
1Summer 2015/2016 © NZSBMB

:

SouthernBlot
Spring 2016

Newsletter of the NZ Biochemistry and Molecular Biology Society

This issue
2President’s Column

No sleep ‘til CHCH!
Anthony Poole

4Meet the Scientist

Kurt Krause
University of Otago

6QMB 2016, Nelson

QMB 2016 Meeting Report
Anthony Poole

8Travel Awards

Denis Simonov
The 5th Annual Meeting of 
the International Society for 
Extracellular Vesicles 

11Featured Article

Ethylene: a gaseous signal in plants and bacteria
Ian H. Street and G. Eric Schaller 



2 Summer 2015/2016 © NZSBMB

Nelson
Queenstown Molecular Biology 
NZSBMB were front and centre at Queenstown 
Research Week in Nelson, and contributed to the 
best-attended QRW to date. The ‘main meeting’ 
definitely deserved that title – with over 200 
delegates, we were considerably bigger than 
any of the other meetings held during the week, 
and it was pleasing to see that the sessions were 
so well attended. Thanks to all who attended, 
presented and helped make it such a success. The 
mantle now passes to Dr. Heather Hendrickson 
from Massey University in Auckland, who is the 
QMB Convenor for 2017. For those who went to 
Fashionomics, you know she’s the right choice – 
her Hilary Clinton alter ego was the perfect foil to 
Peter Shepherd’s Donald Trump!

Big Data, Little Organisms
Our next big event is the joint meeting between 
our Society and the NZ Microbiological Society. 
That’s on in Christchurch, 14-17 November. 
We’ve had lots of poster and talk submissions, 
and have a fantastic international line-up for you, 
so it’s shaping up to be a great meeting. We look 
forward to welcoming you all to the Garden City!

http://www.nzmsconference.org.nz 

What’s on in 2017
Our plans for 2017 are still coalescing, but one 
thing we’ve promised ourselves is that we will 
give the website a makeover, and set up online 
membership payments. 

No sleep ‘til CHCH!
Anthony Poole, NZSBMB President

It’s been a busy and successful year for NZSBMB. Membership continues to grow – give or take, we’re now 

175 members strong! Student membership is increasing and students are almost 2/3 of our membership. 

This is a great sign for the future health of our Society.

President’s Column
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On the meetings front, we’re looking at holding 
a joint meeting with the Genetics Society of 
Australasia, which will be held in Dunedin in the 
second half of next year (tentatively 3-5 July). 
Former NZSBMB El Presidente Wayne Patrick is 
involved in the planning. Watch this space!

Email: anthony.poole@canterbury.ac.nz

Twitter: @pouletm

President’s Column

Last but not least, remember that we are happy to 
provide support for regional meetings. If you’re 
looking to hold one and would like some financial 
assistance, feel free to get in touch!

All the best for the remaining months of the year!

Ant.
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Meet the Scientist

Kurt Krause
Director of the Webster Centre for Infectious Diseases

Biochemistry Department
School of Medical Sciences
University of Otago

Describe your research in one sentence.
We work on the structural biology of 
infectious diseases, otherwise known as 
“pursuing protein puzzles in pathogenic 
prokaryotes”!

What gets you up in the morning? 
Getting the perfect structure for a key drug 
design target. Or working to explain how 
enzymes work, or how they evolve based on 
their structures. 

What are you doing right now?
Evaluating the use of glutamate and alanine 
racemase as targets for drug design in drug 
resistant bacteria, including tuberculosis. 
Glutamate racemase is an interesting target 
as it became an industry favourite near the 
time these companies each closed down their 
antimicrobial development programmes! We 
have recently gotten interested in functional 
plasticity among PLP containing bacterial 
enzymes, and the idea of learning how to 
“tune” PLP is very appealing.   We are trying 
to learn more about immunomodulatory 
proteins from viruses as they are a rich 
resource of novel structures that have 
evolved to modulate human immunity. I also 
have a long-term interest in exploring the 
chemical basis of bioluminescence. 

