
Call for student travel award applications

 Southern Blot 

March 2014 

Another summer has flown by – or perhaps I should say “summer”, for 
those of us here in Dunedin. After the usual hiatus associated with the 
festive season, your NZSBMB committee is swinging back into action on 
a number of fronts. First, planning is well under way for our 2014 Annual 
Conference. This will be held jointly with the NZ Microbiological Society, 
and it will take place in Wellington on 18-21 November. The theme of 
the conference is “Molecules and Microbes: more -omic than ever?” It 
promises to be packed full of topical and exciting science…so keep 
an eye on the nascent website (http://nzms2014.org.nz/) for more 
information, and mark your calendars now!  
 
The Society will also be represented at the 2014 Queenstown Research 
Week, where we will continue our (one year old) tradition of sponsoring 
the student poster prizes. The first flyer for that meeting is reprinted 
elsewhere in this issue. Not only that, but we will have a strong 
presence at this year’s New Zealand Structural Biology meeting 
(http://biochem.otago.ac.nz/StructuralBiology). It is the International 
Year of Crystallography – celebrating the centenary of Lawrence and 
William Bragg launching the field of X-ray crystallography. These days, 
many of us take it for granted that our favourite protein (or its close 
relative) will be in the PDB…but come along to the meeting to learn 
what’s at the leading edge of structural biology in 2014. 
 
As I have mentioned previously, NZSBMB has 
recently strengthened its ties with the 
Federation of Asian and Oceanian Biochemists 
and Molecular Biologists. I encourage you to 
check out this year’s FAOBMB Conference 
(http://bmb2014.sinica 
.edu.tw/), and to consider applying for the 
fellowships and awards that are advertised on 
page 3 of this newsletter. In addition, our 
colleagues in the Nepal Molecular Biology 
Society are looking for capillary DNA 
sequencers. If you (or your Department) are 
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upgrading your sequencing facility, please consider 
donating your old instrument to build capacity in 
Nepal. Contact me on the email address below if you 
are able to help. 
 
Finally, it is important to note that my term as President 
will come to an end at November’s AGM. 

Nominations will officially be called for later in the 
year. However, do feel free to contact me if you’re 
interested in taking over the reins. As your Lame Duck 
President, I’m happy to proffer endless amounts of 
unsolicited advice! 

Wayne Patrick 
wayne.patrick@otago.ac.nz 
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Awarded annually to a distinguished biochemist or 
molecular biologist, based on work carried out 
predominantly within the FAOBMB region. The work 
should reflect excellence of scientific contributions to 
the field and sustained research productivity.  
 
The award winner will receive the award and citation 
from the FAOBMB President and present his or her 
work as the FAOBMB Lecture in a plenary session at 
the Annual FAOBMB Meeting. The award winner will 
also receive complimentary registration for the Annual 
FAOBMB Meeting as well as receiving an award, an 
honorarium and travel/accommodation allowance. 

The FAOBMB Entrepreneurship Award is given 
triennially to a biochemist or molecular biologist, in 
recognition of outstanding achievement in 
entrepreneurship in biochemistry or molecular 
biology, especially innovation and creativity in 
research or technology, and their translation to 
broader aspects.  
 
The recipient will present his/her work in a suitable 
forum at the annual FAOBMB Meeting, at which the 
recipient will receive complimentary registration. The 
award winner will also receive an honorarium and 
travel/accommodation allowance. 

Guidelines and nomination forms for both awards can be obtained from http://faobmb.net/p2-awards-0.asp.  

Nominees/Applicants must be members of a constituent Society or Group within FAOBMB (ie the NZSBMB) with 
at least 2 years of continuous membership immediately prior to the nomination.  

Applicants need to be nominated by two other members of the NZSBMB. Any enquiries about the application 
process should be directed to Dr. Wayne Patrick (wayne.patrick@otago.ac.nz). 

Award Nominations 

Apply for the next NZSBMB travel award round  

Do you want support for your next 
conference overseas? 

The March 2014 round of conference travel awards is now open.  
  
As in previous years, Student Travel Awards are available to support travel to any international conference. Awards are up 
to NZ$1000 each, and are intended to assist post-graduate students to attend their first conference outside New Zealand. 
There are two rounds of student travel awards each year. 
 
In addition, we are now offering a new category of award - the Early Career Travel Award. This is in conjunction with the 
Biochemical Society (UK), and it is 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. 
  
Details of the awards, and the application form, are available at http://nzsbmb.science.org.nz/awards.html. 
  
Completed application forms and letters of recommendation should be emailed to the Secretary, Dr. Kerry Loomes 
(k.loomes@auckland.ac.nz). The deadline for receipt of applications is 5pm on 31 March, 2014. 

Students and New Post-docs!  

