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Industrial media and fermentation processes for improved
growth and protease production by Tetrahymena thermophila
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Tetrahymena thermophila was cultivated on industrial by-product media. The composition of the best medium (with

milk proteins) was optimised by a central composite design for growth and protease secretion. The optimal combi-

nation [1.07% (w/v) of yeast extract and 0.99% (w/v) of skimmed milk] improved biomass production by 46%. In a
fermentation strategy, the pH must be regulated to produce no cell damage, lengthening the stationary phase and
resulting in a more abundant protease production. To increase cell concentration and protease secretion, a continu-

ous culture with cell recycling by microfiltration was successfully tested on ciliated protozoa. Journal of Industrial
Microbiology & Biotechnology (2000) 24, 285-290.
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Introduction limited to 300 rpm to avoid cell damage. The temperature

. . was kept constant at 28. Aeration rate was maintained
The potential of protozoa as sources of commercially pro- t 1 vvm. Working volumes were 1 L for 2-L fermentors,

duced enzymes is clearly established [20]. Among ciliatef

. . : 2 L for 20-L fermentors and 60 L for 100-L fermentors.
protozoa, Tejrahymenahas a blo_technologlcal potential, All experiments, except scaling-up, were carried out in 2-
particularly in the secretion of digestive hydrolases_[_lS].L fermentors. B’efore experimentat,ion cells were adapted
North [15] reported thafTetrahymenaproduced specific to the different media by successive cultivations in 125-ml

proteases with high activity rates in eucaryotic orgamsms(;?asks with 10 ml medium over 1 week. For culture in 2-L

To date, they have not been exploited as sources : :
enzymes for industrial production and use. An explanationermentors’ cells were cultivated in 1-L Erlenmeyer flasks

for this under utilisation is that protozoa are more difficult \év-ltthe%r%(()arrH:)rmlﬁglcuuTa \?vifgzlvegr;ge)'(ngﬂgﬁ,:;ﬂ mﬁgwtill?le
to culture on a large scale than bacteria or fungi. : yS exp v9 9

Studies have been conducted to obtain mass cultures &ultures to obtain 10000 cells miin the fresh medium.
Tetrahymenaand to develop industrial axenic media Media

[2,8,18]. But only a few fermentation strategies yielding :
, ) Mye medium [18] was composed of 1% wi/v yeast extract
gggajgvg%r;ggr%brlfmf obrg;trfirsla and yeast cultures ha\f’fhd 1% wi/v skimmed milk, Ppys medium contained 0.75%

0,
In this study, we were interested in optimising growth \[,X/E\S/] y\e(aest ﬁqxetgaif:h Oégﬁtﬁinvég/ fg/(zt(\aNO/?/e 222&025"22? sggs
of Tetrahymena thermophilan industrial media, improv- 5% |l?COS€ [5]. Yex medium contain%ad 1% wiv veast
ing the secretion of enzymes, especially proteases, an 9 ; Y

; ; ; . extract and 4.5% w/v maltodextrins (glucidex R12
developing a fermentation strategy for this production. Roquette Freres, Lestrem, France). Yep medium contained

1% w/v yeast extract and 0.3% w/v potatoe solubles
Materials and methods (Roquette Freres). Yem medium contained 1% w/v yeast
extract and 0.3% w/v corn soluble (Roquette Freres). Fer-
mentors containing 1 L of medium with 0.001% v/v anti-
rfoam (Sigma, St Quentin Fallavier, France, ref. A6426)
Were autoclaved for 25 min at 120.

Strain and cultivation

Tetrahymena thermophildlll was obtained from the
Carlsberg Institute, Copenhagen. Batch fermentations we
carried out in 2, 20 or 100-L fermentors (Biolafitte, Saint
Germain en Laye, France) with turbine impellers and

, , IS : . Cell count and statistical analysis
equipped with digital control units. The stirrer speed Was~q|| were counted electroniz\:/ally (Coulter counter Z1

Beckman Coulter France, Roissy CDG, France). Experi-
Correspondence: J de Coninck, Institut Superieur d’Agriculture Laboraments were planned to use a variance analysis followed
toire de Microbiologie des Ferr’nentations, 41 rue du Port, 59646 LiIIeIf n,ecessary by ,the Newman-—Keuls test [6'14]' Wh_en the
Cedex, France. E-mail: j.deconin@ksa.fupl.asso.fr variance analysis concluded that the results media were
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classify and to determine groups of averages. In each groupemoval of the cells from the medium by centrifugation at
the averages are not considered different. 16°C for 30 min at 300x g (to avoid damaging cells).

