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There are 59 genera of yeasts an,d a-t present /'-"‘-

. ’ - K .
“«t . '.\.

oL 442 spe(:les.-‘. In’ thé present stﬁdy,":"t;.;‘

taxonomv was used ‘as the b351s for class:LflcatlSn.

N

i

Lodder d1v1ded the yeasts 1nto £our grQUp\h\ the

R /\ Lo SR e SR SR

ascom cetous eas'ts w1th asc1 and a!s'cos ores, the-".l_, P

.. v v LA

Ustllaglnales mcludmg Rhodosporldlum and Leucos;)ond.t um,

"’ A ,.‘.~_ -

balllstosporogenous yeasts m the famrly Sporobolomycetaceae,\

1 e ~;:.‘

b B s

A and the asporogenohs yeasts, as 1n the famlly €ryptococcaceae.~
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( > Ascosnore formatmon has been of great rmportance

N X e,
' '- s ‘e
i ‘ N Tre f v

“‘*e"‘ hen us1ng Lodder s key If ascospores are fOrmed b ;"'__'“-"21:;;“' U
\) ‘, f ’ . :.-:'.i"‘-" ‘u
c. 1dent1f1‘cat1\5‘n can be relatlvely stralghtforward.
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However 1f the)7 are’ not produced 11: does not necessarlly

By Such a’ yeast may haVe\.

N
Ll - - 1

been grown on medla Lmsultable for sporulatlon, may have ‘ et

i

1ost .1ts ab:Ll ty to form asc05pores, may form only a: few TR
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scospones wh‘ich nray be.'dlfil lt to flﬂd ‘op mdy. be a. L
.,}‘\ - . Iy .’.?““ ot '.‘ A
‘\“r ._.. ~ “"I'.' &

study was' de‘Veloped by

rnet\ f;a'nd Panlld‘l\rst“.CIQJ’A‘) ug 1ng,‘a cnmput ere, . and “is’
; ?- aest T ’i . - ; o '_‘3':"‘.: - e ) y ,;U.' . .\‘ ‘3-.
T § .S .ned tb hel" ':the ‘lndlvfgz -l the problei of . :.
AN 1ur - . .l,.. o SN R ' o L."
REEEI P v " ;. ,' N B . ;
":‘*'?i,d?eh 'i'fylngx hunglred;:: bf yeast 1sola°tes. It ds ~based on
~\,‘ L :n ,_.. —p - -’ B

thé‘;yea‘st cell s: "‘reactlons tb‘. phv51'dlog1<§a1 tests andz- i

B \°' "‘ TR ' -\ o~ ._,,ﬂ» . T .Y ’k' .., s ‘.‘.‘
,ellmanates po a er;c*eii °'extent the; dependence on. o WL RATEEE

‘:- R -_.‘;_.“\ S “9~ ‘:‘,\- e N ' -;; PRI % , e ,‘
R P o v ;_.v: Y :,.~ el b o L DL e 2
'”;.-,'.mor,ﬂho}og.}‘;;al; and “eilt J. data wh&ch anvolve a\, m0re S
LA e g R g e S N AT T I B
R s"ubJ\ecthvé e\fdlua"tmén“ ; ‘a..n tJ\e per cgnt ‘transm1551on
‘A‘ "i' . ‘““-_“ “\:.‘ . |-' ":g‘-_' .. ‘. : "Ns s > . . ...‘_ .-1.. '._‘.\:‘3
i‘eadlng- sobkmed\ frp ~-speotrophotometer or the ,presence Ay, Tk

(BN W Taer v o N 8k b wor > . T -

) - .“\ Y % P I x.__} “ v - > . .-' I §

or absence of grow-th ‘o.'n a~-slant or s ,pl&te. eHowever, f;:-'» i

P

‘to the yeast"in qué‘s*%ion. ."rhe new .k‘e}, whioh \mcludes -
U sl N - N | a0 22 :
1nformat10n on 93 add:,tlor‘ml} §99c1es, av01ds the ,
dependence on ascospbre fohﬁa'tlon 'pre\i'alent {n 'Lodder
- . 1“. _”.' P b ‘,\_\. %

’ (1970) but =1t muost be accompanléd By thls key. S

‘ '1 . N ,‘::l

Lodder s key depends I:i“r T1y u orpholdgi L‘” ands et T oo

X e S R RN o RS e

‘reproductive.-chardctei*lsth,s and then on physm,loglceﬁ R NG

charactemst':ii: It 1s,,thus- more subjec:t:uré’z and tlme— ;

consumlng but Barnett and Pankhurst s key used 1n' ” Teelt e

L R 'CGn']Ullll 1011 wifh Lodder s kEy prov1de=-an exceF.Eent gulde VAL
. . "'..-.‘ T ,.4., N 0 '.‘::. '.-‘::r,a . '_,A_‘-.‘.'“.-.:

’on 1dent1f1c5tloh. S -
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A numberuof.schemes,“other than the two just dlscussed,

haveqbeeﬁ deyeloped“to classlfy yeasts but most have been

- N R . . . . - . Q . or- s

limited 28 sc0pe ana:oﬁ little practlcal value.

' . [

o

o ' . . ' © - j

o AN . .In 1954, Kudrlavzevgbubllshed a. class1f1catlon of
»« - . = the qurdgenous.yeasts,

a51ng much of hls clas51f1cat10n "i'v L
L _on the shape'of spores. ThlS characterlstlc w1il '_[_j Lo

-'\( ,_."‘: undohbtedly be of contlnulng 1mportance -in yeast tathomy
' ,f\;:ﬂ' . espec;ally w1th the usg; of the ele?tron mlcroscope wblch

< - .
s - e < K "‘-" s -~ om0

L e will glve detalled 1nformatlon -on the com9051tlon df the

sébre wall and 1ts conflguratlon. However, thls-approach “f*:.'ff
.0 . . ° e o . ‘ :

e s “1s Stlll somewhat 1mpract1cal for large scale 1denh1f1catlon '

e B - LA . o . RN

. PR ," - h T, . A . ) . ._' . : o .o o '.l )
b 3 L ‘:' PurP9§eS- s , L '_'. :‘ . 4., W . . . PR - ’.3- e
) ' PR . ' o~ . ) ' - o :'.. .. “ -.. -~ . . - \ ...' . .“..0 -"1. ' ) . L

s As far - as numerlcal taxonomy lslconcerned, Poncet

e » 7 Lo N - PR

" L (1967) descrlbed.the numerlcal cla551f1catlon of the - * -
o "° lgenus pichia. By a factor analySls method : However, ) L
B = &R 1 SRR

a551gn1ng equal values 'o the results of number of ' e

c vy
et

— ".‘..“ tests~1s a. rlsky bu51nes 51nce SO - llttle 19 known about

[} n " o- . -

thehactual 1nterdependence ‘on varlous systems w1thrn ".'_ S

" a A Ly SN \, b N
: . yeast cells "One.reactlon could affect another glvlng A N
- N f"'f . a mlsleadlnq result %'~'ff. 'f,'_f"j~3f,y'fm‘ t:‘-5"’ L
‘ - ' ° £ L o » - ‘ « on v w Y N . - ° IR

. ,~'.'.__;r_. ( '..' . . ‘.‘._l._ \-

o a4 Another method used in class‘flcat10n>has been studytpg
LD the DNA'base compdsmtlon of tHe yeast cell,., Storck (1966)

. R |
' LI-

determlned the base comp051tlon (G+C) content of 30 speCLes

of fungl 1nclud;ng 12 yeasts. He found that the GC content

A . of fungal DNA ranged from 38 to 63 per cent but th;s range :w'

-




"y

;fj'ﬂscheme for’ both sporogenous and asporog“ndus yeasts.‘ ThlS

“nh.:method of cla531fy1ng yeasts by means of serology They

. N . N - ‘e s
: - . ° . « . " . i '

- ",',-"o s .
decreased from classes‘to subclasses:- to genera.and.specles. ’
Also, Nakase and Komagata (1968) examlned -the DNA base ) )

o ¢ . ’i' "" -3

comp051t10n of 140 speci of yeasts, show1ng marked S L P

dlfferences in (G+C) content between sporogenous and

'4
7’ M i

asporogenous yeasts.. Cryptococcus and Rhodotorula

exhlblted hlgh GC. contents, 46 to 56 per cent and 47 5. to

“ -
o . LA

65 5 per cent respectlvely ~ In. the genera, Toru10251s, oo ."§;

Candlda and Trlchosporon, GC contents covered a, rangﬁ from N.';‘

28 to 60 per cent indlcatlng the heterogenelty/of these . IR

’genera Thls prov1des more wvaluable . 1nformatlon not only - o
LT ) . 3

aboutsthe c1a551f1catlon of yeasts but also concernlng . .;., . ©

f helr evolutlonary relatlonshlps.-.' P T
?""T. - C . . . Loy LT "o ,"- .‘.' , B - T
'}
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Novak and z$olt (1961) publlshed a new cTaselflcatlon

'was/based on what they belleVed to be the evolutlonary
,'development of yeasts.: They used descrlptlons of. spe01es

< - LI | “ .
RN

L prov1ded by other researchers and since. there are TN

LI

-

'?dafferences 1n methodology and classaflcatron systems, it

is not a Unlfled or accurate cla591f1catlon scheme.‘ S e e
. ‘ PR . . ~‘ N . o .
Tsuchlya, Fukazawa ang Kawaklta (1965) 1ntroduced a

* gt
o O
~
.

‘e
° -

testedol40 specres plus a number of stralns of each 5pec1es

and carrled out anthenlc analyses,_the results of Whlch -
: T N

“depend to a great extent on the cpnstltutlon of the cell
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u_wall However, many yeasts whlch are closely related ~ . X

.‘regulre an evaluatlon of all avallable data ‘on an ever-

.enlargang number of phy51ologlcal, cultural, reprodugtlve

fand morphologlcal observatlons." In the present~study, all o

.the presence of yeasts 1n thelr samples, few. have attempted

N - . Ay
° - * - - * l'. ..?":' - ‘ : e
e "8 - “ -
. ~ . o, N - 0y i‘é"
, . R - ¥
. . .t "y e - \7'
; B ! - . ! ° M 8 [
. . . . - ol
. -Gt , , .

. ¢ [

. have been plaped in dlfferent antlgenlc groups to leave ‘ P2

. ae ” ] / . . . ) .: :‘:A
--us questlonlng all- the ﬁata prev1ously obtalned on. the ‘ s ‘&(
spec1es or the total valldlty of thlS serologlcal technlque. ‘?“-lf

:: N . b
‘ . N . SN - o
M .o ) .
: - v .

Generally speaklng, c1a551f1catlon and 1dent1f1catlon

} f
. v Rl R - a
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’ F )
..avallable date were taken into- c0n51deratlon before ,E
: : B
1dent1f1cat10n of a yeast 1solate was flnallzed. B L . ﬁﬁ
. I - , <y . * . . ‘.‘- s -v,"'?-q
n‘, .v.. , . “I;_. ) . ) , . L ° . ) . . , N "._.H)&
* The llterature has been somewhat dev01d of materlal ' ﬂﬁ
. N , A >§.

'iconcernlng the 1solatlon of yeast spec1es in northern or - v o

cold marine waters. Although many researchers have reported’ - -~

‘
- . . <l

i

1dent1flcat10n. S S . Cot o

. - N ) : B . . : ol
. ’ . T . " \ .
- . . . * - R . . . 3

‘One of the most important researchersfin the'field of’

yeast spec1es dlstrlbutlon tn marine waters: has been A, E. o7 !

Y 1

KrlSS. Kriss and Novozhllova (1954) collected plankton and ‘ W

water samples from the northwestern Pac1flc Ocean and the w ok

sea of Okhotsk. Yeasts were found in 50% of the pl&nkton.:- 2 N
. . é. ! s .‘!

samples but 1n only 40% of the water samples from the Sea .

of Okhotsk and 1n only 14% of water samples collected 1n o7

A}

the northwestern Pac1f1c area.. All spec1es asolated were'_ -

: asporogenous and were cla951f1ed as specles of Torulogsrs,

. ‘. .\ P ) S
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Rhgdotorula and Sporobo¥Xomyces: a L
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In 1954 56, Krlss also carrled out mlcroblologlcal .
studles of the Arctid Ocean .angd found colonies of- whlte and
ank yeasts. Studies in. the Greenland Sea 1ncluded 1solatlon

and 1dent1ficat10n of Debaryomyces globosus, Cryptococcus -

R .-
<

" aerius, Saccharomyces r0511 and PlGhla gullllermondll

tl

. (Kr1557 1963).' He also described horlzontal dlstrlbutlons

-of varlous spec1es 1solated in hlS studles and suggested

.

that the marlne occurrlng spec1es may be forms that. have‘ .

become adapted to life in a marine env1ronment. ‘
‘Morrisill968) has alsoc 'done -considerable. work not only.
on the isolation and'identrfioation of'marineéoccurring,

yeasts bnt a150'reviewing-the data'already collected'to R U

'D‘ . A 1

give a relatlvely comprehen51ve summary of the qeograph;cal
. . . - %*
dlstrxbutlon.of_varlous species. ' . - -

’ - B

Con51derable work examlnlnq phy51olog1cal aspects of .
yeasts 1dent1f1ed from samples collected off the Swedlsh
,west coast, con51dered to be a, north temgtrate zone has

) been done by B. Norkrans. Of the water samples studled in

- one survey (Norkrans, 1?66a) only 60% contalned yeasts._ =

1

' Debaryomyces hansenll and. Phodotorula and Cryptococcus

-

spe01es predomlnated. From the collectlons made here,ra'

” cie - N .

new,spec1es, Candlda suecica was . 1solated (Rodrlgues

‘de Miranda’and Norkrans,ngGS);

<y
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"_1964 to 1966 The predomlnant spe01es found: was’ Debaryomyces

' -

Meyers, Ahearn; Gunkel "and ‘Roth (%967) dld an exten51ve

'1nvestlgatlon of the yeast populatlons of the North Sea from

‘hansenll. Other yeasts 1dent1f1ed 1nc1uded Rhodotorula

rubra and Candlda dadden511. There appeared to be an

‘1ncrease 1n the: concentratlon of yeast cells durlng the
. summer months when Noctlluca blooms occurred A : »

An exten51ve mlcrobloloqlcal study of the northeastern

\ A [}

and the southeastern Atlantlc Ocean was done by Flscher

and Brebeok (1894) They were among the flISt to report the,

occurrence of yeasts 'in sea water and they classrfled most of rd

. B -". . . . - v, '-
e My Rl T e o a e s b et

'them as "Torula" spec1es. They d1d however descrlbe some.':"

"black yeasts" as well..

Ayt

’

_ R .
\ SN

Teiklinsky (1908)Aisolated two'yeast sp;cies;on his

R N T L

Antarctlc voyage and Issatchenko (1914) reported a qeneral

occurrence of. yeasts in ArCtlc waters. qf descrlbed "black .

'yeasts" in one study at depths of. five to ten meters. Off

the Murmansk‘coast 1n the Arctlc Ocean, Nadson and Burgw1tz :,f

A

" (1931) 1solated 22 spec1es of yeasts classlfylng most of

them as_“tbrula" species o f' ‘;. )

Shlnano (1962), worklng 1n the north Pac1f1c area, -
1solated yeasts 1n 14, 4% of his Water samples. They were' *
found at -all depths and subsequent ldentlficatlon showed .

I

'Rhodotorula rubra, Rhodotorula glutlnls and Torulops1s ;~. L

T

dattlla to be the predomlnant.spe01es.

[ . . [

'
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Obl:.gately psychrophlllc spec1es tentatlvely J.dentlfled
as Candld’a and Torulogsl were 1solated from Antarct:.c sea

water sarnples by Slnclalr and Stokes (1965) -, .

. [ . - Py “
. e .

‘ N . *

Goto,‘Suglyama and Iizuka, (1969) studled yeasts" from ’

' varlous 1ocatlons 1n "thé Antarctlc. The oceans surround:.ng'

.
L

the contlnent were not examlned but. one of . the. lakes: I',ake-

4 7 M 4

. -Vanda, showmg a hi gh sallnlty revealed the presence of

[

e

obtalned from Antarct:.c water sampa.es and found two over- .

) spec1es,- belonged to -t,'he genus Rho_dotorula‘ , 2

e

Cryptococcus albn.dus, Trlchosporum cutanum var antartlcum

) ‘e »
A

two spec:Les of. Candlda and -two spec1es of Rhodotorula. BN

i

.I .- 3
. .

-Fell 'S‘ta'tzell, Hunter and Phaff (1969) exam:.ned yeasts

»

l lapplng groups of spe01e5' .. a heterqtball;c spec:.es, Candlda

scottii and a proposed new genus, ﬁeUCosporidiuin with. two °

heterothalllc spec1es and f:Lve self sporulatlng spec1es.‘ _

4 o . x i . é v
A mycologlcal study of Lonq Island Sound and the :

‘ [

Housatonlc R1Ver Estuary was carrled out by Combs, Murchelano

and Jurgen (1971) "In, the Long Island SO\Jnd area, the -

1

predommant gspecies of yeasts were found to be Cand:l.da. . Other .

3
.

" : ¥ .
N [}
¢ 0

Some researchers. have isolated yeasts from mar:.ne sources

other than water samples. Hunter (1920) reported a shlpment

of oysters from New E‘ngland belng spoiled by the presence of

" a "pink y'east_". HOWever, the latter was also ﬁound 1n‘ o

healthy oysters'. Such yeasts were:. also reported found on

.
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frdzen oysters y McCormack-(lQSO)“Who'stated that they . By

could Qrow at temperatures bel freé21ng., Upon examlnlng.

' "North Pac1f1c salmon Snow and Beard (193»»9) found .up to

* PR SN

) 1% of the organmsms present to be yeasts. Dyer (1947) . f':x-j

.studled mlcrporganlsms 1solated from Atlantlc cod collected ‘

8 . - N, "-'

"'ln Nova Scotia waters and 6% of the lsolate5~were found to

be yeasts but they were not cla351f1ed. ‘Hagan and Rose

.\- S v

(19611 1solated a Cryptococcus (whlph they descnlbed as

.Psychrophlllc)'from'Lamlnarla spec1es gathered from a : Tt e

beach in a Labrador fjord._ .f ':"i h f""'&} f“ 1“‘

o . . © ‘" . * . . , .

Spec1es ‘of. Debaryomyces hansenll, Torulopsms candlda “' ’

.8
.

and Trlchosggron cutanum were 1solated from flsh and R

» : Tt

'Alnvertebrate materlal collected 1n the eastern north f?;i'

.Atlantic area by slepmann and Hohnk (1962). The predomlnant
. Ve Ve . > T

,spec1es Mas Deba_yomyces hanseni'. ' '._"

..
ll L
s T . -

S . . "..
K] -

_;,.' “Ross.’ and Morrls xl965), worklng on flsh 1n the Flrth

of Clyde, Scotland, 1solated Torulogsls 1nconsp1cua (var ),.

Y

‘Gandida parap311051s, Phodotorula glutlnls var. rubescens

R .and several other specxes but the. predomlnant spe01es was‘

Debarxp#ycesukloeckerl.‘ The latter was also the predomlnant “hy

spe01es found upon examlnatlon of flSh from the North Sea.
- * . \ IS -
This was agaln the case in’ flSh collected from the Atlantlc

Y
\..

tﬁean bff Iceland ' Other spec1es 1solated from thxs area L.

lncluded Candlda parap511081s and Rhodotorula glutlnls. .

TS ‘e
‘
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- ' Psychroph;lrc yeasts were 1solated from marlne flSh by

-
s e

Bruce and Morrls (l973) Of the several spec1es>of yeasts

M V
~ -

1solated,-25% were psychrophlllc qrow1ng at 4C but not at
l .
30c. - o ER Lo e o

' ;é .The advent.of a- key based on blochemlcal data, rather:

than the’ tedlous and subjectlve morphologlcal data, may
'encourage more work in the area of 1dent1f1catlon of yeasts=

1solated from natural habltats. e R
Marlne waters and thelr contents have become of vltal

»
H

L 1nterest in the past decade and it 1s essent1a1 to 1ncrease_

. - .

our knowledge of the seas by studylng the mlcroblologlcal

llfe whlch constltutes such an 1mportant part. of the seas
L S .o . ‘.-. -

"total'biological_productivity.

.
a ,

e - . ' SN ' - N
. '~. . A N : * ! .
L . a . e .. . 3 R

It 1s becomlng more ev1dent that env1ronmental

condltlons should be 1nc1uded in the data collected £o

s .
~ » b

show any effects created by changes ln these condltlons.‘:

Morrls (1975) proposes that future studles examlne these
effects more carefully. ‘ ;"-':A" . ' o
3 B o . 2 A ’ ’ . ’ ’

No studles of yeast populatlons have prev1ously b&en *-
carrled out in® Newfoundland waters.,'In the present study,

{an attempt has been made to examlne and 1dent1fy varlous

yeasts:;solated from theseywaters._'-h'.’ e
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) s A Fleld Work\ ' -
1;-,Sampling Sfte_ R ' S
. '-ld . . . . ° . . . -

The f1e1d work was. carrled out An the v1c1nmty

'_of Smalllblnt (47036 N» 52°39'Wg adJacent to Robln

i =

Hood Bay, on the east coast of the Avalon Penlnsula, -

3 !‘ N .

Newfoundbdhd, and approx1mate1y L. 6 km.  southeast of
7 ar o

. the Marlne Sc1ences Reseaféh Laboratory (M.S. R”L )
of the Memor1a1 Un1ver51ty of. Newfoundland (Fig.. 1).

.WOrk wae done 1n‘approx1mately 65" m. of water

\ N
' -
- - .
o " " ' . N - . . N

L The sampllng 51te was chosen{for two reasons

First' it could be reached from Qu1d1 V1d1 V111age,

where the sampllng boat ‘was moored in 15 to 20 m1nuteé”f

- )
so that samples could be returned to the 1aboratory and

-

processed the same™ day FSecond -thlS area had no

2‘," . P -
ufresh water run»off, and because of the southward trend.

o£‘the;coasta1 current, was‘free of t pollutlon
S S R . . i)

-

Zassopiated withithejharboupe_of'sg;

cvidih e e e
. ’ ‘ LT : - = i :
"2, Sampling Period f o ~'.;,:.-} - .

' v - . - “ * .

Sampliné Qae éarried out"during'seven trips from:

o . .
. . . . ‘ -
LI . . -
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- 'Novembér' 1972 tb’Jdne,;lQ?S Althongh trlps at two-' R
T week 1ntervals had been plannedv bad weather, 1ce and S .
. mechanlcalchfflcultles thh the sampllng boat prevented <dﬁﬁ
- o a number bf these from mater1a1121ng Fleld_work was-
E T e T B R -

o : done fro xhe M-S R L 's launch '”Tealf,fexcépt\f@r the.'

5 L)
,t,.‘f o

period fTrom. March 21 to May 29 1973 'when theAreséarch f s

[ R e

N S E Vessel'Belner”‘ of tHe College oﬂ Fasherles, Nav1gat10n, .
. . LN .y s . i . N . %
. ’ Mar1ne Englneerlng and Electronlcs was. used - : ot
. v te s . P a0 ‘-.:. W " ' o ) - cen .‘.‘v . .. \ ey e 'E;- 'Ac' ’ ":‘: -
0 e . Lo st -ie
. - , s T . R . . o . - h . " PRI : ) -
3.  Measurements - T - . v - S e s
' * . N ' ) = " 4 ’ ’ * ' . \ ) v 3 ’ ‘ : ® . “- ' ,
. ; L . . .". - . O _.‘-‘., N (: . o R . N . ) .. -
. o S -On each trip, the-followinhg operations were carried o
. O'Ut: A . "'- .i_. " AR S ‘ ‘ ; L B - " ": . ‘u.. .V T ) ) > ". *
: LA

R N GO Water depth determ1nat1onszhinl~ 'A?‘ RERILURR N

‘e . . iR
. .

e TR The depth of water -Was. measured W1th a- soundlng

1ead run over a’ meter wheel.v A depth record ‘was obtalned oo
e ' u51ng a bathythermograph (BT) The water depth valuet:‘*fiuf'“~;

b . N .was used to determlne the, levels at whlch water samples B

o’ . .

.- . ' _were taken and plankton tows were: made 45‘ S
) (b). Water temperature determlnatlons. "-f,fﬁ.i_.: h"'",-‘.ﬁ;‘:i
x (e L . . R CPR R SN
L a"; .‘} Temperatures from surface to bottom were measured S
- D : “ -.l'fls'ﬂ A
B St by means of a BT A surface ”bucket" temperature‘:_' Tets L aooenmed
o determlnatlon waS also made and used to correct the BT B IR I,
L _. L LR ) "' ‘e 7' . N . ‘. o . .o . ) ‘“‘ . 3 f :,l L .. - .
o :_1.-trace, where necessary._:.g' ~fu.. T T Y
et a T, ., - ’. . . - -" . : . o ‘. . .1;. Al
¥ L ] e - e
" v o, , i ‘I. . . . t v
“‘ . " . ' o .
v G et T L el et B R JERD SRat
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! N e . :
D -( - I
) )} ‘ = " - .' j\ i ;
: . -15- .- . . Tt -
! ' ! ' ’ v
. v 3, . ., )
.3 ' : "‘ . ‘_
. 1 . . N LA ' M M v L3 A3 .-' .. " . - . l.' ‘v' - .
(e - Other measurements. . ST Do
- - . " D - L A T Tt 0

A1r temperature was measured and observatlons were,

ase s . . .,

" made " on weather w1nd force and d1rect10n sea state and

[P

uabove the bottom and mlddepth

N . . .. Y RN
P . . e s . “.- N (S A
l ) . L . L T LI .
,swel : e TR . .
. . . .~ o - ..
x .
1 . . - .
These data. are given in Appendix ] I
" : (R o ¢. 0o ,“'... ’ .ot y '

, " . N v .- PP . .- v wn

P . ‘ ) ’._ LR X L ; , i - ) R
A, o Sampling‘ProCedure/ ' I A

. . . . -
. - o . e

o Samples were collected £iom three depthS'l

.t f o oy
o :

‘.approx1mate1y -1 m below the surface, approx1mate1y "1m

When the. presence of a

\thermocl1ne was 1nd1cated upon examlnatlon of the BF

-trace samples wene taken at thls level 1nstead of °

"mlddepth

‘ ’

N

The follow1ng samples were taken on each

.- .4.-.,‘ .
. . * ] .
- hd . n -

. e - »: -, ; .‘
trlp ' - ) . . . . . X T .
(a) - Salln1ty samples. /. .. “*.] S e _f,‘

Water samples for sa11n1ty determlnatlons were

collected from bottom and~m1ddepth (or thermocI;ne) u51ng
.a l 2 11ter capac1ty Nansen bottle and from the surface

w1fh a bucket.; In the laboratory, spec1flc gray1t1es of

T
L.

the samples were measured and hydrometer read1ngs‘

.- h

converted to- sa11n1t1es us1ng Seawater Temperafﬂre and °

~ s
R Y
“

Den51ty RedUctlon Tables (Zerbe and Taylor, 19533

S AL S
(b)- Plankton tow samples...} i'~”" A ;~"b -

.

L ., , o i
Plankton tows were made USlng a Clarke Bumpus,

' .. M . .
LA . - s . *
L

= f

.

h e



e \{fe;. 'jﬁa
R T T |
';9'¥ '.;ﬂ-j;‘; : sampler qf 13“cm aperture,_to-whlch wae attached a No.
: ‘af~_:< 3,‘ 20 nylonxet (nom1na1 mesh apérture df 0. 076 mm) fﬁ%”’. -7 \
a ?}.. - 'giope atlng depth of the~2ampler was determlned‘frém the r
’ e eiéﬁ e (that angle made by theﬂcable w1th the szgface
" e £ the- at ) and the meter wheel»read1ng,+§51ng a graph-
“;' ;ka R constrdcted £6r this' purpose.. A separate 15 mlnute tow:
“;i; 'VE -:, o was made ;t each depth '_' : i"ﬁav .fﬁ_: SO oo
{“_.‘} 1’ 'fi - tT . Plankton:materlal retalned by the net was recov reg{
s o L by r1L51ng the outer surface of’ the net w1th the collectlng
v “lu,. f: cup attached 1n a buckrt of“cleaﬁ 'sea water.. The cup _
| | ,‘was then carefully remoYed and 1t5 cqgtents poured 1nto ﬁf
R sterrle Jar. Th1s rlnging procedure was“carrred‘out ;
‘ ) s, ., at least'1w1ce, after whlch the,Jar was capped tlghtly o
, o ‘°B"~.---“L’ab—erato Wbrk '
i : ) ka). Cultgre'Med;a.; “i‘: " At”‘g _x _.i' . ’
s ’ ‘9_'- ) _l‘o
‘\ For 1n1t1a1 1solat10n of yeasts from the plankton :.-
. R L'“j - samples collected a select1ve medlum had to *be’ chosen
'; L g wh1ch would 1nh1b1t bacterlal populat1ons and promote f
! ‘f,'u K growth of yeast populat1ons‘ It was deC1ded to use thetj ]
L ;'L“ ;” ’ med1umof Seshadri and Slebwrth (19719 -,aé:‘:‘:fd“z’”
," U C Allhculture plates were poured a.week prlor to
e T ‘.use and 1ncubated at roem temperature (20 22 Cy. - They

£ Buta e g™
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'used = Belng superfluous, the remalnlng half o£ each

':Upon‘returndng:to the~labdraforyﬂ /ze plankton

n

samples were 1mmed1ate1y transferred to a cold room . f'}j7

(l 5 - 4wSC) ' A11 proce551ng of ‘the - samples up to and .