FAOBMB Award for Research 
Excellence 

FAOBMB Entrepreneurship Award 
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New Zealand Society for Biochemistry and Molecular Biology 

Membership Fees Due 

Annual membership fees are now due. The membership form can be 
downloaded from http://nzsbmb.science.org.nz/join-us.html 

It looks as though paid-up members are likely to get a discount of ~$100 on 
their registration for the Wellington conference...so really, it pays to belong! 

We are excited to invite you to Hanmer Springs for the New Zealand Structural 
Biology Meeting, to be held from Monday June 30 to July 2 2014.  We trust that 
the alpine setting will prove the perfect foil to an exciting scientific program, as 
we celebrate the International Year of Crystallography and the host of 
techniques used to tackle structural questions. The meeting will be of interest to 
three-dimensionally inclined biologists as well as diehard structure-philes alike, 
and will have a strong trainee focus. 

 

Abstract submission and registration will open shortly, but until then feel free to 
visit  http://biochem.otago.ac.nz/structuralbiology/home.html or email us at 
structural.biologynz@gmail.com for more information.  
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Meet  
the  

Scientist 
Dr Helen Fitzsimons 

Institute of Fundamental Sciences, Massey University,  
Palmerston North 

Describe your research in one sentence. 
Investigating the molecular mechanisms of 
memory formation, specifically the role of 
histone deacetylases. 
 
What gets you up in the morning?  
My cat, he wakes me up by curling up on my 
head to tell me it’s breakfast time. 
 
What are you doing right now? 
Waiting outside my daughter’s drama class. 
 
Do you know your h-index? 
Yes 
 
What bit of research has caught your eye 
recently? 
Some research that showed why naked mole 
rats don’t get cancer. They’re so fascinating 
- I did some more reading and in the process 
I learnt a whole lot of useless facts about 
them, for example they can move their two 
front teeth individually like chopsticks.  
 
How did you get into science?  
It was my favourite subject at school, so I just 
always knew I’d do something related to 

science. Then I had a great seventh form 
biology teacher who inspired me to study 
genetics. 
 
What would you have done if you didn’t go 
into science? 
That’s hard, I don’t really know. When I was 
younger I considered being a vet but that 
was before I realised it wasn’t all cuddling 
kittens and puppies all day. 
 
What do you consider to be the highlight of 
your career so far? 
Being integrally involved in a clinical trial for 
gene therapy of Parkinson’s disease was a 
real highlight – it felt great to know that my 
research improved the quality of some 
individuals’ lives.  But I’d say that establishing 
my own research group was a bigger 
personal achievement. 
 
If you were stranded on a desert island, what 
three biochemicals and/or biochemists 
would you want with you? 
Water and glucose – to keep me alive till the 
rescuers arrived (I am getting rescued, 
right?), and zinc oxide – otherwise the sun 
would fry me to a crisp. 
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Introduction 
G protein-coupled receptors (GPCRs) 
constitute a large family of around 800 
genes in humans [1]. They are essential 
elements of cellular communication. GPCRs 
are located on the surface of cells and 
trigger signalling when their specific ligand 
engages with and activates them. These 
ligands range from small inorganic molecules 
such as Ca2+ to large glycoprotein hormones 
such as follicle stimulating hormone. The 
bodily functions they control are equally 
diverse.  
 
New drugs targeting GPCRs are approved 
by the US Food and Drug Administration 
each year, adding to the scores of 
medicines that already exploit these 
receptors to exert their beneficial effects. 
However, there are many more GPCRs for 
which drugs are yet undeveloped [2]. In my 
laboratory, we focus on a subclass of GPCRs 
– the class B GPCRs for peptide hormones - 

that hold great 
promise for 
conditions including 
migraine and 
obesity. 
 

Molecular and signalling insights for 
class B GPCRs:  
towards new therapies for obesity 
and migraine 

Debbie L Hay 
School of Biological Sciences and Maurice Wilkins Centre for Molecular Biodiscovery,  

The University of Auckland, Auckland, New Zealand 

NZSBMB Custom Science Award Article 

Obesity and the amylin receptor(s) 
Stories of the health and economic problems 
associated with excess body weight are rife, 
yet each year the statistics reported are less 
favourable (International Diabetes 
Federation). With a substantial cost per 
patient to manage just one of the 
consequences of obesity - type II diabetes – 
major interventions are required to minimise 
the impact of a fat future for New Zealand. A 
blend of healthy diet with plenty of exercise 
is the heralded as the solution, but this is an 
ideal that is not always easy to achieve. In 
extreme cases, gastric surgery offers 
incredible weight loss, but this is a drastic 
measure and patients frequently need to 
lose some weight first before surgery can be 
considered safe[3].  
 
