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PHARMACEUTICAL PRODUCTS

- Pharmaceutical products - also known as medicines or drugs -
are special preparations used in modern and traditional medicine
essentially for the prevention and treatment of diseases, and
protection of public health.

- Pharmaceutical products consist of active ingredients, which are
combined with additional materials (excipients) selected to control
dosage delivery, enhance performance and facilitate manufacture.

- Many pharmaceutical products are proteins or polypeptides.
They can be obtained from nature by extraction or produced by
microorganisms genetically modified, namely recombinant
proteins. Separation and purification steps are usually the most
difficult and may account for up to 60% of total cost (Lienqueo and
Asenjo, 2000).

The Government Pharmaceutical Organization (GPO)



PHARMACEUTICAL PRODUCTS

Developed from herbs,
food supplements,
cosmetics and extracts o

Herbal
products
Lopinavir-k
in Hospitc
Patients v
Severe COV.
& REB’
® Medicines
drugs for

specific diseases

m W— ZICAM

[Cow [ o

ENOL MIthymptom . <

products convenient to
purchase and carry

(& Tested active plasters, gloves,

~ - 2

,;(

/ Z ingredients _ elastic bandages
~ "+ |, (food/abuse/pest) Mec_llcal and disinfectants
L Sy devices :
@ "
- Chemical
products
Biological
products
: X\ Equipment
e = an
. medical
- », tools
Medicine ° -~ - ]
sets vaccines, "~ stents, knee
serums and T _# :
o £ prosthesis,
antitoxins -

blood pressure
or blood glucose
monitors



ANTIBIOTICS

- An antibiotic is a drug that kills or slows the growth of bacteria, mostly is a
secondary metabolites can produce during either tropophase or idiophase.

- Antibiotics are chemicals produced by or derived from microorganisms (i.e. bugs
or germs such as bacteria and fungi).
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The first antibiotic was discovered by P y——
) enicillium chrysogenum

Alexander Fleming (Nobel lecture, (P.notatum)
December 11, 1945) in 1929 in a
significant breakthrough for medical
science.
Staphylococcus aureus played an
important role in discovery of penicillin 4
. G (benzylpenicillin) pl’OdUCEd by Staphylococcus aureus ‘ Penicillin G //;’\OH

Penicillium chrysogenum (P. notatum) (benzylpenicillin) O



ANTIBIOTICS DISCOVERY

Dwindling Antibiotic
Development

Number of new, FDA-approved
antibacterial agents

Mitomycin
Novobiocin
Amphotericin

Vancomycin
Neomycin Cephalosporin
Virginiamycin

Chlortetracycline Gentamicin 2 4 6 8 10 12 14 16

Candicidin Monensin
Chloramphenicol Tylosin Adriamycin
Spiramycin Pristinamycin Teicoplanin 1988-1992 —
Bacitracin Tetracydine Avoparcin
Erythromycin Kasugamycin Thienamycin 1993-19907 [N
Streptomycin Oleandomycin Fosfomycin Lovastatin
Streptothricin Griseofulvin Polyoxin Rapamycin 1998-2002 —
Actinomycin Rifamycin Cyclosporin Avermectin Spinosyn
Penicillin Oxytetracycline Bleomycin Bialaphos Nikkomycin Epothilone 2003-2007 —
Gramicidin Nystatin Kanamy<in Lincomycin Tacrolimus
2008-2012 [
1940 1950 1960 1970 1980 1990 2000
1953: Glycopeptides, Nitroimidazoles, Streptogramins < P 1955: Cycloserine, Novobiocin
1952: Macrolides <« P 1957: Rifamycins
1950: Pleuromutilins < P 1961: Trimethoprim
1948: Cephalosporins < P 1942: Quinolones, Lincosamides, Fusidic acid
1947: Polymyxins, Phenicols < P 1949: Fosfomycin
1946: Nitrofurans < ! P 1971: Mupirocin

P 1974: Carbapenems
P 1978; Oxazolidinones

P 1979: Monobactams
P 1987: Lipopeptides

1945: Tetracyclines <
1943: Aminoglycosides, Bacitracin (topical) «

1932: Sulfonamides <
1928: Penicillins -«

DISCOVERY VOID

© ReAct Group 2015



ROLES OF ANTIBIOTICS

Exogenous roles

[

Protect against other
competing organisms
Regulation of
commensalism or
cohabitation

Protection of
physiochemical factors

Detoxification of trace
elements

Endogenous roles

Signals for
morphogenesis
Signals for mating
Detoxification of
metabolism

Supply the building
materials of cell wall
Reserve materials that
not access in other
organisms

NOTE: Antibiotics do not kill viruses -not effective in treating viral infections




MODE OF ACTION OF ANTIBIOTICS

Rifampin
Streptovaricins

Cell wall synthesis DNA gyrase

Cycloserine 1 Quinolones N.alidiXiC aCEd Actinomycin
Vancomycin Ciprofloxacin
Bacitracin Novobiocin

Penicillins Je—. 3 Protein synthesis

Conhalospoiing _aul (508 inhibitors)

Monobactams a Erythromycin (macrolides)

Carbapenems _ DNA 2 Chl henicol
w"wwa"w Wloramphenico

- e a1 A Clindamycin
L T etabolisr - THF ! '.," . Lincomycin
Trlmethroprlm — / EURNARETE 5

Sulfonamides

Protein synthesis
(30S inhibitors)

Tetracyclines
Spectinomycin
Streptomycin
Gentamicin
Kanamycin
Amikacin
|_Nitrofurans

Polymyxins
Daptomycin

Cytoplasmic Cell wall
membrane

Mupirocin
Puromycin

Figure 20-14 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.



ANTIBIOTICS STRUCTURES

Chemical Classification (Public Loves GOOD Quality BATSMAN)

* Polypeptides- Polymyxin, Colistin, Bacitracin

* Poyene antibiotics- Nystatin, Amphotericin-B, Hamycin
* Lincosamide-Lincomycin, Clindamycin

* Glycopeptides- Vancomycin, Teicoplanin

« Oxazolidinone-Linezolid

» Others Riampicin, Griseofulvin, etc

* Diaminopyrimidines-Trimethoprim, Pyrimethamine

* Quinolones- Nalidixicacid, ciprofloxacin

* Beta-lactam- Penicillins, Cephalosporins, Monobactams, Carbapenems
*  Aminoglycosides-Streptomycin, Gentamycin

* Tetracyclines- Oxytetracycline, Doxycycline

* Sulphonamides- Sulfadiazine, Sulfamethoxazole,

* Macrolides- Erythromycin, Clarithromycin

*« Azoles-Fluconazole, Clotrimazole

* Nitroimidazoles- Metronidazole, Tinidazole

* Nicotinic acid derivatives- Isoniazide, Pyrizinamide, Ethionamide
* Nitrobenzenederivaties- Chloramphenicol

* Nitrofuran derivatives- Nitrofurantoin, Furazolidone



DIFFERENT CLASSES OF ANTIBIOTICS - AN OVERVIEW

'Hey.' . COMMONLY ACT AS BACTERIOSTATIC AGENTS, RESTRICTING GROWTH & REPRODUCTION . COMMOMLY ACT AS BACTERICIDAL AGENTS, CAUSING BACTERIAL CELL DEATH
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Inhibit bacteria call wall biosynthesis. bacteria, leading to cell death. Inhibit bacteria cell wall bicsynthesis, * * replication and transcription. bacteria, preventing growth.
e o

resistance and worries about safety.
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CHEMOTHERAPEUTIC SPECTRA

- Narrow-spectrum Antibiotics: Act on a single / Narrow-spectrum
limited group of micro-organisms; e.g., isoniazid given for antibiotics act
MBEEEEE against a limited e i
- of bacteri antibiotics act
- Extended-spectrum Antibiotics: Effective SIOUpOTACTA. 2 oainst a larger

against Gram-positive organisms and a significant number

of Gram-negative organisms; e.g., ampicillin group of bacteria.