1nclud1ng preparatlon of dllutlons was done 1n a: cold

° . . . . . . . A -

'-Each plankton sample was thoroughly shaken

~

£or one minute, after wh&ch one half of the contents were j

.. N 4
N

poured 1nto ;a sterlle pre chllled’Warlng blender cup and f-:.

- .l

homogenlzed up for one minute. ‘Ten ml were: then remOVed

shaken thoroughly, and used to make d11utlons of l 10

+

"1 100 and 1 1000 Vlne ml dllutlon blanks,_prep&red w1th

.-‘ ‘v

paper flltered (Whatman No.‘S) natural sea water were_?Ly.

~ - - ."'-

sampﬂe was‘dlscarded — ceST T

-

The Sampies were homogen12ed

G

to beomore readxly made and*to break ug clumps of mlcro-'

organlsms 1n order to produqe dlscrete colon;es when :

cultured%‘ (Moskoylts; 1951; Seshadrlupnd“SIeburth, .

P . . ol Ce .
; “ . - .l - o - . . - N
1971) . R - P :
.. g : - ) - ; :
. . . R . ‘
] ' . . R .
/. .‘ '. " . ’j
) . . (I

N - o ’
AR -17- L -
L) > . -
-weré then cr1¢1ca11y examlned for contamlnatlon u51ng a’ .

o A
stereoscoplc blnocular m1croscope. Ihe sterlle plates -
_were then stored ‘in ‘a. cold room to prevent exce551ve L
dehydratlon T :'.1. E e =j_'-f,.:.' e

i e I - ' ...' .. ‘-.. . N :. '."~ N . °.- . . : »
* (b) Tredatihent of samples;:" oLl o net

to enable dllutlons

-~



' sample and thoroughly mlxed with a glass st1rr1ng rod

.

. .- . '*- . . -. ' , K
”:"A_. WJth each of the dllutlons prepared from each.

planhton sample, he membrane frltrataon procedure of

N

Seshadr1 and Sleburth (1971) was carrled out to help

decrease any antlfungal effects produced by the ant1b1051s
-of: Sea»waterw Two “ml of a: dllutlon were plpetted 1nto

the funnel $f a. membrane flltratlon apparatusm carrylng

a 47 mm Mlldlpore fllter of 0 4%u;por051ty Twenty~ml

e

'of sterlle art1f1C1al sea water were then added to the .

S1xteen ml of - the dlluted sample were plpetted off | : ’

leav1ng 6 ml above the fllter : The latter volume

©

was then partlally remOVed as 2 ml allquots, each of

0 1

Wthh was transferred to a separate membrane.f1ltrat10n

i - - - t

apparatus for flltratlon and cultlvatlon The rema1n1ng
2. ml allquot was then drawn through its fllter. 'The" :

-

membrane fllters were then removed and. placed on plates

* -

conta1n1ng Seshadrl and Sleburth s (1971) medlum1

The plates were then 1ncubated at 18C f0r 4 days

[

At-the end of the 1ncubat10n perlod Gram stalns

were. made on the colonles. Twenty colonles were checked

13
. I -

from Gram reactlon from f11ters hav1ng ample populatlons

N 4 -
.

AR I e T

’

I . . . L. N . i . .
. B ot .. . N

“The 2 3,5- tr1phenyltetra2011um chioride: was Omltted
“from th1s -medium’ because it'was not de51rab1e to 3

- stain the colonies:- for . the puTrposes. of the- present
study SN S : L L ~

e . , B

o
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A ]

ol
'If tWenty or fewer colonies appeared on a- f11ter thentf R

‘ten, or all '1f less than ten were present, were checked' "

& ’

for Gram- reactlon
b . e .
. . . ; - -
Those colonles show1ng Gram pos1t1ve large,

. ) N - '
(I 5 - 8.5u wide x. 3. 5 - 28u 1ong) ovo1d cells were

hd .

cpns1dered as be1ng yeasts and were pleed to yeast -malt

'extract broth (YW broth) (chkerham 1951)- These were

?

then success1ve1y streaked on yeast malt extractgagar
(YM agar) (W1ckerham"1951) rep1cked and ’ transferred to
YM broth untll pure ‘cultures: vere obtalned Ehe pur1f1ed

‘cultures were then transferred to YM agar slants con-'

ta1n1ng a V1tam1n supplement (Appendlx II) on Whlch they
were ma1nta1ned and stored in the cold room (1 5 :

4 5 C) after good growth had been estabblshed Sub- { :

e
]

.culturlng\was carrled out monthly” G _“_‘;;,.w'f

7 y
/ . J
L P 4 . ' - T 3

2. CharacterizationfMetﬁdds_ v et
. . . ? . [ : - ' ) ’.‘ . . . T
Fresh .3-day cultures were.prepaTed.for all tests.

C o

(a). Colany character1st1cs',

Y
o Using Difco morphology agaralcolony characterlstlcs

- of the 1solates, 1ncubated at 25'C, ‘were observed over a -

Vo,

‘perlgd of three weeks. The characterlstlcs noted were: s

-

e . . REE : ' . / N
v, . . . . P

. The vitamin- supplement was used 1n this medlum to ensure

. the continuing V1ab111ty ‘of the.cultures and to try to

. avoid mutations ‘that may occur durlng prolonged storage.
(Loddef 1970) :

-

'™



_SIants for each Lsolate.~.The m1n1mum and maximum

Tl20- .

colony dlameter fbrm elevatlon, surface, margln,

‘ ©

'“con51stency, den51ty of growth and colour Addltlonally,‘

growth of the cultures 1n 2/‘glucose yeast extract peptone

-

water was observed for ”rlng" surface fllm and p8111Cle-':
¢

fo_rmat1on.° : coe o .

~

(b) Cell morphology
S Tubes of 2* glucose yeast extract peptone water

and agarslants were 1noculated with the- 1solates,.

.'1ncubated at 25C" for ‘3. days and observed for grawth.

. Wet mounts made from both. the bfoth and the slants were

stalned with 1% methylene blue and examlned for cell

morphology ‘ Measurements of cell dlmen51ons were made °
N

on twenty cells from ‘broths and twenty cedls from ; S

measurements of w1dth and length were recorded to glve~

a; dlmenslon range fot ‘each 1solate. l R

’

- . ! . . o ! . R
(c) Presence‘of mycelium or pseudomycelium‘

The presence of a mycellum or pseudomycellum and

the form taken was examlned using chkerham S (1951)
modlflcatlon of_the/Dalmau procedure:= Bacto yeast.

’ s

£

morphology agar plates, allowed to dry at room temperature'

for 2'days, werg'used U51ng a 3- day old slant culture

‘a 51ng1e streak wasnmade near oné edge of the plate.. Near-
L

3
—~

the opposlte edge~ef‘the,plate, two p01nt_1nocu1at1ons,

- o
. v .



¢about~5 cm,. apart- were also

ade._-Coverslips; steriiized

"

R jby dlpplng,'ln 95% - ethanol a1 d flamlng, were' placed,

1

cooling, over the center of .thd streak and over one of

\

the p01nt 1nocu1at10ns.. The pl tes were then 1ncubated :

at 25C for one week after wh1ch observatlons were

. .
. . . .

recorded.

» oo

v A wet mount was made of . cells from the edge of the

Y

aerob1c colony and observatlons were made for cell

arrangement and the presence of blastospores. 'The

aeroblc and- anaeroblc portlons of the streak were

/

examlned by the naked eye, for the presence of hyphaer

These sectlons were. then examlned m1croscop1ta11*§
{ .

(1&X and 40X oculars) to’ determlne.the presence of true
mycella w1th~septaeor pseudomycella._ The anaeroblc

p01nt 1noculat10n was. then examlned mlcroscoplcally for

.t

the presence of hyphae.A TE there ‘were. no Nyphae,-
blastospores were usually larger and more prevalent
here -than .in the streak sectlon. : _2;,5-,, 1'_}‘

»

fd) Asc05pore«format10n '

Pl

¢ Cultures weTe examlned for ascospore formatlon by

1ncubat1ng the 1solates oh YM agar at 25C for 3 days

]

;and then sta1n1ng by Schaeffer and Fulton S (1933) method

If no ascospores were found 1ncubat10n was contlnued at

".room temperature for an addltlonal 3 weeks, w1th a spore

_sta1n be1ng carrled out each Week e

: - N : . . : a

o,

“q

e

A
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t3) Growth on Freshwater Medla
All 1solates weré cultured in YM broth and -on YM

agar prepered w1th d;stllled water. Since-all i'solates

E—

grew well on such media, it was then possible to carry

out the b10chem1ca1 tests in freshwater med1a and av01d

PR .

any possable adverse growth effects whlch mlght be

exerted by the componepts of sea water.

-

3. Bfochemieal TeStiﬁg_
B R o . . I.l Lo e

- o N - ‘ X
f 3

For 1dent1f1cat10n of the 1solates, theakey

¢
)
1

developed by Barnett and Pankhurst (1974) was’ used

“This is -a computerlzed key based malnly on the reactlons

of yeasts to. spec1£1c blochemlcal tests. The reactlons

are carrled out in order of thelr Ablllty to separate
A .

‘the organlsms. Dnly f1fty two of the 51xty two.

suggested tests have thls Separatlng ab111ty, although"

the remalnlng ten tests may have conflrmatory value.

The first flfty two tests were carrled out”on 51;

1solates Only some of the rema1n1ng ten weke carried .

out‘hn certaln of the”’ organlsms with the exception. of L

D -glucose 3551mllat10n whlch was carrled out on all

o

isolates.’ All tests were done 1n dupllcate. In some.

instances, it was” not necessary to carry out all the

tests in.order to key out an organlsm, but, to.save tlme,v

\
the tests were applled to all the cultures.

s . . .
. ’ . Sy

. \ .
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' test, cyclohex1m1de re51stance test and 37gC.growth o

Pr

All. med1a used in these tests ‘are glven 1n

—prpendlx II and eXplalned and descrlbed in Lodder (1970)

. v

(A) Growth Measurements
o v ) .
- Growth‘measurements were carrled out for the

a

'folloW1ng determlnatlons' carbon a551mmﬁat10n tess

4

nltrogen ass1m11at10n tests, V1tam1n free medlum growth

1

Lo - 4 !
test. o T e g
: ) o ’ e

IncarrY1ng out these determ1nat1on5, spectro-' iy

photometrlc measurements were made 1mmed1ately folloW1ng

N

1noculat10n of the test, medlum and then weekly for a

\
perlodof 3 to'5 weeks. A Bausch and Lomb Spectron1c 20

1

spectrophotometer was used. . Readlngs at 420mn were.
: , -

recorded:m terms of per cent transmlss1on (%T) L e

4 - . . - 'g.

Schultz and. Pomper (1948) evaluated growth reactlons.'

v

"by means of a spectrophotomete; only;ou51ng the following ‘f

.scheme: 0 - 20% absorptlon-- poor growth - 70%

absorption = medluh growth --100% absorptioﬁ f.good

4

growth.'.ln my op1n1on, hese grouplngs do not prov1de

- a very accurate ‘method’ of evaulatlon ofr. results because

N ’

there ex1st too few grouplngs, each w1th too great ‘a

range mak1ng mrs;nterpretat10n quite posslble$ B
0 K] .- ' - R . »

L4 . LY )
N . e

:Ahearn”(lQGA) estimated .growth using optical - '

N _ A ]
LI . .
.

- ! o . ) * ®
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den51ty (0 D. ) read1ng5 accordlng to the folloW1ng scheme.'7
2 00 - 0 93 0, D. = opt1ma1 growth O 92‘— 0. 61 O D. .
o _good. growth 0.60 -.0. 48.0. D. = weak growth; o-.‘4‘7 ,'- 0.19,
. O D %lweak to negllglble growth and 0.18 -.0.6Q€0Jﬁ.-}--~~~“.;

negllglble growth o o ' o

i . : chkerham and Burton (1948) descrlbed a method,.
| equ1va1ent to a growth measurement estlmat1ng the L N
'_,.f < t twrbldlty of dn-lnbculated medlumn A ‘numbef of Ind1a~'
. | ' - ink 11nes, each approx1mate1y 0.75 mm tthk were drawn

on a whlte card. Each cufiure was: shaken, then held -
T”lﬂ ‘f ..'agalnst the llnespon the card Growth'completely .
§ ob11terat1ng the llnes was con51dered a 3+ reactlon. If;

the 11nes appeared as an 1ndlst1nct band the.growth

l;‘ ao rpactlon\was con51deredlto be-2+ Where the:iinee were '

. _— 'L~ dlstlngulshable but with 1nd15t1nct edges thé'grdwth "je h:'f“

reactlon was regarded as. 1+, ”The absence of blurrlng"l S

. of thellnes was con51dered as a negat1ve reactlonrd A o

\ N 1.
3+ or 2+ reactlbn was’ recorded as p051t1ve wh11e a 1+

reactlon was HOtEd as a weak reactlon. . 2

B . ‘
’ . o s . ‘ L. 5 . a
’ N B .

>

. -.. . In - sdbstltut1ng a spectxophotometer for chkerham' " .;

and Burten S v1sua1 method of. est1mat1ng gnowth the

-
] . v

.h: follow1ng procedure was carrled out N e . ST
Y “ : ’

s ' SpectrOphotometr1c readxngs from a number of

cultures were recorded Samples of these tubes, falllng

v, . ) . . . - i . - .. .
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. w1th1n the - follow1ng 3T, ranges were then chosen' _0-20,3

~

-’,20-40 40-60, 60—80 80 - 100 Growth in the tubes “was

’_then est1mated us1ng W1ckerham s method It was found

':60 to 70 “These were cons1dered-1+ reactlons. ‘Reactlons

.that the black l1nes ﬁ%re obl1terated 1n cultures whlch"

Agave—a.%‘of 30 or- less. These were therefore con51dered

o

3+ reactlons The lines appeared as an. 1nd15t1nct band

- lf"’
in cultures hav1ng a nT range of 30 to 60 These were

»

cons1dered 2+ reactlons The lines were d15t1ngu1shable

‘but had 1nd15t1nct edges in cultures w1th a %T range of

_in-the.range of 3+, 2+ and 1+ wére called p051t1ve in

.

'the flnal tabulatlon of - results., In cultures hav1ng

'merely a hazy appearance but w1th ‘the 11nes completely

v151ble the %T range was from ‘70 to 80 Thesexvere .

"con51dered to be + or quest1onab1e reactlons.' Cultures
int wh1ch no growth occurred and through wh1ch the llnes

.could be seen very dlstlnctly, gave a. %T of 80 to 100

These™ were'consrdered negative reactlons.‘

Spectrophotometrlc measurements were carrled out

:in 13 X-lOO mm dlsposable glass tubes. The unlformlty

A

of thesedhbes was Such'that oue hundred ‘selected at

\.

random from several packages, showed 100% light trans-
mission at 420mu when f111ed w1th dlStllled water.

Var1ance from th1s transmass1on occurred only when there

‘were dlStlnCt flaws 1n the glass Such tubes were d15-

T A
carded. ) o

e
Treo o
D VR,
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- L) Carbon as'sirﬁilati;on tests, ' ' ' N

- . . '\ : +
) erythrltol ethanol, galactitol, D—gluicitol, ,glycerol, .

W * LT ' T, . l‘ ) . A
.»fThese.tte'sts ~wére- carriéd-out to examine' the. - .- 7
» o - Lo

ablllty of a yeast. to utlllze a glven compound as a

sole source of carbon. The follown.ng thlrty-three :'“..

e

substrates were tested- D-arabmose L-—arablnose, -
‘L-rhamnose,.D—r:Lbose, D—xylose (Sigma Chemlcals) '
D-galactose (Pifco), D:glucose .(BDH Chemlcals),
methyl-— -D—gluc051de, salicin, L—\sorbose '(.S,i"gma
Chem:.cals)‘, celloblose (Eastman Kodak),.maltose (BDH
Chemicals) P lactose,‘ mellblo.s,e',\ sucrose, .trehalo_se:

melezitose,. raffinose, inulin, soluble starch,

1n051tol D—mannltol, rlbitol, .citric acid 2- ketogluconlc

acxd, qlucori’o-S lactone, DL-lactlc aC1d, and succinic :
acid (sigma Chemicals) Compounds of the hlghest S o

-

obta:.nable purlty were\ used
. * _..’ - s
The concentration of each carbon source in

solution was so adjusted as to giVe -0.2'g carbon. ' This .

. - . 7

would be equivalent to the concentration of carbon in

a 0.5% soldtion of glucose. (Vai'llu.es for all 'coxﬁi:our}de_
are 'given in Appendix IT): _With the exception .of inulin

and soluble’ 'starch ‘all-' solutions of carbon gourdes were.
sterlllzed by membrane fJ.J,tratJ.on (0. 45,u por091ty) The

1nu11n and starch solutlons were autoclaved at lZlC for ot

© 15 minutes "(Lodder, 1970) When the carbon sources were

v .(‘

" ac1ds ‘or thelr salts, the pH of the medlum was adjusted to .

N\ . T

5. 6 by the addit:l.on of‘ sodium hydrox:.de pellets.

[N ‘ . ) . .. . . . .

e Lot cmar = s .- - [

&
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3 yeaSt nltrogen base med1um (leco) made up at IOX

'3

’ —.. . . I‘ . » . N . - ". .—
The carbon source substrates were’ added to BactOr

:.concentratlon and sterlllzed by membrane f11trat£91L; A

.’-"(O 4§u.por051ty) ‘ Carbon source solut1ons and hasal.-

medlum were stored separately 1n the refrlgerator unt11

F Y . i o .

.Yeady for mlxlng and 1nocu1at10n with the® 1solatess.

Immedlately prlor to. 1nocnlat10n, 4 5 ml of each carbon
) . -
source solutlon were added to O 5 ml of basal TMedium -
. “ , ’

in 13 X 100 mm dlsposable tubes with foam plug Stoppers4

. These tubes were each 1nocu1ated w1th one drop o£ ‘a

yeast 1solate suspen51on using. a Pasteur plpette and

agltated:br 30 seconds on a.vortex mlxer The'

a t!

suspen51ons were prepared by transferrlng loopfuls of

> B

3 -day 1solates grown on YM slants to i3 m1 allquots of R

ster11e4hst111ed water and agltatlng for 30 seconds

. i R -
- [ . . L.v' . -. N

on 'a vortex mixer." R .
A Controls consisted of basal med1um alone 1noculated
¢ N, /‘ E iy

-w1th the’ 1solates, together W1th unlnoculated basal ";ﬁ

- I

medium plus carbon source The latter control was used

to determlne whether any deter1orat10n of .the reagents L

.
'J' . ) . Lo 4 R Lo B
. S
'

f ’ ,..\,

As ‘certain ollgosaccharldes may undergo sloy hydro1y51s
o in the basal medium during prolonged Storage, carbon . -
solutions and basal gmedium were filtered:and stored .
separately, (Lodder, 1970) Do

4

-in distilled water to,rid them of any traces' of media
or sugar solutlons Wthh could lead to erroneous results.

o

o . ’ . v o -
t ' B

b o

The foanm plugs were thordughly washed and then rlnsed o
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.
.. would occur over the prolonged 1hcubat10n perlod All p R
R <. R e R Lo . - "- e ’ S . \
‘ experlmental tubes and controls were 1ncubated at 25C for N
R ; SRR LI . ’ M L A

e to Sheeks.“ Observatlons were also ,made for, the excretlon S A

. - - H

";ﬂ \ . of r-1boflav1n :Lnto the medlum.. To test for produetlon of ,-‘..;:.“_
. .-,~starch one drop. of- 0. 02N 1od1ne solutlon was added to o
o each of the tubes used to detect glucose a551m11at10n. Sy

The tubes were agltated on a vortex. Colours ranglng from

e ' blue to green were denoted'as p051t1've for starch pro— e T
e dUCtlbn. SR : T S AR
R '. (2). Nltrogen Ass‘lmil‘atlon‘*TeSts . _ : ~’ o
L o | K Two kmds of nltrogen a551m11at10n tests ,were carrled '
. . . : - e ) At i
out‘.,- These were‘ nlltrate a551m11at10n andramlnd alkane ‘ .

B o L gt .- . . ) , . - y o K . - . .. \

v TR '(.el)"\' Ni trate A551m11at10n. 5 , .',_: /' ;":'; e ﬂ.: P )
AT .' T Bacto-yeast carbon base (D:Lfco) was made up’ at: 10}( ;
_ concentratlon and ster111zed by membrane flltratmn. ThlS g‘é

S medlum lwas then added to 13 X 100 mm tubes‘ in O 5 ml e R ~ ),
'-’-',4 3 k '_ amounts. 5 ‘,"' R ," f " E _; .. U ‘. .".;5
. T F11ter ster1112ed potassmm nl\trate solutlon SR |

s

L (o 078g in 90 ml dlstllled water) was then added in, 4] 5 SRR §
. ? "I\ X N

. ’ -

ml amounts té the tubes of ’carbon base medlum an’d mlxed e

. | 5 ». i ¢ . ‘_‘; A N " o [ A DR : * LB
’ - — ST e S e : Aobee . .
I ‘ thoroughly \, . S L A I
N oo R . N ! . . 1 -. . I .‘ : ~ . A . . .. +
. . . . Lt 3o, i P >‘ N ' i 4 . §. ° ~
’ ' ' P g S SRR L
(b) Am1no Alkane A551m11at1on R A A
- Lt R ! St T L
: . " e R
, I Fllter sterlllzed ‘ethylamlne hydrochlorlde solutlon e
L ‘ Tt e ot . - [ .
' . . o ! ' ! vt v . ! ’ ' M
v ‘ ¢ 7 A 3 Hoe
, ) ’ . " f ‘_:l A '.}' y ! - d
! . ’ , v :. . . } . :' LI P ’lA ": xf‘.‘ o ’r‘ : ‘. rl .
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. ' .- ] » '_. '. . ) N . ' . . 'v . . .\J. : ».' ‘: . :. : ‘
) R . - - ., \ .o
: (0 064g in 90 ml dlStl.lled water) was\added in_ 4.5 m1

v

'amounts to tubes of carbon base medlum and mlxed thoroughly

- . . . ¢t L -
. . . . ¥
s . . .o . . M . L L,

s -

For both these tests -the 1noc,ulatlon procedure

-

‘-_- was the same" as that used for the carbon assmllatlon

.‘:

- . . . . | P ) '|_ . -~
.tests- ‘ ' Lo Cow e

-

.. i

. . K
- . .

o Because the cultures had been malntalned on an

- -

. .
) V- " “

be abl‘e to carry over n1trogen to the experlmental med1a
. . ;
. glVlng erroneous results. d‘q av01d such results, the

foilowmg procedure was carrze.d out for both types of
nltrogen a551m11at10n tests, . The experlmental medla
were ;,noculated w1th a drop of the culture suspensmn.

Tlus!%as mcubated at 25C for one, week A drop of thlS‘

\
growth was then 1noculated' 1nto another tube of the sarne
T

medlum and 1ncubated for 4 weelos W1th readlngs taken weekly

L . . . . . . - S
. . o . \

. (3) Vitamin-Free' Medium Te"st,' A .
. Sy ot

T]’llS test was carrled out us1ng Bacto' v1tam1n -free

yeast base (leco) Th;s was made up at 10)( concentnatlon,_
. stertllzed by membrane f;ltratlon, and added 1n 0 5 ml
. . \

amountsto 1.3 X 100 mm tubes contalnlng 4.5 ml of sterlle,

1

d1st111edvater. The tubes were 1nocu1ated W1th the \asolates

" N . ‘ L

by the same nethod .as, used for the carbon ass1m11at10n\tests.

[y ,,‘ - -

‘ The tubes wereamcubated at 25C “for one week Whlle growﬂh

: h-ay’ appear at, the end of thls perlod thls may be due tou

\“.'

' the-ca.rryever of v1tam1ns from the enrlthed medlum on wh1ch
e s ) s s " Cee - A
. . L s, . " N \

enrlched medlum prlor to the tests, the Organlsms would .

y



-~ " the isolates were I'na‘intained. There i-e as 1n the nitrogen -
PRI DUV A . c T . v
L D - o ‘ - -, A
a'ssimilation tests, a second tube was' inocul'ated W1th a

2

drop of materlal from the f1rst tube. : The latter was

3

then irrcubated for a perlod of 2 ""weeks and results were, g .
A ’ ¢ - . s
'observed _and', r,ecorded as ,f,.or the‘ carb_on assrmllat_lon tésts. .

e (3T Growth Test"_'t" N : R
- .' . . . _ . . ' s ° v / ) ;'.__: .

Fo.r thls test, glucose a551mllatbon med1um was/ T

v

. prepared and 1noculated by the same method as used 1n the

carbon a531mllatlon tests.. The tubes were 1ncubated at Loe

-

- 37C and .. observed for growth at 7 days and agaln at 24 o

L da,ys-.' The results were recorded as for the carbon P, -
S 'ass’imlatmn tests. . e ok " Co B
(S)- Cyclohexmlde re51stance S .

- s ) N - ) -
P ] A cyclohex1m1de solutlon was prepared at a con- '
Co . . :

. ’, centratlon of 0, Olg ‘1n 90 ml dlStllled water and f11ter-3

-

P - ster@llzed:' The ant1b10t1c was added*—ln 4.5 ml amounts to S

. , tubes conta1n1ng 0 /Jnl/of{oy(east n1trogen Basafl/ o
- ) '-."A "z : - . ‘.
I medlum whlch also contalned the swm unt of gIUCose . -

L. /
- as used.ﬁ)r the glucose a slmllatlon test. The tubes we

’ J'vl_; .

e T then 1ncubat,ed’/SC shaken da11y and obs ;
/fo‘r 3 weeks. Results yere. re 8d as for the carbon
g " assmllatlon,test‘ - . o T e
Fermentatlon tests ) ‘ 1. .
A fermentatlon basal medlum (chkerham 1951) was"
K B ’ ' :‘ ' L . . v . ' ' ] ‘:“ o ‘ I ' . — P -. ' N
. \»- ‘K . ’ . \ . . L .v
' . ) . :’i. / - - .
S L ; . -'
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' slanted “The " slants were 1nocu1ated by streaklng w1th

* h : - .
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14
prepared (Formula in Appendlx II) and added 1n 2 ml allquots~.

to 13 X 100 .mm tubes-contalnlng Durham tubes.‘vlhe tubes T f

>

.were then autoclaved at 121C for 15 m1nUtes. T '
e, The follow1ng eleven compounds were used maltose,

-

D‘glucose, lactOSe, rafflnose, sucrosentcelloblosé

,D—galactose, 1nu11n mellhloSe trehalose and melez1tose. o

. I’

- - X : . . .:. .‘ _.'. “ -_'.' . L . . ,-. . . .-
I . - . . . . e T, .
: - These compounds were prepared as 69.solutlons 1n

v

dlstllled wate ,-sterrl1zed by membrane f11trat10n and ,~1;.r

- -

added 1n 1 ml’ amounts to cooled fermentatron basal S

- ‘ < : ‘J - s \, . N . - -‘
S ' SO . e ST Cr
medium,: - -. . e ’-w D R T .
. N S -t .. I . Al . [N . . . .
s T s } S5 . )

P

. - s‘g}-“'v'u,"z'. e Bl AT e
. .- These medla wete 1noculated by the same method as’

~ - 'v-

foxﬁth% Carbon 3551mllat1on te%ts, 1ncubated at. 25C :\u'"vh

r

“shakeh regularly, and- observed>for the product1on of

, ac1d and;ps over a per1od of 24 days. ‘,iff@?qf“f;~i:'f .

g . - - - > " v . . - Y
C 2R N - - S T R : CLl .t [ .
- . ' A y

(7)  s0%. Glucose Growth Test ‘ﬁj‘;g;}fhg*;'~.

.~

%he medlum was prepared by addlng 50 g gldcose to

8- . .
50 ml of yeast 1nfu51on. (FOrmula 1n Appendix II) Agar

"o M ‘

was then added to give a concentratlon of 39 (w/v) ahd .{
', ) - . ‘D ! '.
dlssolved u51ng a hotﬂwater bath’ F1ve ml allquots were

RN A AT SN

then d1spensed 1nto 20 X 125 mm screw capped tubes and ];

A

autoclaved at 121C for 15 m1nutes._ The tubes were then

AR R .

- F - Kd - N

1nOCulum prepared in- the same manner as for the‘carbon

'
. - t

a551mllat10n tests Incubatlon was at 25C and observatlons

¢ L e M b . LN '\ l“\..

of growth were made over al perlod of 4 weeks., o uf\<

. . ., . e .
. ey [ - T .- . o -
- . . T e - - . .~ M .
P . . e L s S RTINS T '
- . . 0y * . e, " - A . . e s ' .
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“n
2

.. (8). . Arbutin Growth Test . B L
C N ‘ X

Arbut1n]agar was prepared by dlSSOlVlng 0 5% arbutln :

‘ O S
and 2% - -agar 1n 100 ml yeast - 1nfu51on. _Allquots of 5 ml - " .

~-were dlspensed in’ 20 X 125 mm.screw-caéﬁed'tubes.and'aUtoil

cdaved at lild for 15 minutes._ Immediately atter:

' sterlllzatlon, 2.--3ldrops of filter-sterilized 1% ferric .
g ammonlum cltrate were added to each tube. The tubes were"
1 e .o .
.* carefully agltaged and'théan}anted. - . e .
. . / B - o .

