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Approximately 200 yeast isolates from Alaskan tundra , Arct ic regions of the
North Atlantic and other low t emperature environments were screened for low
temperature metabolism of hydrocarbons. None of the cultures exasined were
comparable to Candida lipolyt ica or Candida maltose at elevated or low
t emperatures. Studis• of the.. two yeast hav, demonstrated that both are
capab le of oxidizing a range of aromatic hydrocarbon s including n.phthalene
and benaopyr.n.. Candid. maltos a generally grows better on hydrocarbons than
C. lipolytica, However . C. Iipo]vtic e an~teri to i~~~bi1ize larme auantitie p

oo ,~~~~
“,, 1473 •o ?iow oP ‘sov .s ,$ o5,o~u,t

% ‘4 O~0~ L~ O~ 4 SO~ cu i’v c~.asm~,ca?,e. 0’ ~~ iS 0*51 ~~~~~ 
=

_ _  _ _ _  _ _  
*



- 

- - 

~ 
. 

-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— —-—- - - -
~
...—-• -

UCuSI?V C~~Sk$PPiC*TI 0U OP ?,i,$ Pass (~~~~~ D~~• ~~J_..... .

20. of hydrocarbon . Differences in the uptaka of non-growth supporting
hydrocarbons have been observed between these two yeasts.
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The principal objective of this study was to evaluate low

t emperature degradation of oil by yeasts and tc’  exartine their ;~ itc n t ial

f~~r facilitating the biodegradation c~f oil at low temperatta~ t~ - . I)ur ing

the contract per1~ d , 1 September 1976— 1 September 1479 , t ;  ; r~~~i~~;t t e lv

~~~~~ yeast isolates f rom Alaskan tundrs samp les , Ar ctic re~~1ons of the

N ’rth ~ea and other low temperatures were physio logically charactcrl7t-d

and e~ .r’.~ned f or l~ w t cnperat~~re vd r~ic ;trb~iu ~~. t .d~~l Is’.. Cultures ~ f

•~~~i~i.t -.~lt~’s•i and Candida 1i pc~lvt 1c.~ were studied t-xtensiv ~ I • to

establish the general phvst~ilog ic~~l ~.s;~c c t s  ‘~~ 1~ w ~r~.;t -ra ’ure h v d r & ~—

carbon net~~b~~lism in ve.i~~l. and fungi.

Re~ ear h ~~~~~~~~~~~~

~~;rtn ~ the in iti .al phase of the contract .~fl yeast isolates fro~t

cold regions ~t the \~ rth 5ea ( ‘  stations between 65 H’~~. 
fl~~ S2’ )

~~~ St ’N , l3~~ 2 ’ F.) were examined. The isolates were classified into

morpholog ical and physiological groupings and identified according to

Lodder (1970i . Barnet t and Parkhurst (19741 . Det a~~rom’~ces han senl i ,

Cand ida g~ illiermondii were the most comeon yeast isolates. Both these

yeasts have been reported to utilize hydrocarbons (Scheda and Boa l966~,.

Isolate, of Rhodotorula and several additional species of Candlda were

obtained . Representatives of the most common groups were examined for

growth on hexadecane at 22—24 C and subsequently for growth on glucose

and hexadecane at 8C. Several isolates grew slowly on hexade cane at

room t emperat ure . Most cultures were capable of only slow growth on

glucose at low tempera t’. es , with doubling time s approaching 48—60 hr.
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following an initial lag of 3—5 days. With hexadecane at low tempera-

tures , no growth was obtained with these isolates. The nature of the

semisolid hydrocarbon at this temperature may prohibit transport. The

very active hydrocarbonoclastic yeasts , Cand ida lipojv~~ca and

C . maltosa , are active at this temperature with the hexadecane substrate.

The psycLrotol erant 1. l lp olvtio.i grows mu& h better than the mesophllU

C. m~ 1toa~~. Hydrocarbon mixtures containing pristane (tetra-

nethylpe nt.idec.ine were developed and have proved to be extremely

useful in the study of low te~.pcrature hydrocarbon utilization since

they do not undergo solidification at temperatur es above O~’( . The ~uo~’t

u s e f u mixture out s i ns  10 ri hex.~ie inc , 10 51 t et  radecane • IC ’  ri

pristane and 1 g naphthalew .

