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Ko waiau? (who am I)
ÅMaster of Science Graduate, University of Otago

o Bioactive secondary metabolites of a native tree
o Science education in rural and indigenous communities

ÅHead Tutor & Executive Committee, New Zealand International 
Biology Olympiad

ÅA grateful partner to indigenous communities



Disclaimer
ÅfќůШċШĦőĲůŔƚƣШтƣőĲШƨƚƨċũШƖĲċĦƣŔŸŰШfШŊĲƣШŔƚЯШљƽŸƽЯШƣőċƣќƚШőċƖĬњ

ÅBut I explore biologically active molecules informed by 
phylogenetic & evolutionary relationships (and traditional 
knowledge) Ą using chemistry to explore difficult biology 
concepts

ÅKeep today visual & colorful тlight on the chemistry



What will this talk be about?

ÅTeaching difficult biology concepts to school students with little 
exposure to science

o Antimicrobial resistance
o Taxonomy and phylogenetic relationships
o Morphological species identification

ÅDelivering science education in partnership with indigenous 
communities

ÅEnriching a first-year university curriculum with 
interdisciplinary teaching using drug discovery science



Background
Difficult Biology Concepts
The community context and science outreach



Difficult Biology Concepts: AMR

Golden Age

Credit: CDC

24 classes of 
antibiotic drugs

3 classes of 
antifungal drugs, 

resistance growing



Difficult Biology Concepts: biochem. variation
All natural molecules are genetically encoded

Chemical variation in each individual plant

Credit: BioIcons

Transcription Translation Biosynthesis 



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

Plants as chemical factories

Credit: BioIcons



Difficult Biology Concepts: Taxonomy

Credit: Weeds of Australia; Phil Bendle

Kunzea ericoides       uĝŰƨťċ Leptospermum scoparium      ~ĝŰƨťċ

How do you convince a six-year-old these are different?



Tutin, toxin (GABA Cl- ions) Puketeine, analgesic Totarol, antimicrobial Solasodine, toxic steroid

Bullatenone, antifungal Aciphyllal, anti-TB Bullataketal, cytotoxic 
Polygodial, antifungal 
(spicy taste)

Å~80% of NZ vascular plants endemic
Å~50% of NZ liverworts endemic
Å>15 bioactive natural product compound classes first 

from NZ 

Biodiversity to natural product diversity: NZ



New Zealand т Disproportionate health outcomes

NZ European

~ĝŸƖŔ

Pasifika

10 x

14 x

RelativeStaphylococcus pyogenes infection 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 it?

ÅProgramme run out of the Otago University Chemistry Department
ÅSchool and marae-based fun science practicals

Åљ ĦƣŔƻŔƣŔĲƚШĬĲƚŔŊŰĲĬШƣŸШinspire children with science and support 
teachers using student volunteers and their subject specific 
knowledge as part of an extended programњ

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

Ш ŊĝƣŔШuċőƨШťƨŔċа
љThesizzlethat goeswith the sausageЮЮњ

Developing a new 
generation of scientist 
communicators through 
effective public outreach

Mackay et al. (2020)



Outreach: Why do we do it?

Åin terms of NZ;
ÅÑőĲШ E~ÂШыĲċƖũǃШΞΜΜΜќƚьШƚőŸƽĲĬШƣőċƣШƣőĲƖĲШƽċƚШċШmarked lack of 

enthusiasm for science in year 8 (~13 years old) school pupils
ÅThe data also raised serious worries about school pupils perceptions 

of their abilities in science , especially at year 8 (especially in rural and 
semi-rural schools)
ÅA longitudinal study1 showed lack of personal success creates a poor 

attitude to learning . These signs are seen in pupils as early as 10-12 
years old
ÅA lack of interest  in science that sets in at this age is likely to continue 

through further schooling and career aspirations are developed 
by 13-14 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

14

ÅAges <12, but any ages
ÅPractical learning; rural, low socio-economic 

communities 
ÅCurriculum aligned т nature of science
ÅLongitudinal

ÅFun!
ÅNovel and exciting

Credit: Chemistry Outreach



Chemistry Outreach

ÅPedagogy т Critical Exploration (Duckworth)

Our outreach students are also part of the learning process, asking 
questions to learn misconceptions of their students. 
They learn to reply to questions with a question to help the school 
pupil to work out what they are seeing/doing, in the words of 
Duckworth;