Do you know your h-index?
Yes, but only from Google Scholar! I don’t 
think about it much outside of PBRF season. 

I do try to study things that I find meaningful 
or interesting.

What bit of research has caught your eye 
recently?
I have been mesmerized by the membrane 
protein structure of bd oxidase from 
Geobacillus. It appeared in Science this 
year and it looks like a drug target of 
amazing potential. More recently I have 
been following the on-line story about a 
badly determined protein structure (PDB-ID 
5gnn) that survived peer review unscathed 
but surfaced on a protein crystallography 
bulletin board as a prodigious mistake in the 
literature.
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How did you get into science?
Wanting to understand the molecular basis 
of everything!  

What would you have done if you didn’t go 
into science?
As a young man I loved golf and I wanted 
to be a professional golfer. Later on, I had a 
dream of becoming a stellar basketball player 
(I did play briefly in high school!) Even 
later, I decided being a symphony conductor 
or composer was the way to go. Recent 
renovation at my home has made me think I 
should have become a plumber. 

What do you consider to be the highlight 
of your career so far?
I have been fortunate in my career. Coming 
to New Zealand would have to be at the very 
top. I was able to help set up a new protein 
crystallography laboratory for the third time 
in my career, which was fun. Serving as HOD 
in Biochemistry at Otago was a huge privilege 
and a great opportunity. Being a group leader 
is a highlight, and I am so grateful to every 
one of my group for all of their hard work 
and creativity. 

Regarding scientific work, solving a new 
protein structure is a unique feeling that 
never gets old.  Wandering in a medical 
bookstore during my medical residency and 
seeing my PhD work in Stryer’s Biochemistry 
was pretty cool. Any time a new article from 
the lab comes out I feel like a kid in a candy 
store, and this year our glutamate racemase 
work was chosen for the cover of Biochemical 

Journal.  Honestly apart from marking, 
which I don’t like, and answering e-mails 
which I hate, I feel so fortunate to be able 
to work in science that my lab days are an 
incredible gift !

If you were stranded on a deserted island, 
what three biochemicals and/or biochem-
ists would you want with you?
OK let’s see. For current scientists it’s got 
to be Greg Cook, Peter Fineran and Wayne 
Patrick. I think being with them, I would get 
more fit, publish more papers and learn the 
true meaning of life. For past scientists, I 
would pick Dorothy Hodgkin, Isaac Newton 
and Richard Feynman, all three based on 
their impact.  

My biochemicals would be water, protein 
and isopropyl alcohol. Water and protein 
to survive until a source of vitamins can be 
found and isopropyl alcohol for cooking, 
illumination, sterilization – in case any 
surgery is needed, and as a solvent.

Meet the Scientist

Email: kurt.krause@otago.ac.nz



6 Summer 2015/2016 © NZSBMB

QMB 2016 Report
Nelson, 29-31 August

The NZSBMB executive was a key part of 
the committee that organised the QMB 2016 
meeting, held at the Rutherford hotel in 
Nelson. This was the most successful QMB to 
date, with over 200 attendees, great support 
from our many sponsors, and a really great 
speaker lineup. The quality of all the talks 
was extremely high, and our sessions were 
well-attended – thank you to all those who 
attended or helped in various ways to make 
this such a successful meeting.

Being in Nelson, we were keen to ensure that 
the meeting catered both to our national 
research community and to Nelson’s local 
science community. To that end, we were 
very lucky to have Dr. Maren Wellenreuther 
(Plant + Food Research, Nelson) and Dr. 
Jonathan Puddick (Cawthron Institute) on 
our organising committee. Rounding up the 
committee was Dr. Jane Allison (Massey 
Albany, and whose hard work saved my 
bacon on multiple occasions – thanks Jane!), 
Ren Dobson (NZSBMB treasurer), Kerry 
Loomes (NZSBMB secretary), and yours 
truly. 