~.~~pIea of Alaskan high center and low center tundra soils fror

Stimmers l~~’5 and 1Q~~ were obtained from Dr. Ronald ~
‘. A t l.~s. Univer sity

of louisville . The samples were subjected to standard enumeration

techn iques using mvcological agar (Difco with chloramp heniccil . Cul t u re c

were incubated at S’C and : 0 c  to determine the dominant yeast at each

tea~ ’rature . Enrichment cultures contained hexadecane or Louisiana

crude oil in a yeast nitrogen base broth were prepared from diluted

tundra material. One series of enrichment flasks was prepared with

chloraaphenicol to inhibit bacteria , the other received no chlorainphenicol.

Cultures without ehloraaphenicol showed signs of microbial degradation

af ter 14 days at 20’C. Numerous filauentou. fungi and yeasts were

isolated from these samples . Extensive ycelial mats were formed in

the hexadecane cul tures from all four sites. Only the high center 1976

produced extensive mycelial developmen t on the crude oil. Racterial

cultures were isolated from all systems suggesting a possible metabolism

of th. hydrocarbons by the entire microbial population.



I
Systems with chlora mp henicol grew more slowly and only slightly

emulsified the oil or hexadecane at 14 days , further suggesting the

combined role of bacteri a , yeast , and filamentou s fungi in low tempera-

ture oil degradation .

The predominant yeast isolates were members of the genera

~~r~~~~~ococcus , Rhodotorula , and Leuco~poridium and were not capable of

growth on sing le hydr’carbona at either room temperature or S-10 C.

~v would appear to be surviving and perhaps metabolizing the by-products

of bacterial hydrocarbon utilization in mixed culture systems .

A number of yeast isol.ttes were obtained fror . North Sea waters

during ~ c~~ r u a rY  19~ $ (supp l1e ~t h Dr. ~~~. Gunkel , Biologtsche An sta lt ,

He1 ,~olanJ , Germany). Phvsi lo~~ie~~1 cor~;tr1sons of these isolates with ¶

previous Isolates f rom the North Sea again demonstrated limited meso—

phili hvtro ~ arbon utilization but no psvchrot~ ‘erant hydrocarbon meta-

bolism.

Samples of oil (surface film s and moussel were collected by

Dr. D. C. Abeam on the rocky shore of Ports.ill, Normandy, France

approximately one m ile from the wreck of the Amoco Cadiz . These samples

have been introduced into marine broth (Difco) and mycological broth

a. well as a seasal ts solution and Incubated 1S’C to 20’C. Per Iodic a lly ,

developing microorganism s were Isolated and screened by a gas chroaato—

graphic procedure to detect utilization of hydrocarbons in a hydrocarbon

mixture . The isolation of the yeasts from the oil samples suggested

successional developmen t of species. Rhodotorula rubra was isolated

sporadically in the highest numbers during the first 2—3 months of study ,

par ticularly from the surface film sample.. This species has been noted

— -



in bloom occurrences in various marine waters , but representative

Amoco Cadia and North Sea isolates gave negligible growth on hexadecane

and crude oil fractions. During the first three months only an

occasional isolate of C. tropicalis , C. t i  rmon and Debai m~ces

hanseni i was obtained from the bro~m-black oil and the mousse samples.

After three months R. rubra was no longer isolated from the samples

and isolates of C. t ropicalls and C. Luillie rmo nd li were obtained

commonly. These latter species in contrast to R. rubra readily utilized

hexadecane as a so!e source of carbon for growth at 2’—24’C. None of

the yeasts , including the single isolate of C. l ipolvtica , however , gave

good oil emulsific ation or utilization co—;’.-i rahle to that found for

isolates of C. l ip olvttca and U. maltosa f rom other sources (Ahearn

et al. 1976). Two morphologicallv distinguished cultures of Pseudomonac

w h i c h  grew well In th e broth media with good oil emulsif ication were

Isolat ed sporadicall y from all except the surface film samples.

