not liguefied,

There is weak or moderate growth in the osmotic prossure mediom
but no crowth at 37° ¢,

Hanscndu sehne ggii is represenied hy o single strain, Y. 9103,

Weber did not state the sonree fram which 77, sedease gperdi was isolaled,

Hansenula anomala {Flansen) Sydow, Ann. Mycol. 17: 44, 1919,

BNHONOY s
MNuechuromprey onmnatys ansen, Ann. de srereerplic 3 -07. 141,
Witha anemsta Ylansen, Zoatl, 1. Dok, Pnen=itenk, AbL 81 12 S0 1004,
Willos cudessu Woebor, Dioehem, %, 120 208, 19
Willin productiere (HelJovitek} Berkbunt, i sehinmnelgesitehion Maonilia,
Fidiun, Ouspora, ow Porele,  Dissorintion,  Pireent, [ M LU
Endeampiecs muargnritae Zowder, Boll, soe. botan, Gongn (U e A Ll
Htoese utitee snepberfie e, Fortgn Dekker, Dip sporogenen Hefen, o35, 1931,
T nutn annmads v, prodeetive fhvijerineky Deltker, 2bid,, p, 427.
Hounxt Ritky uncmala cnv, robusta i Wkicer, Juid., o, dih
Hewsenmln juranice (Grovnowege ) Plekkor, Hhid., 1 420
Huwsennla niven Castelli, Svech, Mikrohjol o @ oS, [HS
Hupsenwln penis Casiolll, Thid., j, ao,
Nuecltarsingeo s gecebesaechart Fabinn and 0L Zentbl, F. Bk, agnsitond,
RYE SN § S ST RN K T MU
Hanse hule wtemaka vor. iz teromorpha Bedford, Myeofogin 51 GG 1454,
Hansenute Mbien GKulfernthy Diekker, g9 eseribe) by Bedled i Myeo-
PR R E T it O I Y 52
UProlushic syhonyims:
Suechurampes s oedtuethpliens Boijorinek, Youbl, 1. Baki. Parvasiienk. Abt,
11170, 1\,
Wiltie bisporn Muider, Ann. soe helge . frop. B 32 192G,
Heuwscnnbe bisporn (Muttiot) Naonizzi, Trati. miieiputol, nmnan 4 154,
(HAEN
From the Greoek, anomaluy, different From ordinary,
The speeies name was particuladly approprinte at the time Fansen
placed this yeast in the genus Saeckaromyecs, hut when it was made
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the type for hix new genus Willia, the epithet beeante definHely in-
appropriate.  However. on logienl as well ax an istorieal promuds,
Hunsenule gnomale appears 1o be the best species {o vepresent the
gonus,

Conjngation oreurs af {he iime ascospores gerntinate, and ne eonju-
mation oceues binuiediately precediog the formution of asel, s
rapture as The aseaspores mature, exeepl in some s{rains having cells
largre onongh fo sagily sccommodaie the malire pores. \scospores
ape hat-shaped, nzually with o thick beinn Spores stain moderately
strong whb wmalachife green. Best spornlation is obtained on V-8
shants and carrot plugs.

Colonies of the differcaf strains vary grently I appearanee when
eultivated on mndf exteer-vens extraet s mnd on other =ofid mwedia
conuuondy used in the i=aletion of venstss Not infrequeatly, isolates
Trom sahstrales yndercoing lormentation pradoee highly glisening,
smoolh colopies,  Strnins tolated from sal wsanlly form . pow-
dery white colonies which ny be siontlys or cugose, A dogrees of
transttton are Tound befween highly ghistening and powdery mat
extremes,  In addition, omterviform, convsely convoluted, and other
rare shapes iy appear,

Yiomologons mal and glistening forms usually have approximaiely
equivaient physiotogiend avtivities from w guatitative, though not from
a quuentiafive staudpoint. Fabian and Wiekerhan (293 fonnd that
the glistening types prodiueed sdecidediy more aleshol than ihe corve-
sponding mat types. The anthor believes the sat type reprosents uo
adaptiation fo aerobic conditions, the glistening type an adaptation to
fermentaiive eonulitions,  Bath forms il vecently isoluted froun nahue,
will sporudates bit of fwo homologos pairs which the suthor has hiad
in endture for 15 vears, the fwo glistening Torms s spornbide abon-
dantly, wherens the fwo mat forms Trom which they were derived
gporubile very poorly,

The range of varinbion in colony appearances encountered on the
synthetie medinm used Jor the daluan prepueations is muely less than
oceurs on malt extracteyveast extraet agar. Stmins which form erateni-
form or convolited mat colonies on the fatier nedivm usuadly forn the
typical eonieal nint calonios on the synthetic medium, and the drains
which produce highly alistening colopies on malt extraet-yvesst extract
agar produce nmt o, al mosts only slightly glistening colonies on
dujinian plades,

Celle from the edge of the dabmau colony viary preatly in size and
shape within speeifie strajoss vod also from st Fatie o stetin, Somw
form spheroidal amd broadly elitpsoldal eells yvarying from 202 26,
to 8p X B2p Others produce predomivantly eylindroidad eells vary-
ing from 20pX43p to BdpXWip. These dinwnsions show g wide
ange of cell shape and size. The vells ocenr singly, in pairs, or in
chuins,

Ne true hyphac ave formed in dalman streak and spol_ealtures, but
most struins predduce from a fow to abundant prendohyphae. Ravely,
siraing are found which produce @ very few sepla.  Forms charae-
terized by ghistening colonies produece fewer hyphae than the mat
forms, and the difference is generaily vory murvked.  Hyphue usnally
vary in lengeh from 0.5 (o 10 mua. but may veach o dength of 5 nm,
"Fip and adjucent cells may reach approximately equal lengths varying
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From S« fo 20 bt ocensicially peach S50a in these stimins with the
grentest hyphal !li‘\'l‘lilll‘iiht'hl. Tl hivpline are often highly branched
aaed heste Tew or iy Dlastospores, Those nay ke <hort eviindroidat,
cHipoidal, -plu-1nni al. or ovoidal, with one o1 were shipes preseat
freat ~dngde sleain,

Pellicle Tormation ranges frony very thin or beking in some ~trains
which produce glistening rolonies on agar needis, Lo very prosiinent,
white, mat. fobded pellicles fn stenins praducinge powders, white, mat
colonivs waeder sl condition=, The powdery. white sarface fayer
of sueh maf coronies cormist of celle which resiat werthur, and nay be
Qeaeterd free af the colonies by wentdy poariog water inte the pogei dish,
Throsighout tis gerns, B ds genernd v trae that the thivker the Tayor
whielr ean Be Bosted From the solony, the thivker will be the pellicie
1) :lfll!’ti ecdin,

