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The effects of carbohydrates on the growth response

nf Tct¡ahvmen¡ nr¡ni fnrmÍ s IrI ¡¡gyg inVestigated. ThevI ¿ 9 VI Arr.Y ¡¡¡VllCL V-ì 4 ¿r v! r¡rr v rf

organism also was applied to protein qual-ity evaluation'

amino acid. assays, and amino acid Supplementation studies.

Test media were inoculated with ce11S grown in continuous

culture with the aim of standardizi.ng the physiological
cfo#¿ ôæô o-C SiZe Of the inOCUlUm. Mean Cel-I SiZeS,ùt/d.L/Ur Aóç Cl,If\

cefl counts and total population volumes (= mean cell

volume x cefl count) at 72 hr intervals up to L20 hr

were measured usinE the Coul-ter Counter. Growth curves

(1og,^ total population volume vs time) were plotted and. --LU

growth rates were determined.

The study of the effects of carbohydrates on the

crrn¡¡rth l-êsnônsê of the oi''cranism was divided into two parts.
ór vvv

ParL (a) deal_t with the effect of varying the concentration

of glucose and starch (O 20.0 mg/ml.) on the mean cell

volume, maximum ceft counts, maximum totaf population

volume and growth rate of !ç_!g-Aþygg!g pyriformis .ld grown

in eRsein- whole eEE nrotein and casein hydrolysate media

at the isonitrogenous level- of 0.3 mgN,/ml. Statistical

analyses of the results revealed that there was no

significant difference (P = 0.05) between the growth-

stimirl etoi.v ef feets of øl ucose and starch. Significantu vf r¡rurq vv¿ J ttt*.

effects were produced by varying the carbohydrate con-

centration and the protein source and also by the proteinl

type of carbohydrate and protein/concentration of ca?-

ABSTRACT



bohydrate ínteractions. f t \^ras noted too that unlike

starch, the high concentration of glucose, 20.0 mE/mI.

increased the 1ag phase of the growth cycle. ïn Part

(b) the effects of varying four different carbohydrate

sources, glucose, starch, dextri-ïl ,.ârtd a glucose/starch

(1:1) mixture, at the sarne concentration (10.0 mg/ml.),

were studied when the form of the nitroqen source i^ras

either the intact whole egg protein or an amino acid

mixture of similar pattern as the j-ntact protein. The

resul-ts indicated that varying the carbohydrate source

si-gnificantly affected the growth response of the

organism. Furthermore, the simultaneous presence of

glucose and starch stimulated optimal growth responses

in both the intact protein and the free amino acid media.

Several hypotheses, such as osmotic effect, mechanical

stimulation of particl-es and differences in the rates

^f¡ ,.^.,-^r-^ ^-r ^,.ô-'rôra-i-ì-i+r' of cr'lileose and aminO aCidSvr upuo,^g d,lrLt d.vdLJ_o-uL_LruJ ,

were discussed for explaining these effects.
The growth response of the organism was used to

evaluate the nutritive values of different protein

sources relative to that of casein. The quality of these

proteins was expressed as the Refative Nutritive Value,

RNV (casein = 100). Two sets of proteins hrere evaluated,

cereals and non-cereal vegetable and animal protein

isolates and concentrates. The RNVs of the cereals

(wheat and triticale) were determined using maximum ce11

counts obtained with a haemocytometer. The RNVs of the



protein isolates and concentrates (faba bean ' zeirt, soya

bean, casein, whole egg, herting ancl eod) were determined

lsinø the maximum total population volumes obtained t¡;ith

the Coulter Counter. The RNVs of the cerea]s correlated

highly tr = 0.96, P = 0.05) vrith the published Protein

Index values from rat feeding experiments. The RNVs of

both fi_sh protein concentrates, herring and cod frames,

and those of' the faba bean proteins d.id not agree wi-th

]iterature rat values. Reasons for these discrepancies

vrere discussed.. On the other hand., the RNVs of the other

proteins correlated reasonably well viith the published

and expected results. It was suggested from the study

that maximum total population volume, instead of cell

count at merely one incubation period, ivould mcre

accurately esti-mate protei-n quality.

The amino acids lysine, threonine and methionine

plus cystine contents of the cereals and isoleucine,

lysine, threonine and tryptophan contents of casein'

whole egg and faba bean were determined. Generallyr

results compared favourably with chemicalllz-deter¡nineci

values. Study of the ef f ects of supplementa-'ion of f a-l¡a

bean with Dl-methionine , of cod and herring r'vith L-trypto-

phan and of the cereals with L-lysine hydrochloride

and Dl-methionine produced variable results.
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Ever since the eighteenth century, when it was

þõñ^æñi eaå 1-Ìrc.l. nunl-ai nc ^f diVef Se Or"i Ein dif f ef COn-r uvvõ¡rravu vttqv yr v vv¿¿¡e vf vr !€)-

siderably in nutritive value, i^iorkers have been actively
enseEeri in the ficld nf nr-ntein oualil-.v research.\4UA¿f VJ

Methodology by which nutritive val-ues are determined,

has evolved considerably over the years: from the simple

animal feejins trials urhich a<timc.f-a nrnlgi¡ Val¿e invu v+¡¡fsvv li,¿ v

terrms nf ahenøe i n hndr¡ rloi c¡hi- 1-.o ra-l rti rral \/ mô7"ê nôm-vr v v+J

n'lex êxnr"essions SUCh AS those inr¡olr¡inr¡ chanEeS intJ¿v¡!lv+IrE)v¡¡u¡¡õu

plasma amino acids. Protein quality evaluation methods

have been developed for two main reasons: 1) to provide

a procedure for ranking protei-ns according to their
nutritional value, 2) to predict the effi-ciency of

utilization of proteins as sources of ni-trogen and amino

acids lor meeting the amino acid requ,lrements of man and

animals.

INTRODi]CTTON

rlha nrral ì 11¡ of e npotci n i s flenenflerlt On itS amino\44u¿!v¿lgyfvVvyvl¡u9l

acid composition, its digestibility and the amounts of

its constituent amino acids that are util-ized. Tn

addition, the quality or nutritive value of a protein

is rienendent on the sneeies- sti-ain or" method used for

its evaluation and different results may be obtained

for the same protein by different faboratories using

the same method.

Establ-ished biological methods, using laboratory



¿

animals such as mice, r"ats and chicks are time-consuming,

laborious and expensive. Although refinements are needed

I.r-t imnr.nr¡a tl'loir. r-anændrrnit-ri'l'itr¡ J-l.ra mq-inn noorl iq f¡VIIUTT - JT A

rapid and inexpensive procedure. Microbiological methods

ha.Ve ShOT^I¡ nfOmi Se - hllt hnr¡a nrnrroÁ mrr,"l.r I aq< qimnl a thanyf v v

was anti-cipated when they were j-ntroduced. One such

method involves the use of the ciliated Þrotozoan.

Tctrrhr¡mene nr¡r.i f nrmÍ s irl¿v v¿ erf¿y¡rlvf rs v.y ¿ 4r vf r¡r!e ry .

The usefulness of the Tetrahymena pyriformis method,

and i-ndeed of al-1 biological methods of protein quality
er¡ellletinn. fienenrls ôn streeaqqfrr'ì 'lr¡ oncrr¡j¡çr tT'¡AT.- llnde1'uuvvvuur 4arJ vr¡uur rrfb varsv t urr\

exneÏlimenf.n'l nnnrlì l--í nnq ^-Otein iS the onl v f aef,or- l '"ñ; +-r -^u^¡/u¿ ¿rrrullUqr UVITUIUIUIIùf VtUUçIlt f ù Ultg v¡rfJ ¿qvvv¿ f,attllUfttÈ3

the response chosen to be measured. Therefore, knowledge

nf tha ôl-rcrâniqmlq FAqn^neô l-n ô^mn^non1.q nf 1-ha ornr^¡{-lvv'ry b. -," -,1

merlirlm nthor. l.llen nr-ntoin ìtq.a1f is imnnpJ-qnf 'l-n ti-rav¡rqrf yr v u9r¡r ¿ u uu Ir t ru rrr¡yv¡ vattv vv vr¡ç

assay procedure. Since protein can be used by the organism

for energy production as well as for the production of neur

celf material, the presence of another energy source is
Fônrrìrorl ¡'n tlfe medi1¡m tO Snâre nrntein fnom bejnE lttù.ñ^+^r uYu¿I çU Itl Ur¡ç llIçUIUiIl UU ùr*, - ¿ ! vrrr vvrr¡6 vvd,ù t/g-

fullyil utilized.
Generally carbohydTaLe has been used as the energy

source in the assay medium, being added either directly
or indirectly as part of the intact protein source. Most

intact proteins contain varying proportions of different
tf¡neS Of n¡r-?rnlrr¡rlr.rtos qnd ^-t -^ f1^^ +-'"-^ nf êr.rìo'ên^ìì<l-J y- v¡¿J qf 4veu srru d.IùU UI]U UJIJC vf e^vEiullvur

carbohydrate source added to the medium has varied. If
the SrOr^Ith rêsn^neê nf |ì1ol-npþy¡p¡p nVrifn¡mis I¡I to n1.qteinf e vr sf f .y rrrv¡¡q v.y r !¿ v¿ rrf r u vt uv yr \



3

is affected by the type and amount of carbohydrate present

in the growth medium, then any protein quality evaluation

must take this into account. It is important also to
determine whether the effect of the type of carbohydrate

varies with the form in which the nitrogen is supplied in
the medium (intact protein vs free amino acids), since

amino acid determination usually involves,comparisons of

growth responses of the organism to intact proteins and

crystalline amino acid mixtures.

't )

The objectlves of this study then are:

To determine the effect of different types and

concentrations of carbohydrate on the growth

Fêqh^hqôe nf Tetrahvmene nvfifOfmis Ilrl in mediarvuvvr¡uvu '_e_e-_4jll .:jjl1 v.Y

COntaÍ ni ng ¡l j f f aran1- l¡¡nac Of nitfOEen SOU1' CeS.

To demonstrate the usefulness of the orEanism

for protein quality evaluation including amlno

acid availabílity determi-nations.

/l
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Since accepted methods for protein evaluation using

I ehor-:tor.r¡ ¡nimals are costly, too t j-me-consuming and

laborious for routine use in screening large numbers of

samnl es - 'i nc'r,ea si ns attent'i on ha s heen Eiven to micro-arlv! vuv¿ vvv¡¡ Õ

biological methods. Strai-ns of bacteria including
SJ-onl-^n/raêrrq. fçøoql i q Stranl_rlnôr¡êr'ls z\rmarcrênês. rnrluvvvvvvvvvuu rqvvgflu

Leuconostoc mesenteroides and the protozoan, Tetrahymena,

have been ex'oloited.

S. faecalis (Hatevy and Grossowicz, L953) and L.

mesenteroides (Horn et al, 1954) have been used as

assay organisms wj-th the limitation that test proteins
Ì^nrl f n ir^ ctrl¡ i anl-ari 'l-n ãnv\ri;¡ã aial qAi fl hr¡flr.nl r¡qi Sll4u t/U UU ÞUUJ gUUÇv UU çlr¿J¡¡rç vI qvJu l¡Jur vrJ of o.

Although Halevy and Grossowic z (I953) using pancreatic

nnnf ai n l-rr¡drn'l r¡qq1-oq nhJ-qi nad z.ocrlrl tcr øanor-ql -l r¡ nÕm-
Ì1r vvurrr r¡J s¿ vf J psvup 9 Þv¡¡vr qLL¿

narabl e wi th 7"â1. ør,owth rral "^- ' r'¡¡a ññ^malies led one" **t¿Uù, L/W\J d.Ilulll

to question the validity of the method. Egg albumen

was found to have essential amino acid deficiencies not

encountered in higher ani-mals and the response of the

microorganism to gelatine, though lacking in tryptophan,

r^râ s â1rnT-êei ah le . Horn et al (f954 ) used L. mesenteroides

P. 60 to determi-ne the effect of heat treatment on the

LITERATURE REVIEI^I

nutritive vafue of enzyme and acid hydrolysates of

cottonseed protein. Their resul-ts agreed reasonably

well with animal assays but the limited application of

the method affected its acceptance as a general procedure.



5

Rnocrs et ^1 flqEBl usinE â r¡ar-ietr¡ of nfOteins of bOthrlvóçr u ç u q¿ \L7 )W ,/ uÐr¡lõ s -y'

plant and animal origin evaluated these bacteriological
mcthods trr¡ nômparing results with protein efficiencyv J v vrrr¡/e¿

ratj-os (pnn) determined usÍng rats. As well as noting

discrepancies between bacteriological- estimates and rat
prroi¡rth d,af.a - these workers observed that lysine and

ar.slnine were the most limiting amino acids for S.

faecalis and L. mesenteroi-des for all the protein

hydrolysates studied. Ford (1960), in an attempt to

el-iminate possi-ble effects of prolonged enzyme or acid

npef.r.oetmen1' oh nr.ntoi n ¡11p1 i 1-rr ì nl-nndrrggfl the USe OfPf gL,r E:qL,rr1çIIU ULt }Jr VUgIII Y4ø¿f vJ t If¡vr vuq

S ry\îm^crêr-ìês, o 1¡i æl-r-l r¡ nrnl-an'l rrti n hnn1- ê1' i¿m. Pf eliminafyÙ. :4JIIIL/6ClrCÞ t @ rlróIlrJ I/f v vsvrJ uf v vsv vu

resul-ts correlated well- with animal growth values.

Hnwever. -r'n nractice this method is limited since S.

zymogenes requires glutamate but lysine" threonine and

nhonr¡-l a I ani ne are non-essenti-aI amino acids . Theref oret,¡¡v¡¡¿y

the bacteriological- methods so far investigated had

îrro\¡ên to he trnqâ1- i sfentnr.r¡ fOf fOUtine USe in pfOteinyr v v e¡¡ vv

^,, ^ f -.' r-, ^-.^-r ,, ation.qU.d,-Lf t/J sVo.IL¿(

The proteolytic capacity of Tetrahymena was first

reported by Lawrie (1957 ) and later made use of i-n protein

nuet ì tr¡ âssâvs hv Roekl anri and Dunn (1946, f9\9) . The
Y4q4r voY se ps\t e v.l

nrntcol r¡ti e sr¡stom hâ s heen studied (Viswanatha and
-11¿ v uuvrJ vÀv v.t p v

Liener , A956; Dickie and Liener, 1962; Smith I L96I) and

suFrÊrêsti ons have been made for increasing the proteolyti-c

cnrir¡-î j-r¡ l-rr¡ c.rr'lnhrzdr-rzl :etir¡ation (Viswanatha and Liener,d,çUIVIUJ wJ oqf,}/rrJu¡Jt

ry56; Maciejewicze lgT2) " Also Shorrock and Ford (I973)



have shown that pretreatment of test proteins with papain

r¡i cl ded i.esul ts which correlated more closely to those
J 4v4svv

obtained with anj-mal assays. Nevertheless, the majority

nf nlners flasnnì hi no tÌ¡a r'rqê of Tetf"a.hvmene i n ni.otei nvI PAIJç! Ð UçùVr IVrIIó Ullu uue 4r¡ y+

quality evaluations have reported acceptable values

without proteinase activation or enzyme treatment.

Tetrahr¡men¡ nrrr-i fnrmi q haS been StUdied by Sevel.al¿ev!s¡¿.yt.,:i:

i^rorkers with the objectives of elucidating 1ts

nutritional requirements and assessing its merit as arr

âssâ\/ tonl in nt.otcin oli¡'litr¡ dotar'min:ti9n5. Much ofqDDqJ Uvvf IIr yrvvç¿I¡ YuøravJ uuvv!

the information relevant to the application of the

orsanl'sm to nutriti-onal studies stems from the com-

prehensive investigation of Kidder and Dewey (1951).

These workers establ-ished that, in addition to its

nr.nJ:anlrrtia nowers and its ability to be cultured inyr v ueviJ¡ vf v

ehemic¡llr¡ rief-incri media - Tetnahvmena nvri-formis strainvr¡ç¡¡rlvsllJ , *vv*

W has the additional- advantage of requiring the same

essential amino acids as higher animals including man.

Â mqinr nrrrtrlam inl-lcrenJ-. in nrnJ-.eir ^rra'l-if¡r
- JtlL/ ¿IJ. IJI vLrçftL qud,r-LUJ

evaluation with Tetrahymena has been the lack of an

unequivocal method for esti-mating growth, or more

specifically the amount of ce1lular protein synthesized

in media containing intact proteins in sol-ution or

s.ì'r s,nênsion- Tn Tetrahvmena nr¡r'iformis âssâ1/s- nroteinùUùI/UrrúIvll. III r u vr ur¿J, rrrvlrs_ IrJlt rr vr ¡rrru

nrrq-l i 'l-rr hrcr l¡aon ovnr-os,q.orl âs t.he ørôr¡Tth l4êsnônsê of.que,rr uJ .Lfø-D vççll ç^}Jr çÐ Ðçv qu vrf u õr vv! vrr r vu¡/vr¿u

the orsâ.nism tn 'rha tast nrotein rel_atiVe to a StandArdVr¡u vr õsf ¿!vr¡r vv vI¡v vUs v

such as casei-n or whole egg protein. Different methods



have been proposed both for assessing the growth response

and foi- exnress'ìnE the Relative Nutritive Value (RNV).

Rockland and Dunn (1949) used acid production by Strain

H as an lndex of growth. A col-orimetric method based

on the determination of the red triphenylformasan

formed. by the enzymic conversion of colorles s 2, 3, 5 -
fr"inhonr¡'ltølr.47glaum chloride was proposed by Andersonuf ryr¡vrrJ !vv v! (

and Will-iams (L95L) and later modi-fied by Pilcher and

lriill-iams (1954). However, the col-orimetric method has

been rejected because of inaccuracies demonstrated by

Fernel-l and Rosen (7956) and Jambor (1955), Similarily,

turbid.j-metric methods have proven usel-ess because of

cha.nses i n onL'r'ea-l riensi tv associated with unutilized orvr¡srrõuu r¡I v.vr¡v+vd

unrlisesteri food material and variation in the glycogen
4¡¿u+öv

content of cel-ls (Levy and lr'/asmuth, 7970) " 0n the

assumnti on t-.hal. the comnosition and average dry weightspuurrryv4vfr

nf th è ^t1î2ni sm i s i ndenenrlant of f.he nrnto-i n sôttree -
-* o*-*-Þlll f D IlluçIJÇlruçrlv v! vrrv

Rosen and tr'ernel-l Q956) reasoned that the amount of

cellular protein synthesized will be proportional to the

number of organisms in the culture. Thus microscopic

cell counts using a haemocytometer har e been used by

several workers (Fernel-t and Rosen, L956; Teunisson,

W6L; Stott et â1, 1966; Helms and Rolle, 1968). Futite

:fitcmnts tn -*"ure Tetrahvmênâ eel I s from the med.ium,GtlUg1¡IUVD Uv Ðçysravu fvv!er¡J'rrrv¡rs

by differential centrifugation or by el-ectromagnetic

techniques (Fernel-l and Rosen, L956), had ruled out the

use of conventional methods such as dry weight, total-



B

hi tr¡.\crêr'r ñT1 rìr.ôtêìrì ni tr-oøcn sr¡nJ:hosi s - Rcaentlr¡tlruf vburr vf yr vvu¿I¡ I¡¿vf vÕer¡ rtvvv:rvloY ,

however, Teunisson (L9Tf) has proposed an efficient

elutriation methos for separating cells from residual

fond mattor. and the use of the Coulter Counter for¡¡¡qv vvr t

the faster electronic counting of cells. The Coulter
,r¡,¡øl-^n tn^,.1+6p 1q66) nl;tomatinallr¡ eoUntS and SiZeSVvUIIL/gI \vUUJUçr t LJ )w,/ qv vv¡¡lsvIvqIIJ

thousands of mlcroscopic particles with great precision

and consistent reproducibility, essentially one-by-one,

in a few seconds. Its merits. relative to the

haemocytometer, have been evaluated by several workers

such as Brecher et al (7956), Mattern e! al (f957 ) and

Richard e! at (I%9\ fn a study on the growth and.

f ocdi nø l¡i noti ns nf TeJ.rahvmone nr¡r"i fo'nm'i s (lllrds enrlv¿vÙ v¿ IUvrqIfJlrfçIls ¡/Jr 4tvr¡¡¡rp I

Cockburn (IgTa) established a linear relationship

between cell volume and d.ry mass (r-0.95; Mass = 0.072

Volume). Based on this rel-ationship, these workers

used the nrorirtct of the mean cell vol-ume and the cel-l

numbers/ml-o âs an estimate of ciliate biomass.