џиЮƣĲċĦőЮŔŰЮƚƨĦőЮċЮƽċǃЮċƚЮƣŸЮůċťĲЮƣőĲŔƖЮƚƣƨĬĲŰƣƚѢЮƣőŸƨŊőƣƚЮ
ƻŔƚŔĤũĲЮƣŸЮƣőĲůзЮċŰĬЮƚĲĲŔŰŊЮƣőĲŔƖЮƚƣƨĬĲŰƣƚѢЮƣőŸƨŊőƣƚЮċŉŉĲĦƣƚЮőŸƽ
 ƣőĲǃЮƣĲċĦőдѠ3

2)  Duckworth, E. ѡÑőĲЮcċƻŔŰŊЮŸŉЮìŸŰĬĲƖŉƨũЮfĬĲċƚѢЮ҂ЮŸƣőĲƖЮĲƚƚċǃƚЮŸŰЮƣĲċĦőŔŰŊЮ҂ЮũĲċƖŰŔŰŊд (Teachers College Press, 1987
3)  Duckworth, E. Helping Students Get to Where Ideas Can Find Them. New Educ. 5, 185т188 (2009).

љ[ċĦƣŸƖƚШƣőċƣШŔŰŉũƨĲŰĦĲĬШƣőĲШƚƣƨĬĲŰƣƚќШċƣƣŔƣƨĬĲƚШƣŸƽċƖĬƚШ
the Chemistry Outreach programme included the 
ƚĦŔĲŰƣŔƚƣƚќШƓċƚƚŔŸŰШŉŸƖШƚĦŔĲŰĦĲЯШċШĦũŔůċƣĲШƣőċƣШċĦĦĲƓƣĲĬШ
errors, the positive power of peers, reciprocal 
relationships, trust, and humour all helped to forge the 
ƚƣƨĬĲŰƣƚќШpositive emotional connections  with the 
science programmeЮњШ
(Penrice G. 2016)



What have we done so far?

Å TLC ŸŉШťĝŰƨťċШũĲċŉШĲǂƣƖċĦƣƚоŉĲũƣШƓĲŰШĦőƖŸůċƣŸŊƖċƓőǃШыċũŸŰŊƚŔĬĲШrongoa workshop 
by local tohunga)

Å Density bottles, density layers
Å Hydrogen fuel cells kits (courtesy of He Honoka Hauwai)
Å Solar cell kits (courtesy of MacDiarmid Institute)
Å Nitrate testing and nanoparticles for remediation
Å Crystal growing
Å љ§ŔũЯШƽċƣĲƖЯШůĲƣőċŰŸũњ
Å Biopolymers
Å Painting with iron complexes
Å Plant indicators and pH painting
Å Cauldron of fire/whoosh bottle/hands on fire



New Zealand context т Far North

ÅRural and remote population 

ÅBarriers in access to educational opportunity

ΤΜӖШ~ĝŸƖŔ85% unemployment



A community outcome

ÅPilot scheme 2022, 5 schools in 1 week ~350 pupils aged 5-18, it was a 
huge success and we were invited back for more trips

џfЮĬŔĬŰѢƣЮƨŰĬĲƖƚƣċŰĬЮƽőċƣЮƣőŔƚЮƚĦŔĲŰĦĲЮƚƣƨŉŉЮŔƚЮŸƖЮƽőǃЮŔƣѢƚЮ
ƨƚĲŉƨũеЮfѢůЮƚŸЮƓƖŸƨĬЮŸŉЮůǃЮmokos and the opportunity this 

ŔƚЮŉŸƖЮƣőĲůѠЮ
ё ŊĝƣŔЮuċőƨЮťƨŔċђ

Over 2.5 years

>2000 students
7 trips, 8 weeks 
cumulative time



Å ШƓċƖƣŰĲƖƚőŔƓШƽŔƣőШ ŊĝƣŔШuċőƨ
Å A region with the lowest average income per 

household in NZ
Å History of poor engagement with scientists has 

damaged trust
Å Arose from discussion around vaccine hesitancy 

and lack of trust in scientists

Anew Iwi partnership

19



How to show biochemical 
diversity in school?
Case study 1: Thin Layer Chromatography to distinguish between plant 
specimens