The quantity we eat has many contributing 
factors. Hunger hormones are challenged by 
others that terminate eating. Alongside 
these, reward circuitry in the brain makes 
eating a pleasurable experience. One way 
that achieving a healthy body-weight can 
be given a helping-hand is by providing an 
exogenous source of meal-terminating 
hormones [4]. These could be given alone, or 
in a relevant combination, to achieve the 
desired effect. One of these that shows 
particular promise is the hormone amylin [5]. 

Contact: 
Debbie L Hay 
dl.hay@auckland.ac.nz 
09 373 7599 ext88229 
School of Biological Sciences, 
The University of Auckland, 
Thomas Building, 
3A Symonds Street, 
Auckland 1142 
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When a meal is eaten, amylin is released 
from the pancreas along with another 
important hormone, insulin. Amylin circulates 
in the blood to the brainstem, where it 
activates an amylin-specific receptor. This 
event leads to slowed gastric emptying and 
a feeling of fullness. Amylin is known for its 
effects on “meal-ending satiety”. As a 
consequence of this, a close analogue of 
amylin – pramlintide – has been trialled in 
humans for the treatment of obesity. The 
hormone is efficacious in this setting. For 
example, when offered a buffet meal, 
subjects who have been given pramlintide 
eat less [6]. Over time, pramlintide therapy 
leads to significant weight loss. This effect is 
particularly prominent in combination with 
leptin [7]. These studies can be considered 
“proof-of-concept”, using multiple daily 
injections of pramlintide to achieve benefit. 
For long-term anti-obesity therapy, more 
practical and patient-friendly amylin mimetic 
therapies would be preferred. 
 
In my laboratory, we research the class B 
amylin receptors [8]. By gaining greater 
knowledge of precisely where they are 

expressed in the brainstem, the molecular 
architecture of the receptor, which cellular 
signals amylin triggers and specifically how 
amylin engages with the receptor, we 
anticipate that there will be good progress in 
the clinic for this class of therapy (Figure 1). 
Most GPCRs comprise only this type of 
protein but amylin receptor functional units 
are the GPCR and an additional protein – a 
receptor activity-modifying protein (RAMP). 
There are three distinct RAMPs, which when 
combined with the GPCR – the calcitonin 
receptor (CTR) – yield different subtypes of 
amylin receptor (Figure 2) [9]. The CTR can 
be alternatively spliced, leading to many 
other possible subtypes of amylin receptor 
when combined with the RAMPs [10]. We 
have characterised many combinations of 
these receptor components to determine 
relative responsiveness to amylin and related 
molecules. This work has revealed: 

• the receptor pharmacology or 
pramlintide [11] 

• that rat and human receptor 
pharmacology is subtly different [12, 
13] 

Figure 1. The overall architecture of a typical class B GPCR, showing the peptide in yellow, binding to the large 
extracellular domain and the transmembrane domains. By understanding each of the aspects listed, drug 
discovery for these receptors is accelerated. 
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• the !47 splice variant of the calcitonin 
receptor interacts with RAMPs despite 
lacking 47 amino acids of its N 
terminus [14] 

• A key residue in RAMP1 for amylin 1 
receptor activity [15] 

We are now refining a model for how 
calcitonin and amylin interact with their 
receptors and are working in collaboration 
with Maurice Wilkins Centre researchers to 
develop novel amylin analogues. We have 
also begun to characterise amylin receptor 
expression and pharmacology in rat and 
human brainstem. 

Migraine and neuropeptide pharmacology 
Migraine is an incapacitating neurovascular 
disorder that affects at least 1 in 10 New 
Zealander’s [16]. This widely misunderstood 
and underdiagnosed condition results in 

major economic losses each year as work 
schedules are disrupted [17]. This impact 
clearly shows that the current treatment 
options are not sufficient. Two neuropeptide 
systems have garnered attention as new 
avenues for migraine therapy.  
 
Calcitonin gene-related peptide (CGRP) is 
the most advanced of these [18]. CGRP 
concentrations in the blood rise during a 
migraine and infusion of CGRP into migraine 
sufferers triggers migraine. Much work has 
been done to develop small molecule 
antagonists of the class B CGRP receptor, 
resulting in some success in clinical trials. 
Currently monoclonal antibodies against 
CGRP or its receptor are being pursued as 
possible preventative migraine medicines 
[19]. We have done considerable work on 
CGRP pharmacology and reported: 

• that small molecule CGRP receptor 

Figure 2. The molecular composition of the amylin receptors. The class B calcitonin receptor, combines with 
each RAMP to create unique amylin receptors. We are trying to determine which of these receptors is the most 
important for amylin actions. 
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Job vacancies  
 Take advantage of our nationwide membership and send us the details of any upcoming vacancies in 
your lab. We will include your ad in the next issue of Southern Blot. 