A central composite design was adopted to assess the Substrate (0.5 ml) was added to 0.5 ml of cell-free super-
combined effect of yeast extract and skimmed milk on gennatant. After incubation at 2& for 20 min, the reaction
eration time and maximal population (Table 1). was stopped by heating the mixture to 1G0for 2 min.

Data obtained were analysed by multiple regressionrhen the reaction product, glucose-6-phosphate, was oxid-
using Minitab [11] software and the following equation— ized by 1.0 ml glucose-6-phosphate dehydrogenase. After
called a response model—was established to fit the data 20-min incubation at 2&, NADPH was determined
and calculate the optimal combination of yeast extract angpectrophotometrically at 340 nm. One HK unit corre-

skimmed milk:

y = by + by(YE) + b(MI) + by(YE)?
+ b, (M1)2 + bs(YE)(MI) + €

y: generation time (min) or maximal population f1€ells

ml™); b, to bs: regression coefficients of the model; (YE):
yeast extract in % w/v; (MI): skimmed milk in % w/v;
(YE)(MI): interaction term;e: error term (residual) sup-

sponds to the amount of enzyme required for the release
of 1 mmole of NADPH or glucose per minute. Results were
expressed as millihexokinase units per ml (mUnl

Results

Mass culture improvement

In the first stage, simplification of the media led to use
of a medium containing only yeast extract as nitrogen and
nucleotide source. In the second stage, to improve biomass

posed to be of null expected value and constant Variancﬁroduction, addition of the following components was

for the requirement for hypothesis testing. First partlaltested: glucose, skimmed milk, maltodextrins and potato or

derivatives were calculated to obtain optimal values or CONLon solubles.

fidence regions of optimal values when simulation was Maximal populations in skimmed milk-based medium
necessary. (Figure 1) were improved by 30% and generation times
were shortened. The Newman—Keuls test indicated that
Mye was the best medium for maximal cell production and
in the same group of averages, generation times were short-
ened in Mye, Yem and Ppys.

Mye composition was optimised with a central com-
osite design. Models of response surfaces (Figure 2) were
etermined using a multiple regression analysis (Table 2).

??egression models could only be used between the levels

Enzyme assay

Protease secretion: The cells were removed from the
medium by centrifugation at 26 for 30 min at 300x g

(to avoid damaging cells). The proteolytic activity in the
cell-free supernatant was measured spectrophotometrical
using hemoglobin as the substrate with modifications to th
procedure of Beynon and Bond [1]. The buffer was 0.2 M
acetic acid—sodium acetate, pH 4.5. Substrate (1 ml) was
added to 0.2 ml cell-free supernatant. After incubation at
55°C for 20 min, the reaction was stopped by adding 2 mi@
trichloroacetic acid (5% v/v). After 30 min, precipitates =
were removed by centrifugation at 4560¢g for 20 min

and tyrosine was assayed as described previously [17]. TF'g 150
proteolytic unit corresponds to the amount of enzyme.E
required for the release of/dmole of tyrosine per minute. g 100 '

Results were expressed as milliproteolytic units per mig sq
(mU ml?).

0

Genera

MYE PPYS YEG YEX YEP YEM
Culture medium

Hexokinase assay (HK): HK was selected as a
marker enzyme for the estimation of cell damage due to it:
high activity in the cytosol and good stability. HK activity
was measured spectrophotometrically using glucose as tt
substrate according to the method of Kumestal [10] in b
the presence of ATP and NADP at pH 7.6. Global HK

activity in cultures was measured after lysis of cells. HK § 40
activity in the cell-free supernatant was measured afte k= = 30
-~ ]
=1
. e B8 2,0
Table 1 Levels of combined factors chosen for the central composite = : y
i o
design E g 1,0
%=
Yeast extract Skimmed milk E 0’0
(% wiv) (% wiv) MYE PPYS YEG YEX YEP YEM
Minimum 05 10 Culture medium
Maximum 1.5 2.0

