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Extended Abstract 

Recombinant glucocerebrosidase (GBA) belongs to a class of pharmaceuticals designated as Orphan Drugs 

(OD) used for the treatment of rare diseases. GBA is employed as an enzyme replacement therapy (ERT) 

for the treatment of Gaucher disease (GD), a lysosomal storage disorder. Due to the high costs of ODs, 

the treatment of the rare diseases i.e. GD are extremely expensive for national healthcare system. In this 

context, perfusion process for recombinant GBA production based on Chinese Hamster Ovary (CHO) cells 

cultivation was developed in the present work. Here the best cell culture condition to maximize the GBA 

production mild hypothermia treatment combined with valeric acid supplementation was investigated 

for two CHO cell lines (CHO.PRO- 5.65p and CHO.K1.36k), in batch mode. The results showed the best 

performance was obtained for the CHO.PRO-5.65p cell line. The highest 𝑞𝑃 values were obtained at 31°C 

without valeric acid supplementation and at 31°C with 2mM valeric acid for CHO.K1.36K. Comparing with 

the controls (37°C without valeric acid), the 𝑞𝑃 was 4.1-fold for 65p and 7.3-fold for 36k. Afterwards, a 

perfusion cultivation using the CHO.PRO-5.65p cells was performed in a stirred tank bioreactor. After the 

growth phase at 37°C, a temperature shift to 31°C was applied to increase the GBA production. The 

maximum product titer in perfusion was 9.5-fold higher compared to batch at 31°C and 22-fold higher 

than the control batch. In this work, the modification of culture conditions was successfully implemented 

in a biphasic perfusion yielding increases in GBA productivity process. 
 

Key words: Gaucher disease, glucocerebrosidase, Chinese Hamster Ovary cells, Biphasic perfusion, mild hypothermia, 

valeric acid, process productivity 
  

1. Introduction 

Gaucher disease (GD) belongs to a group of rare human 

autosomal recessive hereditary diseases classified as 

lysosomal storage diseases (LSD), and is usually regarded as 

the most common LSD (1). This disease is caused by 

mutations in genes encoded to glucocerebrosidase (GBA), a 

membrane associated lysosomal enzyme responsible for the 

hydrolysis of glucosylceramide (GlcCer) into glucose and 

ceramide (2). GBA dysfunctional activity leads to intracellular 

accumulation of GlcCer in the compartments in the cells of 

the reticuloendothelial system (RS), in particular 

macrophages (Gaucher cells) in the liver, spleen, and bone 

marrow (3). Currently, GD is classified into three clinical 

forms: non-neuropathic, acute neuropathic and chronic 

neuropathic, or type I, II and III, respectively. The type I is the 

most common and generally with increased incidence in the 

population of Ashkenazi Jews. The clinical spectrum has a 

wide range, from the absence of symptoms to organ 

involvement with severe consequences in their function, 

affecting children and adults of any age (4). 

Nowadays, the treatments for GD include Enzyme 

Replacement Therapy (ERT) and Substrate Synthesis 

Inhibition Therapy (SSIT) (5), where all the 

biopharmaceuticals are used for the treatment are Orphan 

Drugs (OD) (6). 

According to data from the Brazilian Ministry of Health, 

in 2013, 643 patients received reimbursed treatment by 

Brazilian Health Care System (SUS), in which each patient will 

have spent on average that year, R$ 183 000 with the use of 

Imiglucerase and R$ 216 000 with the use of Alfataliglicerase, 

which are recombinant enzymes of human GBA and they are 

part of the possible treatments in ERT (7). Therefore, 

treating GD has a high cost for the medical care 

establishment, representing a problem because is an OD, 

and in Brazil ODs represents 60% of the national health 

system costs (8). 

Recently, the biopharmaceutical industry has observed 

an increased interest in the biopharmaceutical industry in 

the development of processes for continuous production of 

diverse biopharmaceuticals, stable or labile (9). 

In the literature, temperature reduction, particularly 

mild hypothermia has been extensively used in order to 

increase yield on the production of recombinant proteins 

(10). Many publications have shown an enhancement of 

specific productivity (𝑞𝑃) at lower temperatures, from 30°C 

to 35°C (11-23). However, these conditions led 

simultaneously to a decrease in the specific growth rate (µ). 