A srraies assimilate piteate, ginease, maltome sierose, ecllobiow,
teeltalose, eatfinowe, meleziioss, soluble <tarch, ethyl aleohol, clyeeral,
erythiritol, mannitol. sevhital, dpha metdosdadivroside, salicin, and
pyoavie, letie, secinde, i eitese neids,  Admost alway< assimilatesd
are malactime aind xytose. Panadly a-hoilnedare ribose, srdonitel el
potissiwn sloeoide. woarabiose waaadly s net assimilais]. Cone
popuds not asicilated  are sovbeee,  lerese, melibjose,  inuldin,
rettahinose, rhampose, shacosamine, daleitol ealeium g-ketosineonate,
potassitim o-hetogineonate, potassitan =adiwm saeeharate, sthyl avero-
acelute, and inosited,

Glavese mind sterose ave alway= formented. Madtoze i almost at-
way~ [ermented, thongh often wenkly, and on extremely sve ocea-
sions it ix nat fermented (o a detectnble degree. Galastose may be
fermented <trongdy, weakdy. or no at alll depending upon the indi-
vidual ~frain, Radlinose iv fermented one-thivd,

No added vitnins arve reqiired for growtl,

Foters ave produced,

Gelatin s nng htlm-i:wi

Most stvains_geo well i the osmotie pressure wmedinn, - Growih
1R ovariable at 37

Seventy-throe steaing have been studied,  The forms produving
mal eolovivs o mall eXtren-Yesst eXtrael agur are represented ln
strain NREE Y065 ard the forms praducing elistening colonios on
thi~ medinm are representod by sorain NRRL Y-soi, T T dntter wies
derived from the former by rreaninent with Ythinmw ehioride (7053,

Hetress seashir sepnazendes s Ul ecomsmonest and most widely distributed
wetther of the gwos Tt oeerrs i solls <aps and sums of tees: on
Froefi, dried, sud spenved frnits: syrupse amd as an oeensional eon-
taminsd in dnedusteind food amd Tevinentation proeesses, Thowen 047}
originally ol this <pecies from hrewery veast and made it the
type of the gents,

Hanzsenula ciferrii Lodder, Zeatvbl {0 Bake, Poensitenk, Abi, 180

2 TR FHR

Nt for Ralwde €§ferret whor first isolarod this Foasr,

Aol show na evidenee ef conpugntion, therefore ol ascogenous eelis
of this yeast ave dipleid. The spores ave hat-<bape.  Sporulation is
poor, with earrot wedwes yiclding the mos spores.

The strain i somewhat anstable morphologieniiy, A serdes of vari-
aits have arisen spontancouslye e only the two extremes will be
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deseribed here. One gives vise to no hyphae, ov to very primitive
weudehyphae, whereas the other gives rise to well-developed true
ivphie,

NOXFILAMENTOE Poran—Colonies on mall extract-youst extracet
agnr are smoolh o slightly rugose. and slightly glistening. "The
dulman colony is wenlly plistening, highly raised, with a lumpy and
aranular surface, irvegnlar edge, and no hyphae, Cells from the
colony edue occur singly, in pairs, or us irregulue clusters numhering
up to 80 or 40 cells.  Cells wre usually sphevoldal, and measure from
2.0 to 7.0u Some very Inrge abereantly-shaped cylindroidal and
eluvate colls occur singly and in gronps.  No hyphune ave formed in
either the aerobie or the annershic portions of the dalmau strealk, nov
in the dalmau spot.  ‘The Lurge, aberrantly-shaped cells ave fuirly
numergus wnder the coverglasses; those in the strenk at 7 days are
for the most part raptured and dead. while those in the spot are still
alive. ‘The normal eells are small, sphoroidal, and eecur n ehaing of
{wa, thrve, or four colls.

FrLaMLarors rorat - he calonies on mnlt extract-yeast extract agar
are conveluted or erateriform.  The dalnune colony is mat, snooth,
and fails to develop byplme.  The cells al the edge of the colany gen-
erally oceur singly, wnd are spheroidal, eylindroidal, or ellipsoidal.
Thoey vary from 4.5p in diameter Tor the smallest spheroidal cells to
approximalely 2.7a X 23u for (he Targest eylindroidal cells, There
are no aberrant, clavaie cells.  Hyphae ave abhundant both nerobically
and anacrvobically in the dalman streak, reaching a length of 2 mm.
under the coverglass, Rutios of length of tip cells to their adjucent
cells ave as follows Tor three paira: 86u: 5w G3u: Hlp, and 1151 474
Those ratios indicate well developed true hyphne. Ovoidal and
spheroidal blastospores are borne on the hiyphae, sometimes singly and
sometimes in chains, depending upon the degree to which the hyphae
are crowded, and on the availability of dissolved atmosplieric oxygen.
T3lasioconidia are also Tormed on the hyphae. These wre specinlized
binstospores swhich have much veserve fut, a more refractive and per-
haps thicker cell wall and, in this species. they seldom produce buds.

Thin mat pellictes form on some of the assimilation media, and
only islets of pellicies form on others.

All vaviants of this species assimilate nifrate, glucose, galactose,
maltose, sucrose, cellobiose, trehalose, raflinose, melezitose, soluble
starch, L-nrabinose, ribose, rhammose, ethyl wleohol, glycevol, evythri-
tol. ndonitol, mannitol, sorbitol, alpha-methylglueoside, saliein, po-
(assiiom glueonate, and pyruvie, laclic, suceinie, and cxrie acids.
Nvlose is attucked weakly or not at all. - None of the other compounds
ave assimilated.

Glucose, galuctose, nud sucrose are fermented. nlso raflinose for
one-thivd part,  Maltose is fermented very weakly or not at all.

Added vitaming are nof required.

Esters ave produced,

Gelatin is Jiguefied to n depth of 10 to 17 mm. /7. eiferrii liquclies
golatin more aetively than any ofher species In the genus.

Growth is generally weak, but sometimes moderate, in the osmotic
pressure meditm.  Growth at 37° C.is vaviable.