Figure 1 Tetrahymena thermophilgrowth: maximal populations (a) and
generation times (b) on complex media.
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a L Table 3 Best combinations of yeast extract and skimmed milk and corre- 281
Generation time sponding optimal generation times and maximal populations
(min)

Optimal conditions Generation time ~ Maximal population
(min) (1@ cells mi?)
132 5.88
250 4
Yeast extract (% wiv) 1.07 1.09
200 1 Skimmed milk (% w/v) 0.99 1.07
150 4 20
1.5 — 100 'r
. . R
0 ¥ ? Skimmedmik < 80
Yeast extract (%) 2
(%) S 60+
1™
b 2 40 -
omm
Maximal population 2 20 -
{XEB cells/ml) <
< 04

Culture medium

Figure 3 Protease secretion on different media.

Best medium for protease production

The different media were tested for their effect on protease

~ < . ‘ secr_etion (Figure 3). The highest protease se_cret_ion_ was

Yeast extract 15 Skimmed milk pbtamed on Mye (2_0% higher than on other med_la), indicat-
(%) (%) ing that milk proteins enhance protease secretion.

Figure 2 Response surfaces obtained for (a) generation time and (bJmprovements to culture techniques for growth and

maximal population by means of central composite design for each combiprotease production
nation of yeast extract and skimmed milk.

20

16

Scaling-up: We have compared. thermophilaBllI
Table 2 Regression models linking generation time (min), maximal growth both 'n S_tat'(? cultures anq in batch fermentors
population (16 cells mF) and skimmed milk and yeast extract (Table 4). Cultivation in fermentors improvdatrahymena

(coefficient rounded) culture: maximal populations were increased by 70% prob-
ably because aeration and agitation improved oxygen trans-
Combined factors Regression equation fer in the medium.
Skimmed milk GT=219.1- 229.8 (YE)+ 73.8 ,
and yeast extract (MI¥ 135.5 (YE} - 4.1 (MI)? - Table 4 Influence of culture-type ofietrahymenagrowth (Yeg medium,
61.3 (MI)(YE) n = number of experiments)
Skimmed milk MP= 3.1+ 5.5 (YE) - 0.4 (Ml) - I .
and yeast extract 2.9 (YE} 0.2 (MI)2 + 0.76 (MI) Culture type Gener:?\tlon time M?X|_mal
(YE) (min) population
(cells mr?)
I(;;Ii—oghe response): generation time; MP (the response): maximal POPUE | 4cks 188 0.6¢ 10°
: (n=5) (n=5)
Erlenmeyer flasks 172 0.8 1C°
of combined factors chosen for the central composite (n=9) (=5)
design (Table 1). Fermentors
Optimal values of yeast extract and skimmed milk were 2L 150 L7x10°
determined and then optimal values of generation time and 0L (”1;&?) 1(”9; i’zﬁ
maximal population were calculated (Table 3). The optimal (n=3) ('n = 3)
combination was 1.07% (w/v) of yeast extract and 0.99% 100L 162 1.7x 10°
(w/v) of skimmed milk and maximal cell production was (n=2) (h=2)
improved.
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288 pH regulation: When pH was not regulated, the tank reactor (pH regulated) employing polysulfone

stationary phase was shortened, and the cells were lysenhicrofiltration membranes (SETRIC, Toulouse, France;
Initially the Mye medium pH was 6.8 however, during fer- average porosity: 0.58m:; filtration surface: 0.4 /) for
mentation, the pH reached 8.5 because ammonia was libecell recycling. Pressure drop along the membranes varied
ated. If the pH was regulated at 6.8, the stationary phastrom 0.5 to 1 bar. Cell density reached 1.24.0" cells per
was lengthened about 100 h and maximal cells werenl at stationary phase and was constant for 123 h (Figure
improved by 55%. The generation time was not changed). In addition, we measured the activity of the intracellular
(Figure 4). marker enzyme, HK, during fermentation. HK activity in
In pH-regulated cultures, protease secretion was morthe extracellular medium never exceeded 1% of the total
constant but lower than in unregulated cultures because iactivity indicating that cell lysis was very low. Protease
this culture, cells were damaged at the end of fermentatiorsecretion rates were lower than in batch fermentation but
and liberated intracellular enzymes and fermentation wer¢he enzyme was constantly secreted.
stopped.