ћ~ċŰƨťċШ9őĲůŔƚƣƖǃШŔŰШƣőĲШ9ŸůůƨŰŔƣǃќШċŔůƚ
ÅEstablish a set of experiments and resources for tauira to 

explore their local habitat т ƽőĲƣőĲƖШƚƣƨĬǃŔŰŊШůĝŰƨťċШŸƖШŸƣőĲƖШ
native plants 
ÅEŰŊċŊĲШƖƨƖċũШċŰĬШ~ĝŸƖŔШƚƣƨĬĲŰƣƚШŔŰШƚĦŔĲŰĦĲЯШƨƚŔŰŊШƣőĲШĦŸŰƣĲǂƣШŸŉШ
~ĝƣċƨƖċŰŊċШ~ĝŸƖŔШċŰĬШƖƨƖċũШĲĦŸŰŸůŔĲƚШƖĲŊċƖĬŔŰŊШůĝŰƨťċШ
ÅLearning and developing new science skills from conducting 

their own investigations 
ÅfŰĦƖĲċƚĲĬШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШůĝŰƨťċШĦőĲůŸƣǃƓĲШĬŔƚƣƖŔĤƨƣŔŸŰШ

around New Zealand, with potential importance to the economy

Prior work - 2016



~ĝŰƨťċШŔŰШÉĦőŸŸũƚШыΞΜΝΣьШ
ÅLinked grandiflorone level to herbicidal activity
Å10-15 year olds from 25 schools across NZ
ÅEůƓőċƚŔƚШŸŰШ~ĝŸƖŔШċŰĬШƖƨƖċũШĦŸůůƨŰŔƣŔĲƚ
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Pros Cons 
Intuitive

Safe for classrooms

Combination of assay and 
chemical analysis

Length of assay (1 week)

Inconsistent germination 
between seed batches

Separation (time & space) of 
biological/chemical analysis

Prior work - 2016



ÂũċŰƣШŊƖŸƽƣőШĲŉŉĲĦƣƚШŸŉШůĝŰƨťċШũĲċŉШĲǂƣƖċĦƣƚШ
т root growth stimulation and stem inhibition
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ìőċƣШċĤŸƨƣШťĝŰƨťċе

uĝŰƨťċЯШKunzea ericoides



Disk diffusion assay (2018 School project)

M M M M M M

K K

M: Leptospermum 
scoparium, 
~ĝŰƨťċ

K: Kunzea 
ericoidesЯШuĝŰƨťċ



Antimicrobial effect varies by plant
Met this bacteria on 
NZIBO camp!!



ü Kanuka bioactivity substantiated across further samples

ΞΜΝΦШuĝŰƨťċШƣƖŔċũ



?ŔƻĲƖƚŔƣǃШŔŰШťĝŰƨťċШůĲƣċĤŸũŔƣĲƚШт complex!
Pretty complex NMR 
profile

Difficult to understand 
by eye

But provides a 
molecular fingerprint 
for various bioactive 
compounds

Needle in a haystack!
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Variation around 
NZ

»ƣĲƓŸƣŔ uĝŔ Tahu

Ruatoria  ŊĝƣŔШÂŸƖŸƨ

uċŔƣċŔċШ ŊĝƣŔШuċőƨ



?ŔƻĲƖƚŔƣǃШŔŰШťĝŰƨťċШůĲƣċĤŸũŔƣĲƚШт complex!

40
°S

170
°E

35
°S

180
°E



Å Slide from PGSymp

Felt Pen 
Chromatography TLCs TLC Visualisation Bioassay

Å Spotting position
Å Spotting size 
Å (Dark) Inks = 

multiple colours

Å Different phases but 
same principles

Å Importance of small 
spots for resolution

Å Plants have a mixture of 
chemicals т why

Å Variation between plants

Å§ƨƖШĲǃĲƚШĦċŰќƣШƚĲĲШċũũШ
chemicals as colours

Å UV as non-destructive 
temporary visual

Å Stains are destructive but 
informative 

Å Different stains (reagents) 
show different features

Å Different plants = 
different chemical 
fingerprint = different 
bioactivity?

