
Production of therapeutic
proteins



Therapeutic proteins: 
biopharmaceuticals

• Proteins as drugs
• Proteins as antigens (vaccines)

The industrial production 
of therapeutic proteins
requires the use of 
recombinant DNA 
technology to obtain the 
necessary high amounts of 
proteins







Biosynthesis of insulin in pancreas b cells

Chain A             21 aa
Chain B             30 aa

Linked by two S-S bridges

EXON 1 EXON 2

PREPROINSULIN

PROINSULIN

Signal peptide

INSULIN

In the Golgi an enzyme
removes 33 aa that
constitute the C peptide

B
AC



Insulin forms
hexamers, 
stabilized by zinc, 
that modulate its
solubility and 
bioavailability



Production of recombinant
insulin in bacteria

• Separate plasmids encode A and B 
chains in separate E. coli strains

• A and B chains are produced under 
control of the lac promoter as
fusion proteins with the N-terminal 
region of LacZ

• The LacZ portion is removed by 
treatment with cyanogen bromide
(cleaves Met-X)

• Purified A and B chains are mixed in 
oxidizing conditions, disulfide
bridges S-S form and the native 
form is purified



Production of recombinant insulin in the yeast
Saccharomyces cerevisiae (proinsulin pathway)

Pro-insulin constituted by chain B1-29 (lacking Thr30) and chain
A1-21 fused to a-factor signal peptide to produce secreted
insulin (mini-peptide C). 



Constitutive
expression under 
control of TPI 
(triose-phosphate
isomerase) 
promoter, selection
by complementation
with S. pombe TPI 
in S. cerevisiae
tpi::LEU2 strain



Evaluation of efficiency of pro-peptide and spacer
sequences in the production of recombinant insulin in yeast



Scheme of the 
industrial 
production 
process of 
recombinant
insulin by the 
proinsulin
pathway.



Insulin analogues approved for medical use





Pharmacokinetic properties of insulin analogues



Therapeutic glycoproteins



Erythropoietin
Erythropoietin (EPO) is a hormone
that stimulates erythrocyte
production. It is a glycoprotein of 165 
aa with 4 oligosaccharide chains (3 N-
and 1 O-glycosylation).
N-glycosylation is necessary for 
secretion and stability of EPO in 
plasma. O-glycosylation appears not
to influence the biological activity of 
EPO.

Recombinant EPO is produced in CHO 
cells and in yeast



Physiology of EPO



Production of human erythropoietin in 
glycoengineered Pichia pastoris



Production of human erythropoietin in 
glycoengineered Pichia pastoris

Expression under control of the 
AOX1 promoter, a-factor secretion
signal, induction for 40 hours, yield
50 mg/L (12-13 copies of the vector
integrated in the genome)

H−(O−CH2−CH2)n−OH
PEG



Production of human 
erythropoietin in Pichia

pastoris

Harvested
Fermentation Broth

Centrifugation

Microfiltration

Ultrafiltration #1

Blue-dye Chromatography

Hydroxyapatite Chromatography

Cation Exchange Chromatography #1

Ultrafiltration #2

PEGylation

Cation Exchange Chromatography #2

Ultrafiltration #3

Sterile Filtration

Final Product

*

*This step was only applied at scales larger than 40 liters





Direct analysis of recombinant EPO
Iso-Electro-Focusing at pH 2-6 identifies variants with 

different charge due to oligosaccharide chains



An unusual post-translational modification:
g-carboxylation of glutamate

Vitamin K-
dependent
carboxylase

Vitamin K 
epoxide
reductase



The blood coagulation cascade

Many coagulation factors
possess Gla (g-carboxy-
glutamate) residues
necessary for correct Ca2+-
mediated interaction with 
membranes.



Genetic disorders of coagulation:
Hemophilia A (factor VIII) and hemophilia B 

(factor IX)

• Sex-linked genetic diseases characterized by bleeding of 
spontaneous and traumatic origin.

• The World Federation of Haemophilia estimates 400.000 
patients in the world.

• Production of recombinant clotting factors would allow to 
overcome viral contamination risks that make plasma-derived
proteins unsafe.





Factor VIII

Factor VIII is a 2332 aa protein with a domain structure
A1-A2-B-A3-C1-C2. the B domain is initially removed and in 
plasma factor VIII is associated and stabilized by von 
Willebrandt factor (vWF). The C2 domain is involved in 
binding vWF and membranes.  



Factor VIII: structural organization and 
post-translational modifications



Proteolytic processing of Factor VIII



Recombinant Factor VIII

• Expressed at low levels in mammalian BHK and CHO cells: 
inefficient secretion and very high costs (over 100.000 
$/year per patient)

• Production of hybrid human/porcine factor VIII (sequences
of porcine FVIII in domains A1 and A3 improve expression
levels by increasing secretion rate) with a lentiviral system
under control of EF-1a promoter in BHK cells

• Expression levels: 9 pg/cell/day about 7.3 mg in 2.5 lt 
collected from day 3 to day 7 of culture

• Purification by cation exchange chromatography on 
SulfoPropyl-Sepharose: 4.9 mg of factor VIII with high 
purity



Recombinant Factor VIII



Recombinant Factor VIII: optimization of 
expression system and purification



Recombinant Factor VIII: characteristics of 
different production and purification platforms



Expression of Factor IX in CHO cells

Factor IX (415 aa) 
expressed in CHO at
180 µg/ml (active form
only 1.5 µg/ml).  
Expression levels
increase if furin is co-
expressed. Furin is a 
protease that removes a 
signal peptide required
for g-carboxylation.
Approved with the name
BeneFIX in 1998.



Expression of Factor IX in HEK293 cells

Four-fold increase in expression levels of active FIX by co-
expression of VKORC1 (vitamin K epoxide reductase)



Recombinant Factor
VIIa

Factor VII is expressed in BHK 
cells as single-chain protein. 
Proteolytic activation
(proteolysis R152-I153) is
spontaneous. Purification by ion
exchange chromatography, 
affinity chromatography on a 
monoclonal antibody against the 
Gla domain and other two ion
exchange chromatography steps.

Factor VIIa is indicated in 
hemophilia A or B patients that
develop inhibitory antibodies
against factors VIII or IX.



Novel approaches to increase the half-life of 
FVIII, FIX and FVIIa



Emicizumab: a 
bispecific antibody for 
hemophilia treatment

Bispecific antibody for FIXa and 
FX mimics the role of FVIIIa