All yeasts isolated fro— Amoco Cadir oil represented spec ies

previously isolated from waters of the North Sea. The yeasts , apparently

in low numbers , showed a successiona l development in the oil to species

wi th greater hydrocarbonoc lastic activit y . Ciin d g~iilliermondii , a

yeast with moderate hydrocarbonoclastic activities , was the second most

common isolate obtained in 1976, whereas only several atypical isolates

initially identified as Candida ap. were obtained In 1964—66. In 1976,

the incidence of Aureobasidium pullulans appeared reduced . Meyers et al

(1968) found yeasts at all of twelv, stations in 991 of 84 samples. The

majority of samples contained between 35-50 cells/I with the maximum

density of - 3 ,000 cells/I. In 1976, yeasts were isolated from 1002 of

the surface samples collected at the 35 stations and f rom 28 of the 35

sample. co llected at 10 m. Yeast densities at the surface averaged

16 cel ls /I and 35 cel ls /I at 10 m.
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Relatively few species of fungi were isolated from the Amoco C.dtz

oil. The direct sampling onto agar plates of all samples gave only a

few colonies indicating that fungal populations were ~S colony forming

un its per 100 ml representing no more th.an two species. l’then these oil

samples were vigorously agitated in a Tween 80 solution , densities in some

samp les ranged to 57 cellslml and others yie lded up to f ive different

species. The greatest variety of specie. was obtained from the surface

films .

In comparison to surface films and water samp les examined in

earlier work , the crude oil ~~pt•~ red sel ective and possibly inhibitory to

norr~a1 marine yeast flora. (& rtain volatile hydrocarbons , dependent upon

concentration , may be cid~~l for yeasts (Abeam et al 1971). The Iranian

oil, which contained about ~O naphthalenes , has proven Inhibitory to

representative isolates of Debarvømvres hanaen ii , the most common yeast

in North ~ e.i w a t e r s  in simp le spot tests on nutrient agar. The presence

of odorous volatile oil tr.i~ tions at the shore adjacent to the wreck was

quite noticeable even 10 days after the spill. The high concentrations

of these volatile fractions may have markedly reduced the densities and

species of yeasts brought Into contact with the oil. The effects of

various crude oils on the role of marine occurring yeasts in the recycling

of nutrients are poorly understood .

Examinat ion of a number of yeast and lilamentous fungi f rom low

temperature environments have not readily demonstrated rapid degradation

by the mycof b r , of most natural environments. However, processes active

in chronically oil—polluted low temperature environments may select for

organism considerably different from those recovered in this study.
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A second facet of the work involved the detailed examination of

hydrocarbon metabolism by the psychrotolerant yeast C. j~poljtica and

comparison to C. maltosa, a distinc tly mesoph ilic hydrocarbon utilizer.

Base line studies of mixed hydrocarbon utili zation at 20 (’ have

consistently shown that both C. maltosa and C. i1p~ lytIca are capable of

reducing concentrations of nap hthalene and bi phenvi in hyd rocarbon

mixture s composed of met hv lcv~~lohexane ethvlbenzene , naphthalene . biphenvi ,

t etradecane , hexadccane , and eicosanc . A second hydrocarbon mixture was

deveiope~t for low temperature studies. This oil contains equal parts of

tetradec.i:w , hexadecanc and prist ;iut~ and .0 ~ r. of naphthal cne/ml of

mtxtu re. Cu ltures of P-4.~ and ~~-l ti.ive been shown to metabolIze the

n-alkane , aromat i . , and branched chain components of this mixture.

Frelimi nary stud ies  at 5~~ showe d that s e l e ct e d  iso lates of C. lip ol yt fca

grow well on this mixture and that ove r of the mixture was no longer

recoverable. All frac tions of the oil were utili zed at this temperature.

Napht halene and pristane were recovered from ye a s t  cultures at  levels of

only 2~ and 55 of the uninoculated control flasks.

Yeast growth and utilization of hydrocarbons at YC is dependent

upon the physiological state of the inoculum (e.g. previous growth

substrate) and inoculum size. il th prior growth on glycerol the lag

phase is reduced and the initial rate of hydrocarbon uptak is increased

as contrasted to glucose or tetradecane grown cells.

