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Résumé:

L'influence des fluctuations de la concentrationogggéne dissous sur la production de lipase par
Yarrowia lipolytica a été étudiée dans des bioréactecake-down permettant de reproduire a I'échelle

du laboratoire les fluctuations caractéristique$éddelle industrielle. Dans notre cas, ces flattns

ont été générées par un systéme de contrble dmlegevd'admission d'air du bioréacteur. Différentes
fréquences d'ouverture/fermeture de la vanne dssilom d'air ont été considérées et leur impacé a ét
estimé a trois étapes de synthése de la lipagprdgsion du géne Lip2 codant pour la lipase par RT
gPCR), la traduction des ARNm en protéine (par ystesne rapporteur LacZ) et I'excrétion de la
lipase dans le milieu de culture (par dosage a¢ivigé lipase dans le milieu de culture). De cette
maniere, il a pu étre montré que les fluctuatiom®xygéne dissous affectent la synthése de ladipas

au niveau transcriptionnel.

Abstract:

The impact of the fluctuations in dissolved oxygemsion (DOT) on the lipase production by
Yarrowia lipolytica has been investigated irseale-down reactor (SDR). This bioreactor comprises a
20 L agitated vessel with an automatic valve cdlimigothe opening and closure of the air flow line.

This kind of scale-down apparatus is used in order to generate DOT gresdemcountered in large-
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scale, while maintaining the other environmentaldibons constant. The impact of DOT fluctuations
has been estimated at three levels of the lipasthasis machinery: lipase gene expression, lipase
translation, lipase excretion to the extracellul@edium. Among these levels, the performance of

lipase production under oscillating DOT was sigrafitly affected at the lipase gene expression level

Mots clés: Lipase, RT-qPCRscale-down, stress microbien

Keywords: Lipase, RT-gPCRscale-down, microbial stress

Introduction

Microbial lipases have received increasing intedhst to their wide variety of utilisation (Jaeger,
Ransac et al. 1994). The intensive production pade application requires the development of
adequate large-scale cultivation methods. Howeter,optimal conditions of lipase production and
the influence of extracellular factors (such asdagon source level, pH, dissolved oxygen tension,
nitrogen source etc...) are determined generallgtadratory scale for economic reason, and then the
results are translated to the industrial scale. él@r, large-scale bioreactors exhibit lower mixing
efficiency and the presence of spatial concentnagi@adients disturbing the microbial metabolism is
an important problem that is frequently encountérethese bioreactors. It is possible to prediet th
potential problems at industrial scales by repriaisgrthe existence of environmental gradients in
specially designedcale-down reactors (SDR). Thecale-down methodology has been first proposed
by (Oosterhuis, Kossen et al. 1985) and consisteign lab-scale bioreactor in order to reproduce
mixing imperfections experienced at the industiéaiel. The SDR is used to evaluate the effects of
environmental gradients at the level of the cultpegformances. Such a methodology allows to
identify the causes of existing problem, and toigies better scaling-up and operational strategies
(Lara, Galindo et al. 2006). In a previous workr guwoup has demonstrated the effect of different
extracellular factors on the lipase production bsing different scale-down strategies. Those
parameters were the carbon source accessibilitthgineleate has been used as a carbon source and
must be efficiently dispersed in the aqueous cealtumedia), oscillating dissolved oxygen

tension(DOT), and pH fluctuations (Kar, Delvigneatt 2008). The effect of DOT fluctuations has
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been observed to be predominant by comparisontivghmethyl oleate dispersion efficiency and the
pH gradient. The DOT level affects the lipase djpegiroductivity owing to the fact that oxygen
participates in the growth rate, primary metabol@fraerobic microorganisms, and as the substrate of
various enzymes in various pathways for the prodoof secondary metabolites (John, Jonathan et
al. 1998; Serrato, Laura et al. 2004; Lara, Galietal. 2006). In order to get more informationettb