Physiologically, Z. eifervii is very similur to 71, anomala, but can
be separated frem it on rhamnose utilization.  All forms of 21, ciferric
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assimilute this mothyt pentose, whereas assimilation has not been
accomplished by any of the 73 strwins ol I1. anomala yet studied.

Iunsenule eiferrit hus been fsolated only once from natare, to the
author’s knowledge. 1t was found by Ciferrl in abundance o the
vind of the fruit of Coumarouna punctaty Blake in San Domingo.
The nonfilamentous type is represented by straln NRRL Y1031 ; the
filamentouns type by NRRL Y1322,

Hansenula californica (Laodder) nov, comb,

Synonyn:
Z}J{;t}.’fr}{ifi‘rfzm: culifornfoy Lodder, Zeathl, £, Bakl, arasilenk, nbt 31, 8G:
g, o,

Tiest tsodnled by 20 M, Mailer, fin the State for which it is moned.

Tn most strains, the nmjorvity of vegetative cells are haploid; thus
the asei which they form show conjugation. Conjngation is pre-
dominantly heterogamie, but the ratio of heterogamic asel to fsogamic
ased i quile vaviable. Tn some strains the majority of the cells are
presutanbly diploid beense most of the agel show no evidence of con-
Jugation,

Shores of all strains are Saturn shaped with thin vings,  Many are
tound free of the asel. The best sporalation medin ave V-8, malt
extraet-youst extracl, mall extract, aud carvol. Bpoves stain mod-
crately with malachile green.

Colony on dalmau plae is smooth, glistening, moderately Tnrge, fiat,
and with hyphae.  Cells from the edge of the colony ave ellipsoidal,
oceny singly or in pairs, nnd measure Trom 22X 3.4p to G.0pX8.64
Saontetimes o few of the cells bud on o broad base.

There is no vestige of hyphae in either dalman streak or dalman
spol cultures,

Pellicies mre very thin or lucking on assimilation media.

All strains assimilate nitrate, glncose, sorbose, sucrose, cellobiose,
xylose, rhammnose, othyl aleohol, plyeerol, mannitol sorkitol, alpha-
mel hylglucoside, saliein, polassium gluconate, nnd pyravic lactic, and
suecinic acids. Variations cccwr in maltose, {rehalose, caleinm 2-
ketogluconate, citraie, and efhyl aceloacetnte.  None of the other ear-
bon sourees emploved ave attacked by any of the strains,

Only glucose is Termented.

Addded vitaming nve reguired.

Tislers ave produced.

Gelatin may he liquefied fo a depth of 6 mm.

There is no growth in the osmotie pressure medium, nor at 37° G,

Of ihe 15 strains studied, NRRL Y-1680 sporniates sirongly and is
typieal also in other characteristics, Tt was isolated Trom soil from
sonthern Aushrating  Other steains have been isolated from soils from
Belginm, Sweden, Minnesota, and California.

Hansenula suaveolens {Klicker) Dekker, Die sporogenen Ilefen,
b 300, 1031
ByUOneING
Piehin swnreotens Whoekor, Zenthl, . Bakb Purusitenk, Abr. 1L 35: 371
imez,
Frone {he Tatln, gnoreotons, of g swoet odor,
Diplaid cells predominele in the vegetalive stage, yet strains which
sporulate heavily produce a small number of heterogamic and 1so-
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gantic asci among the predomimant type which shows no evidence of
conjugation. Asci contain one to four Saturn-shaped or spheroidal
spores per ascus,  The vings ave so (hin that they are barely visible,
even with the oil-immersion ehjective. The rings impart a slightly
angular appearance to the spores. Spoves free from the nsens ave
observed Trequently.  Spores stain moderalely with maluehite green.
Best: sporulation s on malt extract and malt extrnel-yeast extract
slants.

Colony on dalmau plate is mat, powdery, verrucose, without hiyvphae,
Cells at edge of colony are spheradial, ellipsoidal, and cylindroidal,
LT X226 to 35pX10u  Steains which produce crateviform  col-
onies on malt extract-yeust extract agar produnce cells up to 20p long
at the edge of dalmau colonies.

In the dalmau streak the pseudohyphae may be rather scant or
abundant. Phey measuree up fo 1 mn, and often are highly branehed.
These branches gives rise {o well-defined spheroidal ov evlindroidal
blastospores, ov to cells that are eylindroidal dike {he hyphal cclis
except that they are shovter; or blastospores may bo entively lacking.
Sepix are ohserved freguently.  Tip and adjucent celis nro APProxi-
mately of equal length and vary from 6 to 11,

Thin, or prominent mat, white, folded pellicles are formed on
assimilalion media.

Compounds assimilated are nitrate, glueose, sucrose, cellobiose,
railinose, inulin, Xylose, ethyl aleohal, glycevol, mannitol, sorbitol, sal-
icin, potassinm glueonaie, and pyruvie, lactic, and suceinic acids.
Succinie acid is wlilized weakly, None of the other compounds cm-
ployed in the fesls ave assimilaked.

ougars fermented arve glucose. suerose, and onc-third part of
raflinose.

Growth is obfained in synthetie medin without the addition ot
viftamins,

Tisters ave produced.

Gelatin is not Tiguefied.

There is ne growth in the osmetic pressure niedium, or at 37° C.

H. suaveolens wag isolated from Duanish soil by Klicker (42) and
from Minnesota soils by Robert Bouthilet, The Minnesota isolates
were supplied by . M. Mrak.,  OF the four strains in the collection,
strain NRRE Y-1725 sporilates abundantly and is typical of the
speeies.

Wise and Appling (773} nsed Hansenwle sugreolons NRRIL, Y838
for the quantitative determination of p-xylose in hydrolyzutes boeause
of its ability to assimilate this pentose rapidly without assimilating
r-arabinose.  Naceharomyees carisbergensis Hansen, NRRL Y-379,
was nsed in conjunction with /7. swaweolens to remove hexoses,
Auernheimer, Wickerham, and Sehuiepp (7} have used the two yoasls
just mentioned, plus Candida guilliemmondis {A. Cast.} Lungeron and
Guerra, strain NRRL Y488, to delermine quantitatively the amounts
of p-xylose and r-avabinose in hydrolyzates of agricultural residues.

Hansenula mrakii nov. sp.

