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First, a quick note: NZSBMB needs a new President! I will be stepping 
down at November’s AGM, so please give some thought to standing. 
Feel free to email me if you’d like to know more about the role.  

Now – on with this month’s column. I recently returned from an 
overseas meeting at which the ratio of male to female speakers was 24 
to 9. Not only that, but two of the three short poster talks were from 
women (including our own Prof. Emily Parker) – so the ratio of invited 
speakers was 23 to 7. All six of the session chairs were white males. The 
oral sessions felt old fashioned, particularly compared to the poster 
session (which had the usual balanced mix of genders, ages and 
nationalities).   

As if that wasn’t enough to put a bee in my bonnet, the Biochemical 
Society has just released its position statement on diversity in the 
science sector 
(http://www.biochemistry.org/Sciencepolicy/Promotingdiversity.aspx). 
Our British colleagues haven't minced their words, pointing out that 
“individuals from lower socio-economic backgrounds, certain ethnic 
minorities, women, and people with disabilities are all currently under-
represented in education, training and employment related to 
science.” They assert that this “lack of diversity…represents a loss of 
potential talent” and they state their commitment to ensuring that “the 
bioscience community reflects the make-up of UK society and that 
barriers, perceived or otherwise, to entering a career in the molecular 
biosciences are dispelled.”  

The Biochemical Society is to be commended 
for articulating such a goal, and it is certainly 
not alone. The American Society for 
Biochemistry and Molecular Biology has a 
Minority Affairs Committee, which provides 
numerous resources for under-represented 
groups (including women). The other ASBMB 
(Australian, not American) has firm guidelines for 
its conferences: the organising committee, the 
session chairs and the invited speakers should all 
be at least 40% female and at least 40% male. 
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The Lorne conferences have adopted the same 
policy. 

NZSBMB has no comparable guidelines or policies. On 
one hand, we are replete with great role models. In 
2011, NZSBMB member and former President, Prof. 
Christine Winterbourn, became the first woman to win 
New Zealand’s most prestigious science award, the 
Rutherford Medal. Five of our last six NZSBMB Award 
winners have been women: Prof. Parker; A/Prof. 
Kathryn Stowell; Prof. Catherine Day; Prof. Margreet 
Vissers; and A/Prof. Debbie Hay. Nevertheless, we 
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need to remain cognisant of issues around diversity 
and equality. I believe it is timely for NZSBMB to 
introduce an equality policy that is in line with our 
international partner societies. I will be circulating a 
draft document to all members, in the next month or 
two. I welcome your comments, feedback, 
anecdotes and ideas. Once we have knocked a 
policy into shape, I will bring it to the AGM for voting 
upon. See you there! 

Wayne Patrick 

wayne.patrick@otago.ac.nz 
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FAOBMB has introduced two new schemes to be 
implemented during the second half of 2014. 
 
These are as follows: 
 
1. FAOBMB Exchange Fellowship, which enables 
early career researchers to travel to another 
country in the FAOBMB region for research 
development and collaboration. 
 
FAOBMB Exchange Fellowships will enable 
scientists of not more than 40 years of age from 
Constituent Member countries/regions to 
undertake collaborative research or learn 
particular skills from participating laboratories 
within the FAOBMB region. 
 
2. FAOBMB Travel Lectureship, which enables a 
suitable guest lecturer from the FAOBMB region 
to come to another host country in our region. 
 
FAOBMB Travel Lectureships are awarded to 
contribute towards the travel and 
accommodation expenses of accomplished and 
experienced biochemists and molecular 
biologists from the FAOBMB region, in order to 
enable them to spend a period of time in a host 
institution or institutions within a country of the 
FAOBMB region, lecturing on advanced research 
or educational approaches or technologies, of 
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significance and relevance to the needs of the 
home country/institutions. 

 
Details including the Guidelines and Application 
forms for both schemes can be obtained from 
the Secretary of the NZSBMB (Kerry Loomes 
k.loomes@auckland.ac.nz) and the FAOBMB 
webpage (http://faobmb.net/) under the 
Fellowships Tab. 
 
FAOBMB plans to award one such Exchange 
Fellowship and one such Travel Lectureship, 
each valued at USD $3,000 in the second half of 
2014. 
 
There is no closing date for applications, but it is 
recommended that completed applications be 
sent to the relevant contact person by 31 August 
2014, if possible. 
 
Applications should be sent to the Fellowships 
Chair, Professor Sheila Nathan, in the case of the 
FAOBMB Exchange Fellowships, as set out in the 
relevant Application Form. 
 
Applications for the FAOBMB Travel Lectureship 
should be sent to the Secretary General, 
Professor Phillip Nagley, as set out in the relevant 
Application Form. 
 

News 
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Describe your research in one sentence. 
  
Primarily the identification of biological targets for 
disease. 
  
What gets you up in the morning?  
  
 Currently, the Tour de Gym competition run by the Sport 
and Recreation Centre, University of Auckland (July 5-27).  
The aim is to complete the equivalent Tour de France 
stage using stationary Watt-bikes but with just 10% of the 
distance. I’m competing as a pair with Paul from the 
peptide chemistry lab (the science team). The selfie 
shows me after just finishing a 12km hill course. Entry fees 
will be donated to “Ride to conquer Cancer”. 
 
What are you doing right now? 
  

