Biology, biotechnology. 10th lecture: Technologies

10" lecture: Products and Technologiesin Bioengineering

Products of biochemical engineering:
1. Primary metabolites: their biosynthesis is directiyinected to the growth or energy

production of cell (amino acids, organic acidsaethl)

2. Secondary metabolites: their biosynthesis is noheoted to the growth or energy

production of cell, the production is forced by awvdrable conditions (like substrate
limit) (antibiotics, pigments).

3. Recombinant proteins, which were not coded in naljge-nom of cell, their gene is

transmitted from an other organism.

4. Bioconversion products (aspartame, steroids)

Production of primary metabolites :

The growing understanding of the biochemistry aedegics of microorganisms has led to the
production of strains which excrete excess prinmeyabolites (amino acids, vitamins, purine
nucleotides). Strain improvement with classicalabetic engineering: induced mutation
(with radiation or chemicals) and selection of nmiga

The genome is changed with mutations:
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In the case of auxotrophic mutan Side products Decomposition
the lack of the product of the blocke
pathway may stop the growth of the
strain. In this case a small amount of this missimggabolite must be added in the cul-
ture medium. Another way is the applicationlegky mutants, in which enzyme acti-
vity is not eliminated totally but the mutant priotdnas a small activity, it is able to
produce a small amount of the metabolite.
Biochemical feed back mechanisms (inhibition orespion) of overproduction are to
be eliminated. In an unbranched biosynthetic payhtva end product inhibits the act-
ivity of the first enzyme of the pathway, calleced@ack inhibition. A conformation
change and hence inactivation (allosteric effectues when an effector (end product)
is attached to a specific site of the enzyme (@his site). This site is different than
the substrate binding site, the inhibition is notpetitive. In branched biosynthetic
pathway, feedback inhibition of the first commorzygme by means of one of the end
products would cause more than one end producet @ffected. In branched biosyn-
thetic pathways, different kinds of feedback intidn are found:
— The end product inhibits the first enzyme in eaafeafter the branch point.
— The first step of the common synthesis path islisathby several isoenzymes,
each of which can be regulated independently.
— The first common enzyme in a branched biosynttmttbway is influenced by
each end product only slightly or not at all; themaest be an excess of all end
products for inhibition to occur (phenomenon caledltivalent inhibition).
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— Each end product of a branched pathway acts ashastor; cumulative
inhibition is the effect of all the inhibitors.

Antimetabolite resistance can be used to selecamtsitvhich exhibit defective regula-
tion. Altered regulation may occur in such mutadistimetabolites, because of their
structural similarity to metabolites, may causedfsgck inhibition or but unable to
substitute for normal metabolites. Antimetabolitzaise death of normal cells, but
analog-resistant mutants can form an excess ofholdes, in some cases through
changed regulatory mechanisms (elimination of &los inhibition), causing constitu-
tive product formation.

Case study: fermentation of lysine
A lysine is produced from aspartic acid. Using thistabolite microorganisms synthesize it in
either via the diaminopimelic acid pathway or tha&rsadipic acid pathway. Bacteria use the
DAP pathway. Aspartokinase is regulated via muléina feedback inhibition from L-
threonine.
Effective L-lysine producers are found
among mutants ofCorynebacterium and
Brevibacterium strains which are homoseri | A=
ne auxotrophs or among methionine —thrg Aspartate 4-phosphate
nine double auxotrophs. High-lysine-prody
cing strains are also found organisms reg
tant to the lysine antimetabolite F-&mi-
noethyl)-L-cysteine (AEC) or methyl-L-
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In some organisms the lysine is decarboxy 7
lated to cadaverine but these producing st -
ins don’t have this activity.

Fermentation technology

Carbon source may be molasses, dextrose, in ditegnaocesses acetic acid or alkanes.
As nitrogen source ammonia, ammonium salts or israaed (these strains have urease acti-
vity).

Auxotrophs need homoserine, threonine and metheéanismall concentration (soy meal,
corn steep liquor), but with leaky mutants this baromitted— cost reduction.

Biotin: minimum 30ug/l is necessary (sugar cane molasses contaiuth@ent amount,
beat molasses or starch hydrolysates need supplemen

Optimum: pH =7, T = 28°C t(ferm) = 60 hrs

Final concentration: 100-120 g/I, productivity ¥ 30-40%.

Downstream: key step: adsorption on cationic iochexger.