A simple technique to quantitatively separate yeast cells from

spent hydrocarbon medium was developed . This procedure permits analysis

of uptake of hydrocarbo n substrates which fail to support growth. The

ef fects of thsse compounds, principally naphthalene , on the utilization

of hydrocarbon growth substrates were demonstrated .

—
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Comparison of growth kinetics of the hydrocarbon utilizing yeast

Candida 1~p~~~~tca and C. maltosa with glycerol as a carbon sour ce have

indica ted tha t both yeast have similar growth rates. However , on glucose

C. maltosa grew much more rapidly (doubling time 1.4 vs. 4.1).

Both organlsns grew slower on hydrocarbon substrates but growth was always

more rapid for C. n~ ltosa. Growth and v~~ ld fo r C. lipolvt Ira were best

on hexadecane , followe d by pr istane and tetradecane . Candidj maltosa

grew best on te tra~iecanu but g.1ve similar yield but slower gro~ th with

?lt~x.,~~~~ anc~. ~ncorporat1on of naphthalene into tetradecane affe ted both

the vt el.f and growth rates of both organisrs . A comparison of naphthalene

concentrati on and yield on tetradecane illustra ted differences between

the tw o  y e a s t s .  A general reduction in y ield was f o u n d  with inrrca~ 1ng

naphthalene concentration for C . maltosit . In C. li pol ytica yield

increased with increa. es in naphthalcne concentration up to 100 ppr- ,

re~ afried co~~c t a n ~ to  ~~ ppm , then declined at concentrations above

200 ppm. Comparison of cell crop and hydrocarbon losses fror~ a mixed

hydrocarbon substrate demonstrated greater hydrocarbon losses with

C. ~~polytica even though grea ter y ield was obtained with c. maltosa.

fleta i led stud ies of uptake and bind ing of single hydrocarbons and

mixtures have noted several additional differences between these two

yeasts (Crow et al. in pressL Pristane uptake was concentration dependent

in C. mal tosa but not In C. lipolytica . The presence of glucose suppresses

hydrocarbon utilization in C. maltosa particularl y depres sing the loss

of non growth supporting compounds naphthalene and pristane . Uptake

study verified a similar depression of hydrocarbon uptake by C. maltose

at low temperature .



V ~~~~~~~~~~~~~~~~ —~
--~~

.—— -.—..—— .
~

————-.-—-.—
~~
—,. -.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . —. . — ——- ... ..- - ‘•I

References

Abeam , I). C., S. A. Crow , N. H. Berner , and ’;. P. ~~~~~~~ l’4~ t . Mh ro-

biological (vcling of ~ 1l in ~~tuarine ~.tr~.h1ands . p. ~~~~~~~~~~~~~~~~~~ In

~ stua~~ine P ro esses  I : ~~~~ • St  res ~.e S and A~~tj’t at  ~ ~n t o  t he ~ ua rv

Ac ade~~ic }‘res s • ‘~ew \

Ahearn , I . .. • S . P. ~!evers , and P. ~~~. St andard. l~~~l. The R i t  of

‘~e .( s t s  in the ~~~~~~~~~ i n  o t  (~jls in ~ .t r  in , vi ron~cnts . :~ev .

~nd . ‘~~~rohi *l . l2 :l~~ — l 3..

• 
‘ . A., .,a~ ~

- . J. Parkburst . 14 .. A New ~ e~ ~!o Yea~.t s .

. rt h  ~~~ iand P~~~l ishing (o .  • A~o .t e r d a — .

!.older , ~~. l’~
’’. ~~ e ~~~~~~~ No r th  h i land u! I lsh ing (o . , Ar ,~ terdan .

‘h’ve rs , . P . • C. . thearn , . . Gunke~ , . .1 . . . I ~~‘ ?‘ • ~

fro the North ‘~ea .  ~arine ~~~~ l :l~~~— l.~~.

he.ta, ~~~. a n t  P . ~~~S .  l9~~~. ~4 . t r ’ a r t o n . .~~~ a ~ d ‘~~ rat . ~~~ \, • i . r s .

Natt ~re 1I :~ b~~.