2

 Right now thinking about budgets and 
academic programmes. But otherwise 
here are our current projects: 
 
1. Investigating the biology of the 

mitochondrial protein, 4-hydroxy-2-
oxoglutarate aldolase, which 
mediates the production of oxalate 
in the body. 

2. Identifying compounds in Manuka 
honey that possess bioactive 
properties or could be utilised to 
determine floral authenticity. 

3. Convincing granting committees 
that a protein we have been 
researching is a potential drug target 
for chronic kidney disease. 

4. Investigating the role of sensory 
nerves in energy expenditure and 
maintenance of body weight. 

5. Investigating bioavailability of 
biological compounds and how they 
are modified as they pass across the 
gut and through the liver. 

 
Do you know your h-index? 
  
Yes. So? 
  
What bit of research has caught your 
eye recently? 
  
A recent article showing that ablation of 
pain receptors in mice increased 
metabolic health and longevity 
(http://www.ncbi.nlm.nih.gov/pubmed/

Meet  
the  

Scientist 
Dr Kerry Loomes  

School of Biological Sciences,  
University of Auckland 
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24855942). This finding received international 
press. I not only found it interesting and relevant 
to my research area but was somewhat 
perplexed why the authors’ did not cite our 
previous paper 
(http://www.ncbi.nlm.nih.gov/pubmed/20610563
). Perhaps you can let me know if you work it out. 
Oops – there goes another citation. 
 
How did you get into science?  
  
I enjoyed science at Wanganui High School so 
University was a natural extension. Simple as that. 
  
What would you have done if you didn’t go into 
science? 
  
Don’t know nor did I seriously consider my future 
career options when I went to University either. In 
my defence, the 80’s was an era where soak 
days were premier student events, life was 
simple, and living was cheap. A summer job at 
Imlay freezing works (Wanganui) more or less 
paid for my Massey University accommodation 
(Kairanga Court) and food in year 1, $5 in my 
back pocket on a Friday night purchased 5 jugs 
(that’s 5 litres) of beer at the infamous Fitz pub, 
and I remember paying $8/week rent in my 
fourth year. I think you would call it living in the 
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moment. 
  
What do you consider to be the highlight of your 
career so far? 
  
The opportunity to pursue ideas and interesting 
science (by my definition). The collaborative and 
personal relationships that I have developed 
along the way with other scientists and students 
have also been very rewarding. 
 
If you were stranded on a desert island, what 
three biochemicals and/or biochemists would 
you want with you? 
  
 A nerd question so I’ll reply in the broadest 
sense. First, some kind of photosynthetic 
biochemical that powers my eco-friendly power 
cell. That way I could still connect to the internet 
via satellite and keep a track of my paper 
citations. Second, I would have one of those 
master distillers that produce the excellent 
peated single malts in Islay, Scotland. At least 
that would create some meaning to island life 
through the pursuit of tropical fruit fermentation 
and distillation. Third, an exercise 
biochemist/physiologist that could help me 
maintain lean body mass so that I do not waste 
away like Tom Hanks in the movie Castaway.  

Apply for the next NZSBMB travel award round  

Do you want support for your next 
conference overseas? 

The September 2014 round of conference travel awards is now open.  

 NZSBMB is committed to supporting early career researchers through the award of conference travel grants.  There are two 
categories of Travel Award: 

 Student Travel Award – open to student members of the NZSBMB, supporting travel to any international conference. Awards 
will usually be up to $750. 

Early Career Travel Award, in conjunction with the Biochemical Society (UK) – open to student members, as well as early 
career researchers (0-3 years post-PhD). These awards are specifically to enable attendance at Harden Conferences or 
Focused Meetings of the Biochemical Society (UK). Each award will consist of a travel grant from NZSBMB ($1,000), as well as 
free meeting registration and accommodation (funded by the Biochemical Society). 

 Details of the awards and application forms are available at http://nzsbmb.science.org.nz/awards.html. 

Students and New Post-docs!  
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Yet another great reason to belong to NZSBMB: you get a significant registration discount for ComBio 2014. This 
works out to be a discount of AU$205 for full members and AU$130 for students.   

All you have to do is make sure you are a NZSBMB member and all that requires is renewal of your subscription. 
Now would be a good time (http://nzsbmb.science.org.nz/). 

ComBio 2014 
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Queenstown Research Week 
New Zealand 

23 – 29 August, 2014 
 
 

 
www.queenstownresearchweek.org  

 
Incorporating: Queenstown Molecular Biology Meeting 

Australasian Winter Conference on Brain Research 
Australasian Society of Clinical and Experimental Pharmacology and 

Toxicology (ASCEPT-New Zealand) 
and 

New Zealand Medical Sciences Congress 
 

Featuring: Nobel Laureate Sir John Walker (MRC Mitochondrial Biology Unit) 
Alan Cooper (The University of Adelaide) 

Mark Dawson (Peter MacCallum Cancer Centre) 
Keith Dunker (Indiana University) 

Jennifer Gerton (Stowers Institute) 
Philip Hugenholtz (University of Queensland) 

Rob Martienssen (CSHL) 
Ana Pombo (Berlin Institute for Medical Systems Biology) 

Robert Waterland (Baylor College of Medicine) 
Paul Wiggins (University of Washington) 

 
Speakers and posters will be selected from submitted abstracts. 