 

Your favourite biochemical technique or protocol  
 Have you stumbled across a new, nifty technique that you’d like to share? Summarise it in a page or less 
and share it with us. 

 

Please email your content and ideas to: miriam.sharpe@otago.ac.nz. 

Wanted:  
for the next edition of Southern Blot 
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NZSBMB Student Travel Awards: 
Conference Reports 

The symposium was held in Lorne, a seaside town 
situated on the Great Ocean Road in Victoria, 
Australia. This annual event was organised by the 
Australasian Proteomics Society (APS). The 19th 
symposium was kicked-off with a pre-symposium 
workshop held at Bio21 Institute, Melbourne, Australia. 
The workshop, conducted by Professor Donald Hunt, 
provided a better understanding on electron transfer 
dissociation (ETD) mass spectrometry through the 
extensive practical exercises on ETD mass spectra 
interpretation. The symposium focused mainly on 
proteomic applications and technologies in the 
interactome, post-
translational 
modifications, and 
disease or clinical 
research. There were 42 
talks, divided into 10 
sessions, by established 
researchers which 
included Professor Donald 
Hunt, Professor Helmut 
Meyer, Professor Peter 
Hoffmann and Professor 
Marius Ueffing. In addition 
to that, 83 posters were 
presented largely by post-
doctoral researchers and 
graduate students in two 
sessions. Graduate 
students were also given a 
great opportunity to 

19th Lorne Proteomics Symposium  
Lorne, Victoria, Australia 

February 2014 

Benjamin Lau Yii Chung  
AgResearch Lincoln Science Centre, Lincoln University  

and Malaysian Palm Oil Board  

interact with the invited speakers through the Student 
of APS dinner and the rest of the researchers during 
the APS carnival. One of the most interesting features 
of the symposium was the Lightning Talks sessions 
where each of the 12 presenters had to give an 
overview of their works in three minutes.  

In the conference, I was selected to participate in the 
Lightning Talks and also displayed a poster entitled 
‘The chromoplast proteome of oil palm fruit’. The 
works that were presented in both the talk and poster 
were essentially regarding the first functional 
description of the oil palm (Elaeis guineensis var. 

Tenera) chromoplast 
proteome. In addition to 
that, I also reported the 
differential expressions of 
the chromoplast proteins 
from two oil palm varieties, 
as revealed by gel-based 
and non-gel based 
proteomic approaches. 
Our focus is to understand 
the regulation mechanism 
of fatty acid production, 
specifically, the oleic acid, 
in oil palm. The relative 
abundance of enzymes 
associated with fatty acid 
biosynthesis suggests that 
the regulation network 
exists. Hence, post-
translational modifications 
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Cell Biology of Yeasts  
Cold Spring Harbor Laboratory 
New York, USA 
November 2013 

 

The Cell Biology of Yeasts Meeting from Cold Spring 
Harbor Laboratory (CSHL) is held every 2 years in 
beautiful Cold Spring Harbor, near New York. Thanks 
to the NZSBMB student travel award, and financial 
support from the Marsden Fund and CSHL, I was able 
to attend the 2013 meeting. CSHL is an astonishing 
campus. It has impressive buildings and art sculptures. 
Amongst my favorites are the double helix sculpture 
located in the Grace auditorium; and the Waltz of the 
Polypeptides 
(see pictures 
next page). 
CSHL is full of 
historical 
significance 
being the 
birthplace of 
cutting edge 

research such as the discovery of transposable 
elements (among other contributions) by Barbara 
McClintock, and harboring the laboratories of 
influential investigators like James Watson. 

Last year’s conference included sessions on nuclear 
structure and function, cytoskeleton and cytokinesis, 
stress response and signaling, mating and meiosis, 
and, particularly relevant to my research, a session on 
chromosomes and mitosis. From mathematical 

modeling to 
biochemistry, 

genetics, 
and 

proteomics, 
there were a 
great variety 
of speakers 
who shared 

Daniela Quintana  
Institute of Natural and Mathematical Sciences  
Massey University, Auckland 

are anticipated to be one of the regulators of the 
fatty acid biosynthesis. The feedback for my talk was 
very positive and this encourages me to give an oral 
presentation in my future conferences. 

The participants of the 19th Lorne Proteomic 
Symposium would agree that the main attraction was 
the APS carnival. The carnival enabled us to interact 
in a casual environment accompanied by live music, 
carnival themed food and entertainment. However, 
personally, I reckoned the highlight was the workshop 
conducted by Professor Donald Hunt. It was a must-
attend workshop for those researchers working on de 
novo ETD peptide sequencing. It is very unfortunate 
that there was not any talk on plant proteomics in this 
symposium. Only four posters presented were plant-
related. Nevertheless, I managed to talk to some of 

the invited speakers and learnt a few things regarding 
biomarker discovery in diseased tissue from Professor 
Helmut Meyer and Professor Tai-Long Pan. I believe 
that as a PhD student, we should not limit ourselves in 
terms of our research disciplines. For example, talks on 
proteogenomics were quite enlightening and present 
new ideas for my future work.  

