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ABut | explore biologically active molecules informed by
phylogenetic & evolutionary relationships (and traditional
knowledge)A using chemistry to explore difficult biology
concepts
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What will this talk be about?

ATeaching difficult biology concepts to school students with little
exposure to sclence
o Antimicrobial resistance
o Taxonomy and phylogenetic relationships
o0 Morphological species identification

ADelivering science education in partnership with indigenous
communities

AEnriching a firstyear university curriculum with
Interdisciplinary teaching using drug discovery science




Background

Difficult Biology Concepts
The community context and science outreach



DLffic(:)uIt Biology Concepts: AMR
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Difficult Biology Conceptdiochem variatio%’%

All natural molecules are genetically encoded
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Transcription Translation Biosynthesis

Chemical variation in each individual plant

Credit: Biolcons



Difficult Biology Concepts: chemical factorigs

How do plants interact with the world?
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Difficult Biology Concepts: Taxonomy

Kunzea ericoides u gUeat ¢

Leptospermum scoparium ~§ Ue t

How do you convince a six-year-old these are different?
Credit: Weeds of Australia; Phil Bendle



Tutin, toxin (GABA Clg

A ~80% of NZ vascular plants endemic
A ~50% of NZ liverworts endemic

e toxic steroid

O A >15 bioactive natural product compound classes first /O
from NZ
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Bullatenone, antifungal

Aciphyllal, anti-TB

3A (plus enantiomer)

Bullataketal, cytotoxic

Polygodial, antifungal
(spicy taste)




New Zealand Disproportionate health outcome

NZ European .
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Pasifika 14 x

Relative Staphylococcus pyogenesinfection rates in children

Presence of scabies = 23x more likely to develop rheumatic fever
Credit: Webb & Wilson, 2013; Oliver et al., 2021; Abrha et al., 2020.




Chemistry Outreach: What Is 1t?

- ———

AProgrammerun out of the Otago University Chemistry Department
ASchool and maraebased fun sciencepracticals

A Ha R 2 R q R IJhdilie EhildrReidwitl $cidhgeYant support
teachers using student volunteers and their subject specific
knowledge as part of arextended progrants

W NgaqRWucGelllt 2RCa
& hesizzlethat goeswith the sausageOHOwb

1) Hodgen, E. (2007). Competent learners @ 16: Patterns of development over time.
Technical report 1. Wellington: New Zealand Council for Educational Research.



Outreach: Why do we do it?

Ain terms of NZ:

ANGIUIW E~AWelJc!l G! W=MMMK imarkdd ladck af 131 La 6
enthusiasm for science in year 8 (~13 years old) school pupils

AThe data also raised serious worries about school pupilperceptions
of their abllities in science , especially at year 8 (especially in rural and

semi-rural schools)
AA longitudinal studyt showed lack of personal success creates goor
attitude to learning . These signs are seen in puplils as early as-1@
years old
AA lack of interest in science that sets in at this age is likely to continue
through further schooling andcareer aspirations are developed
by 1314 years old

1) Hodgen, E. (2007). Competent learners @ 16: Patterns of development over time.
Technical report 1. Wellington: New Zealand Council for Educational Research.



Guiding principles

AAges <12, but any ages

APractical learning; rural, low sociececonomic| &
communities

ACurriculum aligned 1 nature of science
ALongitudinal

A Fun!
A Novel and exciting

14

Credit: Chemistry Outreach



Chemistry Outreach

APedagogyr Critical Exploration (Duckworth)
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Ou the Chemistry Outreachprogramme included the >SS, aslfing
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Theerrors, the positive power of peers, reciprocal he school

PUI relationships, trust, and humour all helped to forge the S Of
Duy a 2 | Ipdsitve émdtional connections with the

science programmetOws L AR
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2) Duckworth, EwWN G 1J0c ¢ 2 RUNIKOYn1Oi YUT Il ne G 1Of T 3¢t HTedchers Gdlehe Pedds, 1987! + IOY Uloqll ¢ HE RUDN QU lrec |l UR
3) Duckworth, E. Helping Students Get to Where Ideas Can Find Thasew Educ.5, 1851188 (2009).