ÅxŔŰťШƣŸШƖŸŰŊŸĝШƨƚĲƚШт 
familiar context

Å Rapid assay cf 
herbicide

Plants as a chemical 
factory

ÅŸŰŊŸĝЯШ~ĝƣċƨƖċŰŊċ and 
traditional use Chemical fingerprint т variation

Taonga Natural Products Outreach Concepts
Nature of Science & Investigations



So, we can see differences between ťĝŰƨťċ?

ÅYes!We can link different plants having a different pattern of 
bands to their biochemical profile or 'fingerprint'

ÅTLC is a robust and proven technique that works well in a 
classroom to see the 'hidden' biochemistry of plants т showing 
students that plants are a chemical factory
ÅUsing vanillin stain smells and looks good!

ÅDeveloped a robust TLC method to distinguish within species

How far can we take this?



Different biochemicals



A confusing case of morphological similarity

ÅuĝŰƨťċШыKunzea ericoidesьШċŰĬШ~ĝŰƨťċШыLeptospermum 
scoparium) are both Myrtaceae species, similar in appearance

ÅImportant to distinguish т  üШůĝŰƨťċШ
industry >$10 million NZD

Credit: Douglas et al. (2004)



Can we distinguish ~ĝŰƨťċ and uĝŰƨťċ?

ÅYes!
Å(they look more different with other

visualization techniques)

uĝŰƨťċ~ĝŰƨťċ



What about other species?

Âƌőƨƣƨťċƽċ
Metrosideros 
excelsa

Lichen
From a tree

Harakeke (Phormium tenax) and 
wharariki (Phormium cookianum)

Credit: Amelia Glen-Gaul, Josh Bristowe



Integration of bioassay т ťĝŰƨťċШĤŔŸċĦƣŔƻĲƚ

Link biochemical variation and biological activity in one experiment



Does this approach work to engage & 
educate?
ÅLocal and meaningful science

љƽĲШũŸƻĲШƽőĲŰШƽĲШƚĲĲШǃŸƨШŊƨǃƚШƣƨƖŰШƨƓЯШŔƣќƚШũŔťĲШooo what 
ĦŸŸũШƚĦŔĲŰĦĲШċƖĲШƽĲШŊŸŔŰŊШƣŸШĬŸењШOturu school teacher

љƽőĲŰШƽĲШƽĲŰƣШƣŸШƣőĲШƖƷŰċŰŊċШт WOW! their engagement in 
ƣőċƣШƽċƚШůċƚƚŔƻĲгШвШhow often do you manage to get the 
adults enthusiastic about this stuff , wanting to know more 
and do more and get more involved т ƣőċƣШƽċƚШůǃШőŔŊőũŔŊőƣњЮ

љfШĬŔĬŰќƣШƨŰĬĲƖƚƣċŰĬШƽőċƣШƣőŔƚШƚĦŔĲŰĦĲШƚƣƨŉŉШŔƚШŸƖШƽőǃШŔƣќƚШ
ƨƚĲŉƨũЯШfќůШƚŸШƓƖŸƨĬШŸŉШůǃШmokos [mokopuna] and the 

ŸƓƓŸƖƣƨŰŔƣǃШƣőŔƚШŔƚШŉŸƖШƣőĲůЮњ
љfШƽċŰƣШƣŸШĬŸШůŸƖĲШŸƨƣƖĲċĦőШƣƖŔƓƚњШ

љŔƣќƚШƣőĲШƚĦŔĲŰĦĲШŊƨǃƚгггњШ

ĦőċŰƣŔŰŊШљƚĦŔĲŰĦĲЯШƚĦŔĲŰĦĲЯШƚĦŔĲŰĦĲњЮ



Å џEƻĲŰЮƣőĲЮŰċƨŊőƣǃЮŸŰĲƚЮƽĲƖĲЮĲŰŊċŊĲĬдддЮƖĲċũЮŊŸŸĬЮĲŰŊċŊĲůĲŰƣЮш school bully and 
ċŰŸƣőĲƖЮƓĲƖƚŸŰЮƣőċƣЮƨƚĲĬЮƣŸЮĬŔƚƖƨƓƣЮĲƻĲƖǃƣőŔŰŊеЮŉƨũũǃЮĲŰŊċŊĲĬѠдЮ(Hewson, 2024)