The addition of certain chemical agents to the culture 

medium, including DMSO, valproic acid and short chain 

carboxylic acids, such as sodium butyrate or butyric acid 

(butanoic), valeric acid (pentanoic acid), have been shown to 
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increase expression of recombinant proteins and lead to 

increased specific productivity (24, 25). Although butyric acid 

has been one of the most used (26-31), similar results have 

been obtained with the addition of valeric acid, where it 

showed a deceleration on cell growth and increase on 𝑞𝑃  

with the advantage of being less cytotoxic to cell culture (18, 

31, 32). However, this has been poorly studied, either its 

own, or combined with mild hypothermia condition. 

Therefore, in this work are presented two CHO cell lines, 

both producers of recombinant GBA in moderate 

hypothermia condition with supplementation of valeric acid 

at different concentrations, to allow for the selection of the 

best cell line and operational conditions to achieve the 

highest 𝑞𝑃 for further implementation in bioreactor 

cultivation. For the bioreactor process, a biphasic perfusion 

mode was adopted. 

Therefore, the focus of this study was to develop an 

innovative cultivation process for GBA production in Brazil, 

which currently relies solely on the importation of this 

biopharmaceutical, generating high government costs. 

2. Materials and methods 

2.1. Cell Line and Culture Maintenance 

Two recombinant CHO cell lines producers of Human 

GBA were used in this study, CHO.K1.36k and 

CHO.PRO- 5.65p. These had been obtained for an earlier  

study by Gutierrez (33). The cells were cultivated in a 

customized chemically-defined animal component-free 

medium, TC-LECC (Xell AG, Germany), supplemented with 

8mM L-glutamine (Gibco), 0.1 mg/L recombinant insulin-like 

growth factor (IGF-1, Sigma-Aldrich, USA) and a mixture 1:1 

of hypoxanthine and thymidine (HT) at 10 mg/L (Sigma-

Aldrich, USA). During the inoculum propagation, all cultures 

were grown at 37°C and 5 % of CO2 in shake flasks at 180 

rpm. 

2.2. Cultures in shake flasks in batch mode 

2.2.1. Kinetic characterization of cell lines 
The cell growth, glucose (Glc) and lactate (Lac) profile and 

standard production of active GBA were studied for the two 

strains. The cultures were performed in shake flasks at the 

conditions of the inoculum propagation, in biological 

duplicate. The initial inoculum concentrations were between 

0.6 and 0.7x106 cells/mL. Daily samples were taken for cell 

counting, measuring glucose and lactate, and supernatant 

from samples at -20°C for measuring the enzyme activity 

after the end of cultivation was stored. 

2.2.2. Experimental design to investigate the effects of 
valeric acid and temperature on cell growth and 
GBA production 

A full factorial design with 2 factors and triplicate of 

center point was performed. The factors evaluated were the 

concentration of the valeric acid and the temperature (Table 

1), this was done for both cell lines. For this study, agitated 

spinner flasks were used for each condition, at 50rpm, with 

an initial working volume of 45ml. The inoculum 

concentration was approximately 0.6× 106 cells/ml. The 

cultivation lasted 5 days and samples were collected as 

describe above. 

2.3. Bioreactor culture 
For the continuous process a stirred tank reactor (RALF 

Plus BioEngineering AG) was used with working volume of 1 

L linked to inclined settler as retention equipment of the 

cells. To homogenize the cells culture, a Rushton turbine was 

employed. The BioScadaLab software was used for pH, 

temperature, agitation speed and DO control and these 

were set to 7.1, 37°C, 150 rpm and 40 %, respectively. The 

inoculum was 0.6x106 cels/mL of CHO.PRO-5.65p. The 

operation was initiated in batch mode and the perfusion 

mode was started when the optimal Viable Cell 

Concentration (VCD) was reached. The dilution rate was 

performed with increasing steps beginning in 0.5, 0.75, 1 

until 2 vvd. A shift temperature to 31°C was also performed 

and maintained until the end of cultivation. 

Table 1: Summary of DOE conditions for the concentrations valeric 
acid and temperature studied. The condition [2] refers to the 
experimental control and [5-7] corresponds to the central point 

Conditions Valeric Acid (mM) Temperature (°C) 

[1] 0 31 
[2] 0 37 
[3] 2 31 
[4] 2 37 

[5-7] 1 34 

 

2.4. Analytical methods 

2.4.1. Cell growth and viability and Concentration of 
glucose and lactate 

VCD and cell viability were determined by trypan blue 

exclusion method using a Neubauer chamber in an optical 

microscope (Nikon Eclipse TS100) or using an automatic 

counter equipment (Vi-Cell XR Beckman Coulter). Glc and Lac 

concentrations were measured using a glucose/lactate 

analyzer (Model YSI 2700, Yellow Springs Instruments Inc., 

USA). 