We had a really well-attended poster session 
and two cracking lightning talks sessions 
where poster presenters gave us short 
presentations of their work. The sessions 
were sponsored by the Biomolecular 
Interaction Centre and NZSBMB. The 
judging panel, made up of a mix of QMB 
organisers and invited speakers, was very 
impressed with the quality of the science 
presented and had a hard time picking the 
best from what was a strong field. In the end 
they settled on three lucky winners received 
$200 from NZSBMB for their posters at 
the QMB dinner. (Well, they would have 
received $200 if the NZSBMB treasurer had 
remembered to bring our cheque book!) 

The awards were given to:

     • Sarah Bowden, University of Otago
        CpG DNA hypomethylation occurs             
 in human Autosomal Dominant   
 Polycystic Kidney Disease

     • Chris Horne, University of Canterbury 
 Bacterial Sialoregulation

     • Rachel North, University of Canterbury
         Bacterl Sialic Acid Transport and 
 Degradation

QMB Meeting Report



7Summer 2015/2016 © NZSBMB

Ren Dobson (of the missing cheque book) 
did very well, with two students from his 
lab coming away with prizes. I should say 
that neither he nor any other University of 
Canterbury staff were on the judging panel, 
so Chris and Rachel are deserving winners in 
their own right!

QMB Meeting Report

Well done to speakers, poster presenters, 
organisers and sponsors all who helped to 
make this a QMB to remember! There is 
certainly interest in bringing Queenstown 
Research Week back to Nelson at some point, 
it was a great location for sure!

QMB 2016 poster prize winners.
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First of all I would like to thank the NZSBMB 
for awarding me a travel grant to aid my 
attendance of the 5th Annual Meeting of 
the International Society for Extracellular 
Vesicles (ISEV2016) in the Netherlands. 
The ISEV conference is the key event in the 
world of vesicle research as it is the place 
where new developments are reported and 
methodological standards for this young 
and rapidly developing field are set. As a 
final year PhD student, attendance of this 
conference proved invaluable to me as it 
provided me with an opportunity to present 
my work to and receive feedback from the 
key international experts in my field of 
research before I submit my thesis. At the 
conference, I presented a poster addressing 
methodological challenges associated with 
extracting RNA from bacterial membrane 
vesicles. The poster attracted a lot of interest 
as the field of vesicle research in general 
and of prokaryotic vesicles especially is 
very young and method development and 
validation represent some of the biggest 
challenges for the field.

The conference ran for three days and 
also included a pre-conference education 
day devoted to discussing methodological 
challenges facing the field and how these 

should be addressed to draw sound 
scientific observations from empirical 
data. The scientific program included a 
broad range of sessions covering the entire 
spectrum of topics relevant to extracellular 
vesicle research (EVs in cancer, metabolic 
diseases, stem cells, CNS pathologies, cross-
species communication, infection, EVs as 
therapeutics, and EVs as biomarkers). The 
conference gathered together over 700 
scientists and it was a great pleasure to meet 
and interact with members of the vesicle 
research community from all over the world. 

Denis Simonov
The 5th Annual Meeting of the International Society for Extracellular Vesicles
Rotterdam, the Netherlands,  May 4th to the 7th 2016

Department of Surgery and Department of Molecular Medicine and Pathology
 Auckland University

NZSBMB Travel Awards
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NZSBMB Travel Awards

The ISEV society was founded in 2011 and 
it was therefore also very special to witness 
and be part of the establishment and 
development of a new field which is still in its 
early days but which potential and relevance 
have already been recognized by the wider 
international scientific community. This was 
especially evident during one of the plenary 
sessions where Robert C Gallo, the most 
cited scientist in the 80s who is best known 
for his role in the discovery of HIV as the 
infectious agent responsible for AIDS, shared 
his thoughts on how there are similarities in 
the paths of development and maturation of 
virus and EV research and how the two fields 
can learn from each other. 

The conference was held in the city of 
Rotterdam which is the second-largest city in 
the Netherlands and the largest cargo port in 
Europe. After the near-complete destruction 
of Rotterdam’s city centre during World War 
II the city was rebuilt to become a hotspot of 
experimental and radical architecture.  It is 
surely worth a visit! 