. \ - . . .
Three day 1solates were streaked on the- slants and

Q

; the tubes were observed ov%r a perlod of one week. ;If

. '

' the organism had the ablllty’tp spllt arbutin, a brown
colourjdeyeloped in the medium.’’ o ~l.4r .

. L " ’
a . . - - R

c'{' QQ)" Gelatin Liquefaction: _:. " 'M : i c
- Ten g of, geLat1n &ere dlssolved in 90 ml of hot

dlstllled water. Tth solutlon was then added to 13 X/
100 ‘mm tubes in‘4.5 ml amoOnts and autoclaved at'121C
for 15 mlnutes Upon coollng to appr0x1mate1y 37C, 0. 5‘
ml a11quots of Bacto ;east Carbon base solutlon contalnlng
5% glucose were added * The 1nocu1um wasfprepared in the :: ;
same manner as for the carbon a551mllat10n tests, but
dep051ted onl the surface‘of the medlum.l Inoculated tubes
were 1ncu§§ted at ZSC add checked for 11quefact10n at 7

.and 24 days after placmng th tubes 1n the cold room :f

(1.5 - 4-5.C3 “for a‘D.erlod °f_ 30 minutes, ‘The depth .. .- k ,

“

13

e e s
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of the liquefied gelatin, if présent, was meastred in
- millimeters. ' If the depth was*5 mm or moré-it was
considered a positive  reaction., oL
. . *f. R ’ ..' . ty N N ' . e -
No.inyvestigatien was carried out to evaluate or
separate mating types. Coe
. . v . o K
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.- *RESULTS AR y
. . ‘ *'(’ K . ~. . " . e

- _The,chltures;wéré assiéned numbers which pro;ided
certain ba51c 1nformat10n about the samples from which .

they were 1solated The f1rst number (from=1 to 7) .

o

indicates: the fleld trlp and date of- collect1on. .The

finst'letter indicates the type of sample'from which the
EN . : ' . -0 oo R - B

yeast was iSOlated:°nln tbié'study, isolates were made

. only from plankton samples, so the letter is always‘"P" '

P

The second letter indicates the depth from wh1ch the
sample was collected (S, surface' M mlddepth B bottom)
‘The follow1ng number 1nd1cates the dilution from ‘whi,ch

»
- ¢

the 1solate was obtalned (usually, zero d11ut10n, 0,

S

sometlmes a one 1n ten d11ut1on, 10 ) The last number N

.1nd1cates that the culture was one of a series taken from. "{

e

the original ‘plate.

ot
.
[

For example: 3PMig'3 . -

3 - thlrd ‘field trip, February 6 1973:

_ " P . - ‘planktbn sample . o
oMo .—‘mlddepth sample T ' A L
, ~ 10" - a one- in ten dilution -
.3 - number 3 colony from the orlglnal plate.

u'\l 2

The~following yeasts were'identified: ngéryomyces
hansenll,-Rbodotorula rubra, Candlda dlddehsla, Rhodoaorula

“ . «
a

lutgnus varn glutlnus, Candlda dlffluens, Candlda - .;

D

g . .
U “aerpems R LY -



n

©

o

R P

v
- R - P .

'vtroéicalis,:Rhodotorula graminis; Cryptococcus albidus

AR

N

) second and thlrd fleld trips, (January 2§1and February 6, o

. lS glven in Tables 2 and 3. In the follow1ng,dlscu551on . ;‘3"§

.sampies, 59 6% of the Debaryomyces hansenll lsolates came <

.var, albldus, Cryptocobchs‘inf{rmo;miniatus; Candida’

o

humlcola, Candlda marltlma, Leucosporldlum SCOttll (as;

[y

self-sporulatlng clones), Rhodotorula palllda and several

'“black yeasts" A llsb of the 1solates 1dent1f1ed is . L

. . - .
- v v - . - -] - M R
* . Ja . L - . . . ce
s .

glven in Table 1. Lo .. S

a - . ’

(a). -Seasonal-and Vertical Distribution - L. T
L L v . ) . - :

The seasonal and vertlcal dlstrlbutaon of the 1solates f’ 'Jr€

‘ .
v Je
°

of the outcome of thms study, the percentaqe whrch the T S ‘?

a [

1solates of a glven spe01es constltute 19 based on the T
‘o s . N M .

occurrence of that spec1es durlng the entlre sampllng '

N . Soe s
o . .

perlod._ Non 1dentmf1ab1e forms do not enter‘lntO'percentage'

. el vk
° -
. ’ ’ . . . s LN

calculatlons.fﬁ R ﬂ'." . Z. ’ ,,“*' S S C ok

Ve . . B . TS
t, . e . o .. . .

Of aIl the 1solates 1dent1f1ed 29 3% were Debaryomyces SR

b *

‘ hansenll." ThlS spec1es was found throughout the sampllng ﬂ'

i ey

perlod, but seemed most prevalent Ln samples from the _'_f ,* g '?

RS |

1973). Although 1dent1f;ed from both mlddepth and bottom

'

from surface samples. . T ,;;' e

. et

;Rhodotorulalrubra constituted fl 3%, of the yeast§

'
4

e identified. For isolates of thls specles, 58 9% - came from o

o mlddepth samples’but there were 1solates identlfied from

SRR}
(v:

:l‘,‘ . ] ‘ ,' . . .,
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¢, TABLE'1

\

TIDENTIFICATION. OF ISOLATES

- - Isolate Identification

" 1PS01 'Debgryomyces hansenti
1PS02 Debdryoﬁycgé hqnsenii~” g

_iPSOS Debaryomycea hanseniil‘.
1PSC4 Debaryomyces, hanéenii

. '1PS10°'1 Debaryomyces hansenii R

"1PSIQ{4A ‘ Candida dszZuena ‘
1PS10'7° © | Rhodotorula glutinis var. glutinis
1PS10'9. i | Candida diffiuens’ S
1PMO1 Rhodo toruda rubra Kz
‘lPMOZ 'Candzda dszZuens _ ‘
1PM03 : Rhadotorula glutinis var. gZutznzs“
1PM04 . ' Rhodotorula rubra ‘
.IPMOS Unldentlfled ‘ .

" '1PM06 'Rhodotb}ulq }uhrq :
1PMO7 Candida diffluens ‘
1PMO8 Candida'trqpiéalis ‘

‘ 1PM09 | Pebaryomyces hanqeni{l‘,‘

- 1PMQ11 - | Candida diddensi -

© 1PM013 dand{da.difflwéns

- 1PBO6 ‘Rﬁodotprqla rubra ‘ -
1PBO7 . Debdryomyces hansenii
1PB09. ‘Rhodotorula rubra’
1PB010 'RhodotoruZa rubra

_-2P801""" ' Debaryomyces hansenzt»
2PSO} ,"Black yeast" .
2P503. Debaryomyces hansenzt
ZRSOA’ Debaryomycea hangenii
2PS05 quﬁ@id& tropicalis’

7
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" TABLE 1 (CONTINUED)

Isqiate 'Idéntifiga;ion»,'
- 2PS06 Debaryomyces hansenii
2PS0 7. 'ADebarqu;§e3Qbanseniif‘
'2PS08 Debaryomycee haneénii
2PS09 “Rhodotorula gZuttnzs var. gZutuyws
- 2PS010 Cryptococcus znfzrmo mintatus .
: .-QPSOII- ' Rhodotorula glutinis var. glutinis--"‘
2Psp12 B Debaryomycee hansenii - o
2PS013 Candida dzddenStt T 'f.' /
' 2PSOl4 - Candzda tropzcalzs /
ZPSOIS 'Cand$da diddensit
2PS016 . Rhodotorula gramznzs
2?5017 Candida tropicalis = . ..
ZPSiO'Z Cryptoccocua znftrmo mmntatuéu
. 2P810"3 Candida dpddenszz'C"
ZPMdl . Candida diffluens
'2PM0 2 Candida diddensit - .+
ZPMdS Candida - dtddenatzj C “., "
2PM04.”.. _Rhodatorula rubra e
2PMO5 - . “Rhodotorula. rubra
© 2PMO6 Rhodotorila rubra
2PMO7 - .| Rhodotorula rybra’ - ‘
2PMO8 | - Rhodotorula ‘g Lutinie var. gZuti'n‘t;b
.2PMOL;7 :Rhoddtorula\rubr& ‘ -
"ZPMO12. Rhodotorula rubra o
:ZRMOiS Candzda dzddenezt-ﬁ ‘
“2PMO14 - Candida diddensii
'ZﬁMQiS ‘8hod&tbﬁulaﬁiubra
71 candida® diddensii

2PMO16

A

RS
.
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TABLE 1 (CONTINUED)

S Identification

Isdlate'
N v
2PM10'1 'Rhodotorula r;br&-‘ ’
2PMI0.2 ‘Unidentified . L
.2PB02 Candida maritima. s
; 2PB04 :Deb&ryomyces'hdnéehiz ‘ .
2PB0S . \ ﬂBhodéfbvuZa'dZytiﬂis var, glutinis
2PB06 Unidentified |
. ZPBOZ'Q Rhodatoruia’graminis" ’
2PB08 -~ - ; ‘Unidentified - :
" 2PB09’ | Debaryomyces -hangenii
'ZﬁBOIdI'- Candida. tropicalis
'ZPBOIZL‘ ' ) Debaryomyces hansenti. -
. ZPBQIS"" Deiaryomyce&;ﬁanseh#i
~ZP§014" Debaryomyces hansenii :
2PB1O"1 Debaryomyces hansenii o
2PB10'2 . Qandidd'huﬁigola ‘
,ZPBIQfli Debaryomyces hﬁnseﬁi?
_2PB10'12 |- Debaryomycés hanaenit -
2PB10'13  Candidd humicola
33950}.. ' thqotbrula rubra ?{
3PS02 Candida maritima
3PS03 Debaryomyces hansenii3
3PSO4_3 Debaryomyces hanaenii
"~ 3PSOS- . Débaryomgceé hansenii
3PS06 " Candida tropicalis .
3PS07 71 Debaryomyces hansenit
+ .3PS08 Debaryomyeces haﬁggnii
3PS09 "Rhodotorula rubra
~3PS010 ‘"Black yeast" . ~
-3 3PS011 ;Debaryomyaea hdﬁsgnii
:3?5012 Debaryomyae} hansenii

o et e
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"3PB06

. . <
TABLE .1' (CONTINUED) .
Isolate . '3':. Identificétion
‘ 3PS013 .Rhodotorula rubra
3PS014 ~ "Black yeast" . .
3PS015. ° " Rhodotorula rubra .
3PS016 Rhodotorula graminis |
3PsS017, Rhodotorula glutznzs var. gZutznzs
-3PS10'1 ‘Debaryomyces hansenit . ‘
‘ 3PS10'2 ' Rhodotorula graminis
" 3PS10'9 . Unidentified
' SPM01   Debaryamyces'hansenii 4
~ 3PMOZ° .VRhédoforuZa'rdbra' '
. 3PM03 Rhodotorula ruﬂra'
{ 3PMO4 . ' Rhodotorula rubra
_ 3PMOS, Unidentified “
. 3PMQ6 'Rhodotorula rubra
ZPMO§. :fDebaryomyces hansenii i
SPMOIbf. Rhodotorula glutznzé’var gZutznzs
.3PMO11 RhodotoruZa glu%inie var. gZutznzs
. 3PM012 Rhodatoruia glutinis var, glutinis
- 3PMO13 Rhodotorula glutinig var. glutinis
3PMO14 . thdotorula‘rubra//
3PMO1S Unldeﬁfifled
3PM016 'Rhodatorula gZuttnts var. gZutinis.
3PM10{3' Unldentlfled . ’ A ‘ s
.3PBO1 Rhodotorula gZutznzs-vaf. glutinies
3PB02 Rhodotorula rubra ' .
:3PBO3. .- Candida diffluens ' g
3PB04 ‘Rhodotorula rubra ’
3PBOS ~Un1dent1f1ed '
Candtda dszluena )

VN
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© FABLE 1' (CONTINUED) - ~ . -
N . . . .. . & -
‘Isolate - C Identification . = . 4 i§ )
— S ¥
3PBOF. - Debaryomyces hanaentt, .
3PBO8 | “®Rhodotorula rubra ) B .: S
3PBO11- | Rhodotorula rubra ‘
3PRO12 .| "Black yeast" i
3PROL3 © - . . Rhodotorula gZuthzs var. gZutinis
3PB014 ) 'Rhadotorula gZuttnzs Var. glutznza' s
3PBO1S T Candida* trapzcalzs , c s '
3PBOi6' ‘ | Unidentified B -; ) ‘ R
3PB10'2 | M Rhodotarula ﬂubra_ a '(’:‘. L K IS
4PS01 - : Debaryomyces hansenzz S ' e
-4PS02 - - \Debaryomycea hansentz | .
4PS03 - .~ Debaryomyces hansenii ' )
4pS05 - ' | .candida diddensii
4ps07 . .. ..CryptOcoccus infirmo- mznzatus .
:APSOQ :  '-.~, ' Cryptocaccus albidus var. albzdus 3j
4PS010 . - Candzda dzddenszt ) o ‘
4?§011 . Candzda dzddenezz ’ : \\i
4PS012 o Rhodotorula gramtnzs o L
4P8013_‘~ . - Rhodotorula rubra - " . '
4PS014 | Rhodotorula nubra " ' | '
. 4PMO1 Rhodotorula glutinis vér.'éiutinié A
4PMOZ E' _ "Un1dent1f1ed ‘ L RPN
.4PM0 3  Gandida- diddensii '
"4PM0 4 . - ‘Candida diddensit’ .
4PMOS - Tryptococcus aZbidug var, albidus. . -
4PMO7 '. , ‘ Un1dent1f1ed - . . ’ L
4PMO10 - . | . Cryptococcus albidus var., albidus . g
4PMO11 © | ‘Unidentified . -
< 4PMO12 -« | Rhodotorula rubra .
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6PS02

-8 TABLE ‘1 (COMINUED) - .
‘ Isoldfe . _ Identification
: . - : N -
_4PMO13 . Rﬁédatoruld guﬂra'
4PMO14 « Unidentified . .
" 4PM015 Rhodotorula rubra , .
4PMO016 .Cryptococcus alhidus var. albidus’
APBQI. g : Debamyomyces hansenits; #, - -
“4PB02 . ‘1 Unidentified =
-'&PBO4 x.UnldEDtlfled e ‘
 4PBOS . ' Unldentlfled .
" 4PB06 ’ Leucasporzdzum acottzz
. 4PBO11- andzda‘tropzcal?s .-
" 4PB014 .'Debapybmyces hansenii
4PBO15 - ‘Unidentified .
. 5PS01 Candida diddensii o
5PS02 Gandida diddensii
5PS03 ' Candida diddensii
5PS04. | Candtda dtddenszp
5PSO05 | “candida, tropicalis
5PS07 Rhodotorula graminis -
5PS08 " candida  diddensii’
5PS010 Candida diffluens
5PS011 Rhodotorula rubra
. 5PMO2 . Rhodatorulairubrat v
SPMOQ' * ' | 'Rhodotorula rubra -
SPMosl; _'Rhodﬁtorula.rubra‘ o _
SPMO8" ’ Rhodatorula‘glutznze var. glutznzs
. SPMOIS" 4 'Rhodotorula pallzda “
5SPB02 el Unldentlfled .
SPBO11 \ Debaryomyces, hansenii’
' ‘Unidentified

.
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_TAHLE 1' (CONTINUED)
Isolate . Idesitification * -.
= ;"69305 . ‘:'.Debapyomyaes hansenzz
; 6?&07'rkJ T Rhodatorula gram;nzs . .
6PS08 7 ~~Candmda dzddenszz f/_; N e
.JGPSOQ' Candzda dzddenszz S
E 6PSOlO Debaryomyces hansentz.' L ,
' 6PSO1T fandida dzddenszz d o
© 6PS012 . Debaryomyces hansenzz S (
- 69“01', ) ) .Debaryomyces hansanzz‘ﬂ ‘QL“ 5
6PMO4- - Debaryomyces hansentz S
' 6PMO06 ‘. Oandzda dzddenszz B Sl
i 6PM071> Debaryomyees hansenzz - ‘
QPBOI *Candida humzcola . . i
6PB02 Debaryomyces hanseﬂzz" . T
6PBO8 thdotoruZa glutznze Var. glutznzs
6PBO15- Rhodotorula rubra ° '
H7P801._ Unidentified RS
7PS02 /| Unidentifiéd .o . :
" 7PS03 |- . candida diddénssr.
' 7PS04 'Jﬁ"Black yeast" - .
7P805 *Debaryomyces haneenzz’ g
7PS06 Debaryomyces hansenzz
' 7PS08 Candzda-dzddenszz'
7PS09: - . Candida dzddensp}‘ '
7PS010 . ‘ mBlack yeast!
7PS013 ' Debaryomyces haneenza_A‘ )
o 7PSlQ’1__ “GDebaryomyces hansenii
:7?810'2. ' ':_Debaryomyces haneentz'yc% .
~ 7PS10'3 * - _ Un1dqnt1f1ed ‘ T
7PMOL . Unidentified .
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TABLE 1  (CONTINUED).

Ly

a

;ﬁsolate

. . /.ideﬁtifica;ion

7PMO3
* 7PMOS

. 7PBOL -

7PB04

" . 7PBO7 - ..
7PBOLO ..

‘Candida diffluens =~
|- Leucosporidium scottit:
"Unidentified ' .

"Debaryomyées. hansenii

Rhsdotdrula_rﬁbr&;'
Rhodotorula glutinis var.
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L ““TABLE. 2 ) .
SEASONAL AND- .VERTICAL DISTRIBUTION. OF ISOLATES
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-all depths. The majorlty of Rhodotorula rubra 1solates AN -i
N
came from samples of th% third fleld trlp, February 6 i w
- .,/v N s * * as
';973., Lo ‘ .

. « .
, L0 [

’

s .Candida. dldden511 comprlsed 13 7% of the yeasxs‘

fideﬁt1f1ed Mdst were 1solated fr0m sampies of the Second

' i

: fleld tr1p on January 25 1973; Slxty four per cent of

N B » <L, . A‘ [ ]
thlS spec1es came’ from(surface samples. No Candlda

"' - o Tee

’lulddeniii were found in bottom samples ., R
: . - cooS

:Rhodotorula glutlnls var. glutlnls constltuted 10 46 . .

of the yeasts 1dent1£1ed The’ majorlty were 1solated
from the thlrd fleld trlp, February 6, 1973. Although L
'1dent1f1ed from samples collected from all depths 47.4% - R L

- of thls spec1es came’ from mlddepth samples., .}

-~ ' . . . ,,'~ . . . ¢

Of the- SpeC1es 1dent1f1ed 6 0g were Candlda

- dlffluens. The majcrlty were obtalned from samplesd oL fh‘ﬁ
7collected durlng the flrst fleld tr1p on November 23

.-1972 Surface and mlddepth samples seemed to contrlbute o K

T . . .t &'

. Equally to. the numbers of the spec1es but a 51ngle " s >

. -
e,
-

.;solate was obtained from a bottom sample. ST Tk

at . . . s [N

Candlda trqplcalls comprlsed 4. 99-of the spec1es. C .

“1dent1f1ed Most)were 1solated from samples gathered on C

~the second fleld trlp, January 25, 1973 Of these yeasts

55 6° were obtalned from surface samples However' ‘5. B
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‘reSpectlver.

) S

.
1
\

. samples:

at.

o,

‘o -

1solates vere obtalned-from both m1ddepth and bottom

«

.

[

in samples collected from’ the 51xth and seventh f1e1d

'trlps (May 29 and’ June 13

I3

Qo

3 .

1973

respecuive&ya.

.
L]

o «

‘
-

° o

Candlda troplcalls speC1es were not 1dent1fled

Rhodotonula gramlnls Constltuted 3, 8“ of the spec1es

identlfled

iy

f1eld %rlps of January 25 and February 6,

.

For thls spec1e$,

surface samples.

n

85 7°

o ©

) Most were found it the second and thlrd

<L

®

1973 . -t

el

o«

were found in; o

o’onﬂ o

Oné spec1es was 1solated from a bottom

N

sample and none were 1solated from mlddepth samples.

[~

aibidus.var.

fleld tr1p of March 2L

[.]

sample.
. I

albidus.

P

o

Both Crgg;ococcus 1nf1rmo—m&nlatus and Candida’ .

.

3

. Of the spec1es 1dent1f1ed

1973

e
.

‘l T,
. o

2 29 were Cryptococcus=

v

Three of the lsolates

b
.
P v

No isolates eume from;bottom samples. . o

LS

E)

b o

hum1Cola constltuted 1.6% of ‘the yeasts 1dent1fred

.

t o o

All were 1solated from the fourth

came from mlddepth samples and one came, fromtausurface“=

o

The former spec1es came’ from surface samples of the second

and fourth tr1ps (January 25 and March 21

1973

o -

{

8

respectlvely) Candida humlcola 1solates were 1dent1faed
o v Q o, ®
" from bottom samples of the second and sixth, tr;ps o

(January 25,andfMay=2§

[

Both candida maritima and

'constituted 1.1%

of. the yqasts

respectlvely)

.0 R

°

Leucosboridium scottii

identified,

.0One ‘isolate -

o
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each of ‘the former came.from a surface sample and'a

.

bottom sample on tDlpS two “and three (January 25 and C

o

t.

1973 Leucospbrldlum scottii

respett1ve1y)

‘was 150

lated from bottom samples on trips four and seven.'

0

- A

(March 21 and June 13,,1973

o -]

Yo

e ¥

-of all the- yeasts 1dent1f1ed be1ng present to the extent

ax

of-O 50n

v
©

depth sample on the f1fth tr1p (May lS

respect1ye1y). ' L

-
. . -

Rhodotorula gglilda was found to be the least common

o

‘Qa

\

The 51ngIe 1solate was obtalned from a mid-

1973).;

-

The "black yeasts” comprlsed 3 3% of the spec1es

\

identified.

Asurface samplﬁs

<

For these forms, 83. 5%. came from the

Though none vere. 1solataifrom m1ddepth

' samples

one was ;dent1f1ed from a bottom sample.

Fl

-These“

-"black yeasts" were 1sOlated from samples collected on

N

the second thlrd and seventh trips (January 23,

o

‘February Qband June 13;. respéctively). e I -
R R o .

P T LT . N -

(b) " Cell mdrphology= . L . S

Infonmatlon ‘on the cell morphology of, the 1solates

1s g1ven in Jable ;.

<

E
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N

B

v

'

°

-
’

o "

o

:
'

.

\ :

. Most .of. the cells w%re-lpng‘ovoid.td ovoid to

Vet

e 3
» Q . e °

spherical. Thls 154a very subJectlve evaluat1on g1v1ng
- o ' + -
‘no str1k1ng d1st1nct1ons as d1agnost1t cr1ter1a. Cell
-o *
1 o 1
- ¢ a 4 . "
. ) o 2 . B ' !
R s . . R ‘: ) ‘ .- % N
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_ a . oo TABLE 4 . T
', , . "CELL MORPHOLOGY, . N
: Morphology Dimensions (v) Presence of ) Presence
Isolata © of - - b . Mycelium oy’ U of
Cells i, Width - . Length . Pseuddmycelitm -~ . Ascospores -°
1PS01 Ovoid . (8.0-6.4) (4.0-8.0) fbsent +,-Spherical
1PS02. ovoid (2.6-6.0) (3.2-7.9) Mbscnt’ - +, Spherical
"1PS03 Ovoid - (2.0-5.3) '(3:0-8,0) - _ Mbsent . +, Spherical
psod Ovoid - . (2.4-6,0) .. _ (3.5-6.8) . Absent -+, Spherical -
1pslo'1 COvoid- . (2.0:5.5) (3.0-6.4) . © Absent-, . +, Spherical
1PSlo'4 | Qvoid - " (3.4-4.0) . (5.9-8.63 . Pseudmyccha of branched chams of oL 7.
' e . cylmdrical ‘cells.
xpsm'7 . Ovoid (2.7-4.6) | . (5:0-8.3) _ Mbsent to-
. 1Ps10"9 Ovoid . {3.0-4,7) '(6.1-9'.2) : Pswdqnyceha of hrzmched chains of -
- ’ - elongate cylmdnczl ;ells. R
_ 1oy Ovoid "(3.0~5.0) (5.0-8:7) . “Absent.
102 Ovoid T (4.0-4.8)" (6.3-10. o) Pscurhnyceha of branched chains of .
- P cylindrical cellss .. ; .
TIP3 _ Ovoid o, @3 4) (s 0- 3‘7) - fbsent -
. 1PD4: ovoitl T (2.4-4.6) @78y ;- ‘Absent’ . -
1RDS “Ovoid (2.7-4.8) - (5.0-7.9) " . ‘Absent -
PG Ovoid . (3.0-4.9) (5.0-7.9) " Absent - .
17 Ovoid . : (3 0—4 3)- L(6.4-B.9] ’ .Pseudomyceha of clumps of branched -
o [ . e cylmdncal cells: . .
.1PM08 . Ovoid-to (4.5-6.7) (5.3-8.7) Long, btanchmg pseudmycclm with -
. -Spherical ‘ . blastoconidia - and blasmspor_es.
[y - N o - . H
. o : :
.. é .. -
" .:\:- .. s N
. ’ \ N ‘\'l\df' N ¢
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‘TABLE 4 (CONTINUED) , o E
. Morphology Dimensions (1) " Presence of Presence
Isolate - . of - + - °- -Mycelium or of
R Cells- Width Length, 3 Pseudomycelium - Ascospores
109 Ovoid, (3.0-5.0) > (4.5-8.0) Abscat . +, Spherical
1011 Long-Ovoid 1.7-3.4) - '(5.9-9.1) . Long, branching pseudomycelia. -
+ 1PMD13 - Ovoid- ' “(3.4-4.8) (5.7-7.6) PseudomyCelia of branched chains of Y-

. C ) . quindr‘ica'l cells, :
1PB06 Ovoid . (2.0-4.7) . (4.9-8.6) . Absent -
1PBO7 Owoid to Spherical. (2.0-5.0) (2.0-6.1) . _ HAbsent ) ., Spherical
1PBOS Ovoid (3.0-5:4) T (5.2:9.1) Absent -
1PBO10 Ovoid T (2.9-5.1) (5.1-8.6) : Absent . .-
2PS01 - . Ovoid (3.0-6.5) (4.0-8.3) | . Absent +, Sphericat’
ZPSQZ{ Long-cylindrical , (3.0-11.2) (5.6-21.0) _ | Mycelia with blastospores. * - .
2PS03. .. - ovoid ) (2.0-6.3) _ (2.7-7.8) . ., Absent < +, Spherical .
2PSp4 Ovoid to Spherical *(3.0-5.6) (3.0-6.9_] o, Absent . +, Spherical
2PS0S - - »Ovoid T {4.0-7.1) (6.5-10.1) _ Long, branching pseudamycelia with aw

. . - blastoconidia and blastospores. .
2PS06 Ovoid (3.0-7,0) (4.9-8.0) s Mbsent "+, Spherical
' 2PS07 Ovoid - (2.0-6,1) ) (3.4-6.8) © Absent +, Spherical .
2PSo8 Owoid to Spherical (2.0-4.8) (2,6-5.0) Absent +, Spherical
2Ps09 Ovoid (2.6-3.9) (4.7-6.4) Absent -,
2PSD10 - Lomg-Ovoid (2.5-3.2) - {6,1-10,0), ] Absent -
2PS0l1 - ¢ Ovold - (3.0-4.6) . (5,9-8.3) Absent -

- - - i .
- .

T
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. \ TABLE & (CONTINUED)
. . ‘Morphology ) Dimensions () } Presence of Presence
Isolate of . - 2 e Mycelium or ‘of
Cells ’ Width Length Pseudomycelium Ascospores
2ps012 . Ovoid (3.06.4) 18:2-1.3) _ Absont +, Spherical
2PS0L3 : Long-ovoid - {1.8-2.9) (4.6-8.4) Long, branching pseudomycelia with T -
T . T club-shaped tips. - .
2PS014 Ovaid’ to Spherical (4.3-6.4), (5-0-8.1) . | Long, branching pseudomycelia with =
. P . blastoconidia and blastospores.
2PS01S Ovaid to long-ovoid {2.4-4.0) (4.0-7.4) Lang, branching pseudomycelia. -
2Ps016 "o Qvoid (3.0-3,8) (4.6-6.0) : Absent . -

"Z_PSOU Ovoid (4.5-6.3) (7.9-10.1) Long, branching® pseudomycelia, with -

. blastoconidia and blastospores.
Ps10'2 . long-ovoid (2.6-4.0) (6.1-10,0) ., *  “Absent b -
2PS10'3 .. Long-ovoid (1.9-3.6) (4.8-9.4) - Long, branching pseudomycelia, -
2PM0L ovoid -(4.0-4.5) (7.8-9.3) » * .| Pseudomycelia: of clumps of branched - -

N . cylindrical cells. ) - - "
2mp2 .|  Long-ovoid (2.0-3.1) (5.0-8.9), Long, hranching pséudamycelia. ‘-
P03 Ovoid to long-ovoid (2.1-3.4) . (4.0-7.9) Long, branching pseudomycelia. -

. ;mpg Ovoid ' (2.5-5.0) - (4.9-8.3) : - Absent -
P05 . Oveid ° *(2.9-4.9) - (5.0-7.8)- Absent -
26 - ¢ . Ovoid (2.0-4.3) (4.8-7.9) Absent, -
207 4-; . Ovoid , (2,7-5.5) - ‘(5.3-9.2) ) Absent . -
zmns‘i‘d"“'; 1 Owid (2.4-4.6) (5.1-8.9) Absent | -
2PM011 . -Ovoid (2.0-4.6) - 4.5°7.1) - Absent -

% o
. .
. .
l_ ’ ) 1Y r e




.“TABLE 4 '(CONTINUED)

-

’.