Registration now open!  
 

Satellite meetings: 
Cancer Biology and Drug Discovery  

Diabetes, Obesity and Nutrition 
Kidney Biology 

Plant Molecular Biology 
Reproduction and Developmental Biology 
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NZSBMB Student Travel Awards: 
Conference Reports 

1

The Protein Engineering Canada Conference was 
held at the University of Ottawa (Ottawa, Ontario, 
Canada) over the weekend of June 20-22nd, 2014. The 
conference brought together junior and senior 
researchers across a range of protein engineering, 
design and dynamics disciplines. 

There were a number of invited speakers 
presentations that stood out to me during the 
conference. The first was Miroslaw Cygler from the 
University of Saskatchewan, Saskatoon. Miroslaw 
spoke about identifying regions of proteins that are 
associated with the function by using a combination 
of engineering and functional assays. This work was 

Protein Engineering Canada Conference  
Ottawa, Ontario, Canada 

June 2014 

Katherine Donovan  
University of Canterbury  

2

interesting to me because I have several proteins that 
are different in their function but their static structures 
look the same. Therefore, I am interested in finding the 
regions of the proteins that are responsible for this 
change in function. 

The second was David Boehr (Pennsylvania State 
University), and he spoke about investigating the 
interaction networks of amino acids involved in 
motions and structural transitions during catalysis. For 
this, he used an NMR technique called CHESCA 
(Chemical Shift Covariance Analysis) to delineate 
amino acid networks within proteins. Finally, Rafael 
Najmanovich (Universit e de Sherbrooke) also spoke 

Katherine Donovan (left) talking about her research to a fellow conference attendee. 
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EMBO Conference: Enzyme 
Mechanisms by Biological Systems  
Manchester, UK 
June 2014 

 

1

The 2014 EMBO conference on enzyme mechanisms 
by biological systems was held in the beautiful city of 
Manchester, United Kingdom. This conference bought 
together a wide range of European and US scientists 
studying enzymes in terms of their biological catalysis, 
mechanisms and systems. An in-depth understanding 
of enzymatic catalysis is challenging and underpins 
the exploitation of enzymes for drug discovery, a 
central theme of my PhD project and thus the poster 
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that I presented at the conference. 

The poster presented included data obtained within 
the first two years of my PhD. The overall aim of my 
project is to structurally and functionally characterise 
the enzymes involved in sialic acid catabolism from 
methicillin-resistant Staphylococcus aureus. Methicillin-
resistant Staphylococcus aureus is a bacterial 
pathogen resistant to many of the mainstream 

Rachel North 
University of Canterbury 

3

about an NMR method called ENCoM (Elastic 
Network Contact Model). This method is used to 
predict the effects that mutations will have upon 
protein stability, function and dynamics.  

The student poster presentation section allowed me 
to see other students work and learn about their 
research results and ideas. A couple of the students 
had projects with results very similar to my own so I 
was able to discuss possible options for future work 
and exchange information about techniques that we 
were familiar with. 

The talk that I gave at the conference was a summary 
of the primary results that I have collected thus far – 
abstract below: 

Although we have a good understanding of 
adaptation at the organismal level, there is a paucity 
of data addressing how organisms adapt at the 
molecular level. My study builds on a laboratory 
experiment carried out by Richard Lenski and 
colleagues in which 12 replicate bacterial populations 
were evolved from a common ancestor in an 
identical glucose-limited environment for <60,000 
generations. The fitness of each population increased 
relative to the ancestor. Whole genome and 
candidate gene sequencing has found that the fixed 
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mutations are concentrated in relatively few genes. 
One of these target genes is pykF, which encodes for 
the glycolytic enzyme pyruvate kinase, which is 
central to the regulation of energy metabolism. There 
are eight different mutations found scattered across 
pyruvate kinase. How are the mutations in pykF 
causing the increased fitness found in the bacterial 
phenotype?  

Interestingly, the fitness, functional and stability data 
for the adaptively evolved pyruvate kinase enzymes 
demonstrate different fitness effects and dynamics. 
However, the crystal structures and solution structural 
profiles (SAXS) are surprisingly similar. In conclusion, 
although the long-term evolution experiment 
demonstrates a high degree of parallelism with 
respect to fitness and mutational patterns, my data 
suggest much less parallelism with respect to protein 
function. Moreover, my results point to protein 
dynamics as an important mode for adaptive 
evolution in proteins.  

I had a fantastic time at this conference and I met a 
number of really great people that I will likely stay in 
contact with as friends or collaborators. I highly 
recommend this conference to anyone that has an 
interest in protein engineering. 
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antibiotics and infections caused by this bacterial 
pathogen have reached epidemic proportions 
worldwide. Thus, it is necessary that new drug targets 
are recognised and novel antibiotics are developed 
against this pathogen. The enzymes involved in the 
catabolism of sialic acid are targets yet to be 
exploited. 

Interestingly, several bacterial pathogens can 
scavenge sialic acids from their surrounding 
environment and degrade them into fructose-6-
phosphate, a molecule that is essential for various 
biochemical pathways within central metabolism. 
Importantly, the genes coding for the enzymes of this 
pathway have proven essential for Staphylococcus 
aureus growth on sialic acids, making the pathway a 
viable antibiotic drug target for this pathogen. 