The next conference will be held in Toronto, 
Canada and I would encourage everyone 
involved or considering starting in EV 
research to attend this conference as there 
can be no better way to engage with the 
filed and ensure that you make a valuable 
and meaningful contribution to this rapidly 
developing area of biology.

De Rotterdam Complex, Erasmus Bridge.



CHRISTCHURCH, 14 - 17 NOVEMBER 2016
New Zealand Microbiological Societyand NZ Society for Biochemistry and Molecular Biology
Joint Conference
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Featured Article      | Courtesy of the Biochemist

Ethylene: a gaseous signal in 
plants and bacteria

Ian H. Street and G. Eric Schaller 

Ethylene was the first gaseous growth regulator discovered due to its pronounced effects on plant

growth and development. Besides plants, many bacteria also have ethylene-binding proteins,

indicating that the ability to bind and respond to ethylene is an evolutionarily ancient sensory

mechanism. The recent characterization of an ethylene receptor from cyanobacteria and the

finding that it plays a role in phototaxis confirms a prokaryotic role for the ethylene receptors and

is consistent with the hypothesis that plants acquired ethylene receptors from the endosymbiont

that gave rise to the chloroplast. The signalling pathway acting downstream of the plant ethylene

receptors is considerably diverged from that found in bacteria, pointing to adaptations that can

occur in transitioning from a prokaryotic to a eukaryotic cellular environment. Interestingly, although

pathways for ethylene biosynthesis and signalling are conserved in plant lineages extending back to

the green algae, there are examples of plants where these pathways have been lost, with ethylene no

longer playing a regulatory role.

A brief history of ethylene as a 
plant hormone

The saying “one bad apple spoils the whole 
bunch” has a real biological basis. The 
gaseous hydrocarbon ethylene (C2H4) is most 
commonly known as the fruit-ripening
hormone, and a rotting apple will release 
ethylene and thereby stimulate the ripening 
and rotting of nearby fruit. Although 
unaware of ethylene itself, farmers in ancient
Egypt and the Middle East exploited its 
effects through their gashing of unripe 
sycamore figs, a practice that causes a burst 
of ethylene which then drives ripening.
The modern fruit industry uses ethylene 
to ripen fruit in transit to stores so that it 
is shelf-ready when arriving at the market. 
Ethylene inhibitors, such as the chemical
1-methylcyclopropene (1-MCP) sold under 
various brand names, are used to preserve 
fruit. The fact that ethylene affects plant 

growth and inhibitors exist implies
that plants can sense ethylene. Indeed, 
plants synthesizeethylene and sense it 
through specific receptors. Physiologically, 
ethylene has roles in cell elongation, organ 
abscission, senescence, pathogen resistance,
abiotic stress, cell division, metabolism, 
flowering and fruit development, with many 
of these roles being of significant agronomic 
importance1. Because of its gaseous nature, 
ethylene can diffuse rapidly throughout
plant cells, cross cell membranes and escape 
the plant as an environmental signal.

The history of plant research on ethylene extends
back for over a century to the Industrial 
Revolution, when observations suggested that 
illuminating gas was altering plant growth. 
Illuminating gas, a coal by-product piped 
throughout cities for street lamps in the 19th and 
early 20th Centuries, would leak up to 10% of 
the gas. Plants near illuminating gas pipes were 
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damaged or died due to inhibited root growth, 
accelerated senescence, leaf and petal abscission, 
and other alterations to normal growth. In 1901, 
Dimitry Neljubow demonstrated that
the active component in illuminating gas was 
ethylene. In the 1930s, Richard Gane showed 
that plants synthesized their own ethylene by 
isolating detectable quantities from 27.2 kg (60 
lb) of apples, thereby establishing ethylene as 
an endogenous plant hormone, the first gaseous 
growth regulator identified in any organism.
The biochemical pathway for ethylene 
biosynthesis was elucidated during the 1960s 
and 1970s. It was not until the 1990s that the key 
elements in the ethylene signalling pathway were 
determined, this major advance taking
place as a result of the elegant genetics made 
possible with the model plant Arabidopsis (Figure 
1). For those interested, Bakshi et al.2 provide an 
excellent historical overview of ethylene research.