- Broad-spectrum Antibiotics: Effective against a
wide variety of microbial species; e.g., tetracycline &
chloramphenicol.

- Can alter the nature of intestinal flora = super infection

Broad spectrum Short spectrum BROAD ‘
antibiotics : antibiotics: - — N — N
1.Amoxicillin 1.Penicillin —G M‘ ;gz;i;ju wW ‘ | £ R /\ L‘)\
2. Tetracycline 2.Cloxacillin : ————
3.Cephalosporin 3.Vancomycin Py | ‘ gﬁx «
4.Chloramphenicol 4.Bacitracin : r '
5.Erythromycin 5.Fluxacillin r | ' s, 1% -




Antibiotic Sensitivity Overview
(taken from the wellingtonicu.com drug manual)

Gram Positive Cocci Gram Negative Bacilli

E.coli, Klebsiella Anaerobes
MRSA MSSA i ‘ P PM*

Penicillin
Amoxycillin |
Flucloxacillin |
Cephazolin |
Clindamycin | Clindamycin
Rifampicin/Fusidic Acid |
Vancomycin/TeicopIarTin, Linezolid, Metronidazole
Daptomycin
Trimethoprim |
| Ciprofloxacin
| Gentamicin/Tobramycin, Aztreonam
| Moxifloxacin | | Moxifloxacin
Cefuroxime |
Ceftriaxone |
| Ceftazidime ]
Cefepime |
Amoxycillin-clavulanate Amoxycillin-clavulanate

Ticarcillin-clavulanate,

Ticarcillin-clavulanate, Piperacillin-tazobactam Piperacillin-tazobactam

Meropenem?, Imipenem?
Ertapenem? | | Ertapenem?

Antibiotics in bold also cover Enterococcus Faecalis. For simplicity, atypical organisms are not shown.
ESBL-producing organisms are not susceptible to most antibiotics containing a beta-lactam ring; carbapenems’ are the usual agent of choice.
*ESCAPPM organisms are Enterobacter spp., Serratia spp., Citrobacter freundii, Aeromonas spp., Proteus spp., Providencia spp. & Morganella morganii.

This antibiotic sensitivity chart is intended as a rough guide pending specific identification & sensitivities - it does not replace expert ID advice.



COMBINATIONS OF DRUGS

Advantages

- Synergism; the combination is more effective than either drug used separately;
B-lactams and aminoglycosides Infections of unknown origin

Disadvantages
- Bacteriostatic (tetracycline) drugs may interfere with bactericidal (penicillin and
cephalosporin) drugs

Selection of Antibacterial Agent
» Empiric therapy - prior to identification of organism — critically ill patients
» Organism’s susceptibility to the antibiotic
» Patient factors - immune system, renal/hepatic function
» Effect of site of infection on therapy —blood brain barrier
» Safety of the agent
» Cost of therapy
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ANTIBIOTICS PRODUCTION

...Discovery and Development...
a long, risky road
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DRUG DEVELOPMENT

Basic Clinical
| 3.5 years | 4 years | 2—4 years
| S 350 million | S 100 million | S 150 million
Preclinical Exploratory Full D_eveloprnent
Discovery Development Development and Life Cycle

Management

Phase | Phase lia Phase 11D Phase Il Phase IV

Mattisson DR, Mattison Faye AC Blickpunkt der Mann 2008; 6 (1): 21-25 ©

Drug Discovery and Development: A LONG, RISKY ROAD

DRUG DISCOVERY PRECLINICAL CLINICAL TRIALS

o
—
-
> =
5,000-10,000 :

Ll : 3/ S
— COMPOUNDS B ONE FDA- -
o || APPROVED =
O "\ DRUG =
W - - - =
= PHASE PHASE PHASE i =
- o 1 2 3 o =
~— = = =
= NUMBER OF VOLUNTEERS = o
o- @ A TR @ oo
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) 2 S = ETER >
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Source: Pharmaceutical Research and Manufacturers of America



ANTIBIOTICS

* Currently 8000 antibiotics are known

* Each year around 300 new antibiotically active compounds are detected, of which
30-35% are antibiotics

* Only 123 antibiotics of bacterial origin are produced by fermentation

* Only chloramphenicol, phosphonomycin and pyrrolnitrin are produced
synthetically

* Significance for the strain is unclear

USES OF ANTIBIOTICS

* Antitumor antibiotics

* Antibiotics for plant pathology

* Antibiotics as food preservatives

* Antibiotics used as animal growth promoters and in veterinary medicine
*Antibiotics as tools in biochemistry and molecular biology




ANTIBIOTIC PRODUCERS

» Over 5000 antibiotics have been identified from the culture of Gram positive,
Gram negative organisms and filamentous fungi, but only 100 antibiotics have
been commercially used to treat human, animal and plant disease.

» The genus Streptomycete is responsible for more than 60% of known
antibiotics. While further 15% are made by number of related Actinomycete,
Micromonospora, Actinomadura, Streptoverticillium and Thermoactinomycetes.

1. Streptomyces spp.: produce chloramphenicol, erythromycin, kanamycin,
neomycin, nystatin, rifampin, streptomycin, tetracyclines, vancomycin

2. Micromonospora spp.: produce gentamicin
3. Bacillus spp.: produce bacitracin, polymxins

4. Fungi
O Penicillium griseofulvum: produce griseofulvin

O Cephalosporium spp.: produce cephalosporins



ANTIBIOTIC PRODUCERS

Antibiotic

Penicillin
Cephalosporin
Griseofulvin
Bacitracin
Folvmyxin B
Amphotericin B
Ervthromyvein
MNeomycin
Streptomycin
Tetracveline
Yancomycin
Gentamicin

Rifamycin

Producer organism

Penicillium chrysogenum
Cephalosporitem acoremonium
Penicilfivm griseafulvim
Bacilfus subrilis

Bacilfus palymyxa
Streptomyces nodosus
Strepromyces erythreus
Streproem yoes froadiae

Stre plom poes grise us
Streptom yoes rimasus
Streptomyces orientalis

M fcroee e o Spara g urea

Streptoemyces mediterranel

Activity

Gram-positive bacteria
Broad spectrum
Dermatophyvtic Tungi
Gram-positive bacteria
Gram-negative bacteria
Fungi

Gram-positive hacteria
Broad spectrum
Gram-negative bhacteria
Broad spectrum
Gram-positive hacteria
Broad spectrum

Tuberculosis

Site or mode of

acton

Wall synthesis
Wall svnthesis
Microtubules
Wall synthesis
Cell membrane
Cell membrane
Protein synthesis
Frotein synthesis
Frotein synthesis
Protein synthesis
Protein synthesis
Protein synthesis

Frotein synthesis



STRAIN SELECTION

- Screening and selection method
- Sample preparation - serial dilution - extraction & isolation
- Sterile reagents and materials, selective dissolve i.e. Tween
- Specific medium for selecting a certain microorganisms

- Antimicrobial sensitivity testing
- Zone of inhibition method

- Disc diffusion method
- Plate sensitivity assay
- MIC and MBC determination

- Test for specific biological activity
- Physiological function test

- Mode and mechanism of inhibition
- Molecular identification and analysis



SCREENING AND SELECTION

Il. Testing Activity Specirum

Vs

Screening and selection method

Streak antiblotic producer

Sample preparation - serial dilution = extraction & isolation  /  lacross one side of piate
. . ; . . | |
Sterile reagents and materials, selective dissolve i.e. Tween  \ )/ ==
\\~<___
Specific medium for selecting a certain microorganisms , R e e
/./. Lok Antiblotic diffuses

Spread a soil l Into agar

dilution on a plate
of selective medium
\ Streptomyces cell mass

—_— Cross-streak with test organisms

Sterile glass spreader /,
/ \o\—x_
[ |
Incubate | J
. V)
Colonies of R
StrebtoIMVEEs Incubate to permit
p_ y test organisms to grow
species
U i I Growth of test organism
Inhibition zones where
s sensitive test organisms
f)vgrlay with an 7 did not grow
i indicator organism p—
Nonproducing Incubate
organisms
Zones of <
fi] ©
growth ® 2
inhibition é
Producing =
organisms =

Figure 30-7a Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.