Overall, the symposium was well organised and 
presented a good platform for post-doctorate and 
graduate students alike to look for research ideas and 
collaboration opportunities. Future symposiums should 
include more research on plants using existing and 
emerging proteomic techniques. Once again, I am 
grateful to NZSBMB for providing the travel award for 
me to attend this symposium. 



 14 Southern Blot    March 2014 

their current research on yeast, including Nobel 
Laureate Sir Paul Nurse. However, most of the 
presentations were by graduate students, since the 
participation of students is highly encouraged in this 
meeting. I had the opportunity to present a poster on 
my PhD project, “The ribosomal DNA repeats and their 
impact on chromosome segregation”. My research 
involves the use of the budding yeast Saccharomyces 
cerevisiae as a model to understand the mechanism 
of chromosome segregation at the genomic regions 
containing the ribosomal DNA repeats (rDNA). With 
the use of a chromosome loss assay, we are able to 
measure the rate at which errors in chromosome 
segregation occur, and we measure these in strains 
with different genetic modifications at the rDNA. We 
have evidence for the potential involvement of 
Fob1p, a replication fork block protein, in 
chromosome segregation of the rDNA-containing 
chromosomes and we are now focusing on 
identifying the mechanism(s) behind this involvement. 
It was a very successful poster session, as it was 
supposed to last only a couple of hours, but it 
extended to almost 4. I arrived to the poster session 
almost an hour early to setup my poster thinking I 
would setup and have a break before starting, but I 
never got a chance to leave my poster until after the 
end of the session. And even after I took a short 
break, I came back a few minutes later to pick up my 
poster and was hooked again talking about it! If it 
weren’t for the programmed social events and dinner 
being served shortly after, I probably could have 
been there all night. 

I had the chance to meet some great researchers 
and graduate students from around the world. And I 
was also very fortunate to meet and dine with Dr 

Bruce Stillman during the conference 
lobster banquet dinner. Dr Stillman is the 
President of Cold Spring Harbor 
Laboratories and a pioneer in research on 
DNA replication in eukaryotes. I was lucky 
enough to be at the end of the queue to 
be seated for the banquet dinner and since 
all seats were taken at the general area, 
me and a few other students were offered 
a place at Dr Stillman’s table. We talked 
about research and he told us about his 

journey into research and into CSHL from his native 
Australia. He speaks passionately about science and 
he was very encouraging when we shared our 
research goals and aspirations. 

Attending this conference was particularly of great 
research value to me, as it allowed me to hear about 
current research yet to be published from prestigious 
scientist. It was a stimulating and inspiring experience 
and I was also able to share research ideas and 
received great feedback from my work. Overall this 
meeting was filled with interesting research, it was 
held in a beautiful and relaxing setting and social 
events, food and accommodation were amazing. 
This event combines the advantage of having access 
to current research findings shared with a remarkable 
opportunity of personal interaction amongst scientists, 
leading to establishing networks that increase the 
value of the research. I highly recommend this 
meeting for all the yeast researchers out there! 
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Protein crystallography is one of the great intellectual achievements of the 20th Century, 
and it continues to open up new vistas of research as scientists are able to visualize in 
exquisite detail the molecules of Life. It has become increasingly apparent, however, that 
not all proteins are amenable to crystallographic analysis. These include (but are not 
confined to) proteins with functional flexible segments, glycoproteins and intrinsically 
disordered proteins. There are also proteins that, although rigid and folded, refuse to 
crystallize as an entire full-length construct, and hence high-resolution information has to be 
pieced together domain by domain. It is into this space that small-angle scattering is 
increasingly being used as the technique of choice with regard to attainable structural 
information. 

Small-angle scattering (SAS) is generally performed 
using either X-rays (SAXS) or neutrons (SANS). Both are 
highly applicable to protein systems, and both have 
strengths and weaknesses with regard to analysis of 
these difficult protein structural problems. SAS has a 
long and venerable history in the polymer and 
materials field1 which has been summarized in 

multiple volumes covering 
both the practicalities and 
theory2–4. These can be 
daunting to the new user 
who simply wants to know 
how to perform a SAS 
experiment, what materials 
are required and what the 
resultant data actually tell 

them about their system of interest. 