Plerumgue fammanine asei ex tepusformntione eellulorum  vegetativaram
diplaidenrum, ai pauei uget ex eonjuagatione collniarun baploidenrmm,  Ad 4
suturniformae nseosporne in quogue aseo.  Annli Aseusporarum erassi,  Collnine
vegetativae sphaercidene, ellipsolirne vel eylindrotdene, LTuX 2,00 ad 524 X720
Bx pseadolyphis oriuntur inale differentiatac blastesporne, Colonise Hnen
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nitidae, pulveralentue, radinnier ragosie, sine hyphis. Super medin tguida
formantur plicatie, nom nitidue, ale peliiewlae,  Rhumnooesim et niteas nssimi-
antur at non glperosumn, nnltosmm, sueresum, trebalosum, eadlinosum, oty ilhrito-
lont, nee alplut-wethylgineosidem,  Clocosum fermeatatior al oot galaetosan,
maltesun, snecharnm, ldetosam, nee vallinnsum,  Vitamina externg non gnog
neengsarin, Lsolta ox solo in vicinitile Dohmlrae, in Kova Guinen.

This specles s nanmed Tor 36, 3 Menk, in recomniiion of Bis worls on the olnssifl-
cialion of yensts and his generosity in supidying the writer with eullures nnd
transhitlions.

Vegetative vells arve predominantly diplotd. ns indieated by the ab-
senee of conjugation in alwost ol of the asei. Towever, o Tow asel
are formed iy isogimic and leterognmice conjuration of Tinploid celly
on nualt extracl-yeast extrnel agar in 2 (o 3 weeless Spores vary fram
one o four, and the usei rupture ag soon as the spores are matave.
The spares arve Salurn-shaped with a eather thiclk mog whiel may he
situnted ecquatori: iy, qu}wqu itoriadly; or even t.mffcn[m,ll The cap-
sule, of which the ring is o part. vovers the entire spore (md reduces
staining with malachite green. Best sporulation is on V-8, mall ex-
tract-yeast extract agnre shints, and on carvol wedges, V=8 slants miy
show approximaiely 99 pereent of the cells converted to aset after 3
1o 8 davs of ineubation,

Colony o dalmau plate is mat, slightly powdery, verrucose, radinlly
Tugose, conival, and without hyph e, Cellsat tho ednt‘ of the dalman
colony nre H])]l(‘lt)l” i, elipsoidad, eylindroidal, areanged singly and in
pairs but some Targe (-Inmp% are mace up of chaing of cells which are
the water-resisi |1;5ru=ll~, Trom the powdery surface of the colony. Cells
ave LTu X 2.0p 0 h2uX T8,

The dabizn st rende shows many psendohyphae up to 700 in length.
Thoey are highly branchod, but the branelies are short.  They nury beav
l)l‘l-ﬂlmpm es which are f-I!ml-rml d o eylindroidal, and poorly differen-
tinted from the hyphal cells.  The tip cells of the pseudohyphae and
(herradjacent cellstre approsimately of equal length, and reach 854 to
103 in length, There are no hy ph.w in the dulman spot.

Trolded. white mat pellicles are Tormoed on assimilation media,

Hense ke eadedi nssimilates nitrate, glueose, ecliobioge, xylose,
vhinmmose, ethyl aleohol, glyeerel, mannitol, sarbitol, sulicin, potas-
stum elieanate. and ]}\III\I(. lnetic, and suceinie ncids.  The othexr
componnds are not assimilated.

Only alucase is fermenied,

Added vitaming are not reyuired.

Tostors wre protuced.

Gelatin is liquefied to a depth of some 7 mm.

There is no growth in the osmolic pressure medinm, nor at 37° C,

I ki, steain NRRE Y=1961. was isolated by the author from
goil enf from the Dobodura arven, Now Guinen.

Hansenula saturnus {Kldcker) Svdow, Ann, Myeol, 17 L 1019,
Synoenyms:
Neactfiarampees sodnrans Wlhekor, Zoathl £, Bald, Pavastienk, AL 1L 83 1739,
1902,
w er rertirtties (IKckory Flanson, Zenthi, [ Dinkt, Parasitenk. Aht, 11
RS RTHE RN TR
w thﬂ\m gutuwrnns {(Wlicker) Zendor, Dull, soc, bokan, Gondve 17: 272,
A ESN
Numed Cor thie plionet Sainrn beennse of The shape of tho gseospores,
Tn_some strains conjugntion may be Timited to the period during
which the ascospores are germinating, but most strains whieh sporu-
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late abundantly show infrequent instances of =agamic conjugation
iafter 1 to 3 weeks of incubation on malt extract-yeast extenel agar,
Sume conjugations do not lead to spore Tormation, others do. Other
sporulation medin, steh as V-8, is much less conducive (o srorula tion
Ly haploid cells though the diploid cells may sporulate abundantly
on it. Aseci seldom rupiure drring or after maturation of (he
spores.  The spores are Saturn-shaped with thick, usually cquantorial
rings, and vesist stnining with malachife green,  Best sporulation is
on malt extract-yeast exiract, V-8 ngur shints, and carrot plugs,

Colonies on dalmau plates va ry From slightly glistening and nearly
smooth to maf, white, rugose and verrueose : none develop hyphae.

Cells from the edge of the dalman colony vary considerably in size
and shape from sirain (o sirain, The shmin having the smallest cells,
radging Trom 2.0p% 3.1, Lo B2 X 5.5, possesses epheroidal, ellipsoidal,
and ovoidnl cells occnrring singly ar in ralher large compact clusters
Cwader-resistant cells [rom surluce of colony) eontaining up 1o 30 or
4t eells. “The strain having the Targest colls, vinging from 8.6, 3.4
to 3.0uX 1 has elipsoidal and evlindroidal shapes oceirrring for the
most part singly but also in pairs and infrequently in short chains,

Foodalma streak cultures some straing forn no hyphae whatever,
some Torm very primifive pseudohyphae consist ing of highly hraneh-
mg chaing of short (5p) elipsoidal cells, und some form rather highly
branched pseudohyphae, compased of exlindroidal cells which reach
a total length of 5000, Tu the Tatter, tip and adjacent cells veach ap-
proximately equal lengths between 124 and 1Tp. No blastospores are
produced on the hyphae, Very few strains form hyphae in dalman
spot preparations.

Smooth or falded pellicles are formed on assimilation media,

AN strains nasimilate niteate, glucose, snerose. cellobiose, raflinose,
mulin, xylose. rhamnose, o hyl aleohol, glveerol, salicing potassium
gluconate, and pyruvie, lactic, and succinic neids, Only rarely are
straing encountered which fail to assimilate mannitol, serbitol. or
citric neid. None of the other compounds used in the tests are assim-
ilared,

All stening fermoent glueose, sucrose, and one-third part of ratlinose.