SCREENING AND SELECTION

® Desiccation Vancomycin
@ Soil cleanup selection
—— >
‘ + Cyclohexamide
) = Nalidixic acid
10° 107" *
Soil Dilutions

Phylogenetic tree

Steps 36-38

® Sequence curation
® MrBayes

maenamg

- @ Dendroscope

Sequence analysis
Steps 29-35

PRARHTT T II0

. ® Qualitative isolation /.{;;/‘/ %
® Colony purification -

Vancomycin- > _ -
resistant @ Resistance verification
isolates @ Phenotypic dereplication

@ Broth culture
iy Vancomycin- ® gDNA isolation
2 act & resistant isolates
> i “5‘ " Steps 7-14
e * S ’
. v
K g et
(LT L L i e e W
Control :!1”;;”3&3“;3&.
! . L

Steps 4-6

Genotypic dereplication by BOX PCR

@ Make spore glycerol stock Step 22, Box 1
® Design of fingerprinting primers, Box 2

: = - ® Standardization of PCR conditions, Box 3
: @ BLAST analysis ... Wl e e =
81 @ Translate _.__"' 3 -
® Concatenate
GPA fingerprint PCR
2 Steps 23-28



ANTIMICROBIAL SENSITIVITY ASSAY

Diffusion Dilution anfuspn =
Dilution
Kirby-Bauer Stokes Tube Agar E-Test
Method Method Dilution Dilution

Tube broth dilution method

MIC (ug/ml)  MBC (ug/mi) / g™ \ It is the lowest concentration of
== = the antimicrobial agent that

v inhibits the growth of the test

9 organism but not necessarily

kills it.
<
;G. MB C (minimum bactericidal
iy conc.):

It is the lowest concentration of
the antimicrobial agent that
kills the test organism.




DETERMINATION OF MIC AND MBC

1 2 3 4 5 6 7 8 9 10 11 12| 3Qugml 16ugml Sugml 4ugml 2ugml  lugml

¢ 0O G 0 OO0 O 0 O 0 @ O

DO ©@ O OO OO0 e e & O

EO OO ® O © © © & @ @ O

FO O ®@ O @ ® O © 6@ 6 @€ O @ W
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H CI) c;) CI) C,) (,) C|> Cl) Q ? CR IO ? Sub-culture to agar medium Mlc=8ug/m|
B T Growth MBC = 16 ug/m|
128 64 32 16 8 4 2 1 0.5 0.25/Lc0N0

Antimicrobial agent in mg I Sterility
control
e’ Antimicrobiol Activity bacteriostatic agent bacteriocidal agent
50.0 02 ) agent agent @ agent agent
53:: E added rerrow ed E added remmiov ed
2 ! L g ! !
803 B ”54/\
iy — - Time - Time




DISC DIFFUSION & E-TEST

Disc diffusion method

Bacterial growth Antibiolic disks

Zone of growth
inhibition

I.—.I
Measurement

E

nesoenaER

-
RO

256
192
128
96
64
48
2
2-
6
2
8
6
4
3
2
15
10
5
.50
38
25
»
125
094
047
-032-
023
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STRAIN IMPROVEMENT

Strain improvement: Science and technology of manipulating and
Improving microbial strains, in order to enhance their metabolic capacities
for biotechnological applications

» Rapid growth

Genetic stability

Non-toxicity to humans

Large cell size, for easy removal from the culture fluid

Ability to use cheaper substrates

Elimination of the compounds that interfere with downstream process
Increase productivity

To improve the use of carbon and nitrogen sources

Reduction of cultivation cost
= |ower price in nutrition
= |ower requirement for oxygen
» Production of additional compounds to inhibit contaminant microbes

VV V V VYV VY



L. . . Hindawi Publishing Corporation
BlOlnfOrmatIC'gUlded BioMed Research International
engineering based on omics Volume 2015, Article ID 591349, 16 pages
O S 5 f { http://dx.doi.org/10.1155/2015/591349
ptimization o s data and genome-scale
culture conditions metabolic network models
L =
~ :
: Heterologous
naom ™. expression of clusters
in surrogate hosts
Random mutagenesis | PO Ratieonal ... . .
gene Amplification of clusters
and further screening ( )x
oo d

v

4 . . . Manipulations with
== Manipulations with Anipuiations wi
primary metabolism
structural,
' _ _ transporter and
Manipulations with } . resistance genes in
global and cluster thie cligeter : :
situated regulatory N = ~ ;
. ux o
genes ) Sigma factor, precursors
ribosome 0
engineering I
L%
. H;C
Over-expression of e 3 A OSCOA
positive regulators using Inactivation of .
native or heterelogous negative . M _CoA
promoters regulators . HO S

FIGURE 3: Approaches used for improving secondary metabolite production in actinobacteria. Solid arrows indicate strategies described in
this review; dash-dotted arrows denote other strategies that are used.



STRAIN IMPROVEMENT

Regulation of antibiotics production

» Feedback control: primary metabolite inhibition or repression i.e.
leucine as precursor/correlated to penicillin production blocking of
leucine = inhibiting production of penicillin

» Production of secondary metabolites: controlled by structural gene,
regulatory gene, resistance gene, permeability gene

» Induction of enzyme i.e. 1. Factor A induces streptomycin production
2. methionine induces cephalosporin production

» End-product regulation i.e. penicillin, chloramphenicol, streptomycin

» Catabolite regulation i.e. Glucose (C-source), Ammonia (N-source)

» Phosphate regulation: require for growth but inhibit 2"d metabolites
delay idiophase - repress phosphatase - shift in carbohydrate
metabolism = limit in NADPH, as e- carrier for antibiotic production

» Autoregulation: mostly controlled by low MW compounds or signaling
molecules i.e. Factor A = high expression of gene cluster for
streptomycin



STRAIN IMPROVEMENT

Genetic Manipulation

> Mutation

» Random selection: depend on strain, mutagenesis, biosynthesis
pathway, regulation

» Desirable mutants: increase gene copy and induction, decrease
repression, tolerate to feedback inhibition and catabolite repression

» Recombinant DNA technology:
» Fungi: 1. sexual/perfect/meiosis

2. parasexual/imperfect/mitosis
» Bacteria: transformation, conjugation, transduction

» Actinomycetes: natural via conjugation, protoplast fusion (DNA
exchange induced by PEG)



RECOMBINANT STRAINS

« The biology of gene manipulation is concerned with the selection and use of a
suitable carrier molecule and a living system

Major Prokaryotic/ Tvpe Examples
group Eukaryotic yp P

Escherichia coli

Gram negative

Bacteria Prokaryotic N Bacillus subtilis
Gram positive
Streptomyces spp.
: : Microbial Saccha_romyces
Fungi Eukaryotic _ cerevisiae
Filamentous : :
Aspergillus nidulans
Protoplast
Plants Eukaryotic Intact cells Various types
Whole organism
Insect cells
: . Mammalian cells Drosophila melanogaster
Animals Eukaryotic _ P J
Oocytes Various types

Whole organism



(a) (®) V@%/

Q Genomic DNA or environmental DNA

_ + PCR

_ Genomic PNA Linear cloning vector subcloning

(digested/undigested) 5# or synthesis
Cotransformation ;s ' "

O )
Linear cloning vector Gene modules with new promoters
Yeast or

E. coli expressmg Red/ET / \

.. g

In vitro
Homologous site-specific recombination or ligation
recombination _ Homologous
Transformation recombination
Yeast or ) Yeast
E. coli expressing Red/ET E. coli
Replicable construct
TRENDS in Biotechnology