Ancient origin of ethylene receptors

Observations of flowering plants led to the 
discovery of ethylene as a hormone, but the 
ability to sense ethylene is evolutionarily ancient, 
preceding the existence of plants. Sequencing of 
bacterial genomes has revealed genes that
encode proteins with ethylene-binding domains 
similar to those of plant ethylene receptors. This is 
perhaps not too surprising in retrospect, because 
the signal output domains of plant ethylene 
receptors are related to twocomponent
signalling elements of bacteria. At their
simplest, two-component signalling systems 
involve a membrane-bound receptor that is 
phosphorylated on a histidine residue in response 
to ligand binding (Figure 2). The phosphate is 
then transferred to an aspartic acid residue in 
a soluble response regulator, which then elicits 
downstream responses such as changes in
gene expression. Eukaryotic two-component 
signalling systems are found in fungi, algae and 
plants3. The fact that ethylene-receptor-like 
proteins, with similar input and output domains, 

are found in bacteria and plants points to a 
remarkable conservation of structure across
more than a billion years of evolution.

Recent studies with cyanobacteria demonstrate
not only that bacteria contain sequences that 
look like ethylene receptors, but also that these 
are capable of binding ethylene and eliciting 
physiological responses, hallmarks for receptor 
function4. Cyanobacteria are blue-green bacteria 
capable of photosynthesis and responsible for 
oxygenating Earth’s atmosphere two billion years 
ago. The receptor in question is found in the
cyanobacterium Synechocystis and is named 
ETHYLENE RESPONSE1, or SynETR1 for 
short. SynETR1 contains two input domains: an 
ethylene-binding domain and a light-sensing 
domain (Figure 2). Ethylene and light appear to 
have opposing effects on signal output of the
receptor, with UV–violet light inducing 
movement away from the light source (negative 
phototaxis) and ethylene inducing movement 
towards the light source (positive phototaxis). 
Ethylene also operates through SynETR1 to 
promote the formation of bacterial pili involved in
bacterial movement. Signalling itself operates 
through a canonical two-component signalling 
system such that SynETR1 phosphorylates a 
response regulator, which in turn controls gene 
expression. Interestingly, although ethylene-
producing bacteria exist, the Synechocystis strain
with SynETR1 does not synthesize ethylene. 
This suggests that SynETR1 may be involved in 
detecting environmental ethylene or perhaps 
other hydrocarbons, not specifically ethylene. 
Ethylene is produced from organics exposed to
sunlight, so the ability of SynETR1 to sense 
ethylene and light is likely to play a role in the 
cyanobacterium finding optimal photosynthesis 
conditions.

The identification of SynETR1 in cyanobacteria as
a genuine ethylene receptor has significant 
implications for how plants acquired their 
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repertoire of ethylene receptors. A likely 
hypothesis is that ethylene receptors were co-
opted for signalling by higher plants during the
endosymbiotic event by which an ancestral 
SynETR1- like containing cyanobacterium 
became a chloroplast. As described below, this 
probably occurred in the green algae that are 
land plant ancestors. As with many ancestral 
chloroplast genes, the gene encoding the
ethylene receptor of the endosymbiont eventually 
moved to the nuclear genome of the host cell over 
evolutionary time. Alternatively, plant ethylene 
receptors may have their origin via a horizontal 
gene transfer to algae from a bacterium with an 
ethylene-receptor-like gene.

Figure 1. The morphological response to ethylene of dark-grown Arabidopsis seedlings. In response to ethylene, 
dark-grown Arabidopsis seedlings exhibit a shortening and thickening of the hypocotyl stem, an inhibition of root 
growth and the formation of an exaggerated apical hook. Seedlings are shown grown in the absence (−) or presence 
(+) of ethylene (scale bar, 5 mm). A close-up of the apical hook is shown on the right.