Added vitaming are not required.

Esters are produeed.

(felatin is not Tiquefied.

There is no growth in the ssmotic pressure medium, or at 37° C.

Hansemulu saturnus has heen isolated from: soil from the Himalays
mountaing, Denmark, Ttaly, Euwypt, Minnesotn, Delaware, and Lous.
1ana. - Nineteen sfrains have heen studied, Steain NRRL Y-1301 is
a typical specimen, and shows conjugation of haploid eells on sporula-
tion media.

Discussion

It is the opinion of the author than Hansenwic Sydow and Piekia
Hunsen shonld be maintained as separate genern. The species of
Hansenwla are physiologically more active than the species of Pichia,
not enly in nitrate utilization, but also in the nim ber of carbon sources
which they are able to assimilate. "The difference in action on nitvate
appears o be o fundamental charncteristic which doos not vary from
strain to strain in species of cither Hansenwla or Pichia,
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Pertinent to the Tollowing diseassion, plates [ and 3 show aseospores
of various shipes. They vary from hat-shape to Satuen-shape, with
intermediafe trasitionnl Torma,  Oceaxionally, spheroidal spores
without rings and hemispheraidal spores withoul brims are seen,

The subgwenery Hepsende (Svdow) Lodder and Zygohansenila
Laodder (54 have been combined beeanse 1he anthor helieves it is
impractical fo separate their component species info 1wo groups, one
having ascigerous vegetative cells wlhich are exelusively diploicd
(ansennday and Lhe other havinge aseizerous colls some of which arve
haploid and some diploid (Zygofensemday. Division into Gwo siah-
genern s impractiond ay indiested hy the Tollowing illosteations.
Those steaing of . safuroes whicl sporulate heavily farm ased
promplly without conjugation by a direet transformation of the
diptord eelts, Abmul 2 weeks later the Tew hapleid cells in the culture
starl o conjugaie and give rise to dumb-bell shaped asei contuining
typical spores. Such conjngantion of eells at the end of the vegotative
period lins never before been reparied for this well-ktown species.
Conjuaation, on the eontrary, has nol been observed by the anthor in
hose siraing whicl sporolate poorly,

Thas, stiaing which sporulate heavily wonld qualify for Zygo-
hense ol and the others would qualify for Hansennla were these
siibeenera (o be munitinined. o mraldi and I suaeeolons also exist
predominantly in the dipleid stale, yet w small number of haploid
cells are present and conjugate after the diplotd cells have produced
spares. S ealifornion s composed of strains some of which are pre-
dominantly diploid and some predominantly linplotd: hence, even in
a singde species, rather marked differences in evelutionary develop-
ment are evident. Lodder (67) observed wsomewhat similay situation
with Sueeheromyees mardianns Tlansen and  Zygosaecharamypees
peeradecies (Huansen) Guoilliermond. Sone strains possess only diploid
vegetnlive colls whoereas others possess exclusively haploid or a mixture
of haploid and diploid cells. As a vesull, Lodder recoinmended the
invalidation of the subgenus Zygostceluramn yees.

Stelling-Deleker (95} exeluded Trom Hansenule species which
formed Irue gepinte myeelin, However, Lodder {(59) added to this
genus Hansenula eiferedi which mulates into sulstraiug with all de-
grees off varintion helween one extreme which does not prodice even
psewdohyphie to the other extreme which produces highly developed
true hyphae.  Bedlord (7Y deseribed 77, subpelliculosa. 1 species in
which most strains produce short but imdoubledly (rue hyphae, The
gepla nre broad. vefractive, and very easily observed.

fudomyecs bispord wis deseribed by Beek (6) in 14922 and placed
in Reess” genus Audongees beenuse it produces true hiyphae and
ascospores.  Stelling-Delkker {47), using the anxanographic teeh-
nigue, fonnd this species tneapable of utilizing nitrate, and probably
for this reason transferred fadomyees bispora to her new genus
Krndamyoopsis rather than to Hunsenwle. A cultive of this species,
obtained from the Centraalhurean voor Sehiimmeleolhures, does assim-
fhafe nifrate amd possesses other chaeacteristios relating it (o the genus
Svnsenufe. We have inelnded Beck’s species, (herefore, in the genus
Honsenud,

Klicker (42) was unable (o obiain good sporulation in his orvig-
inal stady of 27, suavenfens, but he believed the spores were [Iattened
on one sile,  Accordiingly, he placed the speeies in Zickia Hansen,
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Later workers (7. 07} have recoanized its vight ful placement in the
genus Lansenula because of its physiological propertios. even thotirh
they were unable to obtain spores. The suiho., ustng Klbeker's
strain, has observed hundreds of spores, a)l of which woere spheroidal,
Extremely fow of these appenred to have rings il they were so
thin as to be near the limit of visibility,  The great majority ap-
peared to have no ring.  Thoerelore, the senus deseription has been
expanded Lo tnelnde species having spheroidal spores wilhiout rings.
Some straing of 7. swercolens, solied from Minnesota soils hy
Robert: Bouthilet. show spores which imquestionabily possess very
thin rings,

‘The hal-shaped ascospores of some of the entirely or partinliy
haploid species have brims which are so vedieed that the SHores
simulte the hemispheroidad spores found i cortain species of Pichia.
This s partionlarly trae of Hunsenito aitepesi,

Some new speeles wdded by the anthor peoduee no pellicles on
Bquid medin, mud the deseripfion of the wenus bis been anwndwd in
this respeet.