The data presented on the poster included the 
structural characterisation of all five of the catabolic 
enzymes involved in the breakdown of sialic acid 
using a range of biophysical and structural 
techniques. These techniques include analytical 
ultracentrifugation, small-angle X-ray scattering and 
X-ray crystallography. 

4

The research presented at this conference was 
excellent and covered a range of different topics. Dr 
Arwen Pearson presented a talk that I found to be 
very interesting regarding the development of a new 
methodology for time-resolved structural biology. I 
enjoyed listening to this talk, as it was something new 
to me as well as a technique that I may like to use in 
the future. Time-resolved X-ray crystallography allows 
us to directly visualize structural rearrangements of 
enzymes that are associated with its function. Thus, 
we can understand the mechanisms of biological 
process using such a technique. 

Many networking opportunities were available at this 
conference, and there was plenty of time to talk with 
all of the researchers as well as the delegates. 
Meaning that it was an excellent way for students to 
meet other researchers in the field and ask many 
questions. 

I highly recommend that any enzymologists attend 
this conference as the quality of the speakers and the 
diversity of the program was incredible. Thank you to 
the New Zealand Society for Biochemistry and 
Molecular Biology for their support to attend this 
conference. 
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This conference set in the beautiful ancient town of 
Uppsala allowed researchers studying 
bioluminescence and chemiluminescence to come 
together and discuss their ideas. These fields are cross-
disciplinary so I was able to listen to talks 
by researchers coming from a wide range of fields. 
Some of the talks were biological in nature. 
One researcher studying luminescent jellyfish spoke on 
how they were able to mimic the luminescence of a 
jellyfish with a flashing model and how they were able 
to use this model to film the first ever footage of a live 
giant squid. 

Other scientists came from a natural products 
background. A new ‘luciferin’ (the substrate in a 
bioluminescence reaction) has been discovered in a 
Siberian earthworm, and a range of new luciferases 
(the enzymes in bioluminescence reactions) has been 
discovered in a wide range of species. 

Geneticists discussed their work on the origin of 
luminescent systems and on how those systems were 
controlled and regulated. Medicinal chemists 
discussed the many opportunities that luminescence 
assays give in studying disease and physiology. The 
physical chemists meanwhile discussed the physics 
behind various chemiluminescent processes and 
talked on how such systems could be modelled. Ideas 
cross pollinated, leading to after-lecture discussions 
that were just as interesting as the talks themselves.  

It was great to have the opportunity to meet 
the scientists behind the literature and to ask them 
questions. I actually got to meet most of the leading 
figures in my field.   

My fifteen minute talk on the bioluminescent system of 
the NZ glowworm was well received. I described how 

18th International Symposium on 
Bioluminescence and 
Chemiluminescence  

Uppsala, Sweden  
June 2014 

Oliver Watkins 
Departments of Biochemistry and Chemistry 
University of Otago 
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our experiments have shown that a crude enzyme mix 
produced from GW light organs luminesce with the 
same luminescent spectra as the living glowworm 
with the addition of ATP and one of three different 
compounds under assay conditions. These 
compounds were isolated from glowworm light 
organs by reverse phase chromatography and the 
identities of two have been confirmed by synthesis 
and are derivatives of tyrosine. The glowworm 
luminescent system is therefore composed of a 
tyrosine-based ATP-dependent luciferin – luciferase 
reaction quite different from that of any known 
system. 

I have come back from this conference with renewed 
vigour for my research and many new ideas and 
would like to thank the Society for partly funding my 
expedition. 
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Gordon Research Conference on Bacterial Cell 
Surfaces: 
Building, Splitting, and Traversing the Cell Surface 
Mount Snow Resort,  
West Dover, Vermount, USA  
June 2014 

 Sofia Khanum 
Institute of Fundamental Sciences 

Massey University, Palmerston North 

1

The Gordon Research Conferences have an 
extraordinary reputation in biomedical sciences, 
attracting the leading researchers in the field. The 
2014 Gordon Conference on Bacterial Cell Surfaces 
was oriented to present cutting-edge research on the 
molecular and cellular aspects of the structure and 
function of the bacterial cell envelope and surface, 
and gave a unique opportunity to the conference 
attendees to get exposure to the novel and yet-
unpublished findings in this field. This year, it was held 
in June, at the West Dover city of Vermont State of 
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USA. All the functions of this conference were 
organized at Grand Summit Resort Hotel of West 
Dover, which provided a beautiful location for this 
conference. The main focus of the conference was 
the proteins involved in building, splitting, and 
traversing the bacterial cell surface. Invited speakers 
covered a wide range of topics pertinent to the 
bacterial cell envelope and surface including protein 
secretion, peptidoglycan metabolism, surface 
polymers and their secretion and newly arising special 
topics including emerging physical methods in the 
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analysis of the cell surface. Luckily, I got the chance 
to attend this conference last month, which lasted for 
five days. Each day we had two sessions of talks by 
invited speakers and two hours of poster sessions in 
between the talks. 