the mechanisms involved in the impact of DOT oradg production, three steps of the lipase
synthesis machinery. Firstly, the lipase gene tatios (Lip2 gene code for the main lipase produced
by Y. lipolytica) has been evaluated by using qiiatNe reverse transcription polymerase chain
reaction gRT-PCR. Secondly, the intracellular lgagnthesis has been investigated. For this purpose
the reporter strairvarrowia lipolytica JIMY775 (Lgx64.81 derivative transformed with LIRZeZ
reporter gene (Fickers, Nicaud et al. 2004)) wasdushe amount of intracellular enzyme being
measured th@-galactosidase activity. Finally, the extracelllipase activity in the medium, linked
with the lipase excretion rate, has been determifié@ scheme shown at figure 1 highlights the
different physiological steps investigated in thisrk. Different DOT fluctuation profiles have been
reproduced in acale-down apparatus designed to simulate the heterogenemattions experienced

in large scale bioreactors where cells are expssedentially to aerated and non-aerated zone. The
SDR used is a 20-L stirred bioreactor equipped aittautomatic air admission valve controlled by a
specific algorithm (Namdev, Irwin et al. 1993) (&ig 2). Three DOT fluctuations profiles have been
considered in order to highlight the effect of theation and frequency of cell exposure to anaerobi

conditions.

Materials and methods

Strain and culture conditions

Yarrowia lipolytica IMY775 is stored at -80 °C in working seeds v{aHls in suspension in glycerol
solution 40%). The JMY775 strain has been obtaibgdgenetic manipulation from a lipase
overproducing strain (LgX64.81) modified with a PRHRacZ reporter gene. Cells are first

precultivated in a 250-mL baffled shake flask contey 100 mL of YPG medium at 30 °C for 22 h. A
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second precultivation step is then carried outrdudi5 h in 2-L baffled shaken flasks containing 750
mL of medium containing glucose (15 g/L), tryptddé ( 10 g/L) (BHA, Belgium), yeast extract(10
g/L). After the precultivation steps, the cultusetiansferred to a 20-L bioreactor (Biolaffite-Fean
internal diameter 0.22 m) with a working volume X8 L and equipped with two RDT6 rushton
turbines (d = 0.1 m). The cultivation media for thiereactor has been optimized to be convenient for
the lipase and RNAm extraction, it contains pariitmethyl oleate 30 mL (Cognis, France), tryptone
N1 7.5 g and yeast extract 7.5 g. The regulatiothe culture parameters (pH, temperature, et.,) i
ensured by a direct control system (ABB). The geltin the bioreactor is carried out at 30 °C with a
fixed stirring speed of 350 rpm and an air floweraf 0.75 vvm (volume of air per volume of medium

per minute. In our case 0.75 vvm corresponds to/in).

The dissolved oxygen is continuously monitored véthoxygen probe (Mettler Toledo InPro 6800
series). DOT is reported as saturation percentatfeawesponse time 2 seconds. The foam level in
the reactor is monitored by an antifoam probe plaatel0 cm from top of the vessel. The foam level
is then controlled by the addition of antifoam Td¢8911 (Goldschmidt, Germany). The pH of the
broth is measured with a pH probe (Mettler TolealBrb 2000/120/Pt100/9848) and is regulated at a

value of 7 £ 0.1 by the addition of KOH 6 N or H3PO N.

Analytical methods

Cell Dry Weight Determination
Biomass yield was determined after the eliminatibrihe fatty fraction of culture medium. Fifteen

millilitres of medium was centrifuged at 10000xg 0 min (Avanti J-25I, Beckman, USA). The
supernatant was eliminated, and the Harvested walle washed twice with water and detergent
2%.Biomass concentration was measured by cell anghw (CDW) which determine by filtration
under vacuum of a 15-ml sample of the cellular saswn through hydrophobic polyethersulfone
filters with pore 0.45u (Pall Life Sciences, USAhe filtered biomass was put in small aluminium

dishes and dried at 105 °C for 24 h.