Twa of the new additions (o the genus do not ferment nny of (he
sugars. ad some ofhers do nol produee esters. The deseription of
the genns has been ehanged necordingdy,

Consideration of the preecding parneraphs will indicate (har ro-
defining the genns has involved major changes in all except the two
mosl basic charaeleristios--the ability 1o fomn ascospores aldd o oas-
similate nilrate,

POveoceENeric BRELATIONS TS

Entil 19420 when Bedford (7)) studied the wonns e nula, o
member of the subgenus Havsenula Lodder had been repurtend] as
showing conjugntion immediately precsding sporulation,  The col-
onies were (ypieally mat but never mneetd. and (he colls were Inrge,
Al species Tormed pellicles. producsd esters. and Termented three
or e stgres strongly. None vequired the addition of vitamins
to obtain growth in synthetic medivm.  These yeasts are rather
widesprewd innature, ocenrring in soil. as contaminant= in indis-
trial processes, and on frait, Bedlord added another diploid speetes
to the genus, . subpcllionlose. which prodoeed elistening, butyrous
colonies and Tormed only o very thin, smoeth pellicie, and required
an_external souree of vitinins,

In the classiliention presented here, the anthor has ndded 1o the
genus a grony of species some of which are entirely Laploid, and
others predominuntly hapioid.  Cenjugation in {his sroup is mainly
lieterogamie, often ocvurring hetween weoll and its bud.  The calonics
are ghistening, sometimes mucotd or submneoid. but not mat or TUZORE,
The cells are smailer than those of the diplokd species,  The species
of the haploid gronp generally produce no pellicles or very thin
pellicles on lignid media. Esters are produved only in traces if at
all. Two sugnrs, at most, are fermented, and the fermentations aro
glow. All require the addition of vitamins to o synthetic mediom
for growtll,

The completely haploid species of Hansenude aro usually found
m association with trees. The nature of this associntion is belioved
to protect these physiologically weaker yeasts by eliminating more
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vigorous and. therefore, more competititive inicro-orzanisms rom
the environment.  Hewscwdu capsadpe s Tound e the tunnels of
lurvae underneath the hark of vertuin conifers, The anthor is of the
opinion that this yeast has become adapted (o growth in the prosence
of piteh which bs [oxie to eompetilors, or that the sssociation of (his
species with (he pine bark beetles or their lirvae may in some way
be responsible for its suevival, Honscnnda silvieala is ford in e
gummy exidate of the wild cheery free. This exndate is prodiced
mo=t ahondantly in vespoise Lo injury to the tree, Hawse pala pap-
subedee el (6w boss extont, L iiunte and T, sél vicots prodiice eap-
sules which may sepresent oue of (e phasex of the process of
adaptafion to a toxie and, therefore, proteetive enviranment,

by he thae these nnee~ten] Tiaplold tepes owe (heir existence (o
their ahility i adapting themselves to surronndings whielr inhibi
the growth of the reat immjority of micro-organimine. OFf the diploid
=peries thus far isolated from coniferons trees, none pu-sess capsules,
and i uwy be assamed they are <o well adapted to their eoviremnent
that this profective deviee t= o longer needed,

The preceding paragraph indicates the author's opinion that the
Baploid speeies represent e earlier form= of the genus and the
diploid species represent speeies more revently evolvsl, However,
he pmintains an open mind coneeraing thi- malter, which he belioves
will breame further etarified a~ additional genera are earelully in-
vestimted,  The veader may conelude that the haplotds slennned
from the diploids by degernerative evolntionnry processes, or he may
agree with the anthor’s opinien that the yeast= have =howa a re-
nutrkalde evolntionaey aecompli-lonent m progressing from entively
heplend species Lo entirely diplobd specie~ within the span of indi-
vidoal gevera,

The present membershiip of the genus appears o eon=ist of three
nes, as hown by the phytogenstie dingram, Hewe 1, The lower e
shows a los- in physiologien] aetivities ax the noeleas beeame diploid
Thi- Tire consists of three specios Hovapsodata JT b ehii and 1 eope-
arde pads soled exelusively Tram conilvrons trevs.  Honsepidy tef fi-
sl i~ entively haploid and fementz glieoze <lowly: the other twao
are diploid yet fevinent no suges, Hanso noda cwnende nsis is the only
one of the three which produces exters, A theee regquiive i oXternal
supply of vitmnins,  The ability of f7. beeleii to produce true hypliae,
aned s iy to produce esters wouald indiente that its phylogenetie
position and the position of Jf canadensis should e reversed,  The
reason for the presently sesigned posttions i that Beeld's (8 drawing
of a sporulated coltwire sugwests that /4L beeddi = partially haplaid,
Her statement=, however. indicate that this species is entively diploid,
FE s hoped thal o sporegenons siratn of this speeies will be izoluted
so that the positions of these two yensts may be elapified.

There ix some possibility, perbaps, (hni the loss of fermentative
apacity and faibure Lo becowe independent of the wmedinm for viea-
wins are due 1o a o well-established conensalizm or symbiosis with
the tavrvae and trees in whieh the tiree species are townnl. Progressive
Bochemieal mutations wmight be deivimental to the established rela-
tionship.  Or the relationship way be viewed as parvasifism on the
prrt of the veasl, with eneh sueceeding speeles becoting inereasingly
wore dependent upon its hosts.

BEGTST ol +
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H. saturnus H. ciferrii
D+H; v-‘}-; D; V+: GnGar
G,5,R 1/3 MV,5,R 1/3

\ H. mnomala
H. mrakii D; V+; G,GaV,
D+H; V+; G MY,S,R 1/3

H., schneggii
H. suaveolens D; V+; G,M,S8

D+H; V4,
G,S,R 1/3

ascospares

H. jadinii
\ oD vy

H. californica G,5,R 1/3
H+D; V-; G
H. subpelliculosa
S By V-, G,MV, S,

R 1/3

H. angusta

H+D; V-; G

I3

., silvicola

H+D; V-; G,Ga

-
[H]
o
=

=
]

1
it
]
=

H. minuta

H; V-; G

Hat-shaped _ascospores
e iy T P o W

H. canadensis H. beckii H. capsulata
D; V-; D; V-; O H; V-; G

Froors 1.—1"ostulnted phylogeny of the genus Tansenwin, Key: #H, haploid: D,
diploid; M0, more haploid {ban diploid colls; D40, wore diploid 1han
Imnletd cells; V—, wlidetd vitaming requived ; V4=, no milded viksming vequired ;
O, no fermentation; &, G, A, &, I g menns glueose, mlaclose, weltose,
sucrgse, and ratlinose 1/% Tormenied, respectively; and V, varinble,

The second branch of the phylogenetic line consists of species that
Iikewise produce hat-shaped ascospores, but none of {hem weve isolated
from conifers.  As the ratio of diploid to haploid cells incrensed
from species to species, there was less dependenee apon the wedium

for vituming, There wus an increase in the number of sugars fer-
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mented. and an inevease in the fntensity of fermentation, Hansennla
menute, 1. silvicoln, and 17, wugusta produce asceigerons vegetative
cells which nre exelusively or predominantly haploid.  Hansenula
minnte produces asci exelnsively by the conjugation of a cell with
s own saall bud. The asei of 7. silvicola are produced, for the
most part. by conjiygntion of n cell with its bnd. but some are formed
by conjugtion of ndependent cells, and n small percentage of ase
resalt from the direct fransforation of diploid vegelative cells.
These diploids are deseendentr of vegetative zygotes which were
formed by conjugition of germinating axcospores. or by the conjuca-
tion ol the immediate progeny of germinating axcospores,  Hanseula
andusia produces most asel hy conjngation of cetls with their buds,
Bt sy asel ave produced by diveet conversion of diploid eells and
therefore show no conjuaation,