ÅљŰċőеЮŰŸƣЮŔŰƣĲƖĲƚƣĲĬеЮĬŸŰѢƣЮwanna be here; end of that thing [day of outreach at 
ÑċŔƓĝ ~ċƖċĲіЮƚőĲЮĦċůĲЮƨƓЮƣŸЮĲƻĲƖǃЮŸŰĲЮŸŉЮƨƚЮċŰĬЮƽċƚЮũŔťĲЮѡǃĲċőеЮǃŸƨЮŊƨǃƚЮċƖĲЮ
ċƽĲƚŸůĲеЮfЮũŸƻĲĬЮŔƣеЮfѢůЮƖĲċũũǃЮƣőŔŰťŔŰŊЮċĤŸƨƣЮĬŸŔŰŊЮƚĦŔĲŰĦĲЮŰŸƽѠдЮ(Hewson,2024)

Å9őŔũĬƖĲŰШŔŰƣƖŸĬƨĦĲШƨƚШƣŸШƓċƖĲŰƣƚШŔŰШƚƨƓĲƖůċƖťĲƣƚШċƚШћŸƨƖШƚĦŔĲŰƣŔƚƣƚќЯШƽĲШŊĲƣШŔŰƻŔƣĲƚШ
to school performances, parents come up to us to say hello in the chip shop and 
supermarkets.

Feedback

39
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Outreach is not 
just the kids т ŔƣќƚШ
about the whole 

community



Drug discovery lab
Bringing pharmaceutical science into the classroom





Search for new antimicrobials

ÅTaxonomy informed bioactivity: Myrtaceae fruitful bioactive family
ÅIn NZ - ůĝŰƨťċ ƚĦŔĲŰĦĲЯШƖŔĦőШőŔƚƣŸƖǃШŸŉШƣƖċĬŔƣŔŸŰċũШƨƚĲƚШĤǃШ~ĝŸƖŔ

OH O

OO

Grandiflorone 
MIC 32 mg/mL vs
VRE, Staph. aureus

OH O

OO

Leptospermone I50 12± 2 µM

O O

O

F

S

O

O
Synthetic I50 0.22± 0.02 µM

Herbicidal Antimicrobial
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RPLC

25% screening hits using 
traditional knowledge 
(compared to 8% 
without)

ÑƖċĬŔƣŔŸŰċũШťŰŸƽũĲĬŊĲШŔŰŉŸƖůŔŰŊШƚĦŔĲŰƣŔŉŔĦШћĬŔƚĦŸƻĲƖǃќШŸŉШċŰƣŔůŔĦƖŸĤŔċũШċŊĲŰƣƚ
Credit: Lawrence et al. (2019)



Interdisciplinary lab experience

ÅPedagogy т research-informed teaching laboratory
ÅNeeded to fit existing lab timetable and similar skills
ÅRespectful of indigenous knowledge and values
ÅNeeded structural variations to later elucidate

ÅModular or analogue generation т like med chem research 
practices

ÅStudent synthesis and analysis, bioassay



Why do we use medicines?

What happens when they become 
ineffective?

Where do medicines come from?

Addressing (antimicrobial) resistance through considering plants as chemical factories  



Art

ffs

Artemsin, 2015 Nobel, TCM, 
antimalarial

Salicylic acid, willow, pain 
relief (aspirin)

Taxol, anticancer, yew tree

Statins, cholesterol, fungi
Morphine, analgesic, poppies

Polygodial, spicy, horopito

From Nature т the best chemist!



Today's lab т synthesis of newantibacterial / 
antiviral compounds
Found once in ťĝŰƨťċ

Antiviral! 

Also antibacterial!

Kind of simple??

So, let's chop some bits off and make it into a model 
system т most of the core pieces

ÅBased on some ideas from 1943

ÅYou guys are the first to trial this lab, before 
even our first-year uni students!

ÅTesting out this lab idea to see if it is 
interesting and fun (drug discovery, hello!)

ÅInstead of chopping trees down & with a 
green chemistry approach



Today's lab

ÅDo the chemistry т make ourproducts!

ÅWhat have we made / did we make something?
o Observations
o TLC
o NMR (we can do 13C NMR )

ÅPurifyour product
oUV-vis
o IR

Respecting the taonga (treasured) plant

Scaled up supply of the compound

EŰƚƨƖŔŰŊШƽĲШĬŸŰќƣШĦƨƣШĬŸƽŰШƓũċŰƣƚ






