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ABSTRACT

: The kinetlcs of glucose limited growth by a marine
 nyeast. shcwn to be a Rhodotorula species, have been
‘ studied in o continuous culture apparatus., The saturation
constant, in synthetic media, has been calculated to be
; 6;25'mg/i. on the agsumption that saturation kinetics are
followed, The maximun growth rate was determined in both
synthetlp media and artificial sea water, On the basis
of inhibition kinetics, the kinetic behavior of this
yeast in the marine environment has been predicted,
The-effebﬁ of temperature on the maximun growth
rate has been determined and, Qn»the assunption of &
similar effect on the saturation constant, the saturation
constant hes been postulated to be in agreement with

similar values determined for other microorgenisms,
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INTRODUCTION

During the last several years much attention has
been focused on the role of mlcroorganisms 1n the chemical
balance of the marins environment (Hamilton, Morgan, &nd
Strickland, 19663 Jannasch, 19673 Vaccaro and Jannasch,
1966-1967; Wright and Hobbie, 1665-1966), While these in-
vestigations have demonstrated the interdependence of
standing concentrations of dissolved nutrients and nutrient
removal rates by microorganisms, there stlll exists no
general numerlcal model for nutrient uptake in marine
sysiems, Thes investigations of glucose incerporation by a
marine yeast under conditions of nutrient limltation and
low temperature was prompted by the need for a term describe-
ing nutrient flux under these conditions in such & model,

Some data describing nutrient flux under similar
conditions is available for bacteria (Hamilton, Morgan, and
Strickland, 1966; Jannasch, 1967; Vaccaro and Jannasch,
1966-1967) and natural populations (Vaccaro end Jannasch,
1066-1967; Wright and Hobbie, 1965-1966), This data is,
however, mainly the result of short-term batch culture exe
periments., Continuous culture technique has been suggested
to be more sultable for the determination of kinetic cone
stants since 1t provides a constant environment over long
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pefiode of tims (Herbert, Ellsworth, and Telling, 1956)
which resultas in & more physiologically uniform culture
{(Ieruselimsky, 1964), Jannasch (1967) hag aleso suggested
that the constancy of this environment renders this
tochnique especially useful for investigation of marine
orgonisms, since the marine enviroumsnt may 63 expected
to remain c&nstant for long'periods of time relative to'
the generation times of the microorganismé present, This
similarity between the conditions in a continuous culture
apparatus and the marine envircnment is not complete as
mixed cultures in a continuous cﬁlture apparatus are sube
dected to a selection for miercorganiems having a hicgh
maximum‘giowth rate/xmax and a low saturaticn constant
36.5 which is more rigorous thaﬁ that in the marine ene
vironment (Hamiiton, Morgan and Strickland, 1966).

It 18 noteworthy that the one investigation of marine
systems which has employed the continuous culture teche
‘nique (Jannasch, 1666) has ylelded results which are not.
consistent with commnonly accépted models of nutrient ‘
llmltsd growth. Thils inconsistency has been interproted tb
sugzgest a inhibltory effect linked to popuiation density,
however, the exact cause remains undeterminsd,

While é number of alternative expressions have been
prdposed,for relating microbial growth rate to limiting
nutrient concentration (XKono, 1968. Pena, 1965}, the




Michaelis=lenten eguation remains, if not the most correct,
the most usable, Deviations from Michaelis-lenten behavior
have been observed, bowever. this expression will reliably
indicate the concentration region in which nutrient linlita-
tion of érowth rate takes place, It should be noted that,
while the expressions describing continuous culture were
originally formulated from the MNichaelis-lienten equation,
any mathematical model which relates speciflic growth rate
to limiting matrient concentratlons in an 1ncreasihg noNe
periodic fashion may serve as a basis for continuous culture,
- The general theory of continuous culture is well known

and has peen widely reviewed (Herbert, Ellsworth, and Tell-
ing; 1956; lalek, 1964; lalek and Fencl, 1966), The pro-
cedure of predicting limiting nutrient concentration S at
a given growth rate « from the population X, the input
nutrient concentration 3 ahd the yield’constaﬁfy' as
suggested by Bac (1962) by extrapolating a plot of the
equation xcr(sous) to zero céll pOpulation has been.
questioned,  Johnson (1967) measured oxygen concentrations
in an oxygen limited culture of C, utilis and found values
sbmewhat lower than those predicted by Button end Garver
(1966) using this method, The significance of this d1f~