What have we done so far?

DO
TLCY nWt gUet cWdDenWI+aql ¢ #Hat on DringdagikshdpH \ |
by local tohunga)

Density bottles, density layers

Hydrogen fuel cells kits (courtesy of He Honok&lauwai)

Solar cell kits (courtesy of MacDiarmid Institute)

Nitrate testing and nanoparticles foremediation

Crystal growing %o

mERIOUAWs ¢ qll AWI N6 ¢ UY
Biopolymers

Painting with iron complexes

Plant indicators and pH painting

Cauldron of fire/whoosh bottle/hands on fire
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New Zealand contextFar North

ARural and remote population

ABarriers in access to educational opportunity

T ME W~ § Y | 88% unemployment



A community outcome

APilot scheme 2022, 5 schools in 1 week ~350 pupils aged1B, it was a
huge success and we were |nV|ted back for more trips

« v Over 2.5 years ., g
uf Ol RT Ubqtoz UT 1JI cqcUI tOs 6 ¢ q tOq O Rt i H RAME

2t Unade Of ‘by lmbkti{s_r_é}féllthé' appok@ity 98 ! 10>2000 students
Rt HOnY | 1Oq 6 130 CIO 7 trips, 8 weeks
€ NDgaqRKuc o620t e Rch  cumulative time




Anew lwi partnership
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Gel qUUI t 6RGWs Rq6 N ¢

A region with the lowest average income per a
household in NZ

History of poor engagement with scientists has
damaged trust

Arose from discussion around vaccine hesitancy W
and lack of trust in scientists Zealand

Lo}
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Dunedin
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Google

Wellington
®
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Vs
How to show biochemical i
diversity in school?

Case study 1: Thin Layer Chromatography to distinguish between plant
specimens



Prior work - 2016
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AEstablish a set of experiments and resources falauirato &
explore their local habitatts 0 IJg 0 IJ1 Wt gqel ! RUNL
native plants
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AlLearning and developing new science skills from conducting
their own investigations

A UHI Jct 3T We UT 31t q¢ U RUNDWY n WA |
around New Zealand, with potential importance to the economy




Prior work - 2016 CU RI OUS
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Cons
Y Intuitive @® Length of assay (1 week) £
i%Safe for classrooms @ Inconsistent germination

Y Combination of assay and between seed batches

chemical analysis Q Separation (time & space) of
biological/chemical analysis i




Prior work 2016
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u § U e KugzeblHricoides



Disk diffusion assay (2018 School project)}%

Zone of Inhibition of Manuka extracts i
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10.00 ~guUetc
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Zone of Inhibition (mm)

Solutions containing active compounds



Antimicrobial effect varies by plant

Met this bacteria on
NZIBO camp!!
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Hikaroroa 1

Pretty complex NMR
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Taonga Natural Products Outreach Concepts
Nature of Science & Investigations

Plants as a chemical AYUDY®AdLe-1 and D¢

factory traditional use Chemical fingerprint T variation

Felt Pen

Chromatography TLC Visualisation Bioassay
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AYes!We can link different plants hav
bands to their biochemical profile or

ATLC is a robust and proven technig i

ADeveloped a robust TLC method to distinguish within specie;

How far can we take this?
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Different biochem




Au § U 2 Kuazdsericoides W¢ UT W @ptospérmull
scoparium) are both Myrtaceae species, similar in appearance

Almportant to distinguish T
industry >$10 million NZD

Credit: Douglas et al. (2004)
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Can we distinguish § Ueatida g U2 t ¢

AYes!

A(they look more different with other
visualization technigues)




What about other species?