Figure 2. Direct cloning and reassembly of secondary metabolite biosynthetic gene clusters. (A) To capture along cluster, alinear cloning vector flanked with homology arms is
prepared and then co-transferred with the cluster-harboring genomic DNA into yeast (TAR) or engineered Escherichia coli (LLHR). Catalyzed by the native recombination
mechanism in yeast or expressed Red/ET in E. coli, the homologous recombination between the cluster ends and the vector homology arms yields a circular replicable
construct. (B) For reassembly of a cluster, genes are isolated individually by PCR, subcloning, or chemical synthesis, and are modified by the addition of homology ends, ends
with restriction sites, or specific recombination sites. Strong or inducible promoters can be introduced in front of genes. Next, the gene fragments are assembled in a vector by in
vivo homologous recombination in yeast, or by in vitro site-specific recombination or ligation. Assembled products can be further amplified in E. coli.
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PRODUCTION METHOD

» Upstream processing
» Bioreactor design and preferable conditions
» Downstream processing

» Optimization of microbial activity by

1. Optimizing environmental conditions
- Modification of physical parameter(temperature, agitation, etc)
- Modification of chemical parameter (pH,O, concentration)
- Modification of biological parameter (enzymes )

2. Optimizing nutrition of microorganisms
- Carbon sources
- Nitrogen sources
- Mineral sources and other sources
- Precursor
- Enzymes



GENETIC ENGINEERING

human cell containing DPENaACCESS Freely available online @.PLOS ‘ PATHOGENS
gene of interest hacterium
: ) peals
protein |/ chromosome 5 "v‘_j /L . . \ \
synthesis Putting Fungi to Work: Harvesting a Cornucopia of
‘ [ ] . . .
s ~ Drugs, Toxins, and Antibiotics
Biman ' e 1.2y 12 cr2
protein — - Ulrich Kiick “*, Sandra Bloemendal ", Ines Teichert

1 Christian Doppler Laboratory for Fungal Biotechnology, Ruhr-Universitat Bochum, Bochum, Germany, 2Lehrstuhl fur Allgemeine und Molekulare Botanik, Ruhr-
Universitat Bochum, Bochum, Germany

gene of interest 2
Prokaryote
—— recombinant DNA

T

pcbAB pcbC cefE cefF

—

3 | transfer

genetically Horizontal gene transfer
modified from pro- to eukaryotes
hacterium

Acremonium chrysogenum Penicillium chrysogenum

pchbAB pchC cefEF cefG pcbAB pchC
CE—— g ~ -

cefEF cefG
——- .
L//_\I\ Genetic m

engineering

colony of genetically
maodified hacteria

Chemical modifications

H
G ng :
T
o] CH,R
e} OH

Cephalosporin derivative



: Protein engineering involves the use of genetic
LI anipulations to alter the coding sequence of a
i i (cloned) gene and thus the properties of the protein
Engineering encoded by that gene.

RATIONAL DESIGN DIRECTED EVOLUTION

1 Computer aided design 1. not applied

Y»
f{& ="
2. Site-directed mutagenesis 2. Random mutagenesis

ole]o]olele]e
O (e]e)
O SOOCO0S”

iU Library of mutated genes
Individual mutated gene (>10,000 clones )

3. Transformation Improve protei}l stability 3. Transformation

4. Protein expression  Increase protein purity during 4. Protein expression
Increase protein expression
Modify cofactor requirement
Increase enzyme activity
Modify enzyme specificity - affinity
Study the function of a protein =~ *°""

@ Y

Selected mutant enzymes

5. Protein purification 5. not applied

6. not applied 6. Screening and selection

®

Constructed mutant enzyme

7. Biochemical testing




Domain engineering Domain inactivation

Protein Engineer

Example(s) Example(s)
- Exchange of AT domain - Deletion of a KR domain
- AT domain active site
engineering

(D)

Example(s) Example(s)
- Replacement of whole - Engineering and alteration
module and generation of tailoring enzyme
of hybrid PKS enzymes \ ] (e.g., glycosyltransferases)

TRENDS in Biotechnology


http://dx.doi.org/10.1016/j.tibtech.2014.10.009

Metabolic Engineering

The practice of optimizing genetic and regulatory
processes within cells to increase the cells'

production of a certain substance.

Genetic engineering techniques can then be used to modify the
network in order to relieve these constraints.
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Genome-wide
expression analyses

Genome-wide identification of genes
conferring resistance or susceptibility

5 Transcriptomics
Chemogenomics

Chemical stress responsive
genes with no apparent role
in stress tolerance

Determinants of chemical
stress and multidrug

resistance .
Key regulators of chemical

stress response and

resistance to toxicant action
Q Insights into mechanisms of
cytotoxic action

Expression Proteomics

Direct toxicant targets

Metabolic profiling

Metabonomics 2
Key metabolites and metabolic
pathways involved in chemical
stress response

OMICS approaches applied to the model yeast for
mechanistic and predictive toxicology with application in:

%‘ T Identify predictive biomarkers Identify Pollutants/pesticides off-
Environmental Health & of chemical toxicity targets and the relationship with

. . . human diseases
Predict toxicological outcomes of

% exposure to environmental ( Find targets for genetic manipulation
Medicinal research pollutants/pesticides and drugs %(&s to increase crop or industrial
microbial strain robustness
and drug development & ldentify predictive biomarkers of
& fermentation impairment Identify direct and off-target
é ) effects of drugs to predict adverse

s Elucidate mechanisms of drug
é Biotechnology action and identify new
candidates for drug development

side-effects and repurposing of
existing drugs



ANTIBIOTICS PRODUCTION & METABOLIC ENGINEERING
HTTP://DX.DOI.ORG/10.1016/J.TIBTECH.2014.10.009

\ ﬂ Construction of a biosynthetic pathway \
(if heterologous)
* Improvement of self-tolerance against a target product
Removal of negative regulations
Cofactor and precursor optimization
salpulation toois Rer’qoyal Qf competing mgtaboloc pathways
TR : Optimization of metabolic fluxes through a target
* Availability of defined : .
biosynthetic pathway (e.g., promoters and codon

media purification of products
\ usage) /

* Removal of byproducts

* Optimization of
cultivation condition

* Scale-up of a bioreactor

¢ Cultivation and feeding
strategies

* Separation and

o Culturability

* Genome stability

* Availability of genomic
information

* Availability of gene

Metabolic engineering with
platform microorganisms

y

Secondary metabolite

Host [r— Strain Bioprocess
selection ——ITPTOVEMeNt e Optimization

b=
/\ Industrial-scale production

K Awakening of a biosynthetic gene cluster (if silent) \
* |solation and assembly of a large-sized biosynthetic gene cluster
* Construction of super-hosts through genome minimization

(e.g., removal of gene clusters associated with other secondary metabolites)

lr

* |dentification of novel \’
secondary metabolites

* Genome mining in
combination with
analytical tools to link a
secondary metabolite
with its biosynthetic

In case of producing secondary metabolite analogs:
* Use of novel start and/or extension unit molecules
» Shuffling of domains and/or modules

ene cluster
\ & : / k Engineering of core and/or tailoring enzymes

Actinomycete-specific
considerations and tools

TRENDS in Blotechnotogy



CONSIDERATION

¢« Isolation or collection of cultures * Developmentof pilot plant

+ Screening of cultures to detect production methods

those with antimicrobial activity * Submission of licence for clinical

* Developmentof methods for trials
submerged-culture production * Testing of purified antibiotic
* Developmentof methods for * Developmentof plantscale
isolation and purification of production methods
antibiotic * Obtaining a product licence for
* Determination of antibiotic clinicaluse
properties (physical: adsorption * Other considerations:
and absorption, chemical: reactions, — Development of methods to control
solubility in solvents, stability to production of antibiotic
acids, alkalis,heat etc.) — Development of new applications
* Ewaluation of antibiotic — Development of marketing and

— Pharmacological tests distribution system
— Antimicrobial activity — Financing of business

— Comparison with existing antibiotic



ACTINOMYCETE-DERIVED POLYKETIDES AS A SOURCE OF
ANTIBIOTICS AND LEAD STRUCTURES FOR THE DEVELOPMENT OF

NEW ANTIMICROBIAL DRUGS

- Antibiotics 2019, 8(4), 157; https://doi.org/10.3390/antibiotics8040157

Screening and discoverya = Pre-clinical development Studies in target species (Clinical trials)

