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Humans have used plants as medicines for
thousands of years

Chinese traditional medicine



The 19th century: the beginning of the
pharmaceutical industry

H. E. Merck laboratory, Darmstadt, Germany, 1826



The first naturally derived pure medicine to be commercialized
was morphine (by Merck, 1826)
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Morphine

In 2013 ~ 523,000 kilograms of
morphine were produced



The first natural product to be chemically synthesized on
a commercial scale was salicylic acid by Bayer (1899)

Salicylic
acid

Salicylic acid, in the form of leaves from the willow tree, has been used for its
health effects for at least 2,400 years



Chemical synthesis of useful molecules from plants is
often difficult/impossible

Salicylic acid - 2 steps Morphine - 19 steps



Plants are very talented chemists
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Around 50% of drugs in current use are natural products
or natural product-derived

hig

- Plants produce a wealth of
bioactive natural products

- There are over 400,000 species of

ner plants on the planet

- The vast majority of potentially
useful molecules cannot be
accessed at scale

- The known compounds are only
the tip of the iceberg



There has been rapid expansion in plant genome sequence
data in recent years and this is about to explode

Submissions of unique plant genomes and species to NCBI Major new Ie?rgte_—.:,_cale sequencing
initiatives
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Plant genomes contain the instruction manual to make an enormous array
of as yet undiscovered chemical diversity, including new drugs



Translating DNA into chemistry: (1) Rapid identification of
pathway genes in plant genomes using new computational methods




Translating DNA into chemistry: (2) Protype enzymes and
pathways using powerful rapid transient plant expression technology

5 days from leaf infiltration to metabolite analysis



Translating DNA into chemistry: (3) Preparative-scale
purification of chemicals and analogues

~1 g of 98% pure target compound

Reed et al. (2017) Metab. Eng. 42:185



Production in plants is scalable

YouTube: Medicago/vaccine — from nucleic acid sequence to 10
million doses of flu vaccine in under a month



The challenge of natural products and medicinal chemistry

* B-amyrin
C-24

« Selective modification of complex hydrocarbon scaffolds is problematic using synthetic chemistry
 Enzymes have regio- and stero- selectivity and so overcome this block
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Functionalisation of a complex hydrocarbon scaffold by
combinatorial biosynthesis using a prototype enzyme toolkit

10
E?QE\MZ Compound ICs0 (UM)
B-Amyrin >200 100-
EpHBA >200 @ _
11a-Hydroxy-B-amyrin >200 3 g
11-Oxo-B-amyrin 26.3+1.1 2 5 50-
24-Hydroxy-B-amyrin >200 id \‘g
Erythrodiol 23.7+49 E < * .
Oleanolic acid 26.5+6.7 0 . T * 2
30-Hydroxy-B-amyrin >200 ) & .é (\i‘ > O (\\" §
11-Oxo-oleanolic acid 306+4.2 00(‘6 . \o'bo\ ‘\&ob\ ,’b@ . \o’bo .\Q’bc},b@‘\ @Q';@
Glycyrrhetinic acid 25.7+2.9 é\o\ Ny +°S? %Qo\ N 4;\%’ <@
11-Oxo0,24-hydroxy-B-amyrin >200 Q% R (ﬁﬁ& ° o.@
Bardoxolone methyl 0.7+0.1 i C e S
Y Y @
)
O
W

QWHISDAD +
0088dAD
2A65
* CYP93E1

CYP7

Bioassaying suites of purified analogues

\Vw

+ CYP51H10

Reed et al. (2017) Metab. Eng. 42:185


https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5555447_gr4.jpg

Reconstitution of the 12-step avenacin pathway in
Nicotiana benthamiana
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Elucidation and reconstitution of a complex biosynthetic
pathway of major medicinal importance
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Examples

of structurally diverse triterpenes

Quillaic acid core

Highly unusual C-18 acyl chain



The triterpenes: enormous structural diversity
generated from a single simple precursor

Scaffold generation Oxidation Downstream tailoring
(Triterpene synthases) (Cytochromes P450) (Glycosylation, Acylation)
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>200 scaffolds reported >20,000triterpenes

« A wide range of potential medicine, agriculture and industrial applications



New chemical space: Diversity potential

Upstream
precursors
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Enzyme Set 1

Cyclisation
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Triterpene
Scaffold

1 x 102 variants

Enzyme Set 2

Oxygenation » Intermediate Glycosylation Product

1x 10% variants 1x10° variants

With multiple enzymes in each enzyme set, each producing a different molecular transformation, and
each set additive to the previous set, many thousands of different molecular forms can be generated
by the random selection of one or more enzymes from each set into a pathway assembly. Unique
biological activities can be traced back to a specific pathway, for further production of test material



We work on diverse organisms

Wheat - Polturak et al. (2022) Pink shepherd’s purse - Liu Soapwort - Jo et al., in prep.  Chinaberry tree — Hodgson et al. (2019);
et al. (2019) Pena Rodriguez, Hodgson et al., submitted
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Arabidopsis - Huang et al. (2019) Sea cucumber — Thimmappa et al. (2022)
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We have made over 100 compounds at preparative
scale in Nicotiana benthamiana
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We have made over 100 compounds at preparative
scale in Nicotiana benthamiana
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We can harness the chemical engineering ability of the
Plant Kingdom and use it to engineer new bioactives
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The 19t century: the beginning of the pharmaceutical industry
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H. E. Merck laboratory, Darmstadt, Germany, 1826



The 215t century: the Biorevolution
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MOCK ORANGE by ANNE OSBOURN | SPM Publications, Poetry
Third Prize Winner, Sentinel Poetry Book Competition 2018

Mock Orange is a collection of poems in which Anne Osbourn attempts to order her
life and her origins and to try to understand how and why she became a scientist,
specifically a plant biologist. From early childhood she has tried to make sense of the
world through plants. In mid-eighteenth century Sweden Linnaeus, the father of
modern taxonomy, spent his life trying to understand his Maker through the
classification of plants. Osbourn’s poetry encompasses Linnaeus’s adventures and
experiences and his fascination with living things. Mock Orange is therefore about
journeys from origins, both personal and global, in which negotiations between
scientific and non-scientific languages and points of view form a central theme.

In stock
UK - £7.00 + £2.99 P&P
Europe - £7.00 + £3.99 P&P

Ol“&nge B Rest of the World - £7.00 + £5.99 P&P
Poems Delivery times (business days): 7 days (UK), 14 Days (Europe), 28 days (Rest of the World)

by Anne Qsbourn ., " 7 Mock Orange by Anne Osbourn
|United Kingdom £9.99 GBP V|

Add to Cart

https://spmpublications.com/shop/mock-orange-anne-oshourn.html or from Amazon
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