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INTRODUCTION 

The ultimatc objcctin.l of this bulletin is to present a method of 
.. CI!U:i3ifieatioll that w.iJlleac1 to the defining of each genus of ascospol'O

genous yeasts so that if; wi 11 COli tain only a, single group of species 
\vhich apPt'llL' (0 Lc phylogenctical1y rclated. A similar definition, 

I ReeeiYed fol' llllblielltion Ma~' Hi, Hl()O. Report of a study in which certain 
phases were carried on tlllder the Research and l\Ial'l,eting Act of 1040. 
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con'ring esscntiH 11y til(' same range, of ella ractel'istics (>xecpt the ability 
t(l form ascospol't'S, will be moed to define the correspol1ding 1)on
!-,Porog('lloliS !!l'IIIIS if Sllell gellils ('xisl's. 'rhis pl'ocecllll'c necessitates 
some lI1lu'kt'(\ changes in the elll'l'Cllt1y ac'{'epted classifications, but. it 
sholllc1 clarify reial1om:hips bC'I\\'ppn ('cl-tnin spOI'ogpnoliS genera and 
tlwir ]H'p\'iously uncstttblif;lwd gl~llC'l'ic COlllltCI'Plll'tS among the llOl1
spol'oge1lous yeast's. 

Phylo/-!:C'netic lines al'e l'peogJlizable (hl'oll/!h tllC lise of: common 
lnbomtol'Y tpehniques. Tho s('p:lI:nlioll of speci('::; is nC'col11plishecl ])1'0
dO!llillantly by bioellPrniC'al ('psis, sill~'e. several wOI'kpl's, among (hem 
'\rl('kPl'JIHIII alld Hpllgpl' (1U)~ alld SkllllH'I' (.')1), have l'pp()J'te<l thnt 
physiologic'al ehm'ndl'!'istics HI'(', less vH.l'inhle thall 11I00'l.hologielll 
chnl'nC'!e!'jsl ies ill th(l filallll'lllolls 'yeasls. This lJullPlin <1psc1'ibl's the 
te('lllliqlwR us('d by tIl(' llulilol', a 11<1 gi \'(1S SOI1W {e('1\lliqlll's nserl clll'l'ently 
0/' ill (h(' past by OUIl'I' Yl'asl lax<ll]()misls. Addil iOllal (pC'hllicl'll'S of 
lilllilwl tlpplieatiott will be dest'l'ilwd in ('Olllll'et iOIl witlt the g;t'lwra to 
whieh they npply. ,

Bp('illlS(' l'iI"ialion ()('('Ul'S C'OtnlllOlllv wi{hill slw('ips (r(! V<'llSls. cllle 
('omddl'I'a t iOI1 is gi \'('11 (ltl> nppl iell Iion '0 r Jl1ol'phologiea 1 ancl physiolo
!til-a] ('lUII'H('(PI'is[i('s ill tl\(' idplitifi('«liOI\ or inrLiYidual stl'ains. Thel'c
:f(ll'p. a bl'ipf disCllssioll is ]lI'Ps(,III('(] to lll'illp.' the l'eader's aHcntion to" 
tll(' IllO!'e ('on111101l I),])('s of r:lI'ialioll lllllong the yeasts. 

Each 1'('pol'l in Ihp !'Pl'il's ('orllaills a talll!' of nil' saliPllt diagllostic 
clml'Hcil'1'istics by wlIidl spl'cil's 1l1H.\· be l'llal[ily identified. 

Part 1 

TECLINIQUES OF CLASSIFICATION 

'I'Jw isola/'io/1 of Y('astH fl'Olll sllh",lnll('s I'lwt ('ontain many yeasts 
and ,'(:Ialin,ly rl'\\, i l\'Ip,l'ia and IlHdds llIa.I' g<'IIPI'nll.r he dl't~.dl'd by 
stTl'nklllg [he lliall'I'J~tl dll,(,(,tlr 011 a I'i('h (ll'gllllic IlIPdilllll \\'llIC'h ('Oll
taills 1 r)(,I'['('n(' 01.' 11101'(' of Ldui;os(' lllld hlls a'lllor/('rntplr :lC'i(1readioll . 
.At tIll' N'ol'th(,I'n Hp!!'i011 a'l Hl'S(,lll'('h J.lHlJol':llol'Y, Illllit extrad-,)'l'Hst 
exll':ld aga!' is IISp<1 1'01' isolal i ng yt'a:-;ts, pn·pa I'i 1I§r iIJol'lIla 1'01' bio
(,'1I('lllicul alld olhpl' 1(':-;tS. alld I'm' illl' Il'IUilltl'II11I1('(' of ('I1II'1I1'(ls. This 
IIwdil1lll ('ontaill:'; tllP followillg ('011:;1 it IH'llb, ill g:I':lIl1S 1ll'1' lite!' of 
dis! i IIp(] \\':1 (PI': !) g:1l1. II III II ('xll'ad. !l gill. yl':l:-;( ('xll'ad. ;1 g:11I, lll'ptOIIl'. 
1() gm. gllll'OSl'. ~() gill. aga I'. ']'])(' pH, \\'11 i(,11 is not ndj list ('d. is lwt "'('en 
[. alld G, dPjwl1dillg upon tlI(' part ie-Illa t· batch ol'ingl'pdit'IlI's. 

B,\T lowl'l'i Ilg t 11(' pI1 ltd \\,(,(,11 ;3 an(1 .J., Ill:l It l'xlntl't -Yl't1~t l'XII'He{ f 

hl'olh may lw IISP(] :IS all l'III'idlI1IPIII l1ll'di'lIl1 :fOI' t IIp i",ol:tlioll 0:[ 

Yl'asts :from pOpl~ la IiOlls ('oll!'isl i Ilg 111:1 i Illy oj' hnl'iP!'ia. .11' l1Iolt1s a reo 
]))'('Sellt also, tllt'll' gl'owth lIlay /JC'I'pst1'iC'(ed by oln,tTuding (he ('11

tl':I1I('(' 0:1' ail' to the ('ulllll'P. To HCl'orllplish I'hi:-;, a b.n'I· ()l' stt'l'ilc I' 

pal'aflin oil 1 ('('lIliIlWIl'I' (]ppp is (,:lI'pflll.ly pla('pel on till' 1"1l1'f:lce of 
t1w ino('lIlat('d (llll'ic,hIIlPni' mr(linm, and nil' ('ult IIl'e is incllbatwl11ntil 
gl'owth hus 0('('111"'('(1 find is IhplI sll'eak('d on ordinal'.\' malt c>xtl'act
YC>:lo.;t ('xtl'ad a/-!:ar. This teclllliqup fa I' (Jl'S the dp\'plo[llllcnt of fCl'Illen

: Ita lie !lumbers ill l1:lI'('lIlhes('s I'pfer to Lil('ratllre C'ill'<1, p. GO. 
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PREFACE 

In early attempts at yeast c1 assification, the ch!ll'nctedstics em
ployed for sepnmting the larger groups of yeasts were the ability 
to "row as filaments. the ability to prOdll(~C asci whie-h consist of two 
('ells fused togt'lhl'I', the shape of the ascospores, the ability to pro
dU(~e It gaseous Jel'nlentatioll Ot one 01' morc sugars, tlUcl tile ttbility 
1:0 produce pellh-Irs Oil liquid media, 

E\'i<k'!\ce ohln i ned i1\ Ute, prescnt Htuc1y i ndieates thilt the usc of 
the forcgoilw eh:\I'a('(C'I'istics leel to the uninlentirm:tl cleuvage of 
nalm'al, '0\' phyloW'lll'lie gt'Oupsinto HC'etiolHl. 1\101'(:0\'01', sectiolls of 
diil't'I'('llt phylogl'llP(-ic lilll's wllieh had in comnlon only one or two of 
tlw l'h:u'\\clcl'isli('s just lllen(ioned wen' oftNI HHSl'llIbled into the same 
gl'llUS.

Tlll'He clllll'aetl't'iBI if's, itppl it,d by Ha llSPll, Ba 1'1\('1', a lid Kliickel' elut'
ing the ('al'1.\' WOO'B, ('oll(illllC' ill uSP ns til(' basis fOl' separating genera 
(LUll ~mbgPIll'l'a ill (he PI'l'sf'lltly :\('('('[>(l'<I SystC'll! of yeast elassification . 
.As II I'(':-'u](', a II of (iJl' 1:1 I'g(' I' W'llPl'a of bot h thr ns('ospOl'ogPliOUs and 
nOllllH'OSP0l'ogl'JlOUS yeasts ('olltain dis:4illli1al' (ypt's, The mixing has 
bC'el1 thorough-ill I1Wll'y ('asps (he tl'lIl' l'eiatiom;hips which rxist 
alllOllf! spP('il's of tlw difl'l'I'Pllt f!l'IIPI'a 11:1\'e hl'l'll (,Olll'P:ti('(1. 

COl'l'Pelioll of (his situatioll b,Y til(' Hl'I'nllg'('llll'lll: of spel'ies in what 
tlpppar to Il(', pllyJogPllP(il' lill(,S of 1'('lat('<1 SPl'l'il'S j;, bplicy('(l to be a 
llliljOL' a([YUlll't'. TIll' SIW('i('s of fl gin'll lilll' nn.. (lI'PSlIllll'd to have 
\)l'l'1I d('I'iYl'll fi'Olll n ('OllllllOIl al}('pstOI' bl'('l\lIsl' llll'\' sharp (,C'l'ta1n bio
('l11'lllieal OJ' spol'ulatioll ('hal'adel'i~-;ti('s, 'I'll(' {'\'()lutiollaI'Y sequence 
in the Ol'igin of till' sp('('ips isi)(>lil"'NI to bp 1'('\'I':lIpd by tlit' state of the 
1JlIclrus ill the ,'pgplnt i\'e (',J( lin', 'Ill(' spp('il's ",hidl cOllsist exclu
sirl'ly of aseige)'OIIS hnploid ('plls an' ('ollsidl'l'('d t-lJ(' 1l1OSt. aneient in 
origin, and. (l;o!:1e \\'11 iell COllsis(- ex('llI:-;i \"('Iy of aHeig('I'ous di p)oic1 cells 
a I'P (,OllHi dPl'pd t Iw IIlOS( n'I'Pll L :-; (ll'(' iPH l!l't \\"('PI1 t II('S(' ext I'l'1l1eS are, 
al'l'Hllgpd ill the 01'(1('1' of ilH'I'Ptlsillg 1l11l11hl'l's of 11ll' diploid l'l'Hs and 
or dl'I'l'l'a:-;i llg 1111111bl'l'S of lll(' lta ploiti. ('pi Is ,,,h ith l'xist together in 
gl'owi Il~ {'Iii (llI'(':'. .\:-;t IIdy oJ tlll' dlllllf!P ill propr)'( il'~ 1'1'()1l1 spceies 
10 :-qll'l'Il'S 0" till' .rpm.:(s thlls lIn'allgp(l is f){'lil'\'pd to :-;how :-;(P(l by step 
the (lc(Jui:-;it1011 or 11('\\' jll'opPl'til'H dlll'illg the C'\'o11ltion of the genus. 
Tilt' gt'IlPl'ic ((ps(,t'iplion is (1ll'1l ll.l:ltiC' (0 illc1tHlp :t11 of' till' ;;peties in 
tlds phylogl'IIPtil' lim' and to l'xl'lndl' :-,pl'l'h,:-; of all 0(\)('1' phylogenetic 
Ii DP:-;, 

A llotpWOl'thy JPlItlll'(' or tl](' Pl'l':-;Pllt l'1n;;;-;ii1l'utiol1 is that it is based 
1ul'gpl" on ;;tlldi('~ or I'PCl' 11 ( iso1ntpl-' 1'1'0111 !lat III'P. ('oll{'('(('\1 by ('on
tt'IIl]l(lL'HI',Y \\'OI'((('},8 and llY thl' nlltltol'. .\n i;;olat iOlllH'ogt'am 11\\S led 
to the dis('o\'PI',v of :-P(,(,1PS of 1I/{1I.~(/l1I11/ whit'h ;lI'P eMil'P1y haploicl 
n lld\'Pt',Y ditl'l'l'Pllt ,1:1'0111 t Ito"l' :;pp\'k;; plnl'Nl in .( hl' IlP1HI;-; by StelJillg
l)(,klwl', ;-itull,\'oi tilt' Ill'\\'S(!l'('i('s ha:; I'Pl-'UI l<'(lIII a ('It-Ht,(,t', mOl'C(,OIll

pl'ehl'llsiyp COlH'Pp1iOIl of tIll' l'lltil'l\ f!I'O\lp. TIlt' :;(":ll'('11 1'01' new spe
l'il'S llot only lills ill IlJan.r Illissillg lillks in tlH' phylogl'llC'tic chams 
or tItis alld ot IWI' gl'1ll'l'n. bill it adds to til\' 1\\\I\\\)l't' of \,(!ilSts with 
:-pC'('ial intill;-;(I'ial 'allel u('lllll'llJil' pol('lltialiti(ls. Till' i~(;I:\.tion and 
;;111(1y of 1:\rgC' \l\ll\llll'nl or ~l\'ail\l., of ditl'l'l'('lIt ~l)('('ieR is nec.:esS:lry 
10 (Ic'il'l'mille \\'hic'h tnX{)]lOllli(' clwl'ndl'I'iHtil's IIl'e ((ons! v:\I'iablp. and 
thl'l'el'ot'e til(' most yaluabh.', fot' lhl.' t;('pul'ation of ;;pet:ics withil\ the 
genus. 

IllIUib;' :;1 



n PREFACE 

Probably the most important advance made in the classification 
presented herein is the marked increase in the number of physiological 
characteristics usea for recognizing the individlH11 speCIes. -With 
morphology so variable and biochemical tests so limited in number, it 
often was diflieult to decide whether an isolate which differeel in oae 
or two characteristics from the description of the species that it most 
closely resenlbled, Hhould be placed in that species or regarded as It 

new species. Und(lr this new system, if an isolate belongs in n. cer
tain species, its similarities to that species are multiplied by the re
sults of the nUIl1C1'OUS biochemical tests; if the isolate does not belong 
in that species, the eli/rel'ences ttl:e multiplied, Thus identification 
of isolates is made less subjecti ve. 

The increased 11umber or biochemieal tc·sls here proposed does not 
increaseinordinlltelv Ole elrod involved in the identifielttion of ypasts. 
The chemically def1ned media on which these tests are baseCl have 
recently been phlCpd on the 111111'lwt in the JOI'Ill of powders, Theil' 
use greatly simplifips the pl'cpamtion of medin. Ful'thCl'. the author 
determines which of the 37 carbon SOUL'ces he regulal'ly ('lllplo,Vs give 
the most consistent and lls('flll l'paetions for the s('pl1,l'ation of speeies. 
Then a limited Humber of these al'c selected for sepal'ating the species 
of a genus; in this case, the genus llaIl8('nu7a. 

This bulletin is dh'irled into two pa.l'ts. l>urt 1 des(,l'ibes the teeh
niqnes used for the elnssifitati.,.ill o:t yeasts. These techniques com
prise procedures fOl' isolating and preselTing cultures, for conclucting 
sporulation and Jllorphologka1 stud iI'S, and :lor p('dol'llling assim ila
tion, fermentation, vitamin defieiel1('~r, and otl1('I' tests. 'I'll(' tech
niques dealt with in this papcr al'e to be applied to the sLtHl.)' of the 
yeasts generally; OlOse "'hieh al'c applieable only to the study o:t one 
01' two gPHera must await dcs('l'iption in later repol'ts all those genprn. 
The principa.] types of Yal'.iation occlll'l'ing in yeasts are discussed. 
Part :2 presents It elassifi(,lltion of I-he I!('nus l1an,~enll{(t based on the 
described teehni(ltJ(IS and all the phylog('IH'tic ('onceptions of the 
author. 

It is hoped that inveRtiglltol's who hnve desC'I'ibed new sppcies and 
thosc '~'ho ha \'('is(~latps . ",l1i('h tlH'Y belie\'e I~Hly repl'l's('n~ l1l'W or 
rarely ]solat('d slw(,l('s, will send tl1(,111 to the l'\OI'th(,I'11 Upglonnl Re
search Labol'lltor,'" Peoria, 111.. for inell1sion in the~e ~tl1(l ies.' 

Aeknowledl!llll'nt is made to Ernst A. B('ssey for supplyin!!" the 
Lntin descl'jptions and h('lping with thr srlp('tion of nall1esf()1' t1l(' 
new speC'i('sj to K('l'mit A. Blll'ton and Richard .T. Gill for their tech
niclllllssishlllcl'j Ilnd Kell1wth B. Raper, pl'i11l'ipall1liel'obiolol!ist, and 
Geol'gl'.li', Jordan. editor or this Lai>ol'atol'Y. 1'01' their many yaluable 
suggestIOns und the. hours of work t Ill'Y have contributed to the pl'ep
arntiOIl of the manuscl'ipt. 

1Vorle in the In boratol'Y has b('('11 gl'eatl~r fneil itate<l by tl1(' p<HY<lel'pcl 
media. used in the carbon lind nitrogellllssimilatioll tests, vitamin de
ficiency tests, and morphology stu(li('s. Tlll'se media Wel'e supplied b'y 
the Difco Co. of D(·tl'oit, Midl., and th(' splendid coopPl'ntion extended 
by H. ",Y. Schoenlein of that company is gl'eatly a]lpr('C'iated. 

Thanks tLl'e extenc1('cL to th08(' pel'sons. in dlllrg'e of the Centl'aal
bureau voor Schil11l1lelcultllres, DeHt, Holland, and of th(' American 
Type CuitUl'e Coll('dion, and to all others who supplied cu1tures or 
fruss from vllrious species of trees. 
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TAXONOl\lY OF YEASTS 3 

tative species, In anoth~1.' pl'occchm,', [t flnsk of an acidified liquid 
medillm is illoclllnt~c1 and plac('cl on a l'ot:u',Y shakcr lor 1 Ot' 2 days, 
The molds ",.ill bC' 1)]'~\'Plltl'd J"OIll SPOI'lilllt i ng, and the 11 umbel' 01' 
yeast cells will so gl'C'atly oLlt:numbl'r till' mold llC'II('t;; that further 
separatioll 01' the cells ntay uc readi I,)' aeh ic\'pd by :-;tl'paki ng, This 
method fllyors the dcvelopl1ll'llt of Loth iel'lnt'lltati\'e, and oxidative 
yeasts, 
H~rtz and Lp"inl' (,j{)) l'l'col1ll1ll'll(1c'd IllNlitl in whidl sodium pro

pionate alld (jipll('nyl wl'l'l'ill(,OI'pOI'atl'd as fungistatic agl'llts to 
eliminntC' Illolds Ulld (It'I'lllit tht' l'1l1l1l11'I'alioll of ,Yl'm;ts in mixpd 
populat iOIlS, 

OccasionalIy SiI'IIPS, JOllllallls, salad dl'P;,sillgs, tIJ1(1 olhC'L' substrates 
of high OSl11ot ic (lI'PSSlll'l' 1II111C')'go fl'),llIPllt at iOll by ,Yp:lsls whi('h ('an~lOt 
bl' isolatl'(1 Oil Ill('dia ('olltaillillg ollly L P('ITl'llt glllcose" DeJlPndllw 
upon thl' lIat II 1'(' of til<' s:llllpil· 1'1'0111 whit'h thl' Yl'llstS Ill'e to Ill' isointp(r. 
the following I1wdin Illily 1)(· IIst'd: f,()() 01' ;\()O gill, glnc'osl' (the Slllall('J' 
IUllOIlilt is IIswlll,\' slllli('iellt).;l gill, ypast l'xt I'ud, ;l gill, llIa.lt ('xll'act:, 
5 gm, IwptOIl(', al) gOl, agal', ill t fill'l' di:-tilll'd wat(,I', Till' pH iti 
not a<ijllsll'(l. 

TIll' Illl'dilllll is S( I'l'ak('d and til(' l'lIltlll'('~ Hl'l' illl'lIbatpd at leaRt a 
\\'N'1;:, In g('IIC'I'a I. ,)'('asts gl'Ow slow I)' a lid lll'od II(,P snmll cololl il'ti on 
Stich 1I1C'llin, .\ll11osl nlwflYs, oSlllOphilil' y<,usts ('[Ill be SII('('pssi"l'l,)' 
slIbl'ulilll'pd 011 ;W, to, and finally Oil t 1ll'I'('Pllt glll('osl' 11lNI i11111, alHl 
gl'Owth on tlw http), is IISllllll,\' !lIO),!' typieal in appl'(ll'all('p, Hal'pl,)' 
will un oSl1lOphiji(' SIH'('il''': lJl' f'olllld \\hi('1! (':IIII1!)! 1)('('olilP adapted to 
growth on ol'dilHll'y 1I1l'(li:1. 

Gplll'rill illf(JI'IlIatioll I'pgal'dillg ,n'a,,(s ('apahll' of' g),owth at high 
osmotic ']ll'eSSlll'l's lIlay Ill' oiJ(nill(,([ fl'OlIl p:qH'I'" dpnlillg with spl'l'it's 
i;,(Jlllted 1'),0111 \'al'iolls slIlJ":II'U(PS, lnellldill!!: 11011(,\' US, :),'): raw 
and l'efinl'<1 sllgaL'S, f'i),IIPS, alld Illola"sl'" (:!fl, .!u, ,jrn: pic'klt' bl'illl's 
alit! l'llC'UlIliJ(,I' fl'I'llll'lltatiolls (.!,J, .:i. ilJ) :I'PI'IIIl'lIfing 1I1\1"t,.: of' ('SPP

('ially high slIgal' ('011('pn( I'atiom; ( H. ,1;;, .i(l, .if) ; S\\'('l't('IW<1 ('oll(l('ns('(l 
IIdlli: (.iO) : <1I'i('([ fl'lIits ( i, ,",1, ,'/) : and ins{'('ts (J(j, 81). 

'I'll(' ,YPHsI" associat('ll ",ith II\(' animal hody: wilh llit' {'x('l'pliol1 of 
Ihp gellll;; !>i!i/I'Ogp0l'/II11, lIlay 1)(, isolalC'(l Oil 1I1('(lia ",\It,1t as llH1lt 
('xt l'lll'! -,\'PH;;( ('x! \,:\('( Hg:II', (OIl1H to j 11 i('!' agn I' :I~ lI:,pd by ,Vl'in:;tC'i 11 

alld "Ti('];:crhnlll (IIJ/), limit lIgnl' liS Ilsl'd by ;-;t (mtl I alld Buholz 
(/)7, /18), OJ' ;-;:t\JOlIl':tlld\; ng:ll', BPldwlll (II, U) alld E1I1111011S (,:.!I 
lla"p gin·)) ('oll:-iti(')'abk altplllioll to tlH' d('\'l'loPIIIl'llt of nlP(lia slIit
alii!' 1'01' C'ultinttioll or tlil' IJI(,IIIIH'I'" or til(' :;IJIHII gl'l1l1S Pit!ll'o'~JJ(I/'/IIJ/, 

Pll7'ifi('n.tion of i~olatl's j" :\('('Olllpli,,;}H'd b)' J'l'"'tl'pnkillf! lIll!'il til(' 
('oloniC'!' :tl'P a~ IHlIllogl'IlPOIiS .ill :t PI )(':Il':llll'P :I", ~Jlnl'(,I'('I:llioIlSh ips 

lwtw('('n tIll' ('ololli('s will allow, ,\'IIP],(, two 01' IIIOI'P fOl'nls l'l'nppNlI.' 
011 :SUIJ\'lIltlll'l" i( i:-; j>o"sihlp thn! tl\[l,\' 1'('I))'P"Pllt nll'iant:" of a :singlc' 
;-;p('('ip:s, I r tll('Y pl'O"P to 1)()"~l'~S IIH' ~allH' phy:-iolo!!i!'H I Ill'Oppl'ti('s, 
till' IwIil'f that tlH'Y IIwy Ill' Y:tl'i:tll(:-:, l'atlH'l' thall eli ... t inc! :spt'l'il';;, i:-; 
stl'l'llgtlll'llpd, Ea('" nll'ialll i:-; "llIdipd alld i(:- d(':--C'I'i]ltiOJI 1!4 illl'llIdl,d 
ill (hat SPl'eips to \\,hil·h il i" Il(,]jp"p(l to iJplollg, 

.\11 isolni'('s :11'(' Iyopldlizpd :H'('(lI'dillg to 1IIl' 11I'()('(,<1I11'(' dl's('I'ibl'll 
by 'Viel\(.l'halll :l1ld Flit'ldllgl'I' (lfJ/J) 'flip y(':\"t;; 1ll'P gl'OWIl 011 

EI:\IIt~, :tnd as soon as ,!!J'O\\! h 11{'1'()I1I(,~( ablllHlalli it is di",pl'I':;p(1 in 
stl'I'j It' blood SP)'lllll, Thp lids! 111'(' j" t 111'11 I'I'OZPlI at II ppl'oxi 11l:t (ply 
-.100 C, nud !;:('pl 1111<1(')' rUt'lItllll m'lIl' j' ulltil dsibly dry, Till' 
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tll'ying is continued at room tl'mpel'atm'e -for a() l11iJlut<~s, Then the 
tubes arc sealed by IlWIlIl$ or II ('ross-fire tOJ'ch while the vaClllllll 
pUlllp is still I'unn'ing, The dt'sicC'a(e(t pl'epal'atiolls tIrc kept in tt. 
"l'frigemtol' until tillle is u\'ailnbll' f'OI' t'im;sifyillg tIH'IIl. Then the 
tubes nre opened, the pl'llets slIspPIHh,d in liquid IllaH extract-yenst 
extmct medium, and It loopflll ht I'pak('cl on an agal' pla(:e. The l'l'
suiting ('olonies pl'o"iell' ~tal'(ing nlHt~'I'ial -rol' spol'ulatioll llnd 11101'

)hologknl and physiologka I shldies, Lyoph il PI·(,:;Pl'vat.ioll l'C'dll('pq
].oss of the ability to spol'lt\att' and pJ'o\'i(\ps it \l'H)' of "ppping' .in<ll'fl
nitely fOl' futul'l' obsl'l'\'a( iOI1 tl1(' spol'lllatiol1 IH'O('('SS ill nil its stagt~s. 
It greatly l'(l(l\lt'('s loss of otI1PI'\\'isp tdlOl't-lil'l'd SI)(I('it's, such as mem
bers of thl' gt'nus B"I'/lclilOJ/li/('(W, 

A(ki n, Moses, and OI'llY (.J) 1·(,]HJ!·t l'(\ thtl t Iyoph il PI'('sPI'\'at ion of 
b1'l'\\'(,I's' Yl'asts l'Pslil!l'(\ ill thp 1'('('0\'('1',\.' of slIbst I'HillS dill'Pl'illg fl'OI11 
till' parPlli stmill in lhpi!' ability to s.l'lItl1l'si;~l' \'italllin:-l. Ul'lil'l'ally. 
\"a1'.illtioll ('onsiste>t/ of a \t'ssl'lll'(i eapal'ity, aHhol1gil SOlllPtinlPs an in
('l'l'H!wd C'apa('ity, to Ill'O(lIl('(' pal'! it'll 1:11' \'ilalllins. :-;Ill'h ehHng('s, while 
dist ul'bing, art', not l'l'gHl'd(ld by til(> llllthol' as S(I!'iOLlS, sin('(' Schultz 
and At kin UW) fOllnd that stl'ailH; of S(U'('/uu'O/ll//('(,8 ('(,I'('/'isiu(' ('ould 
be sl'pal'Htpfl into 1;3 (YPl'S on tIl(> basis or tlwi!' I'italllin l'l'qllit·l'I1IPnls. 
Shollhl i\lttll'C illY('Hlignt i()n,~ PI'O\'l' that qllalitalivp difl'l'I'l'IH'(,s in the 
mo!'t' stabh' physiologil'al ('lIal·a('(PI'isti('s. sll('h as ft't'Illl'lItalioll I'PH(,
tions, al'e indlll·p(l by Iyophilizat ion, t ltis PI'()('l'dlll'C foL' the mainte
nallce of stoek (,1I1 t II L'l'S wi \I lIa \'(, to Ill' I'P-P\'a luatl'(L 

IVIOHl'lIo('OGY 

SPORULATION • 

Many medin haYl'lwpn dl'viHNl fot, ill(> stlldy of RJlOl'nlation in Yl'f1Stfl. 
Ml':lk and )1('Cllln~ (i I) l'l'[lm'!l'd finding yeast \\'hi('h Rpol'lJlatNl 
011 l'UCllIllbl'L' \\'Nlgt's bilL 1I0ton till' o(:il('I; .IlH'<iia !l1l',I' USl't!. Latl'l· 
lUl'ak, Phaff, and Douglas (IV,!) l'l'('ollJnlpIHIt'(! all agal' l11('(liuul ('011
taining 1I ntixtUl'p of l'xtl':ll'ts of t'1l(·unllJpl·. b(,pt, polato. and ('an'ot 
fnl' I1lllintl'lIan('(' of sto('k (,lIltUI'(I;; so tl1nt ns('o;.:pol'(,;; might ill' antil
ubll' \\'h(,lI(> \'('1' 1\('('<1('(1. 1'11(> Lilldl'~I'(,II;': (;).n pt'pplu'pd it pl'e
spol'ltlution nl(·diulil fl'oll! i:n!it jui('e~, \'('!wtabl~' I'X(TH('[;':, dripd ,\'('ast. 
gIY<'('l'ill, eHleill1ll ('al'hollall', a~al', Hila ,1·alpl·. '1'11('Y l'ppOI.o("Nl that 
1'1)()I'PS ,,'Pl'(' [ol'lIwd on this llH'd ilIlll if tht, Y('HstS II"PI'(, a11 0 lI'('d to 
gl'o\\, fol' a -I'P\\' "'('\'\;-s. If SPOI'PR \\'l'l'(1 11('('d('(l sOOIH'I', :-;(11)(' 0 r til(> 
cells Wl'l'(' tL'aIlSf(,I'I'l'd 1'1'0111 til(' .1)J'Psponilutioll llll'diulil to 1-,''YPSIlI1l 
slanls, flS dpyisp<i by Gl'tlhnlll aIHI Haslings (.)0). 

Stanfial ([Ji) oiliailll,tl tlIP b,~st spol'lIlation of .....'I{t·('l/lll·()myr·('.~ f 

('('/·I"I.'isiae by continuolIsly shaking' ('plls in a sollltion ('ol1tainillg L fo 
:3 mg. of glucosl' and ]() to :W Ill~. of potas:-;iul1l flt('tat(' P('I' nlillilitel', 
Rt-ontll and Bubolz ur7. (18) ohtnill('(1 S]lOI'PS by f,!I'owin!! Yl'lIsts on 
malt agar plnU':; and p(lI'lllittillg till' (,llltll1'PS to (11'.1' (·olllplptely. Th(' 
{'olonil's and agal' W(>I'(, tlll'1I I'l'hy(ll'ail'd and the ('dIs \\'(,I'P obsPI'\'l'd 
fol' as(·ospol·Ps. Li \'('1' nl(ld ia. :'\I<,h as Ilsl'd by Etcln'lls and ;lonl's 
(;1,i), RonlPtilll(lS :l'n.\'OI' sp()I'lIlntion. Xiekpl'soll and Thilllal)lI ('78) 
fOllnd that d(lncl ),l'HS! ('plls lind HIt I'ufes of Cllltlll'(I l1lt'dia in \\'hkh 
.:1.~l'fJ'[lilltls ni[I('I' had hl'<'l1 gl'own \\'0\11(1 1'1 illlulatp cOl1jllgation in .... 
Zygo,~a.c('hUl·ifmy(,c8 a.cidi/uciclls, Lalel', these authol's (';'9) :found .. 
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that riboflavin and sodinm glutal'a(:e had the same effect. Phaff 
and ~Irn.k (82,8.J) have L'e('elltly published a revit'win whkh v!wious 
spoI'ulatlOl1 pl'ocedlll'es are COlll(HU'l'd and discussed, 

The author I'ontincly employs one or more of the following me(Ha 
fot' obtaining ns('ospol'I.'S: 

I Il~xlncL's ,'gm:'I'AIILI': :WICI~ 3,4 AO.\H (J10) ,-To uOO rn I. of juice arc 
addNl GOOml. of distilled water, Ten grams of moist yeast (taken 
I'I'CIU It eake of lmk('I's' ,Vl'l\St) is dispersed in the diluted juice, The 
mixtul'e is nlljllHted to a. pH of 7,0 with potassiullI hydl'oxic1e and 2 
pel'C'ellt. of ng:u' is added, The lIledium. iH iml11ec1iatcl)' heated to melt 
the Itglll' und prel'ludl' :l'el'lllclltatioll, then tubed or bottled and auto
ela\'p(l the Ilsllal ~o minu!ps, Ex('essive heating is n,voic1ed, 

)IM:r gX'I'ItM".I' A(JAIl SLAN'1's,-This is one of the best sporulation 
J'lwd in, T",pl \'(. gl'a illS of agar a IH1 ,100 1Il1. of distilled watel' a I'e IH'ated 
to Ilwlt' the flgal',· TIH'1l ~o glll, of powdered mId!: ('xtl'!let is dissolved 
in tIl(' hot solutioll, 'I'll(> 1lH'c1illll1 is disj>PI'Hl'din test tubes, autoda:ved 
at Hi to 1:-; POI1Ilc\H fOl' Hi Illinlltl'fi, tlll'n nil tubeH arc slnnted, The 
slants atl' hpt ill till' l'cfl'igl'I'UtOI' ulltil used. The medinll1 is acidic 
lind thel'pfo!'t? should !lot be 1'('Illl'Itl'l1. 

)1.\(.'1' l'~X'I'H.\l"I'-YJo;,\S'I' EXTIt.\C'I' AO.\H SI,AX'I'S,-Th is medi 11111 is clc
sl'l'ibpd in til(' pl'('yiolls sedioll on Isolatioll and )laint<'llance (p, 2), 

('.\I!HO'1' WElJul~s,-FI'esh youllg ('a I'I'O!H H 1'0 \\'ashed find (,lit longItudi
nally in q11al'tpl'S, Each wpdge is pla(,Nl in a large (:W 111111,) test tube 
with a Ill!. of diRtilh'(1 wate!', The w('(lgl'R are. stl'I'ilizl'll 20 minutes 
wilh steam at If> I)oUlldR 1)I'PSfiUI'l', 

O'Cl'snr IlLO('KS,-Althollgh widely us<,(J I'M sp0l'ulation, gypsum 
bloeks d () not ,riC'1 d !lut! t'l'ia I :;u i la bl(, 1'01' 1,\'0]1It i I izn t ion and 11I'P I'(,so l'ted 
to raJ'l'1 \" 

The,\'PHfit to bp stud it'difi gl'OWtl fot' ·IH holll's 011 lL slant of mnlt 
extl'act=y<'ast' l'xll'ad ngal', 11ll'1l tl'fllll:d'PI'I'('(1 to a SP('ond slant whieh 
i~ jll('lrlmt('d fO!' 2·1 hOlll's, Cells f1'01l1 the se('ond (,lIltUI'<' arc tl'ans
f(,ITPd by loop to thl' (,lItil'(, Hu!'facl' of HlalltH and to the cut surfaces 
of plugs, 'I'll(' inol'lIlation is light. Aftl'l' 2 wel'ks of. incubation at 
~,j" C" and again at () wpekfi if 1Il\('l·ssaL',)', ('{'lis fl'ol1l t11e center of 
tll(\ ('Irlful'l' al'C' staillNI to aid in Ow detpetioll of ns('ospOl'es, The films 
:lI'l' I igltt Iy fixl'd by hptt t, then Htai ned in hot (HOO C,) 5-pel'eent aqueous 
:-;olulioll 01' llIula('hitl' gl'(,PIl i'm':\ to ilmilllltpfi, Dl'eolol'izntioll is ac
('on;plisIIPd b,\' \\'ashing ill I'UUnil!g wntl'I' for ao seconds. COl1llteL'
slai lillg is <lOBe with O.ii-P('I'l'(,llt' aqU('()Ufi l'mfL'unin Jor 10 seconds, 
'1'1:(' fiPOI'{'S al'(' stailll'd blue and til(' \'l'f,rptatin' ('el\H reel. The anthor 
has fOllnd tllnl rnatul'e ~atlll'n-:;hllp('d h(lOI'('S whicl! bellI' thiek rings 
I'psist both ShlillS, and it should be bOl'lll' in milHl, as shown by BellU
\'PI'ie (i)), that 11If'1l1i>l'I'fi of thl' gellus ''''('hi,?(Jsw'('/iaJ'Ol1u/C£'N jll'oducc 
SjlOI'f'S \"hit'll l'l't:lill I Ill' ('()untl'l'slaill, ' 

Gl'aY (.i1) and MeCIIlllg (as) Ilfl\'e proposl'll moditit'atiolls of the 
11111 laeh i te gl'('('n spore fila iIl :rOt' yellstH and othl'I' fungi. Gmy 1'l'('om-
11Il'IHlfi staining for.' Imilllltl' over steam with It Rolnt\oll containing 0,5 
Pl'I'('pnl lila 1:\(,11 iIt' gl'('('11 n nd 0.05 pN'(,l'nt ba~,;j(' fuehsi n, After being 
\\'aslll'd and dl'11'll. III<' SPO!'I'S appl.'tll' greenish blue and the vegetath;e 

• A ('olllllwl"('lu! 11I'Ppn I'ntioll knoWIl liS Y-R. 
"I'll(' \lSI' ot' 1I11111(,S of' ('OIllIllPI"C'lnl IJI'OI!U('[l' 01' (\llllillllll'nl· in this ImlIl'lin does 

uot imply I'll hpl' !'lulonWlIll'lIt 01' 1'('('Olllllll'u!ln lion b~' lil(' D(>pn I'tlll('nt of Ag
l'il'ulllll'l' 0\'1'1' oth('rs of II sinliltll' IIntul'C not used, 
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cells are "iolet or pink. McClung prescribes the use of l-pel'cent 
malachite g'reen dissolved without henti ng in 1 percent phenol sol uti on. 
'111e steaming period is 2 minutes. The counterstain is O.5-pel'cent 
aqueous sllfranin. 

Another spore stain is one commonly used to demonstrate spores 
in bnd.eria. The .H1mis fixed with heat, flooded with carbol fuclulin, 
n.nd steamed gently fOL' alJOut 2 minlill'S, Deco1orizing is done with 
2-percent laetic acid, or with 1)5-))I.'I'('ellt alcohol containing 1 percent 
concentl'lItell hydroc'hlol'ic add.. The film is wns11l.'din watel', thcn 
countersi:nined ~ 01' g minutes with t-percent aqueolls thionin 01' with 
methylene bllle. The vl'gf'tative ('ells tll'e bIlle, the spOl'es I'ed. As 
ll1l'ntlonl.'d pl'cviow;ly, the SP()J'cs in spccics of Sr/dzosacclwl'om.,IIces are 
not aciel-Jnst, and will not 1'C'lain the ('arbo] -fll('hsin stain. 

Lang'l.'l'on !lnd nuel'm US) dl's('ribe It 11101'(' elnlJol'al(l 1lH'lhod of' 
using thc !,I'l.'ceding sinin bv (,OIl1iJining H, with ~ilc billc and India 
ink. In SU('C'('ssflll shd ns tll(1 as('ospOI'c \\'alIs n1.'(' ('olol'c<1 ]'c(1, !II(' as('i 
fire white. til(> vpg('hllin' ('('Ils arC' blllt'. and till.' bnekgl'olllHl is b1aek. 
SeY(>1'al lllodifiealiollH of as('OHpOI'(' slaim; hH\'l' hl'(,11 d('sl'l'ib('<1 1'('('(,l1lly 
by Phaff and Ml'Hk (83), 

Afl'el' a st:tilling ]ll'o('pdlll'(' has (I(llIlonsl 1':11 ('<1 til(' pl'(,H(ll1eC of nsc()
sporC's, C('IlH 1'1'0111 till' \'ariOnH Jlwdin 111'(' cxalllill('d ill It \\'al"(II' 11I0UIlt. 

If the SPOt'PS :11'(' still wallin tllt' as('i, til(' sll:'I)(', si;.;(', and 1I11Ill!JC'I' of 
SPOI'('5 arl' I'p('ol'dl'<l, aIOllg wilh a (lps(,t'iplioll o"f the type 01' types 
of as('i, f'lwl' is, ",11('1'11('1' ('onjllgalion is lsogalllie 01' h(lI('I'ogami(', 
wll('lhC'r jt O(,('UI'S Iwh\'p('n indp]l(lI1<1cnt 01' 1>l't\\'(I(,1I Illothl'I.' and 
da~lghtel' ('('lis, 01' \\'hl'lI)(,I' ('onjllg:Ltionis l:teking. Sporl's that :1]'(' 

qUlle small or thnt ha\'l' :'IpPPIHlagps thai' al'C' <Iillil'1I1t t"(l sCP may b(' 
st Il<ii('(l withollt intpl'fC'I'PIH'P fl'olll Hl'Owllian IlHl\'PlllPlll by ('a I'('fully 
plneillg tht'1J1 on a. glass slidC', till' ~1I1'fa('p of wlri('1r is ('o'\'pl'pd bv i1 
'\'('1'1' thill ('oat of au'al', . 

ii' is UHIIH lIy elc's'i 1'0 hlc 1-0 (l('lpl'l11i no \\'h('1 h(ll' osrospol'Ogcllolls ypas\s 
nl'l'. hap10i(1 01' (Iiploicl. Tlrp I-"pt', 01' Iyp('s. of m;('i in spot'nlah'~l ('111
tm'(>s will usually incli(':i.ll' in \\'lIal~ propol'liolls th(, as('igPI'olls Y('g<'tn
tive (,pIll{ III'C hllploid 01' (liploid, sill('p all as('i ;.;ho\\'ing ('onjugul ion 
pl'CSlIlllnhly aI'isp fl'om hn pillid cell::; anl! thosp without C'onj ugal'iuu
al'iSl' from diploid ('ells. . 