* -



Major Accomplishments:

1’~ Observation of naphtbalene •ind pri stane ut 11 izat  i n  I x o ~. r 1  x i i

hydrocarbon substrates by yeasts.

.~ I Verific .tt Ion of pr istane as a g rowt h ~uhst r.iu f o r  C .  I i1~ t I v t  l c . - i .

~ tt t ~lishe ,I a to~t~~ul mcctianis ~ fo r  s tudy ing  the p rowttt kinetic ~

of hvd ro~ a rhon g r own ye as t  S

• F ~ t * h I she t se v t  a I ‘or d f t - r e  nc e ~ in the re S ~~~~ st  s of he yea  S t

to low te~ ;~i r t u r c  and VI  ro~ .Ir? n ~~; -~ ~~~~

In ~o il a t o r  at  I ~‘n w i t h  :~ . •t r I •‘ r n I gl • i  , iii ce r s i t  •. ~~~:. x . ~. s a

.\ust In , wt . havt. i onS t  r at t i  the c a p a c i t y  of both y e a s t s  t o  ( i f ~~~~i

.1 wI to range of  •,r~~~at  ic h Ito artons

‘-~~ .- —s n s t  ra~~. t  tbe  cap .~ i t v  of  :,ndii., l 1 1o l v t  i~ a t o  dt~~r a ti-

v,! ro c a r - l- .ns it low t . —~pt- t .1t ti re

— — * 
- - --- -— — - - - . . ‘—

— — — — ________________ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-———--—•- --.- —----- -  -- —‘——- -..-- - - — -  
- -•- -——‘.- -- ..—— .— c~~~~



___________________ - -  .~~~~~ . .~~~~~. ~~~_~~~— ----—~~~— - ___________________________________________________

Presentations and Publications on the Contract

The uptake ot Aroma tic and Branched Chain Hydrocarbons by Yeast. 1980.

S . A . Crow , ~~~. 1.. Bell , I). C. Aheamn. R ot a n i c . i  Marina Vi . X X I I ,

i n  press .

it ., st s  t r n~ the ~*~~~~Z f :  so., and A~ o o (a di :  ii. l~~~~ . D. C . A he :irn and

A. C row . Botanic., Mar m a  V o l  . XX 11 , i n  i r e  ss

f~ ft • -t s o f  i n 1 ’ri na te! .ini Ar o~ .it Ic fi !ri ;,rt ns i n  H .-d r i , a r t or ~pt ;ikc

In t i s  . S. A . row anl P. C . Al ,e i rn . ~ 1! a: 1 ~ I r f ol ogv

t n  p r e ss .

h . f r , , .,~~f o n s  f .  ~~~~~~~ a t  ~ g~w :tn peratu re . ~~~~ S . • *~. Crow

.in ’ P. u. A : a ar :i .  A t c t t . , - t  Ann . Meet. Amer. ~ oc .  M1 yo l’ i o l.  ‘ s i — : ~.~.

oc t  o f . , :  I:l , te ..t h~~!r o .irf ns on Hydrocarbon Upt ake in Y e a s t s .  l~ 7~

S. -\ .  ~~~— . i n,f p . C . Ahe .imn . Ab~ t r a t  A nn . Mcet .  Am er.  Soc . Microbiol

-

A~ ‘~~at .inI in. hot - l a In °v I  to .  arb~’n Uptake h; Y e a s t s . 1979 .

S. A. C r . w ~ S . ‘~.Il ant P. C . Abeam . Presented at the Third

:~~:er ~i.~: t , n~~1 ~~~~~~~~~~~~~ .U~~ 
- n  Aqtia t i~ ro l lutan t c , Jekyll Island , Georgia.

FIle t  c’ ’ ‘.ap hthalene on U v , f : o arhon P t l l i z a t i on  by Candida 1ip~ i~~~ica

an t ~n !1J.i ~.a ’~t o s a .  S. I. Bell and ~~~. A. Crow . 1979. Presented

at Ann. Meet. ‘~outheastcrn and \~ t ith Carolina Branches , Amer. c 00•

Mic roh io l . , At lanta , Georg ia.

•1 ----__

~~~~~~~~~~~ • -  - .  _~~~~~~~~~~~~~~~
__

~~:__ _

.

~~~