SAS: the basics 

When X-rays are diffracted by a protein crystal, the 
characteristic diffraction patterns arise from 
constructive interference between planes of 
molecules, leading to the structure factors from which 
electron-density maps are eventually calculated. 
There is also an angular dependence to the 
scattering that is due to the intra-molecular scattering 
within molecules, known as the form factor. If now the 
crystal is dissolved, then the orientation between 
molecules becomes random, and structure factors 
and form factors become rotationally averaged (see 
Figure 1). As the structure factors represent the inter-
molecular scattering between different molecules, 

A relationship of ever-increasing interest 



 17 Southern Blot    March 2014 

and the form factors represent the intra-molecular 
scattering from individual molecules, hence upon 
dilution, the structure factor information disappears, 
whereas the form factor information remains. It is this 
latter quantity that is measured typically in biological 
SAS experiments and gives information about the size 
and shape of protein molecules in solution. 

What does a SAS curve actually represent? 

Typically, SAS data show a very sharp drop-off with 
angle so the data is often displayed logarithmically on 
the y-axis. The x-axis is displayed as magnitude of the 
scattering vector denoted s and Q (in some older 
literature the term ‘h’ is used). Formally, s=2sinq/l, 
where q is half of the scattering angle, i.e. the angle 
of scattering is 2q, and l is the wavelength of the 
radiation used. The second term is Q=4!sinq/l: the 
extra 2p term is simply a mathematical expediency 
added to make any subsequent Fourier transform 
more straightforward. Displaying data on this scale 
normalizes it for instrument-dependent detector 
distances and angles, as well as wavelength, thus 
creating a common comparable scale between 
experimental datasets. Confusingly, in some of the 
literature the terms s and Q are used interchangeably, 
and can be in units of either reciprocal angstroms or 
reciprocal nanometres. As long as the investigator is 
aware of this, confusion (usually) doesn’t occur, and 

the data are subsequently interpreted correctly. 

Figure 2a shows typical data for a SAXS experiment. 
As can be seen, moving to higher values of Q means 
that  shorter vectors within the molecule are sampled. 
At wide angles (Q>0.6 Å−1), the scattering form 

Figure 1. (a) Diffraction between planes at critical angles leads to 
constructive inference and hence to distinctive diffraction spots 
seen in crystallography. There is also an angular dependence to 
the scattering due to the form factor of each molecule which is 
related to its intrinsic shape. (b) Intramolecular scattering leads to 
the form factor of the molecule, which is related to its shape. 
Intermolecular scattering leads to the structure factor, which is 
related to the intermolecular distances between molecules in 
solution. 

Figure 2. (a) SAS data for a protein showing the distance ranges that correspond to structural features in the molecule. (b) Guinier plot of 
ln(intensity) versus Q2. The slope is equal to –Rg2/3, where Rg is the radius of gyration of the molecule. The intercept at Q=0 is proportional to 
the molecular mass of the molecule. (c) The Fourier transform of the data in (a) gives the p(R) plot, which is the histogram of the distances 
between the scattering centres in the molecule (electrons for X-rays and nuclei for neutrons). The intercept at y=0 is the longest distance in 
the molecule. 
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secondary structure elements. For most proteins, the 
scattering here is very similar due to the rotational 
averaging, hence there is an intrinsic limit to the 
amount of information that can be extracted from 
SAS analysis. How this limit relates to the resolution and 
information content has been set out more formally5, 
and should be taken into account so as not to over-
interpret the results of SAS experiments. 

Two quantities that can be obtained straightforwardly 
from the SAXS data are the molecular mass and the 
radius of gyration (Rg). The first is related to the 
forward scattering, i.e. the scattering at zero angle, 
I(0), and is calculated typically from comparison with 
standards of known molecular mass and 
concentration. The second, Rg, formally the weighted 
sum of the magnitudes of all of the vectors in the 
molecule, is an intrinsic quantity of the molecule 
relating to its shape and how it varies from an 
idealized sphere: parameters such as sedimentation 
and diffusion coefficient or frictional ratio give similar 
information. It is typically determined from the slope of 
a Guinier plot of ln[I(Q)] versus Q2, Figure 2b shows a 
typical plot for a set of protein samples. Changes in Rg 
are useful probes of conformational change upon 
small- molecule binding6, and have also been used to 

probe protein folding transitions7. 

A Fourier transform of the SAXS data produces the 
p(R) plot (Figure 2c), which is a histogram of 
magnitudes of the scattering vectors in solution. This 
distribution has notable characteristics: the Rg can be 
calculated from its second moment, and the longest 
distance in the molecule can be measured by the 
intersection at y=0. It is here that one can see both 
the power and drawbacks of SAS analysis: it is possible 
to determine with a high degree of confidence the 
number of vectors in a molecule between, say 20 and 
30 angstroms, but because we only have access to 
their magnitude, it is impossible to say in which 
direction in three dimensions they are pointing. As 
such, SAS analysis should be regarded less as a low- 
resolution technique (data to sub angstrom spacings 
can be obtained), more as a low-information 
technique. 