Enzymatic Activity Assay
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The extracellular lipase activity is determined falows: samples of the culture medium are
withdrawn at various times of fermentation, cengid for 20 min at 10,000 g. The supernatant is
then used for the extracellular lipase activityireation using an olive oil emulsion as the enzyme
substrate [olive oil 25%, 0.1 M NaOH 7.5%, polyvioyalcohol (2%) 67.5%]. The enzymatic reaction
is initiated by adding 1 mL of supernatant to 4 wfLemulsion with 5 mL of 0.1 M of phosphate
buffer at pH 7. The enzymatic reaction is maintdife@ 15 min at 37 °C on a rotary shaker (150 rpm)
and is subsequently stopped by the addition 20 fricetone—ethanol mix [1:1(v/v)]. The free fatty
acids released during the reaction are then titraith 0.05 M NaOH (Kar, Delvigne et al. 2008). One
unit of lipase activity is defined as the amountipése inducing the release of 1 mmol of fattydaci
per minute at 37 °C and pH 7. The translation l@fdipase RNAm is performed on the basis of the
parallel synthesis Beta-galactosidase by the LIR2ZL reporter gene JMY775 strain. The b-
galactosidase activity, expressed in Miller unit/dng material, Miller unit is defined as the amooht
enzyme releasing 1 Imol of o-nitrophenol (subsetwerthe hydrolysis of the ortho-nitropheriA-
galactosidase ONPG) per minute and per 1 mg drgneatat 37 °C.( we used the dry materiel instead
of the optical density 600 nm to measure the bagasidase activity to avoid the effect of the méthy
oleate at the values of DO600) The b-galactosidasextracted from the microbial cells by a

chloroform permeabilization procedure as descritrediously (Fickers, Nicaud et al. 2004).

Extraction and purification of total RNA

A culture sample of5 mL was filtered under vacuum through 0B pore size filters. The filters
were put in a falcon and conserved directly inlitpeid azote to avoid the RNAm degradation. Then,
the filters were conserved at -80°C. The E.Z.N.A.Ykhst RNA Kit ( OMEGA bio-tek®) was used

to extract the RNA. DNase treatment was done té& Radmples using Turbo DNA-freeTM Kit

(Applied Biosystems) to remove the contaminatifgADfrom RNA preparation. RNA quality and
gquantification were analyzed using a GenesysTM @Bpelcotometer. The cDNAs were subsequently

synthesized using the High Capacity RNA-to-cDNA(Kjiplied Biosystems).
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Real-time PCR conditions
The primers for real-time PCR were designed to tmlength of about 20-25 bases, a G/C content of

over 50%, and a Tm of about 60°C. The length ofRB& products ranged between 90 and 150 bp.
LightCyclerTM 163 software (Roche, Mannheim, Gergjamas used to select primer sequences. The
sequences dhe primer encode the gene of ACAGT-R (GGCCAGCCATATCGAGTCGCA)ACT-F
(TCCAGGCCGTCCTCTCCAMansour, Bailly et al. 2009). The sequencesh# primer encode the
gene of Lip2LIP2-R (ATCTGGTAGTCGGGATACTG),LIP2-F (TTGATCTTGCTGCTAACATC). All the
primers were synthesized by Eurogentec (Seraintgir). The SYBR green | PCR amplification
was performed using a POWER SYBR® GREEN PCR (AgdB®systems). The Amplification was
carried out in a 2% (final volume) mixture containing 1000 ng of RNsample, 0.31M of primer,

and 12.5ul of POWER SYBR® GREEN PCR (Applied Biosystems).n@gative control without
cDNA added was systematically included. Real-tim@RPis performed on instrument StepOne
PlusTM Real-Time PCR System (Applied BiosystenmBne experimental design is done by using the
program StepOneTM Software v2.0.1 installed on acBfhected to the instrument; we used mode
SYBRR Green Reagents and Quantitation - Compar&ivfAACT). The same program was used to
determine the threshold cycle (CT) values. The dmglion procedure involved an incubation step at
95°C for 10 min for the initial denaturation, folled by 41 cycles consisting of: 1- denaturation at
95°C for 15-s, 2-

for 1-min, 3- After real-time PCR, a melting curaealysis was performed by continuously measuring
fluorescence during heating from 60 to 95°C ataadition rate of 0.3°C/$Standard curves were
generated by plotting the CT values as a functidh@initial RNA concentration log. PCR efficiency
(E) was then calculated using the following formta10-1/slope, where as four dilution of cDNA
were prepared to determine the real time PCR effaies. The Actin gene (Blanchin-Roland, Da
Costa et al. 2005) was chosen as a suitable ihteon#&rol gene to normalize the results. The Pffafl
method (Pfaffl 2001) was used to calculate the @hldnge in transcript abundance normalized to the