CEI.Ll'LAH l\IOHI'1I0LOGY 

MOI'pholo:tieal stllcli('s of till' Yl'lIsts 111'(' or limitcd nRC in !:axonomy 
b('C'alls(' of thc (>Xll'PIlIP val'iabilil.,· of 11H'l{c' nrit'I'o-ol'ganisnls \\'hen 
gl'own in Inbol'alol'Y (·Idtlll\~. 1\111('h of Ulis variability r('slIltl{ from 
difTc l'ences nmollg st:J'U ins wh i('h ('om ]ll'il{c the in<1i \·idna1 species. Also 
inlpol't:mt, ho\\,(',\('I', is val'inbility l'f'slIliillg :[1'0111 diffl'l'l'l1(,CS in I'he 
('hlll'aetci' and cOIll]lol{ition of nH'(Lia el1lpl().~'('<l by diffprpnt. invcstig:t
toJ'S. '\Yhel'(,lIs variabilily arising :from Ihe fir!>t of thl.'sc C!lUS(,S must 
be tleceptNl and l'valnaled, (lint arising '('I'om til(' sP('ond can Ill' sllb
stantially l't'dll('('d, as ('an abo tlIP \·ill·iabilit.y I'pslIII ing 11'0111 diffcl'
cnees in time and tcm pel'a I Ill'(' of intubation. 

The a,vtlilnbilif'y of PlII'C' yilanlins and amino aC'ids hns pel'mit:tNl 

• 


• 

• 

, 

the devclopml'nt of e1ll'lIlically (l('filJ('(1 nwdia that support thc gl'owth 
of prllctically all yel1sts. In ('n 1'1 icl' im'cst igations thc autho], el11
ployed stock sollltions ('oillbilll,d in varions ways to pl'ochlee mcdi!t 
suit!,ble for difi'erent biochemical tests and morphological studies. • 
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The reader is referred to papers reporting these investigations (105, 
106) for detailed ilJi!ormntion regarding the pL'epal'atioll of the media, 
DehydL'atcd mcdia, now are eommercially available in the form of 
powders,r. 

Composition of the l1Ic<lia Ilsed by thl' alltltol,' ill ('onducting the 
taxonomic studies hCl'ein is shown in table 1. 

'l'.\BLE 1,-Oomposition 0/ flU' ('lll'mir'ally d('jinNl media employed 
for detfl'minillg ?lwl'p/w/ogical and JI/tY8iologlcal clw1'(tcteristios 
0/ yca8ts 

----------'-------~-:------.-'-"''''--

INitrOgenl Carbon I 

l\lor- ,buse for base for IVitamin-

Ingredicnt. phology i carhon nitrate' free 
I agar :a!'lRimila- lI!'lsimila-: base _________'__ '" ' _,,_______l____ /ion tests tion test 

J/irro- IMicro- Micro- Micro; 
Compounds supplying t rIl('(' plt'l1lpnl;;: flrams I gralll,~ flrams grams


JlaB03__,_ 500 J 500 ,500 500 

CuHO j ·511 z0, ·10 ' 40 1 40 40 

KT 100 • 100 ' 100 I 100 

FpC l:.a.(l II zO , 200 200 ; 200 ! 200 

MnHOj·lllzO "'-.--". 400: ,100' 400 400 

NII~;\loOI·2112U. __ •. ____ _ 200 200 200 200 

ZnHOj .711 20 ·100 -100 400 400 


Vitamins: 

Bioliu. . . 2 2 2 None 

(~ILI~iUIl1'I)ll)1tO{ hC'natc 400 400 400 N'olle 

]'olt(' nele .. __ • 2 2 2 , XOlle 

Tno:;itol " 2000 2000 ! 2000 I NOlle 

:\illcin.. ___ ._~_.,,_ ·100 400 400 NOlle 

Pllra-lIll1inobpnl\oic add 200 200 1 200 i None 

Pwi<ioxiHe h \'c!ruchlorid(', ·100 .100 r 400 ' NOlle 

nlboflayilL: _' 200 200 I 200 NOlle 

Thiamine hydrochlc/l'ide. , • 400 ·100 400 NOlle
, MiIli- "filli- I i\I illiMilli


Amino Ht'ids: . fll'(/I/1·~ flralll.~ , flrams grams
I
J.-hh;tidillc Illollohydroehlol'idp.l 10 10 1.0 10 

!lJ.-nwthiolliIlP" 20 20 2. 0 20 

llIAr-yptophan •. ' 20 2. 0 20
')0 I 


Salts: ! GI'(/II/.~ I Grtll~S I Grallls Gram.~ 
KIJ2POj. -", 1,00 1. 00 . 1. 00 1. 00 

:\ (~~;-;{)~.71120 • iiO i .501 .50 .50 

Xn('1 _•• .10 . 10 I . 10 . 10 

Ca('12,211~O" .10 i .10 .10 .10 


Curbon sOllrc'c: Uha'oRe ••• NOlle 10.00 10. 00 
10. ~O I
Nitrogen SOllree;;: 
',XH.\~:-;Ol_ . 3. aO 5.00 N'0110 5. 00 
AspllrllJ,!;i1lC' 1. 50 XOIH' NOlle NOlle 

I 
A~lIr • JR. 00 :\0110 XOlle NOlle 

Mil/iJl ill i "'HlliMilli
liltr.~ liitn lil('r.~ Wcr,~ 

Dislill('(1 \\'1I1C'r. __ '"'1 1. 000 1.000 1,000 1,000 

• Olll' of t 1tC' ('OIllPlllliPR IIIl1killg (jphrrll'atl'tl 1I1(,(lln (.I)i f('o) has ~11('(,l'ssf\1l1y pre
11111'('(1 OH'RP I)wllin in Jll)wd(>I'pll [01'111 lind 11;; !;\pl'i1P liqnic1" ill tenfold conct'ntl'a
lion. OIIC' IIlf'CIilllll is for 1I1CJ1'llhoio),:ic'lIl stlldips 111111 olhpl's lin' 1'01' CIlI'\)on nll(l 
llill'1I1p IISSilllilllliOI\ IIIHI \'llHmlll (If'fklc'IH'Y tN;I!;, 1'11(' IlH'(lia for 1ll00'phOlogit'nl 
Silldll'li 1111(1 \'Hall1ill (]pfl('i<'IH'r tps\!; 1'('111111'(' on1r til(' lu1<11tion of watCl' to mnke 
tlJ('1lI ('olllpipte. whpl'l'lIs diff(,l'ent: CHl'hon SOlln'PI! and nitrHtc llIust be allded to 
UIe t'Hl'bon /tllli uitrHto l1ssilnilntioll mcdill, respectively, 
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Two jlitro~en sources are used as It result of Th01'ne's work (101, 
102, J03) whIch l'cveltled the generally beneficia1 effect on growth of 
binary mixtures of nitrogenous compounds. 

The medium is pl'epltred by combining the ingredients listeel in 
column 2 of table 1 01' by adding the appropriate amount of the l)OW

dereel medium (Difco) to distilled water. The medium is autocbved 
at 15 pounds pressure for 15 minutes, then cooled and poured into 
pIntesto 1\, depth abont 1.5 mm. for the prepamtion of spot and stteak 
cuIttu'es. 

Ll1Z Marie DalmnlJ (1.9) perhaps should be credited with originat
ing the USe of coverglasses to permit the microscopic observation of 
fungus cultures growing ill l)('tl'i dishes, 1)(111('e such cnltm'es a)'(\. desig
lHlt:ed hel'e liS "dlllman pJates" in hOllol' of that myeologist. Ben]mm 
(10) cut a slit wi.th the inot'ulllting needle through a, deep layer of 
cornmeal agfLr il.1 llJ)ctri (.liSh, A:f'ter.' l'he cultme had ni.atul'ec1, a 
coyerglass was place ovel' it and the yeast wns observed. Slide cul
tures for obscl'vntioll and photomicl'ogl'aphic pUL'poses may be pre
pared by the procedures of Wi('];:el'llal11 and Hetl:/!.l'l' (JIB), Di<ldells 
and Loc'ldcl' (,Jl) Ol' Rhrnlier and Bc.vdel (8'7), Fot' routine identi 
n('n tion of yeasts, dalmllu plate ('ultm:es al'e preferred to slide c,ultnres 
bceallse theil' l)J'ep!ll'ation l'eCjllit'es less time, and no special preca.u
tions 11(1(>(1 be talwn 1'1'garclill~ humidity. . 

The aIII hQl"s pl'l'spnt teehmqne of preparing clalrnan plates is simiJ:n' 
to Bellh:un'!; pl'Ocedure, but diffel's· in· one vel''y importallt, respeet: 
Th(', eO\'(,l'glass is appl i('c1 hnll1ediHtel~' after inocula tion. This pl'Oeed
ure leads to the fOl'lllHtiOll of hyphae by many yeasts that would not 
form them .if the c()\'C'l'glass wPl'e not applied at the time the medium 
is ino('ulated. Freshly pOtll'('d diRhes nee. set [lsi de at room templ'I'a
tUl'l' for 21 to 4:8 hOllrs to allow the slIria('e of the. agar to dry, '1'hen 
the Yl'HSt to be studied is streaked across the plate neal' one Ride. The 
amoulll' of inoculum used is small, and enough pressure is exerted 011 
the needle, to s('al'i:fy, but not to split, tl1(' agar.' Two point inocllht
tions, again using small 1I1ll011lll'S of ino('ulum, are made on the same 
plate. A ('ov(,l'g.lass, 22 111111, square, is l'emo\'ed by forceps from 
absolute akohol, drnint'd. flamed, and cooled for a few seconds and 
tlll'11 plncec1ll(,l'oss tla' streak. Anot1ler covel'glass is centered over one 
of Ih(> point ino(,lllations, The platps nre inc'ubated at 25° C, for 6 
to Hdays. The general appearance of the resulting cultures is shown 
in pliite 1. 

A desC!l'iption of tIle [lC'l'obic colony (pI. 1, B) is recorded, lind cells 
from its edge are suspended in wallll' and Obf;('l'v('cl JOI' :tl'l'angernent,
$hll))l~, ami' size. The smallest (exelusi ve of buds) und theltll'gest 
normal healthy blastospol'tlS found in one 01' two fiC'lds, depending 
11])On the number preRcnt, arc Illeasllred. The ~H'esen('e 01' absence 
of hyphae on the aerobic. p01:tion of the, ~tl'eak IS noted (pI. 1, 0). 
Turning then to the anaerobIC growth, If long hyphae are present 
in the covered section of the stJ:eak (dalman stl'cak): their Jenf,rf:h is 
determined with a millimeter scale. This section lS then eXllmined 
with :t 4-mm. dry objeetive and the presence of true },yphne, 
pseuclohyphae, 01' intermediate type..<; is recorded. 
If blnstospol'(~S (budding yeast cells which differ -from the hypl1al 

ceUs ill size 01' shape) arc. pl'eseni on t.he hyphae, their arrangement 
and shapes lire 1'eeol'dec1 also. Xext, the ('overed growth whieh ol'.igi
nated from the. point inoculation (dalmllu spot, pI. 1, A) is observed 
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• 

• 

• 
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llliCl'oscopienlly. Gl'nl'mlly, the l1umbl'1' of h I'phae dcveloping' from 
thl' point inol'l1lnlioll is 11111('11 g'I'pnlt'I', and t!1("JltlllllJtn' 01' blnstmlpOl'l'S 
011 till' hyphueis IlllH'h slllallt'l' I han obi aiII!-; with the (1almau strenk. 
] n strain!; wh.it'll 'r01'1Il no hyphlw, I Itt' hlaslospOl't's ill tilt'. dalmun spot 
aI'C'. t'Ollllllonly lurgc',' nll<l 01' a <lill'('t'PIl\ shtqw from those in the dalnl:lll 
slt'pak.

1l.losl· 11"I)lIl\e cnn Ilt' I'('adilv I'N'Oa'llizt'd as (·ithC'1' true hyphae 01' 
pSP(fd{)hYll Wp, but sonlP st l'uit\H HhO\\' dC'vl'lo]>IlH'llts mitlwIly'bC'tw(,(·Il. 
TIl(' IlHsi(' d.i Il't· 1'(' Il<'l' IlPt \\'('('11 til(' (lXII'PllIPS is (hal pS('uc!ohvplluC1 g'l'ow 
by huddillg. with pa('11 S\I('('('ssi\'(' ('(,II slll:dlpl' Ihan that 'wld(,1t gay\.' 
l'is(' (0 it: (I'U(' hyphac" Ol1lhl' ('(Jlltt'al',\'. t·lol1ga((' by ('ontillllOuS gl'o",th 
oj' (h(' hyphal tip .. \\'hi('11 is follO\\'pd Ily 111l' 1'0 t'tl1 III ion or s('pta. TIlt' 
i'm'lIlation or spptn lags lJl'hind lht' growlh or thp hypha.llip to sll('ll 
all !'X{l'llt tllat Ill\' lip (,('II, liS llll'asut'c·eI fl'OIll tlH' lip 10 IIH'lil'st HPptUtll, 
is l(lug!'I' thall t hl' PI'l'('l'liillg ('1.'11, ",hil'h is ,tlll'USlll'pd IlH lIlt' dislall(,c, bpt Wl'Pll IIll' Ii I'sl It 11e1 S('I'OI II I ~(' pin. as shown til PInll' 2, 

1111 pl'al't i('t', I Ill' foIIO\\]'i Il/!, 1'1~Il's lIlily 11!l' 1I:-;('d',(111 dl'!('I'11l itl~ ill]g "l'ltl'thl'l' 
Jtl'P Ill(' Hl'P It'ttl'. PSl'lIlO, 01.' Illtl'I'Il11'( Int(', 1(' lipS 0: t 1(1, Oll~est 
h~'ph:1l' should 1)(' ob:;pl'\'pd ill t hi:; dp(PI'millntioll, 

l. 'l'I'IW hrph:ll' illll'PI'pl'l'lIl'tivl'. sfl'llight. :;ppltl ",hic'h gpnPl'ally ('an 
b(. dill'l'l'('1l1 iiltl'd I't'(JJIl Iltp ('dgl's of l'U('IIOIl's by t Iwil' gl'('at(,I' thi('I\I\(,~~ 
ntHI I'Pl'l'lIl'1 ivil,\", P:;l'll<ioliyphnl' h:ll'p 110 di·';('PI'ttiblt· s('ptn, alHI Ihe 
Plld~ or I Ill' iltl(,t'('nlaIT ('pill' HI'(' vlll'vpd and Ilot I'phal'til'\.'. Illtpl'l1lt'cI
int\' hyplull' u:-;uIIII,Y sflo", ollly it :iII/nil Jlt'l'('('lltng(' of the t'clh; HPpal'atccl 
bl' :-'l'pln, 

• 
':2, III It'llP It,rplwt'. I ht' lottge'st lip ('pill' :11'C' f'oIlRidt'l'nbly IOllgel' 

Ilin II til<' ('pll...; i1llillNI int ('Iy PI'('('(,d iIlg Ihpill. In pSl'ttdoltyphat'. till' 
tip (,(Ill j:; :;hol,tl'I' thall. 01' nppl'oXittlat('l,Y ('{pial to, the ndja('(\nt ('('II. 
III il1tl'l'II11'dinll' 1t,l'pita('. ollly a I'(,I',\' I'l'\\' will hI.' fOllnd in whit'h the 
tip ('I'll i~ dl'('id('dly IOllgPl' thlill I Ill' ad,in('PIII ('pii. 

;~, In gPtH't'UI. 111(' IOllgPl' tlH' indil'itlual hyphal eells, thc ~l'catel' 
i:; tIll' dpI'plojltllPlll 01' Ihp hyphal',

I. TI'w' hyphtll' l1~lI:dt,l' ~1t()\I' lit Ill' 01' no eOIlR! t'idiOIl Ht tllP Rppl:a, 
01' al III(' ]loints wI WI'!' Ill(' sl'pta wil1lu(l'I' hp fOI'Illt'C1. P~p\ld{)hyphnc 
~lt()\\" Illlll'l\l'd ('olt~ll'il'ti()l1~ allhl' jUllclioll:; of (Itt' ('('lis. IIlII'I'll1P(liatl' 
hyphup 1l'''lInlly I'oltOIl' III11rk!'!!, ('olls\I'i('( i()II~, , 

f,. JlI gt'l II' I'll I, hyph:H: \\'11ll'h 1>('111' hla~tospol'('s at'(' lllOl'p highly 
dt.\·plojll'd tIta n f ho~(' wit teh bell I' llO blast O~pOl'l'S, 

B,I' Ilppli('at iOlI of l'Ir.1PS I and ~. h~'ph:ll' (':Ill Iw l'p('oglliz('eI as lnll', 
inll'I'IIIPdinll', 01' pl'ol'lIdoliyplt:.Il', 

PIlY!'itOLOGY 

C:,\1I110:\ \SSI'IllI.ATI<J:\ TESTS 

('al'boll n:-."illdlntioll I('~t~ htl\'!' hl'('\1 tisI'd ~ill('(' ]HSf) Whl'll Ht'ij('l'
illl'k IS) illll'odl1!'l'd til(' auxatH.lgl'aphic pla!t' I('l'ltlliqlit\ n PI'()('('dnl'c 
wliil'lt IllI' Dull'lt IlIx(JtIOllli:-.ts (.!l. (if), [hi) still lippi,\' to tlil' t'1assi!i(,:1
liOl\ ()r\'{,lI~t:-;, J)iddl'lls Hnd Lod<lPl"S t,!1) 1I1Plhod ('()lI~ist:-; of plac
ing ~lIl:ill nlll(lllllt~ or tin' !'-lIg:ll'!'> Oil lltt' :iIlI'l'H('p of It lll'nyilv iIlO('II
IHI('(I !-yn!hl'li(' 11Il'dill11l: oi'owllt dl'I'plops ill tltt' lIt'pas \\,'!tt./'{. as
simi1ahll' ('OllljlOIlIHls tll'(' \>\;\('('(1. Htl':tills !1wt show pOOl' gl'O\\'11t 
al'(, .I'('[('s('(1 ill 11)(' ~nll\(' tl/(·dilllll to which YPtll-t I'xtt'ad has Ul'l'll 
addl'll. TILl' I'P:'lIitS HI'P u:-.unlly I'I.'IHI al'te'/' ( 01' :.l da'y~' InCl\bation. 

http:IlIx(JtIOllli:-.ts
http:pl'ol'lIdoliyplt:.Il
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'1'11(' p1'lneipnl limiling fad-orR of the plate proc'cc1ul'c arc the ill
Ildequate basal IlI('(lilll11 lind llle shc))'t in('ubation pPI'iocl. The yt'HHt 
('xtmet; whic'hiH IHldl'c/ to Htlppl,\' vitaminH ill fh <'\'('Ilt 110 gl'owtll 
o<'Ctll'l'(>(l 011 tht' baHal n)(l(iiUIll alHo HupplipH ('al/Jol) JOI' growf-h oJ 
SOIllC sI)(>ciPH, Imd IhllH cOlllpli(,lltt'fi Ill(> I'padillg of' )'t'Hll](H. A 2-day 
il'('ubnt-ioll pt'l'iod is llJlIl'h too HItOl'ttO PPI'IIIit Hll('('PHSJIII llSt' oJ pell
tCtHt'H, polyh,rcll'i(' alc'ollolH. alld Ol'ga nic' aC'i<iH as f PHf II III t(lI'ials, Pl'h'i 
pitt tt'S Pl'i'lll it. too II1I1('h cl(lhyd I'll (ion of tilt' IllPC/i lIlll d II/'i Ilg (11(> loug 
pt>l'iod of in('ubaf"ion )Wlltil'l'd fcll' tllP lIHP of' thosp (!OlltPOIIIHls. 

\\']{'kpJ'ham alld BlIl.'foll (107) Ita\,!, 1't.'elilphaHiz('(! tIl(' il11po)'flll1t'C 
oj: t'1ll'iIOll assimilation fpHisin Yl'IISt taxollolllY, 'rh<',yhave ill('ludptl 
a 11 Innbl'I' () /' ('0111 POlIlHlfi nol- pl'l'\, iow,ly l'1ll Ployul ill mnjol' taxonOl1l ic 
,1'(lI'k 1111(1 hn"l' intl'o(/u('<,d Htandltl'(lizpd IIlpthocls with I't'SlIltlll1i: illl
PI'O\'PI1H'tll-s ill tltt' Higllifi('all('(\ IIlld J'PJlI'OdlldlJility of stleh tpst-s, 
TIl(' IllNlitlll1 tispd by tllpl11 :1'01' ('lIl'bOIl IlsHimillltioll tl'sfs is similar 
to thllt tisI'd fOI' IlIol''pjlOlogicnl fil'tldips (sPl' P, 5) l'x('('pt; that it ('011

taillS no glll('os(', nsplIl'ngilll" 01.' agnl', Ii'h'l' gl'allls of allllliollilllll 
~lIlfat(' pl'1' litpt, is lIsl'd liS :t llitTOgl'1I SOlll'('e, A tl'lJfold conceni:l'IL
tion sUl('k IlIl'diHIl1 is ]>1.'C'PIII'pd, bllHl'{l lIpon (hc JOt'II1Hla given ill 
IIIIJI(I 1,01.' by diHsolving a.·r 4:111, of tIl(' PO\\'(lr'I'l'd Cad)OIl assill1iltt
timl llIl'ditlm (Dif('o) IIlld (itt' apPI'oj>I'inl(' (':\1'11011 1'OIlI'(,C ill flO ml. 
of distill('cl wnt(')', If IIH' lal/pl' is 1111 ndd ()l' lI('id salt, the pH is ad
,liS/Pel 105,2 by til(' neldit ion of Hodiulll hvell'Oxidl' pl'IIetR. Thp solll
: ion is s(l'I'iIiz('d by paHHIlp:l" / Itl'oll4:h a t:l!\i/% filtpJ' IIl1d is In-pI: in (-he 
'l'fl'ig(,I'ltt()I' IIl1til lH'pdl'(1. 't'i'\,('-tPlllhs-lllillilill']' pOI'HollS are 
pippttt'd into ('Ipal' Hi-IlUll, I1Ij,I'S ('olltaillinp: ·1,.) 1111. of Htel'ile distillN1 
\\'al(,I', Tltp tllitPH. 11ft ('I' HIIHkill!.!,', lin' I'PIl!I" 1'01' illo(,lIlntion, The 
IiIlIlIl'OIH'!'IlII'atioll of it,\'dl'O('adlOll is N!lIi\'lIll;llt in assilltilnble cllrLon 
to II tJ,;i-P!'I'('('1l1 gltl<'WiP H(dllt iOIl; hO\\·P\'Pl'. l'allillOH{' is IIHed ill twice 
thl' lIH II II I t'olJ('l'lltl'ation, 

~()IIIIJIl' stan'l! alld ilJltiill, whidl IItil-!:ht 1.)(> lost to II ('onsideJ'flUIe 
t'xt('llt ill Iiltpl's. 1U'l' solubilizl'd ill diHt ilh'd Wall'l' by hpatillg OVl'l' lL 

flallt('. Till' solutiol1, l'olltninillg fl,n 1)('1'('('11(' (rE till' clu'bohylll'ate. is 
pip{'ttC'd ill ·1-';") nti. 1l11l01l111:-; into Ui-llIlll, tlliwH. 'I'hp tuhf's arc tIl('n 
pitlggpd alld st('I'ilizt'd "1'01' In lIlinntl's ill Ul(' at1t()('Ia\'{~. Each tube 
],C'('pin'H 0.•) 1IlJ. of slpl'il(' lHlsHI IIIpdilllll of tl'lll'old ('OIH'cntl'ation, is 
HllIIkl'Il, alld tiWII is I'PII(I), to Ill' iIHH'ttint-C'll. 

An ino(,lIla( iOIl JlH'dilillt iH PI'l'PIlI'pd which ('ontnim; tltt, usual COIl
{'('llll'nUOn of 01 hpl' illgl'pdil'llts IJlll ollly fl,.llwl'('PII( of glll('osl'. Each 
tube ('ontniJlH j() IItl. oj' illo(,lIlatioll 111C'diulll. OIl(' lltillilitel' is L'C

IIlo\'ptl br pipl'I/l' alld IlliPcI to HIIHlwIld tIll' gl'(Jwlh f1'ol11 n,24- or 
·JH-holLl' Slllllt· of Illl' yl'nlit to 1)(' HIlldi('(1. 1'\\'0- 10 fOIll'-lellths milli-
Iilpl' of t be SlISPl'IlSioll. dl'fll'IHlillg IIpOI1 the lIbulI<lall('(' of the growth 
011 the slanls, is l'pllll.'llPcl to lit(' illot'lIlnf"ion lIll'ditllll and the cIIlture 
is illellblllpd at :2;')" (', fOI' ·1-:-) hOlll'S, TIlt' inot'ttiulIl is then clillllcd 
with thl' base 1l1('(liulIl wllieh {'ontainH 110 glllt'osl', 'Vith the aid of 
a, pitotollt('leL' tIll' dl'llsily is lIIade {'qUill to lim! inlpnrled by llP
pl'oxi Illlllely 10 III i II ion (!pIIH pel' ltd. of S(/rrltlU'Om,l/"(,~ c(,l'cl'iRiae, 
NUUL Y-nu/,o 01' Iii million tell::; jlPl' nil, of l'ol'lllop,~i8 1dili8, NRUL 

"'I'he IIhhl'P\'intloll "NUHL" follo\\'{'tl hy It 111111111(\1' il1di('aiPfl the tlcRignntion
~I\'('n /I 1-11:1'/1111 in the Oullure CollectlOIl of tho Northerll Hl'glonnl Rcseul'l'h 
j;nhol'lIlol'Y. 
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'l'AXOXOJ\lY OF ymABTS 

Y-Ooo. Those concent:l'utiolls of cells ('olltnincd in 18-1)11)1. (outsidt' 
diameter) t(,8t tub(>s tl'ltJlsllIit about 55 percent of the .light from the 
bllle filter (-120 A) in n, LUl1litl'on phoLol1wtel'. If a phototnetpl' Ol.' 

other moans for detcl'mining dcnsity is not ILVniluble, I) m1. of in
o"l1lum ill 1(1-111111. tubcs Bhould be dilutcd until bllll'k lill(,s dmwn 011 
n white elml ue('ol11e vi8iblo thl'Ollgh th(' tlll)(ls as dal'1e ban(h; (('qlliv
alent to a 2+ reaction as given below). Gt'llcl'ltlly, abollt Iwo volull1pS 
of dilut'nt IIl'e 1'('ql1il'p(1 ]>('1.' volullJp of ('lIltlll'('. Ea('lI luh!' in nil' !owt 
of t('Bt 1lll'(lin l'~'('('i\'l's 0.1 ml. of th(, (lilllle'd illOC'ullll1l, 

'1'1\(\ !lIbe's ('olltllining Uw vnl'iolls elll'holl SOUl'ePH Hl'l' thpn inC'lIb:t!('cl 
nt 25° C. Hml l'(,tld at IlI)\)l'oxilllllt'ply 7 days and again at 20 (0 ~-I, 
1 ' '\ 1 H! ('lIltl1l'('S 1lll\,(~ tlw gl'IH'l'ul ' IIppl'Ul'unC'(' shown III plnl(' :3.(:tys. , 
TIll'Y tll'(' obsPl'\'l'Cl fot, IwllieleH lind nIP ]>l'eH('I1('(> of visible nnlOlllll'f, 
of dho(]lIvin (pI'Il(',(i('nlly the only soluhle y(,llow eOmpOllll(l P1.'o((\1('('<1 
by Y(IHsfs), tll('11 01'P Slll,ilwil alH\'p'lnc('d ngninst: It white eliI'd bpllring 
lint'S nPPl'oxinlab.'ly % Hllll, wid(" (ll-awn with India. ink. re the 
gl'ow(h .iI,' the ,tnbt,s ('oJllplPh'l,Y (!lJlitt','alps (hI' lin('s, it i.s I'('C'Ol'{!Nl 
liS a+ ; If til(' 11l1PS ap/>('II1' liS a (ldfils(' ba1\(1, flit' gt'owth IS recorded 
IlR 2+; IIncl if thp Ii ill'S HI'P dis(illgllisilnlJll' tiS stl('1l bllt ha\'c indistinct 
l'llg(,K it if.: I'P('OI'tll,!l liS :1 +. 'I'll{'. nlJ~(,I)('l' of gl'o\\'t1l is I'P('01'<I('<1 11K -. 

A 3+ ()1' 2+ I'PHd'iotl lit ~M dll,YsiH ('onsidcl'l'd liS Jlosilivl', and It 
1+ l'l'f)('f ion liS ",puk 

TIl(' following COlll])(ltllH1H lII'!' ltf;('cI ill fhe ('III'boll assilllillltion 
t ('s(s: glll('OHt" g:dnl't:ost'. 1,-HoI'bmw, 11111 It'osl', SII<'l'OS(,. et'llohiose. tl'('
hnlosc, laC'tost', nwl ibiose, I'nm nos(', l\I('lc'zi lost', i nlllin, R01 ublc Stlll'ch, 
I)-xylose, 1,-al'ubill(lSP, IHII'abilloHe. Il-I'ibosp, 1,-l'hllll11\OSP, n-gllll'O
samine hydrochloride, (Ith\ 1 III('ohol, gly<'I'I'ol, 'I-PI'."I1I1'i(01, adonitol, 
dllle itoI, ()-lIHl n1I i(01, lJ-s(;l'bi (01, aIphtt-llleth,yl-D-glllC'oHi (lp, sa I iein, 
potassilllll D-gltH'01111h>l, eale'innl ~-k,l'(o-()-glll('()natc" potassitll\\ fi-keto
D-gln('ollllt(>. potal'Hilllll f.:()(lillln sH('('hllratC', pYl'lIvic neid, lJ(,-laC'tic aeill, 
BUl'e'inie lI('i<l, cit I'i(' nl'id, pthyl u('ctoa(,ptate, :t1\(1 i-ill()f-j(Ol, 

Only t1wsp )'elldiolls obta i 11('(1 with t \tp mOf.:t il1l1101'ta Ilt: lllld (,SPt.'
('iall,\' l'eliablt' ('arbon ('OlllpOIIlH]S will be' ill('llld('(1 ill Ow hlhlC's Hho\\,
ing till' Halient: ehn1.'u(,tpl'istil's of p:l('h gc'IlIlH, 01' gl'onp of l'eh.!'ed g('l\('I'IL 
(PUlt ~). CarlJOIl lIHsitllilatioll teHts lIl'(' IlHH'P HellHiti\'e in ddl't'tillg 
ellzyme systelllH t1111ll al'p :ft'I'IIH'Il(ntiOI\ (PH(S, and (\l(' llUlllb('1' of eOlll
POlllldH of vnllle in (he llspindlnlioll testf.:isJ\\Il('h gl.'t'II('I' thall thpl1l111l
bPI'H of sngal'H that llll"t' \'Hlm' ill /'(,I'III('Il(:\( iOIl I'pa('( iOlls. It iH (hp 
HUtIl0I"S opinioll that til(> lIHsimillltioll (PH(S \\'ill \H'O\'p ("0 br till' most. 
\'nllll1hh' of all (])(' bio('h('l1lit'al ]ll'O('l'<!lIl'('S 1l1't'tI. ill (itt' ('lnHHifil'alion of 
yeasts. 

N(THAT(~ MiSI1I11I.,A'I'ION ,[,ES'!, 

In 1808 BcijC'l'i Ilek (fJ) J'l'pOI'(pd thaI' Sa('('It(II'OIl1 liN'S acetar'lhyZi
("liS (1IaJl.~('IUll((, (luoma/a?) m;similnted nitl'al(' bll( 1l0t. nitrite. But 
'l'aknhashi (J(j()) :foulld thllt. lIitri(e eould bp assimilated by this yeast 
if' the mcdiulll diclllot l'ontnill an HmO\1llt of Hcid suflieiellt to lllnkc 
t\H' nit'rite ('X('PHHi\'l'ly toxie. ~(t'llillg-Dpld{(\l' (f)i"j) sl'plu'at('d the. gl'n
om Pidda, and HaIlN('1I1/11l Oil tIl(' dilfpl'l'Il(,c in tll('il.' ability to assimi
late nitrute. . 

Castelli (17) l'(>pol'te(l that. BOll Ie ('01\\111011 HPl'<'iI'H of 8arduP'omyr(',s 
and Z,IJ(J08a('('/wl'omYN'8 nssi IlJi Jatl' n itl'alt', and Niekt'l'son (i"5) made 
11\(· f'alllC elaim :f01' Z!luo,W(('r/tw'ollllJf'('s (l('/rlif(l('ir%~. Thl'S(~ obsl'l'VU
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Lions are at vllrianee wiUI those of' Stelling-D(lkkl'l' ({Jii) who reported 
all species of the two sllbgenera as inetLpablc of assimilating nitrate. 
This clifl'el'(lIl('c of opinion mny be explained by the fad that.no com •pletely adequate pl'oC'edllL'e had been evolvcd fol' the assill1ilatio1l test. 
A pl'incipa,] SO\ll'C'(\ of el'1'01.' is tha t yOllng ('el Is tH,cd as inocu lUll1 usually 
contain tl high pCl'C'cntage oJ pI'otein. ,Vhen iuoculatedinto a medium 
('ont:tining onl); nitrate as a source of nitrogen, many y(·asts which arc 
incavable 01' utilil',ing nitrate arc eapahlc 01' rXl'I'etillg much of thcil' 
nitrogen (UM). The ex('r('ted nitI.'ogcn is OWll used to forlTl .l11:tllY 
mor'n cells having II llllld, lower protein content (SO), lLnd the Hnal 
amount 01' growth may give n, strongly, but falsely, positive test. 
Nick(,l'son (7(]) lllld SkJllllel' (tJ1), ",Idle allI1littillg tIll' difliel1Hil's in
voh'cc! in th(, tpsL for llitTit(', l'l'g:u'd the ehemicnl test as sl1pel'ior to 
the assimilation tsst. 

,Ve have Jon nd that St('1 I i llg-Drkkel"s l'rSli Its wit h the allX:i110
gt'nphic proel'dut,(', eorl'C'lnll's very well with the ellC'Illical test for lli
trite and with Ollt' l'l'Hults from th(~ assimilation test. She did, 11ow
e\'(,I', en'oll('ollsly 1'~I)()lt SOIlI(' species, sueh as B'lIdOIllY('OP8is biSPOl"tl8 
BC'('k and Ellr/OIll;t!(,OjJ8'iS 'I'f7'naZis, as nt'gn.tiYC', probably beca,llse, they 
failed to gl'owin tIle short :incnbation j)t'l'iocl used. Both of these 
s]lt'eies gl'()'" well, though latently, \\Tith nit mle as Hw Role HOllrce 01' 
nitl'ogl'll, 

'.I'll(> ability of a, ypast to nssilllilttte llitratC' is more easily deter
milled tlllln is its ability to produee nitTite, mainly l)l'('tlusC the colol' 
test for nitrite is eornplicated by the action of mflny Y(,Hsts in flssimi
lating nitrite about. as fast as itis lilwrated :1'1'om nHl'tlte. On the con
trary, if the nssimiJatioll test is properly conducted, gl'owj-h occurs 
only i:f: the 'v('ast is capable of assimilating nih'ate, and 011('(, the test 
beeollles positiye it l'C'ltlains positive, 

The test n1l'diul1l used for the pres(,llt RhHlips 011 nitl'ni'e ll.Rsimilation 
is similar to that :1'01' trsts on carhon assimilation, exC'Ppt: that it con
tains when complete with \Yater, 10 gm. oJ glucose and 0,78 gm. of 
potassium nih.'ntt', pel'litel', and smaller amounts 0:1' each o'J! tllP three 
amino acids (sec tahle 1). It contains 110 asparagine 01' other sonrce 
of nitrogell in aIllollllt's large enough to intel'fere seriously with the 
test. A tube of llitrate InedillIll receives 0,1 m1. of the same inoeulurn 
llsrd 1'01' the cariJon assimilation tests. After {'he nitl'llle culture has 
bpen inC'ubntl'd abollt '7 days, even though 1Iitl'atp has lIot been nssimi
late(l, it lISU:! I1y sho\\'1' growth, probably due both to the solllble llit-ro
gen ('0111 pOlllJ(ls eXCI'l't ('(I hy the ('l'lls of the i noc'u lurn and to t'he small 
alllount of alllmolliulll suIJatp in l'he ino('ulation l1wdium, IIrl1ce, a. 
seC'onc1ni1mte tube is ino('ulatpcl \\'it-h Ol1l' loop fl'Om nll' first. After a 
simila.r period oJ intubation nw $t'cond tnbe is observed. If it shows 
lL 2+ or 3+ l'('netion, tlw Yl'Hstis capable of assimilating nitrate; iJ 
there is no growth 01' 11 1+ I'l'lletion, the yeast. is cOllsirll'I'pd intltpahle
of nssillli lating nitmj'e. . 

Doubtflll lIitrai'c' l'eHdioIls are seldom en('ollnt:erpc1, but when met, 
they may be confirmed by the chemical test 1'01' nitrite, FOL1l,tubes 
of nitrate nssimilaUon ll1eCLin111 are inoelilated by nl'edlo from n, slant 
and testeel nt' approximately 3, 5, 10, anl115 (lays, If the yeast under 
test n~silTlilates llitratc, 011(' or 11lorc oJ the t'ubes llSll:!lly give tt positive 
reHehon. 

'1'11<' nih'itl' test; employed is one of those recommended in the 
Manual oJ Ml·l1lOds :for Pure Culture Study of Bacterin. (93). The • 
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reagents are (a) O.S gm. sulphuniJic acid hI 100 mI., of 5 N acetic 
acid, and (0) 0.6 O'm. of dImethyl a]phlt-naphthyiamine in lOa ml. of• , 	 5 N acetic acid. '1':"ive-tenths-milli1itel' quantities of each lu'e added 
to each culture to be tested. A pink to red color indicates the pres
ence of nitrite. 1£ no color develops within approximately 10 minutes, 
a, minute amount of zinc dust is added to reduce any nitrate which 
ma.y be present. If no colOl' follows the addition of zinc, the yeast 
uncleI' test has completely assimihtted both t!IC llitrate llnd the nitrite. 

VITAMIN DEFICIENCY TEST 

A number or investigators have studied vitamin deficiency pattel'l1s 
in yeasts. Pcrhn,ps Burkholder et ai. (1.4,15) h:we studied the (Yreat
rst nnmber of speeies. Lo('khrn.c1 (50) and Lockhead and Lancierkill 
(58) ]Htve 	 applied vitamin deficiency duta to the classification of

f oSlllOphilic species of Zy{/o,mccharom:t/ces. Leoninll and Ully (51, 
5B, 5:;) have rcpol·t;ed that stl'llins of Saccliw'01I1i1/ces C('1'("vlsZae vary 
cOllsiderably :from one another in the number of essential vitamins 
whi('h they am ineapable of synthesizing, By llsing massive inocula

• 	 tions and long periods of incubation, ltncl s'u('cessively tl'ansfel'rin~ 
cells fl'om n. medium lacking only one required yitamin to a SeCOI1(L 
Ilwd iII III lacki ng anothet· rl'CJui l'ed vitamin, etc., these investigators 
fou.nd that a, stmin originally deficient for five vitamins graclunlly 
developed the ability to sYllthesize all of them, and thereafter would 
grow rapidly ill a medium devoid of all five. 

• 
Schultz and At'kin (8t) seplu'ated strains of Saccha],omyces ce1'8

visiae into 13 distinct types Oll the basis of their vitamin requirements. 
These :investigat.ol's belJeve that the determbmtion of vitamin de
ficiency patteJ'l)s should be included among fhe techniqnes used in the 
classificlttion of yeasts. OVl'1' a 10-year period, they found the de
Heieney pattel'l1s to be rehttively constant, though variations in growth 
rate oecu ITed as It resnIt of the contIi tioll of the yeast inocnlullI, 

The writel.' believes that :in mnny cases theinability of It given species 
to grow in the absellce of a speeific yitamin or combination of vitamins 
will be foulld to hold for all strains of that species, Until snch faet's 
are clea r]y {Ielllonstrllted, however, he intends to limit his taxonomic 
usc of defieien('ies 1:0 :t determination o'r whether a yeast ('all grow in 
the ahsenee of H11 addecl vitamins. 

The vitamin deficiency m('dium is similal' to that used in the carbon 
nssimilati~HI tp~(s except that 10 ~I'~lms of g,lu('osc vel' litel· is included, 
Itnd t:hentnlliins arc ex{'ill<iec1. 'Lhe test 1S run In exactly the same 
mannpr as t-11e nitrate assimilation tests. The fil'st tube nsira.lly shows 
gl'owth nt 7 drtys, owing to the Cltl'I'y-over of vitamins in the inoculum. 
The yeasts which l)I'oduce a 2+ Ol' 3+ rea(,tion ;J1 the second tube are 
ca,pable of syntlll'sizing all the vitamins they require for growth; those 
which produce no growth 01' a 1+ reaction are considered to be in

• 	 ('apable of synt11Psizing all of the vitlunins required for growth. In 
tlw Iluthor's f'xpcrience, this test is proving 0'1' ('onside1'llble taxonomic 
impol'tance. 

