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Introduction. Culture conditions in shake flasks 
(SF) affect filamentous Streptomyces lividans 
morphology, as well the productivity and O-
mannosylation of recombinant Ala-Pro-rich O-
glycoprotein (known as the 45/47 kDa or APA 
antigen) from Mycobacterium tuberculosis (1).  In 
order to scale-up from previous reported SF (1) 
to bioreactor, data from the literature on the 
effect of agitation on morphology of 
Streptomyces sp. strains (2) were used to obtain 
gassed volumetric power input values that can 
be used to obtain a morphology of S. lividans in 
bioreactor similar to the morphology previously 
reported in coiled/baffled SF by our group. 
Methods. S.lividans SF cultures were performed 
at 30ºC, 150 rpm, 60 h. Induction with 
thiostrepthon at half exponential phase (1). A 
relationship between morphology and P/V was 
obtained from  data in literature (2), in order to 
get the morphology reported in (1). Using this 
correlation and taking into account the operation 
conditions in both works, the agitation speed 
needed in our bioreactor to match the Pg/V from 
data, was found (fig 1). The morphology size of 
the culture was evaluated by image analysis and 
protein detection were carried out by Western 
Blot and SDS-PAGE(1).  
Results. Similar mycelia sizes in both scales 
with diameters of 0.21 ± 0.09 mm in baffled and 
coiled SF, and 0.15 ± 0.01 mm in bioreactor was 
obtained (table 1). 
 

Table 1. Comparison between aggregates obtained in shakes flask 
and bioreactor 

 Area (mm
2
) Diameter (mm) Perimeter (mm) 

Flasks 0.029 ± 0.018 0.21 ± 0.09 0.89 ± 0.40 

Bioreactor 0.019 ± 0.012 0.15 ± 0.01 0.58 ± 0.05 

Moreover, the specific growth rate was 
successfully scaled-up (0.09 ± 0.02 h

-1
 and 0.12 

± 0.01 h
-1

, for bioreactors and SF, respectively), 
and the recombinant protein productivity 
measured by densitometry, as well (fig 2).  More 
interestingly, the quality of the recombinant O-
glycoprotein measured as the amount of 
mannoses attached to the C-terminal of APA was 
also scaled-up; with up to five mannoses 
residues in cultures carried out in SF; and six in 

bioreactor. However,  final  biomass  

concentration  was not similar (about 3.3 g/l in 
SF and 4.0 g/l in bioreactor). 

 
Fig.1 A) Relationship between Pg/V and previously reported and 
modeled mycelia diameter of S. coelicolor (data taken of agitation and 

morphology was from Tough and Prosser, 1996).  B) Correlation 
between Pg/V and agitation in the bioreactor used in this work.  The 
dotted line shows the searched aggregate diameter as the 
morphology on coiled shake flasks (point a), and the equivalent Pg/V 
and agitation in the bioreactor used in this work (point b). 

                    
Fig. 2 A. SDS-PAGE of total secreted proteins of Coiled shake Flasks 
(CF) and bioreactor (B) cultures.  B. Western blot of  rAPA by S. 
lividans using the mAB 6A3, protein from coiled shake flask (CF) and 
bioreactor cultures (B). WM: protein weight marker. 

Conclusions. Morphology was successfully 
scaled up, using data from a mathematical 
model. Also O-mannosylation profile and 
production were matched. However final biomass 
was not similar, indicating that although the 
process can be scaled-up using the power input, 
others factors like oxygen transfer rate, tip speed 
or energy dissipation/circulation function can be 
an influence on bacterial metabolism. 
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