Secondary metabolites: antibiotics

= Secondary metabolites produced by microorgantlatscan inhibit or kill other microorga-
nisms.

In the last 80 years ~12-13 thousands antibioteewliscovered. Only ~2-300 molecules
became a human medicine. From these ~10% is prddutie direct fermentation, ~80 %
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with fermentation, after that chemical modificatignsemisynthetic drugs). The left 10% is
produced with chemical synthesis (costs).
Why so few? - toxicity

- low efficiency, competitors are better

- side effects

- resistance
Case study: penicillins
Chemical sructure: the basic structure of the pingis 6-amino-penicillanic acid (6-APA)
which consists of a thiazolidine ring with a consledp-lactam ring. The 6-APA carries vari-
able acid moiety in position 6. In “natural” petiici this amino group is acylised with benzo-
ic acid (benzylpenicillin, penicillin G). With exelnge of this acyl group semisynthetic peni-
cillins are produced. Biosynthesis of penicillingsing on with combination of two amino
acids: cysteine and valine.

6-amino-penicillic acid, 6-APA
F

Production of penicillin /
Fermentation, because chemica
synthesis is not economic. R
Phases of production:
1. Strain conservation
2. Inoculum propagation steps
3. Producing (main) fermenta-
tion - "fed batch”: batch pro-
cess with regular nutrient
additions
4. Downstream processing: key operation: extractiemaval of penicillin with non-
miscible organic solvent

COOH

Main fermentation
Typical secondary metabolite fermentation, with ptases:
In the typical penicillin fermentation there is @gth phaseibout 40 h duration, during
which time the greatest part of cell mass is fornTéte culture needs optimal nutrient supply,
intensive aeration, agitation, the primary metatolis running.
Nutrients in this phase:
— Carbon source: few % of sugar (dextrose, molassesyumed till the end of
propagation phase
— Nitrogen source: in this phase inorganic ¢\bkklts consumed till the end of
propagation phase
— P: added as inorganic phosphate but it should bsuroed till the end of
propagation phase

After that the culture proceeds to penicillin protion phaseBy feeding with various
medium components, the production phase can badedeo 120-160 h. In this phase
multiple substrate limitations force the secondastabolism.

Nutrients in the second period:

— Carbon source: sugar limited metabolism (earliardly metabolisable compounds:
lactose, starch; nowadays: dosage of small amadinksxtrose, according to the
oxygen level)

— Nitrogen source: addition in the form of protei@SL, soy meal, peanut cake
daily dosage to keep a low concentration
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P: in the presence of phosphate the secondanpoista doesn’'t run therefore 1

phosphate addition.
Precursor: phenykcetic acid, regular addition to keep the concéotran the -4 g/l

range.

Diagram of penicillin fermentatic;
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Precursorsare compoundgrepared with chemical synthe, given into the fermentatic
broth, where the microorganismwill built it into the product molecule. This saves sabses
and energy for the microbEor penicillin G the phen-acetic acid is th proper precursc
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Semisynthetic penicillins

Many penicillin antibiotics used in medicine areguce« semisynthetially by chemica
modification of the basic penicillin ring structurehe starting material for chemic
modification is the nonacylate-amino-penicillanic acid (6-APA). 8PA is produced by th
splitting-off of the acid side chain of penicillin G withe enzyme penicillin acylasin the
following step the desired new side chain moleatfilacidic character is coupled to the am

group.
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The fermented platform molecu are the “natural” penicillins:
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Natural penicillins

Penicillin G
(Gram-positive cocci)

Penicillin V
(acid resistant)

About hundred ogemisyntheti penicillins were dveloped and accepted in human medic
These differ in chemical properties (stability, Ldmlity) and antibiotic effectieness (spect-

rum, resistanceptructure of some widely used molecules is presk
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Ampicillin
(broad spectrum,
acid resistant)

Carbenicillin
(broad spectrum)

Amoxicillin
(broad spectrum)

Summary of secondary metabolite produc:

Technology Two-phase fermentation, first cell propéion, than product formatio

Market Patents run out, antibiotics became generics. Hard compiition, depresse

prices. Competitors in Chiranc India.
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RECOMBINANT PROTEINS
Most of today’s protein pharmaceuticals fall intgeheral classes: (1) hormones, (2) vacci-
nes, (3) antibodies, (4) enzymes. Three of thesssek, hormones, antibodies, and enzymes,
are primarily used to treat noninfectious or endmyes diseases (i.e. genetic diseases or di-
seases of aging), whereas the vaccines are usesht@r prevent infectious or exogenous
diseases (i.e. bacterial of viral infections).
Options:
— With prokaryotes (bacteria)
* Quick growing, cheap media, but:
* The product often intracellular,
* No glycosylation- the protein has no activity
— With eukaryotes (animal cell culture)
» Slow propagation, expensive medium, elaboratechdatation, lower
product concentration, but:
» biologically active product.