Throughout the past few years different approaches

har¡e heen suscrested for exnressins thc Relative Nutritivelruvv v4bõu

Value (RNV) of a protein source using casein or whol-e

ess âs the standard. Fernell and Rosen (f956) adoptedvöÕ ev

a cell-count/NH. nitrogen ratio as an index of protein

utili zat.on S,r¡sequently, Rosen (ag60) observed that

this ratio was not solely a function of protein uti.l-ization,

proposed the use of the cel-l--count only. Teunisson (1961)

estimated nutritional quality as an i-ndex: the ratio of



fhe regression coefficient of growth on the nitrogen

content of the test protein to Nlnat on the nitrogen

content of casein. on the premise that the maximum

cel-l count for each protein is greatest during the

lncr¡r.ithm-ie. Ernrnrth nhase Helms and ROIIe (1968)
IVEiqr I Vf l¡lrrv õf v vr v¡¡ ¡/¡¡sp v 9

ñ1,æñÃ¡#arl o -ìn6l fnr"m¡le foi. aaletllatinp'RNV:ÞtlóBÇÞ t/U\,t O. f \Jó r vt r¡ru!q ! vr vurv

RNV=Loe. ^ ( cell count f or ) Log, ., ( cel-l count
--LU (test protein ) - ru (inoculum

Helms and Rol-te (1968), Rol-le and Bggum (l9T!) and Rolle

(Ag73) applied this formula, which is the equivalent of

f.he comnari son of øi'owth ra.tes with the test proteins9 r¡ç v vr¡¡y sr ö* " "

measured after four days of incubation. However, the

organisms had completed the logarithmic growth phase by

36 hrs . (Hel-ms and Rolle, L96B ) and would have been

wel_l- within the stationary phase by bhe fourth day. on

the other hand this formul-a has the advantage of taking

into consideration the usually-vari-able inoculum cell-

count.

An important requirement for protein quality testing

is the presence of an adequate energy source fo spare

nr-otein- Tetr-nhvmena nvriformis has been shown to obtainvrvvufl¡. ruvrs¡¡.i È'.)**-

enerEV from amino aclds and protein when other energy
v¡-v- ÕJ

sources are not present in the medium (Hutner, 1963;

Cox et al f96B) " Thus in the assays with Tetrahymena

the proteins have been fat-extracted and carbohydrate

has been used. as the sotre source of energy. Different

Br., (cel-1 count for)¿v (standard )
8r., (cel-l- countrv (inoculum

for )

x 100
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nâr)l'r^hr¡d?11-^q haVe been inVeSti Eated âsvqr vvrrJur qusù ltd.Ve Ueefl _LIL, -- enefgy SOUf CeS.

Hol-tz et aL G959) using Tetrahymena pyriformis type II
var. r and chemically defined. media found that acetate,
glycerol, gfVcerolphosphate, l_actate and pyrurate

stimul-ated growth of the organism but not to the same

extent as glucose. Cell_obiose, dextrln, starch and

glycogen were found to be as effectÍve as glucose.

Kidder and Dewey (1-945), using various strains of
TetSaþymega found that strain W fermented glucoser

fructose, mannose, maltose, dextrin, glycogen and.

starch at the 0.5f" level in a I% proteose peptone

medium. rn addition they noted that this strain coufd

ferment cel-]obiose in a 2% proteose peptone medium but

not in a 1% medium. Strain W, unl-ike strai_ns E and H,

failed to ferment galactose. None of the strains of
Tetrahymena I^Ias found to utilize other di sacch,ari dcs

"t""" -"-^ tooDpirla< nnø]_^c^õ ^t-.L-.vv¡¡ur yv¿Joo-câfides, pentoses or polyhydric acids.
Lack of abiliti¡ to fcrmon{- a particular carbOhyd.rate

does not mean, horÆever, that the conrpound is not a

substrate for cel-lular enzymes. cell-free extracts of
Tetrahymena pyriformis not only cataLyze the hydrolysis
of maltose and starch but also of cellobiose and. sucrose

(Archibal-d and Manners , 1959) " The l_ack of the cell_rs

ability to ferment the latter two compounds was thought

to be due to a permeability problem.

Each of the enzymes involved in the interconversion

of glycogen and pyruvate (figure 1) are present in



Figure 1: Pathways of carbohydrate metabolísm
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Tetrahymena pyriformis (lirlarnock and Van Eys, 7962) "

Material-s other than glycogen are degraded by the

øl r¡nol r¡tì o neLhurav - Dextni n i s e'l per¡od nerhans both
öf J v Ftsvlrvra.} . uçrt vf rrr v&vs v vs,

hvdro'lvti caI Ir¡ and nhosnhorr¡lr¡ti nnI Ir¡ - f.o monosacchariderrJ vr vIJ v!usÅ¿J qrru yf¡ve ,) L,J v

units (Reynolds, L969)t and the monosaccharides, glucosee

mannose, and fructose are phosphorylated prior to their

entry into the reaction sequence (Seaman 1950). All- of

the enzymes of the Krebs (tricarboxylic acid) cycle are

nt-aqani- in To'l-r.:irr¡men: nr¡r.ifni.mis lfiøtlrê 1)-
I/IçÐçtru Ill r9uIqIIJrrrul¡4 ¡/Jr rrvrrrf¿v v L,/ .

Studies on the carbohydrate metabolism of Tetrahymena

( Van Neil et al, 1942; l,rlarnock and Van Eys ' 1962) showed

that gl-ucose was oxidized. to CO^ j-n the presence of
¿

oxygen; but under anaerobic conditions succinate, lactate

and acetate were produced according to the following

reactions:

1. Aerob j-c : Gl-ucose + 6O^ > 6C0^ + 6H-0¿¿2
2. Anaerobic: 2 Glucose + C0^--+ 2 succinate + lactatet + acetate
? Ansar.nlrin ¡^¡ithnrrt Cn : GIUCOSe ---------> 2 La}tateJ. rrrrsvr ""2

Tetrahymena differs from mammals in its carbohydrate

metabotj-sm in tihat it possesses a glyoxylate cycle (figure

1) to permit the net conversion of lipid to carbohydrate'

The finriinøs bv Rvlev (iq52) t,hat. the re-*;-^1- ^-'" ^"^tientwJ TLJIvJ \!))L/ *JùYrro.vvl J Yqv

of Tetr.:hr¡mena nr¡riformìS is lnrr- 'imnlicr +L^+ -r-:--'i^
-Lo I\Jv! 9 alrrPrf,CLr UllO- t/ l-LIJf u,

raiher than carbohydrate e is oxidized to supply cellular

energy. Lipid thus appears to be more important than

carbohydrate for energy production of normally growing

cells. Glycogen accumulates aN the expense of intra-

72



cellular lipids (lirlarnock and Van Eys, 1962) even in a

non-nutriti-ve medium. Obviously there can be no net

sr¡nthcsi s of qlVcOEen frOm 'r-Î ^'i 'r "1-'i a1'r i S metabOliZedDJIMIUÐrÐ vI bfJ vvt)vr¡ ¿ry¿u vv¡l!vr¡ I

t.rrr f ho Knohq nr¡nl a s,i nna tWO mOleCUleS Of CO _ âf e9Jv4llvv"'2

produced for each molecule of aeetate util-ized. This

is the situation in mammalian cell-s.

A few attempts have been made to study the com-

parative effects of different types of carbohydrates on

the crrowth of Teti.ehvmena nvri formi s 1¡l with variable

results. Reynolds and Wragg GgeZ) studied the effect

of different levefs of dextrin and glucose on the growth

of the organism as measured by optical density (OD) and

cel-l- protein determination in media containing an amino

acid mixture. The results showed that both the rate of

growth (2-T day períod) and the maximum growth attained

hrere greater in the mediun with dextrin than with glucose

at concentrations 0.5f" @/v). In addition they observed

that in both chemicafly defined and crude medla the

average volume of individual cell-s was I.5 to 2 times

Ereater in the nrêsênno of the nnlvs,annhâr'ide cnmnareflyr vvv¡¡v yv!.)

to the monosaccharide. The apparent effici-ency of con-

verslon of media nitrogen to protein nitrogefl¡ as indicated
1-rrr f ho I\TTJ lrT/nÌ"oJ.e-ì n Nl r.eti o _ r^râs mllnh crf ea.ter i n medlawJ Urlu l\rf ?- l\/ yr vUçf,lI - f\ ! surv, vvqu ¡¡ruvrr

J

with dextrin than with glucose. In agreement with previous

rannrie fKirlrlor. qnrl T-lor^ro1/ 1O,[O. Rns.on ¡nr] ltcr"noll
\¡¡4ssv+ -,'-d, -/'/ 

vvrr s¡is LY)O) t

they found that high glucose concentrations 3f' fu/v)
inhib-ì teri Erowth of rfetrahr¡men¡ nvriformis in mediahr v Yv v¡¿

1?



contai ni ns 0 - ? mEN,/ml but hiEh concentrations of dextrinv.J

did not produce the same effect. Thus based on these

results, Reynolds and Wragg (I962) concluded that pro-

tein was more efficiently utilized by Tetrahymena

nrrr.ìfor.mis W ìn tl-ra n?ês.ê.ncê of a no'lvsaCChafide thanyJf rrvr¡¡¡ru vv rrl s I-"

when a monosaccharide was used.

Seemingly contradictory results were obtained by

Stott et al- (1963) who compared starch and glucose in

inr.eot, n"notein media. Starch at 2% (W/V) and gl-ucose

at 0.75 f .5% were compared over the range of 0.1

0.5 mgN./ml. Significantly higher mj-croscoplc cell-

counts were produeed in glucose compared to starch

media. Stott et al (L963) therefore recoÍrmended use

of glucose instead of starch, âs a more suitable energy

source for routine assays. Estevez (I962) studied the

effects of glucose, maltose and dextrin wi-th two nitrogen

sources, an amino acid mixture and casei-n, ofl the growth

of Tetnahvmena nvri formi S âs me¡sllr.cri hrt l-1-ra rlr¡a noarr.gtiOfl
------ø ¡/J r rr vr r¡¡Is 4Ð rrruqe 4r us vJ v.y ç

method. The carbohydrates were tested at 0.5 2,5f"

(W/V) in media at nitrogen level of 0.276 me/m:-. In the

casein medium the growth response was the same Ín varying

concentrations of glucose, mal-tose and dextri-n. In the

amino acid mixture the response \^Ias similar with glucose

and mal-tose as energy source but was lower with dextrin.

Also, growth was repressed with high level-s of glucose

j-n the undenatured protei-n medium but not in the amino

acid medium. The growth of the organism appeared to be

14



flcnenflent nôj- n-'l r¡ ^ñ t1-ra ni t1.ôgen Sôllf eê - h¡t â I SO OnuçI/çrruu¡I u t fIv v vrlr!.y vI¡ vrrv rr¿ vr võvrr

the type and amount of carbohydrate. The resul-ts of

Bstevez (1962) are at variance with those of Reynolds

a.nrl WraEE (Lq62\ - The lat.ter used an amino acid mixtureqrru vvrsõõ \L¿/vL/.

and observed higher growth responses in terms of optical

density (OD) with dextrin than glucose at simlfar nitrogen

and carbohydrate levels after identical- incubation periods.

They obtai-ned the fol-l-owing results:

Glucose: 0D = 0.41, Dextrin: 0D = 0.61 (Reynol-ds

and Wragg, 1962); Gl-ucose: OD = 0.56, Dextrin: OD =

''-=to-roo 1O6,)\0.5(, (ts,L ¿)vL/.

Reddy (L965) showed a higher growth response with

olrnnqa nnmn¿¡gfl Ng either dextrin or Starch in different
ór4vvvv

native and amino acid media, thus confirming the findings

of Estevez (L962) and differing from those of Reynolds

and ]riragg (L962). Reddy (1965) observed that when with

the amino acid medium glucose could not be lnterchanged

with starch or dextrin and recommended tlnat comparisons

of amino acid mixtures and intact proteins could only be

done directly if gJ-ucose is the carbohydrate source.

Generally, Tetrahymena pyriformi-s has been applied

to the eval-uation of large numbers and types of protein

çremnl oq. i¡rí l-h rlatrehr¡mene r-esri I ts e çrr.cei ng fa.i rl v wellDqlt¡ulvD vvlvr¡ r9v¡s¡¡.yr¡¡vrre v¿¿¡b

with the animal assay indlces (Rosen and Fernell, t956;

Teunisson, L96I; Reynolds, L964; Baum and Haenel, t965;

Kamath and Ambegaokar , L96B; Helms and Rolle, 1968; Rolle

and Eggum, L97L), A few reports would seem to indicate

't 5
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the unsuitability of this assay method in certain cases,

viz", low RNVs compared to animal values for blood-meal-

anrl srâ ss-nr.otein concentrates (nosen and Fernell- , 7956;v y+v!

Maciejewicz, 1972) and for fish protein concentrates

(Ce11iers, Lgfi; Rosen et al-, I)62', Boyne et al , L96T);

overestimated protein qualities of samples with l-ow

contents of sulphur-containing amino acids (Ro1]e and

Eggum, I97L). Tetrahymgna pyriformis assay has al-so

been applied to the control of oilseed processing

(Teunisson, I96L); the formulation of mixed feeds (Rosen

ct al 1q62: Meei eiei¡ri ez - 1972); measurement of availabl-eçv qLt L)vL rvdv

amino acids and amino acid supplementation effects (Stott

and Smith " 19662 Boyne et â1, 196T; Rosen et â1, 1962)

and the effect of processi-ng temperatures on the total

and available amino acids (Kondos and McClymont, I9T2) 
"



MATERTALS AND METHODS



ORGANISM

The organism has been variousl-y described as

Tetr.ahvmenâ nr¡r.i for-mi s - Tetr.ahvmena ctel eii and Glaucomaru urqr¡Yr¡¡v¡re y.l._--_Yj_jjl-" r ¿uvr s¡¡.J,¡rrv¡¡e öv¿v

tt"tt"** ;o" this study Tetrahymena pyriformis

strain W was obtained from the American Type Culture

Collection (ATCC #]0542). A fresh stock cufture was

ni.rl- q'i norl êr/47"\/ f orlr months -vu uqltlvv v v vr J

Nitrogen Sources

MATERIALS AND METHODS

The nltrogen sources (tante I) were intact protein

concentrates or isolates, cereafs , a protein hydrolysate

and a free amino acid mixture; (the ami-no acid compositions

are shown in Appendix Tables I and II):

i) animal protein: casein, whole egg protein,

herring protein concentrate and cod frames.

ii) plant protein: faba bean protein concentraÎ.e'

soy protein concentrate, natural vegetable protein

lnr¡n^ a fohn 1-racn nænl-pj¡'isolate) and Zein.\Ilvy, 4 Lo.vo. ugoll yr vvçrl¡ LÐvLavç rl

iij-) Cereals: CIMMYT l¡lheat and tri-ticale.

iv) protein hydrolysate: Casamino Acids (lifco),

acid hydrolysate of casein.

v) free crystalli-ne amino acid mixture (Appendix

Table III, 'Solution F (requirement pattern of

Tetrahymena pyriformis I^l). The essential amino

L7

1. Private communication, Dr. B. B.
\Trrtrì {-i nn T'lonqz.1-mont TTnirro-r-si i-rrI\UVI MVII vVysL v¡¡rvrre,

Smi 1.h Flnod s andp¡¡rl v r ¡

of Manitoba.



Table 1

Protein Sam

Protein

Casein, Vitamin free

Zein

Whole Egg Protein

Faba Bean Concentrate

Nitr en and

Faba bean isolate (Cerebos
vegetable protein, n:,lP)

Soy. Protein concentrate GL30l

Herring protein concentrate

Cod frames

Casamino Àcids (acid hydro-
lysate of casein)

CIMIÍYT Cereals: -

4859 7-Cerros l¡lheat

4860 Inia- Wheat

Protein contents and Source

B Nitrogen I Protein
(Nx6.25)

14"5 
:

15.1

11. 4

10. 9

13. 7

LL"2

L3.6

12. 0

9.8

B Nitrogen

1.95

i. tt
'2.56

2.60

2.7 4

90.7

18

Source

84. 4

7L.3

67 .8

86.9

70. 0

85.0

NutritÍonal Bio-
chem. Inc. Clevelanc '

Ohio

General Biochem. Inc.
' Chagrin Falls, Ohio

Prairie Regional Lab
Nat. Res. Coun;
Saskatoon.

Lord Rank Research
Centre, High I'iYcorob:
England

Gríffith Labs, Ltd.
Ontario

Fisheries and
Ma-rinc Service,

IIalif ax.
It

Difco Labs. Detroit,
Michigan.

4861 PM-I32-triticale
4862 Pt4-z-triticale

4863 PM-15-triticale

t Triticale, a nevt wheat-rye

irnportant food for humans in

been found generallY higher

75. 0

61.3

3 Protein
(Nx5. 7)

11. t

11. 3

14. 6

14. I

15.6

hybrid, has been suggested as a poterrtially

that the lysine and protein contents have

than that of wheat.

Centro Internacional
De Mejoramiento De
Maiz y Trígo'

(International ltlaize
and wheat Improvernert i

Centre)
Mexico.
CIMMYT cereals were
supplied by lr. E.T.
l"brtz r Dept. of
Biochemistry, Pu:rdue
University
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acid requirements which were derived individually

according to the procedure of Stott and Smith

(f966) and the non-essentj-al- amino acids were

added to simulate the pattern in whole egg.

Carbgþydrates

The carbohydrates used were D (+) glucose (British

Drug House), dextrin (Matheson, Coleman and Bell-) and

soluable starch (Mallinckrodt). These reagent-grade

carbohydrates were found to be practically nitrogen-free

hv J-.hc Ki e'l dahl test .