=i @%/ e $4

Early research

new producers Evaluation of candidate drugs

new biosynthetic pathways - invivo and in vitro investigations Evaluation of clinical safety and efficacy

new products and/or derivatization of known compounds under laboratory conditions - testing under laboratory and field conditions
Application in human and Manufacturing / Marketing Registration

veterinary medicine \ &
m “‘ ‘ < O
Large scale productlon and marketing Dossier evaluation

Clinical, economic, and social impact - gettlng approved drugs to the market (Clinician, patients’ = review of the data and documents by
veterinarians and owners) the regulatory authority and product approval



https://doi.org/10.3390/antibiotics8040157
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PENICILLIN T T\Tm

Thiazolidine ring

Lactam ring
&6-Aminopenicillanic acid

R-group Name of the
penicillin

» Penicillins are a group of B-lactam containing
bactericidal antibiotics. Natural penicillins (penicillins @_CH o
V and G) are effective against several Gram-positive ‘
bacteria. They inhibit the bacterial cell wall synthesis 7
and cause cell death. Some persons (approximately —

Biosynthetic penicillins

Penicillin G
{benzylpeniciilin)

— ?\\
"~ 0O—CH>—CO Penicillin V

Semi-synthetic penicillins

0.5-5% of population) are allergic to penicillin.
: o : </ \>' g
» The basic structure of all the penicillin consists of a oo Ampiciltin

NHo

lactam ring and a thizolidine ring fused together to form "
6-aminopenicillanic acid. “OQ"E:Z—CO— Amoxicitlin

« From the huge quantities of penicillins produced by
fermentation, about 40% are used for human # _\ | co— S
healthcare, 15% for animal healthcare and 45% for the Mo~ "CHs3
preparation of semi-synthetic penicillins. .

* Penlcillium notatum was used for the large-scale %co— Cloxacillin
production of penicillins. Currently, Penicillium e CHg
chrysogenum and its improved mutant strains are '
preferred. With new strains, production runs into several Q —
thousands of units/ml. High yield strains is Q176. N\ /«CHs

« Genetic engineering for improved penicillin production: N

Tecarcillin

extra genes coding for the enzymes cyclase and l

~ COo—

acyltransferase inserted into P. chrysogenum. COOH

Flg. 25.7 : Structures of important penicillins.




HOW DID THEY MAKE PENICILLIN?

FOR MANY YEARS, scientists knew that certain molds killed some bacteria. However, researchers needed
to understand how to harness this antibacterial microbe and to manufacture enough of the substance
before they could make a useful medicine.

@ Penicillium mold @ Scientists learned to grow @ Then, scientists @ Finally, penicillin is
naturally produces Penicillium mold in deep separated the purified for use as an
the antibiotic penicillin fermentation tanks by adding penicillin product antibiotic medicine.

a kind of sugar and other from the mold.

ingredients. This process increased
the growth of Penicillium.

microscopic )|
view of
Penicillium

Penicillium
growth

fermentation penicillin antibiotic
tank molecule medicine




L-o-Aminoadipic acid + L-Cysteine + L-Valine

? } ACV SYNTHETASE
L-Lysine (acvA / pcbAB)

8(L-0-Aminoadipyl)-L- cysteinyI D-valine (LLD-ACYV)
I CHs
HOOC Z :CHs

COOH

IPN SYNTHASE *
(ipnA | pebC)
Isopenicillin N (IPN) IPN EPIMERASE Penici]lin N
H;N L - : fCHs e H,N D CH.
ACYL CoA : IPN oo coort
ACYLTRANSFERASE L-c-Aminoadipic
(aatA! penDE) #acid (L-0-AAA) DAOC SYNTHETASE / DAC *
HYDROXYLASE (cefEF)
N« / :TCCI:I}; (in S. clavuligerus: cefE)
COOH Deacetoxycephalosporin C (DAOC)
G-Ammopemcﬂlamc acid HN D g S
y ( Phenylacetyl CoA Hom ] Nl\g\
HSCoA ° . =
Penicillin G
DAOC SYNTHETASE / DAC
O( CH; HYDROXYLASE (cefEF) ¢
]:‘r chm (in S. clavuligerus: cefF)
L-a-Aminoadipic acid combines with L- Deacetylccphalosporin C (DAC)
i d then with L-valine to form a “BACTERIA;
cysteine, an en wi a sYDROTETIYL CEP oM (BACTERIA) NSy t( i
a-L-aminoadipyl cysteinyl valine. R e
This compound undergoes cyclization to O-Carbamey|-DAC (0CDAC) k=L, a{’
. o . . =H ACETYL CoA : DAC CH: G (on
form isopenicillin which reacts with phenyl ocacHoroxvLass * ACETILTRANSFERASE {
acetyl CoA (catalysed by the enzyme 7-aHydioxy-0CDAC k=GN, Ceplizlosparin €
acyltransferase) to produce penicillin G SYNTHETASE (o) * i e M
(benzyl penicillin). Cephamycin € ot F g
In this reaction, aminoadipic acid gets D A0

exchanged with phenyl acetic acid. o o,

COOH



REGULATION OF BIOSYNTHESIS

{ " gagu M YI\ o-KETOGLUTARATE + ACETYL- CoA
Iuﬂme —L L COOH Homocitrate l
g L -z-amingad|pic acid L-'Cj'ﬂlﬂ'lﬂﬁ L-valine synthase
wenassensnansnnanse » ACVS l HOMOCITRATE
= Eng T ’ Homocitrate
Y9 Pss p” "“m;ﬁ{ Acv gt | Penicillin was
i T 0" HY"~ HOMOACONITATE produced by a
ATF - E......--...ullull!“ |F‘NS l Homoaconitate
< nydratase | slowly degraded
. .
~ ~. Hﬂwnﬁf lsapenicillin N HOMOISOCITRATE sugar like lactose.
: : i 00H @ COOH Homoisocitrate
i ‘ - AT 1/_ Phenoxyacetic dehydrogenase l
H N EEE R e o i
: ; acid a-KETOADIPATE
_J_r [::]h Penicillin ¥ Aminoadipate
A‘GNHE/S e aminotransferase common
o-AMINOADIPATE (a-AAA) intermediate
. . cy e Aminoadipate ACV synthetase
« Lysine: feedback inhibition reductase PebAB
lys2, lyss
- o-AAA-SEMIALDEHYDE o-AAA-Cys-Val
« Phosphate concentration Saconaroping sepnciin Ny
reductase \\‘
« Catabolite repression by SACCHAROPINE ISOPENICILLIN N
Sacch i
dehydraorgog:inaese r/ \ Acyltransferase
: DE
glucose and ammonia AR AN

LYSINE PENICILLIN GJ




BIOPROCESS: PENICILLIN

* Production of penicillin G : either natural by adding side chain precursors i.e.
phenyl acetate or semisynthetic derivatives by genetic engineering
« Methods of cultivation
« Surface or submerged cultivation
« Commercial scale: fed batch with 2 phases @ 25°C, pH6.5-7.7, O, 60mmol
« Downstream: extracellular - remove mycelium, extract & precipitate, freeze dry

@

A medium of corn steep liguor (a by product of starch .1
manufacture), yeast extract and others substrates added to Production of
the fermenter.

Pharmacewnticalc
Penicillin

After 40 hours, Penicillin begins to be secreted by the fungus

The mould mycellium (cell matter) is filtered from the
harvested product.

A ﬁ"[ -
] Jf{[]]:’,f'_.» 7;

PENICILLIN

The Oxford Story of the early
'-I_Ii;—g;—-‘“\

I[} Development and Production
Potassium salts are added and a penicillin precipitate is Bl *Hf]lnn i
formed, this is washed and dried. B, . I ]

Penicillin is extracted in the organic solvent: butylacetate,
in which it dissolves.

@ © @@ @




PRODUCTION PROCESS OF PENICILLIN

Penicillin production is an aerobic process
and a continuous supply of O, to the
growing culture is very essential.