Ta these three species, the brims of the hat-shaped ascospores nre
reduced in width and thickness, often turm slinrply downward, and
even anay be wissing, The eolonles are mueotd 1o bulyrons. and
gitstening, Pollicles are exiremcely thin or missing, A muximuom
af (wo sugns aee fermented, and these ave Tesmented wenkly,  Tnas-
ey s J sz produees relatively more diploid vegotative colls
than does JZ, x&<fcnla, it is assomed that the former species would
furiment galactose i the necessary enxyines for the asstnilation of this
sucnr were preseal,. Phe strong odor of esterss as produced by the
diploid spectes, s oot produeed by the-e three species, Al three
reditire an exteroand sonree of vitnnios,

The remaiuing species in this sone Jine with lst-<haped spores sre
HowedipeHicrdasa H o gadinii s bone i 1 vnenspntd, sond FL, i rrii,
They are exchwsively diploid. The Brims of the spores are gonemdly
ek, wide and flat. None of the species, oxeept 77, subpelliculosa,
regquires an external sonvee of Vitnnins. M produee osters

Inereasing munbers of snwnes are fermented, I this conmeetion it
i~ of intervest thar ~ueh haploid or predominantly haploid spocjes as
S vapsalta, H s vivala, F wegista, amd HLoealifopiicn qre capuble
of w-~-hmating either wallose or suerose, or both, A1 of the species
prodier o gaseois fermentation of lueose It wone produces gas from
either of the disaecharides, Thi-amy be due to slownes< of hydrely-
sis o The adples wineosidise prodiesd by e species of the genus ap-
srent 1y is wwore specitie for alphawethyleheoside than for malto-e.
Fhites, sonne steadns of J1, ewd i orpiea as<hmilate maliose and others do
not, vel all a-~hwilate adpba-methylglueoside, "This =ame lack of
specilielty apparently persist= among the diplold species, resulting in
vartible or haesd lermentation of madtose,

Interstty of Fermentation vesehes aomaXimaum in 7. sinbpclicwdose,
et only s judeed by the evolublon of gas hat inanoumt of aleohol
formed under amaerobie conditions, Mechanisms have been ovigi-
nated and adopted Tor the atilization of these sreater moonnts of
ateoliol and orniie aeids by species hislior ap on botls branches of
the ferwwentative linee Hlanse il selogn aqugiic M apomala, 1. eifereil,
I swavcodoss J peraledic and Hosddnrpos 2l produee prominent
pellicles composed of cells well situnted for the oxudation of these
compotnds,

Heanse g wpmela sccupios an inferesting intermediary position.
1 exists innature as two Tormes, When grown on ordinary solid
ovganie meding one form produces glistening colonies, and when
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grown in similar liquid media it inakes véry thin pellicles and rela-
tively large amounts of aleohel. The other forn produces mat
colonies, heavy pellicles, and only a small amount of aleolol accumu-
Iates in the medium. Thus. in 4. enomala, the glistening colony
form i similar to the type of colony found in the mowe priwmitive
species, and the mat colony form is similar to the predentinant colony
type found in the more recently evelved species, namely S eiferrii,
I, suaveolens, H. mrakii, and . saturnus.

Both forms in /1. anomale are quite stable: the glistening colony
forms in the other species just mentioned ave tess stable and nre infre-
guently encountered.  Fhus, i is believed that the dovelopanent of
prominent pellicles is the prineipal mechanism developed by ihe
diploid speeies 1o use the metabolites vesulting from intonsified for-
mentation processes.  ‘This oxidative enpacity is revented by the mat
appearanee ol colonies. Tt may be noted that the surface hayers of
mit colonies cun be floated free from the colonies by gently pouring
water into the petri dish. The floating propeely of such eells is
probably responsible tn lurge degree for the formation of pellieles
on Tiquid medin.  This preperty ix not Hmiled to highly fermenta-
tive species, Tor in the genern Piedie Thansen snd Doburyomyers
Kitcker there ave nonfermontative, highly exidative species which
produce pellictes and mat colonies,  In all eases. however, the prra-
duction of pellicles would wppear to increase the rate of oxidation in
Heauid enltures,

The thivd phylogenetic braneh (fig. 1) consists of species ha ving
Sutwenshaped spores. They presumably cover a recont, short period
ol evolution, Tor none of them are cither campletely haploid or cou-
pletely diploid.  They show the same gencral trends in nhysiotogy
ax do the species with hat-shaped spores just dizeossed  Most strning
of M. californicd are predominantly haploid, ofhers are predemi-
nantly diploid.  The remaining spdeivs, 77, swareolens, Tl mraeii,
and M, saburwns, mee haploid to a very simall exient, Conjugation of
adult vegetative cells oconrs in all of (hese species, and it ix mainly
isognic,  Hawscnla wradeid and 11, satuenus or asionaliv produce
glistening colonies, but the author has nof vet obtwined such variants
as stable forms,  Hansenuda ealiforios Torms thin pellicies and
histening colonies while, on the contrary, the more strongly diploid
speetes of his group form prominent pellicles and mat, rugose colo-
aies. ANl produce esters.  Huase midded il does nol assimilate
disaecharides, and therefore it ennnot ferment them, but the foermenl a-
tion of glueose is strong. Becunse it praduces (hick rings on the
spores, it is believed to be nearly na reeont in ovigiy as 77, saturnus.
OF the species with Saturnshaped spores, only 77, ealifornive ve-
guires the addition of vituming (o the synthetic medinm wsed in this
study.

‘Phe factors used in fixing (he approximate time of cmergence of
the first of the speeies having Satwn-shaped arcospores were: {1)
‘The relative nunber of diploid to haploid cells in some strains of
11, cadifornica is greater than the vatio in 7/, angusta, bat less than
i I, subpellicwdosa; {2} esters ave produced by If. californiva and
. subpelliondosa but no by 17, angusta; 13) (bin rings exist on the
spores of I ealifurnica and thin brims on the spores of . angustd,
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but thick brims are generally present on the spoves of I, subpelli-
culosa.  Fermentation reactions are of little help in placing the site
of branching beciuse galaclose is not assimilated by either /. cali-
fornica vr T, angusta and, therelove, could not be expected to forment,
1 ix possible, of course, thal species ntore primitive may be discovered
i the line of species with Satwrn-shaped spores, necessitating a
downward shift of the branehing point.