ñrrr rrræi næ ^f Tctr-ahvmena nvfifOfmis 1¡lvuf v4rII¿õ vf tçvrsl¡.y¡r¡vfrq yJ

pyriformis I¡l were maintained at 250C. in

bottles containinE 10 ml nutrient broth

composition as recommended by ATCC:

a) Stock Culture: Stock cultures

Proteose peptone (Difco)

Bacto tryptone (Difco)

K H.P0l,a+

K^ HPOr,aa

The pH was adjusted to 7.1 with K2HP04 and the medium

was autoclaved at tZt]C for 10 min. Cultures

were transferred weekly by sterile Pasteur pipette.

Axenity was tested for routinely by plating on trypticase

soy agar (gattimore Biological- Laboratories) incubating

for up to four d.ays at 370C. and examining for the

nFôcan^ê nf n¡rtl:mi nnt-i no Of ganiSmS.

b) Continuous Cul-ture: The organism was maintained

of Tcti.nhr¡mena

50 m] medicine

of the following

0.5 e/I00 ml

0.5 e/t00 ml-

0.012 g/100 m]

0.050 e/tOO ml



in continuous culture to provide a ready supply

that were of reasonably uniform population and

state of metabollsm. The continuous culture of
pyriformis l¡l was used in an attempt to further
J-ho nF^ôarlrrna

F'r vv

The design of the low-cost continuous cu1ture appar-

atlis (fi orrre 2\ was 'oased on the suÊ,'sestions of Baker\À!Þw¿v 4/

(1968). The basic requirements were specified by Herbert

et al (1965): a calibrated growth vessel, a means of
'lreenins the r¡OlUme Of CUltUr.o nnnsJ:¡n{- a meghanism fOrV gII V ,

riel'ìvei.-ìnc" ã steedr¡ f'lor¡r of medium An effiniont srrstçm
9 sr¡

of agitation and means of control-1ing the temperature

and the gas flow rate. The growth vessel was made of

glass and autocl-avable, nontoxic sillcone rubber tubing

was used f or making connections. A l,{ei-r-type overflow

provided culture vol-ume control. Large 10-litre glass

bottles were used for the medium and effluent vessels.

The medium used was a growth-limiting dilution of

the original maintenance medium instead of the more

exnensi ve ehemì e.nl I v dcf i ned medium:

20

of cells
'in a stoerir¡

T'ol.r,n h r¡mon ¡

standardize

Þnn1-Â^qê Þantnnar vl/ uvf ru

Rr ain rirrr¡ntnnc

1( rJ pn
r v ¡'¿+

l,.TfÞNr\^ r¡r v ll¿+

Penicil-lin G (Na salt )

Qf man.{- nmr¡ai n crrInl-rof nu uf çF, L/\Jr[J L'_Lt]. ùUIyrrc,uu

The medium and the partl-y disassembled chemostat

3. o s/Ij-tre
J. U g/ LI-TTC

o.r2 g/ritre

0.50 g/Iitre

0.031 g/Litre

0. 05 0 g/Li-tre



Figure 2z Continuous Culture Apparatus
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were sterilized at

autocl-ave. After cooling, the apparatus was assembled

asceptically and the medium was pumped j-nto the growth

vessel to about 2/3 of its operational volume and the

pump then stopped.

A 2.5 ml. inoculum of a three day pure batch culture

of Tetrahymena pyriformis I¡i was introduced asceptically

into the growth vessel with a sterile hypodermic syringe

and 18 G f1-. nsedle. Then the stirrer was started together

with the air-fl-ow, and when growth had become established,

the medium flow was started.

The flow rate (f) was determined by clipping off the

srowth vessel nnd llsins n sJ.on-r¡ratnh f.o measure the fateõr vvv vr¡ qe4¡r(f s v wvY

of ascent of the medium up the pipette flow-meter.

Temperature was control-led indirectly by a water-bath
õ11ÉÉ^1'-'l-i - - +he ørowth r¡essel . An air-f IOW f ate Of 4 00ù uI r v uIIurIl6 urrç ór v vv vrr v u u L

ml. air/min. was monitored using an air-flow meter

attached to the air line.

tztoç. for 20 mi-n. in an

22

Frequent samples of the continuous cul-ture were

taken for cell- counti-ng and sizing, for contaminatlon

tests, pH measurements and mi-croscopic observations.

Thc tenhn'i nllo darra'l nnad fnr. SAmnl i ng eonSiSted Of Un-vuvrrrr¿\44 v vrvyvs

clipping the tube between the growth vessel and the

sâmnl ins nort and c'l inninø the tube from the Weir overflow.

The rising air-pressure forces some of the culture into

the samnlinE oort. The air Ntrþs wâS then unclipped and

the samnl j¡s' f rrl'ìa r.an'l innarl . A eell_ COnCentfatiOn Ofvfru usr¡¡y¿!i¡õ

â?ìrìr.ôvimrta-lr¡ 70-000 e.ells/ml . WaS maintained at AI v 9 vvv vvr!v/

dilution rate (f /v ) of O.18 hr. -1. The chemostat was
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oner'âted for 4 - 6 weeks or until it became contaminated.

Basal Medium

Stock solutions A, Be C, and D (100 x final con-

eentration) were prepared as outlined in Appendix Table

IV. Sol-ution B, which was 5 x final concentration, was

freshly prepared just before use from solutions Be Ce

and D using 1 ml. of each per 20 ml. of solution E and

the appropriate weights of guanylic acid (sodium salt),
^l 1adenosine 2- (3') phosphoric acid, cytidylic acid

anrl urae.i 'l p'i rron i n Annenrii x Tabl-e IV. This solutionsr¡v u! svr! 6r v va¡

was adjusted to pH 8,2. So]utions A, B, Ce and D were

stored in the freezer until- required for use. Then they

were thawed and kept temporarily at refrigerator tem-

perature. These stock solutions hlere prepared freshly

every 4 - 6 weeks.

Preparation of Test Materj-als

The test materials were defatted by hexane-extraction

for 18 hr. in a Soxhlet apparatus and then dried over-

night in a vacuum oven. The dried, defatted material

was then ground in a l¡'liley Mill to pass through a 60-mesh

BS sieve. The fat-extraction and grinding r^Iere omitted

for protein samples already defatted and powdered.

The nitrogen contents of the ground test materials

were determi-ned by the macro-Kj eldahf method (AACC f969) .

Suspensions of test materials were prepared to give a

nitrogen content of 1 mg w,/ml. and the pH was adjusted

to B.Z with 1 N NaOH and refrigerated overnight. After
t^râ Tamino' tn r1(\l*-cm temperaturer the pH was readjusted to 8,2.



The free amino acid mixture, Solution F, was prepared

as outlined in Appendix Table III to provide 3 mgN,/ml.

25 ml portions of So1utlon F, adiusted to pH 7.I' were

stored j-n a freezer for up to four week periods.

Assnr¡ Prncerìrrr,6¿¡v uq¿/

The general assay proeedure I^Ias based on

of Stott et al- (1963). Assays were performed

in 50 ml. Erlenmeyer flasks. A final medium

10 ml. was made up in the fofl-owing manner:

1. Solution E, freshly prepared - 2 mL

2, NitroEen source - the vol-ume of the

source provided a total nitrogen content of 3

medium.

Â,r,i ^ Ã | ^ -.,' -"a J-hc rê.rìr i r.crl f inal carbOhVd1r ate COnCen-d,LLucLr uu 6-LVs L,lfs r çqu¿r çu

tration. Dextrin and starch were added before auto-

claving but glucose, which was sterilized separately to

avoid amino acid inactivation" was added afterwards" In

the case of the cereals no additional carbohydrate was

added since their native carbohydrate content was

adequate (Rosen et â1, 1962).

¡ltLA

Carbohydrate source appropriate amounts were

the method

'i n rlrln"l i oçl a+¿¿ s4I/

volume of

4. Distilled water an amount of glass distil-Ied

water was added to brinE the final- medium volume to 10

ml. in each flask.
5. Sterilization - i) The flasks were then

stoi.i I i zcd L¡v rr:tnelar¡in s at tZt]C. for 10 min. andÐ VçI ¿TIáUU VJ

all-owed to cool to room temperature.

ii) Stock solution A (Appendix Table IV) diluted

n i t-r-n øen

mæ\T./'1 /^ì m]1116r\,/ rv rrfr.
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10 x r^ras col-d sterilized in a Millipore filter unit

with a 0.20u plain membrane filter.t'

iii) Glucose solution (10% (w/v)) was autocfaved
nat l.zl-"C. for 10 min.

/6̂. Solution A 1 ml 10 x difuted sterile solution

A was added to each flask.

T. Glucose If needed, an appropriate amount

of glucose was added.

B. Inoculation Each flask was inoculated witn

two drons lannr.oxi metc'l r¡ n 04 ml - ) of a samnl e from t nes¡vlJ v¡lrr¡¡su9rJ v.vT lLtL.,/ s pqrlrl/!ç ¿rvr¡t w)

continuous cul-ture apparatus of Tetrahymena pyriformis

hl using a disposable sterile hypodermic syringe (22 nrl- .)
^ t-^ano neeole (IÕ G L2z) ,

9. Incubation - The culture flasks Ì^rere incubated

a,', rôom temner.ature in a 3C"tlenkamn automatic shakervs!rvfrrler¡rF/

operated at 6O oscil-lat j-ons,/min. f or specif ied periods .

10. Preservation of cells - After lncubation the

cultures were shaken on a flask shaker and 5 ml. of

culture were transferred to a 20 ml-. bottle containing

5 mf . of preservative fluid (gO ml-. water, 20 ml. 36/,

(w/v) formaldehyde and 10 ml. of stock solution D).

These preserved culture subsamples were stored at room

temperature.

Gr.owLh Resnongg

rrìLra ænnr.r{-l¡ É^qnônsê of Tetr.ahvmcna nr¡r-i fOfmiS Wf,rrv õr vvv vrr r uÐ¡/vtf uç vr Iu vr sr¿Jfrrç¡¡q ¡/Jr rr

Gallenkamp lilater-Bath, Canlab, Toronto
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was measured by eibher of two methods depending on the

nature of the test protein:

a) Microscopic'0e11 Counts

The number of cell-s/mL. was determined micro-
qnrrninrl lr¡ rrcì¡s an imnroved NeUbaUef-fUled dOUbleuu r¡¿õ srr 4¡¡a¡/r v v v

chamber haemocytometer. The organisms on 9 sq. mm.

areas of each haemocytomer chamber were counted. The

mean of the 9 counts x Z (Oilution factor) gave the

cell population x 104 per ml of the original culture 
"

Before counting, all of the Squares of each chamber l^Iere

examined to determine flnat even filling had been obtained'

Counting was repeated until a representatlve count was

obtained. The growth responses of the organism to the

cereaf media \^Iere determined so1ely by this method since

the presence of undigested fibrous material prevented

use of the el-ectronic counting method.

uThe *Coul_ter Counter Model B with a 200 ¡t aperture

tube was used to determine cefl numbers and mean cell

volumes. The total population volume concentration

(- mean cell volume x numbers/ml ) was used as a more

accurate estimate of the growth response of Tetrahymena

nr¡r"-r' fnrm-ì s 1^l than Cel-l numbers alone. This method of
vJrfrvfrrr+v vY \

âssêssinø the or"nrnri..h ï'esnonse WaS USed fOr all the prOtein
qÙÙuÙu1116 vliv

concentrates and the amino acid media since there were

no large undigested particles in those cul-tures to affect

Electronic Ce11 Counting and Sizin

Coulter Electronics fnc. , Hialeah, Florida



the accurate counting of cells or to plug up the aperture.

The growth response of Tetrahymena pyriformls l¡I to the

cereals could have been assessed by electronic counti_ng,

only if the large undigested particles i^rere elutriated
from the cells in suspension without loss of celfs. The

elutriation procedure suggested by Teunisson (ryf t) was

not employed sj-nce it did not seem practlcal for large

numbers of samples.

The electrolyte used in the counting assembly and

as a diluent consisted of' 0.9% NaCl and 0.I/' formaldehyde

dissolved in distill-ed water, and it was filtered through

a membrane of 0 4 rr norositv and counted to ensure ar v"-
particle-free solution. The Coulter Counter was calibrated
r¡ri J-h 1.rcrr^râêd ool1en (20.L95 u diameter). The calibration\ ¿v. L) 2 

,

constant (153 ¡t3/ tnreshol-d unit) relates particle vofume

to threshold units.
Four ml. aliquots of the preserved culture sub-

samnl es were rliluted 7220 with the el-ectrolvte and 2 mI.

were drawn through the Coulter Counter for counting and

sizinE of Tetrahvmena nvri formis cel-ls.'" "*-=ji:I-ji="= ¡/L' r +4

c ) Growth Rate:

^n

The growth rate of Tetrahymena pyriformis W in

medj-um was determined from a semi-logarithmi-c plot

1og. ^ (totat ciliate vof ume concentration. ¡.rrlmt. )-,LU I

ti mo (lnv, \ The sl nno of tha I nø nl¡.as,o mrrl ti nl i arì l.rrzvlrrfu \ rrr . / u!vyu vr ulrç 1võ yrisuu rrrur uf yJ¿çu wJ

corresponded to the exponential growth rate (frr.-1¡

each

of

VCTSUS



Ra<ni þâ {-i 
^h 

R¡{.orLçD |/¿r G VrVll frd, uc

r.êsr'ìi r,âti ôn t"Af.ê of r.esti nø nêl I susnênsi nn Õf Te trahvmena¿ uuvrr r uvu r uu vlrrff vvII uuvyv¡¡u4v¡r f v v¿ srld¡

pyriformis I¡I was determined by comparing the oxygen uptake

using the conventional L{arburg technique (Umbreit et al-,

f964). The resting ce11 suspension was prepared by

centrifuging 250 ml. of Tetrahymena pyriformis cul-ture

from the chemostat at a l-ow speed and temperature (5T x
nG 2"c-) for five minutes. The cells were washed twicevt L v. /

in buffer (prepared from stock solutions B, C, and D)

and finatly concentrated 10 x by resuspending 25 mI.

buffer.

The effect of glucose, dextrin and starch on the

Two ml-. of the 24 hr.-starved cell suspension were

ninottod intn the i-ins of the 1¡larhui.E fl ask. The centre_yrl/vvvvu ¿frrõ vr

wefl contained 0.2 m1. 2N NaOH wetting a piece of fifter

2B

paper. The side arm IÀIas charged with 0. 4 ml-. of 70%

(w/v) carbohydrate substrate, so that after mixing a

final carbohydrate concentr:ation of r.25f" was obtained'

The ôxvÊ'ên untake was measured at 10 min. intervals.*-v,

For measuring endogenous respiration, the substrate was

excfuded and replaced by the same vol-ume of buffer in the ring
of the flask. tr'or thermobarometer corcections the flasks

contained only buffer, 3.2 ml. The experiment was

0 - t,n +conducted at 30"C. The initia] ce1l density, 4T x 10

cells,/m1. was determined using the Coulter Counter.

Relative Nutritive Value

Pnntoin nrrr'lìl-r¡ r^r¡s. daJ-o'r-minorl hr¡ r,ômnâr-ìng ther I v vçrll Yuqrr vJ uç vu! v¿
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maximum growth response of the organism in the test

protein medium to that in the standard protein, casein

medium at the isonitrogenous level of 0.3 mg m,/ml.

Casein was asslEned the val-ue of 100 and the RNVrs of

faql- nua{-ainqì,r vv-*,,.; I^Iere expressed as percentage of casein.

The growthr responses (mean cell volume, ce1l count,

total vol-ume) were recorde'd for different incubation

periods and the maximum response (cell count or total

vol-ume) was used in calculating the RNVrs. The carbo-

hydrate solìrce for RNV determination was sol-uble starch

nr- 1 t'\ mre /m1 'redium. In the case of the cereaf mediaa.ú f u rlr6l llrr. ll

no carbohydrate was added.

Amino Acid Assay

The procedure for amino acid assays was based on

the method of Stott. Smith and Rosen (f9æ) with
Ã/modi fications . Half of the total nitrogen content

(ie. 0.15 mg N,/ml. ) of both the test protein medium and

the stand.ard amino acid mixture, (Soluti-on F), was

sìrnnliorl lrrr Sol-ution F less the amino acj-d being assayed.Uuì/yrlvuUJ

The rationale for this modification was to ensure that

the amino acids other than the one being assayed were

in non-linitinE concentrations. Since standard curves

for such proteins as egg and casein revealed thaL the

0. 3 mg N/ml. level was within the linear part of the

response curve, i-t was decided to further standardize the

q q.qâ\¡ Lrr¡ rrqi n¡ +- 1.'i c omnrrn.{- of ni tfOgen - Tho nr,ôr'orlllr.ouÐÐaJ vJ uuf riE; L/1.1._Lù d.lll\JUtlIU Vt Il¿Vr vöç11. f llu yI vvvuul u

Ã Private communication, Dr. E. B.

Nutrition DePartment, UniversitY
Sm'i th - F'ooris and
of Manitoba.



was similar to that
onr-hohr¡d r.e|r.c SOUrCevr¿J sf svv

starch at 10mg /mI.

the test medi-um üIas

amino acid content
(mg,/100 mg protein)

3o

used for RNV determination. The

was a (1:1) mixture of glucose and

medium. The amino acid content of

calculated according to the equation.

nnx. ryoui-th i-ftest ni"oteinTl amino acid_ rrgr! .- response in Lt(F-anrino acid)l -- content in^ l"Tuu-**response r-n L acr_o ,l

Ami nn Â n i rl qrrnr'ìl omontnti onnllllllv nvru uuvvfvfrrvfrvuvfvrf

The effect of supplementing protei-ns with amino acids

T¡ras tested followi-ng the procedure used for RNV determinations

with the exception that the carbohydrate source was the

gluc ose/starch mixture. Also an unsupplemented protein

control was included. The levels of amino acid to be

supplemented were calculated as percentages of 100 mg.

protein.

Statistical Anal.ysis

The analysis of variance test

L96B) of data in randomized block

determi ne s-i qnif icant ef fects (P =

(Snedecor and Cochran,

dcs-ì øn r^râs used to

0.05).



EXPBRIMENTA.L AND RESULTS
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BXPERIMENTAL AND RESULTS

The Effects of
îophnhr¡rlr"etos
of TetnahvmenA

The effects of a monosacchari-de e glucose, on the

or.nr^¡l.h nf tratrehr¡mona nr¡r,ì formis \¡l were compared to thoseÁr vvl vrf v! ru v! s¡¡Ly ¡¡rv¡¡e

of a pol-ysaccharide, soluble starch. The comparison was

made when the organism was suppl-ied l^Iith three different

nî t-r.osen sôltrees - the inf.aef. nr.ntoì ns . nasein and WhOlelll Ur vóvr¿ ovu¿ vuu I vrrv !I¿usv wv¿¡¡v , v

onrt oh oeid hvdrolvsate . Casa.minO An'ids sllnnlementedgóó¡ d..ttu alr auf u r¡J ur vf,J Ðøvç, v4usrrrlrfv ¡rvrvu

with lf" L tryptophan all- aL isonitrogenolls levels

( 0.3 mgN/mt. ) . The carbohydrate concentrations used were

2,5, 5.Q, 10.0 and 20 "0 mg/ml-. medium. Also a control-e

containing no carbohydrate, I^Ias included for each nitrogen

source tested.