Featured Article      | Courtesy of the Biochemist

Pathways for ethylene biosynthesis and
signalling exist in green algae

The functional conservation between the ethylene
receptors of cyanobacteria and plants might 
suggest that plants would also rely on a two-
component system to relay the ethylene signal. 
This, however, is not the case. Although evidence 
exists that signal output from the receptors can 
make use of a two-component-like signalling 
system, this is not the major signalling system 
operating downstream of the receptors5. In fact,
the evolutionary trajectory of plant two-
component elements frequently seems to move 
away from the original histidine/aspartic acid 
phosphorylation activities of two-component 
systems, with these elements then incorporated 



14 Summer 2015/2016 © NZSBMB

into the serine/threoninephosphorylation
framework prevalent in eukaryotes3. This is 
exemplified by the chimaeric nature of the plant
ethylene signal transduction pathway (Figure 
3). First, although some of the plant ethylene 
receptors have histidine kinase activity, others 
have diverged so much that, although they 
preserve a functional ethylenebinding
domain, they lack histidine kinase activity;
some in fact appear to have acquired serine/
threonine kinase activity. In addition, the primary 
function of the histidine-kinase-like output 
domain of the receptors is now as a docking site 
for a serine/threonine kinase called CTR1, which 
belongs to the family of Raf-like kinases unique to 
eukaryotes. Other elements in the plant
ethylene signalling pathway include the 
transmembrane protein EIN2, which also belongs 
to a eukaryote-specific protein family, and the 
plant-specific EIN3 family of transcription factors. 
The ethylene receptors, CTR1 and EIN2 are 
predominantly localized to the membrane of the 
endoplasmic reticulum. This might be considered 
an unusual location for hormone perception, as 
the plasma membrane is the most logical location 
for hormone receptors, but internal localization 
is quite compatible with the cross-membrane di 
usion of ethylene.

Given the differences between the ‘modern’ 
ethylene signalling pathway of plants and the 
‘ancient’ twocomponent ethylene signalling 
pathway of bacteria, an important question to 
resolve is when plants acquired their suite of 
ethylene biosynthesis and signalling genes.
The answer to this question has become 
increasingly tractable through analysis of many 
species’ genomes and transcriptomes. For 
instance, the moss Physcomitrella patens, which 
shares a common ancestor with flowering plants 
about 400 million years ago, has a similar suite
of biosynthetic and signalling genes to the 
angiosperm Arabidopsis6,7. Moreover, ethylene 
affects P. paten’s growth, stimulating growth of 
peripheral filaments and reducing growth in 
central area of the moss. Thus ethylene appears 
to operate similarly throughout land plants 
separated by 400 million years of evolution. Does
the plant ethylene hormone system pre-date 
the advent of land plants? A recent study 
demonstrates that it extends back to the 
charophytes, a division of freshwater green
algae, but is lacking in marine green algae7. 
Furthermore ethylene can stimulate cell 
elongation in the charophytes.Ethylene also 
regulates cell elongation in flowering plants,
for instance inhibiting cell elongation in 

Courtesy of the Biochemist  |    Featured Article

Figure 2. Figure 2. Two-component signalling systems. 
(a) The canonical two-component system of bacteria 
incorporates a receptor with histidine kinase activity and 
a response regulator. Binding of ligand to the receptor 
regulates phosphorylation on a histidine residue and
subsequent transfer to an aspartic acid residue of the 
response regulator. Black bars indicate transmembrane 
domains. (b) The ethylene- and light-sensing two-
component system of the cyanobacterium Synechocystis. 
The receptor SynETR1 has an ethylene-binding domain
found in it transmembrane region, a light-sensing 
domain (PVB chromophore attached to GAF domain) 
and a histidine kinase domain. The response regulator 
uirR is a transcription factor operating downstream of 
SynETR1. (c) Features of the plant ethylene receptor ERS1 
of Arabidopsis. The receptor has an ethylene-binding 
domain, a GAF domain and a histidine kinase domain. 
Note that the GAF domain does not have a chromophore 
attached and so does not respond to light.
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dark-grown Arabidopsis seedlings (Figure 1), but 
stimulating cell elongation in deep-water rice, 
suggesting a remarkable conservation of function 
for ethylene between green algae and flowering 
plants. The demonstration that the ethylene 
hormone system exists in charophytes pushes
the conservation of this system back to more than 
450 million years, when plant colonization of land 
occurred. Additionally, the use of ethylene as a 
hormonal signal in the freshwater green algae may 
have played a role in land colonization, potentially 
facilitating adaptive responses to various stresses 
as ethylene often serves as a plant stress hormone.