FERMENTATION TESTS 

• Gnerru, (3:3), Mal-tin et aZ. (07), and LUllgcron aml Guerra (48) 
used petrol cum jelly or paraflin seals over thc s.urface of mcdia in 
fl'l'mellhltion tllbps to rcclllce the lllllonnt of nil' elltering the cultures, 

http:Lo('khrn.c1
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thus increasing the intensity of the fermentation. Dr. Morrison 
Rogoslt 7, suggested the use of rubber stoppers placed in the lips of 
fermentation tubes as a similar but simple!' pI'ocedure. ' 

Bouthilet, Neilson, Mmk, and PhaJr (.13) have stated th!tt yeast • 
extract made from brewers' yeast, or yeast autolyzate made from 
bakers' yeast are free from the fermentable sugar trehalose. Yeast 
extract prepared from bakers' yeast may coutain sllfficient trehalose, 
however, to interfere wUh the accuracy of fermentation tests in which 
it is used as the basal medium. 

Fel'm(!I1tation tests had been run on hundreds of yeast strui ns in the 
Northern Uegional Research Lubol'atol'y before a chemically defined 
medium was developed, am1 the original proced lire is being maintained. 
The medium stnJ in use conl'ains 4.5 gm. of powdered yeast extract (a 
bat<.'h should be used which ",til suppor(: gl'owth of the Illarkedly 
vitamin-defident a,piculate yensls, such as I(!O('('l.'('J'Cl bl'cIJis), 7.fi gm. 
of peptone, 1,000 m1. o:f distillel1 wttl:er and enough bromthymol blue 
to give n snlliciently dense green color. Two-I111. quantities lire placed 
in 15()X12 mill. tubes carrying i11S('rtS llHlaslll'ing 50XG 111m, A1'(:pl' 
sterilization, 1-tnl. quantities 0:1' the various sugar solutions are added 
to the tubes. Aqueolls solutions of glucose, galactose, maltose, sucrose, 
and lactose arc PI'ppn.l'ecl .in (i percent concentration, and solutions of 
rallinose are in 12 percent concentration. The solu60.lls are sterilized 
by Seitz liltmtioll and kept in the re:frigerator. No seals Ot' mbLer 
stoppers are IIsed. 

The fermentation media are inoculated with 0.1 1111. of a suspension 
of cells made by sllspending- the growth of a 24- or '18-hollr malt. 
extract-yeast extract agnl' slant in 4:.5 1111. o:f sterile distilled 'water. 
The cultures are incubated at 28° C. The tubes al'e shaken aml ob
served JOt' the amount of gas in the hlserts or ('0101' of the indil'atol' •
after 1,2,4,6,8,12,16,20, n,nd 24 days of int'ubation, 

The rallinose fermenl'ntioll is g-iven specinl consideration. If 110 

gas is fonned and the in{licaJol' shows n. neutral or alkaline reaction, 
the yenst under test doeR lIot attack l'alTinose. If gas is produced, the 
yeast may be either splilting :/'rlletose off the rallinose mol('('lIlo and 
leaving- the remaining- clisa('charide, melibiose, intaet, or fermentinO' 
both the fructosc anc1melibiose. To d('tel'lnine whdh('r the I,tdlinos~ 
has been fermelll'ed complel'c]y or for only one-third part, the I'amnose 
tube is inoculated aft ('I' 20 days of incubation \\'ilh a s('eon<1 yeast, 
SaCChCl'I'01n''1Ge8 cal'7s0e'l',(JClMi8, NRRL Y-:WfJ, whieh fel'l1lPllts nH'libi
ose strong])'. If evolution of :.rns follows the a<Wition of S. cal'7soer
(fmud8, the OI'iginal YPHSt did llot 'rPI'nll'nt ml'liiJiosl'j i-f no gas is 1)1'0
duced, melibiose was fermeM('d by the yeast II IIde!' test. This proce
dure was describt'd by 1Viekerhnm (105) in lfl4:3. 

Skinnt'r and Bouthilet (rJf3) arc of lhe opinion that their procedure 
is preferable to the one just cksC'ribed. Th('), :ferment a l'atnnose 
medium with Saccha1'omJjN'8 c('/'('1lisiae. This yeast :ferments only 
one-third of the sug-ar, leaving intact t1l(' rl'sll,ltillg melibiose. ThiS 
medium is then llsed for t('sl'ing the ability of yeasts to ferment 
melibiose. The techniqullused by Skinner and Bonthilet.l'eqnires two 
:fcrmentation tubes, one mlHnose and one melibios('. if the user is to 
obtllin the highly desirable information as to whelher raflinose is 
not attaclced at all, :ferm('ntecL for one-thit'd part, or ferlllented. <.'0111-

I Yel'bul Ctllnllllllli('lItioll, 1048. • 
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pletel.\', '1'11(' aufhol"s (p('hllicpll' l'pquil'CS ollly the l'IlfTinose tube in 
order to obtain all of this information, 

Ycasts silo\l'ingllO gascous fCJ'nll'lltation of glu('o:;c nt 801' 12 clays 
lire. pl'obab.ly lIonfpl'lIwlltati\'c, IlIfoJ'mation J'eganling thp ability crE 
suC'h ycasts to hydl'olyzl\ disaeehaL"ides 01' polj';;u('('lwJ'idl's Illlly be 
obiaillNI by ino('ulating the H- 01' l~-day fHI1I('lIiatioll (,l1ltul'PS with 
a ,Ye(l;;t suell :I:i SW('/iW'OlI/,I/('(W (//00081.18 NHHL Y -to!), "'h ieh fe1'
I1lPllts gItH'OSl' and lind galllt'fOS(' st I'Ollgly but has 110 adioll on maltose, 
Stl(,I'OSP, la('( ose, OJ' I'H iii nosp, TIH' ,)'en:-=t tindel' t('st is ('n pn 1)1(' of 
Itydl'olyzing tllO};(, di- and PolyslI('('ltal'idps fl'OIll whi(,1t it is ('allahl£' 
of (ll'odu(,ing gas II'I\('n ad illg in ass()('iat ion with 8{(('('!t(/l'O/ll,l/N!8 

[!I()I}(J.~lls, Tltt' };IH'('(,SS of t Ii is t('st d(']H'IICh; II]lOIl t110 f~'''f that nOll

fpJ'IIIPllt:l t i,"(' sp('('ips ('Oil! IIIOllly liyd J'olyz,l' d iSllct'hn l'idN; faster titan 
(hl'Y as;.;illliiatl' tIll' J'l'sllli Illg 11101IOSa('('IIIII'ld('s, 

GI(()WTIl AT illOllrmATE O!i;\IOTIC "HESSl"HE 

:-;0111(, ypas(s ('nnllOt gl'O\\, ill IIIl'dia 11II\'illgitigh OSllloti(' }l I't'RSII 1'(>, 

othl'I';; (oll'I'nlP t.lIt'Ill, !IlId :-;UIlH' [)I·pf('I' tltPlll, Till' alJilil,\' of :L yt'ast 
to gl'O\\' in a Ill{'dilllli of nlOdl'I'Htl'ly high o:-;Illolit- JlI'PSSlIJ'l' llIay indi
('ate' til(' liklillood of lindillg Hilt'll a ,\'l'ast ill oSlllotieally at,tin' fillb
;;tam'p;; in lIat tlI'P, 'fIll' tps(' is of 1l1()(1t'I'at(' tllxonollli(' "aluC', 

'I'll(' llIl'dilllll llSt'tl ill Ih(' IPHI iH 11I't'PHl'pd by <iissoh'illg 10 gill, of 
~()ditllll ('hIOl'itl(· nnd Ii !.tlli. of !!Iu('ost' ill lllO 1111. of <li;;[illed \\'atl'I'. 
Till' :-;Ollltioll is pipp((pd'ill(o H;: II 1111, (1I11t's in ..L.i Ill!. ([IHll1til ie8, Tlte 
t 111.>(':; tIl'(' :-;(opPI'\'('d wit II ('0((011 Hnd Hutot'lan'd fiJI' ~() IlIilllllpH, EHl'h 
tlllll' J'('(,(·iV(·s lUi llli. of !!!tH'osp-fl'('l' bHt'l' nl('<lilllll of Il'lIfo'lll eOIl('('I1-
Imtioll lllld 0.1 nil, of tlip "aIlH' illOl'1I1111l1 as 11:-;('<1 ill all tilt' Ils:-;iJllila
lion It's(s, ..\ 1+ a II lOll II t of !!I'U\\' II! afll'l' ~() to ~4 da\':-; 01' illt'ubalioll 
is J'('{'ol'd('(1 as \\'pa Ie, a ~; a1l101l1l( 0 f gl'o\\'( h i:-; 1'(,('01'( i('d a:-; lIlodl' I'H tc, 
nIId;l, ns good, , \ IIPga (i n' 01' 1 t I'('a<'l iOIl atT tlnys, follo\\'l'd by ~ + 
01':3 t I'PHd,inll a( ~() to :!", <Iny:;, is 1'1'('(JI'dl'd al lall'lIt, 

AIJII.ITY TO 1.I(~l'gFY GEI.ATIN 

'I'll(' abili(y of ypn:-;t:-; to liqll('fy gl'lat in i!"i of <it'finitply lillti«'ll tttX
OIlOllli(' ntllll' !'('{'nll"',' "PI',\' rp\\' y(,lI~t:-; nlta('\': [lI'o(l'iIlS :-;t \'()Ilgly, 

Tt'll gl'II11lS of g<,latill a 1'(' dis.-.;oln'd ill no 1111. of llOt diHtillr<l watp!" 
Till' ~Ollliioll is pipp(tl'd iIlL;,·ItI!. qllalllitif's in(o IIl-1I11l1, I('s( lub(,.., 
~(oppPI'('d willt ('ottOIl. alld tlu(lwla"pd I'm' 1;, Illinutps, Aftel't'ool
illg (0 :-;ol1\('\\"lwt :Il/O\'l' 1'00111 lPlllp('I'allll'p. (),;'-Ill!. qlllllltitit's of t(,l1
fold glll('os(' ('011<'('1\1 l'a!p, :l!"i lIsl'd ill I ltv a:-;silllilatioll (p:-;t;;. art' Ildt1('(1. 
'I'll(' final IIlP<iilllll ("olltaiIlS aPI)J'oxilllllll'ly 10 })('I'('('l1t ge>lalill. 0,5 
}ll'I'('('llt <rIrI<'O"P, alld 0,;, IH'I'{'PIII allllilollilllli slIlphntp ill additioll to th£' 
1l:-;1It11 \'fi'alllills, 11'11('(' ('IPIlII'II!", alld salls, Endl tHIlt' 1'l't'Pi\'ps thl' 
IIsual in()(,lIll1111 1\,.. PlllpluYl'd ill tIll' :ISsilllilal ion (('sls, Tilt' i\l()('ullll\l 
i:; spn'H(l O\'PI' tIl(' solid ~I1I'1'a('l' or t Itl' IIIl'dillll1, lhpllill('trlmf('d at 
:2:-, C.. HI whi('h (('lIlJa'I'at III'P it 1"PlIlHill:-; solid IIlIlp:-;s :I('[('d lI[lOIl by 
til(' \,{'a:-;[:-;, _\1 appl'Oxirllatl'ly j alld :l·1 dny:-; till' dl'plh of tllP liquid 
laYl:I', if llll.", is 1l1!':lSlIl'pd ill IllillilllPlpl';;, 

;\IIII.ITY TO CHOW AT :1,· C. 

It is of ilHpl'p;.;t taxollolllic'ally to dl'tPI'lIlill!' if tl Yt'a::t \\'ill !!TOW 
at aT" C.. Ill'('lIu"P ]l0""ihlt, infl;I'PIII'(':-' l'pgaJ'dillg ahility (0 gn)\\' ill 

HlIiis7":11 ~ 
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association with wut'm-blooded Ilninuds mlly be obtained, A. tube of 
the usual glucosc>' assimilation medium, ino(:uln.tl'd in the usual way, 
is incubated nt :no C, It is l'ead in the lIsllal l1lannPt' at appl'oxi
l11tltely 7 and 2·~ days. The rpstrits al'C>, l'cco['(lc<1il1 tilt' HlIl11(, mnllllel' 
as in the test for tlie abil:ty to gl'Ow in the osmotic [ll'essut'e IIwdium, 

I'HODUCTION OF STARCH 

Asc11 11('1', Magel', alld Ll'ibo\\'itz (J) l'P]lol'lt'd that lllHk!' re!'tain 
conclitiolls, SpCeil'H of ypnsts. mailtly ill the gelllls TOI'/llol'.~i8, synthe
size stul'ch whi('\1 gin'H a lypbd hlu(' ('olo!' !'padioll wilh iodill[I,. In 
H)·lU .Magcr a lid AHt'h lll'l' (fi:J) dt'Hl'!'ibNl a lJio('h('lIlie:l I test based 011 

this l'eactiOIl. Platt's cOlltaining a HynthNie nlPdiulll wert' inot'u
la!N\ alld inC'uiJat('d Jot' S['\'P!'al. day:; at a7° C.• tlWII flooded with 
Lugol's iodine solution. If il!l' ),('nst llll<il'l' Ie'S! gl.'('\\' at :HO C. llllcl 
ga\'(, II pm;itin.~ sta!'ti! lpst, thl' Yl'llst was ('onsidcl'l'd to be J'OI'lUOpsi8 
7lf%l'm(UI,'?, It Hpcei('H ('apa bll' of (':\ llsing- fata I ill fpet iOlls of Hl(' ('cn
tral I1Pl'YOUS SYSlcrll, A gPIlt'!'H I discussion of HtarC'h SYIlUH'His fl'om 
the biologieal IIsp('('1 waH p11hlislwd hy Magc')' II lid .\s('hnc!· ((](]) , nnd 
anothcl' papcr b.\' ~"ng('1' ((j'n 011 thc dll'llIis{J'y of I'liH ::,;!arch also 
Ilppcal'pd in HJ.li. 

Th(', :24-day l'adJOIl assilllilation Ipsl ('u It 11 J'('S which ('ontuincd Sll~al'S 
01.' polyhy(iJ,jl' al('o\tols III'C ('XHlllilll'd 1'01' thl' PI'CSCIlC'(> of slarch. OIlP 
drop of upproxima/ply (),()~ N io(\il1(' solution is nddt>d pel' lube and 
thc tllbp shaken. Tho!:;e Hlmills pJ'odll('ill~ ::;tnn'h will show l'eaetiOI1H 
YIll'ying in intensity from blue to \lIlI'l'\P to gl'('('n; th(' eolol' lIIay I'l'side 
jn the medium, in the epllH. 01' ill bot h, 

In somp ~eneJ'a (he l'elutiwly Inl'!!(' unlOllll!S of ~1.r('()gC'n s,\'n(hl'Hizcd 
may intl'l'fcrl' with the test, ('Hpl't'iallr if stl'Ollgl'l' iodine solutionH arc 
uSNl. Thc browl1 ('0101' {ypiea I of gly(,o~PIl lIlay Illask a \\'pa k ::;tut'ch 
I'cH('tion. ,,'l1C1'c dOllbt III'iHl'S. the [ubps 11111\' bp ullow('(l to ::;tand at 
I'oom tl'lll1)(' I'a (lIl'P :1'01' a '1'('\1' hours 01' OY(,I'llight. Thl' bl'own color 
indieating gIYl'ogC'n <iisnPP('al's but the 1.)111{' ('0101' indi('nting Htal'rh 
rcmains, 

The ability to pl'odll(,(, stlll'('h haH intC'l'Psting applkatiollS in the 
taxonomy of yellsts. 

PHODUCTJOX OF ESTEHS 

The YCHSt is strcnk('(\ on malt ('xtl'i\('t-y('ast extrart Hf!'Hl' in a, petri 
dish and IlIP ('1I1tul'p is tl'st('d ol'~nllol('ptil'ally :rftC'!':H 01' ·U~ hO\ll's of 
incubation, Ex('('pt with a few gCIlPI'a: this test is of l'I!]Hti\'(~ly little 
tllXO 11 0III it' val lie, 

VAHIATroN 

~r(lI'ph()lo~ical ('huractt'l's. alld to all'S;; t'Xtl'lIt physiological charn('
tprs, may vary ('ollsidl'I'ably fl'oll! Ht rain to strain within a gi\'en HPP
eies, The principal typ<'s of \'a!'iatiOIl whieh llIay bc cncoulllerell in 
studies relating to thc ('IUHHification of YN1RtH will be ('onsilh'l'l'd bl'idly, 

VUl'iationis fOllnC\ in pl'actieally nll specil's whel'e se\'cL'H.l to Ilumer
OllS sit'ainH arl' It\'ailabl(' 1'01.' Ht udy, ~l()l'\)h()l()gi('ally, yadat ion con
sists of minot' dit[PI'pn('('s ill ('0101' al1(1 (cxful'p or coloni('s. and in the 
size, sha pc, and a ITa ng('llll'nt of cells.s Physiologi('ally, it is l'eYellled 

• Fil'\' Wi('kl'I'IWIlI on<l upt Igrl' (1 (2) on lllolTlhnlogi('nl \'tHin I io!)s in Gal1(lirln
a/Mcal/.Y, 

• 


, 

• 

• 
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principally by varintion~ in th(' IIbilil~' to llssimilntr Ot' f(,l'lTIrnt cn\'l)()
hyd I'n U'S. Such J)(lI'Inn 1VH I'intion is {ol1ml j 11 both :frcsh 1 Vi::;o1nted and 
01(1 stoek ('u1tul'es, nnd it hm'i, in the past. led to th(' n:ulling of many 
11 nWll ITtI nted sp('('i('s. .An (·xn III pie j" La ngt'I'on antl Tallec's (/j(i) 
das;;ificntioll ot\ llw II(1llaS('o!-o(l()l'()gPI1!J1l~, filnnlPlltou~ Y(,:lsts-six 
g(,Il(,I'a being I'('('ognizp(l on til(' ha~i~l of 1l1Orpl\ology. Lalc-:', Lang(,I'on 
IIlld GtIl'I.TIl (.18) ('ol1lbill('!l fh'p gPII l'nl into tlw single gelllls 
(',tlldida. It is now gelll'I'a.lly lW()\\'1I thaI n sill.!.d(' ;;(I'nin, 01' (,,'(>11 n 
singl(' Cl1ltlll'e, dep('n<iing lIP(;I! it,; agl' all!l ('ollllit iOll:- of' ('1I1Ii\'(ltioll, 
mny 1'("'<,:11 th(' IllHin ('hal'HI'!PI'j,;tks of IWI) 01' thl'('(' or L:lIl!.!:PI'OIl and 
T:di('()'s gPlIPI'a. . 

'1'11(' H.1I1 hoI' dol'S Ito! fa rOl' tllP ('l1l'1'('tl t tT(,IHl 1()\\'Hl'll Ilam ing \':It'i('l ips 
11I~'I'('ly Oil difl'pl'PJJl'l';-; ill siz(' and shall(> of' ('pll". bp('lIl1't' witlp I'allg('s of 
mOl'phologieal val'jations III'P found ill "pl'cil's whil'll al'(, I'I'cqu(,lltly 
i~()llIt(l(l.u Bl'dfol'd. (t. II. fli,l) has I'Pportl'd thut SOIllP strains of 
II(lIl,~Ullll({, fl//OlIlIIla, wlH'tl ~rOWll Oil l'YIlII!l'ti(' 1I1!'di1l1l1 un<l Oil wort, 
hn\'p ('pll;; so difl'('1'Pllt in ;;h'n]lp !Llld ;;izp thnt till',\' wOllld be (']assifi('d 
ill difrN'pnl \'III'h·tit's, dl'IWIUlillg 011 till' llH'di um lIs('d. The (T('l1d to' 
WlIl'd naming I1UIl!PI'OUs "ul'i()(ips Oil IllOl'plJ()lo,!!i('al variations, if con

• 

• tillUI'I1. will soon ('Iut (PI'IIlt' lax()llol1lV ol','('a:-t,.;, The author b('lil'Yl's 
it is bpttl'I' alld sinlph'L' (0 spt (lIP )i'IlJits'of flIP spp('ips wid(, ('nough 
to i1I('lutip mi 11M \,11 I'ia tiolls. val'il'1 it's b{'ing ('I'('a I pd 011l\' iOl' thos(' 
s(mills ",l1i('11 al'p IIlnlO~t difl'PI'Pl1t Pll!lligh (0 b(' s('l nsi(l("a;;; s('pnratp 
spp!'ip~. This ('OI1('P]1t pxplnin,; IIil' ",idl' I'fIll,!!(' of ('I'll size's and 11101'
phologica1 nplH'IlI'ill1('PS whi('11 will L)(' gin'll ill IlIP (It'S('!'jptiom; (Part 
~) of tl\(> ll1()I'l' ('ollJlllol1ly i:-olHtl'd :-IW('il's. 

Phvsi()l()~il'al ('l!umC'tPl's :11:::0 rUIT frolll slJ'llill to strllin O[ ('ilh(,I' 
fl'pshh, isoj:tlPlI or old stock (,I!ltUI'('s. ] { i;-; npl'l'SSIlI'Y to dp(PI'11I111(" 

tlwl'd'Ol'(" llw physiological 1'(,Il!'ti()tJ~ of II llll'!.!p llultll;PI' of strains of 
('a ell SP('('Il'S. in OJ'lIpI' to n';('PI'laill which I'Pllel iOllS Hr(' ('OllltnOIl to nil 
strains Hlld which :11'(' \'Hl'iublt'. .\s far n~ pos:,ibh" "Hl'iub1t, r('aNiolls 
al'P not Ils!'d in 1\1(' H'pnl'ulion oj' sp\'('ip,;, 'I'll(' numh('r of strains 
stll!lil'd lIy t.1H' author will h(' !.!ivPIl in tIl(' des('ription of ('aeh sp(>cil.'s, 
so thnl lilt' l'pad!'I' Illnr judu;p til(' aut11or's kno\\'h·tl!!t' or the rnl1!.!:(' of 
vn rial ion of ('nell s(Jl'cil's. ' .. 

::4tJ'Uilb of ;tS('(l:-;POI'O!.!:('1l0U:-; Yl'n;;ts W'IIt'l'rtlly, bUI not always, S]lOl'U
lat(' I'l'udih' whpl! f'1'l';;hl\' isointl'!l frolll llatul'l', thOll!.!:h this {'hal'a('t(,I' 
1lJ:t~. bl' di'mil1islll'd 01' lost II flt'1' a Iw1'i(l(l of lal)(Jl'(iloI'Y ('ultiYntioll. 
O('{'asjollally, 1l01ll1SCOSPOl"ogl'1I il' YH I'ia nts show it sl ip:htly d i ffpl'ellt 
;;111\<1(' or (,\'('Il a mal'kpdl\, dilrPl'Pllt ('0101' than {'olollips of th(' game 
strain ('olltainillg s(Jol'ogi'nlc (·('lls. Sll':tins· of lIlt' !!l'IlUS Xl1d,'wuia 
n'p!'('sPllt an ('xHII1]>I(> oJ tbt> slweil':' whi('h ilia\, show ;t lllHI'\;:('(l difl'pr
pu('(' in color, 1Y.lH'11 ('IlHlIl'l'd Oil malt: ('xtl'H('t-ypu:-t ('xt 1':1<'1 agnl' at 
\()' t(~ l:i° C'.,soI1H'stl'uinSIlHty ]>l'Odll('(' not only w11it(', 1101l"poI'Ogt'11011S 
('OIOIlIPH but also dark-hl'owll, Spo ro.!!t' 11 OilS ('olol1i('s. 

If all o('(':tsiollal i:-;olalt' is i(klltil'nl to a ~i n'l1 spOl'ogPl101lS spl'eil's 
('xeC'pt thaI it (1(1('::; lIot (ll'()(lu('(' ::;P0l'(lS. it j,,:eonsidt'I'pd to Iw 111(,I'ply 1\ 

110IlSPOI'Ogt'110IlS \'ul'iallt of t!tat spP('it's, HO\\,P\·l'l'. It fl'\\, s[)eci<:'s Illav 
b(' isolll[('11 fl'om Ilnt t\I'P as (lIP HSt'(JS[)()l'og('110U"; 01' as tIll' llonas('ospoJ'(;
gl'llOllS 1'0\'111 wi tll n bout ('qlln I f'I'('(III('\1('Y. For' t IlP 1.)(,lJ('fit of tIll' IIS('I' 

• ·s!'!' ~t('lIing-·Il('I"((,I· (II;;) 011 ,'{/Ir'l'!tIlf!1II11/I'/1( ('(rCl'j,~lIlfj lind IWllf()I'(1 ('/) 011 
HlIlIs/'lIuln 117/1)/1111/(/, 
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of tbe forthcoming c1assirkationF), such specic's will lJ(' dt's('I'ibed in 
both thc l:'pol'ogenOllS and nonspol'ogellolls genel'll lInde'l' the II:UlIe 
appliN:i to each £01'111, and a note will be inclnded to this dr('ct in both 
of tl1(' nPPl'olwiatc g('IH'I'a, 

Anotlwl' 1'01'111 of Y:II'iation i" ('hal'a('tl't'i:;wd bv 111(' Hbilitv of: straills 
to pl'odllC'e two t~opeH of: rol()lli('~, 0111' t~'I)(' ha\:ing n lIJ:lt ~lIl'f'a('e an(l 
the, olh(ol' II glisf'c,'ning iilll'fa('(', FI'{'slllybola«'d ,,[rains Its wt>II as old, 
Hock cllltlll'CS Illav show this r01'1ll of nll'inlioJl, It is fOllJld IJIIH'h 
more eonllnon l,v i'il SOllie' gl'IIl'I'n , sliell a::; IJiii/Nt II ula, lh·bw'.'Io lll ,IJ('{'8, 

Pit'ltia, JI,1I('o</( "1//([, and ('u//Ilirla, Ihan ill oth('I'S, Hu('h as S{({'ro/WI'OIl1.'1
{'rs n nd ,..,'('ldw,wu'{'/W)'()III .'If'IN, \\' IH'I'(I fill' IIIa ( tYP(1 iH pl'l'ilu pH nOI1
exi:-;lt'nt. 0(,11(11':1 ill whkh t1H':-;P t\\'o .I'OI'IlIS of val'iation::; arp found 
indllde mainly oxidatin' "Wei('s: gPIH'I';1 in whil'h ollly glislt'ning ('010

niPH al'e fOI'llJ('d nl'(I ('Olllpos('d 11I'('donlinall( Iy 01.' (·.'\('llIsi\'c1y of f(lI'l1)(1I1
[nlive sP('('iI'H, Fabinll alld "Til'k(,l'halll (.111) h:t\'l' :-;!,Hl\\'11 that t1H' Illal 
fClI'Il1s l)J'odu('C' If'sS al('ohol than Ill(' ('OI'I'(,SPOIHlillg gli:-;(Pilillg fOI'Ill:{ 
of (h(l :-;alll(, l'tnlin and nl:-o that tli(',\' pl'odlll'!' ht'ayi{,I' pt'lli('I('s Oil 

liquid IIIl'dia thnll tIl(' glbtpiling fOl'llls, 'I'll(' an(liol' Iwlil'\'('s Ih:1I t11t' 
mat :fol'm i" n<1:tp(('tJ to all HPJ'obi(' IYIlt' of IlI('t:t!J(Jli~III, \\'1ll'I'l'HS IIll' 
g1istl'lling 1'01'111 i" Iwttpl' slIitl'd to HII 1111:1t'I'olJic' (>Xi!4tl'IH'P, 

Th(l difJ'('l'('IH'P ill ('lilt 111'(' apP(,III'lIIH'(' hl'l\\'('PI1 tIl(' two Iypl's is gpn
el'nlly !llIl' to a clitJ'I'I'(,IH'P ill thl' IllItlll'(, of thl' ('plls on thp SIII'I'H('(1 of til(' 
{'OIOlli('s, '1'1](1 llIat colollil'S Hi'l' ('oll1lllonly ('O\'PI'('d with ;iollH'\\'hat 
wHt(lI'-I'(lsistHn( (,('II:-;. oft!'11 ill IOllg dlains, 'wld('ll IIIH,\' 1)(' (Io:ttpd 'fl'('(' 
tronl tll(l l'PlI1nindl'I' of tIll' ('01011\' b\' Ir('llt1v pOlll'ill rr WlIt('I' into tIll' 
pl'tl'i dish. 'fllPst' cl<'t:u'lll'd ('(Ills '111:1" (.;)Jl(,(,h'ahlv IJtfll(' 1Il0"t pl'illli
ti\'(l IYJW of Hl'I',inl hla,,(o('ollielin pl'o;lucl'd Ilr ,\"l';;,,(s, TI](IY pl'olJ:1bl~' 
t'(fI'1'PHpond to tlH' blHst()('ollidin fOl'IIIPd by "flt'cip:{ of B'I/f!OIll1/f'O/J.I'i8. 
but <litr(,!' by 1:H'king aPl'ial ('ollitiiophol'(';;.' l':-:lInll,\' tIll' mat ('()\'PI'illg 
('xt('Il(IH (,OHlplpt pl~' H('I'OS:{ 111(1 ('OIOllil':>, bUI ~()III('t inws ('m'prs onl~' tlw 
(,(,I1[PI\ l('adlw H hl'ond cr1i:-.lpllill!! 11lIIld at Ihl'l'drr(., Hifrhl\' rrli~l('n-
• • ~ r"< ~ ~- r. r 
lllJ.! ('olon](ls HI'(' <lp\'oid of IJlas(o('ollidin, 
, Tn some s(I'ain" nll dp!!I'('PS or tl,:tllsition I'xist 11('1\\'('('11 til\' ('xll'('I1)('S 
of whitp, powdl'l'Y 111:11, ;111(1 high I)' gli:{{('llillg slll'fa('('s, Tlw lIH'dilllll 

gl'c'ntl,\' illflllPIH'I;S tIll' rOl'llIatioll 01' tlH' "PI'ililitin'" hlns(o('onidia, 
Fol' ('xnlllph., in (h(' :-OIH·(,jPH [[U!lN(I/It/lf (II(Ollla/((. IlP:lI'ly all s(l'nins 
whi('h 1)J'(){IIIl'(' .glis(Plling culollic:s 011 malt ('xtl':\('l'~:(,:I;i( (IXII'lIet agnl' 
fOl'lll mat: ('olonll';-l Oil Ill(' synthptlC Illol'pholng,\' IlW<1IllIll, A Illol'pho
logi(,ttl stlld," of (lip IIlHt-glis(ollillg' t,"flt' of \'nl'lalion ill fI, 111I(}IJI(I/u 

(IIn<l1'1' fill' synonym of ''''/{I·C//II)'O}Jl.'l(·(·S ((r'( ,.is",~((('(·/w)'i) lin" 1>('('11 
l'l'pol'lp<l by ,ridWr!1H1ll and Fabian (/fI8), 

Anotlwl' f01'1ll of nll'intioll, whi('h pl'OlJably iF) lIot rl'lntp(f to tllP typl' 
jllst· dis('IISSpd, ()('('111'!4 in ('lilt III'('S that ha\'(l bl'PII mnintailH'd Oil laiJoJ'a
tm',\' J1)t'<Iia fol' n long [illte, Sf I'aill" which pl'Odm'l' smooth, glist('n
ing ("olonics whpil fil'st isolall'd llIay ill tilll(' gin> rise to ('ololli('s that 
a1'(', lllmpy, ('om'olut<'d. ('I'a{Pl'i rOI'lll; Ol' 1I1PIIlhl"anolls, Tlw,\' al'p \I;illa11.\' 
Illilt bllt (rft(lll mol'(, 01' Il'~~' 1l1Oi"t in upP(IlII'an('(', If tlw "I)(>('ip;.; iH fil
nmpntow.;, I'iny l-piel1l('~ 01' ('OI'I'llli:! ilia,\' bt' pl'odu(,p(J Oil tlH' ~l1l'fl\{'P 
of thf' ('olony, )[ol'phologi('ally, filUIIH'Il(OIlR ,\'PtiSiH lIlHl(,I'going this 
('hallg~' pl'Od 11('(, 1Il01'(1 .h \'fJh:1<' anti f(' \\'('1' hInstospol'('s t hun whpll til(' 

• 


, 

, 

• 


('U]tI1I'CS \\'(11"(' fiJ,~t is!)lat't·c1 ; 11,,11:1 1l.v lIll' blust'osPOI'(IS hp('()111(1 (1longatNl 
lind thpit' Hl'l':Ing('nl('nt Oil (lH'h,rphat' IllHy IH' aIt ('1'('(1. \"'ut'iation of 
this I"n)(1 hns iJl'l'l1 d(':-;('I'ibl'<llJy ~r:I('ldIiIlOI\ (lU) and hy ~fit'k1(' [tJHl • 
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.JOJl('S (a,?) fOl' (lal1dida albi('flllR, Littlt', if' :tIlY, qUltlifative ellang!.' 
ill physiology nl'(,0ll1]>lI11i(>H this eimngl' in Illol-phology, Tht, ('liang!.' 
jg m-:lIally n'\'('I'siult, ir flit, \'Nts! lias lIof (lxis(pd too many w:lI'Hin 
its lllt(>rl~d forlll, Tlds I'Ol'lil 01' Ylll'inf ion lila,\' ()('I'\W ill ()xh1atin' 01' 
1(,I'III(llIl"a (i \'P, Ii In Ill(lllf 011;;, 0\' 11011 Ii In IIIPlIfons gl'IWI'lt. •\H'OSpOI'O

gl'lHHlS YNIS{H whkh lillY\' IIIHh'l'glllll' t II(' ('linn).!\' gl'III'I':dly jll'odu{'c 
:few OJ' 110 ilS('OSjlOl'('S, 

En'l\ bdol'(> a pllllngt' ()('I'UI'S ill {'olnny nppPHI'UI\{'P, a HHII'kNII'pllu\.! 

{ioJl Ill:t\' U(' llo{t.'11 ill {Il(' 111111111('1' of hlaslo:-pol'l's horllt' 011 Ihl' 11,\'1'11:1(" 
('I)IlSl'li \I\'nl I)', II\OI'pllologi<-a I {'\\l\I't\I'\('I'isti\'=, 01' 0111 slm'k sll'a illS of 
('/lllll/drl alld /t-'1lI1(JJJI!I('ojlNiN 1I111,\' \';lI'Y l'oJlc-itiP,'nhl," f1'01l1 original 
1\('sl'l'ipt10ns whil'lI \\'('1'(' haspd on l'n'sh\\' isolal(>d ('t\!tm'(ls (111, ]1, 
,rUj) , TIll' I l'lldl'I1<'Y 1'01' a I'{ III'O:-POI'j(' flliHri !'l'la \('d (0 I Ill' ,\'l'lIsl S I () 
\11'01[\1('(' 1lI0l'P 11I."I'pliulll and t't'\\'('I' t\ I'! 1lI'o"I'!lI'\'s uftpI' ('(lill illltl'd ('Illt i
r:llioJl onlabol'ul{)l',r Illl'dia issln's"I'c1 by ('II'I'I'I'i, \'('1'011:1, olld ~Hgg('S(' 
U8), ' 

Filial 1\', tI f01'11l of \'u,.ialioll Ihnt s\lolll(llH' IIIPlIlioJ1prI ('()IH'PI'JlS (h(' 
l'llHJlgP \\'hkl1 ~(ltl\(' IIItl('oid sP('('j(,"; ,..ltow Oil l'olltilllll'd ('nlt i \"tt( iou in 
tIll' III hOl'a tOl'\" ~ll('h "I )\'I'ips lUll \' gi \'(' I'iSl' to Sllloot 11, gl is! P11 ing, 
llltl \TOllS ('oloitil's ot' ('\'('Il ((I llUlI, (:I'all't'j 1'0t'lll, 01' t'()JI\'oltltl'd l'oloni('s, 

Slatl\' olhl'l' 1'01'111'" of I"lll'jaljoll ()('('III' ill \'PHst:', \JlJt (host' d('sl'l'ib('d 
tH'l'I' "liollid !"I'l'\'(' to ah'rl (Ill' jll'(',,;(m iU(Pl't:"tpd jn Yl'llS( taxollOIJl~' to 
fitp jll'i1Wil'HI IJI()I'pltologi(':d 1'01'111" IhHt Ill' 1JI1t)' <,XIH'('I to (,1l('Ollllll'l' 

in llifrpl'Pllt strains 01' ill a :-ingll' "'[I'aill of a gh'l'll ='\1('(·j(·s, In fldeli 
lioll to Ihl' 1i(l'I'ntlll'p nll'('od,' <'ill'd, illi'OI'JlI:1liOIl I'P!!:lI'lliJl!! YOl'iatioJl 
ill ,"(,lists lila.\' 1>(' Oll[Hilll'd 1';'0111 (lllbli"at jOlJs of l'ui!lw.J'J :illll HI'l1l'iei 
(s;, 8<j), Fahiall awl .\11'( 'lIl1l/lI!!11 \,],' J, Lall!!l'l'OU and (~uel'l'a (49) 
Hlld :\lHddllllO/l (U,I) , ' 

Part 2 

A CLASSIFICATIO~ OF 'I'lli-: CE''1TS TI:\\,SE~ULA 

IIlsTOny 

Tlt(' .!(,PlIl':tlogy of Sl'\'I'I'i\] of' t!\(, (·IIt'J"(·lllJ.r I'P"O.!!llj,w<1 g<'Jl(ll'll of 
\ ('a"l~ 1lI:\\' II\' (l'ut'l'd bal'" to lIw (I'('lllIS ,\,{,'r-lIl/J'(lllIlfn s I jl('n'l\ I RI'l's:> 
(rJ' I -..jO, ',b t1l'fiJH'd 11\' Hl'l's"; (,\'in at (hal pad" (Inll', tIl\' iJOlllldal'iel' 
of' tlti,.; ,!!!'ltll'" \\:('I'P ('xll:n;.h'l'-all\· "]l('l'i('-. tltat l'('jll'mhwpd It\' IHlddinrr 
HlId f()I'IIIt'd Plldo'IHII'l'" ('I)uld Illialif'\', jlt'!l\idl'tI it (lid 1101 ')11'0(/11('(' ?t 
!l'llp 1Il,\'{'piilllll, TIl(' ltllaio!!Oll;' 1'1!l'I'II'" \\!lidl prodw'l'd h\'l'l!lH' \\'('1'(' 

pJal'l'd ill /~'II';{J/J//I('''''' H('p ..!", ' 

l{I'P"'< dl'lillitioll nppl'lu'pd til lu' tll/('qttalp IIp tn tl\(> tjult' \\'!t('11 Hnll~ 
,,('II 1H'!!HlJ hi" I'x({'lI,;ino !"llld\' of \'PH"!", Ilu' I'P..tllt!" of whi('1! illdil'atpd 
11\(1 11"PlJd" I hal Itt;'IlIICJ.IlI\' \\a ... io folio\\" Pl'l·\'ioll:- 10 111(' tiuH' of 
Ilalls('lI\ (,/8J llwjlll' ('Jp:!,-:!!!(' of' III(' g('lltb Sllh}UlI'OIllI/(·(.\' in l!)(IJ, it' 
{'Oil ( II i II I'd -'1I1'l1 ('111'],(, 11 t 1:' I'('('oglli ;.:..11 11111'(' ht! ('d :-I'P('j I'~ a~ [/rlll.~tI/I(l(f. 