. e Morphalogy” . Dimensions (u) - - Presence of " _ Presence

Isolate of ' Mycelium or “of .

‘. Cells | HidthJ Pseudoaryceliut Ascospares
21z - | owid . | - (2.5-5.0) (5.3-8.7). - Absent -
2AD13° Long-ovoid “(2.1-3.4) (6.0-9.1)" Long, branching pseudomycelia with -
N - <L o i - ‘club-shaped tips.
2m0l Ovoid (2.0-5.0)" . (4.0:6,4) - [ong branching pseudonycelia. -
2p01S “ovoid (2.0-4.8) | - (4.9-7.8) Jbsent’’ y -
2016 - Long-ovoid (1.7-3.0) ‘(5,4-9.1) g, Branching psemhnyceha -

T 2pootl | Ovoid - (2.5-5.3) (5.4-8.8) Fpsent -
2P0072 © veid : (3.0-4.8)  (5.2-7.9) . Absent, -
2PBO2Z - Long-ovoid, (2.0-4.8) " (3.1-8.4) Pseudmycelia with blasmoomdm and -

& - - blastospores. - ST .
'zm' Ovoid to spherical (4.0-6.0) " (4.0-7.9) - Absent - Spherical

~ 20808 . Ovoid ‘ '(3.0-4.6) (4,9-7.7). . Abscit. . -
2pR06 Ovoid to spherical (4.0-5.3) ~ (4.4-6.9) " tbsent : -
2PB07 Ovoid (2.5-3.8) .0-6.1) - Absent -
2PB08 Long-ovoid (3._1-4.7)' . (7.9-10.1) 1 l.mg, brand\mg pseuhmyceha. - .
2PBO9 - Ovoid "(2.0-6.3) (3.0-7.0) Absent’ +, Spherical
2PB010 Ovoid -, (4.5-6.7) . (6.1-8.2) - | Long, branching pseudomycelia with -
) .. - . i blastoconidia a.nrl blastnspores

2PBO1Z Ovoid * (3.0-6.4) (4.0-7.2)° Absent’ - +, Spherical
2pB013 ovoid (3.0-5.8) (3.4-7.4) fvseat - +, Spherical

‘e
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- R . . TABLE 4 ' (CONTINUED). ’ L L~
N Morphology - ~ Dimensions (u) _ Presénce of _Presence ’
Isolate of , — : Mycelium or . of
I Cells * Width Length - Pscudomycelium Astospores -
© 2PBOI4 Ovoid (2.0-6.3) (3.0-7.0) “Absent T +, Sphetical
2PB10"1 Ovoid (2.1-7.0) (3:9-8.0) Absent . +, Spherical
PB10'2 Irregular, often | ,- (4.0-5.0) Qo, 1-17 0) Hyceha and pseudunyceha long. and -
T ovoid to drop-like T .. . brandung. . o
2bn10m11. Ovoid to spherical (3.1-6.5) (3.3-7 .o) - Absent “=_ +, Spherical
2PB10°12 - Ovoid . (2.2-6.7y . ' (3.0-7.4) Absent +, Spherical -
2PBIV'13 . Irregular, ovoid (3.5-4.9) (10.0-i6.2) R Mycelia and pseudomyceha,*lmg and -
. to long-ovoid ) : Lo branchmg. s -
"3PS01 ovoid (2.4-5.0) (5.1-9.1) Absent .-
3PS0Z Ovoid (2.0-4.1) (3.4-7.6) Pseudunyceha with blastoconidia and -
- v . . . blastospores.
3Ps03 .- Ovoid (2.0-6.4) (3.9-7.3)_ -, Absent.. +, Spherical
3PS04 Ovoid. to spherical (2.0-4.3) 2.1-4.8) " . Absént. * +, Sphericil
3PS0s ' ovoid (3.1-7.0) (3.7-7.5) +  Absent +, Spherical
" 3PS06 °* Ovoid to spherical | + (4.7-6.3) {5.9-8.1) _Long, branchifg pseudomycelia with - -
. N L blastospores. .
3PS07 ovoid (2.0-7.0) (3.0-7.6) . |- Absent +, Spherical
3Ps08 Ovoid (2.1-6.2) ﬁ (3.4-8.0) " Absent : *+, Spherical
303 ovoid (2.6-5.2) - (5.0-8.9) .* Mbsent” -
3PS010 . + [Long-cylindrical (3.0-9.5) {6.2-17.1) Mycelia with blastospores. . - )
- 3pson1- . - Ovoid (2.0-5.6) (3.2-7.0) Absent +, Spherical

-

-gG-
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; TABLE 4 (CONTINUED) '
. .t . Morphology Dimensions () . - - Presence of . Presence
- Isolate of - . *  Mycelium or- - of -
- Cells -~ ° Width Length .. celiva . Ascospores |
3PS012 Ovoid - S @40 | Geen Mbsent . v, Spherical
PS013 - ovoid ) @.5-5.5) (6.i-9.4) ) Abdent . .
3PS014 'ln)g-cylindn'cal . (4.0-9.3) * (7.1-14.4) - .| Mycelia with blastoconidia and -
, R : . .. blastospargs. ’ -,
3PS015 . Ovoid (2.0-4.1) (4.7-8.0) T ... Absent -
. 3Ps016 ovoid (2.7-3.8) (5.1-8.0) " Jhsent . -7
_ 3pPso17 : Ovoid - (2.9-4.6) (5.9-7:3)" Absent -
3pS10'1 Ovoid to spherical (2.0-4.3) (2.2-5.0) = fbsent +, Spherical
3psi0'2 Ovoid (3.0-4.0) ~(6:1-2.5) A!!sent ‘ - -
3PS10'9. oOvoid (2.6-3.8) © (5.4-6.9) Absent -
301 ovoid (2.4-6.6) 3.0-7.8) . Absent +, Spherical
3np2 - Qvoid {2.4-5.0) 4.9-7.5) . Mbsent, . - -
‘3p03 T owid (2.0-5.4) (5.0-8.4) ~ | Abserit 7.
3mog " Ovoid S (2.7-5.5) (5.6-9.1) . ‘Absent . -
pos . Long-qvoid . (3.1-4.6) (6.7-9.1) Long and branching pseudomycelia. . -
3BD6 T Owid " (2.5-5.4) - (5.0-9.3) Cot o Msemt’ T . - .
309 T Ovoid (2.0-6.1) . (3.0-7.0) - “Absent +, Spherical
. 3ADI0 .. - Ovoid (2.4-4.6) (4.7-6.8) v, +Absent S
3pD1l owid (2.6-4.3) {5.0-6.9) ) Absent -
38012 7 Ovoid (G.0-4.1) (5.0-7.0) | . ‘Absent’ - .-
. 1' h - . .
I " h ' . ' .
. N ) I ' .
< » R [ d
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] . TABLE 4 (CONTINUED) : . .
Lolate lbr;i:zlogy» . Dimensions (i) . - . ~~ rvre:e?ixlc; :£ Pre:cfmce

. Cells t!idth' Length =~ -~} * . Pseudgfnycelim Ascospores
3013 “+ Ovoid (2.6-4.0) (5.6-7.4) " . Absent L -
30N © ovoid . (2.4-4.8) (5.2-6.9) i Absent . -t
3015 - Ovoid . (1.9-3.6) (5.1-6.4) * . fbsent ) -

- ~3BD16 ovoid (3.0-4.5) o (6.1-8.0) . . Msentt - - -
310" ovoid .(4.5-5.6) .(8.1-10.2)  |.Long, branching pseudomycelia. -
3PB01 Ovoid _ . (2.8-4.0) (5.9-7.1) * _Mbsent .~ , . -
3PBO2 ovoid’ +(2.0-4.6) _(4.8-7.3) « Absent- K -
“3PBO3 * ovoid (4.0-5.0) . _ (7.1-8.4) Pseudomycelia of branches of chains of .-

' : o : cylindrical cells. . , .
3pB04 Ovoid (2.1-4.9) ° (5.1-8.3) fbsent -
3PBOS - Ovoid o 'spherical . (2.4-5.1) (3.1-6.0) - Absent -
3PBOS Ovoid (3.8-4.6) £7.4-9.0) Pse:.ldmycelm of ‘branches of chains of LT

. o : . S . cyhndncal cells, .
3pR07 ovoid (2.0-5.1) (3.0-7.8) - Absent - * | +, Spherical

- SPBOB Ovoid (2.4-5.2) (8.9-8.4) _Absent . -
3PBO11 ovoid @2.0-4.6) | . ™(5.0-7.8) - ; Absent ) -
3PB012 Ia:g-cylindrimf (3.1-10.4) j (7.8-23.1)- . \Myceha \n.t.h blastoconidia and -
blastospom L. “
3PBOL3 ovoid - (2.3-4.3) {5.2-6.6) - . Apsent -
" 3PBO14 ovoid (3.0-4.9) - (5.9-7.1) - | mbsent -t
[ ¢ : .
[] ! '
. . - A RV
. N ' ’ " N =
- = s - :
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. . . TABLE 4 (CONTINUED) .. T N
. Yorphology- -Dimensions (u) Presericg-of Presence
Isolate of : Myceliun or of
. Cells Width Length - Pseulonycelim Ascospores
3IPBO1S Ovoid (4.0-7-) - (6.4-9.8) .. | Long, branching’ pseudomycelia with ‘-
: s, , blastmz.d;a and blast.ospores. -
3PRO16 ovoid (3.1-4.4) (6.4-8.8)" ‘ “fosent ' -
3PBI0'2 .Ovoid (2.4-5.0) (4:9-8.1) “Abserit ¥ e T
4pso1 - ovoid . (2.14.:3) G.e-7.0 T | Absent’ +, Spherical *
#22 °  |owid to spherical (2.0-3.9) *, |-, (2.4-6.8) ‘Posent +, Spherical
4PS03 ., Owid . (2.0-6.4). (3.1-7.0) . St Absent ++, Spherical’
4PS0S Long-ovoid . (2.8-3.0) _-- (s .4-9.1) ) Inng. branchmg psmdarycelu \uth . T A,
e e P " |'club-shaped vips. - . o =
P07 Long-ovoid (3.0-4.2) (7.8-12. o) F - MBsent ) -

" 4ps09 ]ovoid to spherical (3.4-6.9) f6.0-7.1)_ , Msent © -
4pS010 . Ovoid (1.9-3.5) "(4.0-5.8)" [ Long, branching pseuamycelia. . -

. 4PSO1Y  long-ovoid "~ (2.0-3.1) (5.9-8.7) - | | Long, bnnd: pseudcmycen,a’\ -
4PS012 Ovoid (2.5-3.7).. - (6.0-7.6) .+ L Mbsent -
4PSO13 . Ovoid " (2:6-5.5) (5.0-9.1) ' ' _ Absent . -
4PSO14 Ovoid L (2.3-5.0) - - (4.7-8.6) Wbsent - -
4PM01 . - Owoid c (2.4-4.3) - (5.0-7.1) - * * Absent v -
4P02 bvoid to spherical | ' {1.9-3.0) - (4.1-4.9) - Absent -
4PD3 " ovoid (2.0-3.2) 4.1°6,0) ,long, branching psa.ldmycelu. o _—
4noas Long-ovoid (1.7-2:9 . ©(5.0-7.2) Long, branching pseudamycelia. -

. ’ .L 23 , . ~
. v . . - -
’ L = ' ' '
- ~ . . :
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. © . .. ** .TABLE 4  (CONTINUED)

Morphology .| -  Dimensions () ., o " Preserfce of T . Presence T '
Isolate Toof e - —| '" . Mycelimor " . of - o B .
: Cells . Nidth * .- length - s Pseudamycelilm Ascospores

«4PD5 . Owoid - " (3.5-7.0)- L (a.9-8.1) - T <fbsent, o _ - .
4PD7 - | teng-ovoid | -« (2.0-4.8) © . (8.9-11.2) '!ahg branching psasdmyceha. N H S T
ie of o owid. CT -(3.83-6.9) | T (5.0-8.6) | o mbse 7]
a1l Ovoid | @4 Wa-61) | . - mesemt - L ‘ - s
4PD12 1 = owia " (2.4-5.0) T (4.8-7.9) Y - 1 T L
© 4PMOL3 | owid C@o-amy N L (se-a0) o Mbsent ., L ce e o
wou . | long-ovoid L (1.9-8.1) (5.7-9.3), - -| Lang, branching pseudanycem. B P ' :
4po1S Ovoid . C2.3-8.8) | - “(s.0-7:8)- Mbsent .. " .
4pp16 * . |owid to spherical | - [3.5:6.0). [ |- (§.06.5) |’ " Mbsemt P
4PR01 - Ovoid (2.0-5.4) (2.8-7, 3)' o _' .. Absent ' .+, Sphérical .
APROZ . , Owid . V3.1-4.8) - 1T (s, 8-1. 4" ST Mbsent - v i) L= o
4PR04 . long-ovoid [ , ‘(2.1-4.0) . - (6.3-9. 8). uIng branching ;':se-.-danyceua. P o=
4PEOS owoid - 7 (2.4-5.0) " 4.1-7.2) Absent N -
4PBO6 - lalg'#ovoid i (1.7-4.3)" ' (521-12.6)-/- )b'celia and pseudanyceha with ) - - . C .
) C e S . -. | blastoconidia. Tellospores. o - R o

gou, jowido sherien | (36D | G20A | oy, by peedomeeis e -
POl Ovoid - -(241°4.3) Y3310 | fosent © . - - . ..
apROls ‘owid L @o-41) ) (s.e<h2 - | - . Cabsenrs s B R B .
S0 Long-ovoid ’ (2.0-4.0) | G.2-9.45 - |-long, b'ranchmg psa;dmycelm with | . - ‘

chbshap;lups. . - -, .
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. . . . TABLE 4 (CONTINUED) -. . " .., .
. . Morphology Dimens ions {u) - ¢ - .  Presemceof - - 9 Presence

. +  Isolate > of . - - = .t “Mycelimm dr, - of

s s Cells Width * Length . P Pseuda:yoelxm ’ ; Ascospores
. . 5PS02 .- o Owid | f. (4.0-4.9) 7 (7.9-10.1)-7 Vsa:domyccha of clumps of branchmg Poe
. - N ¢ : S B +° | cylindricaf cells.

.. SPSD3 Long-ovoid . (1.9-3.4) N (5..8-8.7) " Long. hranchmg pseuduzyczlm wn.h ' E
L T )T sesd - e : : Club-shaped tips. - <.
-.1. sPsOS - . Owid~ - @ 7-8.0) * (7.1-10.8) long,.branchmg pseudmyceua luth o -

“« -, . 1 - o e . e e T hlastospores . .

“ .| .- seso7. ’ ovoid | s Iy (4.8-7.8) - Lo Absbnt EERRE P

¢ "l .- sesos C . l.mg-o'voxdl (2.0~2.9) « © 7| -~ (6:1-7.3). Long), Branching psqadmycexm w;p.' -

: P T : . N R chh:shped tips’, ° . =
L.t Cesesoae o omd ('3.0-4.9)'}-,* .. (7.1-8.9) ia of branched’ c‘bams of -
ST R SPSOLL. 0’?"1 ] @edim T sgge tindrical ul&ﬁémt T oy e
- T seoz Ovoid. . (2:3-5.3) , ‘a fs‘,lrsﬁ °. ® Absent - . % Tl
el Ve T seos, - Ovoid . L, T @.0-5.9)- | c(s.2-8. DTS P § . T L 3
L L. smes Ovoid {2.2-5.0) ° (5.48.4) 0 o L sbsentt T e .

. . . . . 7'. ,.', . Lot o
S seoe Ovoid @.3-5.0) } (5.6-8.1) ol bsent - SR
X -. . SPMD1S ovoid to sphericall o (3 0-4.1)., {4.6-7.0) o Ahsa'x':fr- U -
, L SPBOZ C~if . Ovoid - .o - (@350, |- (6.1-8.2) ¢ |- .. ,,:_- _' Mbsént g v e fer o
. coha spmu ‘ Ovoid (472,00 (4.1-8.0) - | v -7 sbsent h %~ .|, +, Spherical
° . o |- - ebsoz . Ovoid . ° i@.0-2.8) (637,80 e T gbsemt T
L R © ovoid ' (2.0-4. .7) © (3.1-6.8} YT . ¢ Msent.. . .- Sphéricit
) . 6PsO7 " ovoid . (3.0-4.3) . (s 1-7. 7) o tAbsent _° k -
- - ~ . N H ’ a L - : LA 2 . £ N . i
L :.: - 2 . ) i , . . . ) ) -L: > : - . :n R
= N ? Tl ‘ . o - : NERE .
. ' ' vl . T A e
. - .', , . , T . ot . 1 . ‘. : .
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.. TABLE 4 (CONTINUED)
\' - - - r - - - - - . .
K i 4 e e Morphology -4~ Dinensidns (§) . *resence of . Presence .
. Isolate 7 . "of . s Mycelium or . o .
S Cells deth Leng!h , . ‘Pseudomycelium, | Ascogpores

,'&_' ,&i»soa é' -

W

e

* - Ovoid ..

- O\rmd to spherlcal

; 4,'.,Oab’i‘.d,:'v. ,:.-,'
'Imxular, ovmd

(2 0-3. 1;
(z 144 o;

(Z“ 1-6 4-)
(1 8-3 Q)
- (2:0:4.4)

* g6, 1)
f (253 7).

(2 0-5 ..1)
(5 0-7.1)

tz ors' 6} ..
(3:0°.8)"
(2,35 1)
"2i6-4.6)..
(3 144.3).

( ro°4 7)

fv

l(3.047.1)

C U 2.9-6.8)
" (3.7-7.4)

(5.8-8.7)

4.4-5:6)
(5.8-B.6) .

-(2.8:4.1) o
ﬁ &89} .
(3. 7-8. 0) ;
(11 2-14 7)

\
(3 o-7 9)
- (6.1- -8.0) -
(4 9-7; 9)
(s 5-8. 3) Z:‘
4. 4-5 3)

Long, branchmg pscudcmyceua thh
club-shaped tips. -

. } Jlapg,.branch pseudomycelm iuth

cl -shapcd nps. )
. pbsent -
g, branching pscudanycei:la,
’ Tt Absem R
. . Absom; S .
BRI Absem“ R
Long, branchmg pseudmycena.

‘L 'Absent o

Myccha ‘and pseudomyceha long and

branchmg. .
A Absent )
s Absent
] | Absent
T Abscnt
Abscrii

?

’.
.

-

.

+, Spherical

+, Sﬁhcrical

. §phqric_al .

+, ‘Spherical

.+ Spherical ¢ )

PR

s, Spherical .’

+, Spherical

. lnng-ovoxd R (1.6-2 4) (5.7-8: 9) - Long," branchmg pseudmyceha. L c -
. 'ng-cyl_md:icql - L(B.0-1000) . (8.117.3) " " | Mycelia‘with blastocomdxa and- -
. - LT e oL . . : blutospores.' . B
- B r . N o ) “ - )
.‘. . ) . . ".; ) . s . ,,.
N . * g ® o ;
L ,l. - ‘ ' N ; . ¢ N
’ | , . N . . .
- - . :‘ oL a . ° ¢
R * - . . ~ ) / . ’ 4 : . N '
s t B - -, ' . . . ":. . ;\.‘ . '.‘ : \
' . N B . .' -7 N R ‘. ' *
& - - 1 - .
I L e L,
. R . _ . .oy \. . .
. ' ! H i ) v . -, ) :. .
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> - i "L - TABLE 4 "(CONTINUED) '~ . : e .
. A = 2 - N , . _ . .
. . L . Morphology Dimensions (u). 2. Pregence of, . | « Presence © !
S . Isolate 'f = - Mycelium or -° : . Jof
_ . - . ‘Cells Width. . - Length Pseutlamycelium Ascospores’
* T oosls L Ovoid T@361)Y | (3.0-2.5) . s fbsent ., +,. Spherical
oeE . 7PS0b, Ovoid to spherical (2:0-4.9) T (2.3-5.9) L. Mpsent - SphencaI
’ . " 7PS08 , P' .'bong-ovoid. (1.8-2.7) (5.8-8.4)L lnng,‘brnnchmg pseudanyceha. -
:7P509. Long-ovoid' (2.6-3.1) "+ (6.0-8.6) Larig; branching pscudomycelia.. .
7PSO‘10 Long-cylindrical (4.0-8.9) (10,3-17,7) Mycelia with blastocondid.u and -
. o 4 L, S e : blasu:@oras. . e ’
) " 7P5013 T, % - . Ovoid, - (. 0-6 4)“ . (4.1-7.0)" . : Abscntx, | +, Spherical
; 79510'1 Ovoid to-spherical | (2.4-5 - (2.8-6.7) - : fbsents <+ +, Spherical
. ) . .s10'2 T | Oveid - . (2.0-6,0) - . (4.3-8.0) - -1 ~ “pbsent - . +, Spherical
- ERCIEI * 7ps1°s. o0 [+ ovoid - (3.1-5.3) S(613) -, Abseiit B
- . .. 7TAD1. .. -|owid to spherical | - (2.1-3.0): (4.1-5.0) - ', Mbsent . L.
' 1., ™3 - -} oweid {2.0°5.3) 7 (4.1-6.9) T . Ahseh/t: +, Spherical ’
P S cmes T L gweid” o -(2.5-5.4) (5.1-9.1) . - 7 Mbsent 77 T
o . 7PBO1 - ... © Ovoid . - L. (2.5°4.0) .- (5.9-7.6) Absent, .-
. 7PB04 Ovoid’ (3.6-4.8).c | (7.9-9.3) Pseuchnycelia of bra.nc.hes of c.halns of -
) _ o ’ S .cylindriéal cells, .
e ’ ‘. 7PBO7 _.]. long-ovoid (2.0-4.3) " | . (6.1-13.8) " Mycelia -and’ pseudmlyceha with o ’ - -
e ° .- B . . e : blastocon{dia, - Teu°spor'es. .
~ . 7PBOYO Long-ovoid | , , - (L63.1) (7.8-10.4) Long, branching pseudamycelia. -
S » X rE. - B = - « - 2 -
2. - ) . ': : . ‘: : P
. | - * -
* . . . -’ a
* . N . ¢
.t . . - z : .
2 o, . 7 . - . " . N
- : . -s. . ‘- : 4_ ) Y
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form and cell dimensions can be of some use in identifi- .

cation, but only .after all'othef'deta have been evélua;éd.

. - : —_— P e
. N . .
'
.
LA

The presence of a myce11um or pseudomycellum can be
Cof’ greet diagnostic slgnlflcanCe.' In -this study, the
only- 1solates w1th mycella-were the two cultures of |

Leucosporldlum scottil, the three cultures ‘of. Candlda

humicola and the six "black’ yeasts" o

e

The type of pseﬁdomycellum if'presentf'is also:

J_1mportant and 1ncludes the formatlon of ciub shaped
: . . 2

t1ps, blastoconldla and, blastospores, or the formatlon o

" L

of the characteristic clamp- connectlons of Leucosporldlum

‘
a

scottii. .. - , o : ) v oo e

+ ) v L 1Y
h

This informatfon -plus the presence or .absence of

.

asCospores'give us'e goed indicatibn‘of the method of

H

. .
° b . T °.

reproductlon of. mhe organlsm‘~‘Fbr'exampIe‘ in th1s

p .

study, a11 cultures with 1ong, branchlng pseudomycella

~‘wath cIub shaped t1ps or Sllght varlatlons of thls and

the absence of - ascospores keyed outas Candlda dlddenSll.

On'the-cther~hand, Debaryomyces hansenilAform8d~no‘

mycelia or pseudomycelia but d1d present spher1cal

,ascospores The two cultures of Leucosporldlum scottii

prbduced very th1ck walled spores' called te1105pores

‘.

'plac1ng this- Spec1es in the order Ustllaglnales . One

v{umidentified_cultute produced"asqpspores. The rest-of,

-“ o

> rtda. T



.. ) .- . - . s .
@ ti-fxaé, ascospore-producing cultures keyed out to be - o

.

" Debaryomyces hansenii. ' L L U
0 ., " ‘“A . . , i . \. . L. . B
~ It needs to.be emphasized that the presence or
absence of the various structure’s mentioned is useful for

“.Q ’ : . r,

"

* ‘identificatiop purposes-only in addition. to the bio*

-

9

©

-

chemical characteristics.
. " ae : .

° s 7

(c) - Celony-characteristics

. o \ ‘ T ' ) u' L e
Colony characferigtics_are given 1n Table 5. These

o . . ° N

characteristics'are.also useful after other data have

been ‘evaluated. - L S A
-t ’ ‘. : ', ' . ’ < ’

- N .

Ihe colours of the colon1es tan be qu1te dlstlnctlve

~as in the black colour ef the "black yeasts" du@‘to the
/

presence of melanlnﬁplgment

‘Rhodotorula and- Crgptococcus spec1es are characterlstlc
” & o t Lo
"de these"yeasts aqd are due to'the“presence of "

: ’ v . . : e Tt {

The reds and corals of

‘carotenoid pigments. 4 . RO -

y
©
f R0

Regardiné fhé consisténcy,of the'cblony,'ghe tough,

9

v1scous nature.of Candida troplcalls ‘is. qu1te dlstlnctlve.,

The muc01d to sllmy convzstency of Cryptococcus albldus

.‘
©

var. albldus 15 characterlstlc of . thlS spec1es”“,The

° o " c' ‘!

wr}nkled“and hairy surfaces of the.”black'yeaats",ape

‘chardcteristic of these isolates. (Candida diffluens

. o . . .- N - _ T
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" TABLE .S ) .
) \ * COLONY CHARACTERISTICS | ) .
T 71 2% Glucese- Pensity, - Colony | ° - , - . K
Isolate  {Yeast Extract-| . of Digneter -~ Form Surface Elevation Margin Consistency Colour
Peptone Water Crowth * (om) . . N T . o
IPSO1 . - | Ring © + + + Opaghe "2-40 7| -cCircuar . [Swooth, glossy] Flat Entire Butyrous- |[Greyish-white
1PS02 - i Ring + + + Opaque _ T %-23 Circular |Smooth, glossy_' Flat ; Epti‘re . Butyrous Greyish-white
1Ps03 Ring-. + + + Opaque 2-31 - Cireular |Slightly Slightly | Entire with Butyrous  |Greyish-yellow
+ . ] . wrinkled,glossy] raised = | a fow - : .
. - - - . R o indentations . _'
1PS04 T Rinps - + + + Opaque 3 -7 Circular {Smooth, glossy| -Flat’ .Entire Butyrous Greyish-white
_1Ps101 “ Ring . | 4+ ¢+ Opaque 4-34 Circular |Smooth, glossy] Flat Entire Butyrous « |Greyish-white
1rs10'4 Ring. : + ¢ + Opaque 3-10 Circular |Smooth, glossy Unbonate Lobate Mucoid Brownish
1PS10t7 Thin Ring' | + ¢+ Opaque 3-9 Circular |Smooth, glossy[ ° Low convex Entire, Mucoid .  |Reddish-orange
1Psio’g Ring - ¢+ +Opaque { 2-14 _ Irrcgular (Spooth, glossy| lmbonate ' |°  Lobate - mcoid\ Brownish
18Dl mirr}aléien&imdL + + + Opaque 4-16 . Irregular |Smooth, glossy| Low convex |. Entire Micoid ' © |Coral
1p02 Ring ¢ + + Opague 3-710 Circular |{Swoth, glossy| Umbonate Lobate. Mucoid IBrownish . *
1AD3 Thin Ring:- | + + Cpagque 4-2 Irregular |Wrinkledglossy] = Low convex’ Lobate ™~ Pasty Orange )
104 Ring and + +-+ Opagque. 3-21 Irregular |Smooth, glossy| ‘low convex Entire Micoig - |Coral-red
s surface film . o I . . 5 X . o .
1PMOS Ring - | 4+ + + Opaque 2-11 Ir'regula'f' Swooth,, glossy Flac - Entire Butyrous Creamy
106 Surface film | + ¢+ ‘Opm'que 721, Irregular [Smooth, glossy Flat * Entire Mucoid Coral-red
1»07 Ring + + ° Dpaque 6-14 Irregular |Ridges-in ° Unbonate Lobate. Mucoid - |Brownish -
. : . center, glossy| - - . s
1P08 | Ring + + + Opaque 3-20 Irregular |Wrinkledhairy; ~ Sligf;ly Lobate " Tough * |whitish-crean_ -
El DU . - = . ° ‘rais - - — '
s ‘ . . >
* + = scant growth, ++ = moderate*'growth,
+++ = good growth ! : : L
- - . . “ .- -~ “.
- - > - ’ . ? ' .
- \\ - .
. - “a , ; . -
- . . : IT "N o -
. . . -, - toe 7~

-

-£9-. -
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TYBLE~ 5 [CONTINUED)

i

2% Glucose-

o Density Colony K . .
Isolate  |Yeast Extract-- of Dimmeter Form Surface Elevation Margin Consistency Coléur