- ference is difficult to evaluate due to differenoes in the
pH and composition of the medla employed in the two invese

tigations., Investigation into amino acid limitation of




growth rate (Davies, Karush, and Budd, 1965) has provided
_1ndependent1y determined nutrient concentrations which agree
Quite well with the predicted values, This method of pre-
éidting nutrient values must therefore remain open to ques=
.tion, pending further investigation,
~ The independent determination of nutrient concentraw
~ tlons in the range over which nutrient limitation takes
place is difficult for most substances, In the case of
glucose limitatlion thié;concentration.is on the order of
1 mg/1l andiis below the optimum range of any sufficiently
specifiéichemical procedures which were avaeilable at the
time thls investigatlon was begun, Recently, Hicks and
Carey (1968) have developed an enzymatlc procedure suitable
~ for this concentration range, In the current investigation
~—-—e-_\_ﬂ}&ﬂglucose vag added to the media and glucése concentras
tion 1n_the spent media determined by counting after removal
of cells by filtration. Since this procedure is not specife
lc for glucose, it was necessary to check for the presence

of excreted cl¥

metabollites by gas and paper chromatography.
_ A psychrophillic yeast, rather than a bacterium, was
;chosenrfor thls investigation, since both types of organisms
exhibit kinetlcly simllar behavior, as shown in Table 1, and
yeast have proven to be more emenable for long term contine

~uous culture,due to their lack of thigmotactic tendencies,




. TABIE I

Liniting #_, S Temp,
Organism Nutrient (hr ) (mg/l) . (°C Reference
C. utilis oxygen 0.08 0:s23 - 35 Borkowski &
oy . Johnson, 1967
M, roseus oxygen 0.08 0,23 . 0% Borkowski &
. , : ; %s : Johnson, 1967
C, utilis glucose 0,25 3,00 25 Button, 1968
E. coli glucose 0,42 3.78 35 Reo, 1962

C. utilis glycerol 0,25 4.5 35 Button &
. ; Garver, 1966

C. utilis glycerol 0.075 1,44 18 Pena, 1965




MATERIALS AND METHODS

Apperatus  The continuous culture apparatus used was
“similer to that of Button and Garver (1966), and consisted
of a 1 L Pyrex round bottom fiask with & shortened neck, @
~ Milton Roy model CH "miniPump,” and & 12 L Pyrex feed car-
boy. The feed cerboy was positioned slightly above the

- eulture flask and aerated with fiitered air to provide both
the necessary oxygen and & slight positive pressure ( ~5 cnm
~of Hg)s It was found that this pressure assisted in m2ine
taining a constant flow rate, provided sufficient back
preésure on the pump was maintained,

At epproximately 8 hour intervals, the pump was cone-
nect:d to a supply of concentrated KOH solution through a
three-way stopcock positioned béiween the culture vessel
end pump, and allowed to pump at maximum pumping rate for
10«15 minutes. The pump was then reconnected to the culture
vessel after reducing the flow rate to the desired value,
Immediately following th;s. the flow rate was measured by
collecting the effluent for & fixed tine and any minor ade
justments made, The flow rate was also neasured at irregu-
lar intervals between cleanings and the variation found to
be less than 1%, provided the cleaning schedule was
followed,

The culture vessel was surrounded by an insulated
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bath containing an ethylene glycol-water refrigerant
pumped from a refrigerated constant temperature bath-circu=-
lator (Forma~temp Refrigerated Bath-Circular, Constant
Temperatures Forme Sclentific Inc.,‘Marietﬁa, Ohio)._.xem-
peratures were reliably controlled to within 0.1 C.:  The
culture vessel was agitated by & Teflon coated magnetic
stirring bar, Stirring speed was not measured, however,
dye solutions were observed to be completely dispersed
within 0,5-1,0 seconds after injection,

| Samples were withdrawn with a sterile hypodermic
syringe inserted through a rubber stopper in the mouth of
the culture vesgsel, Routine population determinations were

made with a particle counter as well as viable counts,

Media The media employed fér continuous culture,
referred to as synthetic nedia, was specifically designed
for contlnuous culture of yeast at low populations, All
nutrients with the exception of the limiting nutrient were
present in appropriate amounts to aveid nutrient limitation
or inhibition of the growth rate (Button and Garver, 1966),
It contained (all concentrations per liter) NaHéPou'Hzg
2.00g, (NH),),30, 0,60 g, KC1 40,0 mg, MgS0, 24.0 mg,
CaCl,'Hy0 5,0 mg 2nS);,°H,0 0.7 mg, Fe(liH,),(S0,),"6H,0