Continuous culture with cell recycle: Different pro-  Dpiscussion

cesses were tested to produce high cell density as well as

increased product yield. In a continuous culture systemSkimmed milk was the best component tested for growth
high cell density was obtained by retaining or recyclingof T. thermophilain agreement with previous works. [8,18]
the cells. We chose recycling technology where cells were With yeast extract, Plesnet al [16] used proteose pep-
separated from the liquid phase through microfiltrationtone and salt solutions (Ppys medium). Dieé al [3]
membranes and recycled back to the fermentor (Figure 5pbtained highly reproducible results with pyriformis T.

The fermentation system was a single continuous stirredostrataandT. thermophilain a medium based on a hemo-
globin hydrolysate (hb) and recommended this nitrogen
source because it was a stable and defined source of amino

a acids. Ethuin [5] demonstrated th@t pyriformisand T.
thermophila grew in media simply composed of yeast
extract. Salibaet al [18] proved that skimmed milk (Mye
medium) was a suitable substrate for mass cultivatiom. of
pyriformis and T. rostrata Kiy and Tiedtke [8] improved
Mye medium by glucose addition. Caillieret-Ethuét al
[2] showed that in industrial by-product medik, rostrata
gave best growth in media with dairy products.

In addition, the price of this medium was 75% lower
than that of Ppys. Mye medium has never been optimised.
In the present work the optimal combination fdetrahy-
menagrowth was 1.07% yeast extract, 0.99% skimmed
milk which increased biomass production 46%.

Protease production was also enhanced by skimmed

milk, in agreement with Kiy and Tiedtke [8]. We suggest
LT Gl non e that casein particles stimulated protease secretion and
hydrolysed proteins improved biomass. Zdanowski and
Rasmussen [21] obtained evidence for a cell surface-bound
peptidase, which could be involved in protein hydrolysis of
the Mye medium.

Culture in batch fermentors improved biomass yield and
scale-up can be successfully appliedTtothermophilafor
industrial purposes. We also propose that pH regulation
produced undamaged cells during an extended stationary
phase and resulted in abundant protease production.

To increase the cell yield in fermentors, immobilised
techniques have been used with bacteria [4,19] or with
Tetrahymend7], but they present some disadvantages. Kiy
and Tiedtke [9] developed a perfused bioreactor, as already
described for cultivation of animal cell lineSetrahymena
150 Ccells were retained in a perfusion module inside a bioreac-

Cells/ml

20 60 100 140 180
Time (h)

500

400

mU/ml 300

200

100

20 60 100 140 : pe! {
Time (h) tor but this process was limited due to a decreased perfusion
— X~ - Proteolytic activity non regulated rate caused by blocking of the membranes. Cell recycling
—&— Proteolytic activity regulated by microfiltration was used in yeast alcoholic fermentation

in continuous operation and productivity was considerably

Figure 4 Influence of pH (regulated or not) on growth (a) and proteaseimli"'_oved [12]. The present work was the first time that
production (b) ofT. thermophila continuous culture with cell recycling was successfully
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Peristaltic pump 289

flow rate : 0,06 Lh-1
N R etentate stream

L
flow rate : 1,54 Lh-1
M Filtrate stream
(flow rate :
Tangential <—| 0,06 Lh-1 )
microfiltration
membranes |
re size : 0,55 pm)
Tetrahymena .o (po » pm, l
culture
Feed tank Constant level
fermentor il
A :
S
Peristaltic pump
flow rate : 1,61k -1)
Figure 5 Schematic diagram of continuous fermentation coupled with tangential microfiltration.
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Figure 6 Growth kinetics ofT. thermophiladuring continuous culture with cell recycle.
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%0 applied to protozoa. Additionally, our results indicate this 9 Kiy T and A Tiedtke. 1992. Continuous high-cell-density fermentation

; of the ciliated protozooTetranymenan a perfused bioreactor. Appl
process was an effective way to produce protease. Microbiol Biotechnol 38: 141146,

10 Kunst A, B Draeger and J Ziegenhorn. 1984. On hexokinase determi-
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