. ‘ Péptone Mater Growth | “(am) . - : Ll - ,

. 1YY - Ring T 0paue | 2-36 Circular  |Smooth,glossy | Flat Entire Butyrous |Greyish-white |
1AD11 Ring - + + + Opaque 3 -5 Irregu’lar_ Smooth,glossy | ‘Flat . Lobate Butyrous |Creamy '
1PD013 Ring . + + + Opaque 4510 Ciraslar - [Ridges in- | Usbonata Lobate Macoid Creamy-brown

- ; . center,glossy - L : ' .
1PBO6 Thin ring + +  Opaque 4-13 Circular iSmooth, glossy Low convex Entire Mucoid - Pink -
1PR07 Ring - +++0paque| ~2°-14 ‘Circular. {Slightly ‘Slightly | Entive with | * Butypous |Yellowish -
. .. . wrinkled,dull | raised a few ) o
) - . indentations -

.1PB0S Thin ring _+ + Opaque 3-17 Irregular [Smooth,glossy | Flat Entire * - Mucoid Pink
188010 Thinring | ++ Opaque 4-18 Irregular [Snooth,glossy | Low convex. | Fatire Widoid  [Pink
2PS01 ‘Ring + + ' Opaque 3.2 Circular  (Smooth,glossy | Flat Entire " Butyrous |Greyish-white |
2Pso2 Pellicle + + + Opaque 4-18 - Irregular [Wrinkled;hairy| Rdiscd Lobate - Tough Black o

*2PSl3 Broken + + + Opaque 4-39 Ciraular , [Smooth,glossy '] Flat. Entire Butyrous |Greyish-white

pellicle _' ’ o . :

- -2PS04 - Ring . + 4+ Opaque .2-48 Circular lightly Slightly Entire with Butyrous  |Yellowish

. . inkled, dull| raised a few
s . R . . L 1 indentations
" 2PS0S - Ring - + + + Opaque 3-10 Circular  Wrinkled,haixy | - Slightly Lobate Tough *.  |Writish-Cresm
: : - . -+ 7| raised - - A )

" 2PS06. . Ring + + + Opaque 3-38 Circaular  [Smooth,glossy | Flat Entire Butyrous . }Greyish-white

. 2PS07 Ring +.+ + Opacue 2-725 -Circular  [Snooth,glossy | Flat ; Entire ‘Butyrous. Greyish-white

_dpsos Broken * + + Opaque 3: 31 Ciraular  [lightly ‘| slightly |Entirewithafew| Butyrous |Yellowish '

pellicle ) Wrinkled,dull | raised - [|indentaticns .
H . - - -~
’. A ..- )
B . . & .
- ~'. - o ) f .
. . :. e, . - . .
- r - "

pgs

al

Yo



A - . ) :
O T N . “TABLE s (cOnTINUED) . . ‘-
.-+ -] 2% Gluose- Density | ' Colony - - T o
. Isolate |Yéast Extract- of "7 Diameter Form Surface Elevarion Margin Consixtency |. Colour -

.« - |Peptane Water Growth (zw) . - . . . T o
P09 < | Thin ring s+ Opague|- 2-17 | Trregular Frinkled,gloésy Low convex | Lobate | Micoid  [orange
2P5010 - Ring i + + + Opaque 3-14 ' « Ciraular xfth,glossy Convex’ Entire Batyrous Red .
ipsou A Thin Ting L Oga)que 4-13 . Irregulatr 3 th,glossy |  Low convex Lobate . ‘| T Mucoid T Reddis_h—orange

- -2PS012 - Ring + + + Opaque 2-29 | - Circular [Smooth, glossy " Aat L Entire : Butyrous Gre)'ish-‘white‘
P01 .| Broken . | + + +-Opague 3- , Irregular. Slightly- | Lobate - Rutyrous  |Creamy

-] pellicle . . 1. * raised . N . "

.. 2PSD14. .. | Ring # + Opague 4-- 10 Irregular Slightly ° | Lobate | Tough Whi tish-cream
. .- . raised A . )
2PS015 Ring + + Opaque 4-17 Irregular Slightly Lobate Butyrous [Creamy

- . g raised . .
2PSO16 *© | ‘Ring ++ Opague 3 -.20 Irregular " Flat " | Lobate Micoid Coral Red
2PSOL7 - Ring + e Opaque 3-16 Irregular Slightly Lobate Tough . [Whitish-cream |
S : . : . raised : ot . :

© 2P510'2 . Ring + + + Opaque 2-10 Ciraular Convex Entire - |. Butyrous |Red

2PS10'3 Ring +’+ + Opaque 7-235 Irregular Slightly Lobate - Pasty Creany
Ak B : ‘ : raised : .
oL . | Ring +’+ + Opague 3-14  Irregular Unbonate Lobate Mucoid Brownish -

M . "- . ’ E . ) . o ° . 1. B . v . ‘ - .

2R02- Broken _ +++0paque| . .-3-11 .| Cirwlar. Slightly Lobate Butyrous |Creamy

- % | pellicle : : . raised R S

T 2P0S° Ring v |+ Opauef[ 4-16 Irregular Slig:;ly .Lobate Butyrous Creany

. - A . ~ rais .
’ N - - “ . -
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, i CTABLE 5 (CONTINUED)
. | 2¥ Glucose- Density . Colony C . . . ) -
Isolate Yeast Extract- of “.Diameter Form - Surface Elevation |- Margin Consistency Colour
e Peptone. Water - Growth (=) . - - ) R L .
204 . |Thin riné and | ++ P Opagque -4 -1 irregular " {Smooth,glossy ° . Low convex | Entire Mucoid - |Coral .
. surface film T ’ T . . : . . .
2P0S -7 .| Thin ring + Opague 3-2 . Irregular " [Smooth;glossy | Low convex | Entire “Mucoid Coral
‘206 ., | Thinring ..| ++ Opaque 4-18 Irregular |Swooth,glossy | Flat _ | Entire Mucoid Pink
207 Thin ting and | + + + Opague 3-19 Irregular |Smooth,glossy’| Low.convex | Entire Micoid ° |Coral
+ 1 [surface film S : . : ) o .
208 | Thin ring ‘¢ maque 2- 8 Circular Snoot}f.glossy Low convex Lobate,_ . ", Mucoid - (3range -
2B011 Thin ring and { +’+ + Opaque 4 -20° Irtegular  |Swooth;glossy Low convex Entire Mixcoid Coral-red
; surface film ) ; . : i
2012 Thin ring +.  Opaque 4-17 Circular  |Snooth,glossy | Flat, s Entire Micoid Pink, s
‘2p013 Brok .| ++ + Opacue 314 Irregutar |Wrinkled, Slightly Lobate Pasty Creany i
o pe_{l{%le. L . |simi-dull raised t g
i UL .| Ring ~- + + Opaque 2-13 Irregular Shooth,glossy’ Low convex Lobate . Butyrous Greyish-cream T
. 2015 ‘Thin ring gnd | + ¢ ¢ Opaqua| - 3 - 31 Trregular |Smooth,glossy | Low convex . | Entire Mucoid Coral
20016’ -Broken |, +% + Opaque|. 2--11° Irregular |Swooth,glossy | Slightly. Lobate Butyrous |Cremiy - -
- b pellicle . T raised . -
201 . Thin ging ° » Opaque 4-17 Circular  [Smooth,glossy .| Flat Entire ' Mucoid . |Pink -
" mao'2 "Ring . + +* Opaque 3- 18 Ciraular inkled, Slightly - Lobate "Mucoid Yhitish-cream’
R S t seni-dull raised . | .
2PB02 --Thin ring + + Opaque z2-10 Irregular th,glossy Slightly Lobate © Mocoid Greyish-cream
- - T« . *
N . . - .
o € . .
- K . N
. L ¥ a
' ’ ‘ ) A . .



s

" t
] ) * N - Y -
‘ ~
. -~ . - )
.. ¥ B i ¢ . ; «
. _ o TABLE S_(CONTINUED).
.« }. 2% Glucose- |~ Demsity |'  Colomy N ) . L ‘ R
Isolate Yeast Extract- of , Diameter Form . Surface Elevation ~ Margin’ " Consistency Colour
i ‘ Peptone Mater- |  (rowth . (=) . . .
ZPpo4 . “Ring + « ¢ Opaque 2-19 _ | €iralar [Sacoth,glossy | Flat Entire Bityrous  |Greyish-white
2PROS . Thin ring - 0'0_ Opaque 3 -4 .Irregulzr _', Wrinkled, Slightly Lobate - Pasty {Orange °
. , . ’ “lglossy raised. , o ] .
2PB06 -Ring, .4+ Opage| - 5:16. Irregular [|Smooth,glossy | Slightly Lobate Bufyrous | Creamy
2PEO07 Ring and +++Opaquef: 4-20 . Irregular [Wrinkled, Low canvex | Lobate . ‘Mucoid Coral red
surfage-film : ‘lglossy ! ' . R
. . » . N + .
2PBo8 . Ring" * + + + Opaque ) 2- 9 .Ciro_.llar Smooth, glossy, Low convex E\ti;e Butyrous Creazy.
2PB09 Broken ere Opaque | . 3-32° Cirailar Slightly *| Slightly Entire with mtymu:: Yellowish
pellicle - |- -~ . . . .- - -wrinkled, dull| raised a few .
. - . ) oo . . T indentations . .
2PB010 ~ . | Ring + + + Opaque "3 -14 Irregular ii\'rinkled,bziry Slightly Lobate Tough ‘hitish-crean
. 2peo1z __-{'Ring - ." ['++-+oOpaqué 3-19 Circular  |Suooth,glossy | Flat Entire - ButyTous -|Greyish-white:
T -2pp01s -] Ring T ]+ + + Opaque 2-31 Cirular  [Smooth,glossy | Flat - entire Butyrous | | Greyish-white
- ZPBOI Ring . e Opaque |- 4 - 42 Circular ) Snooth, glessy | Flat | Entire Butyrods | Greyish-white | .
., 2PRI01 Broken +'+ + Opaque 2-23 Circular  [Slightly «Slightly. | Entire with- Butyious {Yellowish
< pellicle . * . : . prinkled,dull raised - a-few - . - -~
i . 7 ’ : . " indentatians . -
2PB10'2. .| Pellicle *++ < 0paque| " 3--14. Irregular  [Swooth,glossy | Hat - Eatire | Mxoid . |Yellw .-
. ZPRIO'1D Broken . "+ + + DOpaque 3417 Circular  {Slightly. " Slightly Entire with Butyrous | Yellowish-
T pellicle ’ ot i © . " -prinkled,dull Taised a- few
. ) . . indentations .
. N -
v ) . - i '
‘. - } . ’ " ) - .
. - —r— lnd - - -~ - - A . ‘: - ~ . - ~ i3



-

. : - . v
¥ . P ) ~ :
. ’ . .
. ~ a ) : -a E ‘ .
. - . s » e / -
. ] . . . a o . . B
- ;  TABLE 5 (CONTINUED) N
| 2% Gucose- | - Demsity || ~ Colomy g -1 . P -
. Isolate ~ iYeast Extract- of Diameter " Form Surface: Elevation Margin e r Consistenty Coloyr
) . |Peptone Nater' -Growth (m) - R TN . . .
zmo'ﬁ Ring - '_'0 + W. ) 2-24- N Ci.n:ular - Smobd':,glos.sy "Flat _f'ntire Butyrous Greyish-white
- 2PB10’13 - |° Pellicle + + + Opaque 4-18 Irregular Snooth,glossy_ Flat Entire -, - Mucoid Yellow
73501, | Thinring | +s Opaque| 3-14 | .Circular [Swoth,glossy | Flat Entire . Micoid  [Pink . .
" "3ps82 . Thin ring “++Opaquel &-16 Trregular  |Nrinkled, - Slightly Lobate Micoid | Greyish-cream
o : . o . semi-dull ‘raised . - . . K
3Psos’ Ring ” + + + Opaque 217 Circilar |Swooth,glossy | Flat Entire . Butyrous {Greyish-white
" 3PS04 . | Ring + ¢+ +.0Opaque 3 u Circular  [Swooth,glossy | Flat . Entire "Butyrous | Greyish-white
" 3pS0S° Broken +~ + Opaque’ 2-27 Circular ‘|Slightly | Slightly Bntire with Butyrous _|Yellowish
spellicle : ) . wrinkled,dull | raised a few. o
ot . . ) o ’ “ indentations t
3PS06- “Ring + + + Opaque 3-10 Irregular [Wrinkled,hairy} Slightly Lobate Viscid A |Whiitish-crean
. . . . R - .. v . . _. - . . ﬁised - - . ‘. ’
apso7 Broken +s cOpaue| 4-17 Ciraular 1ightly - - Slightly Entire with Butyrous' | Yellowish
' pellicle R . . wrinkled, raised . a few .
- I . . N _ _ indentations . )
3pS08 Broken’ + + + Opaque ‘3-19 Ciraular  |Wrinkled,.dull| Slightly , | Entire with Butyrous | Greyish-yellow
- pellicle - . R raised,, a few )
) : , . . . ) indentations - ..
3pS09 Ring and - +'¢ + Opaque 4-28 Irregular |Smooth, glossy| Low'convex | Entire, Mucoid . |Coral ~
. surface film N . . J - ; . , )
. .. - € - . -
3PS010 " Pellicle + + + Opaque 3-u4 Irregular {¥rinkled,hairy} Raised Lobate Tough -: |Black
3PSOl - Ring #es0pael,. 2-11 Circular  [Smooth,glossy | Flat Entire Butyrous - [ Greyish-white
i . : - -, M N : - - ,
. - 5 1 " )
. ° ) . e : * ‘ .
. ’ < T i 3
- 2 - - B . da vz Tt et T e e e e e
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'Bmhn

2-15

Circular

semi-dull
Slightly

S1ightly

Entire with

. R ) ) T ;
' ’ *
N i A4 - .
T ~ -t ) TABLE "5 (CONTINUED)
_ .- | 21 Glucose- |  Density " Colony : . . '
Isolate Yeast Extract- of Diameter Fom Surface ° - Elevation Margin Consistency Colour .
- Peptone. Mater Growth (m=) - * . . . ) NG
-3PS012 -Ring ++  Opaque c 210, Ciraular Snooth;’glossy Flat ' Entire = Butyrous . |Greyish-white
3PS013 Ring and - o . T N : :
3 surface film| + +'¢ Opaque 7 - 16 Ciraular " |Smooth;glossy Low convex | Entire Mucoid . |Coral
3P§(_!1‘; Pellicle + + + Opague | 2- 9 Irregular |Wrinkled,dull Raised Lobate * Tough Black
. 3psols- Thin ring _ | ++ Opaqd®| 3-14 Circular |Swooth,glossy | Low convex | Entire Mucoid Goral
. 3ps016 Ring ++ COpaque 4-13" Irregular |Wrinkled,glossy] Low convex | Lobate-’ Mxoid Cotal-red
3pS017 Thin ring ,| ++. Opaquel| - 4 _"10 Cigular  |Smooth,glossy |- Low comvex | 1obate Mucoid Orange
3P510°1 Ring e+ Opaquel. 3-17 " Circular  |Smooth,glossy [Flat Entire Butyrous | Creyish-white
"3ps1o*2 Ring +++vOpaque| “2-14 . Irregular " |Smooth,glossy | Flat Lobate ‘Mxcoid | |Coral-red )
s10'9 | Ring ++ ¢ Opague| - 4-11 Irregular [Wrinkled, Slightly Lobate - Mucoid Creamy .

Yellowish

-pellicle . wrinkled,dull |  raiSed a few Y-
. . - . L indentations
3PM02 Thinring, | ¢+ opaque| 4-21 Ciraular  |Swooth,glossy | Low convex | Entire Mixoid = |Pink
3003 Thin ring* | ++ Opique 4-17 [Virregiar [swooth,glossy | Flat . | Entire’ Mucoid Pink
3P4 Thin ring = } ++ ¢+ Opaque| - 7- 24 Irregular |Smooth,glossy | Low convex | Entire Muxoid  |Pink,
3RS Ring + Opaque 2-11 Irregular [Smooth, . | . Low comvex | Lobate ~ Butyrous Creamy
PR o : . . +jsemi-dull . . .. . :
306 Thin'ring | ++ Oagé| 3I-M Circular  |Swooth,glossy { Flat . Entire * Mxoid | |Pink
309 Ring ++ ‘Opaquel-. .3-20 - Cireular th,glossy | -Flat Entire - Butyraus . | Greyish-white
. . » : . \ '
- .
* ’ - - : q
- " ”»
. . = ce T T ) . ' |
. . ‘ - . N -
e N . ) - ) K '\. : Y R )
. ‘ B ? - ° . . ] .

.
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_3Pa02.

3PBO03

Ring and
surface film
Ring

T-14

Irfegular

Irregul_ar'

_fSmooth, _glcfsy.

[Ridges in
center, glossy

kbonate Lobate - -

Entire .

Macoid -

. s - .. . i3
- - (‘. - . Ly .
S T N ’
. . ’ »
., v 3 ‘ - . -
’\- - . . ) M . -.
l . . 'I
. ) s N~ . ) ' ) '
T . TABLE 5 (CONTINUED) L :
4 2t Glucose- Density , Colony . R = . .
Isolate _ [Yeast Extract-| - of  Diameter » Fom -" Surface Elevation Margin Consistency Colour
Peptone Water Growth -~ (mm) . - .
.- 3010 Thin rzng |+ + Opaque T2- i;. . Irre'gulér #rinkled,glossy] - Low conves gn te Pasty Qrange”’
shonl Thin ring: |+ 4+ Opaque | . 3-11 Circular th, glossy| Low convesd ftBbate Mucoid Orange
312 ¢ Thin ring ~ |+ ¢+ Opague | 4219 _Irregular inkledglossy] low convex | Lobate - Pasty Orange
- 3013 o | Thin ring T e qiupe - 3-14 Irregular - éd,glosgr Low convex -} Lobate-: Pasty  ‘jOrange
"3p014 | Thin ring |++ Opaque 4-10 Circular , [Smodth; glossy| Flat’ Entire Micoid - |Pink
- 3PND1S Ring . |+ + ¢ Opague* 2-13. | Irregular. [Swooth; glossy| Flat Lobate Butyrous . |Ereamy
. '3!*&)16 - Thin rmg L j+e+ Opague | - F; 12 " Irregular [Smooth, glossy| Low convex "Lobate Mucoid Orange -~
Ip0's Ring + + + Opaque 2- 9 Cirailar . , |{Smooth, glossy| Slightly _ | Lobate Micoid Creamy
: . o o < . raised
3pR01 Thin ring |+ '+ + Opague 4\2@ Irregular  |Wrinkledglossy . Low convex | Lobate | Mucoid Orange
) S A1 Low convex Mucoid Coral-

tr.ea_mr-ym

3PBO4 liing.vith I YR &paq.(e 4-26, Irregul.ar, Sooth, glossy| Low convex thire.'j Mucoid Coral '
L surface film | =. . . s - ) . - 1
. 3PBOS Ring ¢+ss0mge | 2-11 Irregular th, glossy u:u convex Entire R Butyrous Creamy’
3PB06 . Ring + ¢+ + Opaque 2-17 Irregular |Ridges in _ lbbonate ~ | Lobate Mxcoid ° . |Creamy-brown
. . - . . jcenter, 21055)’ T . e . .
37801 Ring + + + Opaque "4-16 [ Circlar Pnooth, glossy " Fat Entire ‘Butyrous | Greyish-white
3PRO8 “{ Thin ring ]+ + Opeque 7-18 Cn'm]xr J&n:th, glossy Low tonvex Entire Mucoid (fnx?i 2t
- L .. £ - ; .
(S ' . o ’ ) - N
. v - 3 T i - ~
. T . . e r

%

o B
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. ... TABLE S (CONTINUED) :
ool (_Ih'.lc!:se- k‘nsity Colony - . . - : v, ) . . Lo :
.lsolate . JYeasr "Extract- of ' " Diameter “Form . N &_.uface' Elevation '}hrgin . Colour

Peptone Water:

“
-

Consistency

2 .

2oa

Ring with

- surface film
Pellicle, -
n > ;'- A
Thin'ring

. ‘..' ’

3-19

Irregular

Irregular

+ Circular

,

!ﬁegxﬁr
Irregular-
. Irregular

-

- Ciraialar -

ermhr

Ciraular

Snooth, glossy
Wrinkled, dull
Smooth, glossy

Smooth, glossy

* Inrinkled,

semi-dull i
Smooth, glossy

-Sliéht_ly
wrinkled, dull

" irinkled, @l

S1ightly

iinkled, dull|

inkled, dull

Low convex °

* Slightly
raised

. Slightly
- raised

. Slightly
raised

Entire

Ioi:ate
Lobate

Lobate
Lobate

Lobate

‘EntireZ

| Entire with

a few
indentations
Entire with--
a few
indentati
Entire with
a few

‘indentatidns

Mucoid

Tough',
Mxoid

‘Micoid

"+ Viscid

Butyrous

Micoid

Coral

Black .
Orange

hh.itish

. .

Coral

Yellowish *

.o 3 N ¢ el : L. - o
4PSD5 Ring . - + + Opaque ‘.5-27 Irregular [Wrinkled, * Slightly - | Lobate’ _Pasty Creamy '
. T . . seni-dull raised- . | . . .
_Apso7 | Ring ++ Opaque 2-1 Ciraslar  {Spooth, glossy| Comvex - ' | Entire, Bityrous |Red ..
- ) . : . ‘ .
NS - . o . .
- . ' . . ) P N
. - » S * B .
1 N ~ N )
:
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’ " 21, Glucose- Density . oty : s ‘ ' : -

Yeast Extract-|.
Peptone Hater,.

-

Fors

‘ éurface

Elevatjon’

Consistency

Thm.n.ng

" fwooth; glossy T

. .(_). - A o . 5 B g .
: | Thin ring |+ * Opague | . 2.- 14 | Circilar’ s-‘.iéé;m, gi@ssy’ L Hat: Entire Mucoid to |Creamy”
- ‘ - 4PS010 Broken. . |+ « + Opaque 3-21 1 Ciralar. . Snoof.h, glossy Slightly: Lobate | - Butyrous . |Creamy..
T [ pellicle’ - e Y KT ;o | raised . -0 ) AR
|- amsou Broken® ]+ + + Opaque 4-17 'Ci'rcu.lar . Smodn, glossy Slightly - { Lobate ~, Butyrous  |Creamy
- Jpellicle 1 S E . raised . | . o
: IPSJIZ Ring , . .‘.' ++ Opdque 4-19_ 1. Irregular' i'f_rinkléd.glb'ssy Low convex | Lobate _Mxoid .  {Chral-red
. Ul pird

Ring and
-surface. ﬁl-

‘nun_nnz

Lircular
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Peptone Water -

*, 2%-Glucose-
Yeast Ext ract-

+. ‘rom o
R -

. EOEY

.|  .Surface
, e

" “Elevatitn

M3

" Consistency

‘-. Colouf'_, :

', ARvD14
7 ipw16

“4PROL

s P0i2 - | Rirg and'y”

H - el _,surface film
| Kingand -
{ surface film

S 4pM013

. 4PM015

4PBO2
- M . L.

‘IP-BQ4 .

\Rh.\g I .
Thin ?ing 3 ;
Thin ring -

Irregulay

|, 1eveguiar

" {Smooth, gloss'y

" Ctreular
Ciycular -
* Cireular

Cuuﬂ ax:'
Irtegular

Cirlmlar

. imgula?-

1 Ci'rcﬁlal‘

: -Irreg}ﬂnr

Irr'e'ﬁuiar ]

[Hrinkled,glossy)

Smooth, 'glpssy"

Smooth, glossy

o Snoo%h. glossy

H ET
- |Swooth, glossy

. Wrinkled; -
. E'qni-&.\.]_.i ..

Cirmiai-: .

rinkled;glossy

Jgmooth, grodsy

el . n
IWrinkled,
lelossy- .

", Mrinkled,hairy

Sapoth, glossy
" Jhrinkled ©

| :stighely

Low convex’
.Low convex
S, e

,La-d..céanv&
Low convex
Flag K
. Flat ?
Slightly".
Taised
bow convex: .

. Low convex

“raised
Slightly
raised

,Flay 1 7]

L,Sli tly

|, Wcoid

Mucoid,

0y

*Mucoid
:Muceid to
LAy
* + Butyrous-.
 Mucoid.
Micoid" - .
Bufyrous-’
-, '. .
Mucold -
Viscid, ,’

L4 )
-

Butyrous ¢

. ) mco- oid

Butyrous” .

: C‘oral:-red .

Coral .

.| Creamy- :. .

A

TCreyish-vhite
Creamy . ’

khite oo

| Tan

Creany ;

Greyish-white
Cri -
e,

Rhitish-crEa)
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R e - , . e,
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a - # / ’ . . _"' . 5 K G, oeean - 0 . ..
- v . CoLi g T . _—
. ) T . f,TABLE. S (CONTINUED) - * . . ol
T o] 2 Glwose-+|  Demsity | Golemy f .. |0 . LT e T ] K3 .-
- Isolate  [Yeast Extracte of * Diameter Form, - Surface ‘Ejevation Margin - ’| . Consisténcy Colour .~
. .- "+ |Peptone Mater>| . Growth .+ (m) : Sy ] ce - < - -
. ) . - . » - ~ . N . L
- sPsg1 Broken +"s +.Opique - 4'-1 . | Ifregular- |@inkled,dunl | Siightly Lobiate Pasty 1 creamy.
- i pellicle AR ‘ CRRE ' | raised . - . P
. 5PS02 Ring + + + Opaque 2-12 .| Irregular |Ridges.in - Unbonate Lobate *+ Mucoid Brownish N
. , " 4. L vt . © |center, glossy| .. . . S .
-SPSO3 -| Broken ++oOpaquer | * 7518 -| .Circular - |Smooth; gldssy| Slighily ~ -|Lobate Mityrous Creamy
- - pellicle S . R T raised - . 2o T
SPSO4 Broken | + + + Opaque 3-19 .| Irregular |Wrinkled, Slightly | Llobate ?asty Cremy .
; "pellicle . . L 1 .. |semi-dull raised | .| -~ ' ", . .
R - 5PSUS Ring < + + Opague "2-11 | Cirailar  .|Ssooth,"gloisy] flaighgly Lobate I Wscid vhigish-cream}’
. - e s 1 N PR L . . - . sed - ) . .
. R . .. . . .. . L - . <o ‘.. .
8PS07 > | Ring ¢ ¢+ Opaque 4-323 _Irregular . |Smooth, glossy| Low convex - | Lobate Mucoid . Cor:_;_l-red .
SPSO8 +{ Broken + # + Opaque 4-17 “Irregular {Smooth, - . . | Slightly Lobate’ Butyrous * | Creamy -
- T | pellicle, : S . - |semi-dull " | raised o A .
. 5PSO10 Ring ¢ ¢+ + Opaque. 2«10 Irregular |Smooth, glossy] Sligﬁly * . | Lobate - Muacoid- Creamy-byovn - .
- . o - < .+ |-raised ¢ J .- . S
- SPSO11 Thin ring .. [+ +.+ Opaque 7 ~20. ' | -Irregular {Smooth, glossy| Low convex | Entire * Mucoid’ | Coral-red
) - f  SPMD2 | Thin ring |+ + Opaque . 3-8 Cireaular = .[Smooth, glossy “Low convex: ['En ire J . Mucoid - Coral
SPMD3- Ring and ~ + + + Opaque. 7-1 Cirailar. |Smooth;, glossy| ~Low convex -'| Entire "Mucoid “Coral-
on e ..+ |surface fim R R R NP : . .
X SPMOS Thin ring ++ ' Opoque, | * 8- 24" Irregular  |Shooth, glossy] Low convex: Entire - Mucoid Coral
, - SPM08 ,Thin ring = fe +-Opsque - 2 -14, Ir}éz\glar' "I Wrinkled glossy Low convex' | lobate " Pasty .. .| Orange i
- .- SPD1S Ring * ~ |+ + " Opaque- 4 -16 ) Ciruxf;r : | Smooth, glossy] Low convex lobate Butyrous Very Pale Pinkj ™
-~ . . . 5 " . . - .
’ . K T ’ f - o
o N - ". \
~ . . - . -
oo ) Sa , ’ . . o
. .‘a - - : ' . .
. e S ot - W an v e ‘ 7 I R s - "
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- TABLE 5 (CONTINUED) . ’
. 24 Glucose-" o o . N . Lo
.Isolate  |[Yeast Extract- Form_ Surface, Elevation - Margin Consistency Colour
A Peptone Water'. |- S . - e L.t ~ .
_SPBO2 Ring P leee Opaque : Igregular | Smooth, glossy Low convex | Lobate ‘ jm't'y{'ous Yellow-tan :
SPEOLL Broken " Circalar  [Slightly Slightly’ .. | Entire with | . Butyrous | Greyish,
: L pollicle LT Jdwrinkled, dull} raised a few C, yellow = °
: .. ) : indentations . .
6PS02 Ring - " 3-10 ' | Ciraular |Swooth, glossyJ Low convex | Entire ' “ putyrous | Creany
67503 Ring Ciraular | §noo_ih, glossy| Flat | Entire Butyrous Greyish-white
6PS07_ Ring Irtegular  [Wrinkledglossy Low convex Lobate Muceid Coral-red.
- 6PSo8 . Ring - Irregular |Wrinkled, Slightly Lobate . Pasty Creamy -
- ) - . . semi-dull .| rajsed - < s .
6PS09 1 Ring Irregular Wrinkled, . . Slightky Lobate Pasty Crea;ny Vo
. - N ] semi-dull raised - " ) o * e . .
. 6PS010 Ring. - Cirgular - |Smooth, glossy| Flat Entire Butyrous Greyish-white
* 6PS011 Ring ) Circular Smooth, glossy Sllgh‘tlly ‘Lobate * Butyrous Creamy
T — J. | Taised .
6PS012 Ring Circular Snooth, ‘glgssy] Flat I, Entire Butyrous - | Greyish-white
601 - Broken .. +« + Opaque Circular Slightly Slightly Entire with | - Butyrous Yellowish
L pellicle o0 - wrinkled,dull | raised. a few . :
. S R 1 - indentations ) - .
‘6M4' Brokens- Circular’ Wrinkled,dull | Slightly Entire with | . Butyrous _ | Greyish-yellow -
Lt pollicle . a4 . | raised a fow s
. . . Lo J indentations | _ Lo
6PMND6 Ring . . Circulsr _[Ssooth; glossy| Slightly Lobate "1+ Butyrous Creany
R C. N . | raised : )
. . — - . - a
- . . L . . .
b ) : - N . Y ° 3 .
- . r - P
- ..\. = . . v
R ‘) — - .