0.5 mg, CuS0,5H,0 25.0 pg, MnSO,'H,0 1.5 pgs Ho05 0,5 pig,

For continuous culture work the media was prepared with




filtered distilled water, the pH adjusted to 4 and auto-
claved at 130°C for 30 minutes. Glucose was then added’

from a filter sterilized stock solution, The c*

glucose
was added from a separate sterile stock solution to enable
both the glucose cqncentratlon and.the specific actiiity to
be varied as desired, A bH of 4.0 was choseﬁ to lessen the
possiblility of bacterial contamination since the particular
yeast under investigatlon was known to be relatively in-
sensitive to pH. Innocuvla were prepared in shake flask
culture using the same medla. ) 4

Plate count media contained, in addition te the media
listed above, 0.5 g‘gludbse and 17,0 g ager, which were
added previocus to aﬁtoclaving. ‘The pH of the plate cognt
media was adjusted to 7 before autoclaving, to prevent |
hydrplysls of the agar, and regdausted to pﬁ L wiih éterile
HC1 afterward, At irregular intervals plate count media
was brepared contalh;ng'yeast 6r'm§lt extract in addition
to the above to sérve as a bheék on selectivity of the
plating procedure, | ot e ‘
’ Three dlfferént'media wereiﬁsed in the determinﬁtion
of maxium growth rates, Synthetic media was prepared
coﬁtaiqing 0.5 g'glﬁcose; .Thé'othei ﬁedia prepared used &s
2 basis Rila Marine Mix'(RilélProducts.,Teaneck. New Jersey)
preparedvaocording tb their 1nstructions. The med;a refer-
red to as Rila « #1 contained in addition to Rila salts




glucose 0.5 g, (NHQ)ZSO# 0.5 g; blotin 1.0 mg, thianmine

1,0 ng, and By, 1,0 pg and had a pH of 7.2, Media Rila +
#2 contained in additlon to Rila + #1 NaH,P0,'H,0 2,00 g
" and hed a pH of 4.0. Speciel media used in the identifica-

tion of the yeast were prepared in accordance with standsrd
works on yeast identiflcation (Difco, 1953: Lodder and
Kreger-Van Rij, 1952; Wickerham, 1951), 9

- A1l chemicals used were reagent grade, Uhiformiy

14

labelled C glucose was obtailned from Schyarz BioResearch

" .in water-ethanol solution, The sample was evaporated,

under reduced pressure, to'dryness under sterile conditions

and redissolved in filtered distilled water.

Vaximum Growth Rate The maximum growth rates were

determined in batch culture in the media previously de~
seribed. A 1 L Pyrex flask was placed in the refrigera=-

tion apparatus used for continuous culture and stirred

- with a magnetic stirrer, Oxygen was supplied by aerating

the culture vessel with filtered air., Populations were

determined by measuring abscwepnoce at 625 mn of a sterilly

'removed sanple ina § cm'cell. Innocula were supplied

from shake flask cultures incubated under sinilar

.donditions.‘

Qreanism The yeast under investigation was a Rhodo=
torula specles similar though not identical to Rhodotoruvla

mucilaginosa (Lodder end Kreger-Van Rij, 1952). It was
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iéoléted'by S;D. Bﬁrton soﬁth of Hawaiilfrom a water sample
'téken'in an efhénoi sterilized Nasen bottle from 3800
Aﬁeters (T = 1.6°¢);' Ma#ure cells varied from 3u to Sp in
width and from 5 to 7% in length, Reproduction was obe
served to be exclusively vegetative with budding usuvally
éxial_although exceﬁtions were observed, Thick suspensions
. or colonies on solid medla were pink invcolor. Colonies
were round convex with smooth to mucoid surface and a
smooth to curled edgé.
The organism was found to be quite nonspecific in its
ability to utilize carbon s&uroes. showing no growth on
| only,ethanol ana glycerol of the large number of alcohols,
organic acids, esteré. monosaccharides and disaccharides
‘tested. Hitraté, ammohié, and srganic amines were all
_fqund to bs sultable sole nitrogen sources, All four
~serial dilutions in vitamin free media, growth could»still