(1Ji"'//It/a 1ra 11"1'11, !)i('/ti'l 1111 mlno J!fI( Im-i, //.\ I]a Il;.(' ll, fl.7(II (./r, I'll a/,irll~ 
l'lftl H('(·!":-;. and S'/f,r!,tlUJlltI/I'Orl,..., lIu/wi"i; II:1u,..I'Il, 

'1'11(' rantil\' ~a('('hHI'()III\:('('tll!'l'nl" lI:- tll·;'I'J'ibl'd by liaJl:'(,11 a{ that 
limp, (,(lI'l'('!"I;Olldl'd rough'l.\' ill its lintih wit h \:(,(,,':s' SII("'!UII'Olil!l('/ N, 

It c'ollsi:,l('(l of !-(l('ci('s whil'll ]'Pjll'lHhll'l'd :1:-('.'\11,,11\' 11\' huddin!! :111<1 
fOI'III(,(l l'l1<lO~jlOI'l'S, Only H fl'\\" of tIl(' :-;pp('ips 'fOl:lIll'd lll,\'(:('linlll 
jll'ofl1:'(lly, 
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Tho~p ~I)('('i('s whi('h I'npi<lI.v pl'Odl(('\·r! PI'Olllil1('llt, dl·.\\ Illat pp\li('l('s 
011 liquid II1Nlin W('I'P pln('p(1 ill two IH'\\" g('IWI'H whidl lIunS('1I d('~,;ig
lI11tl.'<l lFil1ia and Ilit·IIi1,. 11'11(' /'0 I'll H'I' wm; l'hal.·n(·~l'I·izpd bv hut
shappd 01' ~atlll'lI-sh;q)(ld 11 S('ospo['('S, Ill(> Inn('I' by IWlllispllC'l"oidal 01' •
:l1lgnhu' ~P()I'('S, ~\lost oJ' till' spl'('ips of' 11';lIill PI'Odll('Nl gas('olls i!(,I'
J\1('ntntiolls anc1pl:'(,l's, Imt 11011(' of I';"hio PI'Odll('pd rPI'IIH'lltat iOll, TIll' 
lattpl' was ('II po 1.>1(1, hOWP\'PI', of rOI'lllillg 1I1,Y('plia, ] l'alls(,11 sl'lp('{pd 
his JlI'(>yi(Jtlsl~' dl's('I'jb('d SIII·dwl'om.'!!·1 N 1II('IJt!JI·!(//W!t/(·{( /IN as till' (YPl' 
sp('l'iPS or tltl' gPlllls Pit/lilt and his "'IU'('/Ifl/'O/l/,1/I'fN I(//OlllltillN as tl\(' 
typl' slwd('s of Willil/, .\ H·Plllillgl.\' illi(,I'IIl('din!(' rOI'1II was ,....'(((.
('/1111'11111/11'/ S ((/lfill/({II/,~ \':\ I', hrl[Ji"lt.\' Li lid IH'I' t,j.i) , Th(· :lS('O;;POI'PS 

had til{' (."pip:t! Iwt,:-;!wIW. 11I1! gl\l('Os(' was only slightly fl'l'lI 11'11 1(1(1, 
tllld l'~t!'I'~ WPl'll not jll·odll{'('{1. '11ll1IS(,1I plll!'Pt! lhi:- spl'('ips illWillia 
111<.;0, 11(' illl·II.ldpd :-\I(llilH'I":-; ([Hi) i:-;olat P. kl10WIl a~ ,....·I/(·(·!tl{/·O/ll,l/(·{'N 

((1/0t/lrt/l( ral·. II I. II :-;(l'lIil1 I'PI'\' ~ill1illtl' (0 LilldllPl"s \'al', {)(Ii;iI'1IN. tl1(' 
priJH'i pal d i f]'PI'P1WP Iwi Itg- it ~ j I\H l,j I ity t () ]ll'Odtlt,p H1I,r gas frolll 
!rlu!'osr, 
. /':ikl's (1/.j) j..,oln! l'd 1'1'0111 soil 11 ),(':1:'( wit h'h fOl'llll'd ha! ·:-;ha pl'(l 
FPOI'I'S. PI'(HltH'l'd ('sIPI'~, 1'(,I'IIIP1\t('11 110 sllgal·S. f'Ol'IIH'!i pl'l1ie!t·s slowly, 
and Ill'odll('pd 1l11Il'llid 01' :O:lIbllllH'oid ('olonips, IIp IlHllll'tl it Willill 
'11"';1'/1 flllll/ll ii, 

Kliil'kl'l' ( U) I'('\'il'\\"('d PI'P\'jOII:-t ('lassifil':It i{)l1:-; of ypa:-:h ill lOon in 
au n(!Plllpt to jll'oyidl' HII itll'lusi\'(' lind lip-tn-dUll' I'las"ifi!'f1t iOIl or 
tlll' SIH)J'ogl'II01l" .\·l'Hst", Ilis dl·finilioll:o: of l"i1l;1I and IJit.J/;({ \\'('1'(' 

(hl' :,alll(, a;; .I [n 1l"('ll'S. b\l t II(' gn \'1' dps('I'i pt iOlls (J r sp('('ips \I'hieh HaJl~rll 
had listpd hut lIO! dp"('I'i1ll'd. III IDJ:.l, wi(hout of1'l'l'illg' a l'l'\'ispt! 
(ll'tillitiCllI or lllp g'PIH'I'U. Kliickl'l' {~,Jl ]llm'plt ill l'i"Iii;! sOIll(> Ill'\\' 
pl,l1i('II'-f'OI·ltdllg- ~1H'('i(':-; \\ hidl did Itol ('Oll f01'1Il to IlaIlS(lII';; dpfinition, 
Onl' \\,:1" /I;,.J/ia /'1I11/IIUlI'/,I/(( whi<'ll Kliil·kPl' dl",('I'ibpd as huying 
:;plll'l'icul n~(,o"pOI'l':- ltlld liS fl'I'IIIPlltillg gitH'OS(' alld :-lI('I'OSl': ",llI'th('I' 

it fOl'IIlPtl (> ....1(11·,.. Wits 1101 :;(all'll••\lIo(iwl' "pl'pips \\':1:0: "h'hi" Nltfll'(O

It}l,~ Klii('lwl'. ",hiI'll wa~ l'('pOl'(('d liS haying IH'l'!1oll1innlltly sp!lrl'i('al 
l:-POI'(,S tholl~h S(JIIH' \\'('1'(, oh"I'I'\'pd (0 Ill' ~(Jn!('\\'h:tt f1aIIPIIl'd 011 Oll(, 
l:'hlp, It fl'l'll!l'IlI{,c\ gln('()s(' Hlld :-lI('I'O:-P:-( I'ollg-l,\' and IH'odlll'(ld (';;[('l'S, 

Tlw ~\'!lll\\,'" Ifl{l) ill j!llf) I.!:I\'(' onl" 0I1t' :-PlItl'IH'(' to lilt' fae" that a 
gl'lIUl': II:il/ifl C, '\TiilL {l'i"!I)'ill tIl(' P()lti:t(,par had. pl'iol'itY()\'PI' Han
s!'Il'S ,I.!('llIl:'. 'fill'''!' ill\'('s(igatol's (lp;;ignat('d II\(' II1IIt'I' :I" /J'I/tNtJl1t!1l 

S\'d .. II lIS!t!rl' ,,,hi('11 has !Jl'('OI1lP g'I'I1PI'al1\' 1'l·('Og'UiZ!'ll. 

'(inil1i('I'I'lIolld (·/·lJ ill /!}1~ niHI Ulliliil'I'IIH)nd nlHl TaHIll'I' (,J'j) ill 
In:.lo J'('(Hilll'd nlllHH iJlI:wt th!' !lamps :1Ilt! (h's('l'ip(ioHsgin'll by JIIIII 
!it'll ill HHH to ll'il/ill. btl! Ph'/,ili \l'a:; r:ql:lndpt! to confol'm with 
lClikkpl'\ ('OIl('PI'( iOIl "Iddl itwl t1dpll "I )l'(·il'.... htl \'j Ilg splll'l'Oida1 a;;('o
SI)(I)'PS aud )ll '(l ( hwillg sll'Ollg fpI'IlIPIl tn ( iUIl, 

In 1!l:2;, %1'11<11'1' (lIn pl'()(hl!'(>d II cla!'sifil'at ion of t Iw :tl'('ospol'og
CHOUS Yl':tst:-- whi(·h. Il:H~ it bl'l'1l n('(·('Jltp~l. wOtlld ha\'!' uitl'l'Pcl Pl'O
'{(mild]\" tllP (aXOIlO!lIY 01 ,,('ast;;. Hl' dl'su'pd II :-.lIa1'pl'l· s('pal'u(ioJ1 of 
th(' (Y('lll'l'll ('()1I1pri""in~r (h(: family ~n('t'II:II'()1I1\'('('[i\('pa(' alld til{' tYl'llUS 

El/(i~l1l1l(·t'.~ 01' till' t~lldOIIl."!·{'lii(·(la(', Tlt()~(; f:lll1i1ips, at the~timc 
Zl'll(ll'l.'hl'gan his :-.(utiil's. \\'('I'P dislinglli"lw(l by t11(' nhility of tile 
Eml()lllW(>i:I('pHl' to rtJ!'.IlI Il'up 1II\,('pliH nlld to I'OJ'Ill a;;ci (lx('lnl:'iY('ly 

• 


(hrollgli Ih(, :tet ion of h,\'p:t1 ('plls', Z('IH/('I' ('itp(l, (IS {,XHlllpll's of th~ 
pOOl' sl'parat iOIl of tIll' t\\'o fa III i Iil'S. (\l(' spl'l'il'~ Sw'c!twumyc:es mal'x • 
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• 
illll1lN HnnsPIl "'hil'h 011 gplntin fOl'ms typiclIl ~Pl)(at('. bl'aIl('lwd nw
('('liullI. tlnd in liquicL IlwdiuJU fOl'ms pSl'lldoh,rpllH(, ('oll!'"ist ill~ of ('haij]!:; 
of l!lItlding ('('lls~ On t hI' olht'I' hllnd. he' ('itp<! h'lt r/o III 1/('1 N .i((l'I(/I(,Jl.~i8 
KWl'lwl', whklt lu('ks II trpi('alllly('C'liul1l and pl'odtl('('sas('ospol'('!:'i ill 
Idn:-;t():<p(jI'Ps (b\lddillg\'{~ast ('plls), Z(>lhll'I' ahm wislll'd [0 l'liminatl', 
frolll fandl,\' and g(,Jl('l'ic (h':wJ'ip( ions f('I'nl(lJ)(alion I'pac'( ions, 1>Pllicle 
fUJ'lIlation. aJl(I-;IJ('h YIIJ'iabll' C,hlll'H(,((jl'is( ics as (,(.\1 sb~(' lind shape'. anel 
('ololJ y a I'Pl'al'H JI('l'S, 

Z(,lIdl'I' Pl'oposl'd IlInt IIS('(lSPOI'l' shall(> Ilt' IIIH(h' tlH' main ('hal'Hdpris
t iI' In' \\"iJ.i('h flllllili('s lind ~!ljJll'J'1I sho\lld 1)(' dl'[l'J'JlIillt'(1. .\C('OI'<iilll.d\\ 
HIIf/~IIJ(/I{,{N IYIISJ'P"I'JTl'd I'OJ' [IIOSl' spl'('ilis possl's:-;illg llnt-slwj>ec! H~('()
SPOl'ps. ' II lid I () this 1£1'11 liS hl' nddl'd n 1I('ll' J'ogI'JW(lllS assol't nH'nt: of 
:-;pl"'il's. :-;udl as ;f'f/iNllt h/sjJm'll 1'ltllJ!/('lIsis Klii('\':PI', ZJlfIOS{(('I'/UII'OIllI/N]8 
pl~.\f(ll'i Ollillil'I'IlW1HL fJlll/xcllllla II//OI/lit/ll 1I111lo.;Pll. and !f.:'lIdfJ/II:'jr'I'8 
till/o';!!, /' LiIHIIIl'I'. all oj' which IlHVP wid(·I." ([ifl\'J'pnt ph,\'si()I()~i(,1I1 
{'hal'HI'tl'l'i"t iI's, Em/()/II/I('t'S (,11;nOt/llri,,' S('hiollllillg :lnd IllllIs('}/Il/a 
",1'111'/1118 KIii!"kpl' "'PI'P 1ll00·ptI to tht' Ill'\\' ~(,llllS WilliOJlsiN (,I'I'II(NI r(}l' 
tho.;p :-;Jll'(,jps P():-;s('~sill!-; Sallll'J1-shnJwd "~I~Jl'l'~, tltt' \\'all:; or \\'hkh 
\\'('1'(, :-;lllOoth 1111<1 thl' J'lllgs l'qIlH!(JI'lal. 111'1/11/ was I'lpntlt'd to the .' J'lIlIk or a fHllliJr• 

• 

TIll' ('olllpll'tt, disl'pg,:lJ'(l of ph,r:-;iol(Jgi(,1I1 PJ'OIH'I'!ips ill t1H' (]('o.;l'1'i p
lion... oj' g('IIl.'J'a lllHdl' illljJOssibll' tltl' :II'('('plnIH'p of Zl'JHlpl"s ('Inssili
calioJl ll\' hb :--lIl'('l'SSOJ'S ill till' lipid or \'(':t!->t tnx(JlJollly,Ilad i( lJl'PIl 
:tI"'('P(('(( :tlld ('xpUlldl'd. hO\\'[,\'l'I" it might lw\'(' cl!'\'plo'pt'(l into H 1l101.'p 
w()l'kn!Jl,' ('In:-:-;illl'Htioll, lIl'spitl' it.s :lJ'bitl'aJ'ilH'ss, IIwll til(> l'UI'J'PlIll\' 
H('('l'I)(('clllatUl'al ';'1":-;1 PilI, Its jll'iJH'ip:ll di!->:Id,'alltng!' would ItH"P lWl'll
nit' l:H'k oi' n foulldntioll fOJ' 1111 Illllliogolls s('h('IIJ(' of till' lI(JllIIS('O;;POI'O

!!l'1I()11~ \'PH"(;;, 
• ~1tJ'("r,bllJ'Y UN!) ill 1\):10 JlJ'l'SC'llt{'(l a dl'tailp(l IlJOI.'phologl('al study 
o I' III(' gPJI II"; II'ill irl a IOllg \\' iIh SCHill' I'l'SIIII::: Oil pn t hog{'1l i('i I)' te!:'its, 
lip ('oJl!'llIdl'd I hal Ill!' sppci('s whit'h hl' hnd st1H1il'd 'IYPI'P Hot p:ltl10

!!Vllic' 1'01' l:lhm'all)J'\' Hllilllab, 
, ~tl'llill<"·I}('ld\(,I"{!J.~) pn>!->l'lltl'C\ n ('H)'prlll\" l'XN'lltl'd l'1nssil1l'lIlion 
of tlIP ~P~I'(Jg(,II{) IS ,\"l'n~ts ill IP;11. HpJ' (h'IiJiitioll of fhl/l.~( )Utla waS 
:-.illliltll' to thaI g"VPll h~' IlnllH'1l \0 Willifl (,Xt't'pt tbat it was limit('(1 
to "'p("'il''' whil'h .'\s:-illl}lat('d nit I'atl'. j\:I'II11'I1(('<1 SlI,!!nl''; sll'ollg1,\'. and 
hytll'oh'zl'd \',,('\lll,). ~P()J.·!, :-.hn)ws lIssl~J1t'd to (hI' g('nns 'Wl'l' hnl
shappd: Sat 1Il'Il-~hapl'd 01' /Ialtl'JtPd Sp!t{'I'('S, Pirolliu\\'(Js lintited to 
spl'C'il':-- "hii'll ('oltld 1101 lISSilllilllll' \lill'HI!" I'l'l'lIlt'lIt sug,iI\,s stl'ongly, 
()J,ltydJ'o1 \%1' ('s('lIlill :-;ll'oll,!.dy, Unl-sllllPPc! S]lOI'('S \\,('J'p addpd to til!' 
lI"'w{\ hl'I;1 isplll'l'oidal lind a1ll!'I11al' S1111\)('S, ~\I('h mod ilicntionl:> of 
I [:I 1J.;('II':-; dl'''('I'iptio\1s ga\'p It silal'pl'I' fl'P:lI':tl ion of /fllll.w'nll/a nlld 
1';1'/1;'1, ;-:'Ol\\(' \'!wllgl'S w('n' mad\'. in til(' llH'IIIIll'l'ship of t1w t \\'0 

Ifl'JIl'I'a: 11ot:dd \', Ph'hill ,~IIt(I'1 oIl II.\' Klii('kpl' 'l'as lrallsfl'l'I'l'd to fllllI
~,,,.da. \lnd 1J"illill II/If/il'a (Lindll!'I') H.nn~('n was transfpl'I'l'd to 
/);l'iJ ill , Tltp ,!!!'Il11S Pil'hill, at'('ol'ding to Klii<'kpl":'t (.[,]) slIggpslioll, 
WH!->o di,il1\'<1 inlo (w() ~\lbg\'I\l'I'U, Om" Ph,Ida. was lilllil('([ to slw('ieli 
whit'h aJ\\"u)'s f()J'lJwd H~('O;-;pOl'l'S "pa ,'t111'llOg('I1l'1 it'n Ily": the ot hel'. 
1!lf(o/,i,1Ii,I, W:l:' lilldll'\[ to :-\ll't'it's ill ",[dt'h S()l\ll' of till' SPOl'l'S f(ll'me(l 
follo\l'iug ('oJljH!!alioJl of' thp \'l'gp(alh'p ('('lb. ;-;ll'llillg'-Upld,P!' (,I'e

• 
atl'd 1'0\1'[, \':ll'il' ( it's 01' fl (I/ISI Hilla aJwlIIai(l bast'd prilllarily Oil millor 
1\ lOl']llI01ogi(,H J eli JI'{'I't'J It'lIS, 

http:ll'oll,!.dy
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Nl'xL Loddpl' (.ill) di\'i(\pd til(' g.l'llllH IIflllNl'/lIIlfl into t \\'0 ;iubgl'IlC'I'a, 
Tltp nallll' flllllSI Ill/Itl waH applh'd to I Ill' 1I10l'P ('0111111011 Hllhgl'llllS whil'h 
ill!'ltHlpd tIll' Spl'l'il'Hrt'('ogIlIZl'd I,,\' Stl'\Iil1g-J)pkkl'l', and It s('pumtl' 
1':1Ibg:l'IllIS /.,l/f!ollllJlSl IlId{/. was ('I'pall'd to il1l'lud(' tll(' Ill'\\' S[Wl'il'1': X, 
('I(/lj'oJ'lIil'fl. whkh IJ()(ldpl' b"lip\'pd. should hp difl'(')'('IlI ial('(J '1'1'0111 till' 
olIH'\' spl'l'i(,s lW('H \lS{' SWill' or I hl' \'l'gl't al i \'f' ('pI Is l'onj ng:lll,d j list lIP fore 
nS('OSl)(J!'l':\ \\'(,I'l' pl'Od lIl'pd, L(J(ld!'I' n Iso dl'i'('I·j hpd n Ill'\\' SPl'(' ips, 
!fllll,w JlII/1/ I'ifl rl'ii, 

Bl'<1 rOl'd (,') dl'('i(J(·d Ihal Sll'llill!.!' I)pld,('I"" IIfIllSI/II"1/ i'I/'(/l/h'lI 
(O"!Jt'np\\'I'gl') ])1'1\1\(,,', Hnd II, (I/loi",/I,/ nil'". J'IIIII1,~/1/ D{'I~lwl' Hlld 
71/'11I/1l('lil l l( (Bl'ijPI'ilH'k) Dpkht' \\,PI'P Ilol Hll1kil'llII,r dj,.;lill<'l frolll 
If. Il/I/J/Illdli alld fl, I/lWI/II/II/ \':lI'S, X/dl/ll/'i"11 I N:ll',!.!'l'li) £)l'I\I\('I' Hlld 
lrJll!fIl 1)('1\1,('1' 10 ('(Jlltinll!' (Iwit' ~('IHlI':lli{)1l H~ "lH,(,jps 01' \':lI'il'lil'!4, If. 
W/OIIIU/tJ nIl', Njllwll'il'l/ lIud ff. II/If/lllt"tl \':11', 111Il!!tl WPI'P l'plailH,d bllt 
l\'dl'fiJH'd oil lit!' I':l~is()f .'1'11 sizl' ill liquid S\'lIlltl'li('nll'dilllll. i{!'dfol'd 
nddl'd tltt' 1\\'\\' \'al'ipt r, 11, tl//lJl/lldfl \':11', h't /1 /lIl/lfIlpllll, Ill' 1'('pol'lt'd 
thai fl, II//(JII/lt/IJ :lIlll'i(~ r:lI'il'lip:-; ('{)Illd lw :-('\llll':tll'd oilly Oil I Ill' bnsis 
of tlwil' ('l'l! "jZl', Tld:- I\':I~ Ilol l'lLlil'l'lr salj .... I'H(·(OI·\·. n" his l'ldllll'('S 
sl!tJ\ypd (·oll,.,idl'l·al,JI' \'lIl'i:dJilil I' ill sizt'o jn tltp "altll: IIlPdilllll and ill 

diJl'l'!'l'llt llH'dia, 11(, nddpd I h~' Ill'\\' "'pl'l'il''' II, SJ/IJIJ/ /I/t,/tlOSI!, 
~IJ-ak(lltl, (,'il silltl'd (Ita! Ihl'dislilll'ti(lll"lH'(\\'Pl'lllff//I,~'IIII/({ alld 

Ili,hia WPI'!' I':lpidl,r radillg'. TIIP.I' (loillll'd (Jill Ilwl it \\':\s 110 Illllgl'l' 
)H)""ilJlp to s('IJaJ':II\' tho"p !!'PIll'I'n Oil SpOI'P ,,11:1(11', Loddl'l"" (,i!)) 
fJit/';tl (,rill{ ,tlIIIIS I'PIl]()\'pd Ilrl' rPl'lIll'lltatioll difl\'I'PII('P, alld Bpd
JOJ'(r;; I;") fJi"lt i'l I.·I"!I 1'/ Ii (l I'()( IW'l'd pst PI's Hlld s pi i I 1'~('lIl in, TI Ii" Idt 
!ll(' )[Iilizalioll or Ilill'all' as IIr\' ollly (loilJt of dill'I'I'\,IH'I' hp('alls\', 1lI01'
pllOlo!!il'U lIy. t h(, I lit) !!,PIIl'I'n tll't' \ 1'1'~' :-i III i1m', Bl'd l'ol'd ! '() II lid .\1 I'llk 
(/1(1, Ilil rUlIlld Illal. ill ('ollll'nst to all otltpl' IIIII/M //1111/ s"I'l·ips.II, 
xlIlJptl//(,"lrJXIJ did lIot :llIack tlilmtl' ill a (·olllpll'll'l.\' :-'YIlIIIl'tit'll1l'dilllll, 
Tlti-- Wa" b('(':II1H' II, .,,,IJlit /lil'lllrl8ll ]'I'C[lJil'l'd \'jl:lll1ills HllrI Bpd f()r(r~ 
sYlltlwtit'IIH'<lillllll:whd t]I('III, 11:\(11111' l's~l'lIli:d Yilalll!",. UPI'IIIH'l'S
('111. 11ill':ltl' \\'11111<1 ha\'!' II(,PII ntl:l!'I\I'(1. 

)[I'nk It 1/1, I iVi) I,('lil'\"pd it IIII~Ol1IHI to (lifl'l'i'l'lIt iatl' I \\"0 .!!'I'I1('I·a Oil 
(t:;ill!.!'lp l'lIHI'Ht'lPI'i:-1 il'. stll'h as till' ahilit \' to lI~:-illlilull' nit mIl'. Tlrp,Y 
bl'lil'\'l'd il llri!!'ht 1,(' dpsil·nhh· to r01'l1l (Jill' !.!'('lIl1". {'OJlt:lillill!!' ,.11 h!.!'('IH'J'H, 
of {h(, Hntlll'p 'of 1'('';li'l. XIIIIOpil';li", JJtllI:~ll!Idf/, alld /.1'(/~11/(1/1'~1 lIula, 
Ni('kl'I'-;(llI (i'i~). Oil till' oihl'l' hanl!, 1H'li('\'pd Ihal tl\(" ~lilrl't'I'Ill'l' ill 
Ill'! iOll Oil Ilit mIl' ilJdh'iI It's a rlll1d:II111,,,t:d dj 11'1'1'p I1('(' iJpI \\'('l'l1 IIIU/8I'
'Illll(1 alld Pil'/tia, 

III SlIlIlIl\:lI'\'. it 11111\' I,l' :-11I1('d {hnl ('\'PI' SilH'P tIll' ('n'alton of lIall
_~I /wll1 :\1111 l'l,'llia IWIII'[\, a half' ('PilI III'\' tI!!'O, taxoJl!)lJrists ha\'p I>(,Pll 
attl'lll"ting' to IllOl'l' ('II';lI'ly <It'liJw allti (; ~l'lml'al(' t1ll'IlI, Yl'[ tilt' 
numb!'I' or di:-t ilJ!!lIi"llill,!!.' (·lJlIl·l\('(l'I'isl h·c; IInz; h('l'n I'pdll(,l'd I'al hl'l' t hun 
Illuhiplil'(1. OJl!' b,\"l)l1l' 11(,\1' S)l('('i('~ h:ll'(' "\'1'11 isolatl'd wltieh po;;;:-;(':-;s 
al h'as!' 0111' I'h:u'H('{PI'i,,1 i(' {hilt fOI'llll'!'j" \\':lS Ill'lil'rl'(l {o Ill' ('htll'ul'1l'I' 
i;;(it' 1'01' fbw,w IOtlll. :tiHl:11 It'n~1 OIl!' otlil'I' (hat "'tis l)pli('nd to be eha)'
H('tl'l'i:-1 it· (If Pir-lt/II, Hl'dlll'tioll ill tll(' IllJllllll'J' of dist ill,!!.'lJi:;hill!.!' 
('hat'ad('I'i"tk:; has no", I'('udwd t hp poillt \1'111'1'(' ~ll'ak t' 1/1, (t.n udy(j. 
('atl' 1l1('I'gl'l' of til!' ( \YO gl'III'I·U. FIIJ't 1\('1' ('ollsjdl'l'al iOl1s I'pga I,d ing (IH' 
l'l'latiollsltip of Ph·lfill and lfllJl.~1 Jlltlll art' lll'(':-l'I\((-\I Oil pagl' l·J~, 
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• 
DESCHIPTIO~ 010' 'I'IIE GE:\US 

Hansenula Sydow, .\.1111. ~r.r('()1. 1'j: ·1·1. in W. Tytw Bpc'cies, 
H, (llIolI/.a/(/ (111111);1'11) H~'i1ow, lbid. 
$YllunYIIlH: lI'illia 11:111:;('11, Zl.'llthl, f, Bllkt. l'u1'1Il-1I t'lIk. AlJl. II, 1:>: r;:IR, 

1:,() I. 
IItl/l,~( 1/11111 / I III II Rt' II ) HYllu\\, ('IllPIH!. HIPJliIlg"·lJf'ld(lOl', 1 lip );POI'O

1-:('111'11 IJ I'I'PII, p, ·I:W, ]o:\], 
Y.JI!}lJIIIII/NI-/IIl[1I Lotldl'I', Zl'1I1l11. r, BakL I'll I'll sl 11'111(. ,\hl. II, 

so: :.! 'U. I !';~!~. 
NUllll'd. fol' Jillllll Chl'!St!1I11 l1ulIsl'II, tIll' fnth!'1' of ~'l'lIsl. tnx!IIHIIIIY. 

r{'I/<~tN iI·hit·/t l'('j!J'O!/U('{' aNI.I'llullll I,r('hl,~il'dy by IJllt/ding, iO/'1II /1(1 
!, cl.W'()Sjlo/'/'N /)(1' flM·II,~. IIl1d I/Hsimillllr nil I'll/I', Ht'Il'I'nglll1li(' OJ' i~()
g:lIl1il' ('olljllgalioll or ('(111:4. 1I111y O('('UI' ju:-l (ll'l'\'i()\l~ 10 :4.poI'lJilltion: 01' 
{'olljllgalioll IIlH,\' ()('('Ill' dlll'illg 1111' !llilt' H:;('O:;!>OI'P"; Hll' gl'l"Il1inntillg, 
thll:4. giYing ('is!' (0 diploid l':,\'goll':4. whi('h 1'(,IIWill in tllP \'('g('lati\'l' 
stagl' unlil ('Oll<i it iOll:4. rn\·()I'~P()I'IIIHli()ll. wi H' I'l" II pOll Ilwy HI'" ('OIl\'(,I'I('(l 
dil't'ellr in(o llliei without flll'llH'I' ('olljtlgutiol1, Ai:'('()i:')101'('~ :11'(' hat
::.hnpt'd, ht'lldsphl'I'oidll I, ~II t III'l1-~hn pl'(l ot' l'plwl'Oilin I. oIll' to fOil I' 

pt'1' !!!'('UH, 1'I'II(']I,Yphlil', p~l'tldoh.vphlll') 01' IlO hypltllll 1lJIlY bl' 1'OI'IIICIl. 
J'1'11t('lp:; 11111)' or Illn'y not bp fOI'IIIt-d, and sllgHI'~ Ilt:l'y 01.' IIHI,\' lIot 
bp fl'I'1llPII(I'(1. 

~p('('i(',; of Jl(/I/.~( /111/(( fll'l' ('(1l1l1llol1ly rotlnd 011 01' ill 11'(,(,:4.. ill ~()il, HH 
COllIUlllillfln[::; III indllsll'inl fl'l'll1elltnt iOIlS, Hnd 011 fl'llit. 

KI;YH TO '1'111> SI'I~CII~S 

• 801M of 1he :-:a lit-I)! ('lllIl'ndpl'i:4.( ieH h~' whh'h t Iw l'pt'C'iPH of (11(' gPIl IlS 
nIt' )'pcognil':{'d al'(' pl'('~('lIl('d ill tahlt':2, '1'11(' 01'<1('1' of UP]l('HI'lIIH'P ill 
t1w lah1(· is bp1il'\'l'd 10 {'ol'l'l'lulp l'lo~('ly \l'il h phylogl"ll!'f it' dl'\'plo]JlIll'llt 
within tJll' g('lltlS, Fol' fhi:4. l'paSOIl, til(' dl'!'('I'iptiolls of !Ill' :4.(ll'C'il's will 
follow ill tIll' Stlllll' oJ'(Il'I' tI:4. tlH' IlUllIPS ill tl](' tu\)It', ~tlpplt'"tt'lltillg 
the tabll' is (lll' lIsllal <lit'holol1tlllts l'l'}' 1'01' til{' {'o11\'Plli{'IH'P of' t lip lN'I', 
'flip I(('v is bus!'d 011 1Ill' ability {)I.' inabilit y or l'p(I('it'!' to a~silllilllle 
fiYC" :4.vli"{'(·(L t'IIl'(lOl1 :,Ot1I'('PS, gt:O\\' in IIIP ul):'Pll(,p of add(,(1 d(UllliIlS, 
and to pJ'ot\ucp tl'lH' 01' Jli:iPIHlohyphne, 

• 
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~ 

TAm.£ 2.-;.'ialient diagnostic clw7'{(.('{el's of the Rperics of l1allscnula ~ 	 ~ 

1"l 
QAssimilation 

~ .... 
Highest de·

Species .xuclei \'ejopment l"
Spore 	 ~ 
shape 

of hyphae l:i:1 g 
l" 
tol 
~ 
2; 
.z 
p+ 

"t -+, 	 .....+ + 	 <=> 
H. lIIinula ______ . :__ .do.. . .L. 	

! 
+ + 	 Haploid. __ ., NOllC:. 

~H. silvt'cola ___ ••. .do .. . + 	 T + + + 1+ -r .L T l\{ainly hap·I Intermediate. 

t>:> 

'" 
laid. . .~ 

H. a.ngusta. '__ do._. + + +1+-	 ___do__ • ____ : None. + + 	 tilH. Bubpclliettlolia • . : __ .do, _ . \'+ -r- + + + + + + r 	 Diploid .... " True.ll.jadinii. _________ do._, , 	 +- + 
T + T 'r- + + 	 T + __ .do______ .' Pseudo. l::f+ 	 1"lH. sclmcggii • - - -. i _do_.. t + + + + -t~ 	 + + . L + ___ do. (?)_ Do. '-! 

H. anr})Jwia•• ,_ - - , . - . - do_ - - _j + y + + ' .i. + + ... + ,- ,- + + ___ do. _____ •. Do. ~ 
H. ciferrii__ - _.. -;.. -do-"l + + + J.. 	 y + i_._do _______ ? True.+ +'+ + + + + + + 	 o 
H. cali/arm·ca,.. ! Saturn, 	

':j
+ + + + + 	 , ~Iainly hap-! XOl\e. >'" " laid. 	 : o , 	 :;0 ___ dO_ 

101d. i 

l:T. .suave~~cTls_. _••j + + + 	 + T + + l\1ai~ly dip- j Pseudo. .... 
11. mrf)kn_______ I .do.. , +1 	 ___ do._ •. ___ . Do. 

Q 
Cl+ + 	 + ,11. salllm'UIi----,.~t--dO.--. +! + + + + + + + ·__ .do__ •• ___ Do. ~ 

l i 	 gI 
-~.--~---.. 

1 + l\leans growth where it refers to a.-;';imilalion, gas w\wrc it r('fers to fermcntatioll; V means ..ariable; - mcans no growth where t;:J 

reference is to assiulilation, no gas wllere rCfCfC[leC is to fcnnelltatioll . 

,..... 
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• 	
A DICHOTOMOUS KEY TO THE SPECIES 

IBni:ied pl'lmlu'lly on shUIH! or IIH('ORPO!'PS, ubility to llHSllllilutl! cm'\)Ohrllrlltps, 
nllll nllillls to ISI'OW ill t\ cll(~mh:nlly ddincti medium to whlch no yUnmlns have 
\)(1(111 11<1<1('(1.] 

• 


1. ASN)SPOl'('S hnl:·sllillletl 01' 1Jt>l1Ilsphpl'oillnl:
A. 	 Hullinos!), rhulllllosP /lila :tlphn-lIIplhylghtC'osid(· !lol' IlSSiIIIllnf:N1. 

1I(/1I.~nJ/1111 111 ill II/a 110\', sp. 
B. Aln]Ul-IIlNhylglm'osi(lp lIf;silllillltNl i l'lIf1illOlW n!ld 1'11ll1l1!l():-;l~ uol IIs:-;IIIIUlnt:('(1.

l. Gnlll('l(lH(' IIss�mi�nl(l(L_________ "(/I1,~('Jlltl(/ .~('/II/f'rlrl1i (W('!Jl'!') ])(!ld{m~.
2. Gnltwtosl' lIol11HSltlliltlll'd_________ .________ lfaH,~(,IUI/1i (/lIf/Us/n llO\', sp, 

C'. HallhloHP 1IJ1I11lIphIHII(lIIt~·lgll)('OHI(I(' II1'HIlIIill\I'l'<i; l'ilIlIlIlIOH(' Ilot nsSilllilntNI. 
1. BxtNIII\) HO\1I'(,(' nl' \'Humlns not l:(·q\1il't'(I. 

II. BI'yt!tl'itol IIHsllllillltP(l _. ______ j[UI/I$I'III1/tl {/l/()/I/II/a (IJllnH!'U) Rydow. 
h. 101'~'lh!'l\(}1 1I0t HI'Hilllilnt(·(L___________ lla/I.~(·IW/{/ jad/llii no\'. comb, 

2. 1'}xt:l'I'Ii/li HOIIl'('(' 01' \'lIuIl1II1S 1'('qUII'P(L 1lII/l.~I'/llIla 8/1bIJl'lli(,1110.~1I DNlfol·d. 
n, HllIllJll1l114l' n1l1111Iphll-llll'th~'I).(IUt'ol'ith' IIssillliJa\p(\; l'liflill(1H\' I\O\' H~~lllIilllt{'(l.j

1. (lnlu('t()!l(' 1I ....!liu:iJn{l·d . _______ 1I1l'IIN('III1/1i ,~ill'i('()/1I !lO\', i'll,e _____________ 

~. Gnlu('\oi'l' not m.:;;lmllnt('I\. 
n. JoJI'~'lhl'lt()1 IIs .... imiitlll'(L"•.••______ ___ 1!1I11.~1'/1/(1(/. 1·11Jl.~1I/t(/1/ HO\', sp. 
ll. NI·~'thl'ltol HOj' IIsHilllilntl'(], 

(1) 'l'I'll(' h.\'phl1(' \11'OdIH'('(L . __ ~_ 1I11/1.~(·IIIII(f lI('('I.:iioo\'. COlli\}. 
(:?) 'j'l'lIl' h.\·phll!' 1101' PI'IIlI\H'I'il _______ 1Jtlll.~1'1I1I11l l'II/II/I/('118iN 110\', HJl. 

,.~. HI\I11110Sl', I'IJII III 1I0KI', 111111 nIJlhIHI1f'IIt~'Ig'llI('osid(l uH~1 III i In t ('(1. 
7111/18('/111/11 ci[c/,I'ii ].0(111('1'. 

II. ,\}:I'OS[lOI't'}: ~UIIll'lI-Nhllll('(I, 01' spll('I'oldul 	wi ti 1011 1- I'iug: 
A. Hntllno.... l' n........ lrllilaIPtl; l·ltnIIlIlOs(' IIIH)nlphn-IIlPtll>'lgIIH'm-:!I1!' not ns:;il1lll11I('(1. 


JJ.tI/.~('I/Ii/(/ .~I/Ilt'('(JIf'lIN (Kliklwr) D(·kkl'l'. 

H, UhlllnnoK(, l\ssilllilnt(lll i l'n/llnoHc nll!.llllpll:l-ull!th~·lgll1l'{JRi!l(' not IlHIl111l11Iltl'd. 


/luIIM'IIII/a 1111'1(1.';;' nov, Sp. 

C. 	 Haflillos(' nlld l'hnIl1110>:l' IIR>:iJnilateti; 1I)]lhn-llll'thylgl\H'md(I(' 1I0t u;lsilllilntpd. 

Jl IIII,~('II/llil .~II/ 1t1'1l1l,~ (KW('[wt) S~'lIow. 
n, 	Hhllll1l10HP IIntl ulphrHll('(ltylgitlCOHill(' n~::,;j(J\IJnl('(l: l'llflill()~(' lint u....siJl1i1nt(lll. 

I/HIIN(,llIl1f1 ('UIi!OI'll;('(( nuV, com\). 

DI;SCnIPTfONS OF TllE SPECIES 

Hansenula capsulata nOY. sp, 
C'onjngnllo liPt('I'ognl1lit'll illl('1' (,l'llulns mlltprlHlH (It ('nrum gt'I1lIl1I1S. Pilei

[01'1111\(' 1l;;('()SrOI'np 1III'I'UIlIf[II(':? ill qllOltlll' 11>;('0, ('l~llulHP Y(lgptntinlt' ('liIpsollll'lIe 
\'pl SplHI!'roldl'HP, O.D/<Xl.·IIL 1111 a.·I,uX3.1:i,u. l'i;l'tld(lIll~'('!'lill .·f \'(11'/1 lIlyc'p\in c1pfl
('tunt. t,'OI·UHllllut· ('OlUllhll' uili<la!' PI' 1I\11l'idnp. XiU'I\s, llIoIU)s\\ln. tl'f'imloil\llll, 
l'hnll1l1tJlllllJl. (,1'~'(hl'it(lltllll ('I: IIlphtl-lll(>thylglncosiliIJIIlIlHHiJlJillllltlll', nt non gnillcto
sum. s\l('1.'O>:IlJl1, IIl'(.· I'II(UllllHI1I1\. Ghl(,OHUIIl [et:IUPlltntur Ill: nOll gnlut'to$\1I11, lUIlI
to;lUIl1, SlJ('I'OSlIll1. Int'tosll111, I1PC rnflillOIlIlI1I. YiI:nmil1tl ('xtrnl1C'1l suut ll('c(lSsnrin 
1111 ('tI'Hl'lItinlll. 1>:01al:l\ ('X NllliC'lIli )111'\'1\1'\11\1 HUU ('OI'\i('(1 Pil'('(f{'. Pilli rlll'(lri('atac 
(.\11'.) <lord,. Pill; ('('/tillll/rI(' Mil 1., Pilli /aft/a(' L., "illi 1'(,lIiJl(l.~(/(' AiL, !'t Pi-ni 
]J()1l111'I'O~(I(' DougllU';. 

From th(' Lllt:lu, ('all.~/I/(/. II liItll' (,I1AP, nl1() 1'('1'('1'1'ing' 10 t11(' ('1\ ]JHlIltll' ml1 (PI'in1 
SIlI'i'()l1Il1li ng till' ('('IIIl. 

Conjugatioll is cxelnsively llC'\'el'ogamiC' and with few exceptions 
occurs between mother cells and th(lil' buds. Thc mothe I' ceUs nre usu
ally spheroidld bllt ma,y bo ellipsoidal; daughtcr cclls lH'C spheroidal. 
Asci ('ontnill t1l1ltlXinml11 01' two spores, and the a:;el l'uptnnl soon n.fter 
the spores nl'e produced. The sport's at time of l'upture nre approxi
mately 2.0/4 to 2.Gp. bl'ond 1111d 1.7P. high. 1'11('.Y nrc hnl-slmppcl with It 

thin, oftcn lloWl1,Ylll'c1 turning brim. A:1'te\' \ibl'l'nlion they tCll(l to 
rCllIain charnclol.'istically ol'illHo-odm, The pairs agglutinate in

• • Th(l nsshllilntiol1 of rhl1llllHlSe !lllil alphn-J1ll'th~·lgl\l<-·llSidl.' by J/(/H~{,IIf(I(/ c«p
sll1a/u is sometimes Wl'nk. 
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large masses when pl'odneed abunclantly, While} sti1l in the ascus, 
the young spores are not especially rc-fractive; have small, if any, oil 
eh'ops, and sbtin It unifol'ln blue with m:dachite green. After the 
spores nrc Hberated the.y become larger, reaching diameters or 3.5,..,. to 
3.8,..,.. The spo)'eH appeal' more refractive proba.bly because of sl:o)'<:'<1 
fat, and the oil drops become hl'gcr. 'rhe l1at shape is maintain<:'d, 
but the spores lose their nhility to retain the malaehite green stain. 
B<:'st sporulation is obtained on malt extract agar and malt extract
yeast extruct aO'ar. 

Colonies 011 ~almal1 plates arc mucoid, glistening, large, white 01' 
gray-white, convex, (,jr.'clIlnr, and ent-ire. Colonil'H sometimes flow 
slowly over: the stlrraee of tile agar when the plnt(' is 11l'1c1 vertically. 
Butyrous colony vltriant-s may oecm' nofter isolatpH have been culti
vatecl :lOl' some tirnt} 011 labol'at-OI.'y H1('di:l. 

Cells froll1 the eclge of 111(' (lnlmnu ('ololl,\' OCCl1I.' Rin!!ly an(lin pairs, 
rarcly a Iso in RIlIall elllsh'I's. Cells are sphel'oida I to pll ipsoic1al, 
D.Up. X lA,..,. to 804p. X !3,8,L. 