Tr¡no and Coneentration ofrJÈ,V

on the Growth Characteristics
nr¡r.'î fnr.mi s Lìi

<l

The general assay procedure was fol-lowed and cultures

were set up for each test medium for incubation times 18,

2\r 361 48, 60,72r 96, and l-20 hr. At the end of these

ì nnrhet'ì on ner-i ods nreserved srihsamnl es of each cultureIJ.IV 4Vq V lvlt }Jçf rvuÐ vr v vv

were prepared and. cell numbers e average cel-l Volumes and

total- popul-ation vol-umes were determined from the data

obtained using the Coulter Counter. Tn addition curves
?

Weredrawnfor].og.^tota].populationVo]-ume9¡,1'/mI.vs
-t_ u

time. The results of this study are shown in Ta'oles 2

4 and Figures 3 - 5.



Table 2

Mean Cell- voluñe,

and grorvth rate of

- with

ma><inrum cell count, maximum

Tetralrvnlcna nvriformis tr{ in

di-fferent' concentrations of

I Carbohy-
drate

.0 Control

Mean Cel-l
Volume
(xl0 3s3 ¡

glucose

population volume

casein medium

glucose and starch.

18.3

14aximum
Cell Count
(x10 4/m1¡

starch

t.0

23 .0

9irlcose

33.0

25 .9

Maximum
Population
voi.l xl-o9u3)

starch

0.0

68.4

29.1

glucose

68 .6

4.1

?t o

Growth
Rate
(trr- f )

starch

7 4.'7

9.7

29 .4

glucose

n 1?

* These figures represent ttr-e highest of Ëlre mean cell yoltrmes

attained d.uring tlre.. growttr- cycle.
** Tt¡-e values for th-e maxj¡rum cell count ancl maximum total popu-

lation volume are indepenclent of each other since they were attained

generally at. different times during ttr.e growth of the population.

72.3

9.7

29.0

starch

0.14

76.3

11. 0

33.0

0.16

78.3

oo

)o R

0 .16

62.9

L4. 4

0.16

59.7

0.16

L4.2

n'rc

L2.3

0.13

0. 15



Table 3.

Mean cell volume, maxímum cell count, maximum population volume and

growth rates. of Tetrahyr.rena pvriformis I^I whole egg protein medium

(0.3nrg Nr/ml) with different concentrations of glucose and. starch.

mg/mI Carbohy-
drate

0.0 Control

Mean Cell
Volume
(x103¡¡3,¡

2-5

Glucose

starch

25.5

llaxi¡num
CeIl Count
.(xr0alml )

5.0

30.3

grlucose

33

47 -8

starch

24.6

Maximr¡n
Popu]-ation
või rxtogu3rt;

l_0. 0

99.4

glucose

28.L

98.6

7.2

starch

31.5

20.0

Growth
Rate
'fnr-1).

94-7

14. 6'

glucose

31.0

* These figures represenÈ the highest of the mean cell volumes attain-

ed during the growb.h cycle.
** The values for the maxi¡num cell count and the maximum total
population voh¡¡ne are independent of each other since they were

attained generally at differenÈ times during the growtlr' of the

population.

r09. 6

0 .14

ts. 4

starch

34-2

0. 18

84.4

15.0

35 -2

108.5

0.L7

r6. I

30.0

0.2L

''ft.7

68.8

o -23

90.4

19. 6

0.20

19¡8

0 .18

19. 0

0 .17

0.r8



Table 4.

lvlean cell volume, maximum cell count, maximum population voh¡ne and

grovrth rate of Te.trahymena pyriformis W in casein hydrolysate medium

with different concentations of glucose and starch

mglml Carbohy-
d.rate

0.0 Sontrol

Mean CeII
Volume .

1 ro 3¡r3 
)

2.5

Elucose

22.9

Maximum
Cell Count
(xIO ,/mÐ

starch

5.0

28.5

glucose

22.2

Maximum
Population
voi..( *ro9p3)

30.6

starch

10.0

47 .6

3t. 7

glucose

5+

33.8

3.1

3L.7

Growth
Rate
(trr-t )

s tarch

20.0

48.6

6.3

3r.7

glucose

0.13

35.9

* These iigutes represent the highest of the mean cell volumes

attained during the growth cYcle; :

6.5

33.0

starch

0.14

46.5

** The values for the

population volume are

attained. generallY at

population.

7.6

32.3

0 .16

38.5

7.7

31. 6

0 .15

48.4

9.6

' 0.17

36.0

7.7

maximum cell count and the maximum total

independent of each other since they were

different times d'uring the growth of the

0 .14

8.7

0 .19

6.6

0.12

0.18



The mean cell volume of Tetrahymena pyriformis grown

1n casein medium (Table 2) did not vary qppreciably with
the type of carbohydrate. However, a certain trend was

noted: cells were consistently larger in starch at 2.5

and 5. O mg,/m\ levels, of equal sizes at 10. O mg/mI and

larger in glucose at the high carbohydrate concentration

20.0 mg/ml. In the presence of carbohydrate the mean

cell size increased up to 1.8 times that obtai.ned in
earhohvdratc-f1'ee mediUm. VarVinE the earhnhr¡6r-ef.ov sr J !rrõ vf ¡e eqr vvlf J uI a ug

concentration did not affect the mean cetl volume al
concentrations greater than 2,J mg/ml; however at this
l-ow carbohydrate concentration the cells .hrere much smaller.

In the whofe egg protei_n medium (Table 3) glucose"

produced larger cells than starch at the lowest and

highest carbohydrate concentrations. At 5.0 and 10.0

mg/ml levels the mean cel1 vol-umes were larger in the

presence of starch than glucose. rn add.ition the presence

of carbohydrate in the medium increased the mean cell
size up to 1.4 times than that in the control medium.

Varying the type and concentration of carbohydrate

had no effect on the mean cell volume of Tetrahymena

ovrif ormi s sro$In in the ac j ri hvdr"ot r¡s:tc

(tante 4). However, as was found for casein and the

whol-e egg protein media, Tetrahymena pyriformis cells
l^rêre ln'r.ser" ìn the O""""ra* *UU"UI" ,n"" j-n thevvvf v 4sr õer ts/r vuv¡¡vv

carbohydrate-free medium.

Mean Cell Volume

35



Jo

A comparison of Tables 21 3 and 4 revealed that the

mean cel-l volume of Tetrahymena pyriformis Ïl did not

\/âF\r âl'rr'ìr"êêìrhl r¡ r¡lith the trrne of e.a.nt¡oh"^øar^ çt^-
vqaJ -**l-/JJ VVIUIT UIIç uJ}Js vl vør vv¡¡J\¿!C'Uç lvI

concentrati-ons greater than 2.5 mg/m]-. Cells produced

in either carbohydrate medium were larger than those in

the control medium. Furthermore, for the three nitrogen

sources being considered the mean cell size was not

¡f fontod hr¡ i hc ear.bohvrir.al,e concentration.s¿ f v vJ v¡¡v

B. Maximum Cell Count

Higher cell numbers were attained in the starch

media at all carbohydrate concentrations greater than

2.5 mg/ml when whole egg protein was the nitrogen source.

On the other hand in the casein hydrolysate medium higher

cel-l numbers were produced in the presence of glucose

than starch at corresponding carbohydTate concentrations.

In the casein medium the maximum cell- numbers were

annr.oxi matol r¡ êrjllâl i n f.he n?ôcÂhôâ nf o j-thef CafbO-o,IJIJr v^alllGUÇrJ çvuqr rlr urru yr vuu¡rvu

hr¡dr.nte et. similar concentrations. Thus the effect ofr¡Je¿qvv

r¡arVins the l,rrna qnd o(\n^ontfatiOn Of Ca1'bohydfate Onvs¿J!¡¡E) vr¡v v..y.tJv

the maximum cel-l count seemed to depend on the nitrogen

source in the growth medium.

(1.

The maximum totat population volume (total population

vol-ume = cell numbers x mean cel-l volume), an estimate of

biomass, was greater j-n the presence of glucose than

Maxj-mum Total Population Volume
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correspondlng conc entrations of starch at carbohydrate

levels greater than 5.0 mg/ml for the casein hydro-

lysate medium. In the whole egg protein and casein

media there were not many differences in the total
population volumes between corresponding concentrations

of glucose and starch. Generally, increasing the

concentration of glucose and starch from 2.5 mg/ml to
20.0 mg/ml , produced increased maximum growth responses

rll.r t^ â s.âJ-rrlââ.l-i nn nni n1-vsvu! qvrvtf -yvf¡Iv.

D.

fllho 
'r.rrr¡rtl-r nr'ìr.lrês lr no nôrrlrl n1-ì nn volume vs time)0 ¡."¡,

describing the growth of Tetrahymena pyriformis W in
varying concentrations of glucose and starch with different
nitrogen medi-a are shown in Figures 3, 4 and 5. The

Erowth rates are summarized in Tables 2 3- and 4"o- -" " - 9 J t srfs

In the casein medium, the presence of different
concentrations of either glucose or starch did not affect
the growth rate appreciably. The l-owest and highest

glucose level-s 2.5 and 20.0 mg/mL resufted in lower

Cra:ôl¡ith f,atcS ;.-Ä +l^^ 1^i -1^ --l ltn¡1so o.\noanlrq1--i nn ( )ñ na- - " ¿f lq urlg llrÈ;rr È;ruuvÐc: uuLlugIIur sulvll \ ¿v. V

mg/ml ) repressed the growth of the organism. This

repression of growth was manifested by a concomitant

increase j-n the lag phase and a decrease in the growth

rate. In spite of this, the maximum growth response in
the presence of the high glucose concentration was

comparable to that in the presence of the other carbohydrates.

Growth Curves and Growth Rates



Figure 3: Growth of Tetrahymena pyriformi.s

med.ium ( 0. 3mgN/ml) with dif f erent

at varying concentrations"

W in Casein

carbohydrates
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Figure 4: Growth of Tetrahymena pyriformb W

medium (0"3mgNrzml) with different

at varying concentrations.

in whole egg

carbohydrates



E
¡D.
I\

Ld

f
J()

I

F
O
F.
tñ
o
J

to"

þ=$\^*.-;-oSäS"_6--ì119,-
t¡_ _. Õ

\

39

toB

ì-

-+-_---@
_-o
_-E¡

--E_a
_-a

control ( no

Olucose I
storclr )
glucose'l
storch J
alucose I
.f or.f, j

cor bohyclrof e )

2.5 mg / ml

lO. O mg ./ rnl

2O.O mg / ml

72

TIME (Hrs.)

t20



Figure 5: Growth of TglrghWene pyri5ormi.s.W on casein

hydrolysate medium (0"3mgN/ml) with different

carbohy::,ates at varyingi concentrations
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The duration of the exponential growth phase varied

with the types of energy and nitrogen sources. The con-

centration of carbohydrates did not show any effect on

the lOgafithmia o¡^T¡rth nlreqa avnonl- thnl- t1-ra lno ni-rnggg u¡!vvyv v¡¿qv vr¡v rvõ yttql

was longer in high concentrations of glucose (20.0 mg.mf )

In the casein medium the 1og phase lasted 72 hr for all
carbohydrate concentrations except glucose at 20.0 mg/ml

which lasted for approximately 96 hr. Shorter log phases

were observed for the whole egg protein medium, T2 hr in

the presence of 20. 0 mg/ml gl-ucose and 60 hr f or the

other concentrations of either carbohydrate medium In

casein hydrolysate the 1og phase was 72 hr for starch,

84 hr for 2,5 mg/mL gl-ucose.

Higher growth rates were observed for the poly-

saccharide medium than the monosaccharide medium at

concentrations greater than 5.0 mg/ml" The mean growth

rate of Tetrahymena pyriformls W in casein hydrolysate

medium in the presence of starch was 0.18 hr-1 compared
'l

to 0.14 hr-' for glucose. The mean growth rates in
èitner glucose or starch medium were 0.16 hr-l for

casein and O.18 hr-l for the whole egg protein medium.

The results of this investigation, of the growth

responses of Tetrahymena pyriformis l,rl to different con-

centrations of the monosaccharide, glucose, and the

nolr¡seechar.ido snlrlrla sj-.nr.nh- in modi e oarti.,^inìncr
-y"*q/ lsv t , LLt ¡¡¿uuf ø vv¡rv4rrtlrtó

different nitrogen sources, were analyzed statistical-Iy.

The analysis of varj-ance test was 4plied to the

Jt1



data from Tables 2, I and 4 and the results are recorded

in Annendix Talrles r¡i - r¡i-i viii and ix and summarizedf¡r nI/yvrfqrr!

in Appendix Tabte xiv. These results revealed that four

of the variabl-es were statistically significant (P = 0.05).

l'i r.st l.he nrotein source (P ) signif icantly af f ected ther 4¿ v v , ¡-* .

mean ce]l vol-ume, the maximum cell- count, the maximum

total vol-ume and the growth rate of Tetrahymena pyriformis

I^l senonrJ the ner.tlolrr¡dr-ef.e concentration or l-evel (L)vv, uuvv¡ts t vrrv

produced significant effects on the mean cel-l volume,

the maximum cel-l count and the maximum total volume.

Third., the interaction between the protein source and

the carbohydrate l-evel (PL) i^Ias significant on the

maximum cetl count and the maximum total volume. Finally,

there was a significant i-nteraction between the protein

source and the carbohydrate type (PT) on the maximum

cell count. The significant interaction effects (PT and

PL) are il-l-ustrated in Appendix Figures ii, iii and iv.
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rb Effeets of Eorral Concentrations of Glucose- Jlextrinvruvvu9, uv4vLLLL,

Soluble Starch and a Gfucose/Starch Mi_xture on the
Growth of Tetrehr¡menn nr¡r,i formis W on the Intact Protein
rurãoium á"affiiãffi"ia -iuii"f,r"" 

Medium

Glucose, dextrin, soluble starch and a mixture (1:1) of
glucose and starch at one level 10.0 mg/mt medium were com-

pared as energy sources for Tetrahymena pyriformis W when

the nitrogen source was either the intact protein, whole egg

or the free amino acid mixture, solution F, at isonitnogenous

levels 0.3 mgN,/ml medium.

The experimental- procedure was simi_lar to thaL outlined
for the previous study. Growth responses were determined

using the Coulter Counter for incubation periods 18 hr to

720 hr for each test medium. The maximum cell count. maximum

total vofume, mean cell volume and the growth rate are in-
dicated in Tabfe 5. Also the growth curves obtained by

n1 n++' i -æ -r ¡æ 1-a1-n'r ^^^,.'ttion volume versus incubationI/av v vrrrö -"ó10 vv vaL PUP Lt_Lc

time are shown in figures 6 and 7.

fn the intact protein medium, the maximum number of

cells produced using dextri-n, starch and glucose/sLareh as

energy sources were similar but up to 1.3 times higher than

that using the same concentration of gl_ucose. On the basis

of total population volume the growth responses of
rTroJ-r"al-rr¡monc 

^VfifOfmiS I¡I -in tkro nraqõnÕõ Of StafCh and

glucose,/starch were similar but higher than those in the

nresenee of olucose and dextrin. The 6þsar.rrej-i nn lhZtr* - " , v jf (

dextrin produced a higher maximum cel1 count than glucose

in the whole egg protein medium, but the same maximum total

4?
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Figure 6; Growth of Tetrahymena Plrifo.rmÈs W in whole egg

med-ium (0.3mgN/ml) with different carbohydrates

at 10"0 mg/mL concentration
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Fígure T: Growth of TetrahYrnena pyriforpis W in Soln F

(crystalline amino acíd mixture, 0"3mgN/ml)

with different carbohydrate sources at 10 " 0

mg/mL concentrate
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lt7rl

-r õ1- j ^- r'^-l rrmê ô^r1"1 rl ho Êynl âi nefl hv the SmAll-ef SiZedPUIJUfaU¿Ull VVfUllrç, UVUrU Vs s^yl4rrrçu vJ

cells in the nreseneê of sl.ucose.yf v vvrf v

The effects of the four carbohydrate sources on the

groi^Ith of the organism in the free amino acid medium,

solution F were di-fferent from those observed in the intact

protein medium. The maximum growth response (ce11 count

and total- volume) in solubl-e starch was lower than in

gl-ucose, dextrin or glucose/starch. The growth rates did

nnt -\¡âr"'\/ rrif.h the ear.hohvdrate source for either the intactvs¿ J vst vvr¡.) vr

nrotcin ôrr the free amino and medium. Afso both forms ofyr v ve!¡t

ni tr.osen sourîces sâve si mi I ar crr-owth rates of the orEanism.r¡+vrvbvr õsvv --a-

Thus, this study comparing the effects of different

tvnes of carhokrrrdrai.ø sôlrrees At a UnifOfm COnCent1'ati-On OnvJ yeu us¿ vv¡¡J

the growth of Tetrahymena pyriformis W when the nltrogen i¡Ias_

supplied by either the intaet protein, whole egg or the free

amino acid medium, solution F, showed that:

i) The mean cell volume and maximum cell count did

not vary either with different carbohydrate or nitrogen
q^ìlT"aô<

fi) Dextrin, starch

higher maximum cell count

npnl- ai n maÁi rlm T)avJ-r-i n

õ++h"-l n{-¡Ä 1^-i ryþ6p mâvìmrrmù t/ IlllL{-Ld, t/U\,1 I-¿-LÈ;rrgr ltlq^IrllUll¡

amino acid mixture medium.

ifi) Starch and glucose/starch produced higher

maximum total populatj-on volumes in whole egg protein

medium; whereas glucose and glucose/starch produced a

and glucose/starch stimufated a

than glucose in the whole egg

glucose and glucose/starch

cel-l counts than starch the



hi øher" no] tt1 ation volume in solution F.

From these observations it i¡ias apparent Lhat the

carbohydrate source which produced the optimal maximum

crrnr¡rJ-l^r r.êsnrìns,e in both the whole egg intact protein
õr vvr vr¿ r uuyv¡rr

medium and the free amino acid mixture medium was the

1:1 mixture of glucose and starch.

The analysis of variance test (Appendix Tables

x - xiii) of the data from this study revealed that the

form of the nitrogen source (intact protein vs gree amino

acids) and the type of carbohydrate (glucose, starch,

dextrin, glucose/starcln) significantly affected only the

maximum total volume and the growth rate. The protein

nnrhnhr¡dr,¡ta tr¡nc f PT) i nternnti on nrodr:eeri a si Eni fi cantvr¡Jvruvv uJ}1ç \!r./

effect on the maximum total volume.

4B



II The Effects
Respiration

Table 6 illustrates the effect of 72.5 mg/ml glucose,

dextrin and soluble starch ôn tho onrlnøo¡6¿s respiration of

Tetrahvmena nvriformis VI ce11s.¿ v v + e¡¿r/ ¡¡¡v ¡¡s v.)

The endogenous respirati-on rate, )+.tZ x 10-5 ¡1
0r/hr/celf was stimulated barelv bv E.lueose (ff%) and more

highly by dextrin (32%). The presence of starch, however,

decreased this endogenous rate by 38f".