2.4.2. Enzymatic activity assay 
Enzymatic activity of recombinant GBA was determined 

by measuring the release of the fluorescent compound 4-

methylumbelliferone (4-MU) from the hydrolysis of 

synthetic the substrate 4-methylumbelliferyl-β-D-

glucopyranoside (4-MUD, Sigma, M3633). The enzymatic 

reaction was performed in 50 µL of 0.2 M citrate phosphate 

buffer at pH 5.5, containing 0.15 % (v/v) Triton X-100 

(Sigma), 0.125 % (w/v) sodium taurocholate (Sigma) and 3 

mM 4-MUD added to 50 µL of sample. After incubation for 1 

h at 37°C in dark, the reaction was stopped by adding 100µL 

of 0.15 M glycine, 0.15 M NaOH at pH 10. The fluorescent 

product was measured with a spectrophotometer (Victor III, 

PerkinElmer) with excitation and emission filters of 

wavelength 355 nm and 460 nm, respectively. A standard 

curve was obtained from dilution series of well-known 

concentrations of 4-MU (Sigma), in the range between 50 to 

0 µmol. 
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2.5. Calculations 

2.5.1. Cultures in shake flasks in batch mode 
The exponential specific growth rate (µexp) was calculated 

from the exponential fit of data between VCD to culture 

time. Cell specific productivity (q) were calculated according 

Equation (1), where 𝜀 is a generic term to Glc, Lac and 

product activity (P). 

 𝜀 = 𝑞𝜀𝐼𝑉𝐶 (1) 

The equation was obtained by linear regression between 

the concentrations values of Glc, Lac and P and the Integral 

of Viable Cells (IVC) using Equation (2) defined by trapezoidal 

rules wherein i represents the sample number and n the 

total number of samples 

𝐼𝑉𝐶 = ∫ 𝑉𝐶𝐷𝑑𝑡 ≅ ∑
𝑉𝐶𝐷(𝑖−1) + 𝑉𝐶𝐷(𝑖)

2
(𝑡𝑖 − 𝑡𝑖−1)

𝑛

𝑖=1

𝑡

𝑡0

 (2) 

The Glc-Lac yield coefficient (𝑌𝐿𝑎𝑐/𝐺𝑙𝑐) is defined by 

Equation (3) in batch operation. 

 𝑌𝐿𝑎𝑐/𝐺𝑙𝑐 =
∆𝐿𝑎𝑐

∆𝐺𝑙𝑐
 (3) 

2.5.2. Bioreactor culture in perfusion mode 
The specific rates of µ, 𝑞𝐺𝑙𝑐 , 𝑞𝐿𝑎𝑐  and 𝑞𝑃 were calculated 

by Equations (4), (5), (6) and (7): 

μ ≅
1

Xv
̅̅ ̅

∆Xv

∆t
+ αDp

̅̅̅̅  (4) 

 

𝑞𝐺𝑙𝑐 ≅ −
1

𝑉𝐶𝐷̅̅ ̅̅ ̅̅

∆𝐺𝑙𝑐

∆𝑡
+

�̅�(𝐺𝑙𝑐𝐹 − 𝐺𝑙𝑐̅̅ ̅̅ )

𝑉𝐶𝐷̅̅ ̅̅ ̅̅
 (5) 

 

𝑞𝐿𝑎𝑐 ≅
1

𝑉𝐷𝐶̅̅ ̅̅ ̅̅

∆𝐿𝑎𝑐

∆𝑡
+

�̅� ∙ 𝐿𝑎𝑐̅̅ ̅̅ ̅

𝑉𝐶𝐷̅̅ ̅̅ ̅̅
 (6) 

 

𝑞𝑃 ≅
1

𝑉𝐶𝐷̅̅ ̅̅ ̅̅

∆𝑃

∆𝑡
+

�̅� ∙ �̅�

𝑉𝐶𝐷̅̅ ̅̅ ̅̅
 (7) 

Wherein 𝐺𝑙𝑐𝐹  represents the Glc concentration in feed 

stream, D is the dilution rate in reactor, i.e., the ratio 

between the feed rate and the reactor volume. 