Having considered the clmeleristios upon which {he phylogenetic
relationships within the genus are based, the author belteves that
the anast frsdamcndad {ecnd i the progeosice change From the
haploid nuclcws of the wmast prinitive yousis to the diploid eondition
of some of the most poeontly evolvd species of yousts. The secomd
trend s Jessening of the dependence on an external sapply of vita-
wins, s muy be noted dn Ggee 1, this second characteristie has
apparently beew more recently ncguired (han either Termentative
ability or the diploid state, A third trend is (oward the development
of the enpacity (o enuse gasvous Termentation of an inereasing number
of stgars.  This eharacteristic, however, is of litele vadue in placing
certnin species which do not assimilate, and {herefore cannuot be ex-
preeted 1o Termend, some of the sugnes,

Preswmably the most primitive type of conjugation in the aeNNS
Hunsenaedie nvolves (1) large cell and s small hud, Successively
higher levels of developmoent are indieated by (2) heterogamic con-
jugation of independent cells, (3) isogamic conjugation of independ-
ent eells, and (4} conjugation of germinating ascospores. conjugation
of their immediate progeny. or muelenr fusion within either a single
germinnting gseospore or one of s immedinte descendends, Types
(1) threugh {3) oceur ut the end of the vegetalive stage of growth
ol haplokl cellss type (4} ovenrs al the beginning of (he vegetative
stage of those cells which go thraugh the vegetative phase as diploid
eellx,

It b= of interest that the ability to form hyphae (table 2) gencrally
mereases as the speeies beeome move diploid. The reverse is to be
expected i one follows (he common helief that ascomyecetons yeasts
are deseendants of a Glamentons, haploid progenitor such as Eremascus
fortilis Stoppel. T may be noled, however, that all dipleid species
of Hunscnude produce hyphae, whereas less than half of the haploid
species do. Tt may be noted also that (he Lwo species with the most
highiy devetoped hyphae occupy positions ul or near the diploid ends
ol two phylogenetic branches,  One of these, 17, eifs ridi, presents an
inferesting anomaly in the ability to form hyphae,  The original isolate
produces neither psendelivphae nor tene hyphae. but it does [orm some
abervantly shaped large cells which indiente an abortive attempt to
produce byphae. as shown by the oveasional presence of a septum in
such abortive eells, This strain gives rise spontancousiy to’ variants
capable of forming an abundance of true hyphae.  All these variants
hinve the same unique assimilation reactions. The ability of a strain
to exist in both filvmentous and nenfilamentous forms may indicate
that too much taxonomic importance has been given this characteristic
in the past.

It is obvious that the author does not agree with Guilliermond’s (324)
betief that haploid and diploid yensls represent two distinet phyloge-
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netic lines, with the haploid yeasts stemming originally from a form
similar to Zremascus and the diploid yensts stemming trom Zaphrine
Fries.

SUMMARY

L. The genera Hanseneda and Pichia are mnintained as separate
entilies,

2 The limits of the genus Hensenula as vedefined in i his study are
considernbly hroadened ax compared with previons definitions.  The
genus inclodes species which Torm ane ta four feospares, pesimilate
nitrete, and reproduer asexually by budding, or by budding aceom-
panivd by ihe formation of p=tudohyphae or true hyphae, The
ascigerous vegetalive colls may he exclusively haploid, exelusively
thiploid, or composed of rather delinite proportions of haploid and
diploid cells. The ascospores nre hat-shaped, Sutwen-shaped, homi-
splieroidal, orspheroidal. Pelliclos iy ot may ol he fornwed ; sugars
may or may nol be fermented with the evolution of ZART osters niny
or may not he produced.  Colonies may be it or glistening, butyrous,
submuesid, or mucoid. A moderiely large number of carbon sourees
are assimilaied,

3. OF the 15 species whieh aro plaeed in the gonus, G are new species
and 3 are new combinations. New speeivs are Hanseniln repxilita,
. canadensis, T minntu. 1. sitvicola, J1. angrsta, wd H, wealiii,
New combinations wre 2. beekii, JT. eafifornien. and I7, judinii, pre-
viously known ns Endomieapsis hispare. Zygqohansenula culifurnica,
and Naecharamyees jadinid, respectively. The chiamge in species
epithel of Endowyeopsis bispora was novossiinted by the previous use
of the name Heansenndu bisporus hy Nannizai,

. Previeusly deseribed viviclios of Hansennda anemaln have heen
elinnnated ns being inconsequent ind,

5. Possible phyiogenctic relafionships among the species  of
fTansenwle are indicated,  The vatio of asergerous haploid to diploid
cells is the primary eharacleristic on which the phylogeny is hasod.
Secondary characteristics are varintions in vitamin requirements, the
mber of sugars fermented, differences in the structure of the asco-
spores, the production of esters, the formation of pellicles, the typo
of colony, und size of the vegetative colls,
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Al ploge of o spevies of Capdife, L ddnbman spst, amerobie, grown
undernenth o voveralnss From o poind jneculition, B0 colmy, aorolde, grown
Frmn o poind incenlddion, O, dalbis slva ks conesistinge of soepobic ol aer-
ohie nrens, Dlamn preparaiions e ased Tue the wovphalogienl sindy of all
yeitsts, flinmentons and gondilinwentens,
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Exuinple of true hvpba,  The sepla dre eharacteristienlly straight and refractive,
Phe distanes between e tip of the hyphn and the fivst septum is substaptislly
wreqtter than the distoee Tofween the st and sepangd sophi. 3¢ Hth
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GANDIDA

Assimilation of various earhon sourees by two speeies of Candida, hoth of which produee an active gaseous fermentation of glucose,
but neither of which ferment the common disaecharides,  Assimilation is indicated by the degree to which the dark lines
hehind the cultures are obseured,
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Amcospuatos pepreselbat e of e enits Hetgesewfo, 0, Heaiea wuba ity
Sl Treses Tk =lispod grscospolvs o fhis sprncivs, o volaiion wil BEXETN IS ENE Y
toet ul e ather spuacies of the senms, beted beoazeinlitstie inoelysteps, {5, fan
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