be observed although at a considerably lessened level,

‘Population Determinafidn " Since it was felt desirable
to check for the preseﬁce of non viable cells, particle
counts were made daily with a Coulter Counter,(Model B,
'Coulter Electrqnics._lnc;, Hialeah. Florida) using a 100m
orifice in addition to viable coﬁnts.‘ A 10 ml sample was
diluted with an equal volume of filtered 2% NaCl and four
% ml counts made, In all cases background was checked and

corrected for, Settings on the instrument corresponded
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‘to a minimﬁm cell volume of 7,38 p3¢' Meximum setting was
set on lock so that the maximum particle volume detected

was limited only by the orifice slze and the linearity of
the electronics,

Chromatography Analysis for volatile excreted metabole
ites was carried out on an P & M Model 500 gas chromato=
graph (F & M Sclentific Corp., Avondale, Pennsylvania)
employing & thermal conductivity detector. Columns using
Carbowax 600 (J. T. Boker Chemical Company, Philadelphia,
Pennsylvenia) or Aplezon L (F & M Scientific Corp., Avon=-
dale, Penncylvania) as a liquid phese were used at temperw
atures rancing from 90°C to 140°% at vericus flow rates,
Samples were prepared for gas chromatography by filtering
batch cultures grown on synthetic media,

Analysis for nonvolatile excreted metabollites was by
descending paper chromatography in H,0 - n~butanol -
pyridine (1:2:12), Samples were prepared for chromatography
by filtering the contents of the culture vessel, adding
HgCl, to the filtrate, and l.eiting to 100°C for 5 minutes,
The sample was then concentrated to approximately 2 ml
under’reduced pressure in a rotary evaporator. The concen=
trate was stored at ~10°C for three weeks to allow: the
maximun enount of salt to crystallize out., Three 10 uL

1L

samplés;pf concentrate, C°' glucose media, and a 1%

chroyatqéram,was developed and dried,

»




The dried chromatogram was cub 1nto strips 4 e wide.

The strip containing the 1% glucose was treated with

AglO ~ethanol. The strips containing either the Clb

ar
or spent nedia samples. were cut into 4 cm squares and

glucose

counted in & liguid scintillation counter,

Clb Counting All counts were done on a Nuelear-Chlcago

Model 6860 Mark 1 liguid scintillation counter (Nuclear-
Chicago Corp,., DesPlaines, Illinols). This instrument
has three channel capabllitles and approximates 4ﬂ geo=

1 and 33

- metry, Windows were set for simultaneous C
counting with the third chamnel used for quenching. All
samples were corrected for quenching by the channcls ratic
method after subtractling backgrqund.
Samples were prepared for‘scintiilation counting by
filterlng a2 1 ml sample ofﬁspent nedia through a membrane
filter (type HAWP, 13 mm Millipore Corp., Bedford, Mass.)
and washing with 2 1 ml portion of nonradiocactive media,
A 1 ml portion of the f;ltered and washed sample was
evaporated onto a 1l.25 cm square of Whatman #1 filter
.paper;: Total time elapsed between sampling and preparation
of the dried sample was kept to a minimum (~5 min) to
mininmize degradation of the glucose after sampling.
The filter paper was dried and placed in a Nucleare
Chicago liquid secintillation counting vial, The filter

paper was supported in the vial by a stainless steel common
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piﬁ'pushed through the center of the paper prior to
evaporating the sample. The membranejfilter was also
placed in & counting vial and 2 ml of ethyl acetate added
o tovdissolve the filter and then evaporated, Fifteen ml of
~ counting solution consisting of 4.9 g of 2,5~-diphenyloxa=
'zole and 0.1 g of 2,2'~p phenylenebls=(S-phenyloxazole) in
tolusne was added and the vials placed in the counter., All
‘samples were counted a minimum of four 10 minute counts,
After correcting for background, quenching, and dilution,
‘glucose concentrations were determined by comparison with
previously prepared standards. Quench;ng samples were
prepared by counting identical samnles of media with
varying amounts of CH301 added." Separate quenching
| samples were prepared for d;ssblved glucose and celluler