X-rays or neutrons? 

The majority SAS experiments of proteins are carried 
out with X-rays, and SAXS is now a very common 
method of analysis for structural information. It has the 
advantage that at modern synchrotron sources data 
capture is typically approximately 1 second or less for 

Figure 3. (a) Change in solution neutron contrast (black line) with % 2H2O for a SANS experiment. The lines marked 1–4 are the typical 
changes in contrast with (i) lipids, (ii) proteins, (iii) nucleic acids and (iv) uniformally deuterated proteins. It can be seen that at certain 2H2O 
concentrations, the contrast of the solvent is equal to the contrast of one the components 1–4. Hence scattering from this component is not 
seen. (b) A two-component system where each component (red or blue) has a different neutron contrast (upper panel). If the red 
component is matched out (middle panel) then scattering is only seen from the blue component. The bottom panel shows the reverse 
situation. 
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proteins at a concentration of approximately 1 
mg/ml. As such, much of SAXS data capture at 
synchrotrons has now been automated: 
autosampling using 96-well plate technology is now 
normal, making data acquisition both fast and 
repeatable. In addition, for more heterogeneous 
samples or samples that have a tendency to self-
associate or aggregate, online HPLC systems are 
available which are capable of separating out 
individual oligomers. As such SAXS has quickly 
emerged as the predominant SAS method. However, 
it does have limitations, in that although proteins can 
be assumed to scatter as homogeneous particles, this 
is not the case for protein– DNA, protein–RNA or 
protein–lipid complexes. Here, the second 
component scatters with a different scattering power 
than the protein component; in the case of nucleic 
acids the scattering is around twice that of proteins. 
As such it is very difficult to de-convolute the 
scattering from each component. One route through 
this problem is to construct a set of realistic models to 
the data, and use the SAXS data to screen out 
models that do not fit the data. The second route is to 
use neutrons instead of X-rays. Here, each of the 
components has characteristic neutron-scattering 
lengths. The scattering length of the solvent for 
neutrons can also be changed by altering the ratio of 
2H2O to H2O in the solvent so that it matches the 
scattering length of one of the components (Figure 
3a). When this happens, the scattering from that 
component effectively disappears, and hence only 
the scattering from the remaining components is 
measured. Deuterating proteins by growing 
overexpressing cells on deuterated media also alters 
the match point meaning that protein– protein 
interactions can be probed (Figure 3b)8. SANS 
measurements are now routine; however, due to the 
lower flux for neutrons, each measurement takes 
approximately 1 hour, making throughput of samples 
much lower. However, when used appropriately it is 
capable of producing high-quality data: one of the 
first maps of the ribosome was produced prior to the 
crystal structure using a combination of deuterated 
and protonated RNA and protein subunits, and a set 
of 2H2O concentrations9. Ultimately, the choice of X-
rays or neutrons comes down to what system is being 
worked on, how stable the samples are in 2H2O, and 

ultimately what information is actually sought on the 
system under study. 

Reconstructing shapes 

The SAS curve and p(R) data already give important 
information about molecular mass, radius of gyration 
and maximum distance in the molecule, which can 
be compared with other curves under different 
conditions of salt, temperature, presence of ligand, 
etc. It can also be compared with models of 
biological feasible assemblies. However, the major 
use of SAS for biological applications is in the 
reconstruction of low-resolution shapes. The principal 
method for shape reconstruction has been based 
around the DAMMIN and DAMMIF programs10,11. Here, 
a set of beads with maximum diameter 
corresponding to the longest dimension in the 
molecule are moved around, deleted or added, 
according to whether the resultant scattering curve 
from the beads fits the data better or worse than the 
preceding round. As fitting proceeds, the penalties for 
the fit being worse than the preceding round are 
increased. Such processes, formally stimulated 
annealing algorithms, are very useful for SAS data 
where the fitting surface is intrinsically noisy, and 
hence there is a need to be able to hop in and out of 
local minima to find the global minima of the fit. This is 
now such a routine process that it is now part of the 
data analysis pipeline at many synchrotrons, taking 
only a few minutes to complete the analysis. As such 
data can easily be compared with known crystal 
structures, or models of possible, but uncrystallizable 
conformers. A caveat naturally needs to be made at 
this point: due to the ease of data capture and 
analysis, there is still the need for model validation 
and thought to go into the analysis process. The 
primary sample requirement is monodispersity, and 
this must be checked prior to measurements by 
techniques such as dynamic light scattering and 
analytical ultracentrifugation. A plot of I(0) and Rg 
versus concentration is very useful for assessing any 
aggregation process that may have occurred during 
measurement; beam damage to samples in SAXS is 
not uncommon and should always be looked for in 
the data by comparison of successive frames of data. 
A linear fit to a Guinier plot is also requirement for 
monodispersity. Finally, molecular mass estimates 
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should correspond with those known for the sample. 
Once these have been carried out, a low-resolution 
structure can be determined and then compared 
with the known crystal structure or model. It is at this 
point that SAS comes into its own as the method of 
determining true low-resolution solution envelopes of 
proteins. This information can then be used 
confidently to illuminate the particular biological 
problem under study. 