4q

of Extracellular Carbohydrates on the
o f Totr.:hr¡mon: nr¡r,i f ormi s I¡1fvv+grl.Iv'yLL



Table 6 " Effect of E:<tracellular Carbohydrates on Respiration"

Respiration of Tetrahymena pyri.forFls W followed for

70 minutes" Table gives 0Z uptakes" Total volume

3.2m1; temp. 30oC; gas phase air; Initial celldensity

n.r*rg4 7mL "

Substrate added

End.ocrenous

5o

Glucose

Respiration Rate
ur 0./hr/ceLItz'

Dextrin

4"

Starch

L2 L0. 5

Stimulation

4"56 x IO'5

5.44 x 10"5

2.57 x 10'5

11

32

-38



IIIa. Evaluation of Protein
Pyri-formis W

Test proteins viere evaluated relative to a standard or

reference protein, casein. The media contained the protein

at O. 3 mgN,/ml and 10 mg/mL sol-uble starch except in the

case of the cereals which did not require an additional caT-

bohydrate source. Each test included the reference protein

to ensure tinat the relative growth responses were assessed

under similar conditions " Duplicate cultures of each protein

hrere incubated for 1-2 hr intervals up to L20 hr. The maximum

or¡nrrrtl-r r¡êsnôns,es were used in the determination of the

relative nutritive values (RNV) of the test proteins.

Table 7 shows the RNVs of the protein concentrations

of whol-e eBB: casein, soybean, cod frames, herring, faba

1.rnon eain tl-re faba bean j_sotate (natura] vegetable protein,u (:CJ,llt LÇlLrt vL

NVP); the acid hydrolysate of casein (casamino Acids) and

the free amino acid mixture, sol-ution F. The mean cell

r¡olume- 96 hr cell count and maximum total- population volumet /"

with the corresponding RNVs are given for each nitrogen

Q^11Fnê

It was noted thaí there was considerable vari-ation in

the mean cell volumes of Tetgghtyrngnq pyriformis grol^In in the
??

different protein media from Il.7 x 10'Pr for zein to 33.4

x tO3 p3 for the whofe egg protein medium compared to 24.7

x lOJ ¡r) for the standard protein, casein" This wide

r¡:r-i ati on su Ê'oêstod the i moortance of including the meanvqL La ufvrr usõõu

cell volumes in any equation for the determination of

Quality Using TetrahYmena

q-i
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Fêl qJ-it/ô nraì1-êiñ ^11Ð-l i1.\r ìnrrn-l rrincr o'at^rfi|}^t raêqnaìnqtaq nff UJo-UfVç }Jfv(/g¿Ir qUAffUJ fllvv¿vf,1ró órVYvvrr rÇÐVvlluçÐ vI

rllatrql-rr¡mann 
^./1'ifOfmiS I4l . ThUS the 1'ankins.s of the nj_.Oteinf v v! !¿¿f ¡l ¿¡¡vrru v - r srf f L+r¡hv vf

(ta¡te 7) based, on the 96 hr cell counts differed, in

certain cases from those based on the maximum total-

population vol-ume (estimate of biomass). The effect of

using either cel-l count or total volume on the RNVs of
'r-ho nrnl-a-i nq r{aS ObSerVed eSpeCially for cod (RNV ^^..- =vvquvvUU¿vvuUUI/Uv+gf¿Jcount

65, RNV--^r-_*^ = 53), faba bean isolate, nvp (RNV ^^._.^+vo-Lume counf =

Fa\ /ñ--rr't|iP|\t\,=56)andcaseinhydro1ysate(RNV----..f
I v t "tu u volume )w '/ orru u@ùçrrl lrJ ur v-.J ùa counr

58, RNV__^r..*^ = 6T).vo-Lume

The RNVs based on total population volume gave a more

valid assessment of protein quality since it included the

ce11 volume differences. These RNVs indicated that relative

to caseín (RNV = 100), the whole egg protein (RNV = 135) and

soy protein concentrate (RNV = f56) r¡rere the highest quality

proteins. The crysbaltine amino acid mixture (RNV = B3),

which simulated the amino acid requirements of the organism

nrorlrlaod ¡ hi crhor crrnrnrth r.êsnôr1 sê f.han tho tr.r¡ntonh¡n-v- ,, y

supplemented Casamino Acids. It was noteworthy that the

effect of acid hydrolysis significantly reduced the

nutritive value of the intact protein. casein. Both faba

bean samples, vi-z. the concentrate (RNV = 59) and the

isolate, NVP (RNV = 56) r¡rere evaluated as similar quality
nrn1_a-înq TJar^rarrop 'l-l-ra coa¡j nEl V-llnrlef eStimated nUtfitiVev lrru t vr¡v J s¡¡vuf v

val-ues for cod (RNV = 53) and herring (RNV = 41) together

with that of zein (RNV = 3 ) might have been due partly to

the low solubil-.ities of these 'oroteins.

53

The RNVs for the CIMMYT cereals. wheat and triticale



and the Protein Index (PI) determined by 14 day rat-feeding

exneriments âr"e Eiven in Table B. The Tetrahymena evaluation

of the cereals ranked the three triticale cereal proteins

srrnorinr. in ¡1'o'li1.rr fn 'l-ha t^rhêât samnleS. AlSO the feSUltSùL¿pUr r\JI III \¿lld.-raL/J UU u¡Iç vvrrç4v uørrlyrvu

indicated that the organism i^ras capable of differentiating

between the two CIMMYT wheat proteins (4859, RNV = 48,

4860 RNV = 53) and the three types of triticale (4861 RNV =

6a- \86Z RNV = Tq- 486? RNV = 74). The TetrahymenavJt | /t tvvJ

nutritive values correlated highly with the rat PI vafues

(r = 0.96).

rJr



Table B. Relative Nutritive Va1ues of

Tetrahymena pyriformis V'I

CTMMYT CEREAL

4859-7 -Cerros-Wheat

4B 60-Inia-Wheat

4B6L-PM-132 Triticale

CIMMYT cereals using

Tetrahymena

RNV **

486?-PM'2-Triticale

'1

4B 63-PM-lSrTriticale

Casein

Rat

PI *

RNV/PI: Coefficient of variation r = 0.96

PI = 0.02 RNV + 0.43

*Protein Ind.ex (PI) = gms bod.y weight gai.n
gms protein consumed

from McDonald and Larter (1974)

** calculated. using maximum cell counts.

d.uring
period.s
protein

14 day test
on IOU
d.iets.
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III b.

Cultures of Tetrahymena pyriformis W containing

I-(fu"t protein) + (Sotn¡' amlno acid being assayed)l and
L(0.f5 mgN,/ml ) ( 0.15 mgN,/ml -Il

flsornn) ) , (F - amino acid being assayed)l were com-r ^ - I -r r n.1 5 mgN,/mt )! pared inL(U.f) mgi\/m-I / \ v.L-) mgI\/IrIr J -

d.uplicate for 6O hr, 72 hr and 96 hr. The cultures

supporting maximum growth reSponseS were used to determ|ne

the avail-abl-e amino acid content of the test protein.

Pi.nteins assaved were the CIMMYT cereals for lysine,
i qn'l orr n i no l- hreOnine and tf yptOphan .!vv!eqvrfrv t v¡

The resul-ts of the Tetrahymena pyriformis assays on

the CIMMYT cereals for lysine, threonine and methionine

nlrs or¡stine are shown in Tabte 9 together with the
t'L4pvdvv¡¡¿v

nhami na'l'l rr determined values. The microbilogicallyVI¿VI¡¡¿ VgJ !J¡

rlatormined 1rrglns content of the cereals varied from 2.5sv vur rr¡rrrvs !J r

mg/IQQmg protein for the wheat samples to 3.0/I00mg protein

for the triticale sample. According to these resufts

lysine seemed to be readj-ly available (B1-BB%) to the

organism. A statistical- anal-ysis of the values in

Tables B and. ) for the CIMMYT cereal-s revealed the

following correl-ations and regressions :

a) between the Tetrahymena availabte lysine values

(X) and the chemically determined lysine vafues (Y)

Y = 0.67x + 1.4 (r = 0.92),

Amino Acid AssaYs

5T

b) between the Tetrahymena avaifable

(X) and the PER values (Y) Y = O.9OX + 0'82

lysine values

(r = 1.0)¡



5B

c) between the Tetrahymena available lysine (X)

and the RNVs (Y) Y = 45X + 62.5 (r = 0.96).

The availabil-ities of threonine in the cereals to

Tetrahymena served to differentiate clearly between the

r*"t "* *iticale. Low threonine availabilities of

42 and Mn were obtained for the wheat samples compared

to 67, TB and 73% availabi-l-ities for the three tritical-e
nr.ntei ns - An 'ì nterest-i nE correlation existed between the

avail-able threonine content of the CIMMYT cereals (X) and

the corresponding relative nutritive values (Y):Y =

z4.ox + IT.o (r = 0.98).

The results of the methionine plus cysti-ne assay of

the CIMMYT cereals showed l-ow availabilities for both

wheat 4859 and 4860 samples and EriLical-e 4863 and

si øni fi cantl r¡ hi Eher availabll-ities for 4861 and \86Z

triticale samples.

The availabfe isoleucine, lysine, threonine and

tryptophan contents of casein, whole egg and faba bean

concentrate as assessed by Tetrahymena are summarized in

Tabl-e 10. Generally it was observed that, of the four

amino acids assayed by Tetrahymena in these test proteins,

isol-euclne was the most available and lysine the l-east

avail-abIe. Also the availabilities of threoni-ne for

casein (54f,) and whole egg protein (5Tf") were found to be

lower than that of faba bean concentrate (76/,), The

values for tryptophan agreed reasonably well with the

literature values for the three test proteins. In
^/,t,i-ì+;^- àt-^ t^-,.-1^ ^--^-irÃL:lities nf tr.r¡n.l_nnhqn fì/r14 .l-l^^_^d,uuIt/IUrl, t/Ils tr-ró1r ë.Vé.-L]-.L|"JL _r.rU_LUÞ r.,,1_ UI'yr _ _-leöe

Proteins were noteworthY.
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III c.

The effects of supplementing protein sources with

amino acids on the growth response of Tetrahymena and on

the nutritive value of the protein were investigated.

Faba bean protein concentrate i^ras supplemented with the

most limiting amino acid methionine at 0.L25%,0.375/,,

0.750f" and I.0% of the protein. The carbohydrate source

was supplied by glucose and starch (1:1) at I0 mg/ml.

The experiments were conducted with the supplemented

proteinr âfl unsupplemented control and the reference

protein, casein. Duplicate cul_tures Ì^rere incubated at

72 hr and 96 hr and the maxi-mum cell- population volumes

were used to determine RNVs. The effects of supplementing

faba bean concentrate with methionine are shown i_n figure
B and Tabl-e 11. The addition of methionine to the faba

bean protein improved the nutritive val_ue and at 0.375%

concentration the protein quality was comparable to tinat

of the reference protein, casein.

A similar experi-ment r^ras conducted to determine

nôSsi hl e ef fcets of srnnl omenti ncr 'l¡¡,l_ h fi qh nrn+. ai ne!!vvvv uqIrV¿urrrurlvrr16 vvV!! arÐtj }/f UL/gIIl.

Amino Acid Supplementation

60

samples, cod frames and herring FpC with tryptophan. In
'l-his ^â<!a /'r¡hla 1)l nn imn¡gyg¡¡gnf in the nr.otein ¡11¡ìi+"\ruv!e -L/ r¡v rrriyrvvÇrrrvltU ItI (,r¡e yf,vUçrII \.¡Ud._LIt/y

was observed and in addition 1.rzf" L - tryptophan red.uced

the nutritive value of cod.

The effects of the supplementation of the wheat and

triticale CIMMYT cereals with l-ysine 'and methionine were

also studied. Each of the five CIMMYT cereal-s uÍere



Figure 8: Effect of Dl-methionine (met) supplementation

on the relative nutritive value of Faba bean

concentrate using Te.trah)¡mena PY.riforqis Vl
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Table 11" The effect of Dl-methionine supplementation

of the RNV of faba bean concentrate

determined by Tetrahlzm.ena pyrifgrmis Vü

Protein

Casein

Faba bean (control)

Faba bean + A"I25Z
met.

Faba bean * 0.375U
met.

Faba bean + 0.750%
met"

Faba bean -l- 1% met.

-l¡raximum Total
Vot. (x fO9 ¡:3)

o¿

13

7"9

RNV

10

r00

L2

57

15

75

I6

93

109

L2A



Table 12z The effects of L-tryptophan supplementation on

the RNVrs of cod and herring protein concentrates

using Tetrahlzmena pyriformis lri

Protein

Casein

Cod (control)

Cod * 0.56% trp

Maximum Total
Volume [x rO9 *:J

Cod t L"L2Z trp

n<

Herring tControl)

13"B

He.rring

7"3

Herring

0. 56? trp

RNV

7 "6

100

T"L2Z trp

5"1

53

6"6

55

6"6

37

6.2

4B

48

45



64

supplemented with L.T% (w/w) lysine in the form of L -
lysine HCt and 0.6 and L.2% DL - methionine, singly and

in combination. The results surnmarized in Table 13 and

figure ! showed that methionine supplemeníation depressed

the growth response of Tetrahymena pyriformis W. This

inhibitory effect of methionine became more evident when

the concentration of methionine was increased to I.2% and

with the relatively inferior quality cereals (48!! wheat,

4B6O wheat and 4861 triticale). Lysine supplementation

at the one level used did not affect the nutritive value

of these three CIMMYT cereats (4859, 486O and 4861).

However, lysine supplementation improved the nutritive
val-ue of the two superior quality triticafe samples

(4862 and.4863) to that comparable with or even better
than the reference protein, casein. Supplementation of

the cereals with the combination of 7.7f" lysine and 0.6%

methionine stimulated a higher growth response in al_1

cases except for the l-owest quality cereal , 485! wheat.

The improvement in protein quality seemed to increase

with the quality of the unsupplemented cereal. Even

though the addition of a higher supplementat l_evel of

L.27, methionine together with I.T% lysine did not stimulate

a further increase in the growth response compared to lower

supplemental 1eve1 of methionine plus lysi_ne, it did

improve the nutritive val-ue of the unsupplemented

triticales 4862 and 4863.



Table 13. Effects of Supplementation of the CIMMYT cereals with

L-Iysine HCl and Dl-methionine on their relative
nutritive values using TetryaLympna pyfif,qrfis W

Treatment

Relative Nutritive Values of CIMMYT Cerals

Control
(unspple-
mented, ,

Cereal *
L "7ZLys

Cereal +
0"6% met

Cereal +
l- " 23 met

Cerdê..'!. +
L"7Z lys
and 0.6?
inet

4859
-7-Cerros
lVheat

4860
tnra-
Wheat

4B

4B6I
p¡l - r¡ z-
Trit "

4I

37

Cereal *
L"7Z lys
and L.2Z
met

4862
PM-2-
Trit "

IB

4863
PM-15-
Trit.

75

101

66

5B

110

IB

74

113

6B

66

96

B3



F'i arrra q 
"r rY u!e Effects of L-lYsine

supplementation on

of CIMMYT wheat and

pyrifgrmis W

hyd.rochloríde and Dl-methíonine

the Relative Nutritive Values

triticale using Te.trah)rmena
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DISCUSSION



Part I

a" The effects of varyi-ng the type and concentration of
n¡r,hnhr¡d'r.al.e ô1r J-ho crr.¡alr¡Ttlr r,êsttôrìsê nf T'a|' .r.ahrrmonâ

õlvvvvÌ'vllvfvv!9¿¡J

nvri for.mi s to d i Îf pi-ent nrotein media.

b. The effects of varying the type of carbohydrate at

10.0 mg/mL concentration on the growth response of

Tetrahymena pyri-formis W to an intaet protein and free

amino acid media.

The statistical analyses of Part I are summarized in
Appendix Table xi-v. The mean cell- size, maximum cell

count, maximum total population volume and growth rate

were used as indi-ces of the growth response of Tetrahymena

pyriformis W, In Part I a. the protein source, carbohydrate
'l or¡al ( or'rno anl'r.n ti nn ì qnrl J-ha rrr.rJ- al n /o.ar'1-lnl.rr¡drqto +..\ vv¡¿v v+afl vsa ,ype

and protein/carbohydrate level interactions produced effects

on the growth response of the organism. In addition the

analysis of variance of Part f b. reveal-ed that, when

comparing an intact protein and free amino acid media,

tha l-¡¡na nf ^a7hohvflr.al.e hari si ctni fi e.ent effeCtS On thev¡¡v v J -y v

maximum total population volume and the growth rate of
rlalrql¡r¡monq nr¡pi fnnmi q [¡I¡¡¡v¿¡s }/JLLL vrrrrrp vY.

Considering the different growth media certaj-n con-

si-stent trends were noted. 0f the intact protein media

lTnb'l es 2 and ? I nasoi n sti-mulated simil-ar maximum cell-\røv!vu L sr¡u J)

counts and total- volumes in the presence of ei-ther glucose

or starch but whole egg protein produced greater maximum

DISCUSSION

o/
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cell counts in the presence of starch than glueose at

all concentrations greater than 2.5 mg/ml. In the case

of the protein hydrolysate medium (ta¡te 4), the mono-

saccharide stimufated higher cell counts (at all levels)

and greater population volumes (at levels greater than

5.0 mg/ml ). In addition it was found that the simul-

taneous presence of gfucose and starch duplicated the

optimal growth response produced by glucose in the amino

acid medium and by starch in the intace whole egg proteín
f ñ 1 1 F\meo.r_um ('r'a0l-e )).

These results agree partly with those of Reddy Gge¡)

and Estevez (tg6Z) who reported that glucose, in the amino

acid medium stimulated greater growth responses than either

dextrin or starch and in the intact casein medium. was as

equally growth-promoting as the polysaccharides" However,

these results disagree with the findings of Stott et al
(7963) and Reddy (f965) that glucose r^ras a better growth-

oromotinE carhohr¡rly,ef.e thnn the nolvsaeeharides for intactv!¡¿t)yvLJ

proteins other than casein. There is also disagreement

with the results of Reynolds and l,rlragg (1962) who found

that the polysaccharide, dextri-n $ias a better energy source

than the monosaccharide, glucose in the amino acidmedium.

These apparent diversities in results are not unexpected

when one considers that different methods i^Iere used for
measriri ns s'¡6yrf h p^qn^nçrê Znd that the data fr.Om thOSe

studies were not analyzed statistically. The optical

density measurements used by Estevez GgAZ) and Reynolds



and Wragg 09AZ) have proven useless according to Levy

and Wasmuth (7970) mainly beeause of the effect of the

h'i sh-l v vari ah¡l e r¡l r¡r,.oçren eontent Of the Totr¡hr¡mena cellS.r¿r õ11r J

The colorimetric method used by Reddy (I965), employing

the enzymatic reduction of 2, 3, 5 - triphenyltetrazofium
r'htnrido hns heen reieeted on the basis of inaccuracies¡uv,

(Jambor, 1955; Rosen and Fernell, f956). The drawback

of esti mati nE the sr.ourth resnÕnsê of fihe orsani sm bv cellv!¡rõ t>f vvvv¡¿

numbers only, âs was done by many workers (Stott et ai,
4^a^ a^/õ7963; Kamath and Ambegoakar, 7968; Hefms and Rolle, 1968)

is illustrated by the research reported in this study

(figure 10). Cel1 volumes do not increase in parallel

with celf numbers. Thus the product of the mean celf

vol-ume and the cel1 count (= total population vol-ume)

woufd be a more accurate index of the entlre growth response

and it could be expected to yield different resufts from

the ce11 count only measurements.