Actin gene and relative to the sample collectath@teginning of fermentation in the fermentor (TO)
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Scale-down reactor strategies

The SDR has been designed in order to considetithdbn and off’ state of the air admission valve
corresponds to the cells displacement through otispéy an aerated and a non-aerated fluid zorge in
hypothetical industrial bioreactor. The effect hictuating DOT has been isolated by using this kind
of SDR. It has been previously designed to spetifiobserve the impact of the DOT fluctuations on
the microbial physiology (Namdev PK, Yegneswaran @&kKal. 1991). The SDR comprises a 20L
stirred bioreactor and an air admission valve witichtrols the air injection (figure 1). The osdilhay
DOT is generated by sequentially opening and cfptie air admission valve. Therefore, the air flow
rate oscillations are characterized by the DOT ilm®fdepicted at figure 3. The control algorithm
imposes regular OFF/ON cycles to the air admisgaine. Three OFF/ON cycles have been assessed
to determine the effect of the length and frequenfcgells exposure to non-aerated medium : a (200,
1700) profile for which air admission valve is adsfor 200 seconds over a total cycling period of

1900 seconds. On the same basis, a (400, 170@) @@, 850) cycle have been considered.

Results and discussion

The experiments have been performed with the SBReByin order to investigate the effects of DOT
fluctuations by comparison with a reference cultuee a culture carried out in a bioreactor withou
considering any DOT fluctuations. Figure 4 showymcal DOT evolution for a culture conducted
under a constant air flow, compared with that ofetdi by considering a SDR operating with the
(200,850) cycle. The effect of DOT oscillations thie amount of transcripts has been investigated by
considering three different DOT cycling regimes. &g the techniques used to characterize the
physiological response of. lipolytica, the RT-gPCR is the most powerful tool to amplémall
amounts of mMRNA and determine slight physiologicabponse to fluctuating environmental
conditions (Pfaffl 2001). As seen from figure 5e tamount of lip2 mRNA for all oscillating DOT
conditions decreases considerably for the sampleantduring the non aerated period of the cycle
(resulting from the closure of the air admissiolveay the controller). Non aerated time intervails

200 seconds was enough to observe a decrease lavéheof the amount mRNA transcripts. This
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observation is in accordance with the time constmsociated with mRNA degradation which is
around 1 to 3 minutes. At another level, the proteanslation rate has been monitored by measuring
the B-galactosidase activity related to the lip2 promdfigure6). The results depicted at figure 6 show
that thep-galactosidase activities recorded in the casb@BDR are slightly lower than those noticed
for the reference reactor. It can be observedtti@protein synthesis follows the mRNA dynamics.
The B-galactosidase dynamics is slower considering tigaen time constants linked with protein
synthesis and turnover. The final step of lipaseretn has been determined by measuring the
activity of the lipase in the extracellular mediunfigure 7 shows a pronounced drop at level of
extracellular lipase production in the case of$iBR conducted under the (400, 1700) cycling regime,
but no differences have been observed betweenthiee 8DR experiments and the reference. This
result was expected according to the previous teslitained for the amount of mMRNA and fhe
galactosidase activities recorded for this reacts.shown in figure 8, no differences can be oleser
between the cells growth curves obtained in SDRimanlde reference bioreactor, except in the case of
(400, 1700) cycling profile, for which the cellseagxposed to the longer oxygen deprivation periods.
The results obtained throughout this work can lobajly explained by comparing the time constant
associated with the DOT cycling regimes and thossocated with the different physiological
responses. Indeed, the time constant associatdd tét DOT fluctuations is around 3 minutes,
whereas the time constant associated with mRNA micsis in the order of 0.5 to 2 minutes, and
around 10 minutes and 60 minutes for protein dynarand cell growth respectively. It is thus logical

to observed the more pronounced differences dettat of the amount of lip2 mRNA.