Some plants have lost the ability to to use
ethylene as a signal

On the basis of the variety of ethylene-regulated
processes found in plants, it might seem essential 
for viability. There is evidence, however, that 
some plant lineages have lost the ability to use 
ethylene as a signal8. Genome sequencing of 
eelgrass revealed that the plant lacked genes for 
ethylene biosynthesis, perception and most of the 
signalling pathway9. Eelgrass is an aquatic
plant found in coastal ecosystems around the 
northern hemisphere. It seems ironic that a signal 
with an aquatic origin (i.e. the receptors from 
cyanobacteria and the signalling system from 
green algae) has been lost in an ocean-living 
flowering plant. Ethylene, however, may
be under a negative selection force in such 
submerged environments. A gaseous hormone 
can be problematic as a signalling molecule under 
water in a multicellular organism because its 
diffusion efficiency is lower than in
air. As a result, the ethylene concentration can 
build up and negatively affect growth akin to the 
terrestrial plants exposed to illuminating gas. 
Indeed, many non-aquatic plants take advantage 
of this property of ethylene as a signal indicative 
of submergence, a stress combatted in

such ways as the formation of aerenchyma 
(hollow air cells), elongation to grow out of 
the submergence zone, or going metabolically 
quiescent until oxygen levels return to 
atmospheric levels. Exploiting these ethylene 
dependent submergence responses in rice is 
facilitating the development of new flood-resistant 
varieties10. In the case of eelgrass, it is still 
unknown whether another hormone pathway or 
an alternative input has taken over ethylene’s role 
to regulate its typical downstream responses. The 
example of eelgrass and a few other aquatic/semi-
aquatic plants demonstrates that ethylene
is not essential for plant life under all conditions. 

Courtesy of the Biochemist  |    Featured Article

Figure 3. The ethylene signal transduction 
pathway of plants. The pathway incorporates 
negative and positive regulatory elements of disparate 
evolutionary origin. In the absence of ethylene (in air), 
the serine/threonine kinase CTR1 phosphorylates 
EIN2 to suppress its activity and prevent an ethylene 
response. Binding of ethylene to the receptors serves 
to inactivate CTR1, resulting in activation of EIN2 and 
the induction of the ethylene response. See Shakeel et 
al.5 for more details.
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A simple molecule shaping life and
culture 

There is still much to learn about ethylene and 
how this simple molecule is integrated into 
bacterial and plant life. Whether the ancient 
bacterial ethylene receptors respond mainly to 
ethylene or other hydrocarbons is still unknown. 
The precise mechanisms by which ethylene 
binding to its receptor alters the receptor’s activity 
is not fully understood, nor are some of
the downstream regulatory mechanisms. Ethylene 
signalling and biosynthesis components also 
interact with other hormone pathways in complex 
ways that can vary depending on the tissue and 
plant observed. For such a simple molecule,
ethylene’s mechanisms are complex and its impact 
wide. From ancient waters to wounding unripe 
figs to an urban pollutant affecting plant life to 
flood-resistant strains of rice, ethylene has had, 
and continues to have, a profound impact
on the biological and human world.

Featured Article      | Courtesy of the Biochemist
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Autumn crossword solutions

Across: 4.Risk, 5. Genome, 9. Phenotype, 11. Unique, 12. Lifestyle, 13. Dose, 15. Cancer, 16.Customise, 19. Screen, 20. Biology 

Down: 1. Biomarker, 2. Therapy, 3. Prevention, 6. Toxgnostics, 7. Patient, 8. Age, 10. PAthology, 14. Personal, 18. Drug