-_C14 samples,




RESULTS e

:Gas'chromatogiaphic analysis of spent media from -
bateh cultures in various growth phases and at various
glucose concentrations showed the presence of ethanol in
all cases. No other volatile metabolites were detected,
althoﬁgh'the presence of 002 may be assumed, Paper chro=
matogrephy showed the presence of radiocactivity in the
spent media only in the area having & similar R value to
that of glucose standards in the parallel chromatogranms,
Since the chromateogram was counted in discrete segments,
it is possible that other compounds were present, since
any compound having sn R, value within 10% of the R
value for glucose would have besen detected as glucose.
Tabulated R, velues (Lederer and Lederer, 1957) of the
various'compouhds which might be expected as excretory
products suggest that these would fall outside the segment
containing glucose, The sensitivity of both the gas and
paper chromatographic procedures would allow the detection
of less than 1% of the total carbon source, Since both
the ethanol and CO2 would be removed from the sample in
the drying step previous to counting, it was eassumed that

all detected Cln was in the form of glucose and all cone

centrations calculated on that basis.

14
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Two continuous culiure runs were made, each lasting
approximately 25 generation times, both at a dilutlion rate
(D = flow rate/culture vessel volume) of 0,0132 hr'1 at
input nutrient concentrations of 0.5 g and 1 mg/l glucose
respeot;vely. Population and nutrient concentrations at
steady state are shown in Figures 1 and 2, Average popula=-
tion, as determined by viable counts, and average culturs/

vessel nutrient concentrations ere shown in Table II.

TABLE II
Run - Population ' Nutrient Concentration
(ceils/liter) ~ (mg/1)
1 2,17 x 107 c 3T ol

2 6.59 x 107 0,25

- These values may be expected to be within 0,15 mg/l of the
actuai values, the major possibility of error lying in the
preparation of the sample for scintillation counting.
Figure 3 shows the variation of cell population wlith input
nutrient concentration,

The gfrect of temperature con the maximum growth rate
is shown in Figure 4, The energy of eactivation calculated

L

from the Arrhenius eguation is 1,99 x 10  cal/mol, Sev~

eral attempts were nade to measure the meximum growth rate
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at temperatures above 18°C, however, at 20°C no growth

was observed and at 18,6°C growth was erratic and the
culture began to die after an estinmated one geneiation, :
Generation times in different media are listed in Table III
and, while the generation times listed are virtually iden-
tical, it must be noted that the scatter in the data used
to calculate these generation times might allow as much as

e 10% error in the wvalues,

TABLE III
Media pH  Gerneratlon Time (1.6°C)
Synthetic media k.0 . 26,1 hrs,
Rila + #1 ‘ 7.2 26,5 hrs.,

Rils + #2 4,0 27,0 hrs,




DIscussIon

The temperature dependence of the organism under
investigation would appesr to be unusual, The high ensrgy
of activation suggeste & mesophilic or even thermcphilic
character, while the temperature optimum eround 18°C is in
accordance with The definition of en obligate psychrophile
(Morits, 1963).

At 2.6%C the ubserved generation tize in asynthetic
media of 26,1 hr. gives a maximum growth rate of 00,0265
nr~l, The dilution rate used is half this value. Flux
calculations based on Fick's second law and empioying the
ebéerved pepulation and nutrient levela show that a nutrient
consentretion pradisnt in excéss of 100 microns would be
neceasary to’produse a difrualén limited system at the
- concentrations euployed. This ig in agreement with the
é;igalatlons of Borkowski and Johnson (19867).

| While 1tils not possible to demoﬁstrate gaturation
kinetics from the data at hand, it la reasonable to postue
late, by analozy to other nutrient limited systems, that
the system follows saturation kinstics and to caloculete the
saturation constant using ¢the Hichaeligelisnten equation,
Since the culture was growing at half meximal velecity,
the saturation constant is equal to the observed concerntras
tions and therefore has an average value of 0.25 mg/l.