A variety of scientific disciplines were covered in the 
talks including: biochemistry, molecular genetics, 
structural biology, cell biology and imaging. All the 
talks were of a high standard and were conclusive. 
Each talk seemed to be ‘up to the mark’ of the 
audience level. It is not possible to mention all of the 
talks here, but for the interest of the readers, I would 
like to mention two talks: the first is about the mobility 
and organization of E. coli outer membrane proteins, 
given by Colin Kleanthous from Oxford University, 
which was very informative. He explained using his 
recent data how outer and inner membrane proteins 
are different in their mobility. And the second talk, 
given by Tom Silhavy from Princeton University, was 
also very interesting. This was about a lipoprotein, 
RcsF, which was used by bacteria as a sensor to sense 
the perturbation in the bacterial envelope. 
Fortunately, some poster presenters were also 
selected for short talks.  At the end of each talk, we 
had discussion sessions, which allowed junior scientist 
and graduate students to exchange ideas with the 
investigators who are at the forefront of their field. The 
collegial atmosphere of this conference, with 
programmed discussion sessions as well as 
opportunities for informal gatherings in the afternoons 
and evenings, provided an atmosphere for scientists 
from different disciplines to brainstorm and promoted 
cross-disciplinary collaborations in the various 
research areas represented. 

4

This conference offered me a great opportunity to 
present my work, on large bacterial channels that 
secrete proteins and protein complexes of medical 
relevance from Gram-negative bacteria, to 
international researchers. I presented some exciting 
results from my PhD work in the form of poster entitled: 
Gating of the secretins, large outer membrane 
channels of Gram-negative bacteria. Secretins, which 
are a family of large outer membrane channels, 
mediate secretion and/or assembly of virulence 
factors and/or complex proteinaceous structures, 
such as rods, type IV pili and filamentous 
bacteriophage. Structural analyses by cryo-EM and 
single particle analysis revealed that secretins form 
large radially-symmetric channels composed of 12 to 
14 identical subunits, interrupted by a septum/plug 
structure that very likely represents a gate or a valve. 
During secretion or lodgement of large substrates, the 
septum and the whole channel undergoes a major 
structural rearrangement observable by cyro-EM and 
SPA. My work is about the finding of those key residues 
that determine the gate-structural elements of 
Klebsiella oxytoca secretin PulD of the type two 
secretion system. During the poster session, I had a 
good discussion with the researchers who are 
currently working on the secretins and received 
valuable suggestions from them regarding my work.  

I would recommend this experience to any young 
scientist with primary interest in protein targeting and 
localization in the inner and outer membrane. I would 
like to thank NZSBMB, the Maurice and Phyllis and 
Paykel Trust and the IFS Department of Massey 
University for their generous contribution towards my 
travel and conference attendance. 
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Feature Article 

Protein goldendoodles 
Nicholas Sawyer, Danielle M. Williams and Lynne Regan (Yale University, USA) 
 

Reprinted with permission from The Biochemist, February 2014 

The goldendoodle (Figure 1) is a breed of 
dog created to combine the desirable 
features of the golden retriever (calm 
personality, good with people and an 
excellent service dog) with those of the 
poodle (low shedding and hypoallergenic). 
The result surpasses expectations: not only 
does the goldendoodle have a great 
personality and low shedding, but also the 
animal is exceedingly cute and in great 
demand. Protein design, the creation of 
novel proteins either de novo or by extensive 
mutagenesis of natural proteins, has likewise 
produced many ‘goldendoodle-esque’ 
proteins whose unprecedented combination 
of stability and function have revolutionized 
academic and clinical research. Here, we 
discuss the history of protein design and 
highlight some particularly successful protein 
designs of this type. 

1

The beginnings of protein design 

In the late 1980s, researchers began to use design 
approaches to probe the essence of protein 
structure. The revolutionary idea was to use a bottom-
up approach to create simple novel proteins, i.e. 
create amino acid sequences from scratch to identify 
the minimum sequence complexity that folds into a 
desired 3D structure. Researchers thus determined the 
simplest sequences that would adopt distinctive 
features of a protein, such as α-helical structure, α-
helix or β-sheet association into protein-like structures, 

and the various contributions to their stabilities1–4. 

Figure 1. Khaleesi, an 8-month-old goldendoodle. She exhibits the 
size and stature of a golden retriever while sporting the fluffy 
hypoallergenic hair of a poodle 

Designing new proteins 
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Creating novel protein structures turned out to be 
much easier than expected. However, many design 
iterations were often required to create folded, stable 
and monomeric proteins that display all of the 
thermodynamic signatures of native proteins. 
Particular challenges were reproduction of a well-
packed hydrophobic core and avoiding undesired 
events such as protein aggregation. To tackle these 
challenges, the term ‘negative design’ was coined to 
describe design features that were included in an 

3

attempt to favour the desired structure by 
destabilizing undesired structures. 

Even at this early stage, researchers were optimistic 
that, in addition to revealing the essential features of 
protein structure and stability, protein design would 
have enormous potential to create novel proteins 
with myriad applications in biotechnology and 
medicine. 

The first functional designs were pragmatic with a 
focus on the biggest ‘bang for the buck’: metal-ion- 
binding sites (Figure 2). Introducing a metal-ion- 
binding site into a protein provides the potential to 
modulate protein structure and stability, introduce 
redox activity and electron transfer, and even 
catalyse substrate hydrolysis. All of these possibilities 
stem from the seemingly simple design task of 
positioning a small number of amino acid side chains 
with the desired co- ordination geometry. Creating 
designs in which metal ions are co-ordinated with 
exactly the desired number of side-chain protein 
ligands, no more, no less, proved a significant 

challenge5–8. Indeed, it has taken more than two 
decades to achieve hydrolysis of activated esters and 

phosphates at tetrahedral zinc sites9. 

