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Background
Methanol-free high cell density fed-batch cultivation strat-
egies for the Pichia pastoris expression system have been
recently developed by expressing a Rhizopus oryzae lipase
(ROL) under the transcriptional control of FLD1 pro-
moter (P FLD1)[1]. These cultivation strategies were based
on the use of sorbitol and methylamine as carbon and
nitrogen source, respectively, during the induction phase
of the cultivation process. The specific growth rate proved
to be an important parameter in the productivity of
secreted ROL. Moreover, intracellular active product accu-
mulation and a decrease in the specific product secretion
rate were observed along the induction phase of the fer-
mentation process. These results suggested the presence of
a bottleneck(s) throughout the synthesis and secretion
process of the heterologous lipase. Recently [2], flow
cytometry analyses of intracellular ROL levels confirmed
that a fraction of the product was retained within the cell.
Further, this intracellular product accumulation was con-
comitant with an increase on the BiP protein, a chaperone
of the HSP70 class that plays an important role in the
unfolded protein response (UPR). Notably, the increase
of BiP and ROL content in the cell was detected soon after
the beginning of the induction phase. Interestingly, the
intracellular BiP and ROL profiles were different depend-
ing on the specific growth rate of the cells.

In this study, we report the application of a sandwich
hybridization assay-based technique [3] for quantifica-
tion of specific mRNAs levels during the extracellular pro-
duction of ROL in P. pastoris under the transcriptional
control of PFLD1. These studies have been carried out in
fed-batch cultures at two different specific growth rates.

Results
Fed-batch fermentations were performed at two different
controlled specific growth rates, namely at a limited spe-
cific growth rate of about 0.005 h-1 (20% of μmax) and
under carbon excess (i.e. achieving a near- μmax specific
growth rate of about 0.02 h-1). These cultivations were
performed with two different strains: i) a P. pastoris X33-
derived strain expressing ROL under the transcriptional
control of the P FLD1 and, 2) a P. pastoris GS115H-derived
strain co-expressing the induced form of the S. cerevisiae's
UPR transcription factor Hac1p gene under the control of
the constitutive GAP promoter and, the ROL gene under
the PFLD1 control [2].

The transcriptional levels of key genes involved in P. pas-
toris' C1 carbon compounds and amines metabolism (for-
maldehyde dehydrogenase, FLD1, and alcohol oxidase,
AOX1), protein folding (the BiP-encoding gene, Kar2, and
protein disulfide isomerase gene, PDI), as well as the ROL
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gene were monitored throughout the fed-batch phase of
cultivations.

As expected, the quantitative RNA analyses demonstrated
that transcriptional levels of AOX and FLD are growth-rate
dependant, remaining relatively low and constant at
growth-limiting rates, but clearly induced by 2~3-fold
during the induction phase (growth on sorbitol and
methylamine as sole carbon and nitrogen sources, respec-
tively). Notably, induction levels were higher in the X33-
derived strain than in GS115H/HAC1.

PDI mRNA levels and profiles were also μ-dependant. PDI
mRNA levels remained low and constant at low growth
rate, whereas they were clearly induced (about 2-fold)
under carbon excess growth conditions, reaching a maxi-
mum after 70 h of induction in the X33-derived strain;
after that point, PDI mRNA levels decreased to the initial
basal level towards the end of the induction phase. Such
induction was more moderate in the GS115H/HAC1
strain. Interestingly, PDI mRNA profiles followed a simi-
lar pattern as ROL mRNA levels, which clearly increased
during the induction phase under carbon excess growth
conditions, reaching a maximum after 60–70 h of induc-
tion. In contrast, Kar2 profiles were strikingly different,
particularly in the X33-derived strains: at growth-limiting
conditions Kar2 mRNA levels were sharply increased by
2~3 fold, reaching a maximum soon after the onset of the
induction phase. After reaching this maximum, Kar2
mRNA levels decreased exponentially along the induction
phase. This profile was similar but less pronounced under
carbon excess conditions. In contrast, Kar2 mRNA levels
in the GS115H/HAC1 strain remained rather constant
along the induction phase of the cultivation.

Conclusion
Overall, the bead-based mRNA sandwich hybridization
assay is a useful instrument to follow transcriptional evo-
lution of key genes in protein production processes. In
this study, a clear cellular (stress) response to ROL produc-
tion is shown at the transcriptional level, consistent with
previous data on intracellular stress protein markers levels
[2]. Also, this study provides new insights on the interac-
tions between physiological state (growth rate) and pro-
tein expression in P. pastoris. These preliminary results
strongly suggest that the decrease in ROL secretion rates
observed along the induction phase of fed-batch cultiva-
tions [2] may be partially related with a downregulation
of ROL transcription levels at later stages of the induction
phase.
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