Reynolds and lr,Iragg (7962) and Reynolds GgeU) reported

that dextrin was a superior growth stimulator than glucose

in the defined medium. In atbempting to explai-n this

difference, Reynolds (f970) found a two-fofd increase in

the total of three non-essential amino acids (alanine,

glycine and glutamic acid) which were sythesised when

glucose replaced dextrin in the defined growth medium.

He therefore concluded that an increased diversion of

essential to non-essentiaf amino acids by Tetrahymena

when required to metabolize glucose must be an immediate

oy



Figure l0: Chargesincellnumbers'meancellsizeandtotal

population volume of Te-trlLhvmena pyrifofmis Vü

grovin in whole egg proteín medium containing

I0.0 mg/mL dextrin as a funct j-on of time
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cause of parallel loss in efficiency of nÍtrogen

utilization as compared to those cells provided with

the polysaccharide. This author questions the validity
of such a conclusion for the followinE reasons:

1) There was no direct proof that the non-

essential amino acids rrsynthesizedtr vrere derived from

the essential amino acÍds in the medium"

2) The lack of information on a control_ carbo-

hydrate-free medj-um.

3) The fact that the polysaccharide is eventually
metabolized in a similar manner as Elucose.

Other possible explanations for the differences in
growth responses of Tetrahymena pyriformis to different
types of carbohydrates and different forms of nitrogen
sources ( intact protein vs free amj-no aci-ds ) incl_ude :

i) osmotic effects; ii) sti-mulatory effects of particles
of intact protein in the growth medium; iii) differences

in the rates of' availability of amino acids and glucose

f nn nrn1-aì n .-/ntheSiS. The feSUltS Of Revnol r1 s anrj Wif,vr IJrvuçrrr o¡/llUIleliJ_li. -Lne feSU_LIS OI lf-r..-**- ,.fAgg

(7962) and the higher growth response, observed in this
study, with the medium of higher osmotic pressure (sofution

F + glucose, Table 5) compared to the medium of l_ower

osmotic pressure (solution F + starch) would appear to

eliminate the importance of the osmotic effect hypothesis.

Rasmussen (f973) reported increased growth of Tetrahymena

pyriformis due to mechanical stimulation of food vacuole

formation induced by the presence of particulate matter



in the medium. This could account for some of the

difference observed in the growth response of the organism

to the intact protein medium and the amino acid sol-ution

/m^L'r ^ F \ mhe hi øher srowtl^, ?"êsrrrrnsê of the Of EaniSm in\ IO.UlÇ ) / . ¿Ire ¡¡!E)rtvr br vvv UII I uuyvf IÐu vr

casein medium compared to the casein hydrolysate medium

(Tables 2 and 4) could also be explaÍned partly by the

stimulatory effect of particulate matter. The production

and characterization of an extracelfular d' - amylase

(Smith, 1967) and protease (Viswanatha, f956; Smith, 7967)

of Tetrahymena have been studied. There is, however, some

controversy as to the exact nature of nutrient uptake:
'l arøe nol vmer nnr-ti el es sueh âs of nr.otei n anri nol vsaccharidelqr õu yvrJ ¡¡1vf ysr v

are ingested intact into food vacuoles to be hydrolyzed or

they are hydrolyzed, partly or fu1ly (Muller and Rohfich,

1967) outside of the cell. Nonetheless, for efficient
ni tr"op,en llt-ì-l r -q{- j n- ^ø næ¡f p j ¡¡ srrnthesÍ g the aminO aCidSrrrur vóu¡r uuf rlLavLv!L vr yr vuçrr¡ uJrrviruuf

and glucose should be available simultaneously. If the

amino acids were made available to the organism much before

glucose then they would be utilized ttwastefulfytt for energy

nr-n|rrotinn 7lês'1r1+j¡n j- ^ 'leefeaSefl EfOWth 7lêsnônsê ThUSpl-'\JLlL,LU Uf UII L'Cùt{-Lt/¿I16 IIi O uv-- -*--- o* -.. vll f uuyvrf ue.

the reason for a greater growth response in the amino acj-d

medium containing gfucose (Tante 5), compared to tlnat con-

ta.ini nE sta.reh nnrr'l rl l-,o "tilizAtion of the amino aCids
) vvq+s

fnr. êrìê?"cr\¡ nr-odlrntì on :nrl nr-ntoi n sr¡nihcsì s rlllr-i ncr therv¿ uI¡eröJ yrvuuvv¿vfI cIIu yfvuerfr uJ¡¡v¡¡vufv s4¿rrrb

time taken for the uptake and hydrolysis of starch to

glucose. Similarly the reduced growth response of

Tetr.ahvmena nrrr-ifnr-mis in the amino acid medium (Table 5)¿vurqfrJrrrvlr4 vJrr



T3

COntAini nE Stâr.êh .¡ôm.¡-ìâFêrt tO that COntai ni ns dextri nvvrrusr¡rrt16 uv4vr rlI

could be due to differences in the rates of conversion

of starch and dextrin to glucose (Smith , 196I). The

observation that the simultaneous presence of glucose

and starch in the amino acid medi_um (Table 5) produced

a growth response greater than that produced in the same

medium containing starch but equivalent to Lhat in the

presence of glucose supports the third hypothesis.

Similar explanations could account for the higher growth

response of the organism in the whole egg protein medium

containing starch or dextrin compared to that containing
glucose (Table 5). fn the polysaccharide medium similar
rates of avaifability of glucose and amino acids pro-

duces an optimal growth response. On the other hand, in
the monosaccharide medium, the amino acids resulting from

hydrolysis of the i-ntacb protein became available after
the glucose had been stored in the celfs " Thus the amino

acids could have been utilized initialty for energy pro-

duction and protein synthesis during the time required

for glucose to be made available again.

Growth repression caused by high levels of glucose

has been observed by other workers (Estevez, 1962;

Reynolds and Wragg, 1962; Fernell and Rosen, f956). ft
was noted in the results (figures 3, 4, and j) thaL the

rosnros ì nn nf J-ho o?^rrTí_ h ^f Tetrehr¡mcne nr¡r-i f nr"mi q l¡rzrvuvf uu¿vf¡ vl vtfu óIvvvulr vr

20"0 mg/m\ (2/, w/v) glucose was manifested only as an

increase in the lag phase and not as a decreased maximum



growtlì response. Tt is noteworthy that a decreased

growth response at this concentration reportecl by the

other workers could be due to the fa.et Elnat in those

cases growth was measured only at one poi-nt of the

growth curve ¡ Þresumably prior to the establishment of

the maximum phase. This prolonged 1ag phase caused by

hi crh or-trtoevti' t ¡ti ons nf øl rrnnso i s nr"ohah'l r¡ tho r.osll'l trr¿öf¿ vvrf vv¡f v! qurvtrfu õ!uvvu9 yr vvsvrJ vrrv

of ølricose renr'ession of nroloin hiosrrntþeSiS. AS AvI õ¿uvvvv ¡ çyf vus+v¡¡ plvr¿ ttv

matter of fact it is known cirat a number of inducibre

ônpîimôq i n mi ^r-nhi ql <rrs1-orrlg a1'e eithef nOt SynthesiZedvf .LaJ ¡¡r! u rr¡ ¡rrÁur vv!sÅ uJ u vv¡¡¿u e¡ v

or else are synthesized at reduced rates in the presence

of hi oh eonr..entrati ons of sl rnose - Tn narticular Dickie

and Liener (1962) have reported on the repression by

øl rrnns.a nf l-ho nr.nl-anl r¡l-i n enl-i r¡i tr¡ nf ¡Iro'l-r.ehr¡manâ
Þ+qvvvvì/!vvvvlJvfvqvvLv!v¿rvvlg..J

nr¡r'i fnnmì q
vJ¡ ¡ ¿t

'E)a¡¡n¡,r rrc anfl \¡fu'aEE (Aq62 ) l:sins the 1lÐ-te Of CarbO-ILJLIUIUD u¡¡\¿ vir uõt) \!//\/L / vÐL!!6 vrru

hydrate disappearance from the growth medium as a measure

of its utili-zation concluded that the polysaccharide,

dextrin was utilized more rapiclly than the monosaccharicle,

g1ucose, j-n def j.ire,1 media. Howevel:, <¡ther evidence in

tire l.itera'ûure thai in Te'cr:ahymena pyriformis glucose is

converted to glycogen (Hogg et âf, L956; Levy and Wasmuth,

z)tla

L9T0) would invalidate bhe use of carbohydrate r;ptake as

an inclex of i-us utilization.



Part II

The results of the metabolic experiment (tante 6)

are most interesting. The relatively high endogenous

resplration rate compared to that in the presence of

The Effects of Extracellufar Çarbohydrates on
the Resni rati on ofl Tetr'ahr¡mena nvriformì s Wv.v ¿ -

the carbohydrates inci:ì-caie Í;hat the organism was utilizing
intracellular compounds for energy production,, The

rnarginal stimulation by glucose (fi%) confirmed tkre

r.c.srrl ts nf Rrzl orr l -l OÃ21 T{¡rr^rarrr'a ilr,¡ ¡:ì c'rrr¡r¡qqi ^,n ,-rlo
\LJ)4¿t.¿f\/vvvwvrJ\rviJrv

tlra ô'rrairrctênr'ìliq ?iê<-nizt¡'l-i nn pl¡1-o lrrr qJ-qpnl.r aann¡l lravr..tsvõv *,J v us¿ vI¿t vsllrrvv vv

explained. These results coupled with those of Ryley

(1952) z RQ endogenous = 0. 63 ; RQ glucose = 0.48,

suggest that j-ntracellul-ar lipids or nitrogenous com-

pounds may play a significant role in errergy protlu.cti,cn

i-n Tetrahymena. The nature of the medium used to gro\^r

the orEâni sm mi c'ht har¡e i nffuenced these results. It

has been shown (Conner and Clj-ne, 196T ) that cells
øT"Õt^Tn i n f.ho nr"êsênnê nf cr-l tinrlsc. rlti I i za i t \rê7"\r T¡rol IõI VVVII U¡JU õ!qUVUç 9 VVLLLLV TV V VT J VVUJ! ¡

as judged by the increase in respiratory rate, whereas

those grown without glucose require supplements of

sodiurrr and potassium j-ons to show an equivalent increase

in respiratory activit¡'. The cell-s used in these

experiments were glcrwn in a glucose-free proteose

peptone medium.

The work of Dewey and Kidder (f972) represents an

important contribution to the understanding of the

rel-ative rol-es of carbohvd.rate and amitto acicls j-rr the
1¿l

energy production in Tetrahymena. Using -'C-label]ed



substrates it was shown that the amino a-c-i.d proljLne was

oxidized more rapidly and earlier in growth than glucose.

The lov.¡ rate of glucose oxi-dation was thought to be due

f-.o the I arse extent to which it is converted to cel-l-u-Ì.ar+sa Õv

':omponents such as afanine, aspartate and glutamate.

Thus stimulation of respiration by amino acids could be

considerable in comparison to glucose and it was sugg3sbed

that arn-ì-rÌo acids are degraded largely f or obtaining energy,

even in the presence of other carbon conpounds such as

acetate ¿incl glucose. Prolj-ne in particular served as a
raarìiIr¡ ¡rr¡íInh'lc êrìÉjr)c.rr s..ìr?ir¡(5 heincr r'-onr¡er.tod r"enirilr¡r uavrfJ a v sr_!sÀ, J\, l.r!u¿ õJ, *¿¿b v

and completely to glutamate. Thlts it is becorting rnoï"e

e\rident that amino acids instead of carbohydrates might

be primary energy sources in Tetrahymena. pyriformig. Ii:

irroul-d be most interesting to debermlne rhe controlling

mechan'ir.sns invol.¡ed in the ritil-ization of amitro acids

for energy producti-on and protein synthesis 1n Tetrahymena,

and to determine the extent, if any c to tvhich they are

rrwastefulfytt utilized. This can be accomplished u:;ing

radioactive compounds and cells grown in glucose and

;qlucose-fr"ee niedia .

/o



Part, III

In applying Tetrahymena pyriformis W to the evaluation

of the Relatj-ve Nutritive Value (RNV) of proteins, most

workers have used a  -day cell count as a basis of com-

parr-son (Kosen and. F'ernell, 1956; Stott and Smith, 1966;

Teunj-sson, L96t; Helms and Ro1l'e, 1968 ) . Idealty, the

eriterion for RNV determinatj-on shoufd be total or protein

ni trosen svnthesi zeri hr¡ the Õ:'.rlãni sm. Si nee ør.owth i Sv E)¿ vvv v¡¿

ultimately the resultant expression of the metabotic

activities of a cel-I and reflects the physiological con-

dition, a study of the growth cannot be complete if it
is restricted to simple increments of number. A cel1 can

increase in si-ze and at that time or subsequently would.

or woul-d not divide depending on its physiological and.

environmental- conditions. Studies on the erowth of

Tetrahymena have sustantiated tlnat the mean cell size of

**on changes with time (figure 10), and nutrient
supply. Therefore it seems obvious that an expression of
growth involving both cell number and cel-l size would more

accurately esti-mate the protein synthesized. fn addition
the el-utriation technique proposed by Teuni_sson (tgll)
could facilitate the electronic cell counting and sizing.

That the duration of the incubation period may be

an important factor in determining the RNVs of some

proteins is illustrated in Appendix Tabfe v. Even thouEh

IIse of Tetrahvmene nr¡ri formis for the
D e t e rmiñãEfõñ--õT-Ee Iã€f v e -Nüt r i t i ve
llelues Amino Acid Asser¡s â.nd for Amino
Acid Sup'ol-ementalion Bff ects.

77



in most cases the maximum growth response was equivalent

to that at 96hr; yet as illustrated by the cod and herrlng

FPC samples (Appendix figure I) there could be considerable

differences. Also it is conceivable that there could be

toqt nnnl-ainq qrrnh âq nr.ntain Y lAnnondiw fiørt'i.o Tlvvuv ìrtvv 9 u4v¡¡ qe l/lvvv v */

which woul-d have attained maximum growth much before 96 hr

and would be on the d.ecline or death phase by 96 hr.

Therefore it is possible thaL the use of merely one in-

e.ubation neriod coul-d resul-t in an erroneous RNV.

0f the proteins evaluated in the study (Table T) '
the RNVs for the faba bean protein concentrate and isolate

end the f i sh nr.ote-i n samnl es (herrinE FPC and cod frames )

disagreed with the literati.ve values for protein quality.

Tn eomnari son uri th the nrotein indices of faba bean and

casein determined with rats., the RNV of faba bean seems to

have been overestimateci by Tetrahymena pyriformls.

Undoubtedly this resulted from a significantly l-ower

sulphur amino acid requirement of Tetrahymena pyriformis

compared to the rat and the fact that methionine plus

cystine are the limiting amino acj-ds in faba bean. Thus,

as has been pointed out elsewhere (Rolle and Eggum, L970 )1

Tetr"Rhvmcnn nr¡r.i form'i s l,f m:-- L^ *t^ble aS A testIçL/rqrrJllrg¡¡q ¡wJI f lL/Illlf ù vv llrd,J uc: L¿rIùt¿IL/d,

organism for the eval-uation of proteins in samples l-ow

or limitinE in the sul nhrir amino acids. Since the aminov4¡¿Þ

acid composition of cod and herring seem to satisfy the

requirements of the organism it was surprising that they

were ranked as inferior quality proteins. However, it is

7B



ìrnivers.ellv rêc-oEniv,ed t.l^,at the nutritive Vafues of fishv s-LJ

semnl es 1¡ârv eônsi der,¡hl v and that this variation mav beJr v v¡rv u ¿vri ¡¡leJ

attributed either to the initial differences in the raw

materials or to the defeterious effects of processing,

handling and storage (Ousterhout and Snyder, f962), It is
jLr ^ r^^ ôôt1 s.iIepincr l1hê ?"ê?lì1çy'y¡9¡r,f nrl^n .l-l.roJ- +h,pOS SIOIe tOO, UUtlÞ-Luç-L'rrlB urre r uyuórlarru OUOf' , t IIAC tlleSe

fish samples contained rancld fats or even heat stable

tox'ìns nr.ndrrncd hr¡ onnl-.emin.af.incr lrnnf.cr.i¡ r¡rlrinh r.cnroqqorìvr rs t vvffrv¡r t vI/r

1-ho c¡r.ôI¡rth of ¡|1otr.ahr¡mcnr nr¡r,i fnr-mi s Rnr¡na a.l- ¡'l 1 c "u¡¡v .Yd - _* *+ e -)oL

also reported on the inability of Tetrahymena pyriformis

to predict the nutritive values of fish protein concen-

tr-nte s hv noti ncr I ornr oõr?êl rti ons, heJ-.rnrean rlcl-'r.ehrrman¡
vtvvvv v¿ ¡¡vv+r¿õ !svrv¡¿u vvvvYv9¡¡ rvu¿qr¡J¡rrvr¡q

evaluations (fp) and the Gross Protein Values (GPV) of

chicks (r= 0.07:GPV,/Tp) and NPU of rats (r= 0.10:NPU/Tp)

compared to a high correl-ation between the chick and rat
values (r= 0.92:GPV/NPU). The poor quality protein, zein,

T9

produced a limited growth response for Tetrahymena pyriformis.

This inferior quality of zein, which is also expressed in
other feedi-ng trial-s regardless of the test anlmal, is
thought tobe due to the deficiency of the amino acids

lysine and tryptophan and al-so its low solubility.
The Relative Nutritive Vafues of the other proteins

in Table / agreed reasonably well with their correspondlng

published proteln values. It is interesting to note the

high correl-ation (r = 0.96) obtained between the Tetrahymena

RNVs of this study and the raL Protein Index values

(McDonald and Larter, I9T4) of the same CIMMYT cereal-



BO

samples. Definitely, these results coul-d be enhanced by

conducting simil-ar paralfel evaluations using Tetrahymena

and rats on a larger array of test proteins which have

been subjected to similar treatments and storage time.

The cost of conducting rat feeding trial-s on a large

number of protej-ns was considered to be too prohibitive
fnn J-h-i q nny-l-i arrl qr" sl- rrrlr¡
I VI



Generally, the assay of casein, whole egg and faba

bean protein concentrate for isoleucine, lysine, threonine

and tryptophan (Table 10) yielded val-ues in reasonable

â sreement uri th l-iterature values. However the avai I able+-vYYvvv¿,

lysine and threonine contents of whol-e egg protei-n and

casein seemed to be under-estimated, considering the high

nutritive values of these proteins. Even though an

avail-ability of 135% for isoleucine in faba bean concen-

traLed appeared anomalous, it is interestlng to note Nlnat

a mi erobi ol os'i nc'r ì rr rraf aø-i_¡e d i_SOleUCine COntent Of fabarvb!vur¿J sv

bean of 5.5 mg/I}Omg protein giving an avall-ability of

ß7f, appears in the literature (FAO, L9T0), Unfortunately

the significance of this FAO value cannot be fully assessed

since a shortcoming of this FAO publication is that the

test microorganism was not identified. 0f course, avail-

abilities greater than I00% might be caused by stimulating

effects of components other than the amino acld being

as sayed .

B1

A major contribution of microorganisms to amino acid

analysis has been their use for the assay of tryptophan

which untit recently (Lunver, l-968) could not be determined

chemically due to its destruction during acid hydrolysis.