.
P

T e

[



. . - . ." _ ’..'.'. - i
: : : voe ’ ’ =
PR : | “TABLE® §YCONTINUED) o
e “ 21 -Glucose- Density (blon; o - . . S
Isolate Yeast Extracte . of - + Dlamgtor - Form Surface’ Elevatiday Margin Consistency Colour
* -JPeptone la:ég_ Growith (mm) . : : . .o - s :
6PD7 Rifg - +'v.  Opagque- 41 " Clraular ‘. Smooth,glossy | Slightly * | Entire Mutyrous | Greyish-white
‘ . ) . .o : . .| raised ol .
6Pe01 Pellicle |+ + + Opaque 6-13 Irregular | Wrinkled, - Slightly Lobate Membranous | Yellow
- - R L. T A glossy raised - - L L. )
6PBO2 Ring . |¥evOpaque |- 3-14 | ‘Circular Swooth, glossy] Flat |- Entire ButyTous Grayish-white
. . . . ¥ .
6PB02 .| Thin ring ¢ ¢ Opaque 6=11 Circutar '} Smooth, glossy] Sl}gh‘tily _ | lobate Pasty - Orange_
. . . R - SR e _raise P
- 6PBOLS Rlnz'u.nd ¢ ¢ » Opaque 7.1 ° Irregular | Wrinkled,glossy Llow convex .| Entire™ Mucoid Loral
] surfa\chﬁhi AR - . T, . . , .
S0l ° ]'Pellicle . ¢+ vOpage | 3-10 Circular | Hrinkled, dull sxigt;giy * | lobate’ Pasty Brownish
: ’ . : ’ . v ralsec. . 2 7.
7PS02- Pollicle +eoOpaque | 2-14 Iyreguler : |Wrinkled, dullf sugrea;w . Lobate Mucoid Creamy
. . o) wer =4 . "o} raised | )
Tpsos - Ring - . s+ Opaque 3-U - Irregular  lsmooth, - Sldghtly " iobate. Pasty Creamy
’ . I I N . . -1semi-dull - rajsed . N - .
TPS04 - Pellicle * ¢ ¢ ¢ Opaque ,2710 Irrepular | Wrinkledhdry [ Raised Lobate Tough Black -

. TPS05 1Ring - - ¢, Opaque 4 - 10 - } Clrcular fmooth,glossy | Flat Entire mty;‘ous Greyish-white
7PSD6 Ring. = [+ + +Opaquo 3-14 Clrcutar’ | smooth,glossy | Flgt . Entire © Batyrous Greyish-white
7P508 Teroken. - Jee+opaque | . 7-13 Circular  {Wsinkled, Slightly’ | Lobate Pasty Creamy -

C pellicle . AR e 7 | semicdull Taised Lo :
19509 Broken® . ‘{¢ + ¢ Opaque 4-23 | Irregular . |Wrinkled, Slightly Lobate ~ Pasty Creamy

oL pellicle . M . semi-dull Jaised Cew : .

PS010 Pellicly * ¢+ Opague 2-11. | Ireegular | |Wrinkledhairy -Faised Lobate “Tough Black

.‘. ¢ “ - - - * - * -
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. S TABLE 5 (CONTINUED) . ’ )
= .| 2% Glucose- | - Density Colony - T R — :
- - ;. ‘Isolate Yeast Extracte of . ¢ Dimmeter . Forn Surface Elevation | . Margin Consistency Colour
. : - [Peptone Water Growth (m2) o : ) )
- . "7PS013 Broken |+ ¢ Opaque’ 4-18 | Circular - |Slightly - Slightly Entire with | Butyrous | Yellowish
> pellicle - . { wrinkled,dull | raised afow * L Y
. i - . . . ) indentations| . . .
. 7PS10°1 Ring +.¢ + Dpaque 3~ 9 Ciraular Smooth,glossy | Flat Entire Butyrous Greyish-yellow
. + $7pS10°2 Ring ¢ ¢+  Opaque 4-15 Circular Smooth,glossy | Flat Entire ° Butyrous  |Greyish-white
: 7P510'§ Ring. ¢ ¢ - Opaque 1. 4-13 Circular- Snooth’,g‘lossy Flat Entire Butyrous Creamy
a : . S e Ring . * ¢ ¢ ¢ Opaque - 21 - Irtogular  |-Wrinkled,dully’ Sligfensly Lobate Viscid . |Browmish
L7 R . .- . . . - " rais . o . -
: ) 1 TRMO3 Broken ¢ ¢ + Opague 3 ~-12 " Ciraular Slightly. Slightly Entire wié. . Butyrous Yellowish .
. " : - pellicle ;- - |wrinkled,dull | raised -a few T )
: . - L A i - indentations |- . .
' . ) n08 - Thin ring* |+ +. Opaque. 4-10 . Circular Snooth,glossy | Flat Entire Mucoid Pink -
- e * [ 7PBOY Thin ring + ¢ ¢ Opacue 7-23 Irvegular | Wrinkled, . Low conved tobate T Mucoid Orange -4
- . . - . glossy . .
: " PB4 Ring . + +S Opague 2-14 Irvegalar {Ridges in . |- Unbonate” -{. Lobaté Micoid Creamy -brown
s o . . - ' . center,glossy ' s ) .
7PRO7 Ring - }e « +lOpaque’ 3-1 Irregular | Wrinkled, Slightly Erose Micoid Creamy
. . y . . s I glessy * raised ' . " .
- TPROL0 ‘Ring + ¢ + Dpaque 6-13 Irzegular | Wrinkled, Slighely, - Lobate - * Butyrous. [Creamy
» . h . N : glossy waised . .
o . . N " ¥ B - )
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-~ is characterized :
... of. the colonies. . S R c

\:'(d)'.Blochemical characteristics

-~
. .

Blochemrcal characterlstlcs of the 1Solates are glven

S 1n Table' 6 These are the’ data upon Wthh the 1dent1f1c-

K

L

at1ons pf the organlsms were malnly based Symbols and

methods of evaantlng the-results are explalned 1n the:

» \ .
- oot . Vo
. - B M . p
! '

L «materlals,andumethods,sect1on. e - IR

3“- "The'keying‘out of the onidentifiéble culturesﬁ

sometlmesled to 1nvaI‘d 1dent1f1cat10ns.» For example, :

although culture lPMOS keyed out to Oosporldlum

o margarztlfezum on’ the ba51s of part of: the brochemlcal : -

’

data, nevertheless, the remalnder of suoh datandld not
Pl
|

agree with the phy51olog1cal characterlstlcs of
L0 m@rgarltlferum.‘ Thus, while "the lsolate 1n quest10n.

o

PN e
o ‘»assimllated'mellbaose-

L4 .

tD-ribose L- rhamnose, r1b1tol i

.galact;tol and c1tr1c ac1d . margarltlferum a551m11ated oy

The 1solate produced no_ spores, whereas o .

i
|
!
|
i
y
o) . .none of these.
: | : e
I dlStlﬂCthe ones are found in cultures of o.,margaritiferuﬁ.-
\‘ .
i
i

i
Even the colours of*the colonles were dlfferent-
[

-

.
—
' N . .
\ .

. \ ‘
C 0.

. . ) margarltlferum haV1ngka llght p1nk oT: orange yellow A
L ) NG
S . . .. M . . )
o L _colour and the 1solate show1ng a .creamy ' colour. = o .
-t » . - M AN
R RPN .ol T

Ay M L
. e, . .
. .
u®

. ‘5,'Other unidentifiable specigs_%ere‘those containing

.-
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‘tob many questionable (+) characteristics to be keyed.
, . ST R

‘out, .for example isolate 4PB015. )

. . . s, B ' . } .9° -
». > Since no special culture media ywere used, particularly
. . . 3 . o . L s Q

L . . R N - * l . - , .
to induce sporulation,. species such as these of the genuys.

Metchnikowia, whiéﬂ,spordlate with difficulty, might have

been present in'the unidentified isolates. ' a
’ . . N . L) ) N
. . . : - .o r
To finally decide on positive identification of anp
. - N . . -~ ' . L’“

organism, all data.for that isolate were evaluated to

a

rule out tﬁe'possibilityiof any morphological, cultural .

- o . ) . ! . . o .. o N
. or physiclogical discrepancies. Only then was o
. . - [} Lo . °
identification considered final. . e
.- \
n : ' <
4y . s,
. Tt “ o . Q
., .
. A
1 ' D' ‘
v . “ 5
~ ‘ ‘.-\ S i
: ) . . ]
. P ! . 3
R ! : . & i
. “{ . - B : g
. N n' N "0
<
. ° £}
‘ : [ - o : .
/ R
. s e . N
' ' - D e
f . . [ .‘ <
v ’ ' - ) I3 .. ©
BN ’ . )
- . \ ey ' 4 ° . . . 7
t » .‘ ' » > °
et : . . .
. s g )

rd



- e . . ) &
. : T o
‘g - - . ‘ . * 1 ‘
° DISCUSSTON - o S
0 ‘ - t o S :
Wcéhodoldgv in;yeast rescarch has aannCCc considorabl}
in’ thc past twcntv {ive years and new techniquds ‘are bexng
Lont1nu1lly d0vclopcd to 1mprovc thc churacy and . n
standardization of~thcvt05ts:1nvolvcdr Rpscarchers
are attempting to esfabiish_tulturallconditjbns:aéf °
similar as pogsiblc;fo thgzb cxisting"in the natural ) '
‘cnvjronmcnpkfroh which their éamﬁ%é%’wcre‘collectcdf . ' ;1. :
Stand;rafzedatcgts have been developed to elifinaty K
?arfatioﬁs in reéul}s;so frgqﬁcntlf'found ih'the area of . | o :
ycﬁstlrcséarch (Wickerham, 1951f. vMany.factors,influepq; . :;é
.ctﬁc fidéluouﬂépﬁé, in‘cxaminfng'thcfpropert%c§lpf,h' N . é
ycéStii§oia;e.\ CKrpgcf—an Rif, 1969) .T?us,.one mus t Lo _'\L'g
atpcmpé_foausc“accEp%abie stand;Td'de;a'and c&uipmént.' ; ' _ Ié
:-‘chpuIAtEEn and‘émodnt:of inoculpm, incﬁgétiéq time - g
and'ﬁcmperaturc can affcét the final rqsults. Evaluation _ g
and 1ntcrpretat10n of the data obtalned requlre furthe;\ : j
Q=stangard12at1on°£9? Uhcyqupcnd to a-great extent on %
) vf;ual_;pscgvatiop, a rafher §ubjective,meth9d.ﬂ : ' g
Imﬁroﬁemcﬁts hage’beéﬁ madc"iﬁ this area with the usé of; s ‘
“';such 1nstruments as spectrophotometers to give, greater ’ - .
ochct1;1ty AT ‘~, X h , . . co .
- ' o R ) - , :

. . ; R “ .
- o P . . - L A Gt Tt .

R -“Mw”..m—;. L T N O Y Pt S
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- antibiotics, ‘temperature tolerance, sodium chloride

L

. -89- . CL e
“ ot °
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Identification of a veast isolatce requires information,

e

- .
.

, 6 . T S ’
about. its morphological, reproductive,’ ¢ultural -and .
: . . .

hiochemigaT  characteristics. Using a biochenical Kkey®does

3

' . ‘ e ‘ R LT
not climynatc the necessity of acquiring information about

the nonibhiochemicdl characteristics. . .
N 1—'\ X , .
&

As rcgﬁfﬂs'mérbho]bgy,-tho polyploidy of ycaét cells

is a source of difficulty, since there arc variations gl

"in cell shape and-size, not only, between genera but

o

also wighin a dpccics itself. The prescnce-of spores:

together 'with their shapes can be very characteristicy

for example: the hat-shaped spores ol Wansenula. The - ‘

e

presence of asexual spores, of a true mycelium or
L 4 .

pscudomycelium togcthcr.with the, forms taken by-these

‘structures can be some of the determining factors in

F

‘identification, S

s

N . R . . . v i ‘ .
_ The metabolismf.and therefore the growth; of a veast .

-8pecies is affected by a .number of factors, which, in

3 . ¢' ’ ; -.‘ 3 .c - - ) *
turn, influence the, [inal identification of thc organism.

Ld .
¢ o [l ¢

These facwors may include: »pH‘tblefangc, reaction to,"

tolerance,culture age and biochemical "behavior. In-the

following discussion, since rcference is made primarily’
to marine-occurring ycasts, the qudlification will not

be used. Re ferences to terrestrial forms will be so .

"qualified. : ' : , | . L

~

-9

A -

v
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Plrt L
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pH Tolerance . . ' ,
v S Lowprs (3.5 to 5_'.5) ‘have been s'uqqested for many

‘media .deveioped for the isoiation and .culture of yeasts.
While such pHs do help to decrease associated bacterial
e " populations, they can also destroy dcid-sensitive yeasts

such as those whose natural environments is alkaline and

. well-buffered as is the case with sea water which has a
. ' pll range of 7.5 to 8.4. "No growth determ'inatlo/ns on low

.pHll media were carried out in f£his study.

: o - / o oV
ta... ~ NOrkrans '(1966b) did an extensive -study on the ability v

-

of ,yeasts, isolated off the west coast 'of Qweden, to grow

at various: pH ranges. Of ?:he yeasts tested she could

- dlSCern two groups with respect to theJ.r pH optima. The -
. flrst group reached maximum total growth at pi. 8.1 to
L. "~ 8.2 or higher, desplte the fact that the actual growth

rate was reduced. The lag phase of growth was prolonged.

This'alkaline-tolerant group i.ncl,uded Rhodotédrula glutinis, -

ADebaryomyces hansenii, .Cxyptococcus laurentii, Cr. luteolus,

Cr. albidus and ene strain of Torulopsis famata. -The.

second group reached max1mum total growth at pil 7. 3 to
7. 5, aga;m after a prolonged laq phase and reduced growth.

" rate. There was llttle or no ggf’owth at pH . 8 l to 8. 2

c Thls group 1nc1uded Cryptococcus laurentll, Cr. luteolus’
‘ < - . -
) and Torulop51s famata whlch were also represented in the
.‘ . ‘/ '

P

f1rst‘ group, together w1th Candlda parjmlosm, Rhodotorula‘

e 1nf1rmo—m1n1ata and Saccharomyces cerev151ae, found only

N
> - ' L s . R e MM T ] N P e T v e gmem



copuld also survive. Species“from both groups were

5

b

K . - s ’ , A
. .
r : : : v .
T . . . . - . N . r
. ; . c . N . .
. : -91- . :
. . . 1 R .
> L B ' »

v R .
in the sccéhd group. Thc‘ﬁifst grouﬁ'woulg“probably'
bc hcttcr able to survive in sca water hutfthcbscCond,

.- . . L Yo ‘
group, atithc h]ghcr cnd of its. eptimum pll ‘ramge, E

.
¥ +

- . .

‘olatcd‘in the présént s tudy: Rhodbtofula glutinis,i v

Debarjoches hansenll and Crgptococcus albldus Of the

I .‘ -

first group and Rhodotorula lnflrmo mlnlata (synonymous

4

with Cryptococcus 1nf1rmo—m1n1atus) of {hO'sqcond.group.
r - . . ..

> PN € . . . .t . . L

. ‘A R .
. . . ' . N s 4
~ Se 'hudri'and Sieburth (]971) tested media of ’

4 v

‘various ‘plis to find the opt1ma for growth of vcaqts‘

1

AN
latod irqm various seawecds collccted in Ndrragansctt

'lBaY: Rhodc>[$1and “The’ most approprlate pH was Found to

‘be 7.0, The yeast spec1cs examlned 1nc1ydcd Candida -?

3

Eg;ap511051s, c. zelarmhdes, RhodotoLﬁla rubra and

.
"

&;.iactosaf A modlflcatlon of Seshardrl and Sleburrh 3

' & ’ .
(1971) "pHi* 7.0 mgdlum was .uscd; in thc prescnt‘study for’
isdlation‘broccdurcs..s . o ~,-f '

N . , < ' o9
.

“Antibiotics - ‘ - SR B “ .-

) e .o _‘A'

‘/' | . * 4 Y

“in approach im Eefdod to reduce bacterial populatlons'

wot? .

a'qoc1atcd Wlth veasts has bcon ‘to lncorporatc very hlgh

concentratlons of dntlblotlcs in thc 1solat10n medla. ~

.

R.Lchards and' Elllot (1966) pomted out that tme - »'.,{

.pnocedure was not alwavs adv1sablev lhey found that

sfrcﬁiémycin .even at low concentrations (10 to 100 ug

.
~ N - ' - . . - .
. R - .
0 . . . - .. ‘ »
.
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cnd ! ' ’ e - IR I -
por mlﬁ 1nh1b1ted the growth of mdnv yea@ts. »Only’Gandida' LT

. sutilis was resistant to strcptomyc:n gt 100 ug pcr mi. St -

“.medium.. No mention was made ol* ycast inhihition. Smith’
. R e

- was destructive to.balanckd.cell wall synthesis.

‘and'Murcﬁant (1968 ~f969) Ucﬁohst 'tqd that chlbramphqnf&o]

.Ahca{n, Roth and'Mcyers“(1968) used chﬂoramphenjcol,at -

S ‘.
o

P . . S
Al . . “e . . I A .
. a .
. ' . . . ¥

a concentration of 500 mg per liter in their ‘isolation A

] \ '
- O PR
at a concentratlon of §00 mg’ per 11ter 1nh1b1tcd thc

? - LI .

growth(f Rhodotorula glutlnls and at- h1gher conccntratlons -

a - " ' ' - i " . -" -~
.. SR

Se§hadri'and Sieﬁurth (1971) cxamined the ébnccntration T

3

’ “ i
r

' of~ dﬂtlblOtJLS requ1rcd to dllow ycast growth and :

'Bc.considercdtwheh“isolating‘Veasté'ﬁfom,tﬁat environment’ - . -7

'
*
N

Lo

This effec is-gfdbably due to thé-productigp of‘antia:‘

.
1 R . ‘ ' S

buppress}nctcr1al growth Pcn:cx111nT\5treptamvc1n . - ,7 o

Jﬁd chlortctracwclxne did not effectlvely prcvcnt

bacterldlgrowth at low concentrations (100 to 200 mg pcr

I .
Literyu waovgr,-Vafibus comhinations’ of thcse were

T und.ta be suitable: Chloramphentcol by Jtsclf t a

conccntrdtlon of 100 mg per liter ~supprcssed bacterlal AR
t\ ' "\

growth and pcrmlttcd yeast growth and was, thcrefore the L, 0 h1~

*

antlblOtLC of ch01cc for ‘use’ Ln the Lsoiatlon med:um used

.
. .

in .thepesent study.: o e . :

. .
coe ’, R BN . \ R “
v . . i

" The antibiotic activity ofi sca wager itself, must . * . . y

~ -
i - . "
v — Vo8

It haslnen found that natural sea water is more . . S0

. . :
. . * i

bacter1c1i;1 than synthetlc sca water (ZoBell, 1946)

- . C e b
L4 N P
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: biotic substapces by such. organisms as algae ‘and bacteria o :
“e in' the "sea. . .‘ ' o o . . K
. Sicburth (}959, 1960, 1961) chm1ned@the antJm1Qroh1a1
Y, propertics of Antarﬁtic sca water, thc algacu Phaeocgstls_ - :
. " ) ¢ ! B .
o EOUChetll, and phvtoplanktOn and found ‘the antlblotlc . . . e
substance produced by P. pouchetii to hc,acryllc ac;d. ) o Z
<.+ "+ ¢ Scshadri hnd‘Siehd;th (1971) *include a diluting procedurc - :7i.“

. - when rsoiating:yddgts td try.to avoid the inhibjtpry cffect A
' ' to some extent. o T e o AU

Jahowskd dnd ngrell (]960) found that spongos such if
o ds the North Atlantlc red- bcard qpongc M1croc1ona prollfera; N '.j
' ’ A ST
] ycx¢reted antimicrobial substances. . - : o I
e hcth (1067) demonstrated the antlfungal act1V1ty of . . E
.'substances cxtxacted Erom thlrty f]VC maanc algae 1nc1ud1ng o f%
- " - i i : _3
, Spcc1cs QE Rhodophyta, hlorophyta, Phacophyta and ¢ 4
. Cyanophyta. > . R ‘ ;- 4
Buck, Meyers and, Kamp '(1962) reported‘antimicrobial K }%
" actdivity cxhibited.by substances’ produced by ‘a number of 5%
) '"baCteria isolated f%om various Soufces'in’Biscaync‘Bay,o %
. 1
i F19m1da and off Blmlnl in «the Bahamas.’ Of‘the twenty - )
SpGClCS oi bactcrla examlned,.51xtcen exhlblted antlyeast
: v ST e
S a;t1V1ty.; T O oo

" ! ‘ .. - . . { V.".

" .o In-a later study, Buck, Ahcarn, ‘Roth and Mevers (1963) ﬁg}‘ ;
. ., N Q‘< 1' 3 . N ..’ '
. . o ) "
[ f : o
p o : ‘ : ' | ®
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,agalnﬁt both marlne'and'tcrrestrlal 'forms of Rhodotorula

,glutinis, R+ rubra,‘Candida tropicalis and Debaryomyces :

"albicang was inhibited by several of these substances:. :

alcyonaf{an samp]e) disﬁléygﬂ antjyc&st éctivity;‘ of

¢
¢

1solatbd from the amphipod, Erichthohius'brasiliensjs, a

N 1

Pseudomonas _specics shoulnp defJthc antlyeast act1v1ty

g ’
PR : ’

.« /

kloeckeri (synonymous with Debaryomyces hansenii) and.onc, /.

. , ~ - L)

ferrestrial isolate of RHodotorula pallida. | . '

s . . R . s
. ' . . L

0lescn, Marctzki and Almodovar (1964) found at ledstm

l

1\ dlffercnt antlmlurobxal substances from nine specL~s o

of macroscoplc algae.co]lected off Pucrto Rico.f Candida
. . 4 ) . : "'_"'_"_""""""" 3

I - . . .

s
« \

Buck and Meyérs.(lQGS) examined the antixcést'actjvipy‘

of pelagic plankton, sponges, alcyonarians, Pseudomon§§

-

species and nine other genbra of bacteria. Of thlrty sevcn
plankton samp1e55 thlrteen sponges and ‘ten alcyonarla e

]

only three (One plankﬁon samp]e;oqnc'sponge sample and.one

1

3

.
» -

thirteen c11n1ca1 Pseudomonas spec1es examl%@d twelve

.
‘
- Y

showed qome ahtlyeast act1v1ty agalnst Candida parapsilosis,

.Crgptococcus‘neoformans,'Rhodotorula minuta, R. marina and_

'g; mucilaginesa. TwoO marine Psaudomonas'isdlétes were

[ » ’

inactive. -0f the other’ genera of bacterJa examlned six’

i
) 0

.dJsplayed antlyeast act1v1ty - o RS

v ! . .
. . . . ° . -
g . f . . : . . .

ot

Temperature. . x o e e
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> “ . N . b N
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In tho pr#sent study,.yegsts were 1solated from samples
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guilliermondi'i' both q'rew at 0C. However, Rhodo

"albidus war. albldus) and 'I‘orul_psrs aerlaf (synonymous .

'dlfden511 (synonymous w1th Candlda dldg?lensn.l) grew in a.

"Wlth Candlda troplcallsl) grew from lOC to, AlT_SC.' -cher,

A . . r : a . . St

- -=95- - : ' ' -
..- .‘ \ . * v. )- . .’. . .

collected at temperatures ranging from -1.5C to 3.5C. The

s

et

pultures‘ were. grown in} the ‘laboratory at.both 4.5C and

a i .
25C While. most of the cultures grew at both temperatures,
>

i ©
they Agrew fiuch more r]pldly at 25C with the exceptlon of

Leucosporldlum SCOttl which seemed to grow at the same

I

" rate ‘&t both tomperatures... . oL R

P : .

Lo

Roth, Ahearn, Fell, Meyers an-dyMeyer (1962) isola:t,ed'

) yeasts; from various ,subs'tra_tes ' from ‘Biscayne Bay, Florida.

Yeasts isolated frdn waters ranging in~te‘fﬁf>’eratur'e fronm 3

v
.

. 'to 10C grew at 6C and|24C in thé laboratory However,
| :

thouqh the total- ylelds were the same for bc?th temperatures,

the orqanlsms grew muach more slowly at 6C.
| ,

Phaff Mrak and Wllllams (l952) examined the
temperature ranges al£0w1ng growth of yeasts 1solated

from the washlngs' of shrlmp, Peneaus setlferus, collecte'd

<.

in the Gulf of Mexicoi ‘\Rh'odotorula qlutini‘s anZCandlda

orula

L

1
glutmls had | ten’ﬁperature range of 0C to/32c while |

"Candida gu_llllermondl grew at temperatures from OC to-

38C. -4Rhodotorula mucilagindgsa: (synonymous with Rhodotorula

rubra), Torulopsis al‘bida ('synonymous, .witl-ﬁ C'ryptococcus‘

P

&

with CryEtococcus albldus var. aerla) all grew at

‘ ~'temperatures ranglng from 2.5C to 32C. Tri‘cho‘sporcmt’ '

'

e ‘ A

rar/qe from lOC to 38C Trlchosporon/lodderl (synonymoUs-

-

. legtalede

DA

Bl Lt

b omex wase T

4L
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yeasts that grew at t@mporaturcs up to 4

B

variety of Trlchosporon cutaneum» Torulo

-y

|
i
1. 5C 1ncluded a

p51s glabrata

.

and one isolate of candida parap51losig.

-of the cultures somcetimes varied with th

for example, -one Jsolatc of Rhodotorula

The colours‘

e temperatures,
o '\

glut1n15 appenrcd

a""“n

brlght vo]]ou at 5C but plnk when grown>
. l‘ 50

.tomporlturo
s
\gn.LMCn and Tﬂrlnha (1958) dyd a -5

: n\{ N,
.relations of stra1ns of candida zeylan01

-

'kfroqm
.

1

tudy on tcmpcrature

|
des . Thcy found

.

'two dlstlnc§ groups: one “with a temppra
4AC to 43C 'haviné small cei]s ﬁnd reqhi
pyrldox1nc and nhlamlnc for growth the
a t mpcraturc max1mum of J0C to 32C with
rcqu1r1n& only b]Otln fof growth These
were stablc throughout cach groﬂp except

varlatlons .and ‘this suggested J 1V1SJon

|

ture maximum of

ring biotin,

-other group having

large cclls and

characteristics
B .

for. insignificant

into two

separate species: Cahdidamzeyianoides and candida - ..

norvegensis., ‘ e o

In a later study, vén:Uden and Carmo-Sousa (19593

studled the temperature relatlons of Candlda parap51losis

l and C lu51tan1ae.' All 21 stralns-of C.

o,

far§p511051s had"

.very similar makimum‘temperatures'allowing growth, varying

~

.anly:within-threé degrees (40C'to 43C).

of . C’ lus;tanlae had max1mum temperdtures varylng only

w1th1n two degrces (43Clto 4 C) ~ Agaln,

. LY

.
!/ - ¢ *

'0 '

A1l six strains

“this indicates.

3

~



o—

‘treatment processing plant areas,vwaste stah11rzat10n
Vg

the stability of this temperature charagteristic *.‘wil&hrn a .
a l ' 1‘:', Cot o

specie,
L

L:::ﬂ
\

1,, T .

(,ookc (1965) cxamlned the dblllty of ycasts to grow

at 37C. ‘Hc studlcd 230() strains of .70 species isolated

+ from scwage, scwagc-pollutcd waters and solils, sewage

.

ponds and séveral other ,such sources. -OF 16 st#ms of° .

o

Candida humicola tested, 31 3% gréw at 37C. Of 156

strains’ qf‘ Candida’ t'ropﬂi calis, -97.4% .grew at 37C. L0f 37

- were te'sted and 6.3% were. found to grow at . 37C.- Of the o

"é't,37(2. Three shundred and fifty st,rvéins of Rhodotorula o \)

.mucilaginosa (synonymous with Rhodotorula rubra) .were
X i - 5 v . - o

Strains, of Cré;ptococcus albidus, 5.4% grew at 37C."' One

hundred and nlncty onc strains ofiRhodotorula glutlnls

A 1

three strains of Rhodo'torula'graminis tested, none grew .

tested, of which 38.6% grewkat 37C.