The 𝑌𝐿𝑎𝑐/𝐺𝑙𝑐  coefficient was calculated according to 

Equation (8): 

 𝑌𝐿𝑎𝑐/𝐺𝑙𝑐 =
𝑞𝐿𝑎𝑐

𝑞𝐺𝑙𝑐
 (8) 

2.5.3. Volumetric Production and Total Production 
The volumetric productivity (Pv) was calculated for the 

respective VCD in each culture day, by Equation (9). Then the 

data were plotted for culture time and using the Equation 

(10), which describes the trapezoidal method was obtained 

the Total Production (PT) of perfusion process. 

𝑃𝑣 = 𝑞𝑃×𝑋𝑣 (9) 

 

𝑃𝑇 = ∫ 𝑃𝑣𝑑𝑡 ≅ ∑
𝑃𝑣(𝑖−1) + 𝑃𝑣(𝑖)

2
(𝑡𝑖 − 𝑡𝑖−1)

𝑛

𝑖=1

𝑡

𝑡0

 (10) 

2.5.4. The biological activity of the enzyme 
The biological activity of an enzyme expressed in 

international units (IU) was defined as 1µmol of enzyme 

which converts 1μmol of substrate or product formed per 

minute. 

After incubation of the samples, the fluorescence values 

of the read samples were subtracted from read samples 

stopped at the time 0 of the enzymatic reaction. Then it was 

used the standard curve, Equation (11), described 

previously, to convert the fluorescence values calculated in 

mass of product formed during the enzymatic reaction and 

the Equation (12) was used to obtained the activity of GBA. 

𝜇𝑚𝑜𝑙 𝑜𝑓 4 − 𝑀𝑈 = 2,75×10−2𝑅𝐹𝑈 (11) 

RFU is Relative Fluorescence Units. 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑈/𝑚𝐿) =
𝜇𝑚𝑜𝑙 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

60𝑚𝑖𝑛 ∙ 0,050𝑚𝐿
 (12) 

All studies were performed in duplicate or triplicate 

biological as also the analytical measurement. 

3. Results and discussion 

3.1. Kinetic characterization of cell lines 
The VCD and viability can be seen in Fig 1, for both 

strains, the exponential phase lasted from the start until day 

3. However, the longevity of cultures was different. The 

maximum VCD achieved for CHO.PRO-5.65p cells was 6.6 ±

0.2×106𝑐𝑒𝑙𝑠/𝑚𝐿 and 3.4 ±  0.4×106𝑐𝑒𝑙𝑠/𝑚𝐿 for 

CHO.K1.36k cells. The µexp was 0.68 ± 0.01𝑑−1  and 

0.54 ±  0.04𝑑−1 for each cell line, respectively. These results 

indicate that the growth profiles are distinct for each cell 

line. The CHO.PRO-5.65p showed a VCD 1.9-fold higher than 

CHO.K1.36k cells, and a specific growth rate 1.3-fold higher 

than CHO.K1.36k cells. However, for the latter strain the 

viability was maintained over a longer period. 

 

Fig 1: Profiles of VCD and viability obtained in the kinetic assay in 
shake flasks (A) for CHO.PRO-5.65p cells and (B) for CHO.K1.36k 
cells. Data are represented by the average, including the standard 
deviations interval. 
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Regarding the specific rate of glucose uptake and lactate 

formation presented at  

Table 2, the CHO.PRO-5.65p cells showed a qGlc higher 

than qGlc by CHO.K1.36k cells, while the qLac obtained from 

CHO.PRO-5.65p was lower than that from CHO.K1.36k cells.  

Table 2: Specific rates of glucose consumption and lactate 
formation during the exponential phase of growth.  

 𝒒𝑮𝒍𝒄 
𝒏𝒈 𝒄𝒆𝒍𝒔 ∙ 𝒅⁄  

𝒒𝑳𝒂𝒄 
𝒏𝒈 𝒄𝒆𝒍𝒔 ∙ 𝒅⁄  

CHO.PRO-5.65p 0,77±0,10 0,37±0,03 
CHO.K1.36k 0,73±0,08 0,40±0,02 

 

The 𝑌𝐿𝑎𝑐/𝐺𝑙𝑐  coefficient during the culture was different. 