No hyphae [tI'P fOl'lllNlin dnhwll stl'pale 01' spot ('uHlIr'ps, 
Xo pellielcs are -/'Ol'rIlN\ on assimilation lll<:'dia, 
This species alwn.ys assimilates nitratc, glucofic, manosci cellobiose, 

t1'l'ilnloHC', melC'zitosc, solllblp shll'eh. xylos(', r,-arabinose, ribose. l'harrI
nosC', glucosnrnine hycll'OC'hlori(lc, ethyl akohol, glyccr.'ol, erythritol, 
adonitol, mannitol, sOl'hit-ol, alpha-nl('thYlgln('oside, salicin, cnkium 
2-ketogluconate. It SOllwtimQs wpakly assimilates nit-rn.te, alpha
methylglncoside, and rhamnosc, A positive color test for nHl'it:e is 
],<:'ll(lily obtaincd, PYI'lIY:tte :mc1 I)-Hrabinose give variable reactions. 
Galactose, sorbose, siwl'ose, lactose, melibiose, 1'llffinose, inu)in, dulci
tol, potassium 5-ketoglueonni'c, potnssiull1 sodium sHccha1'llte, ladate, 
£lH'('lJ1ate, citrate, ethyl Hce{-oae('(a te nnd :inositol are not. -assimilatwl, 

Only glue'ose is f('1'mpnt-ed, and the ~f<:'l'n1('ntati()n is slow. The in
sert. is' usually filled ,,-ith gns at (j 01.' H <lays, but bubbles of gas are 
seldom ObSer\7Cd l'iBing th I'oll!!h the l11l'd i111l1. 

Addcd vitamins are ],N{uil'('CI. 
Esters arc not pro(\IlC'Pcl, 
(jplatin is li(llWfiec1 to n maxinluIn (It'pth of Il mm, 
There is no gl'owl:h or VCl'Y littlc growth in the osmotic preSSllre 

medi lim. 
All strains isolated from trces locatpd in Mississippi and Cali

fornia grow at 37° C., bllt OII1y Oil(.} of the str'ains JI'om ('anacllt grows 
at tlmt temperat.ure. This strain is exceptional in oth<:'r'_('haradpl'is
tics which arc mentioned subseqllPntly, 

Six strains 'wcre isolated :1:1'0111 the tllllnels of lal'vae in jaC'k pine 
(Pinus diva1"icata) and spruce (Pit'('Cl sp,) at WabatongllHhi Lake 
approximately 16 kilometers north of Fl'anz, Ontario, Can" during 
the fall of 1!H:9. Five strains wert} isolntrcl from similar matcrial i11 
short leaf (Pin118 eo7t.inata) anc1lolJlolly (Piml.~ 1((('(/((,) pillcs at Piney 
Woods, Mississippi, during tile winter of 194:9-[00, Three strains wel.:e 
isolated from yellow (Pinu.~ 7}01Ulc1'osa) pines in the mountains of 
S:ll1ta Barbara COllnt.y, Calif., in IV50, Strain NRRL Y-184:2, iso
lated fronl Canncli:m {I'ass, is clesignntecl ns the type. 

One strain 01: Han~()nula cap,ndata NRRL Y-188D merits special 
interest, It was isolated from fmss oJ a. red pine, the same tree which 
yielded the new species canadensis. It is different from all other 

.

• 

• 
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Canadian stmins of the slwc:ies-gl'owing at :37° C., assimilating lac
tose latently (the only EIa.flsenula now known which attacks this 
sugar), and having an intere:;ting mode of conjugation between imle
pendent cells. About half or the conjugations are the usual mother
daughter type, but the remainder are between large spheroidal cells 
which conjugate with smaller, usually ellipsoidal cells, each bearing a 
very small bud 011 one encl. The bud fuses directly with the large 
l:{'U or with It shott conjugation tube pro<lll('('<l b.v tIll' large c('11. The 
nucleus of the ~mal1(>r cell passes thl'ough its hucl nlHl on into the 
large c('11 \\"Ill'l'(' the as(,0spores an' pl'O<Iuced. 

Except[ol' the prop(·l'tie::> noted llbo\'p, strain XRHL Y-l))S9 is char
acteristic or the species. 

Hansenula beckii (Beck) nov. comb. 

l:'ynol1yms: 

En(lolltllcr'8 l)i,YJ!ol'lI,~ neck, Anll. ;\lyeol. :!O: :!1!). 1!1!!2, 

ElltlOIll/l('1JJ!8i,~ /ii,YJ!o/'us (Ueck) Uekkpl', Jlip svorogt'llell Befen, p, 25.Jc, 


1O:lL. 
'I;lw tl'an;;['pl' of. thiR sped!'!; to f1((II,~c/lfIl(l lI(,C'PS"itt\tps II chnnge in name because 

:\'aulli7.zi (llt'flprtol'io sistplllnti('() (jpl mi('pti r]t'll 'UOlllO e c\pgli animali, Tl'att, 
Illico[)atot. UllltlllU, ·1, p, 1:3-1, lU:\-lj applied tit" lIalllP J[rIlISC1/.u[n IJi8/lfil'U8 to a 
!'fJt'('i!'s [H'PI-jously ct('s('l'lhed hy:'llattll't (.\UlI, ;;1)(', I)(,jgp 111('(1. trOll, G: :3:!, U):W,j 
tlnriPl' tIt!' 1I11111elFil/in bi'~JlC//'(/_ 

Till;; Yl'lIsl j;; (,(,flalllt'd rO!' Olga BI'ck, discol"('I'Pl' of the sppejps. 

X 0 ascospores were obtained on any of the media used in sporulation 
(pst::;, Beck ((J) obs('l'wd hat-shapetl aSl'O;;pOl'l'S, She reported that 
all of thp asci are formed ';parthenogenetieally," which i:,; intel'})1'eted 
to mean that the vegetative cells of the, species are diploid, 

Colonies on dnlmau plates lll'e weakly glbtening; flatly ('onical; 
sl1100th near the edge but l'ugmie. cOll\'olutl'd. 01.' papillatp ill the ('en
ter; and filan1t'ntolls. Cells nt edge of the dalllltlU ('olol1Y Hl'e ellip
Roid:ll to cyllndl'Oiclal, with a rew ('plls in tIl(' ;;llUPP of p('allllt hulls, 
Hyphal s('gmt'nts are pl'P!"pnt, ('plls gl'lwrally oceur :;illgly Ol' in 
pn ii'S, 1.7p. X ~,Gp. to 4,:3p. X 1;~,(ip.. 

There. are abundant llPl'ollic and anaerobic hyphae in the da.lmau 
stn'aks. Tl'llP hyphae prcdollli nate and are commOlily 5 to S mm, long 
ill the luwt'l'Obie pOl'tioll, with H'"PI'ngp ratio of Ul!lp.: US,,_ for roul' of the 
longest tip eells to I'h(' eOI'l'espomling adjacpnt cells, These rneaSl1l'e
l1l('I~ltS imli<'ate high1,v de\'~'l(jped trlle hyphae. The hyphae bl'lLllch 
to a slight dl'g1'0l' and (11(' few ;.;plwl'oidal and ellipsoidal bla:-:tospores 
th(>y b('ar are sitllatp(L mainly in ;.;mall grollps at tilt' tips of short "ide 
bmnclws, ~olJl('til1l('s IlUllWl'OnS vegetative cells ill the Rhape of 
peanut hulls are found. Tilt' dalman spot shows abuudant t1'lIe hyphae 
aml many pl'ttnut-shaped cells. 

Xo Iwllieles al't' forllled on af'similatioll media. 
Te:;t COlll[lOlUHls assirnilatecl are nitl'llte. glu('osp, maltose. SlI('rOSe, 

c('lIouiose. tl'ehltlose. Ilwlt'zitose, xylo:-:e. L-al'abino:-:e. D-ribose. rham
nOse. l'thyl alcohol. glyt'l'rol, adonitol, mannitol,' sorbitol, alpha
methylglucosi(\t'. saliein. potassium gluconatt'. and pyruvic. ladic. 
~uceillic. and eitri(' aeids; tt'st cornpoullds Hot assimilated are galactose. 
sorbose, lal'tose. melibiose, l'allillose. inulin. soluble starch, D-arabinose, 
glUCOSlllllilll', t'l'ythril'61. dulcitol. eall'illill ~-kPt(),glllconate. potassium 
5-ketoglllconatt', potassium sodium saccharate, ethyl acetoacetate, and 
inositol. 

,A,ddcc1 vitamins are required. 
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A faint, sweet odor: may be present, but typic'al esters are not 
produced. 

Gelatin is 110t ] iquefied. 
There iSJlo g'L'owthin the osrnotie pres;.;1ll.'p lllPdillll1. 
Growth doc's not occur Ilt a7° C. 
Rtr'nin NRHL Y-J.l82', ol.·ip:inHlly i;.;olnU'd hy Ih'ek fr'olll a sp('eies 

of wood be('t:le inhahilinp: Rpl'Uee bark, is til(' ollly Hfmin of this slweies 
in tl1(' NRHL colleetion, 

Hansenula canadensis no\'. SJl. 
11'01'11111 II 1111' IIsei (>x tl'lIlHil'Ol'llllllioll(> (','iI1IIIlI:Ulll "PgPtIlU"III'Ull1 cliploid('nl·lllll. 

PiI('lfOI'll111P IlS(,OSPOI'IlC' lid:.! ill quoqll(' liSCO, ('plllllliP YPgptllth'lIP ('~'linc1I'oit1plIl', 
1,7~X;{'4/L lid :t'lp,Xn,R/L, \'('1'11 Illy('('lill dpfieillllt, 1~lJl'llHllltlll' ('(lIOllil\(' glnIJrac, 
llP(' 1Il1ll'ilillP, ~i t l'IlK, flUllt O!'11 III , fHI(' I'OKII Ill, tYl'ilnloSlIlll, 1'!l1I1ll110SUll1, ('t IIIJ1hn
lIIl'th~'lgllIl'Osi(llllll IIS'II lIlil II lit III', lit llOll glllll('tOSIIIII, 1'lIf1il10SlIm, 11('(' 1'l',I't'hl'itolulll. 
01 U(,O:4ll1Il, g"t1!:H'toHIIIII, 1IIIIItOSlIlll, HIH'I'OKlllll, ill('tOl'lllll pt, 1'liflillOKlllll 11011 !'lInt 
f('I'lllNIIIIIul', I,,'ol'mll II 1Ill' (lSIPI'llf', XPt'ps;:ul'illP 11(1 ('I'P':Cl'lllilllll snl1t vitamill:\(' 
('xtpl'llll('. [801111'11 I'X ('unlC'lIlls III l"'lll'UlII Hllh ('OI'I'i('(' I'illi /'('S;I/O,w(' Alt. 

This spN'it's is Illllll('!j COl' (InnlHllI, 1:11(' ('Ollll!:I',I' j'I'Olll whiph Ih(' fil'l-;t Ht:l'Hill wns 
ohl nllw<l. 

Asei al'C' fOI'IlIP(1 ('xelllsin,ly fl'OIIl diploid \'l'gt'{a( ivc cells. E:!t:h 
aH('IIS ('olltaim; a IlInXirnUIll of t\\'o hat-slulIw(l as('ospOI'l'R which are 
libt'I'ated hOI1l thl' aseus 11'1\('11 t11l'Y al'C' l1lnllll'C'. The majority of 
spm'pl{ Hn' hal-shapl'd wi( II. a PI'Olllilll'lIt alld lll'al'ly (lat: bl'im, lIo\\'
(,WI', SOIlW SPOI'('S nI'n l)J'oad I,)' ell i [lsoidal to Rplll'I'oidal, hnYinp: a sllbse
quatol'iall'ing that'is (hin lIlHI flll'nR downward. The nR('ospOl'es vary 
irom a.op. fo ;Uip. in diallw{C'I', Frl'P SI)()I'(,R Ol'('lIt' sillgly and in small 
groups, nlH1 till' alnlos( l'x('lw.;in·ly bril11·to-bl'illl pail'ing, so character
istie of Halls('/ut/rt c(fpsula/a,is 1101: :f'oundill n. ra,lIar/I'll,Qis. The 
nSl'ospOI'('l-; remain (leid,-fllst nf(Pl' till'\' ('Heape fl'Orn thl' ascus, Good 
Rpol'lIlatioll O('('\lrH on 1111111' ('x{r'nc( ap:til', 

ColoniC'S 011 dolmall plntl'l-; ar(' slllooth, \\'('akl.v glistclliup:, f1at:ly 
conic'al, lind withollt hypha(', Cdhi fronl (Il(' ('(\gl' of the colollY ()~('ur 
sillgly, ill Imil's. and ill ;.;mal1 gl'OllPS, TIl(' ('cl1s nl.'P pl'('(\ominalllly 
pllipsoidal. 1.'j'f.~><:l.·llt (0 ;l,l/tX!i.Hp.. Some sho\\' blldding 011 a broad 
hasl', 

Xo hvphnl' an' ])I'OdIIC('<I in tl1(' al'l'oi>ic s('dion of (hp dalmau stJ'l'ak, 
but 111ld('1' t\l(' {'o\'l'l'glaI'H IIlnny hyphae UI'I: fOl'lllcd, They al'p appl'oxi
Illatl'ly% l1un. IOllg. Bl.'l' ('x('lusi\'('ly P;;('u<1ohyphae, and bp:l1' ehnins 
01! blastospol'es. TIl(' blaHtospol'(,s aJ'(' l'llip;;oidal to sligbtly ehlYate 
in shalW and :1.1'l' about fip. long. TIH' tip ('('lis of till' hyphne and thcir 
adjal'enl' ('('lis val'Y fl.'om n/~ to 12p. in length, 

Blastospol'PS nrC' ~o nbundnll(ly pl'odu('ed ill thl' spo!' (lall11Hu C'ultuJ'C's 
that they arc pa(,],('(1 ;.;olidly HI'OUl1<1 the pSPlldohyphac. 

y ~.ry t11 ill 11Iat Pf'1l i('ll':'; a.n' fOl'lllC'd Oil met! ia used ill til(' assi III i lal ion 
tt'S{s, 

This Rtl'ain aSRilllilnt('s nifl'lli(', maHos(', SllCl'Ose. cellobiose tl'l'ha
]OSl\ ll1ell'zitosl', xylos(', l'hnIII 1l0SC', ('t hyl alcohol, glycerol, mannitol, 
sorbitol, alpha-mcthylgllleof;i<1(', salieill, potnsl-;iulll gluconnte, PYl'U
vate, 1a('tnJC', sUC'('inaf<', and C'itl'llt('. Its aeflon Oil mfliIlOSC', ndonit'ol, 
and ethyl H('t'fonC'('tH t·p is vet',\' W('fl k, The other compounds used in 

._ 

" 

• 


the assimilatioll ('('Rts 111.'(' !lot assimilated. 
No sup:nl'S art' :f'l'l'IllC'nt(l(1. 
Adcl('d vitamins Hl'l' rC'qllil'ec1. 
Esters are produced. ' • 

http:l,l/tX!i.Hp


29 'I',\."\:OXQMY OF YEASTS 

• 

G~lntin if; not ]iquefiNl. 

Th~l'e is 1)0 gl'G\\'t h in th~ osmotic' pn'SSl1l'e medium. 

Growth O('('\IJ"S at :37° C. 

f/fUlsnw/a (,(lIdld{,IISisiR 1110re t1osl'ly relnted to fl. b(lcldi than to 


Hl)\" ntIwl' SPl'('il'f; (h':-;('ribl'll, :ret: t hl'sl' 'two muy \)(' di:;tinglli"hed by 
t h(~ '/'ollowil1[! elln l'adpl'i~f ies. fl. 71trldi dol's not grow at :riC C" 
l1('itlH'l' dOl'S' it pl'Odll(,(' ~St(,I'H, bllt fl. r(lnur/(,71sis dO('5 both. The 
P't'lltt'sl dUrl'I't'm'\' is ill the' lyp(' of hyphll(, thl'Y PI'Odll(,l', II. oc('ldi 
rOl'IllS the ]Ol1gN.;t hyphae' of an,\' s]lP<"i('si II t he' g('n liS, and the ti p 
('('lis yalT fl'olll t,lO/L to :,m()/~ in I('ngth, wlwl't'as Iht' lip ('~Ils of JJ, 
C(lWttif lfNiN. P\'l'1l ill spot ('U\tlll'Nl, \\'lwl'(' tl\('y 111'(' IOllg('st. do l\ot 
<'x('('pd :!o,u, 

Stl'aill XHHL Y-IHi-iS is at PI'(,S(,llt [ht, ollly stl'ain ill th~ ('ol\<,etion. 
It was isola[('d.fl'olll fl'ass of H 1'('(\ pilW, l'illflS /'l'llirlOMt Ait., It)('atl.'d 
ill tit(' .\I[!Ollllt Distl'iet of OJltal'io, 'fhl.' (1'('(' had b(,PII kill~d uy 
111'(' ill ,}U'II(, 1!).[H, and \\'ilS lOlIus(,<]IIf'Il(ly ]H,tI\'ih' ntta('kNl by b:lI'k 
hN'tl{'S alld wood hOI'C'l'S. l1U/lSIIl1t/({ (,llIiadfll8i8 'WI\S isolatec1111 1050 
from t'l'USS lIlad!' H\'ailabll' lw Drs. ,1. "r. CanlPl'ol1 and )1. L. Prebblt! 
of thp FOI'('st ill!-'l'<'f Ln!Jol'i;tol'Y. SHlilt SI(', .\[:lI'ip, Ontario. 

Hanscnula rninuta II f )L S[l. 

• 

('onjllg-atio hptl'l'Ilgllllli<'n illlPI' ('('II II 1m: IIllllpl.'llliS ('[ carulll g('Ullllas. Pilei 
forntal' nS('oI'IIIU':ll' ltd ,I ill qll(J(jlll' [lSC'O, (\']I11I:w "I.'gplnlh'lIc sph:lcrnic1eHc, JAIL 
IIll 1.:1,1( dl II Ill. I'S('II!JuIIlY('PJi:1 pt ,'(,J'n Illyc'pli:l (Il'fivillnt, FfJl'lIl:1Htllr ('oloniac 
!!Iabl'al' III JJitidll!', in(l'rdllIll S(lblllll('i(IIIl~, 'l'rl'ltulostlll1 ct lIitras assimilalltllr 
lit nOll ,!!n 1:II't Ol<IIIIl, lillli tUSlIHl, 1"1I('J'OSIJIlJ, J'n iii nOl'lI III , rlw Jrf 1I0SllJl1, cr~'th I'it UltJIII, 
J](>(' HJllhll-JIJ('tlt~'lgltJ('osilllllll. GIU('flSlIllI fl'l'lIJ('lJtatur at nOll gntapwRIIIll, m:llto
1"1II11 SIH'J'Osl1JII, Iul'IOl<lIIJI, 11('(' rnflinoslIllJ, .:-iP(·pssarial' lid ('rps(,(,I1(inll1 SUitt 
YitIlJlli.J1Il l'xll'l'll:l(', Il"ol:illl ('x f('I'UIPntallt ihus fUllgis, .I1l/('('/f(/. PIII'(/ (,'riC's. 

FI'lIlll t1w Latin, lIIi/1/1II/, JJll'Hning' ;;1111111, an(j l'pfl'l'l'ing' 10 lll(' dinl('Jlsiol1~ of 
Ow ('\' lls. 

lIt'tPI'OgrUll il' t'Ollj Ufra t i011 O('t'llI'S, appn 1'('llt Iy ('Xl' lusi vely bl't\\'~~11 
lllotlH'I.' ('dis and (hpil' bl1(l~. Thp dang-htl'l' c('lls are spheroidal, 
Ullllslmll,\' ::;1IIHII, l1ll'HSlIl'illg l.()~ 1:0 1.~~, wll(,I'(,Hs tlw 1110tllel' ('('lis 
I':lng(' 1'1'0111 :~..!,u to ;~·(l/l. Th~ ('ollnl'd i011 bel- \\'('('n the ('onj llga Ilis re
Illains IWI'I.'OW. ,Asei IIsually ('ontain two SPOl't's per as(,IIS, sometimes 
tllrp~ OJ' 1'onr. and tllp,,' 1'llptlll'(, upon til(' llIatlll'Htion of spores. 
SPOI'('S al't' jll'Niolllillantly hH{-shapNI ·\\'il11 thin. naITO\\', <1ow.I1wal'cl
t II I'lli Ilg bl'inls; 80111(' lin' npJmn'lltly IWlllispl1('I'oi<iul without appaL'
('Ill brims. ::;POl'l's \'ary frOlll 1.':2/tX l.(j~ to u.,~ X ~A~. 8po1'es are 
s[nilH'd to rllode'l'atp illtPllsit.r b,Y lllalt1chil(' gl'('('Il. Upst spol'nlation 
O('(,lIl'S 011 limIt ('xll'a('[ alld Oil lIIalt t'xt I'nd-y('a~t ('xtl'fl('t ngar slants. 

('0101l11'S 011 dallll:lll plnt('s an' smnll, s1J\ooth, highly glish'l1ing. 
snblllll('oicl, ('(lIl\'('X, alld withollt hyphlll'. ('oloIl1(,s lH'o<iueing n pink 
solubll' pigllH'1I1 arl' ()('('a~i()llally (,1l(,()l1lll('l'(~d. Tht'l'l' is al;-:o a mucoid 
val'iant or this ;;trnin, XII \'lwiants hn\'(' the sanll' spOl'ulation and 
hi ol'hl'1Ili('aI pJ'opl'l'tit':; a::; {hl' pnl'pnt s(l'ain. 

('plls fro\ll tllt' pdW' of till' dalll1all ('olony Hrt' spllPl'Oidn1, nl'l'llng('d 
singly lIlld in Jlnil'~, with tlll' wnll sOl1lP\\'hnt llldisli1)(,t oWlng to the 
P~'(,s{,JI('t' of {,llP:;Ulal' IllHtpl'ial. e(']I::; l':lllgl.' hOIll lA~ to -:I,.:1,u in 
fll allJ('tl'l'. 

• 

In f;tl't'nk :mil spot dalllla\l ('ultul'PS 110 ll'yphlll' 1m,' formed. 

N()l'ing~ 01.' 1)('lIieh':,; al'P 1'01'\1\('(\ Oil assimilatioll )11('(]ia. 

This stl'aill nlways assimilat('s nitl'all', glll(,OS~, ('('ilobiose, tl'~hlllose, 


xylose, l'ibosl', glyceL'ol, adouitol, mannitol, sorbitol, salicin, and pyru
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vic acid, It is Yill'iabl(, 01' \'('IT w('ak ill its nssil1lilat ion of SOI"hosc, 
ethyl akohol, potas!;i 11111 g-11I('o"lIat(', alld laC'th', SlHTi II iI', amI ('i (de 
acids, The l'clllailling tcst SlIbsta 11('C'S ar(' not Iltili;.wd, • 

Only glu('oseis J(,I'l1lpnt('(1. 1'11(' f('I'Il1('llt atioll is I'llt hpl' slo\\' ill 
stal'tin!!, but always li1ls the' ins('L't with gas in (j to 1~ dan.;. 


,,\ddt'<L vitamins arc IWjllil'ccl.' " 

Est el's a1'1' not p I'O(\II(,(,(\. 

'I'h(' 1'(', is no !It'OW!!1 in tIw osmot i(' Pl'psslIl'e Ilwdiulll, IHlI' at :~i') C, 

Gplnlin is soJ'(PIlt'(l to a (JC'pth of .I 111 III , so thaI it flo,,"s slo\\'l,r \\'hplI 


Ow lube is t ippC'll. 
• 	 ~tl'Hil1 XhHL '1'-111 is tll(' only 1'C'PI'('sl'lltalin' of tlds sp('('ic's ill 

tlw XHRL ('011('('( ion, It. was ohtnilH'd ('mill .\, T, IIpnl'il'i \\'110 

isolat(ld it f1'01l1 fl'I'llH'llting 1l1l1sh,'oOnis (.I!yN111l jill/'!( FI'il's,) It was 
1'l'('Pi\'l'd Illltil'" tl1\' dl'sirrnntiol1 '·"·,/('('/UII'O/lil/('(S :1!)fJ':' 

Zik('s (I//i) inW()(j ~()IHt(·d I'1'0Il I soil a' ."('n;;l, lI'ilIill lI'i('/1I1Irml/i, 

",hiI'll is kll0WIl onl\' '1'1'0111 til{' ol'iLdnnl ('lilt 111'1', \lO'" lost. 'I'll(' lh'

sl'l'iptiol1illdil'atl's Ifillt il may 1)(' ('1~)sl'I,\' l'plHtt'd to [!,"/,wlt/dfl mil/llirf 

1>P(';lU:;(, of till' l'ppol'lt'd 1lI11('oid elwra('(pr (If tIll' ('()I()lIi('~ alld tltt' I'P


stric'lpd abilily 10 HHsil1lilal(' l'ng-al'S, Its stal('d inability 10 fl'l'lIJ('llt 

;;lIg-ar:; pn'HllIlIalJly would illdieatp that it is 1lI 0 I'l' pl'illlitin' t!tall 

/1, ('{IJ1Nllllllrt, 

Zikt'H fUl,tltpl' dt'SI'I'ibpd t It is H]wl'il's as hll\'i Ilg' hal-~It:l ppd HpOI'l'f:, 

nnd as as;;illlilating !.rilll'OSl' buI 1101 gnla('(o;;p, 1l111l!oSl', SU('I'osl',lnl'losp, 

l'nflillol'(', illlllill, 01' 'cll'xll'ill, Et h\'l acetatl' \\'as pl'odw·p(1. Pl'lli('h's 

W('I'P JOl'Illpd 011 I iqll id 1l1l'd ia, '('pl1s 'fl'om the s('di I 111'11 t ill ""ort 

W('I'P POIYlllOl'phil', :I/t to flit 101lg-: ill tllP ]ll'lliell' tIll' ('(Ills \\'('1'(' (i/t 10·(0,). 

lOllg-, Its aetioll 011 Ilitl'atp was 1101 dl'lpl'lllillpd, 


'Wi/lill ll'il'i/JI/(l/Illi is \lot (1':tflsfpl'I'l'd 10 11ll' gl'llllS 1101' ill('llI(kd ill •. 
tho kl'y 01' ill th(1 tablP of salil'llt el\nl'a('(Pl'i;;ti('; 1)(,l'au;;1' tIt(' l'Olllplp[p 
l'pal'tiolls l'armot Ill' gin'fl, alld b('('ql~l' 1'(':\;;011:1"1(' dOllbt l'pgal'!lillg-
HR g-c'lll'ri(' pla('Pll1l'llt 1I11\S( 1'('111:1 ill Ullt il i( has 11l'l'1l l'l'i;;o1ntl'll '1'1'0111 
Iwtur\' alld its ad iOIl 011 lIitl'at\' dl't('I'lIlilll'cl, 

Hansenula silvicola 110\', sp, 
('l!ll.lll,~tltin 1Il'll'l'II;.:'llIlIil'llo l'il{'irm'J1HH' n~{'osJl(lI':tl' lid ,I ill Q\loql1(' as('o, 


nlasto"Jlol':t1' ('JIipsoiil!':t1' \'1'1 ('ylilltll'oi!ll'lIP, pi 1'1'11 IIH IIl(' ('a tf'IIlI];1 I.IIP, ('X ('l'lllllis 

Pli(,lId!llH~('eli\ alit ,'pl'i lll~'('('lii ;.:'(,lllllllLllt('S, Y('g'l'l.ati"IIP ('1'\111111(' ('lIip;.;oil1<'1I1' 

\'p[ !'~'litHll'i('al', l.')p. X :!,l/L ad a,:iIL X S'(ip., Jo'III'111Hlltlll' ('OIOllilt(' g'l:tlll'lI!', 

lIilidltl', "ill(, lIypltili, 1'l'lli('llla 1'l'lIl1iHSilllll fll[,lIl:ttul' ;';11111'1' 1I1I'(1Ia Jiquida, 

Gil I a<'t:(Ili II rtl, llHllt()lilltn, SlH'I'Ol"lII 11 , 1l'l'ltaluHlllII, rita III 1l0SU III , 1l1]J1t1l'II1l'tlt~'lgllI

('ol"iclu1I1 pI lIitl'n;; lI~silltillll\tUI', at IlOII I'I1iIi1l""1I1l\ IIP(' I'l'y{lIl'itlllulI1, (l11l('()."1I1ll 

PI' /.\'11 ];I('t W'1lI11 1'('1'111('11 (It I III' a I' 111111 11111 Iro~III11, ':lIl'1'1I~111l1, la l't "SU III , 11\'(' I'll f1inllsll1l1, 

;:s'('('l'~:"arlul' ael ('['('H('Pllliam "lIl1t "il:1milla (,XlI'nUIl', !sullll:t l'X /.\'\lIl1l11i Pl'uni. 

sc/'o/l'W/I' EItI'It, 


Th(' nallll' ill tlllWIl [I'OIll 11)(' Lntin, silrico/(I, 1111 inhllhitanl of tlte woods, 

.Almost all m;('i n'strll :frolll h('tpI'O!!:llllie cOlljl1!!ation, Thp smaller 
('ell of 1'11(' pail' is IIl.'arly always. a 'dnllg-l\t(ll' '('(:11. TIll' Chfllllll'1 bt'
tween the Iwo cells lIRlIltll)' bN'OlllpS quitt' widl', .\ yelT :few asci are 
j'ol'lIwd dil'l>('[ly from diploid (,(·Ib alld IlIl'I'pfol'p show no e\'idl'llcc 
of conjugation, The asei I'llplul'(1 at 1I1:lllll'ity, fl'l'Ping- lip to fOIll' 
hat-sh:q)(>(l SPOI'l'R p:tch, 'I'll(' hl'illl iR thin. sOlllptilllPS tul'llccl clown
W111'(1, alld ()(,(,f1siollall.r aplwan; (0 bl' lllis~ing, '1'11(· ~pOI'('s stain Illo(]
Cl'alply slmllg- with malachite grecn, Sporulation is best on V-S 
slants and carrot. • 

http:Iltili;.wd
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• 
Colonips on (lullllllU pin IN.; lIl't' ~li!'tplling, smooth, ('il'ClIl:I!', flat to 

cOllkal, and ",iUlOtI! hyphue, Ol'!)wlh on lIlalt l'x[ml't-,Yl'Hst extrat't 
agal' is ~Ollll'l\'lrllt 1l11l('oid in apPp:LI'lI1H'C, 

('plio; :fI'OIll tIll' p(/g(' or th(1 dallll:tll ('olony al'C l'lli\lsoitlal and cylin
<ll'Oidul, O('('IIITing sin~ly, in paiJ'~, IUIII 111I'('('s, 'J'll'l'(> b,; o('('asional 
blldding OIL It bl'ond Im:-ip, Hyphal iil'glllt'nh; an' seldoll1 sC(>Il, Cells 
mllg(' fl'oll! Lilt X :2,1 fl. to :I';I/_t >~ H,{ip_, 

flullN('lIulu Ni/l'i('olu 1I:-;lIlllly PI'Otilll'l'S no hyphn(' llPI'ohi('ally, and 
olllya fl'w Ulld('1' [11(' ('ol'('I'glass in [h(> dallll:\ll stl'C'aks, Thpsc mllgC' 
\I p to !Jo0l''' O('('asioll a II,\', 1I'IIl' hypllar II I'p P1'('s(' 11 I , as showll by I'a t imi 
of IIIP 1t'llglh of til(' tip ('{'lis to' 111(1 adj:l('(lllt ('(>lIs ill [111'('(> hyphaC'; 
:3l/t:~'I.,t, :\S/t:-2H/t, and :IH/t::.!:.!/t, ..\1 011\('1' lilllPS, the hyphae are
ulnlO!'t ('x\'llIsi\,ply pS('lIdohypha(', Mos[ of t1w hypha(' pl'odut'c large 
1l1l1ll!lPI'S of shol't {'ylilltil'i\'al to (·lIipsoidn I hlas[ospOI'l'ii 1Ilt'lISlIl'illg 
-1ft 10 '/4 IOllg, 'fhl' IJlasfo:-;po:.'po; al'(I :l1'l'HIIg"l'{1 in ('haim; wldeh -rOl'lll 

('1I1S(('I':-; at (Ill' sppta, 01' Ihc·y may ht· dl'lls('1v pH('k(l(1 all along the 
!typha. Till' ('Iwills of hlas(os]l()I'l':; Y:tl',\' ill )(lllglh f!'oll! a\)out :3 to 
:W {'(Ills, ~Ollll' hyphnp hn \,(1 ft'w 01' 110 hla:-;{o:;p(II'('s, 

()(,(,Hsionully 110 !t,rphap HI'e· (ol'l1wd in d:lilllllll spots, 'Vhe.'J) thp,Y 
al'e.' [01'111('<1, tJlI',\' lI]lIH':lI' ill 1:lI'g"PI'1l1l1l11)('I's and lwa!' f('\I"el' blnstospOl'(,s 
t!tall ill !lIP ti:t/Illall sl l'pak, 

\~l'I'Y thill p~llIi('I(·s a 1'(' /'ol'IlJ('d on assilllilatioll JlIN1in, 

• 
IfNI/.w TllIln -"ill-i('o/" assilllillltPs lIiITa[p, gl1!(,osC', gnln('tos(', sOI'bose, 

Illultosl', l-II('I'OS(', {'plloi>iosl', 1I'(·h:llo1'(" x,I'losp, L-1II':I\)iIlOS<', ..ibose.', 
rhaIII llOSe.', pthyl nl('ohol, gl,r('(ll'Ol, :.Idonital, sOl'bitol, alpha-lI1e.'thvl
gitwositip. sltiil'in, POUU:iSillll1 g"11I('onatl', alld PYI'II\'i<", slI('('inil.', l\'iHl 
(,ju'i(' nl'id, Yal'iabl(' 1'l':I('1 iOlls ()('(,lIl' in llH'leziloSf', IlHllInilol, and 
la('( it- I\('id, 11 nltH('ks 11011(' (If til(' otl1(,I' eOllljlOlln<is, 

(thll'os(' is ill1l111'c!i:\lply and stl'ollgl,\' f('I'III(1I1I('(1. Gala('tose is 
btl'lIlly fl'I'IlIPII,tl'd,.aI1(1 111l', ills('I'! iH c'onlplp((·ly fillc'd wit h gas within 
1.~ tl) lO tiny:; al(t'I' IIlO('lIlaIIOI1, 

Yit:tll1il1~ 1I1U';[ bl' t[(ldl'd to s,\'lltllPtj{' Ill(\(lia to obtain gl'o\\"th . 
•\. ~\\'('l'(, fruil,\' odol' is [l1'()(1u('pd, bllt lIot (11(' I "pi('ul ('sipI' odor 

llHWlh' as:-;o<'ia(ld wit Ir t!tp 1.!:l'IlU:-{ [JIJlINc/lul,l. • 
(;l'ltltin is no! jiqlll'lil'd. ' 
'1'11('1'(' is 110 _I.!:I'O\llh ill Ill(' oSIl1O[i(' ]JI'P:.Stll'(' 1I\('di\llIl, Eilhl'L'rapid

01' lalC'lIt !.!T(J \I" IIt IIlIl V (JC{'UI' at :{,-' (" 
Thl'p(\ ;II'aiJl:-{ Illl I'tl bpPll isola{(·d 1'1'0111 1!UllIS of \\'ild ('IWI'I'\', PrUiI118 

,Wl'Oti/l1/ Ehl'h. '1'11(1 II'Pt's \\'('1'(, l()('n(pd it Il1:lXillllllll of In 1~i1oltletel's 
:lpat'l :\1 Pl'()l'itl,lll, ~ITnill ~HRL Y-W'iH is dt'sigll:tll'd a:; tile typl', 

lIan::;cnula angusta 1101', sp, 
'I'll(' Llllill (l(''''('I'jplioll "I' IIIi,o.; ,o.;1'('('ips will hI' pl1hllsll!'<J hr II. II. 11:111 1111(1

Dpl'ollll':t .I. Tl'llII llisSIIIl. 

Jo"'UlIl 1111" l.:Uill. l/IIf/ll,~/IIH, IIH'Hllill).:" lIal'row, anI! ,'('fl"Ting- (0 Ilw IIl'jlll Oil Ihe 
lI:tt-slllll'l'<J 111'('u"I)OI'(,s, 

• 

Conjuglltioll is 1II'(I(h,lIlillalltly bC'(wl'l'n mol hpl' ('('II.; and [hpi!' Imd", 
Thl' 1l1ollrPl' ('pll is 11,.,ually SplH'I'oidnl but SOllll'tilllP:-; ('Ilipsoi<lal, anel 
Ihe dallghlpl' ('plls al'p :-:pil(,l'oidnl. Hp(I'I'og:tllli(' cOlljugal iOIl b('(w('('n 
11111'(11:11('<1 ('pi I,.; is fOlllld ,"PI'Y inl'l'pc(lll'lI[ 1,\" and is()g:llllh' ('olljllgal ion 
is (,lH'OIlIIIt'l'ptl (11'('11 1l)1l1'{' l':l1'('ly, TI\(' tlil'l'd ('OI1I'PJ'"joll of diploid 
"('gplalin' ('('II,; [0 as('i j-: (,Oil II lI<'J II. Tit!' diploic! (,('II,; spol'ul:!!\' 1l1OJ't' 

I.'IlPl<l1y thall till' haploid ('{,lis; lhus, on IIlall l'xll'al'l-,rt'nst (lxlL'aet 
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ag~\l' nfter 4- drtys of incubation about half of the intHet asci show no 
conjugation, but; ut; 2·.1: da.ys nellrly all of (he intaet a"d show conju
gation, The asci formed f1'011l diploid cells S0I11('t111\('8 <1t'\'elop :t thiek 
double 1\'nll before the SpOI't'H are proc1u(,NI, and tht' OU(C'l' wall OC'Ca.
sionany may be seen in the Pl'oC't'ss of being' slH'tl, ,Most as('i rup
ture as Soon as the SpOL'('s ure mal me, Tlw SI)()I'C's HI'(> IH,'l1lisphel'Oic1a1. 
(keasionlllly n. spore with a. faidy brond bl'im is found, but usnnlly 
the brim is flO l'C'(lnC'l'<1 that Il\(' SPOI't's nrC' sllgg<'stin' of Ihos(' founel in 
tIl(' genus PiC'/tia H.nns(>n, fipol'ps \'al',\' ill 8i7o(, fl'0l11 1.7/~ x l..l~ to 
2,6~ X 1.ip., Th('y sULin n Ill1ifol'lllli!!ht bhl(l with lltnladlit<> gl'(,(,I1. 
Sporulation iSn1o;;'t ahulldnnt ollnmlt' (~Xtl'i1ct n!!i1I', 

('010ni(,8 Oil dallllllll plutps 1I1't' ,'allWI' :-lIlali, Imtwous. glistpning, 
nnd show fnint: rndilll striatiol1s, (,'1'('<](1(,111 h' OI!ll'I.'{'ololll(:" 011 yeast; 
('xtl.'llri-llllllt ('XII'III't IIgHI' .Im\'!':! pillk lint. ' • 

Ce1\s fl'Oll1lh(, ec1g(1 of Ihe dllllltnll ('OIOII\' (H'('UI' maillh' liS :::;il1glr ('('liB,

:ll'(' :;ph(.'I'ohln I. lind 1It I' largPl' (Jilt'S IIH\'(' t1ti('\(·l' l'pl I ",n'lls. Thpy vary 
m 1'17.(1 { 1'(Hll 2.2~ 10 ;,,'J.p., 

Xo hyphnt' an' f'OI'J\l('(\ in <1:llmnll ~tTP:d\ Ol'SPOt ('\lltlll'PS, 
XC) Iwlliclps Iln' :/'ol'lll('d on a:-similafioll l1wdia. 
Th.is SPh.;(IS al\\'a,\'s nssimilnlps llitl'Utp, ghl!'OS('. ll1:t1("osp, sucrose, 

t),(llmlos(', l1H'it'zilos(>, xylOs('.I>-flmbillo"p, riho,;p, pI lIyl aIC'o\tol. gly('prol, 
(,I'ytilri(ol. adonitol. I1lnnnitol, sOl'hitnl. HIpha-ll1plhylgllll'osid". pYt'U
Yatl', sU('('inn(p. and (,it rlltp, Alpha-llH'tll~~lgluc(J"idp is n:-silllilall'd 
lntl'nOv, SOdlOSP is In((1111 h' ns"illlilall>d ()J' nol nssilllilnt(l(\ nt all. 
('omp(iull(\S ",l1i('11 HI'(I flO!' ns~if)1ilnll'd an' !!llla('{(H'. i'plloiJio-;(" lactost', 
l1wlibioR(" ra lIitlOSP. i !luI ill, SOIIl bit, slu I'(·h, frH I'a hi llOSP. l'lHllllIlOSl" glueo
sam in('. hy<II'()('hlodd('. () II kitol, ,,:\ li('i 11. po(ns:-itull g\tf('OIlH 1P, ('all'i Hill 
2·k('t(H~lneOllnl('. p()ta!'~I.\ll1l fi-\wto!!lll('OttH/('. p{Jtn!-o~illlll l'o<iilllll sac
charate, Rodi 11m luctn!!'. ('tllyl :l('p( oac!'! at p. and iuo!-it \II. 