Case study: RECOMBINANT VACCINES
Subunit vaccines: only one immunogenic protein Eesit) of the virus is produced as
recombinant protein, and used as antigen in astineunization.
Step of production:
1. Isolation or synthesis of the gen coding the antigetein.
2. Transfection into a proper host cell and expression
3. Protein production with fermentation.
4. Downstream processing

Case studyHEPATITISB VACCINE

Hepatitis B virus (HBV) is the major infective ageand it can cause either acute or chronic
viral hepatitis. The virus destroys the liver cellauses liver failure, jaundice (icterus). In
acute hepatitis, the virus can be cleared, leattimgcovery. In chronic hepatitis B, the virus
persists, no chance for spontaneous healing. Itle@d/to progressive liver disease, cirrhosis
and primary hepatocellular carcinoma.

Virus particles are synthesized in liver cells after the break up they spread in the blood.
Viral proteins and antibodies can be detecteddodbl

It has been estimated that about five percent efwiorld’s population is infected which
means ~350 million chronic carries. The virus maimgd in the population primarily via ma-
ternal transmission. In the developed countriefgciion is also transmitted by exposure to
contaminated needles or instruments, by blood fuaitn, drug abuse or sexual contact. The
incubation period for hepatitis B varies from sigeks to three month.

The HBV (hepatitis B virus) has 3 different antigen

s — surface,
e — endo,
Cc — core

+ a DNA and DNA-polymerase
The hepatitis B viral particle has a diamet|
of 42 nm and contains a partially(!) doubl 45,m
stranded DNA genome, which is enclos§
within a core structure and surrounded by
lipid containing envelop in which numerou
copies of HBsAg are embedded.
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The genome of HBV is a small, circuld
DNA molecule, which is partially doublg
stranded, partly single stranded in a varial
ratio. The long or (-) strand has fixed leng
of 3200 nucleotides whilst the length of th
short or (+) strand ranges from 55 to 75%
that of the minus strand.

The HBsAg protein has 226 amino acids,
human cells it is glycosylated. Out of th
cells it is assembled into 22 nm lipoprote
particles which are highly immunogenic

HepatitisB virus genome organisation

At first the gene of surface antigen was cl
ned intoE. coli by a plasmid. It formed the
protein but the protein had no activity, bg
cause the formed antigen does not assu
the proper folding (3D structure).

Later the gene has also been expressed in recomtipr@nmalian cells in culture and in
baker’s yeastSaccharomyces cerevisiae.

Both host systems produce HBsAg, which proved tdiglly immunogenic. In yeast all of
the HBsAg is contained intracellularly whereas tii@mmalian cells secrete the antigen. All
yeast-derived antigen is non-glycosylated whergasaximately 75% of the mammalian-de-
rived HBsAg is glycosylated. Nevertheless, thischiemical difference is reflected neither in
the antigenicity of the various particles nor ieithability to elicit virus-neutralising antibo-
dies. Both technologies give proper product butyeast vaccine is cheaper and safer (no
dangerous viruses).

The structure of shuttle vector:

ADH-1 terminator

Hepatitis B Surface

Two replication ori
o replication origo Antigen gene

Two markers:
- ampicillin resistance

- leucine enzymes (the
yeast is Lel)
Expression cassette:
- constitutive promoter
- useful gene
- terminator gene

Upstreambatch fermentation
First phase: Leu-free medium
(increases the plasmid number
Second (production) phase:
complete medium, with Leu

The fermentation takes about two days, during tiesyeast continuously manufactures and

stores HBsAgQ.

GAPDH promoter
(yeast)

pBR322 plasmid/

(E. coli)

(&= ampicillin resistant

pC1/1 plasmid
/ (veast)
Yeast leucine-2 gene

'
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Downstreamin order to isolate the expressed antigen, tlastyie harvested by means of
centrifugation and disrupted with high pressure bgemizer.
Purification steps include adsorption and chentiegtment.