The value represents the stoichiometric ratio of glucose 

which is converted into lactate, therefore it suggests 

CHO.PRO- 5.65p cells used this energy source more 

efficiently. The profile shown in Fig 2 reveals these were 

constant until day 2, with values of 0.46g/g and 0.62g/g to 

CHO.PRO- 5.65p cells and CHO.K1.36k cells, respectively. 

After day 2, signs of metabolic shift appear, due to a decay 

in this value. 

The high conversation of glucose into lactate is a strong 

indicator of the metabolic energy of the cell. This indicates a 

high oxidative state, where part of the glucose is being 

consumed through of glycolysis, producing pyruvate, which 

is then oxidized to CO2 and water in the TCA cycle in the 

mitochondria, while the remaining glucose is converted to 

lactate. Such phenomenon is referred to as "aerobic 

glycolysis", because lactate is produced even where there is 

available oxygen in sufficient quantities (34). 

 

Fig 2: Yield of lactate profiles for two strains cells in shake flask 
batch. 

In the Fig 3, shows the variation of the enzyme (GBA) 

activity and cell growth with time, and its observable that the 

former follows the latter, indicates GBA is a primary product. 

Comparing the two cells, it is noticeable that GBA production 

was higher for CHO.PRO-5.65p cells than for CHO.K1.36k 

cells, that difference might be related to the glycosylation 

profiles. In the production of recombined GBA the residues 

of sialic acid, galactose and N-acetyl-glucosamine require an 

sequential removal to expose mannose residues for the 

enzyme to be uptaken by macrophages cells macrophage 

(35). In addition, the study of glycosylation of glycoproteins 

from CHO.PRO-5 cell lines showed a reduction in the 

proportion of terminal sialic acid residues, which can provide 

advantages in exposure of mannose residues (36). 

 

Fig 3: GBA Enzymatic activity profiles and cell growth in shake 
flasks in batch mode. 

For CHO.PRO-5.65p cells the highest value of enzyme 

activity achieved was 48 ± 3 𝑈/𝑚𝐿, on day 3, while for 

CHO.K1.36k the maximum reached was 26 ±  2 𝑈/ 𝑚𝐿, on 

day 6. Therefore, the maximum production was about 1.8-

fold higher for CHO.PRO-5.65p cells. 

 

 
Fig 4: Growth profiles in different experimental conditions for CHO.PRO-5.65p cells (A) and CHO.K1.36k cells (B). Data are represented by 

[number for each condition described in Table 1], followed by the temperature and concentration of valeric acid. The dashed lines (- - -) 

represent cell viability and solid lines (____) represent VCD, respectively. Control (Ctr) is represented by the condition 2. 
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3.1. Experimental design to investigate the effects of 

valeric acid and temperature on cell growth and GBA 

production 
It was seen for moderate hypothermia conditions there 

was a slowdown in the specific growth rate for both cell 

lines. At Table 3, where is the µexp and VCD values, to the 

conditions [1] and [2], the µexp was 0.54 ±  0.00𝑑−1 and 

0.75 ±  0.03𝑑−1, respectively for CHO.PRO-5.65p while for 

the same conditions for CHO.K1.36k. was 0.09 ±  0.00𝑑−1 

and 0.38 ±  0.01𝑑−1. 

It was shown the µ at 37°C was higher than 31°C. The 

temperature may be used in the control of cell proliferation 

due to suppression of growth when cells are cultured under 

conditions of moderate hypothermia (37-39). 

The results attained for conditions [3] and [4] also show 

a decrease of cell growth with the decrease of temperature 

in the case of CHO.PRO-5.65p cells, even with addition of 

valeric acid. Addition of valeric acid was revealed a negative 

impact on CHO.PRO-5.65p cells growth. Besides that, in Fig 4 

(A), for the condition [3], the viability remained constant 

over time, while for the condition [4], viability decreased on 

the third day of culture, indicating the addition of 2Mm 

valeric acid was cytotoxic at 37°C, but not in conditions of 

moderate hypothermia, as observed by Coronel et al. (18), 

who studied the supplementation of cultures with 1mM 

valeric acid. 

However, these results were not observed for the 

CHO.K1.36k cells. When compared with the control [2] the 

cell growth was lower, but when valeric acid was added at 

31°C [3], µ increased 2.3- fold compared with condition [1]. 