OnlY !!ltH'OSf.' i:-> J{'rnll'llll'd. all(1 IlH' ft'l'lI1l'lItatioll is mlh!'!' \\'Nlle 
..'\(l(iecidtuntins nrC' I'('quir(l(l. 
E~I('r~ al'(' llot pl'odll('pc1. 
Oplatin i~ l-'oftl'Jl(ld !o n {)(IJllh of ] to:! mIn, HIl(l flows slowl)', 
Clro\\"th is !!ood HI :37" (', alld thpI'p i:-; 1110(!<>l'a[1' !!I.'o\\'tl! ill the 

osmotie pr('sslll'(, llH'<lilllll, . 
Only one straiu of llIIllR('llula ((l/fl/(.~t{[. :xnruJ Y-l'i!J8, is 110\\' ill th~ 

('oll('('rioH, nnd it is tl<':,ignatp(\ as (\1(' IYIll' , Tlds :-\l('('il's \\'a~ is()lnlt'd 
in 1011, l)\' IInl'low n, Hnll lIlld D!ll'OtlH'n ,T, TPllII1""OIl frolll spoilt'd 
cOIH't'ntrnt('(l ol.'nngp juic(> llIudl' fl'OlIl OI'Un!!('s g!'OWll ill FIOl'ida, 

Hansenula subpelliculosa Be(!.fol'tl, M~'('ol()gia aJ: 6;~(j. 1!H:2, 
r·'rom th(' I,n{in. ,wI!. 1I'RR; /JllIil'lllfl, It thin llkin, 

Th(', Il!Wig(II'()US \'egC'tat:in' ('ells of ff, ,'l:ubJlt1lit'l(l(},~1L Hl'P ('on:,;i(ll'I'ed 
as bpillg diploiil, IIlthollgh ('x(J'(>llIl'ly rare (,lh';C'S of ht'tPI'ogalllil' ('onjll
galion art' oh;;pl'wd. Thl' a~('OSp0r(,R 1'01' fh(' 1110S( part an' hat-shapNI 
,dIll a (hiek. Pl'Ol1liJl(,Ht, and usually flat brim, III :-Olll(' stl'aillS 
spl~t'l'kal :!ud bl"Ondly <'ll}ptiml HSl'OSPOl'PS al'p al,~() S(,Pll, Tll('Y P0';Sl'SS 

a 1'1Ilg wlu('h IllH~' bp thlll and dO\\'!l\\,tll'd ('UI'VIIl!!. attuclwd Huhl'qlla
hwinllv; 01' f hC' rillg mIn' l)(· thick nnd attal'\l(>d Hu\Jpqnatoeially to 
tangelltin ny, On,(' to fOlll' SPOI'C'S m'(' fOl'~n('d in as('i \\'hi<'h ('()llllllcndy 
rllptu]'(' at Inului'lty. Hes[ sporulation lS on elll'l'ot plugs and llIalt 
l'xtraet agar. 

• 


• 

• 
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• Colony 011 (lnllllnll pla(p i~ ~1l\()()lh, !,di..;tpllin,!!, :m(l llsnnll? wilholl! 
hypha£',' ('('lIs at lilt' l'dgp of till' ('olony ()t:<'IIl' ~illgly and ill pairs, 
a/"(' pJlil,'"oidal, alld 1':IIl!.!!' f1'011l ~,ll/t' :1.1/410 L:'!J! /'j,()/1., 

III (ltp dlllllJ:lll ",Il'(,:lk. It,' pll:ll' IlHl," IH' 1"'P"'Pllt ot' ah"'PlIt boll! 0.1('1'0

bh·u Jly alld nI!HPI'obi('a 11\,. 'I'll!' lwph:H' till! It'l'lwa lit t1)(' (,()\'pl'!!lns:l 
l'pal'h'lt lll:lxilllllill h'II!.!t1\ of L~ IlIin, ill Hlllj(' ,..trains. l'sunll\" (nil' 
Ir,\'ph:ll' of n lo\\' <!l'!.!'l'i,1' of dl'\"plo]l1l1l'1l1 art' Ill't'~Pll(. allli Ihl'!"'l: ~ho\\' 
('OIl ... tl'i('tiollS illllw lip ('I'll ... JlI'I'\'iOlh to I Ill' rOl'lllafioll of ,..I'pta. ~llt'h 
hypltu(' a 1'(' broad lllld tltP ",pp!a di..lilld. Till' tip {'pll,.; H\'Pl'agp about 
;Ioll alld tit!' ('OI'I'I'~I)()IHJill,!! luljUt'Plll ('pll" tl\l'l'ag(' allOlI! :1:2p,. TIll' tip 
I'pll... "Olll:till d"II,," prolopla.. 111 Illil IIi(' 1'!'llinilldt'1' or I Ill' hypha!' al'p 
hi!!hly ll\t'IlIlI:l(ptl. ;0;111111' .. Iraill'" I,,'uti II"!' 1'~l'l1d!lhypll:lp I'x('lll,-jy(>l.", 
:-;tl'uip-. \\hkh jll'odlH't' hyplta!' all1llldalllly ..h(.\\' n'lal in,ly f('w 1>I:I ... to
:-PIJl'\ ... IWI'lI""'!' of IIII' Ill" Il\Y!.!!'ll 1l'II!"'ioll (':lII~!'d II)' til(' hl'H\'Y gl'o\\'lh. 
:-;tJ'aill"; ill wlli('I, hypha!' IU'\' 11100'l' j"'[llnll'd IH1:t lIy forJl1 hlasto"poJ'(,:; 
ill alHUII III 111'1', '1'111' bin..;! tl:-POI'P:l Hl'p (' Iii p...nitl aI all <l ~h or! <'yl inil J'oi (lH I, 
:lJId 1lI'('IIl' ~il1gly Hlld ill (')lail,,,, "I' 10 (·i!!ht 01' 11101'(' (,('II" ill 1(>11)!lh. 
111 Ill!' rl:dllwlt "pol I Ill' 1111111111'1' oj' h\'phal' \'nl'il'~ {'I'OIiI II 0 Ill' !o IIHllly. 

1'1.JJj(,I!,,,, :1 t'p lit ill 01' ('III il'ph' l'll'kilig . 

. \ II !l f' I ItI' "I I'll i II~ ",I Iltl h'd :t .. ~ illli hll (' IIi! mt P. !.!irwo...P, IlIH I! o"p, !;lH'I'OS(', 


• 

In,ltal""p, I'allill!l"'l'. ('Iltd ai, 01101, !!!I·('I'I'(d. ('I'\,tllI·jlo1. 1I1111l1litol, 
~<lIll)i!ol. nl"lrn'1111'1Ityl!rlilt'(J... irll'. ~:rJil'il\. p(ll:t~... jlllll g)I!l'ol1atp. and 
"YI'I,dl', I:wl il', ,..\11'( :lIi('. :tlld ('ill'j(, H!'ill", TllI'Y lI~l1:tlly a~sillliIHt(' 
galat·I(I'-('. xylo"l'. !'ibo!"'!', :111<1 adouitol. .\I'PJ'oximatl'ly half of the 
... 1I'aill,.. a ...,.,illlilnll' ['plllllljll'-(', IlH·h·zilo...l'. :tnd "olllbll' "'larch: alld !!Pll
PI';t1Ir, btll 1I0! nlway", a "'/I';d" wlril,lt Illili%!'..; (lIIP or t11l':-l' (111'('(' 1:0111

]lOll I;" ... :11"'11 III i1i7;I''' '(1)(' III hl'l' 1\\ o. I.-n l'nl,il1o ...p i:-; ...('Idolll :I:-,~illliIatt'd . 
Xo "[mill H!"',..irlllln(p.. ,..Ot'lHI'-\" IlIdo,..!'. 11J£'lil,ills{', illulill, ll-:lI'nlJillo,;(', 
I'!talll!to-.p, dull·jfol. ('all'iulIl :.!.lwloglllt·()lIalp. l,oIH~:-illlll ;).1\1'10
glU"lIll:llp, !l0la"... illlJl "'1It/illlll o.;;wI·llHl'all'. l'tltyl lll'ptlHll'pln!\', or
i 1I!l~i (01. • 

!;l1W1 ,,..P. "\II'I'll,..\'. HlId o]\!'·lhil'd /lUI't flf mllill(N' Hr(l fpl'lllt'llt!'d. 

~lalt(J,"p jo.;pitlll'l'nnl fl'I'IIIl'llll't\ 01' j'l'I'llIl'll(pd \'pI'\' \\,l':Iklr, (Tnlat'lose' 
all.] lad()~£' :11'(' Ilot rp l'lI11' 11 I pd. ., 

fI'"IM 101"'1 ,~lIhp, /li,<,rlm", (':I III lOt al\\,:1,\'''; hI' difl'l'l'l'll( inll'd 1'1'0111 thl' 
gli,.,tl'lIill!! (,!llllIlY IYlll' of fl. IlJIfllII,tlll by a..."jlldlatioll 01' fl'I'Ill(,lIt:llioll 

I'Pllt'lioll", lllll 11)1' t WI) !"'I'l"'ip... \'all :t1\\':I,rS Ill' I'Pllllil.,· difJ'l'l'l'lItiall'd by 
yilautill l'l'tl'til'PIIH'llfs, fl. ,\'Ill'llt lli,.ltlOSII will 1101 !!I'u\\' in n \'itnll1in
(h'lil'it'lll IIll'dilllll wli!'1'(':I" II, (1/111 1/1 ItI'l d01',.. , 1""'11:1 II", fI, .\I{h/I{'!
/;",,10 .',1 IJI'Ilrlllo 1" 11'111' hyphal' \\ lii,·1t ('Hlllil' I'padil.\· di:-till,!!lli ...It,'rI I'J'OIll 
tIll' I''"Plldllh,Yl'lml' PIOdll"pd Ily II, fll/(JII/.t!,{, 

1':~tl'r... :t 1'(' pl'odw'("l, 
(,pial ill 1..; Iiqll('fiptl 1,.\' "01111' ~11·:til1 ... , to n IJHL\.illtlllll dl'pt It of' about 

III HlIll, 

EXt'I'Il( jOlla lIy good growt It ()('l'lIr:-: ill t hI' 0";111111 iI' l'rl'''HII'p HlP!!i UIlI, 
<ll'o\\'tlt ()('('llr~ al;j'j ('... 

HI'dfeJJ'(l (n i...oInll'd !"'('\'(' I'll I :-'!l'nins 1'1'01lI ~()IlI'('P:-; lUlI'ill)! high 
o";Il!(lli(']H'''':'IIl'l'. ~lll'lt ll:-. ('01]('('1\( rat I'd ... \I.!!lll'·P!!g llIixllll.'p. dl'it'd PI'UIH'l', 
awl gl'lIIH' juit'£', EklH'lI:l and Bt'll I..! j) ollt:lilwd man." struill", from 

• 
('!lr'lI III 1ll'I' hrillP:-; witit'l, ('ollt:dlll'd III 10 h P!'I'{'Pl1! of "'nlt 11)' w('ighL 

Tltirtr-lin' ::;ll'uil1!'i 1m\'(' b(,l'lI ~llldil'(L :-;tmill XHHL Y-Ius;3 is 
typi('u I.' 
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Nrmspol'ogl'll011R RII'lI i nR of th iH l'(>l'('il'H ltl't' o{,(,HsioI1H II Y t'1l('ounlt'l'l'd, 
An example is NRHL Y-10()(;, R stJ'ain used fOl' the l)I'elHll'ftlion of 
soy Sltll('l', 

Hansenula jadinii nov, ('omb, 
SYII()II~'1Il : 
8UI'(·"/I/'OI/lI/('('.~ jllllilli, SUl'tOl'Y ('/ a/" ('0 III pI. 1'1'1)(1, IlI'CII1, s(·\ .. 1!)-! :1088, 

In:{!!, 
NnlllPtl fOl' 1"1'0£(·s.';o1' Jlldlll, of liI(' fll('ully of phlll'lllll('Y, !-;1r:1~IHHII'~, 

Aseig<'I'OllS Vl'ge>tn(iV(' ('('lis lIlay bp t'lIl'il'eh' diploid, as indira{('(l by 
tIl(' nbst'n('(' of ('olljugation in tl)(> il:';(,i. As('m~'[l()I'('8 al'e ha{-sha!)('d with 
R bl'ond. and fairly thiek Iwilll, USllally 1'1](,1'(\ UI'I.' fOlll' ::'POI'(':4 pl'l' aHew;, 
find tlw IlsC'i IlIn,- nol" l'npllll'(I 011 mnilll'ation, ~P()I.'(,s haw 1>pen ob
tn inNl onIy Oil (,lil'IIlIJi)rl' a 11<1 ('lll'l'oh\'eage.s. a IH1 only in slIIall nlllllbpl.'s. 
If spol.'ulalion'n'I'p 11101'(' ubulldalll', l'OIllP haploid ('('Ill' mighl 1)(' fOllnd 
~yhich would ('onjllgn((', 

Colony on dalmHn platr is lal'gr, fmlOoth, glistpning, and withotlt 
hyphae. q('lls nt, the e>dgr of tit 1', ('01 (y",\' O(,l'tll' slIIgly, 'in pail'l'. and 
a. fl'''' a 1.'(', III ehall),;; tltt'y un' C'1I1(l';(Jl(lal and ('Iavalp, :),·I/L 'x. :Ull-' to 
3AI-' X l.;.(il!' 

'I'll(' dnln.tall stt'puk show,; in SO III I' Hl'('U::; p::;pu<1ohypha(' np to 270,L 
in h'n~th, Tb(l hyphul' llJ'nn('h Pl'ol'll!<l'ly and I:)('al.' only a fl'w chains 
of pllipsoi<lal fllHl <,ylilHll'C1idal blaStOSPOl'PS, Thp blastosjlOl'C'S are 
rathel' poorly difl'l'I'(,lItialpd 1'1'0111 thl' hyphal ('('lls. Tip ('plls of the 
hyphae, 1tV('l'ag<' about l(~('.,liH' adja('pnt ('('lis ay('l'Ugt' about Ill-" TI](,l'l' 
an' no trut' hyphae>, In SOIl1(, al'PHS th('I'e tin' no pspudohyphae. only 
ella ins of blastospo)'('s. 

XC) pe,lIkl!'s an' 1'01.'11\('<1 on (h(' assimilation (1st nH'dia. 
Thi:4 Rpr('i('s assilllilatps ni(I'aft', ~lllCOS(" mallosp, StH'I'Ose. ('(lllohios('. 

tl'C'lw IOl't', raflinose. nwh'zi( osp,i nul in, xylose, ('thyl akohol, ~h-('pl'()1. 
mn nn j fol, so J'il i(ol , a Iplta-nw( hylglllC'osidl" sa I il'i.n, potns,';ium 'gllJ('o
nat!'. and j>\TUyi('. I:t<'li('. succiniC', and ('itt'il' tll'ids. and pthyl 
ac('toH('('t:d('. 'It dol'S not assilllila!(' the othC'1' compounds, . 

GI\l('osl'. Sl1('I'O!-'('. and olJ('-lhil'(l part of rallinose are i'el'l11l'nl('d. but 
the ft'I'nt('ntatiolls 	aI'(' 1':\ {bl'I' wpak, 

Addt·d "ital1lins al'p not I'l'qllired. 
Esters are pl'odm'ed, 
Gelatin is not liqurfiNl. 
Tll('l'c i::; no g)·owth in thp osmol it' Pl'PSSlII'p mediuIll, GO(H1 gl'Owth 

()(,('\Ir~ at ;W o C, 
IIanR( 1l1l/a, jadiI/ii, stl':t in XRHL Y -I f)1:2. wlIsisola(e(l along ,,·it h 

It staphylol'()(Ttts fl'(Htl JlllH fl'OIlI a Illllllan abs('pss, S:ll'lO)'y' I'f Ill. 
(S8) I'Pportt'C[ that ill('I'C':tl'diaC' illO(,lIlatioll of this yeast into guinell 
pi~", h'd toth('il' (h'utit in {) to 7 month::;. The Yl'nsl: WltS re('oYC'I'C'c1 fl'om 
I1UIll('rOtiS I('sinns it hall ellllsp<l, Thi..., strain was obtainNl from the 
Cl')1(nutlblll'eall in 10.1·7; till' C('n(TuallHll'patt l'('('eiwdit fl'om S:ll'tOl'Y. 

Hansenula schneggii (Weblll') Dl'kkel', Die sporoW'IlC'It Hefen" p.
,J:}:2,Jfl:H, 

8ynoll~'1ll : 
1I'ilIiu s('hlll'flUif W('h!'l', HlO('!WIIl, Z, 12!l: 20ft 1022, 

• 

• 


• 

Xnuw!l fen' tIll' lall' III1I1S H('IaIlPl!J.l" who is Iwown hPHt for his 11l1101l('ntioJls on 
the' ('('hll iC':t I aspp('ts of IU'l'wlllg'. 

"~dll~l' obsPI"'Nl only It \'PL'Y ·f('w ha(-shapl'd :tS('ospol'es, nml theRe •
Wl'l'(~ found only 011 Ilwdin ('ontaining SU('I'OSl'. NeitlH'l'SleHing-Dek
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• 
In'!' (/I:i) no)' Bl'!ll\ml ({') oblll j Ill'd n:;('()!'pOI'I.'S, Thl.' ant hOl' hltR at 
tl'lllptl'(j to obtnin nSCO"Jlol'('S 011 Hlt'I'O;i1.' amI l'aflillo!'1.' nwdin lind ill 
filtl·!'-:-j('I'ilizl.'d 1)('('l.', llS wel1!U:; 011 till' l1!:'unl !:,JlOl'ulnlion medill, but 
wit hont sm'('('s::;, 

TIll' clnlillall e(J1oll,"is milt", whH(I, p0'\'(l(,I',Y, r(l!linl1~r rngmw, und 
wit hOllt h."phll(,. ('plls fl'om flIP ('dg{' of' til(' (·nloll," (X'('U!' singly, ill 
pai,'s, rmd in shol,! ('hains, '1'11(1.\' :In' ('.\'lilldl'oidal lind {'Ilipsoidal.
:3.1/L • :L"lt {o 5,:.lIU< H,Ii/L. 

l 
T 

u<lI'I'llpnth till' ('O\'p)'g-Inss ill 11)(> r1nllllHtJ stl'p:lk, alJlIIHI:lIlt, highh' 
hl'ulw1\l'(1 jl!,putlohypha(' 'un' Pl'Odll<'pd wlth'h l)pltI'lIUIlI!'I'Olls splwl'oi<1:;L 
II ntl pIli psoidu I hlas( OSjlO)'PH, Till' hyph:IP n1'(' about % Illlll, long, wi.! It 
tIl(' fil's, alit! Sl'('(l)l<l ('pi I:; of til<' h,rphnl tip" :i1J!JlIt lOlL lOllg-. 

Whitt,. foldpd pplli('h,s 11)'(, rOl'llIl'd 011 assilllilat iOIl IIlp<1iu, 
!fl/Jpwwt!a xf'/llll(/llii u!'sil11ilatl's ni( l'n(p,!!lul'()Sl" g-tdnl'to:;(', lIla!to,..;(', 

HIH'j'OS(" ('('Ijobi o~('. 't j'pllH 10:'('. IIIPI('zi I (N'. l'oi 11 hi!' sl Hi'dI, xv IOH(" 1'i bo~(', 
('th,,] alcohol. g-1\'('l'l'()I, l'I'\'lhl'ilol, 11l:lllllitol. :'(ll'bitol. niphn-nH'tll\'I 
glll~'()sid(', :;nlit:iti, .g-IU{'Olillil', PYI'livalt'. 1:1l'(al(', slIl'pilla!1' lind ('itl'lill'. 
Adol1ilol is assillliln[('d w!'ukl." 01' lint al all. 'I'll(' o(itpl' ('OllljHllllHls 
\1"';(,([ ill 111(' Ilsts !In' !lot ll:-<o.;illliln(Pll. 

Tid,., "fwd!',; /'Pl'l1l(,llls glll('!! l' Hlld Illalt() ... l' st I'ollg-I,\'. amI Sll('I'OS(, 

latC'lllly. hilt dol'S not '1'('1'111('111 gala!'!o!-'(' 01' 1';r/lil1ol'(', Bpdf(ll'{1 (7) 
:folllld it to jll'Odul'l' a ,,"l'nk Jl'I'lI1l'lltatioll of 1!:lI:I(,[os(', 

Addl'(1 \'ilnlllills nl'(' 1I0t I'l'qllil'('<l. 

• 

Ji},..;tl'l':-; nn'I)l'ot1l1(,(,(1. 

(,plat ill is lIO! liqllPfiC'd, 

TIH'I'C' is ",pak 01' lllotll'l':t{pg-l'o\\'lh in tIll' (lslllo(i(, jll'(';;Stll'(' Ilw(liul11


but 110 W'owth tit :~7" C, . 
JJ1/11'~1 mda sell/lIp[lii i!-l I'PI)J'psl'IlIl'd hy a si Ilgh' slt'a ill, Y Dna. 
,,'(,IJ(lL' (lid not ,,(:1(p 1Ill' S()II/'{'p fl'Olll wlti!'h ff, ,w·lull [!!Iii waH iHoln[ecl, 

Hansenula anomala (HIU1S('n) ~,\'do\\', ,\1111. Myeo1, 17: 4·J. I0Hl. 
S)'Il{JII,rtIlS: 


NIIU'IIII/'/JI/Iltr'("~ (///()/lHlI/I.~ nllll~pl1, .\1111. lip IllifoJ'ol.:rllphil';{: .Hi7, 1"!lt. 

Willio (/IWII/IIIII ltnll"PII, \l,l'lIlhl. 1'. I\lIkl. t't1I'II"il!'III" .\ht. II, 1:!: :;:1". 100-1. 

Will"1 1J(1".~,wl \\,ph!'I', lHo!'II('IlI, \1,. 't:!!I: :w.... HI:!:!, 

Willill ",/'IJIII/"II('II. (lI!'ijPI'i1It'lq BPl'klwllt, ])p ;','hilllllll'],!.;PIlI:tl'hll'1l JI{Jllilill, 


IJidilllll, (JIMI"'!'II, l'lI '/'ol'uill. IJiSjo;(ll'lIltioll, l'tl'pc'ht,]I••1:1. J!):!:1. 
R}/(III//IJ/('I,~ II/IIJ'flal'il(/(' 1'.1'11111'1', HUll. (o;m', hOllin, O<'lIi'\(I 17: !!:;'{. 1!l:.!;). 
}fIlii,,, lIul11 tll/lllllfll,/ 1111" IOllf11l 1lI'kkl'l', Hip "JlOl'(J~(,II!'1I I 1 l'fl'n , p.•1]:;. l!J:n, 
]{'IlI'~1 /IIIIt, '1II11I/wIt/ \ III'. IH'IHIIl'" il'tI (I h'ijl'I'i.I)('k I 1)l'kkl'l'. I !Jill" Il. 4:!7. 
}fflll." lIula 1/l1(/Il/IJ/r1 VIII'. r()IIIl,~If/ Dl'ldwl', IlIid., 11• •/W, 
/l1I1I.VllllIll/ jlll'II/,;I'I, t (}I'OPIIl'II'!',!.;1' I IIl'ldwl', Illill .. p.•I:!!! 
Tf(/II.~( 1/11111 ni/'( II <'as/I'll], ,\1'('11. .\likJ'ollilll..': :;:.!s, W;:,!. 
/l1I/IN11I1I11I 1)(/lIiN ('lljo;l!'lli. IMd., p. :i:.!:!, 
"'f/(""WJ'II//I,IlI·(.~ //(,I/'j.v"',/C'('IlII/'; 1·'11 hill 11 II II !I 111111. 1'.('111 hi. f. Hnkt. l'llrnsitl'uk, 

.\ (,1. I I. 1'-11: ::.1. l!l::!l, 
IIIIII.w /1/1/11 III1IJIIIIIlII \'UI', lil/CI'OIl/(lI'pltll 13(O(lfo1'<1 • .\Ir('olu,!.;in :1 I.: Gao. w.t!. 
1I111l.~/ 1/11/" [llll/liil'lI I KlIn'('l'lIth) Dt'kI<PI" It" Ih',,"rilll'!! hy Ill-tlfol'd ill .\t~.('o

lug-in ;1-1: llaB. WI:! 
I'J'I)hahl1' "~'I\"Il)'IlIS: 
SIWI'iIlII'flI/l/II'(.~ 1/("/(/I'/hJ/ll('flN HI'j.fl'rilwk, \l,1'11till. f. Hill,!. I'HJ'nsirl'llk, ~\ht. 

I. 11 : 70. ·t "!l!!. 
lI";l/itl hi~IJ(l1'11 MHIII!'t, AIII1. SO(', hpl'!';(' IIlPIL II'0p, n: :::!. 1!l!!1i. 
fbl/IN( nllill /Ii'~IIO/'II ("'~Iltll't I ~llllllixzi, Tl'ntt, lIlil'Ul'lIlol, 11111l1l1ll .1: l:H. 

• 

I\I;U, 


Prolll th!' Ol'('('k, (/1I(}/11I1/lI'~, (li/1'(,),<'1I1 froll! til!' Ilr!lhllll')'. 


Tilt' :;P(I('j(·:-; 1111111t' WHH plll'li('ul:II'ly npPI'Opl'ia(l' at th(' tinl(' H;uuien 
pIal'PIl tlli:; ,Yl'n:,;tin ill(' gl'I1llS )..')'w·(·)WI'OIlli/I·(N, but whell it wus lIIatll' 



the type for hi!-: JWW gNltlH WilIia, the <,pitlwt h(>(':llIl(> <lpfini.lf'h' il1
appl'()l))'jnl(', Howl'\'\'J'. Oil loglcH I ns wl'lI ns 0)), hist o!'iI'ld gl'oilJl<i;.;, 
llWUU'lWlc(. an01lla/n 11P1WHI'}; to llt, tllt' I.ll'st lijJ('('\PH to 1'(lpl'(·:-(·nt tIl(' 
gNlllS. • 

Conjuglt(jon ()(,(>Ul'suf' lIlt' linw tlS('OSPOl'('H J,!l'I'lItinal(>, ant11\o ('lmjn
gation oe('UI'}; inlllH'(llnl("5' pl'('('('ditl~ tlll' fOl'tlwtioll of' mwi. X~wi 
l'llptm'p us Ill(> HSi'OSPOI'PS flInt 111'('. eXl'pplin l'OH1C sll'ains llHving ('plls 
In,I'gc, ('Ho\lgh to ('n;;ily t\{'('oll\IlHHla 1(' 1111' l\m( 111'(, SPOl't'S, ~h('(l:-J1()r('s 
(n'(' hal·-shI1IW(l. lIswd ly wilh H IId('k IJI'im, :-;POl'PS si Hill llIoclpt,tt 1t'1,\' 
sf:I'Ollg wilh IlHtlndlilp gl'!'l'.Il, 13('s[ H(lol'ulalio!1 is oi>failH'{! on V-x 
slan(s and eal'l'ot pltl.!:."l'l. 

('ololli('s of 11It' (lill'(II'Plll !'11'uirlS vlIry gr,'PHII" in Upl)('UI'ttJl('{, wlt('tl 
('1111 i\'Ht ptl 1m mall ('XIJ'lll'I-\,PllS! (''(Inll'! :If.('lIr 1I1l't1 OJ) ollH'I' :,olh11l1pllm 
('ollllHlm!Y \1:,('<1 ill til\' j"olil(il1l1 oj' \'t'H>'t~, XCII illft'Nlttl·l1th'. i~()1ut(,s 
frolll SUh:<;tl'lltPs '1IHIt"'~lIilltf r('J'IlH'lilafioll (>l'Odl1('(, hi:,dllv ~lj:-tf'Jljllg. 
~JlJ{){lth ('oJoJlil's, HtJ'H ills boJ:1I ('d troll! :,:oil 1I""11 II)' f!ll';ll llIlIt. po\\'
dpn' ",hitl:' ('olnllil's wld"'l IIIH r hI' ~ llIoolll (If' !'ttgo:-(', All d(·l!'I'(·('s of' 
tl'llilSifioll ill'/' round hI'IW!'!'11 highlr glistPllill'g nuel !)()wdi.l'\' Illat 
('xl ['('nil's, In addi! iOIl. Pl'alpd f'OI'lIl: ('OHl'Sl'!Y ('()Jl\'oll1tl'd. IIIHt' o\h('I' 
1'111'(' sllfqW!-llllUY U(l(H'iU:. ' 

llo1lwlogolls IlWI alld glislpning 1'OI'l)):--lIsllll11" hn\'(' lIPPJ'Oxilllnll'ly 
~q\li\'n 1('1)\ physiolo.!.!'il·a1adi \'il i('~ J'l'()l\l a qlHll it<i/i\'l'. t h()ll~h lIot fl'mil 
n ({tHlIllita/h'(: Slul1(1poillt. Fahilll1 Hlld ,\Vkkt,\'hIUn (,!.'J) fOllnd thaI 
tJH' glistPllillg 1,y}H's (lJ'odlll·(·d !h'l'idl'dJy lIlOI'!, nh-ohoJ than j 11(' e\H'I'p

spon<1 illg nwt IYJw~. Till' a((I hoI' I)('li('\'('s til(' fila! t VP(' l'('pJ'(,s(,!lt~ U!l 
ndHptatioJ\ (0 HP/'obit< cOJHlitiol1s, fht, glistl'lling Iype: nil H(lnptntioJl 10 
feI'IIH'nta(iw' ('ondilions. Bolh fOI'm~. if 1'('('(,lIt!\' isolated I'I'(Hllllatm'(l, 
w.ill !>pol'\llat(l; hill of t\\'o hOI\l(JI()~()ns pail'S \\'1I'i('11 tIl(> autho\'lwl' hnd 
in ('nltHI'/' 1'01' 1;; Y!'UI':i. UH' two glisi:pmng r()l'lll~ still ~lmJ'IJlil!1' 1I1)\11l~ • 
dantly. \\'ht'I'('ns I II(> l\\'C) III 11 I rOI'HISf1'0111 wI! iell tlWY \W\'t· <\Pl'i\'('d 
sj1o/,til:1U' Yt'lT poor'ly, • 

Thc I'nllgl' 'of \'urinlio)) 111 ('o]ony !lpp('nl':lIH'l'~ (·!l('O\Il\(t'I'(·d OIl thu 
syn(hl'ti(' tiwdilllll uSNl i'Ol' till' dlllll1HlI P('('ll1ll'atiolls is 1II1wh 1(I~s than 
o('('uJ'!": 011 malt ('xl J'Hl't~V('HSI ('x! I'HI'[ Hunl', ;-;1 millS which f01'11l erntpl'i· 
forJ)) 01' ('()I\\'oll1lpd mni ('olunit-s OIl tlip 111([(,\' \l\l'diluII usually fOI'1lI t I}(, 
tvpil'nl ('(llli('rd mat (·oloni(·s 011 1]1(' BYlIth(·tj(' 1l1l'diullI. and ilw straills 
"'hie'\} Pl'(l(l1H'l' hi,Ullly p;lisl.pnillg l'oj(;J1ips on J)lllll !'xll'll('t·WllSI .pxtl'ul't 
agal' produ('l' Il\:lt (iI', al \)\u:-;1. ollly f;lighlly p:li~ll'l\ll1g' ('olonh·s on 
dall1lHtl plat{'s, 

C('Il14 from tIll' !'r'lg(' oj' nl(' (lnlmnll ('nlony ":try gl'l'tltly ill SiZl' and 
shtlp(' within S]w<'iti(' ~(l'ni1Js. alld n1so frOIll Htr'nill to str'aill. ~onlt' 
f()l'1l1 splH'!'ojdnl It nd broad I,\" PIli p!'oldnl {,(.1J~ va J'yingfl'OlH :2.0~ >: :!.H(1. 
to 'J..HII.X~'~IJ.. Otlt('l'S p)'odw'p pl'(ldolllinlll\lly <'yli!\(\r'ohlal t'pl1:-; YHI'y
jug from :2.0p.X'I.:1p. to a,,!/tX a:ll~' Th('s(' dilllPllsions sho", :t wid(, 
rnnge of C(>ll shapp mId sizt', Tlw ('('lis o('('m' singly, hl pairs) or hI 
('hnins.

No truC' hyphn<' {I1'(' }()I'!ll('(l, in <1nlllHIIl stn'a.k antI spot ('Ulttll'(':,!, hut 
mORt strains pl'm1\1('(' fJ'01l1 nll'w to nblllH\nnt pSPlIdoh,vph:lP. Hat'ply, 
stl'nins :tl't'found whkh 1>1'Q(il\('t' n \,('I'y f(>\\' s('pln. FOI'IllS ('hal'tll'

teriz('cl by glbt(lning <'olonit's [>1'01111('(' f('",pl.' hyphae' than the Hlat 
forms, nn'd tIl(' diffC'l'('lH'(' is g(')ll'raIJy wry 111:11'kt'tI, Hyphn(> llRllt\lly 
va t')' jn \(lngth from 0.:1 to 1.0 11l1l1., hut llJ:l~' 1'(',1('11 a 1rngtll 0 f a HIllI. 

T.ip and adjucent c('lls may l'(~ach Ilppl'oxilllntt'ly (lqlllllll'ngths v:trying • 

http:gl'!'l'.Il
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• 
fl'om "u f () !.i(lJl but o('('n,..jt;ll:I Jh' l'p;l<'h :lon ill t lIo";I' ,..t I':d n" wi (11 Ill!' 
gl'ratp,..t hyphal dl'VP]OplIlI·lIt. 'TIII·l,.Yj,h'll' a 1'\' ul'tl'll hil!hl~' bl':lIwlH'd 
lind IH'al' 1'1'\\' Ill' 11m 11\' hIH"'I():-p(jP'~' TIll''''!' llta\' h' ,hlll'( "\"Iilltil'oidaJ, 
rllip..;ohlal. ,..phl'l'lJid:t1, ClI' O\'oilhtl. wilh IIIH' 1~1' !Ilfl!'l' ,.Jllill\·" pn':-rlit 
ill It ...illg]!',..\ ruin, 

Ppllh·h· f'ol'llla! lOll rail,!!!''' frolll ""IT Ihill OJ' I:(,'kiul! ill ..;mlll' ,..trnill..; 
wlii"h Pl'lIlltWI' uJi"'(l'lIill,!! "o}ouil'''' 1111' HWIt' llH'di:!, to \'I'I'\, pl'lJlllilll"llt. 
whitt·, lIlal. fohh·d !Il'IIHt·~ ill ... ( mitl"; \,I'"dl1"illl! pO\\'dl'l'~" whitt', \lint 
(·ololljp..; 1111.11'1' ,..iruilm' I'llwlil j()II~. 'nil' PIIW.!I'!'\"' wllitl' ~t1I'f:H'P laYl'l' 
(,1' HII')' Ina! ('1I~,Hlil'." ,'Ol<... j,( "I' "1'11..; \\ hii'll n·--:~i wl't( ilu!. :11111111:1\: 111' 
lllJ:tll'I( ft'l't' Ill' Iht ('OI"I, it·,.. lIy '!!"l!ll~' pI 'Ill'i IIg \\".11 \'1' i III (I tIn' \wt l'i ,li"h, 
'I'lI!'IIIi,!!llOlIt Ii!!' !!1'1I11:-. il j .. !!1'1l!'ndh' !nll' thaI lhl' (111..1,(,), Illl·ln\l't' 
wIti,'l) ":lIl bl' lll!'lll'd frfllJl lb· l'ol()lI~·. Ihl' tld.lWl' \\ill b" IllP Iwlli!'ll' 
011 limtid ll11'dia. 

. \ If ,,!r:d!'-- :t--~illlilaltl lIiITUII'. ,!!bll'lI"\,. III:d!! .... ,. ~111·1·(hl'. ,,{'!lobi!,..,!'. 
f I'I·h:t1o"l'. l'nl!il\!l"l', 1l11'1l'i:i! 0"''', :,olllblt· "t;J I'dl. ('1 hyl Hj.·llhol. l!h·"Pl'ol. 
Pl'ytlll'itol. llI:tllnillll, "uddIn!. alpha lIIPthvlglll ,:o... idl'. :-;alil'iti, and 
I'HlIyil" 1:II,tit·. ,..l\t'l·illil'. :111t1 ,·ill·lt' III'ill..;, .\inlo-:t alwav..; :t-.."illlilatPd 
ai'!' !!a 1:\('t 0"'1' :llId xd()",·, l: 'Hallv a~ ... illlil;I1I'd :l1't' !'ibn:-!;. n<il)ltitol awl 
pota ...... inlll l!!tl"PWt!I', L·n rn !.hlO:P 1I~1l:t lly j ... IJIII ;\ ..."illl i lall'd. COlli
PIllIIIII", 1IO{ :\:-"iwilatt·t! :lI',' ";0\'1)(''''1'' l:lI'!o,,('. IIwlil,jo"p. inlllilJ. 
l)'-:u'ahi lin...\,. l'halllllP"l'. !!llll·Il...:unillP. dIIlt·il. I\. PH killlll :!-kl't O!!l\H'II11:lh', 
poln ..... illlll ,i·kl'l(Jghlr'llllatl·. [lola-."illlll :-(Hlilllil ,..al'('lllll':tlp. pthyl tlt'pfo
al'plat!'. awl illo;.;i!oL 

• 
(lln('(bt' and ~11!'l'tl~t' lIl'(' alwH\'''; l\'I'IIH'IlIl'll. ~rallo~!' i~ 1l1l\lo:;t al

WHY..; fpl'lllt·l1tl'd. thllll!!h oftI'll ~\'l':tkl\'. Hllri lilt l'xtl'Pllll'\V l'lll'P (I('l'll
l'inll"; it i:-: Hot f't'l'llll'll!l't! 10 a Ih,!p(,t:·,blt· tlp,!!I'!'!', (l:thll,j()~(' IlWY he 
fl'!'lIl\'1l1I'd -;tl'tllll!ly. w\':ddy. Ill' 1101 at all. dl'PI'lldill!! npon tbt, i'lHli
vidual ... (ruin. HamllCH' j" fpf'lIl1'llt(·d 1llH'-lhinl. 

:\0 IIIIdl'd \'il:tlllin"'lIl'p l'Pfjuil'P{1 I'ot' ,!!rowth. 
E....tl·" al'l' PI'!Idl\('I" L 
C;platill i" 1I1l! Jiq/ll.fip(l. 
) In ... ( -.Ir:tiw"' !!"()'~' Wl'lI til 11ll' (hlllOtjc' Ill·!" .... III·!' llll'rli II Ill, (il'O\\'th 

i:;. \"\I'hlt\!' at ~l! C. 
~"\·!'Ilty.l II f'PI' ~t "ai 11"; haYt' IIl'PIl :-111<1 it,d. 'I'll!' fOI'Il!" prod Iwill.!! 

lua! (·ol"llip.. fill llwlr 1':\lr!wt-yl'n..;t ('XII'ltt'l a,!!ar al'!, 1'('PI'I''';Plltl'll 1.," 
:-:Iraiu ); UHL Y-:lti;" :tilt! tIl!' ['Ol'n»-; pl'odw'ill!! !!li"ll'l:itl!! f'olnuil'''; IIll 
thi..; 11l1'.tiltJlI at'p n·pn·...Pllh·d Ily :-;(I'llill );HHL Y-:ltill. Till' Jnil!'I' w:to.; 
c1!'l'iwd 1'1'0111 JIll' flll'IIl!'I' ll\' ll't':llllll'l\! with lit hilllll "hlol'j,h' r JOS). 

ll'fI,M 111,1,/ III,fl/,,,JiIl j", t h;' l'(lIllllHlIIl',,1 :llH I BlO:-! wil h,I \' di:-t dbntpI1 
IlWllI},I'!' or til£' ,l!l'ltl1,.;, Jt (H'I'HI',.. ill :-nil; "HP" awl !!tllll'" of' It'PI',,: 01\ 
frl'",h, driPI.\. Hlld "ll!!:Il'l'd frllit,..: "Yl'np". :1wl n~ :lll (H'l'a..;jolluI (,Oll
talllil1Hllt ill ilidlHl'ial fOIHl awl 1"'I'IIH'IlIHlioll [Il'!H·!""""". IIall:-il'lI (,J;) 
o\'igiltally j"'llj:lfl'd tld-- "jlI'I'jl'" fl'PIIl 111'(,\\1' I',\' Y(':I"1 ami lll:l!jp it till' 
1))'(' 1)1' till' !.!1'111l", 

HanBenllla cifetl'ii Loddpl', %\'lIlrhl. r. Bakt. P:l l'a..;i\ I uk .\bt. IT.k\\: 
":! t...... 1D:}~. 
:o\allll'd fill' Han"It'lI' ('If('l'l'i will) Ill'"t i";lIlatl,d (lib ~'I'Hl'r, 

• 
•\ ,,('i ..;Ilo\\' 1111 l'ddl'w'(' of ('()llj I\g-al iolt. IIll'I'(' fill'\, :111 tl :'('O,!!l'II()lI" 1'l'11~ 

(If lIdo.; )'1%-1 arl' Ilipjllid, TIll' :-POl'('''; :ll'l' hnl ·..;ltllllt'. ~pOl'nlal i()n is 
Pilot" wit h {'a I'm! \\('d,!!l'" .rit·l([jlJ~ tltt' 010..;1 ",POI'P"; . 

Th(' :,traiJl io; :-iollll'\rhal lllt:-;lllhh· IllOl'lJ!w\o,!!i{'ully. .\ "prips of \'ari· 
ants han' ltl'i:-('II ";POlllHIl!!OIl"ly. I,m ollly Illp two t'Xlt'l'Il11'S will be 
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tl('sC'rib(>d Iwl'c. One giy('s l'if:;(> to I~O hyphll(" ot' to vcry primitive 
pS(>lIc1ohyphae, wherons the other gJVl'S rise to w('ll-<lpVl'loped trne 
hyphae. . 