. . . .
. . » g

'

s ’

'In ‘the present strudy, isolates identified as Can%ida !

humicola grew at 37C, as did isolates of Candida tropicalis.” '

Cultures ‘of Crypt;oé.o,_ccus albidus ‘did not grow at 37C.
Rhodo\\'c‘\rula rubra and R. glutln:l.s 1solates .grew at '37C .
.but thoqe ‘Aentlfled as R. gram.‘Lnls d1d not grow at this ’ ]
‘ tc‘:mpgrature.“ - o o e o e
: <L . C o v : v“ .‘ . : » R

In the ‘same study (Cooke, 1965) , all éfrains of some

Spec1es grew at 3’7C and all strains of sev,e_vzl other species -
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did not grow at 37C. However, therc werg specics with _

variations ‘among the strains and Cooke fnj posed” that

‘

this might be duc to certain of the 's'traihs having become ' . *
adapted ‘to grow at 37C: : o Lo I Lo

. '-‘ . .' ! ' P ’ . T , - . . - L0 a ..‘.. '-'H . . ‘,h )
sat There has been some confusion about the definition- o

. of the —term "psychrophile" Generally, researchers have
\ SR
used this’ term to descrlbc an organlem having -a low '

s
optimum tcmpcraturc for growth ' Baxter and G1bhons (1952% o

.

definad "psychrophlle” as, an organism reachlng maximum' j~~ . &

growth at 20C or below. Morita (1975) rev1ewcd current..' '

conccpts of psychrophlllsm 1n bacteria togethcr w1t\}:>the'

3

‘ termmology lﬂVOlVGd. e has p01nted out that the(dcflnltlon

uscd [or-bactetia can alsd be: applied to yeasts - e e

Psychrophiles arc defined by MoTi ta (1975) . as o\'ganlsms."

Ca
v 4

havmg a tcmperature m1n1mum of OC or less, a temperaturc * R

maximum of approximately 20C and ‘a temperaturd\_optxmum of.

lSC_ or lower,

Sinclair and Stokes (1965). isolated’a number of yee‘sﬁs

h frbm snow‘,-,ic"e , s0il, sca water and marirne sediment$ in

AN : ' - g * %
Azntaru:lca. They descr)bed the isolates as ‘obligate . R
(YW, . . .
':pé'}/chrophlles growxng well at 0C and havmg temperature - .

\Optma below 20C, malnly 15C. From 67 1solates ‘19 bacter.i_"a\

‘ and 48 Veasts, they found- four obligately psychrophlllc R ' CE
’ 1 . S ‘ '%;
ye!:f"ts. These 1nc1uded a 31ng1e isolate of TOI‘UJ.OESJ.S ) . :.,

and thrce };,o’lates of Candlda.

. N .
. . " . . /
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- ) ’ ‘."p. 11£olqt1ca rcspectavely)_£6ﬁid the pSVChTOphlleetO be

. N
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»Nor&ran J(1966H)tested 3 sgrdlns o£ 18 Spec1eq oﬁ

' a--'f', f@asts, 1solatcd off the west coast of - chdcn,,for thelr

ab111ty to grow w1th1n SCVCral tdmpenature ranges from '

~3C to IOL. All flve StTalnS of Cryptococcus albidus - " 1 .

o B

grew;@ﬁ‘3c and up to, 10C as d1d one $traln of crd ¢

' laurent;l and\an ﬁnldentjflcd spec1es of Cryptococcus. )
l & e

PY ’ ") . & e A

° '~'f3 D&baryomyces hansenli grew at temperatures of approxlmatcly

o
l ~ - i

6C to

UC Rhodotorula glutans grew in a range from 7C to o

<

' S IOC _L. infirmo-nidiata stnon?mous w1th Crgptococcus». '

w

T RN inflrmo mlﬂﬁaEus)vgrew 1n a°rang® ﬁrom GC’to 10C bUt
. “4-- v . .
- -appea ed to cease p1gmcnt productLOm at thc lower . N
0 v o )
L tompe dture. L bra grcw from 7. 5@ to’ 10C. but,dwgain,

% ' appcarad to lose plgmentataon at’ the Jower tempcr%ture. o

d‘ Y ' \'-. e cot é
Baxter and GlbehS (1962) in studylng psychroph111c

- v

-9 *
cand nesophlllc Candida spec1es (Candlda speC1es and

. -/
. morc‘hcat QnSlthC at the hlgher temperamures (30C=to

° T. . 40C)»E‘At O( the ox1dat1ve ablllty of the mesophile Was

o 3 E 'lmosl complctelv 1nh1h1ted . There ‘was ‘also a strlklng

o . ’ . OJ & o )
o T ,‘dlfference between, ghe psychrophlle and the mesophale 1n"
1 { -
‘ 5_permcab111ty to glucosam1ne at the 1ower temperatures‘_

e L, g (OC and lOC) Ihey suggestcd that' this d1fferencc mlght ’ .
be duec to’ changes in the lipid portlon of the cell membrane
as., forocxampler_closer packlng of the molecules in the "o

[+
mcFophlle at lower.temperatures" kates and BaXter [1962)

. RN '_- . . ’ g . ‘. .o ., L RN -
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, s L. y o R . P o vesqs
»r . studied the lipid compositidn of three psychrophilic e

. . L : ' ' ¢ .\ . :
ST T ycasts (a canddda species dlsolated from grape juice and

L4

B e y’f??\xiwd‘fsolates of candida scottii [rom Antarctica) .and two

B & -

AL v ' o
& . esoph111c,yeasts (Candlda llpolytlca and Rhodotorula -

) &

N glutlnls). Ihév found that t}e maJor fatty ac1ds in

‘Candida lﬂpOthlca (gr?wn at 2%C) were (1n ordcr ‘of
N . & ~n 4
< debcendlng COHCCHtTdtlon) oleic, l1n0101c palmltlc and |
- 3

ce 0 palmltolelc ac1ds ce Ihe major fatty acids of the Candida

. : N
) x\\ . prCleS (F?own at lOG) wcrc lanlClC '11no£§p1c 0101c

-

\Sﬂ ‘ R "pd1m1t1c and paJm1tole1t ac1ds Ihe psychrophlllc
v Y A bp@cy%s appearcd to ‘have more hlghly unsaturated fatty
: as

P! Jdb (1.4t 1.9 dquble bonds per mole) * The fatty acids

‘of Candida llpolqtlca had l 0" double hond per mole. and

PR s ’tﬁOSC of Rhodotorula glutinis. had 0 6 fOUble bond per mdﬁe..

J./,J
‘hlthln a 5pec1es there tends to be ‘a shift toward more

§
unbdturated fatty aCldb w1th a temperature decrease.

.
rd - .
" . - - . A ]
. - - T N . »

. . M
- ) - - ~ . <

» Sodium Chloride Tolerance -
v L. e Cultures examlned in the present study wecre 1solated\4

.

ftom plankton samples from sca water haV1ng sa11n1t1es Tela
ranglng from Qp.ﬁ to 38.5 ‘/oo. ALl of the 15q}ates were
£ . LY -
.able to.grow on media made with distilled water.
5“ - L o, Pt PR . e &,

. » N i . . . 3,
. 2 - e
. N -

Lérecn (1962)'attemptcd'to'def?ﬂe the verious‘degrees

-

of ‘NaCl.toleranee or requirement’by microorganismst: He
' PR >o' N : Al

° . 2 . . . [ . S .
" v described- "'nonhalophiles''--as organisms growing best in media
\ 7 3 . . v '

. . .. 3 i -, .. r . . .‘ . .



‘extremely haloph%&uc_grOWLng best-ln'medla-of.20e3q% .

P

.ksea waterq o : o .

‘NaCl concentration.. S s

-101- . e R

hav1ng less than- 2% NaCl concentratlon. Dﬁe:divideg the°

- § ot * l
"halophlles“ 1nto three groups " the slightly halophilic
B P 4 N

4+ .

‘microorganisms growing best 1n'média of 2-5% NaCl o

concentration, the moderately halophlllc reachlng o

e

optimum growth in medla contalnlng 2 20% NaCl, and the

o
14

~Johnson and Spaxrow (1961) stated that there was b

N , '
[ vl

real need to use sea water medla for the igolation of

s e . RN
-' .!. . . - , C e
Kl }

marlhe-occurrlng yeasts Morrls (1968) agreed w1th thls

i

when- he found that all yeasts, 1solated from the Clyde

estuary,.the North Sea’and of f the-Iceland\coast, grew'--

well'on distilieé water.media except for Debaryomyces-

kloeckerl (synonymous w1th Debaryomyces hansenll),.whlch

seemed to prefer a NaCl concentratlon closer to that of

.
\ ’ ‘J »
L]
<

_ Phaff, Mrak and Williams (1952), examining yeasts isolated .

A ~ ' ‘ - - : .
from washings of shrimp collected in the GulfJ/of Mexico,

I

;fonnd that approximately 54.8% ofzthe'isolates were quite

a 'halotolerant‘growing in media‘with NaCl concentrations of

-14.75 to 16%. Only one of these isolates did not grow in the

latter concentratlon._ Rhodotorula glutinis, R. muc1laglnosa

(synonymous with Phodotorula-rubra),'Trlchosporon lodderl

(synonymous W1th Candlda troplcalls), Candlda qullllermond N

" and C. parap5110515 grew well at . the 16% NaCl concentratlon.:

“ . “. . . T I T N
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* Torulopsis ‘a1bida (Synonymous.ﬁith'CrgptococcUs albidus

groning“in NaCl'concént?ations of up to only 9.8%.

(S
-

jvarkfélbgdns)'anﬂ'Tornlopsis aeria (synonymous with

.Cryptopoccué'albidus var. ‘aerius) were much less halotolerant

) LT ) . W
Ross and Worrls (1962) foundfthat Debargomgces spec1es

dRPldtcd Erom flsh of Scottlsh coabtal waters, exh1b1ted

"~

ugreater haloto]crdhce than dld most other genera.  They.also
' cxaaned marine- dccurr1ng veaQts versus, th01r terrcstrxd]

. 'counterpdrts. As far as halotoferance was concerned no,

LA

freal dlsglnctions could bc drawn bctween isolates, from the

o

" two env;ronments.-' PR . e R

'NorkrdnsA(Idﬁoh) found many halotolerant forms in her

study of yeasts isolated off the.west coast of Sweden.

L}

~Stra}ns of candida parapsiloéis dnd Pichia etchellsii grew

at a Na(Cl conccﬁtrqtlon of 20%. Strains‘of Debaryomyces

hansenll grew at NaCl concentratlons of up to 24% -and

surV1ved for prolonged perlods at h1gher conccntratlons

(28@)., She ‘found that most isolates of. all spec1es could

\

grow in .sea wat&r of 34 /og salinity and appeared to attain .
optimum growth under this condition. Most'stra%ps.also
o - °-. . - o v

withstood the Higher osmotic ‘pressures created by the intro-

duction .of NdCl into the medium. . .J«mw

Unlike marine bacteria which have a requirement for

Na+ion, fungi can replace that ion“with .other monovalent



¢’

~NaCl concentratlons of, 0 to 4%. This was the.case even when

an environment and has,characteristics unlike yeasts isolated

S ' -103-- -~ .

-~

v

ions. Norkrans (1968) studied.a number of terrestrial ahd=ﬁ
' - &

- . °
< o . - . . ———

‘marine-occurring isolates and found that all'the yeasts, . e

C o

except Candlda zgylan01des grew equally well in'media of

4

[y

K+ ion was substituted for all'the’Na+ ioh.in ‘the basic,

,

growth medium. Growth 1n 0% NaCl concentratlon proved that

all the yeasts examlned in thlS study had no spe01fle need

y .

for NaCl.: ' . B

The previously mentioned studies seem. to indicate that
: : X ) ' 4

while a number of yeasts exhibit'varying_degrees of.' '

o

. . + ’ Lo » ) . e . L \ i .
'halotolerance, growth 1n NaCl\solutlons.of‘hlgh concentratlohs:

s '

appears to be a condltlon of tolerance, xather than of

necessity. Here, the problem of deflnlnq a "marlne" yeast

I's encountered. Morris (1975) deflned a marlne yeast as

one' which can befisolateduln pure culture from a marine

. ' a N . L

> i " o,

environment} can also exhibit regroductive.ability in such

>
]

from.terrestrial environments. Few strlctly "Mmarine" yeasts

have been Lsolated w1th»the exceptlon of several spec1es of

‘Metchn1P0w1a (van Uden and Castelo~Branco, 1961). Most

appear to be marlne-occurrlng forms of already studied

terrestrlal specxes.‘ Although many yeasts in  marine waters

4

" undoubtedly orlglnated from terrestrial sources by contamln—

of

ailon, it could be that the. technlques, partlcularly the use .

of low pH medla employed up to qulte recently have been:

H

‘N

‘ 3
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for the isolation of . forms found in the sea. Soﬁe'yeastj

spe01es are, more 1nd1qenous to marine waters than others.

/
,Debaryomyces hansenii 1s often the most common spec1es

-

b o

identified in marine studies;, Thus, in the present study,
Y

Debaryomyces hansenili constituted 29.3%of'the 1solates .

1dent1f1ed. This spec1es~is one of the most=halotoleranti' S
of xeasts:‘ It is ‘thus probably WellLsuited to the,marine'*

environnent. Other halotolerant,species.often'isoiated A

\

=from marine sources, and 1dent1f1ed in the present study,

1nclude Rhodotorula qlutinls, B: ‘rubra, Candida.diddgn511,

trogicalis and-Cryptococcus albidus’var: albidus. Howaver,

all these species and Debaryomyces hansenil, in the present

as well as’in prev1ous studles, grew well on medla prepared‘

w1th distilled water 1ndicat1nq that the NaCl of their

k

natural habltat was not requlred for growth

Y

Age of. Cultures _ P e

r

' .
. .

"The cultures used in the present study g@re rsolated

from samples collected from November, 1972 to June, 1973,

but it was not p0551b1e to test them blochemlcally until’ the

Iy

period from March, 1974 to May, 1975. Slow growth was‘

»

- apparent on the YM medlum alone but after'addition to the

medium of. a 1t vitamin supplement and after several sub-

' culturings,'bigorous growth was established and the overall

. . C _ .
appearance of the cultures improved considerably. .
Lyophilization is undoubtealy the best method for the’

»
'
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S

o

,preservatjon of cultures 9Ncr a’ long’ pcrlod of ‘time-

.
Y,

chkerham dnd }11ch1ngcr (1946) obtdlned cxccllcnt results

9 .

by u51ng this proccdurc to store ycasts Lultures for up ‘to .

.
-

" four ycgrs. In mo's t cases, they achlcved 100” recbvcr)
Most impoftant, thc rcactlvatcd organ1sms had the same .

characteristies as rccprded.for the orlglnal'cultures.
4 » . [ ] - i

Kngér;vén,Rfj (1969) described some of .the chaﬁgcs

thdt .can oécur‘with 1ong-mainténaﬁce'inﬁcultufé:“ Thé.f
v
colonies . may Lhangc flom smooth to rough W1th subsequent

cthges‘to~more aberrant cell shapes and altered growth

befiavior. ' In the lgtter instance, a culture ‘that originally
1P=4e I oTig: Ly

¢

Ebrmcg*nq pélliElezmay develop one.. The absence of a

* ‘ ' ' ‘ ] - ’ ’ ~ N '
’pseudomycplium~may‘give way to itd presencdl -Sporulating:

ab111ty may be lost over a perlod of time. Kreger-van

“Rij (1969) cxplalned thlS by p01nt1ng out thdt detOTS
.

fav0r1ng sporulatlon undoubtedly deterlorate over time or,

p0551b1y, aSporogenous forms .of the yeast take over and

°

~3'prcdom1nate the culture. The ability . to form spores can

usUhlly‘bc reinstated, as was found in the present study by

»
.

.

"the ‘addition ofxa"vitamin supplement to the'medium1 Witkerhém

“'and Burton (1954) QBtained-succéssfdl,results by usingoheat

treatmehtin'a 1iquid medium, the. temperature of which was'.

-

‘ adJusted after determ1n1ng the" heat re51stance qf ~the-:

u
-

,vegetatlve cells of the culture= ;

Vo s

. ot . ; . ‘ . - . . .
In the present study, the original cultures which. had

v oty s . ‘e CORSRE
= ERIRRY (RS

L ST Y O el aks T -



been ‘maintained on YN Agar for a prolonged period,, gave,

doubtfu} Gram reactions:, had very, irregularlv'shapem

colls,'produced'fewvor mo épores; showed Very palc and

o~

uncven pigmentation .and | we watery in conSJStency. lhe

- 'addltlon of a V1tam1n supplement rcstorcd Gram reactlon, )

.

cell shape spore formatlon, prgmentatlon and consrstency

to, that of the orlglnal cultures. -

.

. Another chahge that may occur in aging culturgs is

_ /- a gradual.transformation from'the heﬁloid:to.the diploid-
S ’ Lo o ; Y )
A =state ‘The prcdomlnance o[ dlplOld cells is probably due ta

4 . L i

the absano of sporulatlon after d1p101dlzat10n (Kreger-

o

. van 111_1,1‘969) | : PR

lhe longer 1so]atcs are’ malntained on a culture medlumg

the grcater is the 11ke11hood of mutatlon and selectlon of

’

:_3 characterlstlcs unllke those of the or1g1nal The type,

of. culture med1um is therefore of some 51gn1f1cance.

N 'Changes can’ occur, 1n the ablllty of . a yeast to carry out

»

such processes as fermentat1on and a551m11at10n, Roberts

and van der Walt (1960) demonstrated that Sacchazomyces

‘ capen51s, a non fermentor of maItose acqulred the ablllty

to utlllze this compound after malntenance on malt agar. C

/t" o S , ! o . .
gene. L S R f : S

' .
%

_ Ahearn, ‘Roth and Meyere‘(lgoZ)J,upOn‘exemihatiom of

) . N )

They found that thls was caused by mitation of a 51ng1e - .



Vs

357 marlne (from subtroplcal waters) and terrestrlal stralns.'

.~

-of Rhodotorula spec1es, noted a loss in enzymatlc act1V1ty

1n some spec1es after a longvperlod of malntenance 1n culture.

: Thls was partlcularly notlceable in . the ablllty of an 1solate ’

to a551mrlate maltose or'lactose. Generally, they found a

.
4

decline- 1n blochemlcal act1v1ty in older cultures but they

also found that some. of the progeny dlffered 1n blochemlcal

a

reactlons from the»parent Thus, Rhodotorula palllda progeny

were sucrose p051t1ve and galactose—negat1ve~whereas the
:.parent culture was sucrose negatlve and qalactoSe p051t1veu

'They suggested thatfsuch phenomena mlght be due to genetlc

.1nstab111ty, but also empha51zed the 1mportance of
e, . 1 - , ‘e .

standardlzatlon of.techn;que.

e
.;,_. . * * 4 P
.

Fell and van Uden (1963) found that Candlda para9511031s

P

llsolated from"Blscayne Bay, Florida azd the Behamas area)

failed to ferment qlucose and galactos

v

1solatlon but its normal fermentatlve abllltles reappeared
y . . /

upon 1n1t1a1
A

-after malntenance 1n culture.

'Scheda'and Yarrow.(1966) examined’ the instability of -

fths1ologlcal propertles used as crlterla in the taxonomy of

yeasts w1th reference to fermentatlon of carbon sources by

K

. 1yophlllzed cultures and cultures malntalned for 1ong perlodsz

<

of tlme on malt agar. TRev1ved lyophlllzed cultures had  the

!

same characteristics as the original cultures but all others
" .‘ (3 i I3 ' . + ) o .‘ . -c '

acquired disimilar characteristics. However, no other

N . . [EEY L ’ > T “: .

systématic or comprehensive studies have been carried out

. . ’ N " “ M <
) i A ¢ L . £ ﬁ‘
i A . o . . A

. ; h .
' .
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occurrlng dn: a partlcular spec1es of ‘'yeasts when

,hom

,1n eulture'oyerza‘period-of tlme.] )

‘Biochemical Characterization

] . R M :

to descrlbe the morpholoq1cal and phys1oloq1Cal

I3 . . .
B . . 1 Lot -

\ ?J' . LT ] y
. §
~ .

' A substrate may be metabollzed by a yeast cell only ‘if

the cell has the ablllty to convert 1t 1nto an 1ntermed1ary

o . .

netabolite. If: the substrate lS not metabollzed at may be ' i )

' ' 1

for reasons of 1nab111ty to qaln entrance 1nto the cell or.

because the enzymes needed for conver51on to an’ lnter—;

medlary metabollte are lacklng ' .

’
.

“ - .
n ' N v

Assimilation : co-

o
Kl
. [}

Yeasts suchlas Debaryomyces hansenii'

a551m11at1ng a varlety of carbon compouhds.

Others are .

-

characterlred by lack of thlS ablllty.- Thus ,some Plchla

spec1es can asslmllate but a few., carbon compou ds. Generally

R R NI

speaking, yeasts possess con51derable a551m11at1ve versatlllty

. \

Thls could be qulte advantageous to yeasts in the marlne -

env1ronment where many compounds may be,available.as sources

of energy. - . . . _— . oo . . 3
., T R Co Lo , . .

' Van Uden and Pell (1968) examlned t e a551m11at10n.

patterns ‘of 302 spec1es of . veasts, each represented by several N

stralns.' of these, 17 were- forms whlch were found tO\delnate

‘ ! i

1n the marine: env1ronment ' Thlrty compounds comprlslng ™

hexpses, pentoses, dlsaccharldes, trlsaccharldes, poly- A ~

saccharldes, polyols ‘and heteroglyc051des were tested. ‘The

S ' Rl s A
N . . B a .
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»
o

average number of compoungs ass1mllated by. each straln of a

'

spec1es was then calculat d. In aqgregate, the yeasts

aSSLmllated an average of ﬂ2 8 carbtn compounds. - Marlne—
i

occurrlng yeasts g551mllated an average of 19.2~carbon compounds,

. U ' : . T
.a considerable advantage fdr veasts in such an ehvirqﬁment.
‘ . o . . -
Various technjques for\detecting carbon assimilation
have been devised. Beljerlnck 1889r}introdﬁced an.
. | R )
auxanographlc meﬂhod with plates of agar dev01d of a carbon“

: 1
» Source. The organlsm waslthep streaked upon the plate, an

“adar~overlay poured and, after solldlflcatlon, small amounts

of the test . substrates (clucose and asparaglne) were dep051ted

\

\\on the surface of the overlay Whlle this test could be read’

r\ . oo
¢

n twp days .for some organisms, others requlrlng longer .

¢ . -
underwent hydration. . \ ' C
I * Y _ - ) . . "

‘Hiddens. and -Lodder (1942) used a modification of

Beijer&nck's method. Approx1mately 2 ml of a dense

\ 4
' . s

suspensxon of yeast cells were poured 1nto a Petri dlSh
. Ah agar medlum, cooled-to 40C,‘was then poured over this
ahd the centents ot the plate mixed immediately After,.
SOlldlflC&tlon, small quantities of the dry carbon compounds
were depOSLted on_the agar suﬁface:, The agar medium con- ‘
'sisted of 2% glucose, 0.1% KH,PO,s 0.05% Mgso, Hnd 2%
‘-washed'agar. While Diddens and‘Lodder (1942) assumed
‘thatpthelr‘medium:céutained sufficient growth factors,

@

Wickerham and Burton (1948) feundhit to 'be somewhat

v N

T -
R et I

i cubatlon'perlods_could not -be tested_begause thz:ggff. o

Py
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.inadequate.in this respect.. Okunuki (1931) was the first

. and :some of the more complex polysaccnarides were tested

. of the carbon sotrce anq/replicated-yeast growth from the'

colonies) to plates contalnlng the 51x;suqars used as -

Z110- o

to recommend the examinatdiqp of a greater variety’ of carbon

compounds. Sixteen cempoﬁnds inplﬁding pentoses, aloc¢hols

using a. five day incubation ‘period. » The ability bf_yeasts

'to use flve organlc acids, with incubation perlﬁés of 35

days, were also tested.. Shifrine, Phaff and Demaln (1954)

s
. ’

developed a method of carbon aseimilation testing by“using

the repliea plating -procedure of Lede;berg and,Ledefberg !

(1952). Theylprepared plates of agar with 0.5% concentratiens

Iy

original plate (eontaining'twenty—five different xgasé .k ;A

,_‘carbon sources. A dlfflculty encountered due to excretion
Lottt

of 1ntermed1ates 1nto the medium, was that sqme strains:

a

which, for‘example, haﬁ been sucrose~-negative at the‘outset“
became sucrose-positive..'Altheugh posigive and negative
reactlons appeared at 2 days, the reaetions were all. positive

¢ \

at 6 d yS. . Donkersloot (1966) developed a methoﬂ of testing

.cargQ: assimilation uslng paper-chromatography A yeast

culture- was inoculated into tubes containing a basal medium
eaeh with several different'qa;bon sources.. One ﬁeéium
eontained nelibiose, maltose,_sucroee,‘élucose, i—arabinoseﬂ
Aribose, rhannjfe/icitricwacid,'euceinic acid and lactic
acid. A second cenfained cellobidée; galactose, xylose,

rafflnose, sorbose Ci—methyl D~ gluc051de and salicin. oA

-

‘thlrd contalned dulc1tol D-arablnose, adonltol, erythrltol, \

. 1 :
- ~,b,~,'d:..,;’~“1s.-i.m" AT LAt e R L

L T W o
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\‘glycerol, lactose and trehalese ~ The, fourth contalned
: . L )
melezitose, inositol, D-mannitol and sorbitol. At perlods A

‘of 3, 7 and 14 days incubation, samples were withdrawn from o
each of the tubes and spotted on paper for descendlng

chromatqgraphy 1f the yeast ln questlon had . the abllltyn'
OH" .J)ll)“ :
to’ utlllija certaln compound thlS would be 1nd1cated by

'll

the gradual dlsappearance of that compound from the medlum.

One of the problems encountered 1nWthls method is the 1nablllty

" to know ]uit how the utlllzatlon of one compound ln the medlum

the utlllzatlon of another in the same medlum._-,~

Also,'this.method.presents certain practlcal dlfflcultlesﬁto v

w1ll affec

’ -
]

the reseéarcher attempting to identify hpndreds of yeast

cultures, in»that'aICOnsiderable amount of.eQuipment is

ad

requlred, desplte the short ~cut of us1ng several compounds

. - -g,~
\1n a 51ngle tube. The most sultable method developed thus f.'“
_far for carbon a551mllatlon testlng is that developed by .
-chkerham and'Burton (1948) A spectrophotometrlc modlflcatlon

'of the ‘method’ was used 1n the present study chkerham and ' : e

* Burton' s (1948) method ‘uses' a long 1ncubat10n perlod (24 to'

28 days) thus permlttlnq yeasts whlch are slow to respond,"
due to the need for produc;ng~adapt1ve enzymes, to glve a

positive regponse. Consequently; the. erroneous results

, -

'obta ned by workers using shorter 1ncubatlon perlods are

‘ellmlnated This method: also uses a defaned basal ‘medium - .

* . * "

2.
to avoid dlscrepan01es caused by medla (for example, yeast

» - - 0 " LN

'extract, prtone) contalnlng traces of carbon sources.

. -
LN

» N N -
. . . .
. - )
' . . . ., 3 hﬂ
. i

.
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Fermentation
b4

oot . + . . ’ )
.. ‘e : .

) . K . . R >\ - .. . g ,'.~,‘-
© Fermentation of sugars by yeasts results.in.the pro-,
duction of carbon, dioxide and ethanol. lhe ablllty to carry

3
out fermentatlon may vary from speC1cs to spec1cs w1th1n a

genus or from. genus to genus Thus, some,speC1es of

Saccharomyces Ferment: V1gorously " om, the~otﬁer'hand . the

-

'spec1es of genera Such as Rhodotorula and Cryptocaccus are

FL

- '
- v -

A

Fermentatlve ablllty is a relat1ve1y stable characterlstlc

,_Van der Walt and Tscheuschner (1956), for example,alsolated a

*. r .

Stra1n of Saccharomyces Capen51s"(from grape must) Wthh

. . N . <t , . o .
Ve . A : . ;
. . \ Al . .
in - - L]
' -~ . L . Lo e . Lt "
e .t v . - - . N .
. - B . .- .
T > ¢ Ct . . . . .
‘

T -~ .

t
’ 2

‘f‘of a spQC1es There are however ekcept1ons to ‘this svab111ty

~Scheda'and Yarrow (1966), ‘Uhph examining the stability ;o

;

yeasts, found that there was, a 51multaneous vaUISltlon of

'the’nbllrty,to;ferment;alnumberlﬁﬁ-compqunds; They concluded

- . . A » . N

! o

Q\
gand 1nstab111ty of var1ouq phy51olog1cal characterlstlcs of R

-

non—{ermcntors . Enzyme and carrler system& are requ1red for

. __,_._._:’,;. '_‘:r et
Lfermentatlon and the prescnce or absence of these Ast e e e
:genctlcally c0ntr011ed PR TV‘Z-'FZZ/:"J“mﬁ{z~«u; :

Py

“dld not 1n4t1a11y ferment maltose but d1d so after-two weeks. e

‘Phaff H;aler And Shlfrlne (1956) also reported such delayed )
';'fermentatlon in. speC1es 55 xeasts 1solated from Drosoghlla.

‘]he aCQUIbltLOD of’, the ab111ty to fermen; é.sugar may be due _
.:to mdtatlons as’those descrlbed byﬂprerts and van, der Walt T/%l

'(1960) i ‘.i: . LT SN *: - . ', ..}

.