4

Statistical protein design 

Although bottom-up approaches dominated the 
early years of protein design, consensus design has 
become increasingly powerful as the number of 
sequenced genomes has skyrocketed. 

Consensus design is based on the premise that, within 
a diverse alignment of homologous proteins, amino 
acids that are essential for protein structure will be 
strongly conserved over evolutionary time (Figure 3). 

One manifestation of this premise is the conserved 
patterns of hydrophobic amino acids that specify 
protein secondary and tertiary structures, which 

strongly influenced bottom-up protein design10–12. 
Idealized versions of a protein of interest may then be 
created using the most frequent amino acid at each 
alignment position. 

When the aligned proteins have identical function, 
the consensus protein will have the same structure 
and function because the key residues that specify 
both are strongly conserved. Interestingly, such 
consensus proteins are almost always more stable 
and sometimes more active than any individual 

alignment member13. 

In contrast, when the aligned proteins have similar 
structures but diverse functions, structural amino acids 
are conserved, but functional amino acids average 
out. Thus the consensus protein will have the same 
structure and enhanced stability, but no function. 
Such consensus proteins have subsequently been 
developed as idealized scaffolds that can 
accommodate a range of tuneable functionalities. 
For instance, using statistical analysis of 

Figure 2. The progression of helical protein design. Early protein designs focused on creating stable helices and understanding the forces 
that stabilize them (left-hand panel). Next, self- assembling four-helix bundles were created by creating specific interfaces between helices 
(middle panel). Subsequently, these bundles were mutated to create metal ion co-ordination sites (indicated by the red star) for catalytic 
and electron transfer reactions (right-hand panel). 
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tetratricopeptide repeat (TPR) proteins that interact 
with heat-shock protein 90 (Hsp90), Cortajarena et 

al.14 grafted statistically enriched residues on to a 
consensus TPR framework and demonstrated that the 
new protein interacted with Hsp90 with high 
specificity. 

Covariation analysis can improve designs, especially 
at poorly conserved positions where the most 
frequent amino acids are not representative of the 
population and might thereby introduce 

unfavourable interactions when combined15,16. 
Sometimes the increased stability of consensus 
proteins can overcome covariation mismatches. 

6

Nevertheless, incorporating covariation information 

can also improve highly stable consensus designs17. 

More recently, high-throughput protein structure 
determination has allowed statistical protein design to 
step beyond sequence analysis into the realm of 3D 

protein structure analysis. Koga et al.18 used statistical 
analysis of protein secondary structure and loop 
lengths to derive rules for how to connect secondary 
structures and achieve a pre- specified handedness. 
These rules were used to construct 3D protein 
backbones, which were then completed as proteins 
by specifying appropriate amino acid sequences. 
Given that the only immediate input for these designs 

Figure 3. Consensus protein design. The top six panels are all organisms that contain a hypothetical protein X. Sequences of protein X from 
each of the organisms are aligned, as shown in the table in the bottom panel (i.e. Homologue 1 is the sequence from organism 1 etc.). 
Each sequence position is coloured along a red-to-purple spectrum to indicate the degree of amino acid conservation: red indicates that 
all organisms have the same amino acid at that position, whereas purple indicates that all organisms have different amino acids that 
position. The consensus sequence for the alignment is shown at the bottom, taking the most frequent amino acid at each sequence 
position (note: typical alignments are much larger, which eliminates virtually all ties for most frequent amino acid). Photos retrieved on 13 
January 2014 from Wikimedia Commons:  
Arabidopsis thaliana, http://en.wikipedia.org/ wiki/File:Arabidopsis_thaliana.jpg; Drosophila melanogaster, http://en.wikipedia.org/wiki/ 
File:Drosophila_melanogaster_-_side_(aka).jpg; Taeniopygia guttata, http://en.wikipedia.org/wiki/File:Taeniopygia_guttata_-_front_view_-
_dundee_wildlife_park.jpg; Pan troglodytes (chimpanzee), http://en.wikipedia.org/wiki/File:Schimpanse_Zoo_Leipzig.jpg; Saccharomyces 
cerevisiae, http://en.wikipedia.org/wiki/File:S_cerevisiae_under_DIC_microscopy.jpg; Anolis carolinensis, 
http://en.wikipedia.org/wiki/File:CarolinaAnole_redThroat_expanded.jpg 
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was statistical information on the 
number of amino acids in secondary 
structure and loop elements, even 
the few successes reported are 
remarkable and may constitute a 
starting point for more complete 
definition of the sequence space of 
increasingly complex proteins. Thus 
researchers can now leverage the 
abundance of both sequence and 
structural information to create novel 
proteins. 

Re-designing protein oligomeric 
states 

The propensity of some proteins to 
self-assemble into higher-order 
oligomers is well-documented and 
may be either vital to protein function 
or a non-essential evolutionary 
vestige. Nonetheless, tuning only the 
oligomeric state of a protein without 
altering other chemical or biophysical 
properties has proven challenging. 