20
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Tﬁis‘value.differs somewhat from the value predicted
from'a'piot cf popﬁlaﬁion versus input nutrient concentration
(K 0. 5=O .09 mg/1), however this difference ig probably not
rsignificant in light of the possible errors involved in the
use of viable counts as a measure of cell mass,

.The observed value of KO.S at 1.6°C 1s approximately
one order of magnitude lower than the saturation constants
 05eerved.for other organisms at higher temperatures as shown

1in Teble IV,

TABLE IV

Limiting Tenp. : KO-S B

Organism Nutrient (°C) (mg/L) (hr'l) Reference

C.utilis glucose 25 3.00 «506 . Button, 1968
C. utilis glycerol 35 4.5 «506 Button and

Garver, 1966
C.utilis glycerol 18 1.44 <149 Pena, 1966
E, coll glucose 35 3.78 84 Rao, 1962

Cirillo (1962) has also estimated K0'5 for glucose uptake
in S. cerevisiame, however his estimate of 10™°H was made
from the concentration of glucose inhibiting sorbose upe
take by 50% rather than by direct measurement., The range
of these values mey be explained by variations in teche
nique and 1interspecific differences., Pena, however, noted

that the slope of a plot of 1n Ko, versus 1/T was idéntieal
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to that of en Arrhenius plot for C. utilis. While no
theoretical justification is offered, it is noteworthy
that values extrapolated by this method (Table V) from the
value observed et 1.6°C are in general agreement with ﬁhe

‘literature values in Table IV,

TABLE V
Wlempe it L MR : K5
4%} ST Pl . (me/L)
16 i e 0,0268 B
3 Dl e Ty SRR S
ABlsiss e i L Ol v el ROR:

25 - 0g379%. 3.94%

b_—-_—\——\‘\iﬁiéﬁiéted values
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~ While the pH of the media used was low, it 1s reason-
~able .to expect relatively little effeqt on'the kihetios on
this account, Calcvlations by‘Borkoﬁski and Johnson (196?)
 suggest that the rate limiting step, at least in oxygen
 limited growth, is in the interior of the cell rather than
at the surface where it might be effected by the pH of ﬁhe
media, Also kinetic data for isolated transport systems
located on the cell membrane i1s qulte different from the
kinetic data for growth limitation. While some yeasts do
show & pH sensitivity (Button, unpublished data) in the
growth rate, this ls not the case for fhe organism under
investlgation as shown in Table III, |
The extension of the saturation kinetics observed in
yeast into the area of inhibition kinetics has not been
extensively studied. The information which is evailable
| suggests that the inhibition kinetics in yeasts are similar
to those found in isolated enzyme systems (Cirillo, 1962;
Ven Steveninck end Rothstein, 1965; Van Stevenineck and

Dawson, 1968), If this behavior may be considered general,
- 1t 1s posslible to predict the behavior of thls yeast in its
natural environment., Since the maxzimum growth rates are
egssentlally identical in synthetic media and artificial
sea water, 1t may be assumed that growth in natural sea
water would either be identical to that in synthetic media
or would be subject to competitive inhibition (lahler and
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Cordes, 1966), Competitive inhibition involves the
competition, by & nonmetabolizable substance, at the site
of the rate limiting step, Since this results in an
‘increase 1n the effective KO.S and therefore & decrease in
the specific growth rate produced by a glven nutrient con-
centration, it 1s possible to predict the meximum specific
growth rate which might be expected under marine conditions.
Jannasch, et al. (1968) have measured glucose con=
centrations in Atlantic waters and found from less than
2 pg/l pp to 195 ug/l. On the basis of these concentra-
tions, & minimum generation time of 66 hours might be ex-
pected with an average generation time of 288 hours some-
what more likely. This assumes that the organisms utilizes
glucose as a sole carbon source; These generation times
. zre sufficiently long, particularly in light of the range
of carbon sources the yeast is capable of assimilating,
to indicate that the yeast probably utilizes a range of

carbon sources under marine conditions,
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CONTINUOUS CULTURE THEORY

The kinetic basis of contlnuous cﬁlture‘can be most
easlly understocd by consideration of,the equations de-
fining the population balance and the;nutrient balance,

