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Introduction
Many proteins require specific post-translational modifications (PTM) for stability or  
biological activity. In such cases, mammalian  expression systems such as human 
embryonic kidney cells (HEK293) or Chinese Hamster Ovary (CHO) cells are a suitable 
option, as these can carry out the necessary PTMs. Standard protocols  include  
supplementation of media with  protein hydrolysates after transient transfection. Although 
addition of serum increases the yield of recombinant protein, its interference with the 
downstream purification process makes it less desirable. Furthermore, while use of serum is 
possible in an early-stage  research or small scale expression context, it is not amenable  to 
large scale production for reasons of cost, batch-to-batch variability, risk of contamination, 
e.g. with viruses or mycoplasma, and regulatory constraints. Therefore, widely used 
protocols use serum-free or chemically defined media supplemented with peptones, 
consisting mainly of low molecular weight peptides and other components derived from 
controlled proteolysis. Avoidance of animal-derived proteins also conveniently eliminates 
potential sources of mycoplasma or viral contamination. HEK293 cells can be adapted to 
growth in suspension, allowing higher cell densities and yields1. Additionally, peptone 
supplements added during expression are a necessary step for an improved yield. The most 
commonly used peptone is Tryptone N1 (TN1), obtained by controlled enzymatic proteolysis 
of casein protein. The transmission of notifiable animal diseases from endemic countries to 
non-endemic areas is a growing concern, which limits the use of animal-derived products for 
research purposes. This obstacle, as well as increasing demand for sustainable products 
and processes, underpin the need for plant-based products.

 In the current study, we compared TN1 with Broad bean-derived (F-120) and Pea-derived 
(P112) peptones in terms of their ability to support post-transfection growth and yields of a 
34 kDa  recombinant protein of the zoonotic parasite Echinococcus granulosus, a potential 
diagnostic candidate.  We  show that the plant-derived pea and broad-bean peptones result 
in expression levels similar to those obtained using animal-derived TN1; all three peptones 
were better than no peptone. We conclude that plant-derived peptones are a very suitable 
replacement for TN1.

 Workflow

Fig. 1: Schematic workflow used for assessment of effect of different peptones on the yield of recombinant protein 
expression and the measured outputs. Created with BioRender.

Cell density and viability during culture

Cell density and viability (Trypan-blue method) were measured  before addition of peptone 
(Day 1 post transfection) and on day 4 and  5; an aliquot from each triplicate flask was 
taken out for cell density and viability measurement. 

Fig. 2: Viable cell counts of HEK293-6E cells from 24 to 120 hours post transfection (hpt) in three independent 
experiments, each  performed in triplicate, using the average of  two cell counts for each sample at each time 
point.

Quantification of expression with Western blotting

Expressed protein  retrieved from the serum-free culture supernatant was quantified 
through Western blotting. Using stain-free technology for total lane normalisation 
(see example in Figure 3), we were able to  quantify the obtained yields relative to the 
standard use of TN1. Preliminary  experiments had shown that the use of a 
fluorescent  antibody resulted in a broader linear range for quantitative evaluation, in 
comparison to the use of an HRP-conjugated antibody and chemiluminescence. 

Fig. 3:  Example of quantification of expressed protein the Western Blot developed with an Anti-His-tag 
Alexa488 fluorescent antibody. Three technical replicates for each peptone are denoted as a ,b, c, while NC 
is negative control (no peptone added). The band appeared around the expected size of 34 kDa. Right 
iimage: Blot image taken with stain-free technology used for total protein normalization.

Comparison of protein expression 

For quantification of expression yields, three Western blots in the three biological 
replicates were developed. For each experiment, the values of normalized volume 
intensities for all 12 samples were divided by the average values of 3 TN1 technical 
replicates to obtain fold-difference. No significant difference between three peptones 
was observed (Figure 4). 

Fig. 4: Comparison of protein expression in -fold difference relative to TN1. A,B,C: data of the 3 
independent experiments shown individually where average of  three technical replicates in each 
experiment is shown with standard deviation. D: data from all three biological replicates combined into a 
single graph compared with TN1. ** indicates p<0.01 [One-way ANOVA]

Discussion and conclusion
Recombinant protein production depends on several culture and transfection parameters 
including cell density, DNA concentration, volume, temperature, harvesting time, serum 
addition or deprivation and nutrient supplementation. Supplementation with amino acids, 
glucose, or serum have been previously studied. Feeding of free amino acids has been 
shown to negatively affect the yield1. Although the serum supplementation has shown 
increased productivity, the high concentration of proteins in serum  interferes with 
downstream purification of secreted proteins2,  making this a less suitable option.  The 
addition of TN1 has been shown to increase the expressed protein and is considered a 
standard supplement. It has been suggested that peptones increase recombinant protein 
synthesis by stimulating gene expression mostly during the post-transfection phase, 
instead of perceived effect on increasing the efficiency of transfection. The effect of 
multiple feedings of TN1 has indicated that a single feed between 24-48 hpt is adequate, 
because additional feedings did not increase the expression of recombinant protein. 
Previously, it has been shown that TN1 does not increase growth, but increases the yield. 
This may be due the fact that synthetic and proliferative processes require different 
nutritional blocks1 a similar phenomenon also observed by Franek and colleagues3. 

Here, we compared the effect of  two novel plant-based peptones on expression of a 
tegumental protein from the eukaryotic parasite Echinococcus granulosus in HEK293-6E 
cells with the standard TN1 peptone. As opposed to common perception as a qualitative 
technique, Western Blotting can be utilised as a quantitative tool when a stringent 
workflow is followed4. In case of overloading the gels, densitometry is not directly 
proportional to increase in quantity5.  Hence, we quantified the expression after 
determination of the linear dynamic range for protein loading by running a 2-fold serial 
dilution of pooled sample and using a broader linear range fluorescent antibody.  After the 
necessary optimisation steps, we observed that the plant-derived peptones resulted in 
comparable yields of recombinant protein. We conclude that pea or broad bean-derived 
peptones, and possibly plant-derived peptones more broadly, are a suitable replacement 
for TN1 in HEK293 recombinant protein expression protocols. 
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