The addition of valeric acid showed to have a positive effect 

in mild hypothermia conditions as Coronel et al. (18) 

demonstrated at 31°C. Regarding the profile shown in Fig 4 

(B) the viability was constant and was kept above 95%, which 

indicated at 37°C the valeric acid was not cytotoxic for these 

cells. 

The supplementation with valeric acid on 

CHO.PRO- 5.65p cells culture had a detrimental effect on the 

enzyme activity at 37°C [4] (data not shown) which can be 

observed at Fig 5 (A) when comparing the value of 𝑞𝑃 

obtained with the control condition. Additionally, it can be 

observed that the decrease of temperature until 31°C [1] had 

a positive effect on the 𝑞𝑃 value. 𝑞𝑃  for the control was 

14 ±  3 𝑈 106𝑐𝑒𝑙𝑠 ∙ 𝑑⁄ , whereas to condition [1] a value of 

 58 ±  5 𝑈 106𝑐𝑒𝑙𝑠 ∙ 𝑑⁄  was obtained. Afterwards, there 

was an increase of 4.1-fold in 𝑞𝑃 although μ was lower for 

lower temperatures. The same inverse relationship between 

μ and 𝑞𝑃 was observed between 30 and 34°C by other 

authors (19, 22, 37, 38, 40). 

Some authors name the longevity of the cells as the 

cause of these results, due to slower release of proteolytic 

enzymes by dead cells. Other authors have also shown that 

the decrease in temperature increases the levels of gene 

transcripts (12, 40, 41). 

 

Fig 5: Specific production rate (𝒒𝑷) for different conditions, (A) it 
is referent to CHO.PRO- 5.65p cells and (B) it is referent to 
CHO.K1.36k cells. 

Regarding to CHO.K1.36k, the decrease in temperature 

had a negligible effect on specific productivity as can be seen 

by comparing the conditions [1] and [2] at Fig 5 (B). 

According to these results, the acid addition at 37°C did not 

change the 𝑞𝑃 value, although for 31°C this led to an increase 

of 7.3-fold comparing with [1] and control. These results 

demonstrate the mild hypothermia with valeric acid 

supplementation has a positive effect, as described by 

Coronel et al. (18). 

Both cells are producers of the same enzyme. However, 

the responses were very different for the same conditions, 

supporting the idea that the beneficial effects of decreasing 

temperature are specific for each cell line (41). This can be 

also extrapolated for the addition of valeric acid in the 

culture medium. 

3.2. Bioreactor culture 
Only the CHO.PRO- 5.65p was used for cultivation in 

biorreactor due to a higher production rate, even if 

CHO.K1.36k presented a 𝑞𝑃 raise of 7.3-fold compared to 

control. 

The reactor was inoculated with 

0.64 ±  0.03× 106𝑐𝑒𝑙𝑠/ 𝑚𝐿. The perfusion process was 

started at the third day of culture, as according to previous 

studies, the exponential phase of cell growth lasted until the 

third day, in batch mode, achieving a maximum VCD. A 

biphasic culture strategy was employed to maximize process 

productivity. The temperature shift was performed to 31°C 

was performed on day 7, not only owing to being the optimal 

condition obtained by DOE research, but also due a VCD 

value of 20× 106𝑐𝑒𝑙𝑠/ 𝑚𝐿, considered a great value 

according to studies by Coronel (42). 
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Table 3: Specific growth rates and maximum VCD obtained for each condition for CHO.PRO- 5.65p cells and CHO.K1.36k cells. Control 
conditions results are presented in the column [2]. 

CHO.PRO-5.65p [1] (31°C, 0mM) [2]Ctr(37°C, 0mM) [3] (31°C 2mM) [4] (37°C, 2mM) [5-7] (34°C, 1mM) 

µ(d-1) 0,54±0,00 0,75±0,03 0,34±0,03 0,60±0,03 0,41±0,03 

VCD (106/mL) 5,3±0,4 7,6±0,1 2,7±0,1 4,0±0,7 4,8±0,2 

CHO.K1.36k      

µ (d-1) 0,09±0,00 0,38±0,01 0,21±0,01 0,21±0,01 0,20±0,01 

VCD (106/mL) 0,83±0,01 1,68±0,01 1,50±0,06 1,02±0,01 1,40±0,10 

The maximum value of VCD attained was 

48.6 ±  0.8× 106𝑐𝑒𝑙𝑠/𝑚𝐿, on day 12. The stationary phase 

lasted until day 14, after which the decline phase started, as 

shown at Fig 6. However, the culture conditions were 

maintained within the desired parameters. Limitation of 

some other essential, albeit not monitored, nutrient to the 

cells, could have been the reason to the decline of cells, as 

the glucose concentration was maintained at high values. 