The available tryptophan contents of casein and whole egg

a sreeri r¡rì thi n B0/' of the literature va]ues. The Tetrahymena

avaifable tryptophan conLent of faba bean concentrate, O.9Zmg/

10Omg protei-n, was in close agreement with the literacure
microbïological val-ue of 0 .B6me/70Omg protein. This l-eacls



j-n rl-ra <nanìr'r 1+i ^- +r^^+ ^l,sed on the results of methionineL/\J L/Ifç ùPÇLruJC,UI\JfI vLlav t wO

supplementation of faba bean and its higher availabilities
nf I rzsi ne t.hr"enni ne i snl crnì ne end rlôssi hl r¡ lr.rrntnnþ¿¡vr f J ur¡¡v I v¡¡f evrrrf rv 

' 
ruvrvuvrr¡v s¡¡v yvpeLvLJ

compared to whol-e egg and casein, potenti-ally faba bean

-ie o hiæla ^rrq'litr¡ nraJ-ain-Lù o. llJÈ;tl U,Lt4-LIt,J Pr \JUçIII.

The amlno acid assays of the CIMMYT cereal-s (Table 9)

al sn vi e'l defl l-aaanr olr'l o FôSUltS. The lOWef availableJ+v¿gvggvvvl/

threonine and sulphur amino acid contents of the inferior
qua]ity CIMMYT wheat 4859 and 4860 compared to the CIMMYT

rr-it ioera semsfss 4861, 4862 and. 4863 were noteworthy.¡vvJ

AIso a common feature of the CfMIvIYT cereals in these

resul-ts is the uniformly high avail-ability of lysine.

tsased on a comparison between the chemically determined

amino acid contents of the CII{MYT cereals (Appendix Table

II) and the amino acid requirement of Tetrahymena pyriformis
Ì,r / ^'^*^*r'i.. mchr a TTT\ T rrqi¡¡g WOUId be eXpeCLed tO be thev! \äPIJçrr.LrJ^ ao,u_LÇ J-!L), rJÈ

first limiting amino acid followed by threonine. However,

based on a comparison between the amino acid content

availabl-e to the organism (Table 9) and its requirement

for that amino acid, threonine became the most limiting

amino acid for the two CIMIvIYT wheat 4859 and 486O and

the CIMMYT triLj-cale 486f. This, in part e coufd explain

the failure of lysine supplementation of the two wheats

and 4861 tritj-cal-e to affect growth. Thus the depression

i n Enowth of the orsâni sm ohserr¡ed hr¡ sìrnnl ement i nrr CTMMYT
õr vYr vrf vr õe¡¡lv¡ r¡v !r1Þ

wheat 48lg and 4860 with lysine (figure 9 and Tabfe 13)

might have been caìised by an amino acid imbalance brought

Bz
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about by supplementation of the second limiting amino

acid (Harper, L964). 0n the other hand, for the CIMMYT

triticale 4861 lysine was just as limiting as threonine

or the most limiting amino acid. As expected, lysine

supplementation of CIIvIMYT LriLicales 4861, 486Z and 486Z

nrndrrnaÄ innno2gp¡l gr.Orrth rêSnônSêS anfl thtlS imnfOrrementsl/l vs4vvu !¡¿v! vspve õr vvv vr¡

in the nutritive values.

The reduction in the nutritive vafues of all five

CIMMYT cereals with Dl-methioníne su'oplementation seemed

to be caused by the toxic effect of methionine which

increased with increasing levels of supplementation. It

was noted that the severity of the toxic effect increased

with decreasing protein quality of cereals. The trend is

compati-ble with the results of Muramatsu et al (1972) who

r.enortcj thnt the Erowth 6lgnnacqi n¡ nf -atS fed eXCeSSiVer v}/vr uuu vf¡sv

amounts of a si-nele amino aci-d was more severe in the l-ow

nrr¡'i i tr¡ nrntoi n - Whea.t El l:to- n^mnnnad tO that in thevÞ4

casein anri esr ^-rh"-^- Ä.;^+s. It was observed also thatv uu v rrr s¿ru u óë; c],r v Ulllq;Il uI Ç L

the adverse effects of methionine su'oplementation were

reduced by L-lysine HCI supplementation of the CIMMYT

triticales 4861, 4862 and 4863. However, in the CIMMYT

wheat 4B6n siln^r a-a-r-or-i nn r¡ri th T,-l vsi ne HCI in additionvvrrçqu Tv\J\_,/ UUPI, IgrllgllUC.L/IUlr vvrv¿r u-L,J ur¡rv

to DL-methlonine caused a further depression in the growth

response of the organism. The difference i-n effects of

methionine and lysine supplementatlon was most likely

due to the fact EinaL lysi-ne was either most limiting or

nearly so in CIMMYT tritical-es 4861,4862 and 4863. However,

it was definitely not the most limiting amlno acid in



CIMMYT wheat 4859. Thus according to the definition of

amino acid imbal-ance (Harper, 1964) , the toxic effect of

an amino acid supplement is expected to be reduced when

the quantity of the limiting ami-no acid is increased.

The result of the lysine and methionine supplementation

of CIIvIMYT wheat 4860 could not be explained on this bas.i s.

The effect of DL-methionine supolementatlon in im-

proving the protein quality of faba bean concentrate,

âs assessed klv Tetnahvmena lTab-ì e TT and fi sr:re B ) e.on-v.Y rvv¿s¿¿¡r r¿ö4!v 
"/

firmed iuinat methionine is the most limiting amino acid

in l.l¡a nrnl-oin Âaarrminæ -lmnqt a^mzllo1-o o¡¡¡i'lnl'riIi1.tfr¡ yr vv--.1 . }|SSUmrng a*.,,-- ---e avarrau-Lr-LUy

of the sulphur amino acid in faba bean, then the highest

supplement of 1.Omg DL-methionine/ml would satisfy the

organism requirement. Sj-milar results on the improvement

of the nutritive val-ue of faba bean concentrate by DL-

mofhinnino qtrn-nlomon-l-¡1-inn har¡c heen rcnnr.tcrl lMnTlnnafflrrrv vrr¿v!¡r1fç ÐqyIJ!vrrrvttvaw rvff frqvv vvv¿¡ r uvvr vvv \r'rvsvr¡s-

and Larter, I9T4; ü/ilson et al I9T2) in rat feeding trials.

The fact that tryptophan supplementation (Table L2)

failed to improve the RNVs of cod frames and herring FPC

suggest that this amino acid is not the most limiting in

these samples.

Lrn-,i-æ ^nnl ied Teti.Rhvmena nvr-ì formis l¡l to the11c. V IrlE; AI/}/r¿uU r V ur srrJ rlrçrrG ¡vJ r r! vr rll

evaluation of protein quality and the determination of

amino acid avail-abilities, a major question could be

nnq.ad flnnsi der.ino thc frnrlrmontal mor"nho-l ncrí a.al ¡nri
vvÙ 9v . vv¡¡eruva r¡1ó rvÞ¡vs¿

nhr¡s'i ol o s1 ea I dif ferences between ciliates and mammals

and the fact tlnat the nutritive vafue of a protein has

B4



exact significance only in terms of a selected physiological
?"ês,rìônq.ê i. n ¡ çri r¡en snee-ì es - how llsef¡l a.fe TetfahVmenabr v e¡¡ rvv,

evaluations in terms of animal and human nutrition?
Obviousl-y there can be no assurance that the RïüV of an

rrhl.h^rÄlh nr.n1-ai¡ detefmlng6] hrr rFaf pohrrman¡ nVfì fOfmi S Willqr¡rlrrvvrf r Y¿ v vu!f I uu vu! ¡r¡r¡¡vu v¿J r u vr sr¡.Y r¡rv¡¡s ¡/,Y t +r vr ¡rr!v Y

reflect its biological value for humans. However, it

should be pointed out that the various drawbacks of micro-

biological methods and the far cry from protozoa to

mammal-s are not of great importance if it is recognized

that these val-ues are indirect comparative indices instead

of absolute measures of protei-n quality. Thus they should

not be applied to human or anj-mal nutrition without

further confirmation. Tetrahymena proteln quality assays,

and indeed other microbiological protein quality assays,
'l.rc¡¡a haan rla¡¡a"l nnarl â q r.¡ni Á qnraanì no tonhni rrtlas. fnr-ÌIC.Vc; VÇÇIJ. UgVç_LUT\JEU @ù rq}/fV ùVrççrrrfró uçU1rrf¿Yuçp fvr

large numbers of samples. As Rosen (1960) has pointed

out, the contribution of microbiological assays of protein

quality to progress will be assessed not by their ability

to parallel what we know but by the accuracy of their
nr.orlintìnns ¡nrJ hv the r-ca1. eConomiCs affeCted inV IV¡IU

experimentaLion with higher animals, At present these

assays represent a useful- fink between the rapid physio-

ehemìeal taEsinÊr of nrotêìn values that are used inv \*öö4¡rb v r

eontr-ol I inc¡ ntlr-nh¡sino nr.ôcessing anrj T)1^.^+ 1^-^^^r-- And,-JI'Urld-ù-LlIét pI-Uvvuurrrõ srru yf,aIIU vr çÇuflr6

the more time-consuming biological evaluations with

laboratory or farm animals.

al 5



SUMMARY AND CONCLUSIONS



The first part of this study dealt with determining

the effects of varying concentrations of dj-fferent carbo-

hydrates on the growth response of Tetrahymena pyriformis

1,ü to dif ferent nitrogen sources. The carbohydrates tested

were glucose, soluble starch, dextrin and a glucose/starch

mi-xture (1:1) at concentrations from 2.J mg/ml (0,25%)

to 20.0 mg/mL (2%). The nitrogen sources included the

intact casein and whol-e egg proteins, the acid hydrolysate

of casein supplemented with L-tryptophan and a crystalline
amlno acid mixture representing the amino acid requirement

of the organism, all supplied at the isonitrogenous con-

centration of 0.3 mgN,/ml medium. Cell counts, mean cell
sizes, total population volumes and growth rates were

measured, using a Coul-ter Counter, at 1-?hr intervals up

to I20 hr incubation period. The results indicated that

at concentrati-ons equal to or greater than 5.0 mg/ml

medium, the polysaccharides sol-uble starch and dextri.n

stimulated growth responses equivalent to glucose in the

casein medium but higher than glucose in the whole egg

nr-ntai n madi rrm -Ho¡nror¡ar fnr. hha nr.nl-ai n hr¡drn-i r¡s¡J-oyr vvvlrr rrf!urq¡¡¡. rfvvvv vvt 9 !vr y¿ vuv¿¡f r¡Jur vfJ uqvv

and the amino acid mixture glucose was superior to the

nol r¡seoe.l¡ar.i des i n nr.omoti nø srov¡th - The Erowth of the
11v¿dvgvvflgf

organism was repressed in the early stages by the high

glucose concentration of 20.0 mg/mL. It was found that

of sl r:eose . riexl.r-i n stni-eh anri J-.he øl lreose/sf.ar.nh m'i x-tt¿ 4v

tune at 10.0 mg/mI , the latter was the only carbohydrate

SUMMARY AND CONCLUSIONS
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source which stimulated the highest growth response in

both the whole egg protein and the amino acid media.

This suggested the necessity for the simu]taneous presence

of glucose and starch when comparing the growth responses

ofl Tetrahvmena nvr'ì formi s l¡l +n inraor ^-OteinS and tOv¿ ¿vvru¡¿J¡¡¡vrrü IJJr!rvrIllIÐ vv vv lfrvevu ¡rt

urrno *-l*t". """" t" in amino acid assays. The

e.ar.hnhvrir.at.e concentrations which resulted in optimum

srowth ïîesnonses were within the range 5.0 and. 20.0 mg/ml

for media with 0.3 mgN/ml. The effect of different carbo-

l-rr¡rlr¡te sôrlt.oeS varied with the form (intact vs free aminor¡J ur qvv

a c i ri ) of the nitroEen sot-lrce .sv¿u/ v¡

Statistica-l analyses of these resul-ts lndicated that

the carbohydrate levet produeed significant (e=0.05)

effects on 'bhe mean cell- size, maximum cel-l couut, maximum

total volume and growth rate of Tetrahymena pyriformls W.

Similar significant effects were observed by varying the

protein or nitrogen source in the gror,vtn medium. It wa.s

found also thac the protein/carbohydrate type and protein/

carbohydrate level lnteractions significantly affected the

maxinum ce].l count and the maximum total volLl.me. On the

other hanC , the effect of r¡¿¡ying the type of carbohydrate

wâs si Eni fi cant onl v when the maximum total volume and thev!õ¡¡r¡

growth rate in the intact protein medium ulere compared to

those in the amino acid medium.

Various hypotheses were discussed for explaini-ng

these effects , viz. the deleterious effect of osmotic

n1âêq.q1rrÊ ôn the oi-owth of thr- c)?çlâT1i sm: the ef fect of
Frr ÇùDuI ç vll urrv õr vvv vr¡
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different types of carbohydrates on the metabolism of

essential amino aci-ds; the stimulatory effects of
particl-es in the growth medium; and differences in the

rates of untake and availabil_ities of different enerEv9r 9r¡v er¡vr bJ

anri ni troøen SOurCeS. 0f these- the 'l el.ter hvnothesi sg v¡¡v -Lquvvr r¡JlJvurruu¿u

i^Ias suggested as being the most likely to explain the

observed effects of vari-ous carbohydrate types and con-.

centrations and protein or nitrogen sources.

The second 'rnajor part of the study dealt with the

use of Tetrahymena pyriformis for the determination of
oururt.ru i.I* ;,-" a*") and for the assay of amino

acici avail-abilities. The proteins eval_uated were casein

(RNV = 100), whole egg protein (135), soy;crotein con-

centrete (1n6\ fqhe nnn{-ai-11 COnCentrate (5q) - flaba\!vvl t Lqv q yf v wvtlvvfrut4ve \)) ) I .LuvQ

nrotein i sol ete f 56) her-r.inø nr.ote in .ì.ôrì nentr"ete /I1 I\)v/ t !¡¡õ yr vv¡rvvrlurovv \rrl 9

cod frames (53), zein (3), Casamino Acicls (67), amino

acid mixture, F (83), CII{lvlYT wheat 4BSg (48¡, CIMMYT wheat

4860 ( 53 ) , crMMyT rriticat-e 4861 ( 63 ) crl{Myr triticate
4862 (75), CIMMYT triticale 486¡ (Zl+). The let¡aþyme4a

values cc¡rrel-ated reasonably well with those reported :in

the literature except for the faba bean samples which

were overestinated. The inability of Tetrahymena pyriformis
'hi 1-n npo,ìì nJ- 1. 1-^ L-i ^-l ^-j ^n-lv wrrÇ u-LU-L,.ró-rço'r t1utritive *a].u of faba bean

was thou-ght to be relaterl to the organi_smts low requir"ement

for the sul nhur-containlng amino acids even though. these

amino acids were below the orgarlismt s requirement in
fa'oa bean.
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The CIMMYT cereal-s were assayed for available lysine,

threonine and methionine plus cystine. Casein, whole egg

protein and faba proiein concentrate were assayed for

lysine, threonine, isoleucine and tryptophan. 'Ihe effects

of amino acid srrpplementati on showed that the organism

does respond positively to increases in the limiting

amino acj.ds of the test protein and negati-vo.ly Lo ami-no

acid imbal-ances and toxi-c I evels of certain amino acids.

Thus the addition of Dl-ine1;hicni-ne imoroved ihe nutritive

values of faba protein concent::a.ie but reduced- that of

the CIÌ{MYT cereal-s.

Thjs report suggests consideration of the follovring

recominendations for the Tetrah;ymena probein quality assali s:

i) lleasurement c.,f Growth Response The total cell-

population volume (= cel-l count x mean cell
l\1¡rì,rrrrê ) r^i^tl lrj l.ra røaf anna¡ ,UO r:e'l I COUntS Onl V -,f rvvulu y¿g¡vf f 9s \-.\r4lrvv vrr¿ey 9

as e more a.ccurate estimate of bionrass i-n any

êxrrT'âss¡,inn nf nrotein ci llalitr¡. Sinne 1,he USeVrI¡V

of this method employlng the Coulter Counter

depends on the absence of rel-ati-vely large

irndi øested fnnri nrr.t i cl es frOm the Cell_ SUS-I/sr v

pension, the elutriation techrriqu.e of li'er,,i.nisson

( 1071 I .:h¡rrl ,4 l:e f .rrf her invesltigated. iloWeVer,\ f / | ¡

there are cases when cell counts only coutd

s.rrf f i r"o srrr- i-' t ' cr d-i f fn?"ont q:mnl cs.ì.s l_n comparrnÞ s¿r u usr¡,r/rvv

nf l-lra qqnlô J.r¡no nf nr.nioi n".) -v v

i i ) Tnerhrt'i nn neri nd The mAXi rnUmLL ¿' ¿¡f v uvø yvr rvv

as a morÉJ meaninEfu-l- index r:f the

mæn¡^¡{-h FâÕh^"1 SeÕr vvY ul/vi.:¡.

poteirt i-aI



nu-trltive vâl-ue of a proteine should. be prefer.red

to the growth response merely at one partj-cul_ar

incubation period. Thus it is suggested that
test protein cultures shoul-d be incubated for
various tines so bhat bhe different phases of
growth could be identified.
C:i.hnlrr¡dlrrta lìnrræna ôc rr¡-f ^F L1^^v¡¡J s¿ e r/ vffi;,,,,:.":";:.,"" ;"ff,.
be prepared to contain glu.cose Lo give a final
glucose concentration of 5.0 mg/nl (ie. 0.5%).

Pipetting steril-e solr.rtion A and sieril_e gluccse

together, instead of sepa'ate.l.V, would eli_minate

an additional cpportunity for contanination:
10 ml_ solution A (100 x final- concentration) +

50 ml distitleC. water, ste.ilized by filtration
+ 50 ml , L0% sterile glucose, (ZO x final_ con_

centration); 1 mf of this mixture shr¡uld be

adderl (in place of sotution A) after autocla.v-in.E

the medium. i,Vhen assa)¡ing cereals whicli ccntajn
ad-equate native carbohydrates no additi.onal_ car-
bohydrate source is needed o'iher. than the glr-r_cose

contained in sojution A. For other nitrogen
souï.ces, cextrin or soluble starch snou_l_d be

aoded bo the meoium i.refore au.boclaving to give
a flnal- concentration of 10.0 mg/ml or L%

(ie. l inl of 70/, polysacchiaride suspension

prepared at room temperature and added to flasks).