The flexible and the disordered 

One of the reasons that proteins do not crystallize is 
that they are flexible in solution and thus adopt a 
multiplicity of conformers. This flexibility can range 
from two domains connected by a short linker, to 
whole intrinsically unfolded domains. Structural 
descriptions are therefore challenging, especially as 
some unfolded proteins easily exceed the 30–40 kDa 
limit imposed by current technology for structural 
determination by NMR. Here, SAXS can make a key 
contribution in assessing possible ranges of 
conformation in solution. Large numbers of models, 
typically 104–106, can be constructed using a 
combination of known domain structures and 
energetically reasonable conformations for the 
flexible portions of the protein. Typical methods use 
reasonable conformations of dipeptides to build up 
conformers12 or molecular modelling trajectories13 to 
build up a pool of conformers. These data can then 
be interrogated to find either (i) a single most 
reasonable conformer14 or (ii) a reasonable 
distribution of conformers that fit the data12. The 
resulting distributions will give information as to 
whether there is any conformational propensity 
towards compact or extended conformations in 
solution. One promising and additional check of the 
quality of the results is confirming that the distribution 
of conformers can be compared with other 
hydrodynamic techniques such as sedimentation 
velocity analytical ultracentrifugation and dynamic 
light scattering15. Calculating parameters such as 
sedimentation and diffusion coefficient from PDB files 
is now a matter of routine16,17 and easily incorporated 
into any SAXS/SANS analysis. 

Sample requirements 

One of the most common reasons for failure of SAXS 

experiments is that lack of understanding of sample 
requirements. At a modern synchrotron source data in 
the low-angle region (Q<0.1 Å−1) is readily obtainable 

on a 50 kDa protein to concentrations as low as 0.1 
mg/ml. Exceptionally good data can be obtained at 
concentrations of approximately 0.5–5.0 mg/ml. The 
scattering of a molecule is also proportional to the 
square of the number of scatters (electrons for SAXS, 
nuclei and nuclei type for neutrons); hence larger 
molecular-mass samples will require lower 
concentrations to obtain the same quality of data as 
lower molecular-mass samples. In modern synchrotron 
set-ups, volumes of approximately 50 μl are required 

for samples, although it is often necessary to 
characterize a sample over a range of 
concentrations to check for self- association and 
aggregation behaviour. Finally, and most importantly, 
for any meaningful shape reconstruction analysis, the 
sample must be monodisperse. It is this last 
requirement that is the one that most frequently 
causes failure of experiments. Any heterogeneity to 
the sample due to impurity or aggregation will mean 
that the scattering pattern is a weighted average of 
your protein and its aggregate, which cannot be 
deconvoluted and reconstructed simultaneously 
since it is ambiguous in the p(R) plot as to which 
vectors belong to which particle. Checking for 
monodispersity of samples prior to SAS measurements 
is a relatively easy process using either dynamic light 
scattering, sedimentation velocity analytical 
ultracentrifugation or light scattering coupled with gel 
filtration columns. Access to such equipment is 
available either through national centres such as the 
hydrodynamics centre at University of Nottingham 
(www.nottingham.ac.uk/ncmh) or available in the UK 
through the Research Complex at Harwell (www.rc- 
harwell.ac.uk) adjacent to the Diamond Light Source 
and ISIS Spallation Neutron and Muon source, and 
can be accessed as part of standard beamtime 
applications. Other sources such as the ESRF in 
Grenoble and Soleil near Paris have their own 
arrangements for access. 

Conclusions and future developments 

SAS provides crucial information about the three- 
dimensional solution conformation of proteins which 
can be compared with known crystal structures and 
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models. It is a quick and relatively easy technique to 
use, although this hides the fact that interpretation of 
the data must be done with great care to check for 
monodispersity. A (non-exhaustive) list of future 
developments in the field would be based around 
better data analysis and checking of data quality, 
better shape reconstruction methods and how data 
from other techniques such as analytical 
ultracentrifugation and dynamic light scattering can 
be incorporated into the data-fitting process. Given 
these caveats, there is an obvious and increasingly 
close relationship between SAS and protein 
crystallography that points to a very healthy 
collaboration between the two techniques. 
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