 

Fig 6: VCD and biological activity of GBA profile during cultivation 
period. 

The maximum value of enzyme activity was 

4315 ±  193 𝑈/𝑚𝐿 on day 11. From then on, a decay of 

activity was observed that can be justified by the decrease 

of VCD, which also occurred for the same period. The 

increased of activity observed between 7 and 11 days, may 

be related to the increase in dilution rate to 2vvd, because in 

other study was shown the enzyme loses nearly all its activity 

at 37°C in 24h (data not shown). 

The volumetric productivity was calculated for each 

experimental point, until the perfusion steady state was 

reached. As such, there was an increase over time, which can 

be observed in Fig 7. From day 12 due to decreased activity, 

there was a decrease in volumetric productivity. During the 

process time the total production of GBA calculated was 

~48000 𝑈/𝑚𝐿. 

Ideally, a steady state of VCD had been kept constant 

over time in order to be able to do an evaluation the stability 

of the cells in terms of production GBA in perfusion process. 

However, the cells entered the death phase before the 

parameter could be estimated 

 

Fig 7: Profile of the volumetric productivity during perfusion 
culture period. 

4. Conclusions  

The study was meant to assess the operating conditions 

to produce recombinant GBA for the development of a 

continuous production process with cell recycle (perfusion 

mode) in stirred tank bioreactor using a settler inclined as a 

cell retention device. 

Prior to the development of a continuous process, the 

performance of two cell lines was studies, CHO.PRO-5.65p 

and CHO.K1.36k, to producing the recombinant enzyme, in 

shake flasks, in batch mode. 

Studies in shaken flasks suggested that the production of 

GBA is associated with cell growth for both strains. 

CHO.PRO-5.65p cells reached higher cell concentration and 

showed a higher specific growth rate. In terms of 

metabolism, these cells showed lower conversion of glucose 

into lactate, as well as an increased specific productivity 

7,2 ±  0,1 𝑈 106𝑐𝑒𝑙𝑠 ∙ 𝑑⁄  in relation to the 𝑞𝑃 obtained by 

CHO.K1.36k, 1,7 ±  0,1 𝑈 106𝑐𝑒𝑙𝑠 ∙ 𝑑⁄ . 

Employing a DOE methodology, the hypothermia 

conditions culture conditions, namely temperatures of 31, 

34°C, combined with the addition of valeric acid at 

concentrations of 1 and 2 mM were also evaluated in spinner 

flasks. These studies showed for CHO.PRO-5.65p cells, the 

highest specific productivity value was obtained for the 

conditions of 31°C without addition of valeric acid, an 

increase of approximately 4 times to the control condition 

while for CHO.K1.36k cells, the highest specific productivity 

was achieved under the conditions of 31°C with addition of 

2mM valeric acid, demonstrating an increase relatively to 

the control of 7 times. However, only CHO.PRO-5.65p cells 

were culture in biorreactor because these have shown a 
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specific production rate higher than that obtained by 

CHO.K1.36k cells. 

The decreasing temperature was shown to decrease the 

specific rate of cell growth and prolongation of cell viability, 

but the acid treatment showed different results for both 

cells. 

In the bioreactor culture, biphasic culture strategy was 

utilized to maximize process productivity. The maximum 

volumetric productivity achieved for these conditions was 

approximately 48000 U/mL on day 12 of culture. However, 

on day 15 cultivation was stopped due to a sharp drop in 

viability. 

To maintain the cell concentration, and therefore the 

productivity, over a longer period, different strategies could 

be employed. A controlled purge of cells or an increased on 

the feed rate are viable option, to avoid limitations regarding 

nutrient feed and allow the maintenance of high VCD. 

Nonetheless, the maximum product titer in perfusion 

was 9.5-fold higher compared to batch at 31°C and 22-fold 

higher relatively to the control batch. Thereby, it can be 

concluded that the modification of culture conditions was 

successfully implemented in a biphasic perfusion bioreactor 

yielding increases in GBA productivity. 
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