The required aeration rate is 0.5-1.0 vvm.
The pH is maintained around 6.5, and the
optimal temperature is in the range of 25-
27°C.

Penicillin production is usually carried out
by submerged processes. The medium
used for fermentation consists of corn
steep liquor (4-5% dry weight) and carbon
source (usually lactose). An addition of
yeast extract, soy meal or whey is done for
a good supply of nitrogen.

Sometimes, ammonium sulfate is added
for the supply of nitrogen.

Phenyl acetic acid (or phenoxyacetic
acid) which serves as a precursor for
penicillin biosynthesis is continuously fed.
Further, continuous feeding of sugar is
advantageous for a good yield of penicillin.

Concentration ——»

Lactose

Penicillin

Penicillin

Biomass

Concentration

Ammonia

Time (hrs.)—/ Time (hrs.) »

Fig.25.5: Penicillin production in relation to continuous

Fig. 25.4 : Penicillin production in relation to ¢
feading of sugar, O, utilization, and CO, formation.

substrates utilization and biomass formation.

10% of the metabolized carbon contributes to
penicillin production, while 65% is utilized
towards energy supply and 25% for growth of
the organisms.

For efficient synthesis of penicillin, the growth
of the organism from spores must be in a
loose form and not as pellets.

The growth phase is around 40 hours with a
doubling time of 6-8 hours. The penicillin
production phase then can be extended to
150-180 hours.



RECOVERY OF PENICILLIN

- As the fermentation is complete, the broth containing about 1% penicillin is processed for
extraction. The mycelium is removed by filtration. Penicillin is recovered by solvent (n-butyl
acetate or methyl ketone) extraction at low temperature (<10°C) and acidic pH (<3.0). By this

way, the chemical and enzymatic (bacterial penicillinase) degradations of penicillin can be
minimized.

- The penicillin containing solvent is treated with activated carbon to remove impurities and
pigments. Penicillin can be recovered by adding potassium or sodium acetate. The potassium
or sodium salts of penicillin can be further processed (in dry solvents such as n-butanol or
isopropanol) to remove impurities. The yield of penicillin is around 90%.

- As the water is totally removed, penicillin salts can be crystallized and dried under required
pressure. This can be then processed to finally produce the pharmaceutical dosage forms.
Penicillins G and H are fermented from the fungus Penicillium chrysogenum.

Nutnents
/’,/
¥ e—
-
O i | == —
e . Wt ’ — > <o 1 B ¥ Filter |—¥ » Punfication
Q/ — Le=— : ! A Y, and recovery
|
Lyophilized Inoculum Prefermenter Fermenter X Cooling
ycglm.'e Mycelium tank



6-AMINO PENICILLANIC ACID

- The penicillins G and H are mostly used as the starting materials for the
production of several synthetic penicillins containing the basic nucleus
namely 6-amino penicillanic acid (6-APA).

- About 10 years ago, only chemical methods were available for hydrolysis
of penicillins to produce 6-APA. Now a days, enzymatic methods are
preferred.

- Immobilized penicillin amidases enzymes have been developed for

specific hydrolysis of penicillin G and penicillin V. Penicillin salt of either
G or V can be used for hydrolysis by immobilized enzyme system. The

pH during hydrolysis is kept around 7-8, and the product 6-APA can be

recovered by bringing down the pH to 4.

- At pH 4, 6-amino penicillanic acid gets precipitated almost completely in
the presence of a water immiscible solvent. In general, the enzymatic
hydrolysis is more efficient for penicillin V than for penicillin G. However,
penicillin G is a more versatile compound, as it is required for ring
expansions.



*Not effective vs. Enterococcus or Listeria

1st Generation Gram (+)

CEPHALOSPORIN e SRR,

Gram (-), but also some

34 Generation

GPC
4% Generation Gram (+) and Gram (-)

They have improved stability against [3- Rl
lactamases, and are more active against Gram- ‘ L
negative bacteria. Cephalosporin’s are broad ¢ T"'*»...T-_-_;ﬁ- by
spectrum antibiotics with low toxicity. Basically fHLactam COOH |
cephalosporin’s have a B-lactam ring fused with " Diyedson
a dihydrothiazine ring. |

Cephalosporin Ry A,
Cephalosporin C was first discovered in the ocenao. » R
cultures of fungus Cephalosporium acremonium ..o vaca* : |
(later renamed as Acremonium chreysogenum). NN g W—
The other organisms employed are R Lo
Emericeliopsis sp, Paecilomyces sp and o
Streptomyces sp. —— (‘\J':l ‘;gz CHy
Several mutants of C. acremonium have been =
developed for improved production of Celacron HO—< J//fqﬁ; CH,
cephalosporin. Mutants with defective sulfur i
metabolism or those with resistance to sulfur F=X o
analogs have high yielding capacity. Certain ooy A"
regulatory genes of cephalosporin biosynthesis .
(e.g., isopenicillin N synthetase) have been N—N N
cloned and genetic manipulations carried out for ™" »3___:__\ _N__Co- .

increased production of cephalosporin’s. - =
Flg. 25.6 : A selected list of cephalosporins (*-Active nucleus of caphalosporins).




CEPHALOSPORIN PRODUCTION

* These have been synthesized by chemical splitting
to form 7 aminocephalospioranic acid (7-ACA) with
subsequent chemical acylation as well as by
modification on the C-3 site.

- By the action of epimerase, penicillin N is formed from
isopenicillin N. Then, penicillin N gets converted to
cephalosporin C by a three stage reaction catalysed by
three distinct enzymes namely expandase, hydroxylase
and acetyl transferase.

Regulation

- A low concentration of lysine promotes cephalosporin
synthesis. The inhibitory effect of lysine at a higher
concentration can be overcome by adding L-
aminoadipic acid.

- The carbon sources that get rapidly degraded (e.g.
glucose, glycerol) reduce cephalosporin production.

- Methionine promotes cephalosporin synthesis in C.
acremonium, but has no influence on Streptomyces’s.

L-Aminoadipic acid
L-Cysteine l _L-Valine
.\ '/"-

l
~
Tripeptide
{amincadipylcysteinylvaline)

JWdaw

Isopenicillin N

Epimerase

Pemncillin N

Expandase

w

Deacetoxycephalosporin C
y Hydroxytase
-

Deacetylcephalosporin C

Acetyltransferase

w
CEPHALOSPORIN C

Fig. 25.7 : Biosynthesis of cephalosporin C by
A. chrysogenum,




PRODUCTION OF CEPHALOSPORIN

- The fermentation process concerned with the production of
cephalosporin is similar to that of penicillin. The culture media
consists of corn steep liguor and soy flour-based media in a
continuous feeding system. The other ingredients of the
medium include sucrose, glucose and ammonium salts.
Methionine is added as a source of sulfur.

- The fermentation is carried out at temperature 25-28°C and pH
6-7. The growth of microorganisms substantially increases with
good O, supply, although during production phase, O,
consumption declines.

- Cephalosporin C from the culture broth can be recovered by
lon-exchange resins, and by using column chromatography.
Cephalosporin C can be precipitated as zinc, sodium or
potassium salt, and isolated.



Cephalosporin C

/-AMINOCEPHALOSPORANIC ACID I

3 -
T=Aminocephalosporanic acid

D=Aming acid oxsdass

Glutaryl amidase

Prokaryote

- 7-ACA is the nucleus structure present in all the

pcbAB pcbC cefE cefF

— cephalosporin’s. Cephalosporin C, produced by
| Era fermentation, can be subjected to chemical
——— - T:jiy/g_m\r hydrolysis to form 7-ACA, tedious and drawbacks.
1= | .. L1 ——1 - Recently,immobilized enzymatic hydrolysis of
Chmg.mdfgt cephalosporin C to 7-ACA has been developed.
Yﬁ% This is mainly carried out by two enzymes-D-
S amino acid oxidase (isolated from Trigonopsis

Cephalosporin derivative

variabilis) and glutaryl amidase (source-

i Pseudomonas sp).
Adipy! s-am.fo;,en.c.uan.c acid - By inserting expandase and hydroxylase gene

[ Em“d?;maﬂge ';gg;m‘m (cefEF), and acetyl transferase gene (cefG) from
Tmms,,,m S. clavuligerus into P. chrysogenum. Further, the
1 (gene.celq) genes responsible for the enzymes D-amino acid

Sl i oxidase (from Pseudomonas diminuta) have also
| Dmaasciacaiess been inserted into P. chrysogenum. Both these
| Glutaryl amidase enzymes act on adipyl-7-ACA to produce 7-

|
-~
alosp

oranic acid amino- cephalosporanic acid.