XONFJl:'A~U:N'I'O('H FOB)[.-C'ololl It'H 011 11111 li ('xlt'at't-y('asl: extl'H<'l 
agllr arc smoolh to f-llightly l'ugosP. and slightly gliHI(·ning. Thll 
dalmnu colon,Y is ,,:eakly gli'sl-(Ining. highly l'aisNI. willJ a lUlllpy and 
W'HnulHr ~mdac'l" 1l'I'Pgulul' edge, and no hyphlle. Cells :f1'01l1 the 
('ololl'y (l(lg<' O(,('UI' sillgl.v,in pairs. 01' as il'1'egl,Jlar C'lm;lel's 11l1l1lhel'ing 
up to ;Hl OJ.' '10 ('ells. Cells arc l1Sl1H 11,)' sphel'oHlnl, anel n)('a811l'e from 
~.(ift to 7.0/-1. 80111e veTy ]:ll'gP nbel'l'Hnll,Y-l'hnped C',)'linell'oi(\al ami 
('j:tynte ('ells o('c'ur singly Hnt! in gronps. No hypliu(' nrc forn)(I(l in 
('WH'r (11(' Ilrl'obic: 01' nil' unat'l'obic pOl'tieJJls of tIll' dalrnall strenk. no)' 
in the dahnau spot-. The large, :lbpl.'l':lnll'y-shaped ('ells nrc £nil'1y 
1I1111l(,I'OllS nnd{,l' Ih(' ('ovrrglasSl'R; those in (he streak tlt 7 days lll'e. 
fot' Ihe 1lI0Rt pal'! 1'lIpllll'('(1 llncl dpa<l, whilp Iho:il' in (he spot al'(' still 
:Ilin'. Thl' llO!'lluli ('('IIH 111'(' snlHll, RphC'I'oiclnl. and (J('('lII' ill ehnins of 
i wo, three. 01' fOlll' ('(Ills. 

)o'll._\~L1,.'\'r()t 'S rOlt:II.- --'1'1 H' ('01 Olli PH Oil 111 aIt ('xll'ad -Yl':\S{ (ix( I'ad" agar 
an' ('OllYolllted 01' (,I'nl(,I'if'orl11. TIH' dalnlllll ('olon\' is lllat. slllooth, 
llnd fa ils to d(w(' lop hyphal'. ThC' ('('lIs at 111l' l'dgl' ()f t Ite ('olon V g('Il
el'nl1y OCC'lIl' singly. :lll(1 nre sph(,l'Oidal. C'yIi 11 cll'oic1al, or ellipsoIdal. 
Th('y vary :fI'OI11 a.Oft in diullll'ttl' for the s1l1allrst. splwl'oic1nl cells t.() 
f'pproxinlHl(.I.r '2.7p. X '2ap. :1'01' I"he lal'gC'st ('J'1indroid:"I>l ccns. There 
:lI.'P no nbl'n'aI1t, (·la.vnl·(, t'C'llH. Hyphae arC' abundant both aerobically 
and nil a('l:obi ('ally in the dalmnn sll'C'ak, I'pnehing a length of 2 mm. 
uncl('r the c'oYl'l'glass, H:l!ios 0'1' leng!"!) of tip ('t~l1s to their nc1jaeent 
c('lls are as Jollow!'; -ror tlll'l'l'. pairH: l:Wp.: fiO/L. (mft: -np', anc1115p.: '1-7ft· 
Those ratios in<lieate ,1'('11 den·loped tTue hyphae. Ovoidal aml 
sph(,l'oic1:1l hlnslospol'rs !Ire bOl'll(, on t he hyphae, sometiml'.S singly and 
SOlllc!ime~ in chains, d('pl'lI(Iing upon the (h'gT('l' to which the hyphae 
al't' ('1'01\'(1('(1, all(1 Oil OJ(> flyailnlJility oJ clisso\Y('d ahnospherlc oxygen. 
BJas(ocol1iclia arl' also fOl'1I1C'd on the hyphae. The:::e [u'e specialized 
blastospol'e's ",hic'h havl' l11uc'h l'eSl'l'Ye fat. n morl' refractive and per
haps thic'krl' cell wall a1H1, in this speC'ieR, Iht'y se1c10m procluC'e buds. 

Thin lllat pellkl('s forll1 on SO1M oJ the assilllilalion Illrdia, and 
only isll'ts of pellklrs :f0l'l11 on otll('rs. 

All variants o:f this species assimilnte nHmle, glneose, galactose, 
mnltose, sucrOSp., ce.llouiose, trehalose, l'nllino::.;e, melezitose, soluble 
starch, r ..-fll'llbinose, ribosc, rha.mnose, ethyl a\eohol, ~Iy(\el'ol, erythri
tol, adonitol, 11111llnitol, sorllitol, nl pha-111ethylghwosi (1e, salicin, ])0
ta:;siull1 gh]('()lIai('. and PYl'u\'il" Indie.slIC't'inic. and citric aC'ids. 
Xylm;e is attacked wl'nk1y <H'llot at all. None of thl' other eompoullds 
nrl' :lssimilntl'd. ' 

(Ilueose, giLladost', and S\1('rose are J(,I'l1ll'nit'C1. also 1'allinose for 
one-third part. Mnltose is f('I'tnl'Il("('(1 Yel'), "weakly 01' not at an. 

AchlL'Cl vitamins :lI'e not I'Ntllil'cd. 
Esters are pt'O<lll(,(,(1.
Gelatin is Jiqlll'fied to n. dl'plh of 10 to 1'7 mm, II. rifc/'rii liqucfil's 

gelatin more [tcti\'pl,\' than any other species in tl1l' gentls. 
Growth is generally w(llIk, bill" sornet inH'R mod(ll'all'. in the osmotic 

1)J'(>ssnre mC'dinm. Growth nt 37° C, is variable. 
" Physi()]o~.irnl1?, H, fij'f'I'l'ii is Yl'ry similar to H. anoma7a. but can 
be separated from it on rhamnose utiliZation. All forms of 11. eifcl'JwIi 

._ 


• 

" 

• 
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uf;sil11illlh~ (his I11C th,\' I pCllt()Se, whel'pas assillliltttioll IlllS not: bpcll 
ac('olllplishl'd by allY of the 7:3 Stl'HillS of If, ano1nala yl't stlldit"d, 

IJail8cnula fl/erl'ii hils becn isolated only one~ :from llature, to the 
anthor's knowledge, It wus :[olllld by Ci:reL't'i in almndlllice on the 
rind oJ the :fl'uit of OOllIlWl'm('na, 1l1l11rtata Blake> in Ran Domingo. 
The llol1fi1nll1l'n(ol1s t,nll' is 1'(lPI'(lSNltt'<l by strain NRRI", Y-1031; the 
Iilnll1t'ntolls tY]l(l by NURL Y-Ia~g, 

Hansenula californica (L()(l<lPI') 110\', ('ol1lb, 

S~'1I01l~'1I1 : 
Z]lf/ohaIlNi'lIu/a ('(/lijo/'/Ii(,fI LOI1(1!'1" ZPllfhl. r. Bal(!. l'III'lIHilC'l1k, nbt. n, 80: 

~'llI, l!l!I!.!, 
li'II'Ht IHOlllll'il by I!', :ill. ;'.[ull('l" ill Ih!' Stull' j'OI' whlt'h it. iH IHllIlNl. 

In lIloSt stl'aills, the mujority of v(lgetnti\'c cells tU'O haploid; thus 
the aSl'i whieh tIll':\, :J'Ol'lII show ('onj uga Iion, COllj ligation is pl'e

1 domin!Lnt1y IIP(t>l'ogami(', bllt the rutio of Ill'tel'ognlllic asci to isogamic 
tlHeiis <1l1it(' "l\l'iab1P, III some s{ I'ni!ls Ill(' lllajm'i!y of t11C ("ells al'~ 
PI'('Sll,lIlllb1y (1ip1oid bl'('llIIHP 1I10st of {he aHci show noovidenee, 0:1' ('011

• 

JlI~wllOlI, 
SporN; of all sll'ni!)s al't> 8a{lu'n shn.pl'tl with thin rings, Many a,r~ 

found Jrce oJ the asd, Till' heHt spol'I11ntioll IlIpdia arc V-8, malt 
('XII'Il('t-yrnHt ex! 1':\('(, lilait' l'xll'ut'l, II nd (,lll'I'Ot. BPOI.'CB stain JI1od
('I'atp]y with IIHllu('hit.e gl'N'n, 

('olclI1yon dllln\ILU pili (e is 811100('11, gl i::;t('n i ng, moderately 1ul'l1;C, flat, 
and with h~r)lhnc. Cl']ls from tho edg<' of tht' ('olon? al'e ellipsoidal, 
0('('\11' Hi ng1y orin pai I'S, and mcaS\1I'e 1'1'0]\1 ~,2p. X :U'/.L to G,O/.LX 8,(\"" 
H()III(\tinJ('~ It 'few oJ Hie ('('lis bud Oil n bl'ond busl', 

Thl'I'e is !l0 Yesligl' of hyphtlC' in (lithe!' dalllinu stTC'nk OJ' (ln1man 
HpO! ('Ulllll'('H, 

1'l'lIk1l'H lire Vl'I'V thin 01' 1n('kin~ on IlsHillli1a(ion l1le(lia, 
All stl'ni!ls aHsit'nilat(· !lill'flll', gltwose, SOl'bOHl', S\I('I'OS(" ('cl1obiosc, 

xy108l', l'hn.m1l0He, ('{',hyl a1l'oho1, glY(,Pl'o1, lllllnnitol sOlHtol, alpha
nte( It \']glllC'oHidt', sa1i('in, potnsHillll1 gll1('onnt(.\ UJH1 pVl'ltvic ladie, and 
slIt'('iiti(' aeids, Va)'iatioils OC'(,Ul' in lIlaltose, tl'(,hillosc, ca1cillm 2
kt'tog1uconutc·. ('it l'att'. !Lnel ethyl tH'('toH('pta('e, NOll<' of the other car
bon Hom'('('s l'1l,p,toy('(l n.1'e a{tneli:t'd by any of the stl'nins, 

Only gll1t'os(' IS 'j'el'lnellt('d, 

Added. vitamim; fll'(' I't'qllil'('d, 

l~HI CI'S 11.1'(' prodllct'd, 

Gt'lnt in mn.y 1)(' 1iqlldi('(] 1'0 a, clC'pf11 of () 111m, 

'1'11('1'(' is no gl'Owth in t11t' OSl11otie PI'C'HStll'(', 111eclinm, 1101' at 37° c. 

or Ih(\ If) sll'ains stlldiNI, NHRL Y-1GRO spol'u1ate::! strongly allel is 


typi('nl also in Otll(,J' ehlu'a('tel'isti<'s. :n W!lS iso1at'C'(1 'h'o!n soil :from 
sOIl/llPl'n AlIsll'alia, OtlH'l' sl !'ailIS 11:tVP 1>('('11 isolated from soils :fl'om 
lklginm, SWNIl'll, 'MillJ1Psotn, find ('alifo)'nin, 

IIansenula suaveolens (KliiC'kel') D('kkcr, Die sporogencll lIden, 
p, !}!)!), w:n, 

~,\'I1()II~'IIlS : 

/'if'hill SIl(/,I'CO/l'IIS J(W(,)Wl't Z('l1lbl.f, nukt. P'al'(lRit('lIk. Al.lt, II, 30: 371. 


l!Jl~, 

• From till' Lutin, Nua'I'cO/CIINt of n SWl'l't ()d(ll'. 
Diploid ('C'lls pl'cdominnlc in the Yl'getutivc sInge, yet strains which 

spol'ulatl' hellYi I)' prod lice It small HUlIlber of hctt'rogamic alid iso
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(J'amic asci anlong- the predominant type which shows ])0 evidence of 
~onjll(rntioll, Asci eonbtin one to fOlll' Saturn-shaped 01.' spheroidal
spol'e~ IWI' asctls: ,The l'j!lgS ar~ so, thin ,t~lat t}Jey ~l'C b:Lrely v,isiblc, 
even wIth the 01 1-1 11 Jl11l'I.'SI on obJcctlve. lhe 1'1l1g-s Impal.'L :1 sllghUy 
an (rlllal' appeal'fi1l('e to the spores. Spores free :1'1'0111 the ascllS are 
ob;'l'vecl i'I'pquelltJy. Spores stain moderaiely with llla1:white g-l'cC'n. 
Best, sporulaiion is 011 malt pxtrHct and malt exlract-yeast extract 
slants. 

Colony OJI cla1mnu platC' is mal', powdery, V('ITtlCOSe, withont hyphae. 
CC'lls nl:('(lg-C' of c01oll,V arc sphC'l'odiul, (·11ipsoidnl, n1l(1 eylinrll'oidfLI, 
1.7jt X 2,Gp. to 3.5f.1.X 10/).. SII'nim.; whieh procluC'c crutel'ifol'ln col
oniC's 011 lllaH ('xl'l'a('('-,)'caHt, exlTHe{' agal' pL'odtlce cells lip to 20/). long 
at t1l(> edg(' 0'1' dnlmatl colonies. 

III the: dnlmau stn·nk Ow pseu(loilyph:l<' nwy bC' I'allwl' scant 01.' 

ablln<1alJt. Tlwy l11<'aHIII'C up to 'I lIilll. amI of!c'n al'p hig-hly bnlllchecl, 
'1'ht's(' brunches gives rifle to well-([efiJl('d sphp)'oi<lal or eylindl'oidnl 
bJas[ospo!'('s, or to cells tlInt' are, cylindl'oidal like the' hyphal cells 
ex(,ppt that Owy fll'e shorte!'; 01' blaSi:OSPOl'(,H mfly bp entirely lacking. 
Septa al'Cl obse!'ved infrequen('ly. '1'ip :tll(] aclja('p)lt ('ells arC'. approxi
mnt'('ly of cqu:tl1ength fI 11<1 va r,V from (i/I, (o n /).. 

Thin, 01' pl'olrIiIl('n(' mat:, white, 'fol(](·d [JC'llicles arc Jorrned on 
assill)ilation media, 

COlllPOlllHls assi III ila ('('<1 al'C' ni tl'a I P, gl11 C'ose, sl1('.J'ose, cellobiosc, 
l'aJlil1ose, inulin, xylos(', cihyl al('oho1, glycerol, mannitol, sorbitol, sn1
iein~ potassiulll gluC'onntc, and p,Y"lIYie, 1aetic, nnd succinic acids. 
St1C'('inie u('id is 111 i1i:t,ed weakly, None of the other compounds cm
ployed in the ('esls are assilllilaterl. 

Sugars fe1'I1)('11[('(1 are g-ll1('oHe: SUC'I'ose, find one-third part of 
I'a fIi 11 ose. 

Gl'owth is obtained in synth('l'ic J1wdill wi{hollt the :t(lc1itiol1 of 
vit'anlins. 


Esters are pJ'o(lu('('d, 

Gelatin is no(' lirJlI('fi('(1. 

There is no growl'h in ('he oSIllO(iC' pl'eSSlll'C' mediulll, 01' at 37° C. 
H. 81!(W('o7(,llR was isol:t1eil frol11 Danish 80il by Kliieker (4-'2) antI 

from l\Iillnesotn SOilH by Rohel'!' Boulhilet. The l\finnesota isolates 
WPJ'e Sll PP1i('(1 by E. M: All':tk. Of the foul' stI'lli nsin the colJeetioll, 
stmi,n NRRL Y-1725 sponI1ai"('s nbulHlnntly and i8 typical of the 
sp(l('les. 

"Vise and AppJillg- (1/3) 118(l(111a718('1I'1I7a. 8UCll!('o7eIlB NRRL Y-R38 
for the qnuni:ital'iy(\ deiPl'minalion 0'1' D-xyloflc in "yc1l'olyzates because 
of Hs ability to assirnilftte this penlose rapidly withoul' aflsimilating 
I .. -arabinose. ! ....'a('('hal'07ll;IJ('('8 ral'1sb(!rgen,~i8 Hansen, NRRL Y-37lJ, 
was used in ('olljul1c:Lion 'with II, 8u((1'f!()7en,~ to rC'1110Ye hcxoses, 
Auernlwimel', ,Viekel'1lalTl, and S('lmi('PP (:1) have used the two y<'asts 
just' I1WUtiOIl('d, 1)1118 (!andir1a gui1liel'mon(Ui (A. Cast.) Langeron and 
Guerra, stmin NRRL Y--488, to de{(,J'mine quantitatively the fLI110unts 
of D-xylose and Jdll'abinose in hyc1l'olyzatcs of agricultnrall'esic1ues, 
Hansenula mraldi 110V. sp . 

.Plel'llmqllC £01'11111 nt111' asci ex h'lIl1l'{fOI'lI111 tione ('elInlal'llIn Yl'getaf'ivII I'llm 
diploic1(lIll'nllJ, at: panci Ilsci ex con.lngntiolle cl'llnlal'l1l11 haVloid(llll'llIn, Ad 4 
SIl tlll'lI ifo 1'111 ae IIS(,()Sp01'll1' in q1loque asco. AlInli IIRCOSIJOl'Hl'nUl CI'HSSi. Cellnillc 
vl.'g'etnti rue spharl'oi(h'IH', ellipRoidplle \'el ('~'li ndl'oidene, l,7!LX 2,G/L ad 5,2!L X 7,2p., 
Ex pscu<lohYVhis oriUlIlm' male dilfercntlatnc l.JIlIstOSPOl'llC, Coloni:lC IJOll 
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nitil1llr, pnl\'l'I'ul('ntn(', I'l1l1inlll('I' l'n~()i;IIl>, ~illl' hyphis, Rlllwr 111N1In Iiqnida 
fOl'lIInntul' pli('a(':l(', non HiUda!', nlbae rll'lliculn(', ltlHlllllIOHUIIl et nitTIlH IIHHimi-
1IIIII:ur Ilt noli glnctosl1l11, 11111 11:0811111, Sllcro~mm, t1'C'haioSIIIIl, rnllillllSIllU, crJ'thrito
LUIII, Ill'e [l1]1l1a-III(11 1l,\'I~lllt'()~i<llllll, (:llI(,O~1I111 l'PI'IIH'lIt:11 III' III. 11011 ~HloetoSUIll, 
1II11ltoSUIII, SIIC('I1f1I'IlII1,la('tosullI, nrc rnlllnmHlm, Vitamillll ('xt:PI'lItt nOll sunt 
IIr('('SSIlI'ia, Isolota (IX solo ill I'icillit::l(:p Dollndul.'lIP, ill NOI'Il Guinea, 

'1'lIls !:;]Jp('iPH IH 11111111'0 fOI' J!), 1\1, l\I1'nk, in I'l'<'ogllilioll of hiH WOI'I, Oil til(' ('la:-;;.;l1i
calion of ~'('n:4t;; :llId his gl'Il('\'Osily ill HUVLllying 111(' Il'l'il('1.' with cnltlll'(,s find 
!TnIlHlatillIlH, 

Vpgetn.fin' (,(,1];; Hl'(~ Jll'('(10111ill:l1lt1y diploid, as inc1i('atp<'1 by tile ab
S(,I1('(' of ('Olljl1g:tt ion in a11110:-;f' all or fhe :t~(,i. 110\\,('\,('.1', n -few a.sci 
al'!, fOI'IlH,'(llJy isoganIie HIlcl1wfproganJie conjugal ion of haploid ('C'lh; 
on lIIal t l'X{Ta<'l -Yl'Hsl ('xl !'ad ngn I' ill ~ to :\ w(,l'k:-;, Bllol'es nll'y f!'Om 
one to foul', nn(1 f he. asei I'll pI 1I.l'(~ as soon as the spores arc matnrc. 
Tlw :-;IHlI'l'S are Snful'n-sh:lj)Pcl wilh n I'atlwl' thiek ring ",hidl may be 
situatl'd l'qllntol'ially, su lJl'q un {ol'ially, 01' ('\"('11 {angentially, The cap
suh,. of ",lIich til(' I'illg is :l pal't. ('O\'(,I'S tltl' entin' SPOl'(' alld I'educes 
staining with lllai1ll'hi!l' gl'l'l'll. Bl'S( spol'lIlalion is on V-H. malt ex
t1':ll'(-}'('ast ('xt I'ad agal' slants. alld on ('HI'I'O( "'pdgps, Y-H slants Illay 
sho", apPI'(lxinUlIC'ly OS Pl'I'(,l'lI( of tilt' c('llH {,Oll\'C'I'(P<1 to nsci aft('\' 5 
{o Ii clays of llll'ubal iOI1. 

CO](JIlY Oil dalIlla u pla fl' is llIa{, sl igh( Iy POWell'l'Y, Y('l'l'uC'osr, 1'ac1illlly 
l'ug(JI';P, coni('a I, nnd \\'i{IIOII(' hyphne., ('('11:-; at. the edge of the dn1mall 
colollY :u.'espllPl'Oitial, l'llipsoi('ial. ('y1intil'oidnl, anangC'd sillg1y flnd in 
pairs bill' SOIllP 1nl'gl' ('lumps arC' 11l:lch, up of ('haillS of cells 'which arc 
{ill' wntpl'-1'('sistillg ('('lis fl'ol1l11l(' pO\\'ch'I'Y sllI'fa('(' of tlIp ('olon)" Cells 
an' L7,J.X 2,G/t {o r;,'2/.1.x7!.!.,L, 

Thr (la1nI:lll sf 1'(,lIk sllO\\'s many pSC'IH1ohypJ\!I(, up to TOO/J. in ll'ng{h. 
Till')' a I'!, high Iy hl':I Ill'IlC'(i, buI Ilw bra1)('1)(,s tin' shod. TI]('y llIay bl'lll' 
blaslospo!'l'8 witi('h an' ('1lipsoidu1 {o cyJill<1l'Oilial. and poorly ditfpl'cl1
tiafl'<1 1'1'0111 th(' hyphal eells, The tip cells of the pseudohyphae and 
(h'il' alij:tl'l'nl' ('l'lls :11'(' a p]ll'oxi IlW [ply of PfPIn1Ip]]!!t II, :Llldl'l'a('h 8,5/.1. to 
J(L0/J. ill Jt'ngth. '1'11('1'(' arp 110 hyphae ill thc (la1m(lll spot, 

Foldc>c1. \\'hill' lllat Iwllic1ps :11'(' fOl'lllpd on aSHimilul'ioll 11'll'c1ia, 
IIrllls/l/lt!a IIII'u!.'ii assi III i I a I'ps n ifTn {p, glu('oRr, C'Pl1oiJiosp, xylose, 

l'hamllosC', l'thy1 :t1eohol, glycl'ro1, mannitol, sOl'hHo1, saliC'in. potas
Silllll p:llI('onal'p. nlH1 p,I'I'll\'il'. lal'lic, alld suceinic a('ids, Thc ol'11e1' 
compollncls fIr(' 110(' assinli1a(C'd, 

On1v l.dll<'CJs('is fl'l'nwll{e<1, 
AllciP(l v.ital1lins ar(' nOll'l'qllil'P(l. 
Esf PI'S n1'(' prod 1I ('('ll. 

01'1:1 lin is I iq 1Il,(ip<1 fo n. (It'pth of some 7 m m. 
Thcn' is no gl'owth in thc osmol ic PL'CSiOU!'C' llwdiul11, 1101' nt 37° C. 
fl, JIImldi. sll'uin X1UU~ Y-l:HiI. WtlS isolah'd by till' allthol' '/'roOlll 

soil spnt from (hC' DolJo(lnra nl'l'tt, Nt'w GllinC'R, ' 

Hansenula saturnus CKliidn'l') ~ycl()\\T. Ann, ~rYl'oL 17: -I-k 1010. 
RYIIOIIYIIIS: 
,<{1/('('/,II/,OIll/!r('S S/I/utl/IIN Kliiekl'I'. 7.('lItlll. f. Bald, !'ar:t,:i(Pllk, All!. 11. oS: 121), 

J!)02, 
1I'illill slI/II/'/I1/8 (Kl1 iek('r) HII m:('Il, \1,('111 hI. r. nllk!'. l'arllsitc'lIk All!'. 1L 

1:.1: ii:l", :IOU f. 
\Filli(/iJ,~iN ,~/l/I/I'II//s (Kliic'k('I') \l,l'II(lt'I', RIIIL soC', bnl'nn, Gt'JI('''p ]7: 272, 

ln~;;. 

:\':1111('(1 for niP pl:lIlC't Sut.IlI'n hr(,IIIlRr of: (lip RIIll[lP of thp IU;('ospOl'rs, 

Til f;Olll(l sll'aills C'OItjuglllion lIlay b('. 1il1litC'<1 (0 the ppl'iocl dl1l'ing 
whieh the as('ospOl'('S :IrC' gC'I'lllinat:ing, but most strains which SPOl'll
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late abundantly Rhow i n:frC'qnent inst:ul(,cS of i:-,oga III it conj ug'at ion 
aiter 1. to a weeks of incnbation on nllll( (lx(t'net-,}'l'tU;( (lxtmcL ngar. 
Some conjll"atiOlls do not; l(1ad to RpOI'e for'llrat ion, ot11(11's do, OUleI' 
sporulation ~lledia, su('h as V-H, is Illuch I(lS8 ('olltluci\,(1 to sporulation 
IJY haploid cells though the diploid ('(d1s may SPOI_'ltla.tc abund:tntly 
on it. Asei seldonl rllptllrl' dnl'inA' O/.' a/,(pl' Illattrl'lltion of the 
spores, The spOt'es are Sallll'n-shapC'd with thid" ll:-illally eqllatorial 
!'ings, and l'C'sist stailling ",ith 1I1:t1nchitC' grpl'Il, Iksl spol'lrlntion is 
on malt (cxtl'acl:-Yl'nst (Ixtl'aef, V-R agar siants, awl ('al'rot plugs, 

Colonies on ditlll1fltl plate·s val',\' f;'OII1 slightly glis[Plling ancl11CIl1'1y 
smooth t-o mat, white, 1'lIg0Sl' rtnd VPI'I'llC'OSP; 1l0/1(' dp\'plop hypbae. 

Cplis Il'om t11(1 pdgp of fIl(' (Iallllnll ('olon), Ya I',Y ('ollsidprnbly in size 
and shapc horn strain to strain, 'I'h(' stl':lill hayinp: the sl11all('s{ (,plls, 
1':lIlgi ng fl'OIn 2,0/1, y.:U /1, to 0,2/1, X 8.8/1" P08Sl'S!-;('s ~phe1'()ida I, (Ill i[l!-;oidal, 
alHi oyoiclnl cpll!-; o('('1I1'l'illg !lillgl,\' Of' in mfhpf' 1al'!!p {'onlpad dustcrs 
I \Yalpl'-l'psi!-;hlllt ('('lis fl'Ol11 snf'l'a('(I of ('(lloIlY) ('onfaining lip to an Ot' 

·lO ('ens. ThC' straill having till' 1nrg'pst ('('lis, 1':I11ging :fI'OI11 H.(lp,X~.'~JL 
to a.OJL X15, has pllipsoidal find (,ylintll'Oidal ::-:hflp<'s o(,{,IlITing for thet 

1l10st part singly but also ill pn il'!l and infl'Pqut'lltly in short ('hains, 
In dallllau sf/,(Iak (,lIltlll'('S sonl(' sll,/tins I'OI'/IJ IlO hypha(' w1mlevel', 

some form "el',\' jl/'illlif h'p pS(llf(lohyphup consist illg' of llighly bl':llleh
illg ('hains of short ([l/t) p11 ipsoi<1n 1 ('('lIs, and SOIlW f01'l11 1'athpl' high l,v 
I>I:n Ilehpd pSPlldoilypll ill'. (,OI11]los('cl of (',Vl i n(ll'Oidal ('Pl1s which l'p:teh 
a. tot-allpllgth of [j()()JL. In nil' 1att-pl'. tip :111<1 ac1ja('Pllt ('('lls 1'pl1('h ap
]ll'Oximafe1y (·qlla1 It'ngfhs hrt \\'<'(~Il 12/L and 17JL. No b1astospOt'Ps are 
produced Oil the hyphae, Vel')' :f'l'W str'ains form hyphae in c1almau 
spol; IH'ppal'tttiOllS. 

Smooth or fo!(1C'cl pC'11ie1rs al'p :fo1'l11Pcl Oil nssimi1nfion me(lin. 
All strains assimilate nih'atp, glllco!,p, SlI(,f'()Sl'. cellobiose, l'HfTinose, 

in 111 in, xy1osp. I'lWI1l nosp, pt hyl itleollo1, glY('(,I'ol, salici n, pohtssi 11111 
glllconatp, alHl 11:I'I'l1vi('. In('('i(', and sllC'('inie a('ids. O'nly ral'ply are 
sfTains (,ll('Olll1t(,I'('.(I whie1l fail to assimilate mannitol, SOdlitol. or 
eit!'ic acid. N-ollP of t-he o(-hcl' (,OI1lI)()llIHls llsed in the tests are nssim
ila t('(1. 

All st:mins IPrmen/" glucose, SlI(,I'ose, and one-I·hi 1'(1 part of rnflinose. 
Added vitamins are not rt'quil'ed.

Esters nrc p I'O(11/('('(1. 

Cip1atin is not 1iqllt'fic(1. 

'l'lwJ'c is no gl'owth ill nil' osmotic jH'eSSllJ'P n1('(liul11, Or at :rjO 0. 
llmlRc1l'ula 8at W'1/US 111ls Ilppn isolated :fI'OIll sol I :fl'Orn the Hima1nya 

mountains, Denmark, It:ttly, Egypt, Minnesota, Dpla.w:tl'e, and Louls
ianu. Ninetepll sh'ains have been s(11(li('(1. Atrain NRHL Y-l:10-~ is 
It typienl specimen, anel shows conjugation of haploid cells on sporultt
tiOll media, 

DISCUSSION 

It is the opinion of thp anthOl' than HallSemt7rl Sydow and Pi('llia 
IIal1sen should be Inainltlined as sppnmte gel1l'rH. The- speC'ics of 
liansellulc£ are physiologieally more a('/i.ve than the species of Piollia, 
not on1yin nitrate uti I ization, but also in the nllmber of carbon SOllrces 
which they are able to assimilate, The clifFprPllce in action on nih'ate 
appears to be a func1amenhtl chal'actpl'isti(' which (l()~'s not vat'y from 
strain to strain ill species of either llan8(,llula 01' Pidda. 
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Pl.'rtinl.'nt to t11(> follo",i Ill! d is('(Is!'ion. pin te-sl a lld ;) ~h()w aseOSpOI'l.'H 
of \'/lI'ioUR slw P('S, '('hI'," va I'Y ['1'0111 Ita.t-sha pl' to Sa.t tll'n-sl1lqlP, wit 11 
i11 te' I'Ill ('(1 i a tp I1'1I1l"i I i () 11 a I fOl'llls, O('('asi () Ila lI,r, !'P I J('l'oi d a I sporN, 
without l'illl!s and 1ll'lllispll('J'OidaJ HptJl'PS withollt brims am s('('n, 

'1'11(' slI\Jgl'IH'I'n fhIlISf'/Ilt/rt (S,\'dow) Lodd('I' lind Z.'I!l0/W/l'~(,J11I7a 
Lodd(>L' ([;fl) ha\'(1 Ill'l'n ('()Jllbilll'<l l)('('alls<, til(' 11lIfhor bplil.'\'l·s itis 
impl'lIdieallo s<'parnll' flwil' ('olllpm)('nt sp('.cjps inlo 1\1'0 gl'OllpS. ()Ill' 

h:rdnl! as('il!('l'oIlS \'pgl'tali\'(, ('ells ",hidt arp px('lllsi\'ply diploid 
(IIttltg{,lllt/a) alld till' oth('1' Itln·ing as('igpJ'(JlI" ('plls ,,(Jill(' of which HI'p 
haploid and ,,(Jill(' diploid (Z!I!l0/IflIl,w'mt!a) , Ui"i:-ioll into two S\lIJ

gl'IIl'I'H is illJpl'adi(':d as in<licatpd h.\' flit' followingillustJ'ations, 
Thosp sl 1'[[ j ns () I' II, sa/III'}t u.~ wll iell SPOl'ul:tt(', llPa \'i 1.1' f01'11l as{'i 
11I'om!>lly wilhoul' conjllgHtion b,Y n, <lil'p(,t tl'nllsi'o1'J)tation of! the 
diploid ('('lis, About 2 w{'('ks Inf(w Ill(' fl'w haploid ('('lis in I Iw ('lIlt11l'('. 
:;(al'( to ('onjllgate a.niL gi,'p J'is(' to <1unllJ-!l\'1I sllilJwcI a:;('i ('olliainillg 
typi('u I SPOl'PS, SlIeh cOII,i"gntiol1 of ('\-II~ al t11(' (,lid of th(, ,'pgptativp 
IWl'iod hns 1I1'\'PI' hPl'oJ'l1 bp('n J'(1]1ol'l l'd rw' this WP II-kIlOWII spp('it's, 
('OlljIIgnI ion. on [11<' ('on! I'al',\', has not bpPIl obs(,J'\'l~<1 by tilt' author in 
th()~p :-;II'Hins whicll spol'ulalr pooI'l,\' , 

Thlls, "I l'itins whic'h spol'lIlat(· lll'il\'ily wOllld qualify for Z,l/rlo
lWlI,w Ilitlil and I hl' otlll'I's would qllnlify 1'01' 1l/(}IMnll/a \\,('J'(' tht'se 
sllh!!'PIH'.I'a to Ill' 11lnilltaill(,(1. 17, JJ/l'Ilkii all<111, SIl({l'('o/ells also ('xis! 
pnl(lolllinHntly in tll(1 diploid stalC', ,\'l't, a small IlUlll1!PI' of haploid 
(,('lIs HI'P pI'psL'nl I1l1d ('Oltjugnt(' aftpl' thr (liploid c'plls haw IlJ'odu(,pcl 
spm'PH, ff. ('I1/ilol'lIim is ('Olllposp(1 of sf'l'ains SOIll{' of whieh :tI'P pre
dOl1linantly diploid alld SOil\(, pl'l'cloJl1il1:tlltly haploid: h('I1(,(" en'11 in 
n ~iJ1l!l(' Sl)(·('ips. J'alhpl' maJ'kl'(] difl'pl'Pl\{'ps in ('Yollltional'y dp\,plop
Il1Pllt al'p (,\'idenL Loddpl' un) ob~(,J'\'l'<1 :~ !'ioll1pwhat similar sitlJation 
with Sru'('hlll'o/ll//('('s J/WI':J.:i!1I11I8 llnlls('n alld Z/I(/()8a('('lt{()'()}/I//(,("~ 
i/lfll'a';'uIIIN (Hans\'") (luillipl'nlOll(l. SOIIH' H(l'ains posspss ollly diploid 
YPgp(n[ IV<' (,l' lis ",hpJ'<'HS otiH'I'S possess ('x{' Iush'ply ha ploid oj' a mixtlll'l.' 
of' haploid aile! diploid {'(,lk AS:l rpsIIIl, Lo(]clpl' l'l'('OII1Il1('I1(lpcl thc 
inl'ltli<ia(ioll of til(' sUbgPIIIlS Z/I,f/oS{U'f'!ulI'OJl/,1/1'('.'{. 

S[('lling-Dpldml' (tJij) l'x('lll<lp(\ froll1 T1((J/N(,I11i1a spp('iC's which 
fOl'l1lpd tl'lIp seplal<' lny('('lia, How(w('J', Locld('l' (st)) nc1d('d to this 
gPJ1US fI{lIl,~t'l/Itil/ ('i/('I'/'ii whi('1l JI1utatps illto stlbstmins with nIl de
gJ'Pps of Yal'iatioll 1H'I\\,p('n on(' ('xtn'Ill(', wldeh <Io('s 1101' pI'o(I1I('p (,\'PI1 
ps('udohypllae 10 111(' of 1\('1' (,X(I'Nll(' whi('h 1)J'mlllc'ps highly dpI'Ploppc1 
tl'UP hyph:ll', Ih·dfoJ'd ('i') dt'Sl'l'ilwd If, Sllbpl'11if'1I1oR(l. a sp('('i('sin 
whil'h most strains ]ll'o(1u('(' shoJ't but IIntlouhtp(ll.v tnlC l1yphac, Thc 
sppta :Il'(' broad. l'pfrn('l iTt', and ypry easi l.v oIJs('l'\'(·(l. 

1~'/i(I()III,1!{'(s l)isjl(}J'(( was dpS('l'ibl'd b,\' Bl'ck (U) in lU~~ and p1aecc1 
in H('(lss' gpnus 8nr/OJII.ll(·C8 \JPt'a liSt' ii' pl'od lI(,(,S tTlIP hyphae ilJ1cl 
ns('ospol'PS, . Stplling-l)(,kln'r Uk;), using- tIll' allxHnographit' t'('('l1
niep\(" found this SIW('iPH inl'apahh' of utilizing nit nl{p. ll11d probably 
1'01' 1 his J'('asoll tl':tnsf!'l'l'ptl El1Ilo)J/Yf'e8 bis/lOt'II to 1\PI' new gp,nlls 
ElldIJJII!/('OJINiN !'Hllwl' (han to lJl(J/'~(,1I1l1a, A ('ultul'p of this spl'('ies, 
oiJlail1('d fl'OllJ till' Cl'lltJ'aall>uJ'l'nu \'001' ~khinll11l'\('u1tIJl'l'S. dol'S assilll
ila{p Ilill'nll' Hlld I)():<S<',,::;('S ot\WI' ('ltal'aeiPl'islics l'platil1g it to the gl'lIUS 
JJIIJI'~('II/tl((, ',,\. han' illl'llHIl'd Beck's 8[w{'il's, tlwl'pfoJ'P, in the, genus 
110 JI,~(,}lI/llI, 
" Kliil'k('L' C,P) was 1lJ1:tblC' (0 ohtain go()(l spoJ'ulation 'in his orig
mill ;;llIdy oi: If, 81/((1!(,(1Icll,~. bill' II(' 1)('Ii('Vt'd [lIt' spores WP.I'C flattened 
on ol1e sidt', Al'c()J'(lil1gl.r~ lit' plat'l'd thp spl'l'il's ill PleMa Hansen. 
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Lat('l' WOl'kPl'S (7. l)!i) ItHYr 1'('('oglli7.P(lits rightful ph«'('II1('lIt in tIl(' 
gellllS Han,W'lIlflf{ bN'HlISlC' of its pltysiol(!gliC':d PI'I()Pt't,ti('~, l)\'rII~lth(llIlg!1 
t:IH'V W(,I'(' linn l)1(' to 0 )Inin SPOI.'('S. r \(' nllt w,', lISllIg ~ iil' n'I' S 

stl'liin, Iins obsr!"'Nl hlllltll'(I(lS of SpOJ'PS, nil of whidl W('I'l' splll'l'Oidnl. 
Exll'PIlIPly 'fp\\, of tlll'sP apPc':lI'pt! t'o han' l'illgS. 1111(1 t!1PY WPI'(' so 
thin as to bp !ll'HI' th(· lilllit or visihility, 'I'll!' gl'pal flIujol'ity ap
I)('a I'rd to Ita \,p no I'ing, Thl'l'p fOI'C'. thp gPII liS dp,,(,1'i ptiolt Ita~ !)('('11 
t'xpall<1pt! to in('III(1l' spp('i(ls 11Il\'illg spltt'I'oic1al SIHlI'P:-; wit !JOII( I'ings. 
SOil\(, stl'Hins of ll, 8//11/'( OhliN. isolatl'd fl'OJII .\JiIlIlPsotll :-oils hy 
Ho!JPI,t BOlilliill't, show SPOI'PS wIdell IIllqUl':-;( iOlla!)I" possp,,:-; \'1'1')'
til i II !'i ngs, ' 

Thp hat-sh:lf)(I(] as('(1spol't'S of SOJlH' of th(' (>ntil'ply 01' ]HII'lially 
haploid sp('('ips hm'p bl'illlS ",Iiii'll HI'P so 1'('(1111'I'd thai (Ill' :-pOI'l'~ 
Sill1ltla (p thr hplllispll('I'oi cia I};POI'C'S fOlllld ill ('(,l'iai 1\ SPl'eips 0 f Pir/dfl, 
This i~ p:lI'ti(,lIlal']Y tl'll(' of f!IIIIXI'IIIi/'l (fIlf/wdll, 

BOlllP 1ll'\Y :-(l('('i('~ Hdcll'd h,\' tllp llllt'llol' pt'(HhJ('p 110 p<'llic]p,: Oil 

liqllid 1I1('l]ia, alld !lIt' d(,~(,l'i(lti()1I oj' till' g,l'IlIl" 1m,: bpl'll :UIIl'IHIl'([ in 
tllii' l'C'i'I)('Ct. 