- The rate of change of population in the culture vessel is
equal to the cell input plﬁs the cells generated in the
culture vessel minus the cells pumped out as shown in

equation 1,

VaX/at = FXy = FX & 4XV L A1)
n'*'81nce’the cell input in a single stage continuous

 culture apperstus is equal to zero the expression may be

reduced as shown in equation 2,

Vax/dt = XV - FX T Sl
at steady state
aX/at = 0 g Ry ©3)

and dividing bty V

0 = puX = FX/V . s il aie L)
therefore
Jem B (5)
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: Equation 5 demonstratgs a method whereby the specific

| growth rate of a microorganism may be controlled by con=

' trolling the dilution rate, provided the dilution rate is

greater thah zero but less than the maximum growth rate.
The nutrient balance equation states that: the rate

of change of the limiting nutrient is equal to the input

of nutrient minus the output of nutrient minus the output

of nutrient in the form of cells as shown in equation 6,
vas/at = FS, - FS -4 XV/ (6)
at steady state
as/dt = 0 {7)
and dividing by V
0 = F/V (S, = 8) =pXf (8)
since_ﬂ;a F/V from equation 5
X =y(S, - 8) - | - £9)

Rao (1962) has used equation 9 to predict the value of

S by plotting the value of X at various input nutrient
concentrations and extrapolating to zero cell population,
however, this procedure is open to some question as

previously discussed,
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'fThe derivation of these equations assumes four points
(1) the specific growth rate is a function of
ot the 1limiting nutrient concentration,

2}, ~all cells are viable. | :

(3) ~ the environment in the cﬁitureAvessel is
homogenous. | _' '
(4) that steady state can be maintained.

Each of these points is subject to experimental verifie-
cation by wvarlous methods, and each‘must be verified, &s

any appreclable deviation will effect the results.
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Symbols used for Continuous Culture

Definition

Cell input into fermentor
Cell output from fermentor
Flow rate

Time

Specific growth rate

Maximun growth rate

Volume of fermentor

kutrient input into fermentor

Nutrient input from fermentor

Yield constant

{cells/volune)
(cells/volune)
(volunme/time)
(time)
(1/tine)
(1/time)
(volune)
{mass/volume)
(mass/volume)

{mass cells/

- mass nutrient)
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Additional Description of Rhodotorula sp,

s Carbon assimilation tests were performed by the method

outlined by Wickerham and used the medis designed by him

for this purpose,

Carbon Source
Lcetate
Adonitol
Arabinose
Celliblose
Cltrate
Dulcitol

Ery al
Ethanol

Ethyl
acetoacetate

Galactose
Glucose
Glycerol
Inositol
Iactate
Iactose
Faltose
fannitol

Mannose

Growth
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Gas production

Ll

L e

Z1pos,

neg.,

neg,

neg.,
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Acid production

pos.

an °

neg.
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Cafbon Source Growth Gas production Acid production

Melitzitose '} W A
Mellibiose 5 1 f”.iTivn o ol B
Methyl«D e '
~Glucoside 1 - -»
Raffinose At - -
BRhamnose 2 g -
Ribose .2 - -
Salicilin 3 # -
Sorbese 3 - -
Succinate 3 negs neg.
Succhrose 3 pos.s - | Pos.
———~—~\\“\\gggﬁﬁ}ose 3 - -
' Xylos;‘ 2 neg. - _ neg.,
0 indicates no growth
‘1 indicates slow growth
_2 indicates intermediate gréwth
'3 indlcates good growth |

Several attempts were made to detect internal structure
in the organism by various staining techniques, hgwever.
no capsule, fat globules, spores, or other 1nterng1
bodies were observed.

Since the organism was lsolated from a Nansen sample,

the question of its origin must remain open, The
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temperature characteristics, however, vender it unlikely

A BN B SR

that the yeast was a contaminant, hence it 1s reasonable to

assume it is marine in origin,
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LIQUID SCINTILLATICN QUENCHING CORRECTION

The phenonenon referied to as‘queﬁching in liguid
sqintillation counting is & coilection of different procese
‘ses whereby the energy deteéted by the counter from & given
rédioactive events is effectively decreased by inefficient

energy transfer and 1nterpréfed b& the scintillation

counter as an event of lower energy. The actual mechan-
4gms which produce this effect are generally understood from
an experimental standpoint, though not from a theoretical
‘one.,

Since quenching can decrease the detected radiation
by a variable and appreciable amount, 1t is necessary to
either insure that quenching remains constant or correct
the observed count for an experimentally determined degree
of quenching., In systems for counting biological mate~
rials, where the substance being counted is of undefined
chemical composition, it is preferable to correct for
quenching, which necessitates & multi-channel counter,
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