7-Amunoceph



Tasie 25.2 Selected examples of aminoglycosides
with the organisms responsible

AM I N OG LYCOSI D ES for thelr production

Aminoglycoside Organism
Streptomycin Streplomyces griseus
Aminoglycosides are oligosaccharide (carbohydrate) Neomycin B and C S. lradiae
antibiotics. They contain an aminocyclo-hexanol moiety which Kanamycin A, B and C S. kanamyceticus
Is bound to other amino sugars by glycosidic linkages (>100 Hygromycin B * S hygroscopicus
aminoglycosides). Gentamicin Micromonospora: purpurea
Streptomycin was the first aminoglycoside that was Sisomicin M. inyoensis
successfully used to treat tuberculosis against Mycobacterium ROcoss
tuberculosis. They are reserve antibiotics, resistance is easily. . Gll
. . g s . . -lucose
Aminoglycoside antibiotics are produced by Actinomyces sp. 6-phosphate
Recombinant DNA techniques have been used to produce I f 1
I I I 1 1 i nosi D-Gi D-Glucosamin
hybrld aminoglycosides, and for increasing the fermentation p i S phosshate B phoRMe.
yield. |
All the ring structures in the molecules of aminoglycosides are myo-Inositol
ultimately derived from glucose. - ~ -
Streptidine L-Dehydro- UDP-N methy!
6-phosphate streptose-1-dTDP D-gluccsamine
6-ph hat
BlosyntheS|s T : P
More than 30 enzymatic steps have been identified. Glucose 6- 410 Dbvdrstepicel) i O
phosphate obtained from glucose takes three independent . e
routes to respectively produce streptidine 6-phosphate, L- Siwirostrapiomydio
dehydrostreptose and N- methyl glucosamine. -Phcoprale
The former two compounds condense to form an intermediate et

6-phosphate

later combines with methyl glucosamine to produce di-hydro- |
streptomycin-6-phosphate. This compound then gets converted i R

to streptomycin. PR
Flg 25.9 : An oulline of streptomycin biosynthesis.




AMINOGLYCOSIDES

Regulation of biosynthesis:
Factor A, isolated from streptomycin-producing strains of S. griseus, promotes
streptomycin production. The nutrient sources-carbohydrates (glucose), ammonia
and phosphate also regulate (by feedback mechanism) streptomycin production.

Production Process of Streptomycin:

- The medium used for streptomycin usually consists of soy meal or soy flour or corn
syrup that can supply glucose at a slow rate (amylase activity is poor in
Streptomyces sp). The initial supply of nitrogen (NH;) and phosphate is also
obtained from soy meal. This is required since glucose, ammonia and phosphate in
high quantities inhibit streptomycin synthesis.

The fermentation conditions for optimal production of streptomycin are —
temperature 27-30°C, pH 6.5-7.5, aeration rate 0.5-1.0 vvm. The duration of
fermentation process depends on the strain used, and is between 6 to 8 days.

Recovery of Streptomycin:

- Streptomycin or other aminoglycosides are basic in nature. They can be recovered
by weak cationic exchange resins in an ion-exchange column. Treatment with
activated carbon is often necessary to remove impurities. Streptomycin can be
precipitated in the form of sulfate salt.
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| GENTAMICIN BIOSYNTHESIS

https://www.pnas.org/content/115/6/1340

: > . = Gentamicin C complex
rolomon - =3 from Micromonospora echinospora

Single methylation

- The complex consists of five
components differing in their
methylation pattern at one or more
sites In the molecule. We show here,
using specific gene deletion and
chemical complementation, that the
gentamicin pathway up to the branch
point is defined by the selectivity of the
methyltransferases GenN, GenD1, and
GenK. Unexpectedly, the%/_ comprise a
methylation network in which early
intermediates are ectopically modified.

Double methylation

- Using whole-genome sequence, we
have also discovered the terminal 6'-N-
methyltransfer required to produce
gentamicin C2b from Cla or
gentamicin C1 from C2, an example of
an essential biosynthetic enzyme

@ -t Fm’ being located nof in the biosynthetic
- o gene cluster but far removed on the
R, W chromosome.

HO&B;((:H? HoXOeHy |

Final methylation



TETRACYCLINE

Tetracyclines are broad spectrum antibiotics with widespread medical use. They are effective
against Gram-positive and Gram-negative bacteria (also mycoplasmas, chlamydias
rickettsias). They are used to combat stomach ulcers (against Helicobacter pylori).
Tetracyclines inhibit protein biosynthesis by blocking the binding of aminoacyl tRNA to
ribosomes (A site).

R R? 33 R4 N(CH3]2
.~ A
NSNS H
' | !\
\‘Qr/" S S 0*-*\?// CONH,
OH o) OH o]
Tetracycline A, R R3 Ra Examples of producing
organisms
The basic structure of
Tetracycline ? H CHjy OH H grrﬁp!omygos a,(gelr/i _
tetracyclines is S
H S. aureofaciciens, S. vindifaciens,
composed of a  Chioretracycline i °” Sflavus e
naphthalene ring (a four  oxyetacycine . CHg OH OH . antibioticus, S. cellulosae
S. parvus, S. rimosus
rlng StrUCtu re)' Minocycline N(CH=); H H H Semisynthelic
Chlortetracycline and
Doxycycline H CHj H CH Semisynthetic

oxy-tetracycline are -
Flg. 25.10 : Structures of some important tetracyclines along with the exampies
most Commonly used. of organisms for their production.




TETRACYCLINE

Chlortetracycline was firstly isolated from the
cultures of Streptomyces aureofaciens (in
1945). There are at least 20 streptomycetes
identified now that usually produces a mixture
of tetracyclines.

High-yielding strains of S. aureofaciens and S.
rimosus have been developed by using

(nitrosoguanidine). Such strains are very
efficient for the production of chlortetracycline.
Genetically engineered S. rimosus developed
for increased synthesis of oxytetracycline.

The pathway for the biosynthesis of
tetracyclines is very complex. There are at
least 72 intermediates formed during the
course of chlortetracycline biosynthesis, some
of them have not been fully characterized.

Glucose

-

Phosphoenol- Pyruvate
pyruvate (PEP) :
PEP carboxylase v
v Acetyl CoA
Oxaloacetate | Acetyl CoA
| carboxylase
Oxidative ¥
— — -+ Malenyl CoA
decarboxylation
Transamination
Malonomoyl CoA— E
8 molecules |
of malonylCoA
-
Intermeadiates
leclizauon

Polyketide intermediates
(four ring structures)

I

6-Methylpretetramide

-~
Anhydrochlorotetracycline

-

Dehydrochiorotetracyciine

-

CHLORTETRACYCLINE



POLYKETIDE ANTIBIOTIC SYNTHESIS

- It refers to a group of antibiotics including tetracyclines that are
synthesized by successive condensation of small carboxylic acids
such as acetate, butyrate, propionate and malonate. The synthesis of
polyketide antibiotics is comparable to that of long chain.

- As glucose gets oxidized, it forms acetyl CoA and then malonyl CoA.
On transamination, the later gives malonomoyl CoA. The enzyme
anthracene synthase complex binds to malonomoyl CoA and brings out
the condensation of 8 molecules of malonyl CoA to form a polyketide
Intermediates (four ring structures). These intermediates undergo a
series of reactions to finally produce chlortetracycline.

Regulation of biosynthesis

- Carbohydrate metabolism (particularly glycolysis) controls
chlortetracycline synthesis.