Conclusion

In this work, ascale-down bioreactor has been used in order to simulate B@tuations. The impact

of DOT fluctuations onY.lipolytica has been investigated at different levels of thaske synthesis
pathway. Three different oscillating aerobic/anb@rgprofiles were preformed in theeale-down
system. It has been observed that the switch fremobéc to anaerobic conditions decrease the rate of
the lipase gene expression (LIP2 gene investightedRT-PCR), even at transient exposure to

anaerobic condition as short as 200 sec. Thisteffas more pronounced when the frequency of the
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exposure to anaerobic conditions was increase@ ggcond level, i.e. depicted by measuringpthe
galactosidase translational rate linked with tip Ipromoter, for the constant and oscillating DOT
cultures the protein translation is not alteredthy fluctuation of DOT. Finally, the activity oféh
extracellular lipase was similar in constant DOTd @he experimentsarried out with 200 sec
aeration off and different sequences (850sec, EX)Gs/en if differences have been observed at
the level of the amount of lip2 transcripts for geme operating conditions. The same reduction rate
of the messenger RNA has been observed mainthéoexperiment involving the (400, 1700) DOT
fluctuation profile, this profile representing theore severe condition for which cells are exposed t
the longer oxygen deficiency period. In conclusion,significant differences have been observed for
the cell growth between the reference and the SDRedctors, apart from a slight decrease at the
level of the lipase yield in the case of the SDRdiwted with longer oxygen limiting period. The
most sensitive parameter that has been linked @A fluctuations is the number of lip2 MRNA
determined by RT-gPCR. This is not surprising sitmeehalf-life of mMRNA synthesis and degradation
is very low (about 10 to 100 seconds for synthasisabout 1 to 3 minutes for degradation) compared
to the amplitude of the DOT fluctuations. Neverdssl, this technique is time consuming and cannot
be used to perform at-line analysis of the procadaster way to perform at-line or on-line anadysi
of a physiological parameter during a fermentapiorcess is to consider the use of a reporter system
like the lacZ reporter gene considered in this wdike drawback associated with this technique is
that it is based on protein accumulation insidecile a physiological process characterized hiyne t
constant of a few minutes, which is higher than timee constant of most of the extracellular
perturbations. Efforts must thus be done at thelle¥ the reporter system in order to increaser thei

sensitiveness to extracellular perturbations.
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Figure 1. Scheme of the lipase pathway synthesis have bwestigated in this work. 1- The
lipase gene expression was detected by gRT-PCRh&#translation process was detected by
measuring thgd-galactosidase activity related to the lip2 promo8 The lipase excretion
was detected by measuring the extracellular lipaseity.

Figure 2. Schematic diagram of th&ale-down apparatus for simulating dissolved oxygen
fluctuations encountered in large-scale bioreactGlassical stirred bioreactor with an air
admission valve sequentially opened and closedithBbow according to a specific cycling
algorithm.

Figure 3. Comparison between the effects of the different DE&Tles on the dissolved
oxygen profile

Figure 4. Comparison of a DOT profile obtained in a SDR wogkunder the (200, 850) cycle

scheme (a and b) with that obtained in the caseonfiture performed in a classical bioreactor
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without any DOT fluctuation (c). This last reactsrconsidered as a reference throughout this
work

Figure 5. Evolution of lipase gene expression (the numbeéheimARN copies of the sample
devised at the number of the mARN copies in TO)feRmce (O).Scale-down with a
circulation time (200, 850) the taken sample atehd ofturning on the air flow(¢) and at the
end of turning off the air flow(®). Scale-down (200, 1700) at the end ofrning on the air flow
(o), at the end of turning off the air flod/700 @). Scale-down (400, 1700) at the end afrning

on the air flow Q), at the end of turning off the air flok700 (A).

Figure 6. Evolution of Beta-galactosidase activity of théerence and SDRs

Figure 7. Evolution of lipase activity of the reference ahd SDRs

Figure 8. Evolution of the biomass dry matters for the refee and the SDRs