Over the last two decades, genetic 
fusion of fluorescent proteins to 
proteins of interest has become an 
integral tool in the analysis of gene 

expression and protein localization 
within living cells (Figure 4). Emerging 
imaging techniques require even 
more diverse varieties. Despite 
continuing discovery of new 
fluorescent proteins from natural sources, these 
proteins are often multimeric, which may alter the 
behaviour of the fused protein of interest. A common 
initial step in re-designing monomeric fluorescent 
proteins is the introduction of unfavourable 
electrostatic interactions at the oligomer interfaces. 

Examples include the original mFruit series19, the 
bright green monomeric vivid Verde fluorescent 

protein (mVFP)20 and the very recent yellow 

mPapaya121. Frequently, creating fluorescent protein 
monomers is accompanied by a decrease in 
fluorescence intensity. Native-like fluorescence 
properties are subsequently restored by directed 
evolution. 

8

One of the earliest examples of re-designing a 
protein’s oligomeric state for therapeutic use was the 
creation of monomeric insulin analogues. Insulin is 
physiologically active as a monomer, but refrigerated 
storage at high concentration results in the formation 
of insulin hexamers. Thus to create rapid-acting insulin 
analogues, researchers focused on designing 
mutations that would disrupt the interfaces between 

hexamer subunits22. Conversely, next-generation 
insulin analogues are designed to stabilize the 
hexamer and even organize higher-order assemblies 
of hexamers. In this case, the goal is to promote 
storage of insulin in a stable bodily reservoir, which 
slowly releases monomers and provides a basal insulin 

Figure 4. Fluorescent proteins in pets. Three types of zebrafish that each express a 
different coloured fluorescent protein. These fish are available for purchase through 
GloFish®, a trademarked company selling genetically modified fish to pet stores across 
the USA. Photo retrieved on 13 January 2014 from Wikimedia Commons: 
http://en.wikipedia.org/wiki/ File:GloFish.jpg 
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level for long-term blood sugar control23. 

Expanding the functional repertoire: non- canonical 
amino acids in protein design 

Although natural proteins carry out a wide variety of 
reactions, the desire for proteins with additional 
chemistries has inspired many laboratories to 
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integrate non-canonical amino acids into proteins. In 
the 1950s, Cohen and co-workers discovered that 
auxotrophic bacterial strains can incorporate 
analogues of the canonical amino acids into proteins 

if the analogues are provided in the growth media24. 
This method replaces all instances of a particular 
amino acid in a protein and was instrumental in the 
development of anomalous diffraction protein 
structure determination methods, where a methionine 
residue is replaced by its analogue 

selenomethionine25. More recently, Tirrell and co-
workers have further developed this technique to 
perform innovative time-resolved studies of 

mammalian cell protein biosynthesis26 using non-
canonical amino acids for protein purification. 
Although this technique is powerful at the proteome 
scale in vivo and does not require specific sequence 
information, it does not provide amino acid-level 
resolution for teasing out physicochemical details of 
individual proteins. 

Site-specific non-canonical amino acid incorporation 
into proteins began in 1989 using in vitro amber stop 
codon suppression, a method that introduces a non-
canonical amino acid only in response to amber stop 
codons. In vivo prokaryotic and eukaryotic amber 
suppression systems were a major step in expanding 
the scale and accessibility of this approach, requiring 
extensive development of orthogonal tRNA–tRNA 

synthetase pairs27. To date, non- biological 
chemistries including bio-orthogonal cross- linking 
(e.g. ketones and azides) and light-responsive (e.g. o-
nitrobenzyl) functional groups have been 
incorporated into proteins. More recently, genomic 
and metabolic manipulation of Escherichia coli has 
allowed incorporation of phosphoamino acids into 

proteins28,29. The advent of completely recoded E. 
coli with no amber stop codons in the genome 
provides a promising platform for continued 
developments in site-specific non-canonical amino 

acid incorporation by amber suppression30. 

Protein–protein interaction design 

The ability to recognize a specific protein in a 
complex mixture has a wide range of research and 
clinical applications. Although antibodies have 
historically been the ‘gold standard’, recent 
developments in protein design have demonstrated 

Figure 5. Protein-based nanomaterials. (a) TPR–peptide hydrogel 

formation37. TPR arrays are shown as cylinders. The dark blue 
segments of the array are TPR modules that interact with peptides 
while the light blue segments are non-binding ‘spacer’ modules. 
The PEG-peptide component is indicated as a four-armed star. Red 
ovals are the peptides and black lines are the PEG chains. A 
mixture of PEG-peptides and TPR arrays forms gels at low ionic 
strength and dissolves at high ionic strength. A picture of an actual 
TPR–peptide gel is shown above the illustration. (b) Light-reversible 

nanocages38. The protein octamer is illustrated as an eight-part 
grey cylinder (four parts visible). The light-responsive cross-links 
between octamer subunits that close (left-hand panel) and open 
(right-hand panel) the nanocage upon illumination are 
represented by red and green circles respectively. (c) SpyTag–

SpyCatcher non-linear protein topologies40. The blue lines indicate 
any protein of interest, the green triangles are SpyTags and the pink 
crowns are SpyCatchers. The location of the SpyTag within a larger 
fusion protein controls the final geometry of the SpyTag–
SpyCatcher complex. 
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the feasibility and advantages of designed protein 
recognition modules as replacements for antibodies. 
In fact, several such designed proteins are currently in 
clinical trials for treatment of various cancers through 

inhibition of signalling pathways31,32. 