- For more efficient synthesis of the antibiotic, glycolysis has to be
substantially low.

- The addition of phosphate reduces chlortetracycline production.



Tetracycline

Production

Inoculum
(spores on
agar slant or in
sterile soil)

4

Agar plates

Spores as
inoculum

Shake flask

¥[24n]

Prefermentor

19-24 h
pH 5.2-6.2

Fermentor

60-65 h
pH 5.8-6.0

Antibiotic

purification from =i

broth after cell
removal
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Medium

2% Meat extract; 0.05%
asparagine; 1% glucose;
0.5% K,HPO,; 1.3% agar

2% Corn steep liquor;
3% sucrose; 0.5% CaCO;,

Same as for shake culture

Growth in
optimal medium

Medium mimics
production
medium

1% Sucrose; 1% corn steep
liquor; 0.2% (NH,),HPO,;
0.1% CaCO3;

0.025% MgSO,

0.005% ZnS0O,

0.00033% and each of

Production
medium, no
glucose, low
phosphate

CuSO,, MnCl,

OH O OH O

Chlortetracycline




CHLORTETRACYCLINE PRODUCTION

" Inocu I ,-‘ ~. ( Recovery
oA " S (LI S [ Mycelium and
(spores) |y Agar piates —¥» Shake flask | N. Pretermenter — Fermenter =¥ ooy | " A ~

preservation; ™ — N ™ i - -_._;zu-nifcabon_;

Fig. 25.12 : An outline of production chart for chiortetracyciine.

- The fermentation medium consists of corn steep liquor, soy flour or peanut
meal for the supply of nitrogen and carbon sources.

- Continuous feeding of carbohydrate is desirable for growth and antibiotic
production. This can be done by supplying glucose or starch. For more
efficiency, ammonium and phosphate has to be maintained at a low
concentration.

- The ideal fermentation conditions are — temperature 27-30°C, pH-6.5-7.5, and
aeration 0.8-1.0 vvm. The duration of fermentation is around 4 days.

Recovery of chlortetracycline:

- At the end of the fermentation, the culture broth is filtered to remove the -
mycelium. The filtrate is treated with n-butanol or methylisobutylketone in acidic
or alkaline condition for extracting the antibiotic. It is then absorbed to activated
charcoal to remove other impurities. Chlortetracycline is eluted and crystallized.



MACROLIDES

- Macrolides are a group of antibiotics with large lactone rings (i.e. macrocylic
lactone rings). They consist of 12-, 14-, or 16-membered lactone rings with 1-3
sugars linked by glycosidic bonds. The sugars may be 6-deoxyhexoses or amino
sugars.

- Erythromycin and its derivative clarithromycin are the most commonly
prescribed microlides. They are effective against Gram-positive bacteria.
Clarithromycin is currently used to combat stomach ulcers caused by H. pylori.
The macrolides inhibit the protein biosynthesis by binding to 50S ribosome.
Polyene macrolides is a very large ring macrolides that many contain lactone
rings in the range of 26-28. e.g. nystatin, amphotericin. These polyene
macrolides are antifungal.

- Produced by actinomycetes as shown Macrolid antibiolic Producing organism

508 Erythromycin Streptomyces erythreus
subunit > Oleandomycin §. antibiotics
macrolide Pikromycin S. felleus
308 . il Megalomicin Micromonospora inositola
subunith_‘___h ARV Tygosin S. fradiae
KAXXAXXXAU CG G UCCCCC ACCUGA )
LU e iyt Carbomycin A S. halstedn
5 codon 1 codon 2 7 ¥

odon codon 3 codon 4 codon 5 codon 6 codon
[F-MET! (ARG} [GLY} {SER} (PRO} (THR} {5top)

start Leucomycins Streptoverticilium kitasatoensis




BIOSYNTHESIS OF ERYTHROMYCIN

In the biosynthesis of erythromycin, the lactone rings are
contributed by acetate, propionate or butyrate while the
sugar units are derived from glucose. Macrolide
biosynthesis is a complex process which is analogous to
fatty acid biosynthesis. The enzyme lactone synthase is
a multi-enzyme complex which is comparable in its
structure and function to fatty acid synthase complex.
Regulation of biosynthesis:
- End product inhibition is well documented. Erythronolide
B inhibits the enzyme lactone synthase. The final product
erythromycin has also been shown to inhibit
transmethylase.
- Addition of propanol to the culture medium induces the
synthesis of acetyl CoA carboxylase, and almost doubles
the production of erythromycin.
Production Process:
- Industrial production of erythromycin is carried out by

. The culture medium
mainly consists of soy meal or corn steep liquor, glucose
(or starch), yeast extract and ammonium sulfate.
Fermentation is carried out at 30-34°C for about 3-7
days. Conventional methods are used for the recovery
and purification of erythromycin.
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AROMATIC ANTIBIOTICS

Dichloroacetylamino
moiety
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Griseofulvin

Chloramphenlcol
Chloramphenicol is a broad spectrum antibiotic that can act
against several bacteria. But it is associated with side
effects, damage to bone-marrow. It is a reserve antibiotic and
selectively used. Chloramphenicol binds to 50S ribosomal
subunit and blocks (peptidyltransferase reaction) protein
biosynthesis.

- Chloramphenicol can be produced by Streptomyces
venezuelae and S. omiyanesis. However, chemical
synthesis is mostly preferred for the commercial production
of chloramphenicaol.

Grlseofulvm
Griseofulvin is an antibiotic that acts specifically on fungi with
chitinous cell walls. It also treats plant diseases caused by
Biotrytis and Alternaria solani.

- Commercial production of griseofulvin is carried out by
employing Penicillium patulum. Chemical synthesis is less
used due to high cost. The fermentation is carried out by an
aerobic submerged process with a glucose rich medium.
Nitrogen is supplied by sodium nitrate. The optimal
conditions for fermentation are—temperature 23-26°C, pH
6.8-7.3, aeration 0.8-1 vvm, and the period is 7-10 days.



NUCLEOSIDE ANTIBIOTICS

- There are several antibiotics (>200) which have nucleoside like structures.
Nucleoside antibiotics have diverse structures and biological activities.

Puromycin is used to understand the ribosomal function in protein biosynthesis.
Neplanosin possesses antiviral activity.
Blasticidin S is a fungicide antibiotic used in plant pathology.

Streptomyces coeruleorubidus NRRL 18370 2k
Producers: [i><3 ﬁ »?F.%;II-J?—‘- - —:>Ei>!:i>l:>-b
Puromycin Streptomyces alboniger - e Jw LA
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e 1 - H N
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]
Blasticidin S S. griseochromogenes o= g > %Nj
‘oH
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Polyoxins S. cacaoi | T
1 ch9 Pac) @ 7 B Pacidamycin 3 Ala m-Tyr
R = \ / J 0 % a Pat?idamy(?in4 - Trp
O Kﬁ R o~ o co = fl\f PacN AT ‘OJ\OH S % Pacidamycin 5T - m-Tyr
m)\,l\ \m 2 @7 re | — o~ i
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ke v BRI T T L0l AL O
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Bacteriocin vs Antibiotic

More Information Online WWW.DIFFERENCEBETWEEN.COM
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proteinaceous toxin
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HOW DID THEY MAKE DIPHTHERIA ANTITOXIN?

SCIENTISTS LEARNED TO HARNESS THE IMMUNE SYSTEMS of some animals to produce antitoxin serums
to use as medicines. Diphtheria antitoxin was one of these medicines. Doctors used diphtheria antitoxin
to treat and prevent diphtheria, an often deadly childhood disease.

@ Scientists grow @ Next, researchers inject @ Scientists collect @ Then, researchers
diphtheria-causing horses with the diphtheria blood from the purify the antitoxin
bacteria in the laboratory toxin. As an immune response, horses and separate serum foruse as a
and harvest its toxin. the animals’ blood produces out the antitoxin medicine for people.

diphtheria antitoxin. rich serum.

toxin

antitoxin
medicine

. . U antitoxin in the
dlph?hena- ' bloodstream
causing

bacteria
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