“oo
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'thaf this Was probably controlled by a single enzyme'syste@.

e . N . s
y .. -

LN

‘o

»
o,

2

@ o~

PappagLan31s and Phaff (1956) ,uggested tha; 1f

was probably due topchanges 1n the pcrmeablllty of thcl

coll wallxﬂth aglng.‘ In the presant study,

-

3

_ocqurggd thhlﬁ one week

3
'a

-

Nitrogen Utilization . . .

., ‘Most can-use ammonium sulphate,

if an adequate .supply of vitaminé iszbrdvided‘

(ﬂf@é) devised a 11qu1d 3551m11at10n test medlum for

examining the ability of a yeast to utlllze nltrogenous

o

N

a -

urea.,

-

g

1d be dlscounted and‘regarded as a

not posc- alroblem..lf fermentatlon occurred at all it

X

o ; . .
asparagihe ,or peptone; .

com%/ynds, which depends on the presence or absence of
[/
i

redudtase systems. " T

- e s - - -

n

Y

o

] AN

q

such delavs did

’hey found that. delaycd fermcnt@iaon e,

. k T " <
e N T i -8 ; B
- ) ~ o . s, SR o f . a ) ” .
S . Yeasts arc¢ capablgwof using-a number of nitrogen Sources. ¥
. N ‘A ) . . . . ' - .

~ -

Wickefﬁam el L

2

FECLANE -
all speciés /utilize  nitrates.
AY Y : - M '°‘ -

Saccharomﬁqes, Kluuveromyces,‘Plchla and Debarqomyces are

’

.However;

: . : : ‘ i : T
In .genera such as Hansenula’, Pachysolen.and Citeromyces,
. ) , :

<

such gehefa as.

.!
K ey

characterlzed by the1r 1nab111ty to use nltxates .

@
[y

o

v

2

In the present study, several spec1es a551m11ated

-
'Y

pota351um nltrate 1nclud1ng Candlda dlffluensz Rhodotofulé‘

0 ’ : i .

[} ® : ‘ A

bl 30 e e Ry BT~
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glutinis Var.,glutinis, Cryptococcus albidus Var; albldus,

Ccr. 1nf1rmo mlnlatus, Leucobponldgum scottii and several :

-glutinis from 'R. glutinis var. dairiensis, the latter

value. - . ' o - ' :

of the,”black yeasts“. Potassium nitratc utyllzatlonilsu

.

-on¢ of -the diagnostic criteria used to separatc Rhodotorula

3

glutinfs from R. rubra and also Rhodotorula glﬁtinis var. ol

]

—

giving either a negative or weakly positive reaction to ~
N . B ) . N . .
potassium nitrate assimilation. S .
. ; . . - L. . . . )

“ Aliphatic amine nmitrogen compounds can be used by
. - . -t \ L. . )
some veasts -as a ,source Of nitrogen. Somc Saccharomyces.

° 1 .

spec1es are unable to utilize such compounds duc to the

o

absence of monoamine ox1dase act1v1ty whereby. deamlnatlon

.

takqs place-to form assimilable ammonrns\\_hls ab111ty
Ca ' « ]
does’ not appear to-be associated wlth adaptive enzvme

e

systems (van der Walt, 1967), and thus the character15t1ca

is sufflcxentlv conSLStcnt to be of- con51derab1e dlagnostlc

. “‘«
’ . e

The ablllty to yse ethylamlne hydrochlorlde frequently

appearsato be- abseﬁt in less advanced members of the '
phvlogenctlclllne, but present in. the mere advanced ones.

/
This ability often panallels'the ability of an orgdnism

,to usé L(+) l?sinef (van der Walt, 1562). K

. .- _
- S : b

‘' In the present stddy, ethylamipe hydroéﬁiéfide was

seldom assimilated, except weakly, in species oﬁ'Rﬁodotofula

. PPN YR P R Pro T R e “ . . L

¢ Ve
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' S . rubra (two isolates) and in one ‘isolate each of Candida

l

o . diffluens and Cryptococcus infirmo-miniatus.

~ . . M ! t

- 'starch Production

il

Extracellular starch productlon can be an 1mportant

: characterlstlc 1n yeast 1dent1f1catron

‘Loddér and“Kreger-van Rij (1952) reported that starch

o

productlon occufred in some Cryptococceaceae. Mager,

Aschner and Lelbowt17, (1947) "studied encapsulated yeasts
: l

. and found that Candlda heveanensrs as well as’ many

Toru10251s-spec1es prOduced starch. Aschner and Cury,

(1951) reported extracellular starch productlon in"

Candlda humlcola as well ,as- 1n the genus Trlchosporon.'

LI oy /

N

'\. .+ In-the present study, specres .of Candmda humlcola,

Cryptococcus albldus var. albldus and Cr. lnflrmo mlnlatus
8 ‘produced EXtracellular starch R .

. Cycloheximide .Resistance

* L . " e

o . . . . .v.' o ) o L. ‘/__T,__._.

o MR I
. - .Whiffen (1948) was the fiTst to report that yeasts
. PR

R varied in their resrstance to cyclohexrmlde (actldlone), a}

—_—

chloroform - and water - soluble antlc1ot1c produced by

'streptomyc1n yleldlng cultUres of Streptomyces grlseus.

PR

Though the compound posseSSes no antlbacterlal actrvrty, .

. it is hlghty active agalnst such yeasts as the pathogen,
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2
’ * ‘ o

.bryptbcoécus neoformans. One yeast partlcularly resistant’

to CyClohex1m1de 1S'Klugveromgces 1actis. :
/ .

In the present study, if‘wgs found that strains.of

-

Debéry&hgbes‘hansenii and Rhodotorula rubraiwgre resistant
t e . ' ' ' - I
to the antibiotic.

e

"Arbutin Splitting

Aosculinh arbutin; salicin and cellobiose 'are
e

p-D- glucopyran051de§ and thelr hydrolyses are catalyzed

by ﬁrgluc051dases. Celloblose hydroly51s results ‘in the
N—

formatlon of two .molecules.of’ glucose. Arbutin and“salicih

oeach break down into a phenollc compound and glucose

. v

" . . - . . ' w

)
-,

‘Barnett, Ingram and Swain 61956j'éfudied“the.hydrolysis

of several B-glucosides by approximately 119 strains
including Candiﬂa'tropicalis,‘Débargomyces‘kloeékeri,
J v - ) . ‘e . ' A

{synonymous with'Debargomyces hansenii), Rhodotorula‘ ‘

glutlnls and R. rubra; ald 1dent1f1ed in the present study.

Th cted some hydroly51s of aesculln (which was

otlglnally used 1nstead of arbutln) 1n all Strains.
- . q

The results of the arbutinlﬁplifting test in the’

present studyzme based on the color reactlon of“the-

'aglucone part of the molecule. Several factors ‘influence

. ,the outcome~of such a test. These include: ”concengration

of arbutin, pH of the medium, temperature oOf incubation and
Sl R " . .

)

o



la

.Candida diddensii and c. diffluens (weakly). "

Vitamin®Free Medium -Growth L.

ﬁresence of inhibitors, such as heavy metals, in the medium.
Standardization of the test is thercFore important.

[} ' , 0

In the present study, the following. speciecs utilized

L SN

‘athut®n: ebaryomyces hansenii, Leucosporidium scottii, -

¢

~

o
.

~

Vitamin ‘requirements scrve .as useful diagnostic criteria

_for yeast organisms.- ‘Wickerham (1951) introduced the use of

a vitamin-free medium-to test.ability to'grow without . ~
vitamins. This also 'standardiZed the tests used.to examine

this aspect.of yeast metabolism.. .

) . . . . o

Inability to grow .in vitamin-free media is chafacteristid’

" of such genera as: Brettanomyces, Kloeckera, Hanseniaspora, . -

.Dekkera, Metschnikowia-and Kluyveromyces. Species of

Hanseniaspora and Kloecker$ require inositol and pantothenic

. A\ .
acid as growth. factors. Biotin and thiamine are required by

u

Dekkera, Metschnikowia.and Brettanomyces. Variations within

a specieés may exist. Further, vitamihS'may,not constitute
Lo I . S R .'

absolute requirements, but mdy serve to stimulate growth

considerably.

Van Uden and Farinha (1958) anﬁ‘fan Uden- and Cgrmb-Sousa o

. t A .
(1959) examined.vitamin requirement patterns ‘in'a number of"
. . H ’ ' 4 .

o

yeasts. They found six strains of Candida Zeyhnoidés to be

a’ ‘. g
-
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\ \

depéndent'on"the nresence.of biotin.. Three -strains of\g;

norvegensis requited biotin, thiamine:and pyridoxine for
TN : < S .

o

growth. Twenty-one strains of Cc. parapsilosis required .

b10t1n for ‘growth and six strains of c. lu51tan1ae were
partlally dependent on biotin and completely dependent on

pyr1dox1ne and thlamlne ‘ Both groups of workers felt that

" such vitamin requ1rement data could be of great value in

showing taxonomac and.ecologlcal dlfferences between.species{

-~

\ .

:Ahearn and Roth (1962), examined 300 strains representing
nine genera of-yeasts isolated from various marine environ-]

.

ments’ fot thelr Vltamln requ1rements, whlth were compared

:‘w1th the requlrements of their- terrestr1al counterparts v

Some spec1e5 exhlblted stable v1tam1n Tequirements while

others had con51derab1e strain Varlablllty ‘Most spec1es K

requlred at least one growth factor Rhodotorula and

Cryptococcus spec1es requ1red thiamine wh11e Candlda spec1es

needed biotin for growth.‘ In many cases, upon initial
isolation, cultures were def1c1ent 1n certain v1tam1ns ‘and
were inhibited }n growth'by the add1t10n of cthers to‘the

medium., After maintenance in culture, these deficiencies'

'lessened and the 1solates became more 1ndependent of growth

ifactors and also fermentedgfompounds more v1gorously All

.

marine' isolates of Candlda tropicalls requ1red blOtln and

-one also part1ally requ1red th1am1ne for growth. All marine

_1solates of Rhodotorula glutlnls were vitamin- 1ndep£ndent

a



w et g

for growth.  All marine isolates 0f Rhodotorula gramin}s'
v o " - PR k-

‘some required'thiemine_for growth. \As_far as‘theayeasts?

‘Terrestrial candida species required biotin and some

e ™"
N . - o & .
v .

'~_but four 15013tes were v1tam1n 1ndependent one 1sqlate

‘requ1red biotin and several required para-aminobénzoic‘

presence‘of'VJtamlns._ Vltamln BlZ’ thlamlne, b10t1n ‘and ‘.

- .
. . [N o 1
) . . . -

A - i .
P Y . . . N ) . 2
r . » + .
. i . +
. . ,
. o -119- ) .
. - . A N B L3
+ - . ) N »
N . B ° s . .

‘but R. glutinis var. dairiensis .Isolates required thiamine ’

were vitamin-independent.' Rhodotérula,mucilaginosa

LY N . .

(synonymous‘W1th R. rubra) cultures from marlne sources‘

“ ’

requ1red thlamlne as a growth factor, as' did all cultures

of Cryptococéus albidus. Marlne isolates of Debaryomyces L

» : °

kipeckeri (synonymeous with p. hansenii) required b10t1n and

isolated from terrestrial sources were concerned, there C
' ° , ! PN . L
' . ‘ A .. . )
appeared to be differences in vitamin requirements.
.“ . ~ '.. .,.' \ . '

required.thiaminc,(niacin and pyridoxine for— growth.  Of’

the terrestrlal Crgptococcus speC1es, most requrred

v
.

,thlamlne wh11e some: partlally requ1red blOtln and para-'

amlnoben201c ac1d and two isolates were v1taﬁr§ 1ndependenb

Terrestrlal Rhodotorula SpeC1eS generally requlred thlamlne\

o

. A . ) . /

[ 4

.acid., Of the terrestrial Debaryomyces species,'ﬁll o

required biotin. - Onfthe whole, partial requiyeménts for

<

‘growth factors were.more commonly encountered with the »

terrestrial forms than with' the marine forms.” However, no

.

important distinctions could be noted between yeasts from
Nl . : T . ' .

B

the. two environments. B . SRR

) \ ..

* . -

y The marine enV1ronment has been examlned for the

u ) . . L .
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oontent of Sargasso Sea waters off Bermuda and notlced a

essential growth factor for phytoplankton 1ts contentration

he

» ) ) ' ’ ‘._.120‘_.\ ) L . ,

8
niacin Have-been found to be of considerable importance

o N

in the biological productivity of sea water.

’

Menzel and Spaeth (1962) examined the vitamin Bl2

ot Fe l."’.
cycle corresponding‘to that of prlmary prodﬁgtion, They

suggested that although the Vitamin B12 may, not be an

may be a controlling factor on the spec1es comp051t10n.

-
N .
3 ¢
a .

.Vishniac'and Riley -(1961) studied the cobalamin and * -

o
thiamine content of the~waters of'Long 151and'Sound

Although cobalamin concentrations somewhat reflected

!

phytoplankton growth thiamlne was present in very small

'

quantities»and 1n barely detectable amounts far away from

shore inﬁthe'main'body‘of the sound. Theyhsuggested that ..

thiamine prebably came from terrestrial sources by land, . Coar

.
° .

drainage.’ - L ‘
; Natarajan and'Dugdale (l9663 and/Natarajan (19&8,u19705'

carried out extensive work on the distribution of. vitamin o

thiamine blOtln and n1ac1n in northern Pac1f1c waters

B 125
off Kodiak Island and extending to the Oregon coast. ,Thef" A f?

. R N . " oL

‘found h1gh concentratlons of thiamlne above the -« . B i

- d , . ' , T =
uthermocline 1n/the water.column. Further thlamine SR oo

"concentrations 1ncreased during the months of high phyto-'

plankton product1v1ty“ In the 1968 study, NataraJan found

” Y

P g g
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‘vitamin Bl2',' o RN
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3

- . B . “ '
N . s

no niaoin in any of his samp’les. 'Also in the _same study,'

’

thlamlne appeared to be the most prevalent vitamin found
.belng present in relatlvelv ‘high concentratlons of up "to

490 nq per ‘liter. otln was found in.a few locatlons,

but in lesser quantlty than thlamlne. " In the 1970 study,
Natarajafl found v1tam1n B12 86% of his ,samples and -, -
thlamlne in. 74%. However, yea,stsare not knowyn to require.

' f
. . ., . .

© - . ®
o .

"

In' the" présent study / ’the following species Wwetre  -found.

to grow on v1tam1n-—free medium: Candida .d,fffluens., c.- .

dlddGI’lSllv,.C. humJ.cola, uthdotorul'a_glvutinis var. g;lutinis,

©
~ ' . -

R. graminis and Leucos'poridium scottii.- The .property must

Laaan -

.

be of con51derable value to marine- occurrlng organlsms :

'! N “. .

llvmg an an env1ronment where certaln v1tam1ns can be
/found only in llmlted amounts. durlng the low product:.v:.ty

seasons of the year. Vitamin- free medlum growth is of

. significant diagnostic value. .Thus, it is one -of the U '

7’

. distinguishing characteristics betwe'en Rho'dotorulawglutinis

var. glutinis and. R~ rubra, ‘the latter requlrlng thlamlne

for the stlmulatlon of qrowth e e T T,

, .
L ) . . R

Distribution ' - e :

8 [ L . . T ~
i, g ' *

Studles have been made throughout the world 1nd1cat1ng

the unlversal presence of yeasts in marine waters. Spe01es.

have been 1solated from estuarles, coastal waters, opeén,

ocean areas, at all'. depths in the water column and from '’

»
; . " . . f ‘o
. g - . [
. o,
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marine ,sediménts, Yeasts 'have 'also been identified from
samples of various marine 'plants" and animals and'play a
role in the food 'chain of the world-'s oceans.: A suggestio‘n

“has been made that yeaasts n%r be' involved in geochemlcal

_processes (Buck and Greenfleld 1964)

s - [
.. .
\ ©

~ Mbst' ma'rine-occurring yeasts can be assigned- to species’

commonly ﬁound in terrestr1a1 environments, However some ‘-

. new genera have beén created due to thelr suff1c1ently

~d

\ R
‘dlstmctlvc .morphology_. 'qu example, Fell (1966) 1solated st

)

Sterigmatonyces from the'Indian Occan and Fell and Statzell -
.(1971) isolated Sympodiomyces from southern'Pacific,
‘Fndian and Antarctic waters.® .

L . -~ ]

There -has been seme evidenee aof zon.atton o£~yeast
po‘“pulatlons in- marlne waters. Krlss (1963) found that the _
numbers and types of yeast cells.’ decreased with an 1ncreased
dlstance from 1and ThlS ma_y.be d xco the greater\ d11utu10n .

.of nutrients in open ocean waters but\ most researchers 'fe,el

. . that the hlgher numbers in coastal watérs 1nd1cate con-

. tamlnatlon from t‘errestrlal sources. Zones of hlgh yeast C

s -

den51ty have been reported T be assoc1ated Wwith algal
blooms. ) (Meyers, Ahearn, Gunkel and Roth 1967) KI’lSS;
(1963) noted greatest concentratlons of bdth badterla and : " '
yeasts at the boundarles of the ocean currents.' Fell anda ' 'f

. ‘van Uden (1963) reported 1ncreased yeast numbers at the

boundary of the Atlantlc Ocean and the Gulf Stream, off

LN

“
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the Babamése
I . .
Thirteen..species plus a'number' of "black yeasts" have

’ ’ ¢
]

been isolated in the preéent'study.‘\Ail have previously
been isolated from marine waters. None of these speties - |
o . ! : : . ' " )

are unique to Newfoundland.waters or even to northern

Atlantic vaters, Mofris’(1975}, upon'reviewiﬁg the

11terature found that approx1mately &20 spec1e5 of yeasts

had been isolated from marine enV1ronments and among-the

, Mmost frequently ideritified were Rhodotorula‘mu01lag1nosa

(synonymous with Rhodotorula rubra), Candida tropicalis,

Debaryomyces hansenii and cryptococcus albidus

Many researchers have found ”black yeasts" to

constltute a relatlvely large percentage of-their 1solates
Gunkel .

£

(van Uden and Castelo Branco,-lQGSj-Meyers, Ahearn,

- and Rotb 1967) In the .latder study; they. were

c13551f1ed as Aureoba51d1um Eublulans, a yeast- like fungus

»
B ’

dlfflcult to d15t1ngu1sh from certaln strains of
."Due to its

N

a

Crgptococcus, Taphrnia “and Cephalosporlum
it has been excluded £rom

formation of melanin pigment,
the yeasts., 'However eonéidering the large hercentage of

[
these "black yeasts” and thelr common occurrence in other

studles, the data on these organlsms have been tabulated in
“the present study (A1l "black yeasts”,responded well to

the condltlons adapted for yeast growth)
s



o

Information of the marine ecological and geographical.
'distribution of the yeasfs,idéntifibd in the-present study‘.~

is given in Table 7.. The species have been divided into-

.13 groups, the fourteenth gréup comprising the "blac¢k ™
. . ‘" .

yeasts'., All species names present in a group are

‘Synonympus ‘'with the first listed for the group. This £first

designated genus and species name is the accepted

‘inbmenclafure’nccordiné to LQddér_LlQ?O). Included under

thqq“56urces” column are some non-marine locations but
these are given because of the distinct.possibility of
their having an effect on the ‘Veast populations of-tHe:

surrounding marine waters.
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- . . , .
vo_ MARINE ECOLOGICAL AND GEOCRAPHICAL DISTR®BUTION - o ;
L : hd v ’ - ‘ .
. . . s .
B - - - - - .
. SPECIES | »- SOURCE GEQGRAPHICAL “AUTHORITY
LN . LOCATION P .
. " - - I
. P d s . . .
1.} pedaryomycap hamsenif: . -
. . . . .
_ D. afeotinae
- 8. daneenil - - . - - - - -
~ - . A - - N
D. swdgloboswe . St . i
. o 8 -~ . . E . . .
‘ P. kloechkeri Ses water samplss Indinn Ocesn T Bhat and Kzchwalls, 1§55
; _ 7 Be Rlveckerd Estuary vatsr samples - Biscayne Bsy, Florida - : :
° - . Deep “sea sediments Bahamas area - Fell, Ahearn, MHeyers and .
y . . R Roth, 1960 :
. oy ) M o - .
.. 8. Aloecksri o . . . :
- i ; E-28 l'l’!c‘bolll . Sen water li.pl'l North eastern Atlantic Siepmann snd H'o’hl?l, 195.2 to - - . B
D. Rloecheri Soil slgpha Key Bliscayne, Flor_id- Capriotti, 1962a ’
o ®. Rioecker: ¥ater simples Mouth of Misml River, . Capriotci, 1962b . . ,.
o ' "o Florids : . .
. R klpeckerl: o Sca water sanples’ Gulf Stream, 10-40- o
- . whles off ‘southern - . ’
-t . ’ . . Florida ~ . . . .
" - o - - . ..
' . thointutlnu Marine and coastal areqs  Roth, Ahearn, Foll, Mgyers @ )
. of Biscayne Bay, and Meyer, 1962 E
Florida . . . . N
’ ¥ D. Aleeschkers, ; Ses water l:nlplls Gulf Streas near the -
- - PR L - Bahomas N - N
. - N
Lo Estuarine Sediments -, The Bahanmas s . N
.. ‘ 'O l’hh' sedples - _Biscayne Bay, Florida Fell,and.van Uden, 1983 . . ’ _
- D. Ricechesl Fish ‘samples - €lyde estuary, North . - LT
- ‘ Sea, waters off the . L
- - east coast of lceland Ross end Morris, 1365 s - -
. ' o, . . : . . - . .
b. Mloeckeri- ! . ' :
" 2, sudgledosus Glacier samples ,’ - R‘oss hh"na. Antarctica ' DiMenns, 1966 [ ’ ° . .
- -5 Aamsenit Ses water simplss West coast of Sweden Norkrans, 1966a ) ’
». basdenid Ses water saaples . , Indian Ocean and . . < . ‘. :
. N . R . _Island of Mauritius N . ‘ . .
v . N area . Tell, 1067 . .
o . r . N L o ..
. . n Q . . N " .
. . RN ) g, ‘ . o -
° . g v .
. . |3 - R .
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. L o .. TABLE 7 (CONTINUED) . : . - ’
h ’ oo u “ . N i .
o y HARINB BCOLOGICAL AND GEOGRAPHICAL DISTRIBUTION: R R
. L, .o N : . a3,
. v S ' - v e " . . ! 3. e
T T . sPECIES. | ~ _ SOURCB . -  GEOGRAPHICAL ‘4 AUTHORITY
. . : LOCATION .. ‘

.' S N

’ t. &

. s B .nn--u N Sea n”nn{suples
3 * -0 '-‘ - R o
9. heseenis Ses vater ‘samples”

i -

Black Sca -7

'No.rth Ses

Estuarine and qver-
glade aress ofl; ot
- N ‘ . snuthur:r “Fl.orldl .

B. hansenfis Water samples

. N

v . B heassenil ’ Fish sadples Clyde estuaty and .

s . S ) .. North Sea, R
. . » M
~ ». hassomii Spiny lobster (Penulirws Abasco Island,, th.
o, . argus), <onch- (l:ra-.\u o l-huhl L.
- giger), sand ln . -
R T T sents - o
® " ‘4. mhodotossla - sedras N . .
‘ ”. g-élla'ln-o-. - Surfice washings ‘of - ~ Arkansas Bay, Texa
R o K shrimp . .t /r
; R, micilaginosa . ot ' <7 . - ~
- "'A M N N a . r .
"R, redra vt L!tt10~ﬂ|ck g:l'n ¢t Jspan
R - °

Plankton and sea vlt-r
_sauples

.*Black Sen, Sal,o! -
‘Okhotsk, North-west

.p

®. "swcileginosa
(s everal: nrhtln)

N N . , ! Pledfic.
N , N '.'..'G'Nl"lall ’ Soll samples - _' Antl_ﬂ:tlcu .
- B. ssctlaginces - - » = -
< ’e R, subsa '.,: ; Sea water samples ' Northeastern Atlantic
. - . L]
- L LA M . . -
. . R.- sucileginoss Séa.water samples Noyth -Pacific off Japan
. ) . : X . and '‘Esst China Sea
‘ . a. mucilaginoes logted,se;\;eeds - Japsnese Coastal areas
o R. mucilaginosa’ . ’Phni‘tun samples Japanese coastal aress
. o M R .
‘ . < .
Ra l;un'lnu Estusrine water samples Biscayne Bay, Floridas -
: T M. rudse ' ¢ -0Open ocedn waters - Gul'f Stream off Florida
> .t Fish intestines "‘lls:lync Bay, Florids
R. seeilagiaess ¢ Estuarine watpr saaples® Biscayne Bay, Florida
R . e . Opnn ocean vaters Gulf Stream off Florida
4 . . . E-ua sediments Andros Island, the Bshamas
- h . Pis -npln %ﬁc-yn- Bay, Horldl
- @ : * K N EEREW e - >
L4 - * LY - 5 2 - ° i) ” -
o - - "o - * :. ) . * . i -
- . PRAES . N -
- & v e - o . R ’RY
- V. o = T ‘. s N . o A~ . : o o

Neyers. Ahnrn aad ‘Roth, .

1967

Bruce and ‘(orris., 1973

v - )
‘Volx. Jorder,” Iur:burxlr
and Hiser, 19 .

loblyuhi Tsubaki and
Soneda, 195

Kriss snd Novorhilova, 1954 -

Soneda, 1961

~Siepmann and H3hnk; 1962
a

Shinano, 1962

3

.Aﬁearn. Roth and Meyers, -
19638 .

Phaff, Nrak and Williams,
11 R

aNeyerl, Ahoarn, Gunkel and
. Roth, 1967b '

n

Suchiro and Tomiyasu, 1962

Suehiro, Tomiyasu and

, Tanaks, 1962

-}
Roth, et al., 1962

Pell and van Uden, ’1961'
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&, glutinis

R. glutianis.

t. l. 'l-tlua

l. mmu

Planktion and sea water
samples

Sea water samples
.- Dup ses ndl-nnu

Sn -nur nnphs

Ses vater sanplés

.

Ses of Okhotsk and ~
Northwest l’lcll’lc

Hst:lyne Biy, Plorida
Blhlau B

Nor:hcunrn Atlantic .

NHorthvestarn P‘qiﬂé

-
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’ . TABLE 7 (CONTINULD) : - T
. ' . b . - - . R . P .
MARINB ECOLOGICAL AND GEOGRAPHICAL DISTRIBUTION - ' L . St
© . - St -
’ -~ ) ¢ e « .
- v - . ) B “ oy .
* - ‘e . - -
o SPECIES SOQURCE GEQGRAFHICAL AUTHORITY
] . o LOCATION [ e
T - - - — T -
R. ‘xeRTS . Watpr samples = Rivers Tagus and Sado, . 7 L
. . - Portugal and sdjacent . #or . i
. R - . Atlantic Ocean Taysi snd van Uden, 1964 oL o
8. mwcilagimose = , ’ e - . )
2. sudna ‘Fish samples North Sea, Icelandic . R B DR :»-
o ' coastal waters.and Clydo : . o .
Lestuary Ross and Morris, 1965 " e,
2. mycilagisoss Glacler samples Ross lsland. Antarctica. Dl)(enn.. 1966 . - . o
_A. rudza N .- Bes, vlte} sampleg lut coast of Swedon Nurknns l%bu - s "_’ i o s
. ) ) : A
R. rubra Sea water samples lndhn Ocean and Island ~ ) . ' )
. : ‘ - of Mauritius area Fell, 1967 - o . -
o S _ e . .
A. zubsga Sea water samples Black Sen | @ - Heyers ec ai., 1967n’ . -.
:'l. rubra A S:; -a:;r seuples MNorth Sca N - Meyers ;\,: -xp., 1987y .=
pd . i . 3 R
A. rubzas - Water ssaples Miami River estuary, -
L Everglades regtbn and . < B
Lake Okeechobee in . R : CT
. . . Southern Florida Ahearn et a2., 1968 .
l:. subsa ' SedL-e-nu. soll ssmples =~ Lske Vanda and Lake ‘Goto, Sugiyama and 1izuka, -
and stream sasples Miers, Antsrctica 1969 .
.o . . . . [T - .t « .
R. rebra From areas bf cyster Blrlturh hy, -
: M grass, Spartina Loullhnl Meyerg, Nicholson, Rhee - *
‘ ‘Jtcrn’lu:ra " - LI S - . Miles :nd Ahearn, ‘1970 ._ . . -
2. revsa -~ .Sea water ssmplps’- Long Islsnd Sound . “Combs, Murchelano lnd . -
- .‘- ~ . . . . Jur;m. 1971 . i A -
: ‘. b ‘ o s . e ‘
&, -pcflnglnonu : th sanples Clydn sstuary.and Horth - .
? , [ v .. ! Bryce and Morris, 1973 - : :
< m. sadra * . Spiny lebster (Penuiires® -Abaco l-lmd. the . - e N t.
ﬂl‘l_l_;. conch. (Jnonu- Dahamas . . <,
- "Lﬁ:'.' , sand snd .. - - . . .
. sediments ] . . . , Yolz er a1,, 1974 oL o
. o . e : “ . - .,‘ - . o .
2. Rbodotosula glutiale: . ; ' N
2. gletiois - Washings of shrimp Arkansad Bay, Texas Phaff et al.; 1952 - oL

Kriss and Novozhilovs, 1934 .

Fell ec el., 1260 .-
Siepmann and HShak, 1962,
Shinano, 1962
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