'l'rì ì
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,tl ba.sic assump';ion of protein quality assays Ìs ';hat

amino acids are utilized solely for protein synthesj-s.

lrnr.ra¡¡am jñ +he I i qht of the results of the metabol_icrrvvvu vvr , rtl vt¡u r¡õ¡f u vr url

experiment e.nol the reports of Dewey ancl F,idder (1973)

anC Cox et al-, (1,968) it is apparent that further research

is needed to investigate the role of amino acids in energy

nr.n¡lrrnriar in TetfAhVmena. nVfifOfmis I¡/ e\rôn in .l-ho nreSeflCe
}/rvt/uv?!v¿l ¿,vv!sr¡J¡rrvr¡u vJ¡r!vf rrrru ev vvçfI ¿rf vlrv !/r.\

of eai-bohvrir':tc's ¡nd 1_ kra nOlrtfol I ins: nleChanisms inVOlVed, e¡¡u

in the utilization of tiiese two potential energy sources.

illhis can be ecccmplished using radioaotive substrates.

q.t
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Append.ix Table II
Amino Acid Composition

(mg/L00 mg protein

Arnino Acid

Lysine
Tryptoþhan
Isoleucine
Leucine
Cystine
Ivlethionine
-- JHrsttol-ne
Arginine
,T.rzrnq i na

Phenylalaníae
Threonine
Valine
Aspartic Acid
Glutamic Acid
Proline
Alanine
Ser.ine
Gl.ycine

of CIMMYT Wheat and Triticale Samcles*
(defatted samples)

4Bs9
Vüheat

3"1
L"7
3"8
7"2
2"0
1.8
2.5
5"8
3.6
4"8
?1

4"7
5.5
36.0
oo
?o

5"0
4"6

4860 486L
VÍheat Triticale

3"1_

t" B

3.9
7.2
¿"¿
r"9
2"6
5"6
3"7
4"9
3"2
4"8
5"6
37 "0
t0 .0
3"9
4"9
4"6

3"5
L.2
3"8
6.8
1.5
L.6
2"5
6.3
3.2
4"8
3"0
4"6
6"3
31" 9

9.8
4"0
4"4
4.2

4862
TÈiLicale Triticale

f03

3"4
t"1
3"9
7.2
1. B

1.9
2"6
6.1
3.4
5.0
3"2
4"9
6.5
33"4
9"9
4"2
4"6
4"5

* Data supplied. by private communication from Dr" E" Mertz, Purdue
University "

4863

3"4
1"1
3"7
6.8
2"0
l" 9

2"4
6"4
3"3
4"9
3"0
4"6
6"3
32.4
r0"0
4"0
4.5
4"3



Appendix Table III
* Solution F - Crystalline Amino

requirements of Tetrahyme¡a

Amino Acid

L- Lysine HCI

L - Histidine HCl

L - Arginine HCI

L - Threonine

l-: - Val-ine
Dl- Methionine
L - Cystine
L fsoleucine
L - Leucine
L - Phenylalanine
L - Tyrosine
L - Tryptophan
L - Aspartic Acid
DL- Serine
L - Proline
L - Glutaiqåc Acid
L..,= Gllrcine
DL - Alani-ne

(r0 x
mglr00

Acid Mixture based on the

pyri.fo.rmis W

IBO"O

62"0
136"0
106"0
141"0
34. 0

117. 0

L64"0
118.0

31" 0
252.0
256"0
I09. 0

33s. 0

87"0
155. 0

final strengÈh)
ml or mol300m9N

r n/l

mgl16m9 N

* Private Communication Dr. E" B " Smith, Foods and Nutrition
Department, University of lt{anitoba"

9.60 (lys 7 "70)
3"3I (his 2"69)
7 " 25 (arg 6. 01)

5. 65

7 "52
1.8

6 "24
8.75
6"29

1. 65

L3.44
13.65
s"B1
L7 "87
4"64
B "27



Ànnenc-lix Table IV Composi-tion of Stock-Solutions ancl Solution

E

St-ock Sol.utionÀ (-100 x final

Calcium pantothenate

Nicotinantide

Pwrrr.ll ôYr nê hr¡drOChlOfide

Pvri doxa I hwr]rnchloride

Fyridoxanine hyclrochloricle

Riboflavin

Folic acid

Thi nm i na hrzdrnclf lof ide

Inositol

Choline Chloride

n- Ànl i no hen zo i r: acid

IJ LOTIN

DL-er-Lipoic Acid.

Stock SoIuLion B (I00 x final

MqSO,. 7H^0-+¿
Fe (t'{H, ) . (So, ) -. 6H^^- 4'¿- 4'¿ ¿U

l,lnCl^.41I^0¿z
ZnCI

¿̂

Stock Solution C (100 :< final

CaCI .,.2H.)O ng /20 0mI)z¿

strength) (mgl 2 0 0ml. )

L2.5

L¿. 3

125.0

L2.5

L2.5

12.5

L.25

L2.5

12. 5

I25.0

L¿. 3

I.25

0.4

strength) (g/20}nLi

)a

0.025

0.0025

strengttr)

600

60

15

1nq

CuCl^.2Ii^Ozz

FeCl..6iIÐ\/
Stock Solution D (100

i(H 
^PO ¡

T(.HPO,¿4

Stock Solution E (5 x
/n'r-^ ^*--^*riate\ r ¡ rs q[JPr v!u.

below are dissolved in
lmf s1-ock solutions B,
to 20 ml-

x final strength) (g/200 't:tL)

3.5

€i n¡ l c+,-^--+ì"ì

lveights of the components listed
appro:< iniately l-Oirrl distilled vrater,
C, D added ancl the whoLe made up

Guanylic acid (Na salt)
Àdenosine -2' (3' ) -phosphoric
Acid monohydrate
Cytidylic acid
Uracil

ma /)(1m1

sorut.ron E

l0
1^rU

L2.5
5



Appendix Tabie V The effect
population

periods on

of Protein

PYrif orm,is

of using cell count or total
volume at different i-ncubation

the Relative Nutritive Values

Sources using Te!¡aþvmena

W

PROTEINS

Casein

RNV calculated
using cell counts
^!o.L

Egg o whol-e

t06

72}j.

Soy, conc"

96h

100

Faba, conc.

Max

RNV calculated
using total pop-
ulation volumes at

186

100

Faba, isol. .(nvp)

L07

16s

72}j'

100

Herring, FPC

111

139

Cod" frames

96h

73

100

Zein

82

i{ax

54

96

204

100

26

70

4B

115

100

90

45

33

62

t_r3

101

13s

65

46

4

106

97

60

63

6

15

61

59

4

44

2B

56

51

41

3

53

3 3
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^*-f 
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Part la.

grown in
t¡a rrz i n¡

Table VI

of Variance. 3 Facl-or Fì:<periment Raudontized Block Design.

Mean CeI1 r/oluines (u3x103) of Tet.rahvmena pvr-iforrnis W

whole egg protein, casein and casein hdyrolysate media with

Ievels (0-20,0m9/ml of glucose or starch)

.Q C)
l-t ù^
rd >HUF{"

I
]J

H'-l v

Ê

C)bl

d^trË
ÎJv

O.l
.cì c)g>
(ÚqJ

0

2.5

5.0

10.0

20 .0

Glucose

Casein

18.3

23.0

29.r

29 .4

33.0

Eg9

Total-

Correction Term

Total Leve1s:

11t7

28.1

?l n

35.2

Casein

Starch

Total Glucose:

'l',O tal þtarcn:

Total Casein:

To-ua1 Egg:

rFn-l-r I /-¡ cai n hr¡¿lrnl r¡q¡ l-o .

Source of Variation

Protein source, P

Carbohydrate type, T

Carbohydrate level, L

In{:eraction, PT

'' PL

'' TL

t_'Error

Total

z¿. Y

?9. q

3L.7

2l '7

l_32. B

Casein

18.3

25 .9

5¿.Y

?o rì

29 .5

150.1

1lñrr!YY
lTrrr'l rn l

¿4: O

34.¿

?n n

¿4t¿¿.¿

L¿17 . L

861.2

430.0
Àa1 1+JL. ¿

268 .4

295.9

296 "9

2 52.3

I 0.03

4 398.6

¿ 5.J

8 47.0

Lt ¿o . z

I 25.4

29 552.8

30.6

3L.7

33.0
2

TotaI

135. 6

133.4

L62 .9

185.0

188 .3

t9t.6

145. I r49.8

f 3 factor inÌ:eraction ternr PTL usecl to estimate error

óoL.¿

lvl ò

¿o. ¿

rl rì2

1.65

3.18

1F- -.05

8 .24* ¿I .46

2L 5.32

31.4* 3.84

sJ 4 .46

1.85 3.44

2.06 3.84



^-^^,^-1;,.¡\lJIJ9r ru !^

î - -, I -.^ i ^4\tldIyÞrÞ

Part la.

grorvn in

varying

Tð-bIe Vrr lOB

of Variance, 3 Factor Experiment, randotnized block clesign.

lrlaxirnum ceIl counts (x l0ç/ml) óf Tetrairymena pyriformis lf

rvhole eEg protein, casein and casein hydæotysate media with

levels (0-20.0 mg/ml) of glucose or starch.

¡i t^g OrH
rû >vOh
I

-p

lr'-l fu
Or O-

0)br
JJËrú^
)-l r{

.ct ()
rr>
(Ú(J
UH

n

10. 0

20 ,0

Glucose

33.0

68 .4

1À 1

Egg

't'otal.

Cor.rec Lion Term:

Total Levels:

47 .8

99.4

94.7

84.4

68.8

^^^^i-ud5ertl

i{yd.ro I

Starch

22.2

41 .6

48 .6

46.5

48. 4

3ls.3

U4.>EI¡¡

Glucose:

Starch ?

Casein:

Egg:

Casein llydrolysate:

JJ.U

68.6

tz.J

78.3

?ori I

Ê]naUYY

47 .B

9B.6

r09.6

r08.5

90 .4

Source of Variation df

Protein source, P. 2

Carbohyclrate type T I
fr Level, L 4

Interachion PT 2

,'PL8

'ITL4

+lirror I

Tot¿rl 29

+ ? f¡nl-nr inl-oraction l-erm PTL

+ -i-*ìÊ¡^--+ -¡t p = 0.05" ÞI9IÀ¿r !UqrtL c

Casein
Hyd.rol

LL , 4935 .9

r-856.9

'gzs.l

933 .2

627.2

850.0

379,7

2L3.3

22.2

?? Q

35.9

38.5

JO. U'

'L'ot'ar

311. 9

206.0

4L6.4

435.8

432 .5

Jbo.¿

454.9 L66.4

SS

11035.3

3.02

o ¿L.t. y

609.7

1008.4

92.2

¿¿¿r. )

19IBB. O

used to

l-856.9

MS

s5L7 .7

a 
^^i.u¿

1s53.7

304.9

L¿O. L

23.L

28.1

estinate

f.

L96 .4*
/1

55. 3*-

'lô a*

4.49*

<1,

TI'0.05

4.46

5.32

3.84

4.+O

a /lA

3 .84

error



Appendix

Ana lysis

Part Ia.

grown in
-.^-..-i--v qr J rrly

Table VIII 109
l

of variance 3 l¡actor Experiment, Randomizcd Block Design.

Maximurrt total volurne (P3*fO9) of Tet.rahlmena pyliqermiå w

whole egg protein, casein ancl casein hyclrolysate media with

levels (0-20.0mgr/ml of glucose or starch' )

¡i o,^ll OrEr
rú Þr"
OF

I
.lJ
O Êê{
!'-l v
Ào

-J

ott

gil

,Co
Or{
r_.1 >
rd cJ

Glucose

0

2.5

4.r
o7

11. 0

1À /1

L4.2

10.0

20.0

Eg9

'r'oËa r

Correction Term:

Total Levels:

7.2

L4.6

15.0

L5.7

lo Q

^^ ^^ i -
rr--l-^lrryur u r .

" Glucose;

" Starch:

" Casein:

" llgg t

" Casein hydrolYsate:

Starch

?l

6.3

/.o

8.7

Casein

(? A

4.1

o1

oo

13. 9

L2.3

Egg

72.3

FIr¡Á rn'l

Source of Variation

Protein source, P

Carbohydrate tYPe, T

tt level, L

,Interaction, 
PT

I pT.

tt rL
+.'Error

Total

7.2
]E A

16.I

19. 6

to n

3409.1

?'lo c

l-6 l'. 0

158.8

103.3

L49 .6

66.9

2 343.6

1 0.13

4 302.4

2 4.97

8 34.6

4 4.27

I 6.03

29 696.0

35.3

?'l

"7 't

'1 7

6.6

'r'ocar

/o o

28.8

o¿.¿

o/.J

arì o

UU.b

71 .3 3r.6

+

*

3 factor interaction PTL used

sì.gnif icant at P = 0.05

¡,t q

LIL.Ó

n l?

¿. +>

¿T. JJ

l. 07

0.75

fF* -.05
229.L* 4.46

<r 5.32

100.8* 3.84

3.32 4.46

5.77'k 3 .44

1.43 3. 84

to estimate error



Ânnarrâìv r-f'¡hlo TY, \¡JPelrrr r^

r\nalysis of Variance. 3 Factor Experimenb Rancl.omized

Part Ia Grorvth Rate (hr-l-) of Iggghyllgna. PyI{sgmig W

egg protein/ casein ancl casein hydr:oLysate meclia with

(0-20.0 mg,/ml) of glucose or starch.

Â er^
!r OrH
nl >i"
ucn

|J CJÊl
0{ .lJ 

-

-J
o\
dÉ
H^

.UH

.c
OúJ
-Q -l
lr C.)õ>
oq)

Fl

Glucose

2.5

5.0

0.13

0.14

0. 16

0.16

ô l?

10

110

Block Design.

gror./n in ' who le

varylng levers

20.0

!:, Y

^! ^ f

0.14

n tR

U. ¿L

0.20

0.17

Ccrrection 'Ierm z 0 .7 62

Total Levels | 4.78

t' Glucose: 2.30

" S l-arch; 2.48

" Casein: L.47

' -t"cJg: I.B0

" Casein hyclrolYsatc : l. 5I

Starch

0. 13

0.14

0. ls
n t¿

nl

^ 
1'

0.13

rì lÁ

U.Ib

0.15

Egg

0.90

^-^^.i -

IIy LrI V r

n t¿

0.17

U. ¿J

0.lB

0.r8

Source of Variance

Protein, P

Carbohydrate Type, T

' Levelr L

Interactio.n PT

II PL

rr TL

Error

'fotal

0.68

Total

0.13

0. t6
ô 1?

0 .19

0.18

n 7q

0.80

0.9s

1,08

L.02

0.93

0,90 0.83

clf

2

'l

À

o

U

29

, . ¡-^+^- .i*+^-acLien telmf J lquLvr !¡¡ue!

PllL used to esti.mate error

SS

0.006

0.00I

0.006

0.001

0.004

0.00I

0.005

0.024

4.78

.rYS f
0 .003 5.

0,001 1.

0.006 3.

0,0005 <1

0.0005 <1

0.0003 <1

0.006

0)k

67

33

F'
.Uf,

4 .46

5.32

3.84

rt. ¿ro

3 .44

3.84

* sionificant effect



Appendix Tab3.e X

Analysis of Variance. 2 Factor Experirnent, Randomized Block Design"

Part I b" l,{ean Cell Volume of Tetrahymena pyriformis !V grown in whole

egg protein or àolution F med.ia with dífferent carbohydrate sources

(values are totals of 3 çe¡:ticates of mean cell volume in p3xtO3)

ç
.{
o
lJ
og

Egg

Glucose

Carbohydrate Type (T)

F

107 .1

Starch

Total

_t J_ -L

Correction Term:

Source of Variat,ion

Protein: P

Carbohydrate type:T

Interaction; PT

Error

93 .3

LLz.2

Dextrin

240..4

IOB. 9

99 .6

Glucose/
Starch

22L. I

105"3

29232 " 2

df

I

3

3

16

108. 6

Total

204"9

r02"6

427.5

2tL.2

SS

L2"7

40.3

32 "3

BB"6

410 .1

837 "6

MS

L2 "7

13.4

10"8

5"5

f

2 "3t
2"44

1"90

F
.05

4 .49

3 "24

5"¿+



Appendix Table XI

Analysis of Variance. 2 Factor Experiment Randomized. Block Design"

Part lb" Max Cell Count of Tetrahymena pyrifo-rmis W grown in either

whole egg proteín or solution F media with different carbohyd.rate Scurce

aL a constant leve1 10.0 mg/ml (Values are totals of 3 replicable counts

in cells x l-04/ml-)

H

c)
Ð
(r

Egg

Glucose

Carbohydrate Type (T)

F

253"2

Starch

Total

IT2

174"3

325 .5

Dextrin

Correction Term z L40454

427.5

Source of Variation df SS MS

9L"2

3r0"2

Prote,in,P I L4970"0 L4970"0 2"04 4.49

Type, T 3 1021"8 340"6 <L 3"24

Interaction, PT 3 2043"2 681"1 <I 3"24

Error 16 LI7573 "0 7348 "3

Glucose/
Starch

4L6 "7

t68

328.8

Total

478"2

184"8

r2L7 "7

513"6

618"3

1836.0

fF.- - 
"05



Appendix Table XII

Analysis of Va-riance. 2 FacLor Experiment Randomized Block Design.

Part Ib. Max" t.ot.a+ volume. of Tetrah)¡rnena- pyriformis V[ grown in whole

egg protein or solution F media with different carbohydrate sources.

(Va1ues are totals of 3 ieplicates max. total voh¡nes in u3x109/nl-_.

t

I 
unn

It-IF
I

trl
dv

.J
nl
'l

Glucose

Carbohydrate Type (T)

47 "7

Starclr

tt<

Total

Correction Term:

Source of Variation

33 " 6

58. B

Dextrin

80.7

25 .8

Protein, P

Type, T

_Interaction, PT

Error

47 "7

Glucose/
Starch

84.6

32.4

47 96 .9

df

I

3

3

I6

58.5

Total

80.1

35. 4

2L2.L

93"9

SS

300,3

20 "3

39.5

24"6

L27.2

J5Y.J

MS

300.3

6.8

13.2

1.54

f

195.0f

4.42*

8.57t

E.* .05

4.49

J. ¿+

3.24



Append-ix Table XIII

Analysis of Variance" 2 Factor Experiment Radomized Block Design"

Part Ib. Growth Rate (frr-f) of Tetratryme.na pyriformis W gnown in
either whole egg protein or solution F media with different carbohy-

drate sources at a constant leve1 10"0m9/m1"

I

I

I Egg
I

^to. I
t_.Jl

ni I.': lFott{l0.{ I

Glucose

Carbohyd-rate Type (T)

0.60

Starch

Total

11ll

0"63

Corre.ct.ion Term:

Source of Variation

0"57

Dextrin

L "23

0"57

Protein, F

Carbohydrate

Interaction,

Error

Glucose/
Starch

0 "69

r. t_4

0" 60

0.60

0.003

df

1

3

3

16

Total

TYPe, T

PT

L"29

0;54

2"46

" significant êt P = 0.05

L"L4

SS

0"001

0"002

0"0

0"004

2 "34

4 " B0

MS

0"001

0"001

0"0

0. 0003

f

3"33

3.33*

<1

F

4.49

3 "24

3 "24
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Appendix Fígure I: Growth of Tetreh)¡mgna- PgiÉ9r:m19 ]! in

d j-f f erent Proteitr meclia'
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Ânnondìv I'icirlre II: Prnl- oi n /c:arbohvdra-te Level- (Pt) interactionI Ivuvr¡¡/ vq¿vv¡¡_¿

e.ffect on the maxir;ìum total population

volumes of Telrahlzm.ena PyËlIeff'1¿s U' based

on statistícalv analysis of variance of Part

la. resulLs.
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Appenclix Figure III: Protein /catbo-;.ydrate Level (PL) interactiot:

effect on 'the maximum cell count of

TeLrahy$.en3' py5,ifo.rmi,s It based on si-a'tistic

analvsis of variance of Part I a ' results
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Appenclix Figure IV" Protein/carbohyd.ral-e type (PT) interaction

ef,fect on the maxirnum cell count of

TetraþEelaPyrrggr8¿!.V']basedonstatistica

analysis of varia-nce of Part I a results "
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