Harakeke (Phormium tenax)and
wharariki (Phormium cookianum)

Addeqet ¢s¢ |ichen
Metrosideros From a tree
excelsa

Credit: Amelia GlenGaul, Josh Bristowe




Integration of bioassayt g Ues t ¢ WUHR Y «

Link biochemical variation and blolog|cal act|V|ty INn one experiment
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Does this approach work to engage &
educate?

ALocal and meaningful science
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R K Wa6 10w &#RIJO A wWESD € o lls € 4 [ibow bfterRd® Yo hemage to get the
adults enthusiastic about this stuff , wanting to know more
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Feedback

AyE2IUOq61JOUC 2 N6 q! OYUIJE 105 131 1 iBaho bullylamds, £
cCUYqd6 Il IOGII + YUKqG ¢ qtoest 11 HOqg Y #alsoR224) 2 G qp HOI

A k¢ 6 etoUY q tOR U wedalde herd] end edthat thibgiiday of outreach at
N¢ RGEGl ¢ Ji 1Of 6 1JI0RCEC G102 GIOqY OIJ2 131 1 OYUIJKOY n |
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to school performances, parents come up to us to say hello in the chip shop and
supermarkets.
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Drug discovery lab

Bringing pharmaceutical science into the classroom



Difficult Biology Concepts

Resistant Germ ldentified
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24 classes of
antibiotic drugs

3 classes of
antifungal drugs,
resistance growing

Difficult Biology Concepts

All natural molecules are genetically encoded

AR

Transcription Translation Biosynthesi

Chemical variation in each individual plant

Credit: Biolcons

Difficult Biology Concepts

How do plants interact with the world?

Plants as chemical factories

Credit: Biolcons

Difficult Biology Concepts

Kunzea ericoides

Leptospermum scoparium

How do you convince a six-year-old these are different?
Credit: Weeds of Australia; Phil Bendle
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Search for new antimicrobials %’%%
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ATaxonomy informed bioactivity: Myrtaceae fruitful bioactive family
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Herbicidal Antimicrobial
OH O O O F OH O
— &ﬁ 0 9 O
O O @ /S @) O
O .
Leptospermonels, 12+ 2 pM Synthetic Is,0.22+ 0.02 uM Grandiflorone
MIC 32 mg/mL vs

Syngenta VRE Staph. aureus 4
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Interdisciplinary lab experience

APedaaoavr research-informed teaching laboratory
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Why do we use medicines?

What happens when they become
iIneffective?

Where do medicines come from?

Addressing (antimicrobial) resistance through considering plants as chemical factories




From Nature Tthe best chemist!

@)
Artemsin, 2015 Nobel, TCM,
antimalarial
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OH
OH

Salicylic acid, willow, pain
relief (aspirin)

Statins, cholesterol, fungi

HO
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Morphine, analgesic, poppies

Polygodial, spicy,horopito




Today's lalx synthesis of newantibacterial /
antiviral compounds —

OH OH ©
Foundonceint g Ua t ¢ )L{Z}/lK -
Antiviral | H,SO,
ntiviral HO O HO OH HO OH
Also antibacterial! A Based on some ideas from 1943

Kind of simple?? OH O : : :
A You guys are the first to trial this lab, before

even our firstyearuni students!

So, let's chop some bits off and make it into a model
system T most of the core pieces A Testing out this lab idea to see if it is

Interesting and fun (drug discovery, hello!)

@\)\f @\/U\ A Instead of chopping trees down & with a
H

green chemistry approach




OH )J\ )j\
Today's lab Q o - d\
HO OH HO OHw “

ADo the chemistryT make ourproducts!

AWhat have we made / did we make something?

o0 Observations
0 TLC
o NMR (we can do 13C NMR )

Respecting the taonga (treasured) plant

Scaled up supply of the compound

APurifyourprOdUCt EUt 21 RUNWs WWT YUKk qWrez o LESY
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