Owing to the heterogeneous nature of protein– 
protein interfaces, many different scaffold proteins 
have been explored for designing high affinity and 
specificity protein reagents. A spectrum of 
randomization and selection strategies have proven 
invaluable in the creation of novel protein–protein 
interfaces. At one extreme, unbiased mutagenesis of 
the whole protein does not require detailed structural 
information, but requires numerous rounds of 
screening/selection, as most mutations will not 
increase binding affinity for the target. At the other 
extreme, site-specific mutagenesis requires detailed 
knowledge of the protein–protein 

interface and despite our current understanding of 
protein–protein interactions, the likelihood of rationally 
creating a new favourable interaction is quite small. 

Many groups have adopted strategies between these 
two extremes: focused combinatorial mutagenesis of 
protein–protein interfaces followed by 
selection/screening to identify library members with 

high affinity and specificity for a novel target33,34. For 

instance, Cortajarena et al. 35 completely 

randomized seven amino acids (library size ~9×108) 
on the TPR2A-binding interface and selected TPR 
proteins that binds the C-terminal peptide of Dss1. 
Similarly, Plückthun and co-workers have randomized 

up to 18 surface positions (library size up to 1023) in 
consensus ankyrin repeat proteins (DARPins) and 
selected DARPins that bind a wide variety of cellular 

targets36. A significant advantage of designed 
proteins over antibodies is their ability to function in 
vivo. 

Theoretical library size is a key determinant in the 
affinity, specificity and understanding of molecular 
recognition processes gained from protein–protein 
interaction designs. Although library sizes that exceed 
the capacity of screening and selection techniques 

(>1012) often still yield proteins with the desired affinity 
and specificity, they rarely identify consensus binding 
sequences because only a small fraction of the 
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theoretical library sequences are represented in the 
actual library. On the other hand, more targeted 
approaches do not explore as much protein 
sequence space, but allow more thorough 
exploration of that space to identify consensus 
sequences for particular protein–protein interactions. 

Nanomaterials 

Nanotechnology requires the precise manipulation of 
matter at the molecular level for medical, industrial 
and research applications. As proteins are already 
naturally ordered nanoscale devices, protein design 
has played a pivotal role in the growth of this 
emerging field. 

An important facet of nanotechnology is the 
development of stimuli-responsive nanomaterials. In 

one example, Grove et al.37 created ionic strength- 
dependent self-assembling hydrogels by constructing 
multivalent TPR proteins and interacting peptides that 
formed non-covalent cross-links upon mixing (Figure 
5a). They demonstrated that these hydrogels can 
encapsulate both small molecules and proteins at low 
ionic strength and subsequently release the molecules 
when the electrostatic TPR–peptide interaction is 
disrupted at high ionic strength or low pH. 

Another example is the construction of a photo- 
switchable nanocage by cross-linking subunits of an 
octameric group II chaperonin that undergoes large 

conformational changes upon substrate binding38. 
Cysteine residues were introduced at the subunit 

interfaces and cross-linked with the photo-reactive 
molecule azobenzene. Now, instead of responding to 
substrates, the engineered chaperonin opens and 
closes reversibly in response to light and is able to 
encapsulate and release molecular cargo (Figure 
5b). Such re- design of natural macromolecular 
assemblies has great potential in the development of 
new protein machines that reversibly react to light. 

Another development in nanoscale protein materials 
is the discovery and application of rare non-linear 
protein topologies for assembling increasingly 
complex structures. One such system was recently 
developed from the Streptococcus pyogenes 
fibronectin-binding protein FbaB, which post-
translationally forms a spontaneous internal isopeptide 
bond between sequence-distant parts of the protein. 
Dissection of the protein between the reactive 
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residues and sequence optimization yielded two 
protein fragments, termed SpyCatcher and SpyTag, 
which spontaneously form the isopeptide bond when 

fused to other proteins39. Non-linear protein 
topologies can thus be created by mixing different 
linear combinations of SpyTag and SpyCatcher 
(Figure 5c). Such topologies redefine the limits of 
protein engineering by offering a viable alternative to 
chemical synthesis for creating branched multivalent 

protein species40. 

The future of protein design? 

The few examples we have touched upon in the 
present article illustrate the vast range of new proteins 
and protein-based materials that can be created 
using design approaches. What might the future hold 
for protein design? Here are some exciting new 
ventures for future protein designers: 

• designed protein modules as cheap, robust 
antibody replacements for both diagnostic 
and therapeutic applications in resource-poor 
settings; 

• mixing and matching protein targeting and 
catalytic modules for transport of any cargo to 
a specified cell type; 

• increased efficiency of the photosynthetic 
enzyme ribulose-1,5-bisphosphate 
carboxylase/oxygenase (Rubisco) to increase 
the rate of photosynthesis and thereby 
increase plant matter production for food and 
energy; 

• smart stimuli-responsive biomaterials that can 
differentiate between cell states and 
selectively deliver molecular cargo to 
diseased cells; 

• protein support matrices with tuneable stiffness 
for supporting differentiation of stem cells into 
multiple cell types; 

• ‘artificial vaccines’ that use protein 
nanoparticles to carry multiple copies of 
peptide/protein antigens for enhanced 
recognition by the immune system. 
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