Two of !I\(' II(,\\' a<Jdit iOlls (0 tl\(' .!.!PIIU-i do l\otfPI'IIlPII[ HilI' of t 11(> 
slIgal's, lIlld SOIlI!' Ot.l1l'I'S do lin! (ll'(;dll('(' ('':((,1'1', TIH' d('~t'l'ii)t iOIl of 
tll(' g('I1IlS hft}; b('PIl clHlIlgpd :H'('OI'dillgly, 

('oll;;ich'l'utioll of tl\(l PI'('('pelillg pal'n,!!.'!'np1Is will indil,:tlp Ihat 1'(' 

(h'tilliug Ih!' ,.!.!('IIUI' has ill\'ohl'!l IllajOl' ('hallg(',; ill all ('X('ppl til!' hyC) 

Jj\(b( IJII~i(' ('hlll'ndpl'istil':--lltl' ability to l'ol'lll :t;-;t'();;I){Il't':-; alld 10 as
similate Ilill'utp, 

Fnlil l!ll~. Witi'll Bp(]fll['d (n ,,{ IIdi!'(1 (Ill' r!;<'IlII': fI,/II," Jllll'f, 110 

Il\('llIbp[' of HlP subgl'lllls f/,t/lw mi/II L()(j ell' I' lind h(,C'1I I'P(l[lI'[pd n" 
shf,ndng ('Oldll(!lll iOIl illllli('dia[ply (ll'p(·('diu.!.! :-p0l'ltlat jOll, TIIP ('0]

0111(';; "'('1'(1 IYPlcally Illat but 1ll'\'PI' 11l1l<'oid. lllld Illl' (:('lIs \\'('1'(' lal'gl', 
.AlI "p('('if'i' fOI'IIl(,(] IH'lli(']l's. (lI'Ocill('ptl (>,:1 PI'S. and 1('1'111('111('(1 tltl'P(l 
Ol' 1l101'!' "ltgal'S i'(l'Ollgly, XOlll' l'('(ptil'l'd thp addit ion of \'itaillills 
to olltain g-1'O\\'lh in srl1tlH'li(' nH'dilllll, TI\('.~l' \'Pasts al'p l':I!1l('l' 
wi{i(l:'lH'P[l«( ill Ila(l!['(', (H'('IIITing ill ~()il. as ('olltnillill:lllts in illdllf;
trial I>I'O('('S;';PS. and 011 fl'lIit. Bp(]f(lI'<l addpd 1l11OIhpL' diploid s])(I{'iC's 
to tit(' gPlIlls. II, Nllbl" llil,lt/usa, wilidl jll'odu('C'd gli;:t('nillg, but:nolls 
colollips and fOl'IIIPd (m!.\' a '·('I'Y (hill, SIIIf)oth [>plli('h" :u[(l 1'(1C[ltil'(.tJ 
an ('xt'Pl'.I1nl SOI(l'(,(, of vit:tlllillS, 

In fl\C' ('las;:ifi('al iOIl PI'PH'lli('<l It('I'P. 111(' allthol' hfts addpd to tIl(' 
genus a group of spPC'il's SOIllC' of ",I!i('h al'p (,lIlil'ely haploid, nnd 
0(11(,1';'; pl'(lc1ontin:llltly haploid, Conjugation ill this grollp is lllainl)' 
h('trl'o!.!aJllie. O/'t{'ll ()('('lll'l'illr!; Ill'tw('(lll :t ('(,II nlld its bud, Thp ('olollies 
al'P glisfl'ning, i'oIllPtinl('s 1lI11('oid. 01' SlIbllllJ('oid. but lIot mat 01' rugose, 
'I'hr (,pI I;; an' sl1Iall('1' Iha II t ho;;(' of the diploid S])('('i('8, The s[)('('ies 
of til(' haploid gl'OIlP gl'II(,I'ally pl'odll('r 110 ]lelliC'lps or V(,I,}, thill 
pr1liC'll's 011 liquid IllPdia, Estpl's an' pl'od\lt'ptl ollly in t1':1('('S jf at 
all. Two Sllg:tl'i', at 11IOSt, al'(l 'i'Pl'nll'lllpd. and nlP l'pJ'IIlC'lltntiolls nrc 
slow. All l'l'qllil'(' till' addition of yitalllills to II synthetic mediulll 
for gl'owth, 

.' 


• 


': 

'I'he ('ompletC'ly haploid R(l('('i('s of nflll,W'lIltla arC' llsnally fonnd 
in lli'soeiatiol1 with (I.'P(,S, 'I'll(' Ilatlll'p of' this nsso('in(ion is bC'lil'\'Nl 
to protect thc~c physiologieally wpukc'l' y(la~ts by l'lilllillatillg III0L'(' • 

http:1'(1C[ltil'(.tJ
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• 
dgOl'Ol1~ Hnd. 11l('I,pfol'(" 111(}1'(' ('Olllpl'1 i[it in' Illi('I'o'lll'ganis1l1s fl'Olll 
tlH' (·Il\'irOnllll'lI(. lIllI/Nt 111//11 mjlw/Iltt/ is f'olllJd ill IlIp tUIIII('ls of 
lal'\'HP 11ll<1t'I'IIl'alh (Ill' h:u'k or ('PI'taill ('ol1ifl'/'S, TIl(' Illlt1l01' is or till' 
opinion tliat tliis wast lws bp('()Jl]p adaptp(t to gl'o\\'th ill tlIP ]lI'PSt'II('P 

of pitt'h \\'11i('h is'loxi!' [0 c·ollll'ptilo/'s. 01' (!Jat (11(' Hsso('iation of Iltis 
"P('\'i('s wit II Ill(> pillt' bal'1{ bppth·s nt' (hpil' Inl"':w IIUlY in SOHll' \ya.y 
bp 1'('spol1silJll' TOI' it!"' slll'\'i\':l1. lJl1//,\( 11II/" ,... il,-i"olff is fOl1nd ill till' 
~1I1111ll." (>xllllntp of th(· wild ('lwl'l'Y tl'(,(', This l'xlId:ltp hi ]lI'(HIII('t·(l 

1ll()!-1 abundanlly III l'PSPOIISl' In illjlllT to II\(' (I'(,l', l/t/lt,w 1111/(( ('(1/1-

Mt/lt/II Hnd. 10 a l('ss l'xtl'1l1. ff, I/I/Jl/rtlf Hnd fl, 8i/";({)/f/ pl'Odlll'p (':IP
,.l1ll's ",bieh lllay /'pIII'('sl'lIl (lIlp of 11](' I'IIO!-(,s of Ihp PJ'(H'(,!-S of 
adaplatioll to a [oxic alit!. tIH'I'('l'ol'P, ]>1'011'('li\'p PII\'iI'OlIIll"ld, 

]1 lila\" II{' Ihal tllP~(I nlll'l'~tl'alll!lpl(Jid typp,.; O\\'P tllPiL' ['xi--t!'l!!'p to 
thpil' nliilit,\ ill adaplillg (It(llll'''l'h'('~ 10 !"lll'l'Olllldillg~ ",llidl inhibit 
Ih!' gl'owth of tlll'C:I'('nt Illajo/'il,r or mic,/,o-o/'gHlli,.III:-, o/' thp diploid 
"PP(·jps thlls fUl' isolal("l /'1'0111 ('olli/'l'I'OII!- 11'P('!-, lIollp IH)-"'l'!-~ ('apslIh's, 
:tlld illlHl\'!W aSSllIlIP(1 111('\' :lI'l'!,,(J wpll ncin[lll'd to Ilu'il' 1'1l\'il'Ollllll'llt 
that Ihis 1')J'OII.'(,ti\'p dp\'i,'p i~ 110 loltg!'I' 1I('!'(tt·d, 

TIll' 11I'p('pdillg )Hu'ag'mpII illdit-atps Illl' Hnthot"s opinion Ihat 111(' 
IWl'loid sl'('('il's 1'('!)]'p:-(,1I1 1Ill' pal'lit'l' f'()I'1I1' Ill' thp gPII\I!" alld (lIP• 

• 

diploid !"jlPcil's I'Pjll'PSPl1t !"!H'('il'", 1l101'P 1'('('1'111 h· <'\'olr('(1. Ho\\'p\'P!', 

Ill' maintaiu" HIl O/ll'1I Illilld pon('PI'IIi!!!.!; IIii,.. IIl1lt(pl'. whi('h Ill' hl'lip\,l's 
will hp('olll(' J'lIJ'lhl't' "I:trilipt! n" :"lditi"lI:d C:PIH'I'a HI'P ('a/'dlll'" ill
n'~t igall'd, TIll' l'pa(]!'l' IlIHy c'olH'lllIll' t!tnt tlIp hHpl()id~ ,.[Plilllll'd 
frolll tlH' diploids by t!t'gPll1'I'alin' pyolill i(JlI:ll'Y ]lJ'O('('"SP!-, 01' ht' 11IHY 

a!,!'/'!'l' with Il1p Hlllliol"s opiJlioll Ihal lill' \'(':\!-I" han' :-Itmrll tI I'l'
11I:tl'knh]p (',-o]lllioIIHI',\' H('('!lIll]di:-itll1{'llt ill ]'lI'(),!,!'/'('s~,dllg 1'1'0111 !'lItil'ply 
h:q,j{Jid "I'('('i('s 10 l'lltin'jy diploid "Ill'('il''' withill IIll' ,.pall or illdi
ndnal !,!'l'lll'\'a, 

TIll' ill'l'~!'1I1 Illl'Ilt\)\'l'silip or till' gl'II1h ap]lpHI'S to ('ol1,.ist of thl'(l(' 
lilll''';. a..; ,.1l()Wll II." tIll' phylo!,!'t'lIPt ii' di:l,!!I':t111. liC:l1l'P 1. TIll' 10\\'PI' lilH' 

~h()I\'''; a In,,!- ill phy..;iologi(·:ti H,'I i\'it il'" :I" Ihp nlJC'I{'ll~ !H'l'tlllll' dipl()ill. 
Tlti~ Ji Ill' 1'011",i"ls () I' t Ii 1'1'(' "1 )('('il's, !!, 1(/ji,"llllf". fl, h, d'ii, a Il(lll, ('tJll

(ul, /Isis. i,,()l:tt<'<I ('x('lll",in'ly fl'CIIll (,OIlil'l'I'olts II'I'('!-, /1(//1"'/11,11/ h[P

,'II/,If,/ i" t'l1lil'l·I,\' haploid and /'(,I'I1}('lIts glll('os(' slowly: tIll' otll(,I' two 
HI'l' diploid yt't l'I'('l1ll'nt no !"ngal's, Iflll/"'ltlillf ('11/1IUII /I"i,~ is 11ll' (Jllly 
Ollt' or tlil' th/'Pt' "'hit'll ]ll'odu('('s (''''[PI'''', ~\ll thl'l'P 1'('lInin':tn ('xtl'l'lIal 
!-oll]>l'ly of yiWlIlills, Till' ability or fl, bu,/.-ii 10 prodtll'(, t !'lIP hyph:tl', 
alld its illUhilil,\' to pl'odlH'(' \'Slpl'S wOl1ld il1(1i('al(' that ils phylogl'lIl'tie 
posilioll :tlHlfhl' ]1osilioll or If, "U/II/111'1/six should 1)(' l'P\'l'l·~(,(1. TIl(' 
I·P;\,.,(lIl fol' Ill!' l"'(,,,;plllly assiglll'd ]1()sifi()u..; is lhat Bl'('k\; (6) (ll'uwing 
of a l-P()I'lIlal('d~'lIltlll'(' ;,;ug'g<'sl;o; {hal ll, l){t'!.'ii is pal'tially haploid, 
Ilpl' stall'IIIl'llls. hO\\'('\'(,I', .illtiicall' thai tllis SIll'('ip;4 is Pllti1'l'ly diploid, 
It is hOI'l'<I Iba! a spol'ogPllolls strain of this spp('il's will lw i!:'olaiell 
1:'0 (hat tlll' po,.it iOlls () f t hpsp t\\'o ,\'(,Hsts 1IH1,\' lil' ('!:lI'i (ipd. 

• 

Thpl'P is:'OIIlP ]lossihilil \" ]ll'I'hHpS. Ihnl tIll' loss of f(,l'Il1l'lIlati\'(~ 
enpHcil\' IIlld I'ailtll'(' to h('(:ol1J(' ill\lPPl'll(ll'l1t of' (Ill' 1l1l'dilll1l fot' \'ita
IIlins ai'p <Ill(> to a \\'('lI'l'!"(nhlisllpd ('OI1IIlIPllsajislll 01' sYlllhiosi~ with 
tllP lal'\'np allti I/'('('s ill \\'lli('1t (h(, rhl't'P spl'('i('s <lI'P f01I1l(l. Progl'pssiyl' 
bi()('hpl11i('ul 1I1l11nl iOIl"; 1I1i!.rlll Il\' <1(,(l'ill1('lIta1 to tl1l' t'slabIishNl l'l'ln
tiollship, 01' fhp l'l'laticu;sllip lIlay Ill' ril'wl'd as parasitism Oil til(' 
lHtI'! or thp 'yl't1sl. wilh l'tl('h Sll('('p(·ding !"'[ll'('il's ll('l'omillg illl't'l'HSingly 
11101'(' (kpl'IHIl'lIt UpOI1 its hosts. 

!JIIl,,-, ;;1 " 
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11. sa turnus H. c i fer r i i' 
D+H; V+; D; V+; G,Ga,
G,S,R 1/3 MV,S,R 1/3 • 

H. anomala 
H. mrakii D; V+; G,GaV,
O+H; V+; G MV,S,R 1/3 

H. schneg~i i 
H. suaveolens D; V+; G,M,S
D+H; V+; 

G,S,R 1/3 


H. jadinii 
D; V+; 

H. cal j forni ca G,S,R 1/3

H+D; V-; G 


H. subpelliculosa 
D;V-; G,MV,S, 
R' 1/3 

H. angusta 
H+D; V-; G 

II. silvicola 
H+D; V-; G,Ga 

H. minuta 
H; V-; G 

Hat-shaped ascospores, 
~------------~~----------~~--~-------H. canadensis H. beckii H. capsulata 

0; V-; 0 0; V-; 0 H; V-; G 

FIGUIt~} I.-Postulated phylogeny of the genns [[(I1I,~('nl(l((, Kcoy: Il, haploid; D, 
dinJlJi(\; 1I+D. mol'l' haploid thnn tliploid ('plls; 1)+1[, 11101'(' diploid tIUIIl 
IrIlIlloid cells i V-, u<ltlt'd \'ilHlllins I'l'quil'('(I; V+, 110 IItl<ll·t1 "Hamins 1'('!)lIil'ptl; 
0, no fel'lllcntntioll; G, GlI, ill, S, H :!,ti, 1II('nn;,; gllH'Ol:;(', galnt,to;;p, llIultosp, 
suC'rose, nnl! 1'1l1liIlOS() 1/;1 fel'lIl('ntl'd, 1'('s[lecti ,'ply; and 1', vurialile>, 

The second branch of the pl1ylog'.C'Ilt'tir lille cOllsists of spC'cics that 
likewise produce hn t-shapC'd a:;cos)lOl'l'::l, but nollC' of them were isolated 
ll'OlU coirifel's, As the mtio of diploid to haploid cells il1creased 
from spN·ips to spl'ei<~s, there was Ipss d('p('ndelH'e upon til(' l11('.dillll1 
for vitamins. There was Rll illt'l'ease In the number of sugars ier

• 

• 


• 
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m(,llied. ant1 an int·l·t'asl' ill Illp inlpnsil Y of fPI·lllcl1latioll. l1(lJIR('llllla 
minuta. [J. sild{·olt(. :tlld /1. mlf/lls/U' PJ'OdlH'p as('i!!l'rOIIS ,,('''('laU\'(' 
('plls whieh al'l' t'X('lllSi\'l'ly 01' pJ'P(lominrtlltly haploid, fl(;'l.~rmtl(t 
mit/uta p1'odu('('s as('i l'xl·lllsi\·ply by (lit' ('onjul!atlOn of a (,(,II with 
its own small hlld. TIIP HI-wi of Tl. ",ill'ir'olrt :lI'P PI'OClll(,pcl, Jor the 
IllOst part, bv ('Olljtlgul ion of a ('(·11 with its bud. but SOIlI(' aJ'C' f01'1l1('d 
II,\' conjugatIon of illd!'lwndl'llt ('C'lIs. and a small P(,I'('('ntag-(' of asei 
J'(,slllt froJlI tlH' dil'('('! II'nllst'ol'1l1ntion of diploi<l Vl'('('lnti\'C' ('ells. 
Thl'Sl' diploids HI'(' dl'S('('IHlt'Jl!n ot' Y(',!!l'lnti\'(' Zyg-otp;; whielt w('1'e 
fOl'1l1P(1 by ('Olljll!!Htioll of !!l'l'ntinalin,!! ns('osIHll'('S: 01' bv tlt(' ('onjllgn
( i Oil 0 t' I IH' iIII II ll'( lia t l' pr0J.!l' nY of lIP l'lll ilia Iill,!! II ~('()S po I·PS. TlmIRt'/lu1f1 

"'tfl/Isla Jll'Odu('P!' lIIoSt a)-wi by ('olljll,t!ntion of' ('('lis wilh IhC'iJ' buds. 
but lllHlly H!'!'i al'p (l1'()(ht<'p(llJ" din'l't ('OIl\'l'l'sion of <liploW ('(Ills and 
thl'I'I'I'OJ'(' :-;ItO\\' 1I0 (,Olljll,!.!::lliOli. 

Til tlwsl' tlll'!'(' :-;p('('il's, tlH' hl'inls of Iltl' ha("~hap(·d n:-;('ospOI'C's a1'(1 
I'l'(h"'pd in width nlld (hi('kl\(,s~, o/'t('1l tUl'll :-;harpl\" dOWllWtll·d. lIud

• 	 ('YI'Il Ill:l" hI' lui~sillg, Tht' ('ol()lli('~ a I'P 11IlI<'!lid 'to btlt \TOll!'. and 
!.!li~tl'lIilli.r. P('lli(·It·~· HI'(' l'XtJ'(,IIll'I\' thin 01' Illi:,~illg, A'llItlxillllllll 
~lf (wo Sll,!.!::tl'S HI'(' 1'1'1'1111'111('(1. and till':'(' art' fl'I'llll'lltp;] \\'(,Hkl". rlla~-
11Ill..';\ a~ II. IllIo",t,1 (ll'OdlH'l's I'\,lnti\,ply 1lIOI'(' diploid Yt'!.!('ta'tin' ('plb

• 	 than tl()l'~ II. "ii'·;to/II. it is aSSllJlll'll that tIll' fO),l11!'I' ~I)('(·i('s would. 
fl'I'llll'llI !.!alm'losl' if lit!' lll'('l'~~al'\, PI1Z\,ltll''': fell' tlH' ns~illdlali()ll of litis 
,..l1!.!lU· W(;I'(' Ill·(·SPIlt. TIll' ~t l'Ollg od(;I' oj' l'~t(,I·~. a~ pl'odw,pd by till' 
diploid :-;lll,(·ips. is llot PI'()e1I1('l'd 1).\' IIl\'~l' thl'pl' :-:Jl('('il'~. .\.11 tlll'P(' 
l'p(Jltin' lIlI l'~Il'l'lHd SOlll'('(' 01' \'ilalllill~. 

TllP J'l'lllaillill,!.! spl'(·il's ill this ",:tlll(' litH' \"jlll It:lt,~hapl'd :']lOI'('S nrl' 

• 
II. ,,,d,/It 1/i"r/o."l. fI.jlltl;lIii.lI. Sf I, lit 01/;:.11. '111 "1/llt1". awl I!. (·i!'1 rr:i. 
TIll',\' HI'!' px(·ll1..:jnly diploid. Till' Iwillls of I hI' Sp()l'l'~ UI'(, gl'Ill'l'allr 
tlti,'le with' :tlJd fin!. :\(llll' of till' "'pl'l'il's, p\.t·l'pi II. wl'I,,/lif'uloMI. 
1'l'!ptiI'P:' nn l'xtpl'lJnl :'Olll'('l' of \ italtlilt~, .\ 11 pr!JIlw'(' l'"tl'l':'. 

Ilw!'l'n,..ilJg' 1I111llltl'l'S or ~Il.!!al·~ HI',' fl'l·llll'llll'd. III (hi:, l'Olll1('l·tioll it 
i... oj' illl!'l'l'~( Ihat ,..Ildl haploid 01' Ill'Pt1ollliltHlIt Ir lwploi(l s]>l'('i('", n,: 
If. ("'p,"/,",{, II, s;I"/,·"I,,, 11. tI:·'II1·,I", alld II. {'(rlll(J,,"i"'1 ill'P CHIHlbh' 
of :J,,,ilJlilalill,t! pith!'I' Ill:tll(l~l' (II' stll'l'O"'l'. Ol' bot It. ~\.n of Ill(' ;;pl'('it's 

jJl'odlll'P:J !.!H'(,PU,..l'l'l·llJPlltatioll of !.!ltu·o"p In1l11ol11' pr()dIH'('~ g'Hs frolll 
['illll'I' of tlIP di,..a.·!'I,:tl'idp .... Tid ... lIla\' 1)(' dnl' to ~l()\I'Il\'s:, of Il\'dl'ol\, 
~i~. TIl!' :djllt:ll!ill'·(l... i":t~(, (llodlh'l'ci hy till' ~Pl'('il'~ or (hI' ,!.!l'illlS ail' 
)1:lI'I'llt ly i", IUlll'!' "'Ill'l'ili,' rill' all'lllI-lIIl'tltyl.!.!hwo... itil· tlHUI for lllalt(N'. 

flJw-. ~fJlIll':-1 mill'" or ff. ('1'/:/(1/,/1;"'1 :t~...illliintl' IJI:dto,.1' Hilt! othl'I'S do 
Hilt, ,"pi nil a..... ilil i]a t l' :dpha-Illl'! Ityl,!.!:l \l('osidl'. Tlds ,":<lllll' In!'];: of 
"'\ll'!·jlit·il.r Hl'pal'l'}tl Iy lil'!',..j ... ,,,, alllOII!! (lil' diplo}l[ SPl'l'il''':. l'l':'lllt illg jll 
\'ttl'iabl!' fll'I:ltl'lIt Il'1'11 Il'll I al iOIl or llml{o"l'. 

ltltl'lI,..ily (If t\'I'IJJl'IlIHtioll !'l·1I1·1t\,:- n m:txillll1111 in TI, SlIhjll llif'lt1(wl. 
1101 oulr n,.. jlld!.!l'd 11\' tIll' p\'ollJtioll of !.!u,.. lml in aillonnt of nleoltol 
IOI'II11'II' l11l1!'!')' :tll:ll· ..;)llj(· (·wlIlitiolJs.•\[I'(·ll:Jlli"llI:' hu\'p hl'l'lt oJ'igi
Ilall'II aud adoptl'd rot· ill\' utilizatioll of tlll'",P ).!!·I'alpl' lUllol1II1:-; 'of 
:dt'(JlJol lIlId or!.!;t11 i(' H('itis l)y ~p('('il'~ lii!.!liPI· IlP Oil bOllt bl'a1l1'll!'~ of 

11!l' f('I'.IIi('lI!:lt hI' litH', 11'1/"'1111/,/ "'}/III ~f!,ii. If. "Ill/Ioult!. fl. ri/lrrli, 
If. \lf'f/" 01, Ii,\, II. /,11 ,,!.·i;. lind II. ,\rllill/III' HII Ill'O(11l!'(' Pl'OI1JilH'l1t 
pl'lli!,\p~ ('Olll[HNd of (,plls \n'll sitn:tll'd 1'01' tlIp oxidation or thl'Sl' 
{'OllJl )(Hll J( b, 

• /f'l/I'" t/ll/o '(/fIJ/lIl!1a o('('llpjp:, :UI ill[l'I'('~lillg inlt'I'IIH'<lial',v (lo::;itioll. 
1! l'xi,..ts ill Itat UI'P :I:' t \\'() 1'1ll'1I1"" "~h(,ll gl'!)\\'Jl Oil (Jl'dilllu'j' solitl 
01'g:1lIH' lI11'dia. OIJl' fOl'I1l (lI'O<iU('P:-; g1i::;!('llillg ('OIOllil'!', and whell 
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grown in similar liquid media it makes yel'Y thin pellicles and l'eln
ti vely large amollnts of II I('oho\. The other fOl'111 peocluces mat 
colonies, heavy pl,lIicles, :lnd oilly n small all10unt of alcohol acculllu
lates in the mediulll, Thus. in 11. auomala, the glistening colony 
form is similar to the type of colony foulld in tile 1ll0l'e pl'illJit i"e 
sp('('ics, nnd the IIlllt (,olony :form is similar to 111(' pl'edornillant colollY 
type found in lb(' more rl'(,ently 1.'''01 \'(·(1 spe('ies, IHlllll'ly II. ('il('i'rii

jll. ,~lta~'('Ole7!8, H. 1IImleli, nnd Il. satllrllU8, 
Both forllls in 11, ([nomala are qllite stable: (]H' glist'el1ing eololl." 

fOl'lI\s in the othel' spN~ies just ment iOlle(l Hl'p Ipss stuhl!' alld 11.1'(' infl'P
qll(\llt I)' PI1('OUlltPI'('(1. ThuH. it iH bplil'\'pt\ that tIl(' d(I\'ploPIlH'l1t of 
prominent Iwlli('ll's iH the lwint'ipal Jll('t'hnlli~1l1 dp\'(llopl'd br the 
diploid speeiC's to liSp the Ilwtai>olitt'H l'('slIl!ing frOIlJ illtt'llsilil'<t fpl'
mentation [)]'()(,l'ssl's. ThiH oxidat ivp ('upa('ity 'isl'('v(lal(ld by til(' mat 
appNll'aIlCe of ('OIOlli(ls, It ilia,\' hr 11ot!'d (11lI! OJ(' HlIl'fllC'P Jay('l's of 
mat· eoloni('s ('an 1)(' (]olltl'd fl'('p from till' ('OlOlliPH by g('lltl~' pouring 
watpt' into thp pr(l'i cli:-;It, Thr floating ]lJ'OPPI'!Y or sueh ('(Ills is 
IH'obnbly 1'('HPOIISilJI(\ ill In rgp (I<'gl'('(' fol' t 11(' rOt'lllati(lJ) of Pl'JI i(' I(lS 
Oil liquid l1lC'dia, This PJ'OPPI'!Y is !lol liJllitp(] to hi~llIy 'j'rl'Jl\(>n(a
t i\"(' spc'('ips, fOt, i J) t'lip gl'lH'I'a Pit'lda HaIlH'1l n nd j)C/JW',IIOIll /I('{"~ 
KW('kl'I' tll(\I'(I at'(1 llonfl'J'IlH'lltnfiyp, highly oxidnt ive Hlw('ies whieh 
pl'!ldlJ('(' ]>('lIiclps alld Ilml ('(Jlollil's. III nil (,liSPs. !lO\\'P\'PI'. !lIP pl'O
dll('liol1 of 1H'lliell':-l would ap]ll'tu' 10 itH'J'PlIH' tIll' I'atl' oj' oxidatioll in 
liqnid <'lIl! III'(,S, 

TIll' third. phylogPIll't i(' bl'tllH'h (fig. I) cOJisists of s])('l'ies hn\'ing 
~lltlll·ll.shapl'd S]HJI'P";, Tlwy JlI'('~tllllHbly ('()\'PI' a l'p('(,IlI. shol,t jll'I'iod 
of ('\'olutioll, fol' 11011l' of tltt'IJI al't' l'itlll't, ('oIJl))l(·tplv haploid 01' ('OJll

plpl(']\' d iploi(l. Tlwy show t It(' sa 111(' gl'IlPI':i] t 1'('II<1s i II !lit \'siologr 
n:-: dO'lhI'SI)('('iPS ,dth IlHt.~lHqlPd :-IH)J'PS ,illst dis\'llSSpd ::\I'o:-:i st l'ailis 
of If. (,Itli/omil'{( al'(' Pl'PcJOllJillHlllly ltlll,loid. ollH'l's tll'(,. [lI'pdOllli
nantl.\' diplo.icl. 'rlll' I'PJ11aining f;pp('ip:-;, fl. SIII!l·I·fJII'It....·, ll, 1IIl'1tldi. 
nnd II, SllflIJ'lIu,'{, an' haploi([ to a \'P1'y ~lJlall P"(,11!. COlljllgal ion of 
adlllt \'C'g"ptntin' ('plls (){'('1I1's ill :III of' tlll'~l' :-:PPl'jps, and it b lllailllv 
lsogallli(:. lillllSIII11/1/ iiiI'll!.';; and II, 8Idlll'llll,~ (J('('Hsiollall." produl'''e 
glis(Pldng ('o)oltip:-:, hilt tIl(' 1Illtl1OI' ha:-: not \"(·t olltaillPd "Iwh \'aL'innt~ 
as ~tabh' f()I'JJ]~, lJllI1.w,/l/Ill/ ('({li/o/'J/ir'rl 'fol'llls thin lwllil'h>s and 
glis(pning ('olol1it's ",hill', 011 IIt(' ('olltl'al',', tlH' 1l10I'(, ~tr()ll~ly diploid 
SP(,l'i(,H of thiR gl'Oup f01'1l1 pl'OJ1lill!'llt 1l(:Ili('I(\~ and 11Iat, l'lIg0S\' ('010_ 
ni(':4, ~\ IJ produce ('~t PI'S, !lal/.w lilt/It 1tl1'll1.'ii dOI'S lIllt n~~illli1at(l 
disH('('hnl'itll's, and tlwl'('/'m'c it ('11111101 fPI'JlH'llt fll('Ill, hul tlw j'Pl'IllPl1tn
!.ion of ghJ('Os(' is Sil'Ollg, B('('alls(' ii pl'odn('ps [hick l'io!.!s Oil thp 
SJlCH'PR, it is l)('li('\'pd to 11(' np:\I'ly as 1'('('(,111 in ol'i.!.!'ill as 11: 81(/11/'11118. 

Of tlt(' spl'('il's with ~atllJ'Jl-~';]lnp('d S)lOI'(''';. only If, ('ltli!Ol'lllt·({ re
qnit'C's till' nddilioll of Yi(i1ll1ill~ to (lip :-;Ylllill'ti(' lIll'diulll 11~1'{1 in this 

THtn(h
Til(' 

, 

fartol'S lIH('(l ill fixing thr ap]ll'Oxilllat(' tiulP of PIlIPI'~(,J1l'l' of 
(he th'Ht of the sl)('('ip:-; It:n'ing Satlll'lI-sllHlw!l a~('()SpOl'Ci{ Wl\I'l': (1) 
Thp I'pln.th'C' llUIlJIJ(\I' of diploi(l to haploid cPI1:-l in SOIll{'. strains of 
f1, Nt/ilornim iH {!I'l'at('I' than thc ratio in II, (lll[llista. bnt 11'sS (hall 
in II. ,~/(bl)('lli('1l7()sa; (~) (,S((,I'S .:11'(' pl'oclu('('(l b~' II, ('alij'oJ'llirfl, and 

• 


• 

• 


II. NlIbl)('1/i('1l1o,Wl bllt no" 1)\· If. tiJIflll.'!lfl/ (:\) thin rings (·xist on thp 
spot'('s of n. Nill/ol'Jlica rlll~l thin brims on the SPO]'('s of n. angusta, • 
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bllt thi('k brims al'e gen('rally PI'(,S£'lIt Oil the spores of II, SllOPflli
ell/osa, Fl'I'nH'lltatioll I'l'Het iOlls 111\' of lillIe help in plaeing the site 
of In'HJll'llillg bN'ausl' galadose is 1I0t: a~silllilaled by ('ither II, rali
jornif"(lOr fl, Wl{lll,~/(t and. thel'l'fol'e, ('ould 110t be expe('[Nl to ferment, 
It i:-; possihl(" of COlll'St" that H]Jl'l'il'H 1II01'l' pl'illliti\<e may be dis('o\'el'('d 
ill till' lille of spPt'ies wilh Batlll'lHdw]Jed SPOI'PS, IW('('SHihltillg It 
«O\\"IIWHI'<! shift of till' hl':lllehillg poillt. 

Ha\'.illg ('onsidpl'pd the' ('lla I'H<'lPI'ist i('s U pOll wh jell flH' phvlog'('Ill'lic 
I'l'lll(jOl1ships wilhin (h(' J!PIlIIS al'C' hasp(/, (Il!' authol' Ill'lh·\'ps that 
lite III list il/lld'IUIi /111/1 Il'l'Iu/ i8 tltr /I/'O,t/1'18';I'1 ('/11111[11> from the 
Im;J/oiil 7WI'/1 liS 0/ Ih,. IIIONI pl'illlitit'(> //(//.'<18 to titl' diploid ('ollilitio1J, 
of SOIllC of tlil 1Iw81 1'( ('I 1111/1 ('{'o/,'cd 8/1((';1'11 of !1(lMIN, The s('col1ll 
tl'l'lld is a Il'sselling' 01' IhI' d('pl'l](h'IH'l' Oil all PXI!'I'II:" supply of vita
mins, .\:-: nlHy hl' lIolPd ill fig-III'(' 1, Ihi~ hP('olHI ehal'ade>risl-ie hns 
a!)jl~ll'pnt Iy bp(:11 II} ()!'(' 1'l'(,l'llt Iy :I<'quil'l'<\ ,thall (·itlw\, J('1'lIlentativH 
a Jlilt,\' 01' Ill(' diplOId h(al(1, ~\ tllll'd II'PI1<ll'; (ow:lnl ill(' d('\'C'loPIllC'l1t 
of Ill(' ('lIP:l<'ily to ('allsl.' gaSP!)IIS 'fPI'IlIPIl(atioll of all in{,l'l'nsing Hllmber 
or Hlgal'14, Thi:-: <'ilHI'a('(PI'h;ti(', hO\\'('\'PI', is oj' littlp Y:tlu(' ill pla('illg 
('('1't:1i1l hp('('h's ",hidl do lIot assilldlal(" and 11H'J'('fol'(' ('Hniiol IJ(~ ('x
IWI'lPtl 10 fPI'lilPll{, hOlII(' or t Iw ~lIgal's, 

1'I'(\:>III1II1I,J-" (Ill' IIIO:>t ]>I'illli(i\p Iypl' of ('()]ljug'a(ioll ill till' g'l'Il\l:'; 
/llmN/ItIl/a. ill\'oll'ps (I.) a lal'l.!:l' ('('11 allll its RIlIaII bud, Bu{'('('s,;i\'('l\' 
hight'\' I('\'pls of dp\'(·loPIlH·llt 'a 1'(' i lid it'll I('d by (~) IH'tpl'ogam ic C'0I1
jugatioll of ill<lPP(,lHlt'lIt ('ells, (a) isogalllie ('ol1jllgatioll of indt'p('nd
(,lit ('('lis, an(1 (.~) ('tlnjugatioll of gl'l'llIinHtillg' aH('OHpOl'PS. cOlljllgation 
of (Iwi!.' illlllwdiate IH'ogl'Il,\', 0)' Illl('ll'ul' fusioll within eith(ll' n single 
gl'I'11I i 1111 Ii1Ig- tl:'('OSlHlI'P 01' OIl(' of i(S i1I1111pdia {p dl'HI'l'ntil'nts, Typ('s 
(1) tlll'ough (3) OC(,UI' Itt (hp end of the \'pg-ptati\,e stage of gt'owth 
of haploid ('plls; 1\'1)(' (·1) O('(,III'S at tIl(' bpIYillllin'T of the \'p(rl'lati\'(~

\ '. ~ ,t"- t""I
;-:(ng(' of tlio:,l' ('(']10: \\"hll'h go thl'ollgh till' \'('gt'tnll\'(' pha~p HH diploid 
('P1 b, 

It i:-: of int('I'('st Ihat til(' ahility to -i'm'lll hyphilP (tabh'~) gPIlPl'nlly 
ill('I'l'llH':-: aH til(' SI)('('i('H b('t'OIlI(' 11101'(' diploid, TIl(' rp\'PI'Sl' is to be 
l'XI)(,<'Ipd if Ollt' follol\'H tlip ('0111111011 1)('lipf that aSCOIl1Vectolls y('asts 
art' dl's(,PllciaJl ts of a lila 111(111 tOilS, lin p loid pl'Ogeni tor sudi as E1'('m(t,~Cll.~ 
i(/·ti/i,~ Btoppl'1. It lIlay ut' 110tt'<1, howpvel', that nil diploid species 
of l1(/II,~( 1l1.lht Pl'O<lll('l' h,rplia(" ",lwl'pas less than half of the haploid 
RIll'l'il's ([0, It may be lIo[NI also that tlH' t \1'0 S\wC'il'S with til(' most 
highl,\' dC'\'('lojlPd 1Iypha(' O('('IIP.r positiolls fit: 01' 11(.a I' thp diploid ('nels 
of two ph,\'log('IIP( i(' lJl'all('lil'H, Onp of UH':-:l', If. l'i/cl'l'ii, PI'l'st'llts an 
in(('I'(':-:( Ing anomaly inllll' ability to fOl'lllhypha(', The original isolate 
pl'olin('ps !1('ithl'I' pspudohyplwt' l10r lI.'llP hyphael. but it dOI'S form some 
abpl'l'alltly sllap('d lal'gl' ('ells which indit'ntp an abortive attpmpt to 
1)l'otlU('(' byphae, as Hhol\'n by the' o('casiollal 1)I'l's(,lIce of a septum in 
slIeil abot,ti\'P ('('l1s, ThiH sll"ain l.!:i\'PS 1'iHP spontaneously to'Yariants 
('apa1>1<'. of forming an nblllHlatlce' or l:l'lte hyphae, All tilese variants 
ha\'(\ tl\(' sallie unique assiIII ilat iOIl l'ea('(iOIlS, The ability of a strain 
to ('xist, in both filnlllPntou:-: and l1onfilaml'ntous forms may inc1ieate 
that too mll('h taxonomiC' impol'taner has bl'('n g-iwlI this characteristic 
:ill the' past. -

It iRObviolls that the author <10(>S110t agre(' with Gllillil'rmond's (.:1.4.) 
belief that hnploid and diploid y('asbi repl'esent two dist:inct phyloge
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netic lines, with the. hn ploic1 Y(,Hsts stel11ll1i ng" ol'iginnHy from It form 
sin~ilnr to EI'CIIWS(,U8 lind the diploic1,wH:;ts :;tl'tnlllillg fmm 7.'aplL1'il1lb
Frl('S, 

SOMlI.IARY 

L The. gc'1l(,I'a IJrnw'lI'lda, lind Ph'Ma HI'(' mnintained as 8Ppal'ate.
enlitiN" 

:!, TIl(' limils of: til(' .t:'PIlU8 lIanN! mila ns 1'(>(Il'lin(>(lin Ihis study I1I'e, 
('oIlRid(,I'nbly Ja'oll<!('IWd as ('()Illpnt'pd wil It J))'evious (j!'1i 11 il iOIl;;, The. 
gt:'IlIlS inrlndPR sJ)('('i('s \\"lIi('h {'OI'111 OIlP to fOUl' IIS('O>iJHlI'PS. IIssimilate 
lIitl'ntp. alld I'PIWodlll'P ns('xually by bllddin.t:'. OJ' h.v buddillg aC'(,OIlI
I'llnh'd by t h(' fOI'llln! iOll of' p!'l'll!loliyplu\l' 01' fl'lIl' hyph:ll', 'l'h('. 
as('igrl'OllH \'l'gplnt h'C' ,('('lis may h(, ('x('ltlsirl'I,\T haploid. ('x('lnsi\'el~r 
diploid, 01' cOIlI]lo-.('d of r:lt"('I' <I('(iI111[' (lI'O(lOI'( iOlls of haploid HI1(l 
diploid cl'lls, TIl(' as('ospol'l'S HI'(' hnl-!'i1:qJl'd. :-iatlll'IH..:li:qwd, hpllli 
spill'I'oida 1,01' spliPl'OidaJ. Pplli('lps Iliay 01' 11111 \' no! Ill' fOl'Il11'd; slIgal's 
IlIH)' 01' Ill:l" Ilot Ill' f('I'IIlC'IlI('d with !IIP ('Y(Jlut'ioll of gal'; ('~I(,I's 'JIlay 
01' IIllly not hl' PI'otlu('pd, COIOllil';; 1ll1l;\'IH'lllat 01' .!.dis(,lIill,!!, buIYI'OUS, 
SUllllllJ('oid. 01.' 1l]tJ('oid, .\. lllo{h'I'a!('lr lal'gC' IlUllrlW1' of eul'llOl1 SOlll'('C'H 
lU'{' a~~illlilal('(l. ' , 

3, Of (IH' 15 8»('('iP14 wiri('l! HI'(1 plucl'(] ill tilt' g-t'IlIlS. (l al't' 1l(l\Y sj)l'ciPS 
and ;3 HI'P Il('\\, ('olllhillnf iOIlK :Sp\\' SPl'eil';; 111.'(' 11((}1"~{'lIl1lr( r'llpNltlrtill, 
lI, Nl)l(ulI'lIRi,l" lI, 111 illll/Il, f f, Nill'i('o/II. II, (lIIq'IM{((. n11<1 H, lJIl'a"'ii, 
Xl'\\' ('ombillat iOlls III'P II, /Jed-ii, n, (·,tlit'ol'lIi,.;,. alld II, jruTillii. PI'('_ 

yjou;;l.\' knowll as ElII/olII!/('opsi.'1 bispoi'lf. ;;;!I!lo//{f1/.~{,l/1tl({ (,117iI0l11l1('([, 
and ,""(U'(,/WI'Olll!/f'!'R jll(/illii. l't'SPl'l'l i\'C'ly, 'I'll(' ('hnllgp in sl)('('i('s 
('pith('( of EJld()III.'/"()Jlgi,~ bis/IOI'a. was IlP('pssita('d by {)l(' IH'(I\'iolls lIS(, 
of tIl(' 11 nIll(' IIIlll.w' lI1.t1(/ biNpo I'UR Iry :saIllli zz i. 

'[" PI'p\'iousl y c1l';;('t'i IH'(1 \'a ri pI ic.s of flu I/xlJi1t1a ((/I01/1(t/a 1I:I\'p h(,l'n
elil11iJln{(~(l HS bl·ing ill('olls<'Cjlll'nlial. 

ii, Possible phyJogPIH'tie l'C'latiollships amollg tlIP sJ)('('ip;; of 
llmw'llula arp indic'afw1. The ratio of as('ig-('l'ouS haploid t.o diploid 
('ells is thC' pl'illlnl',r ('hal'adpl'i~li(' Oil whiclJ tl1(' phylogPIl,Y is based, 
Secol1dal'y ('h:ll'[lclpristi('s :11'(' \'III'ia!ions in "itanlln j'(Iqllirpll1(,l1ts. the 
11IInllJ('~' o~f fiugnrs fel'mt'n!pd. dill'Pl'Pl1ees in tl1(' stl'uetlll'e of 01(' aReo
SPOI'C'S, the pl'oduction of ('sters, t11(' formation of p('lli('jps, Ihe typo
of colony, and sizp of the Y('gdntin ('('lIs, 
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J;l'('lli('" tiinn till' (li;:lan('p lll'twl'('n thp IirHt. and :;('('onll H('lltll, X 4·10. 
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behilld Iht' l'lIlt \11'(':; :11'(' obscured. 
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