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Results and discussion

Recombinant protein production using Escherichia coli has been widely 
applied in the biotechnology field. However, there are some drawbacks such 
as formation of inclusion body and difficulty in extracellular production. 
In this study, we challenged to develop a method for extracellular protein 
production of soluble proteins by using E.coli  with periplasmic secretion 
signal (pelB leader) based on DO-stat fed-batch culture for high cell density.

Effects of DO on anti-CRP scFv production

DO (%) Glucose 
feeding 

rate (g/h)

DCW 
(g/L)

Supernatant 
scFv (g/L)

Soluble 
scFv
(g/L)

Insoluble
scFv (g/L)

Total 
scFv
(g/L)

Solubility 
(%)

40 2.4 71.5 2.8 2.5 0.7 6.0 88

50 1.9 43.3 2.4 1.6 0.7 4.7 85

60 1.5 34.1 2.9 3.2 1.0 7.2 86

・Slight modification of amino acid sequence 
seriously affected the secretion of scFv.

・The extracellular production of scFv was confirmed by fed-batch culture using E. coli 
with pelB leader.
・Slight difference in amino acid sequence of scFv and plasmid stability influenced the 
characteristics of extracellular scFv production. 

・ ScFvs were successfully produced.
・ ScFvs were mainly accumulated as inclusion body.

anti-CRP scFv production by DO-stat fed-batch culture 

Introduction of PID control into DO-stat strategy

𝑘𝐿𝑎: mass transfer coefficient
𝐶𝐿: DO concentration in fermenter
𝐶∗: saturated DO concentration
𝑞𝑂2: specific oxygen uptake rate

𝑋: cell concentration

𝒅𝑪𝑳
𝒅𝒕

= 𝑲𝑳𝒂 𝑪∗ − 𝑪𝑳 − 𝒒𝑶𝟐
𝑿 = 𝟎

Oxygen 
supply

Oxygen 
respiration

DO-stat

0.8 mM 
IPTG addition

① Batch culture

Glucose feeding

pH 7.0  Agit 800 rpm
Temp 30℃

② Fed-batch culture

pH 7.0  Agit 800 rpm
Temp 30℃ DO; variable

③ scFv production phase

pH 7.0  Agit 800 rpm 
Temp 25℃ DO; variable

scFv production characteristics by flask culture

Materials and methods

Introduction

Operation
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F: Glucose feeding rate ε: DOPV-DOSV
K: Proportional gain Ti: Integration time
Td: Derivative time

PID control

Table. 1 scFv production by flask culture

Cell Concentration: DCW=71.5 g/L
Supernatant scFv =2.8 g/L   Total scFv = 6.0 g/L

DCW (g/L) 8.6±0.5

Supernatant scFv (mg/L) 76±5

Soluble scFv (mg/L) 35±2

Insoluble scFv (mg/L) 260±20

Total scFv (mg/L) 370±10

Solubility (%) 30±2

Fig. 2 (a) Time courses of DO-stat fed-batch culture for scFv production (b) SDS-PAGE after 
purification Supernatant (c) Western blotting after purification Supernatant 

Conclusions

Table. 2 Influence of DO on scFv production
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scFv gene 
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Fig. 1 (a) SDS-PAGE and (b) Western blotting 
after purification

・DO level has effect on glucose feeding rate and cell growth.
・Extracellular production of scFv reached to 2.4~2.9 g/L regardless of DO level.

(a) (b)

Lane No.

① Supernatant scFv

② Soluble scFv

③ Insoluble scFv

① ③② ① ③②

kDa

45

31

21

M 18 29 45  54 69 77  94   100  (h)

(b)

scFv

kDa

40

30

20

M 18 29  45 54 69 77 94   100 (h) 

(c)
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Effects of amino acid sequence on scFv production

Possible mechanism of extracellular production of scFv

Cytoplasm

Extracellular 
environment

Outer 
Membrane

Inner 
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scFv Inclusion 
body

pelB
leader

pET22-b(+)

Periplasm

folding

Supernatant scFv

pET22-b(+)

scFv scFv

anti-CRP scFv
M.W:28.5 kDa

pI: 6.35

Modified anti-CRP scFv
M.W : 27.3 kDa

pI: 6.86

M M

Effects of plasmid stability on scFv production
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Amino acid sequence of anti-CRP scFv*

MKYLLPTAAAGLLLLAAQPAMAMDASQVQLQQSGA
ELVKPGASVKLSCTASGFNIKDYYMHWVKQRTEQGLE
WIGRIDPEDGETKYAPKFQGKATITADTSSNTAYLQLSS
LTSEDTAVYYCARGYYGSEAMDYWGQGTSLTVSSGGG
GSGGGGSGGGGSTGSIVMTQSHKFMSTSVGDRVSIT
CKASQDVNTAVAWYQQKPGQSPKLLIYWASTRHTGV
PDRFTGSGFGTDYTLTISSVQAEDLALYYCQQHYSTPW
TFGGGTKLEIKRADAAPTVAAALEHHHHHH

*Modified anti-CRP scFv was removed the amino acid  
sequences shown in yellow.

・The ratio of plasmid retention cells drastically 
decreased in the later phase of fed-batch culture.

Plasmid stability test

Culture broth
Serial 

dilution

𝟏𝟎−𝟖~𝟏𝟎−𝟏𝟑 Without antibiotics

With antibiotics
(Amp)

Colony count using agar plate with/without antibiotics 

Colony 
number

(A)

Colony
number

(B)

Plasmid retention rate (%)
(𝐀)

(𝑩)
× 𝟏𝟎𝟎=
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