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Analysis of biomolecular interactions
between plant-virus-encoded and
host proteins, and viral particles and
proteins by surface plasmon
resonance
� N. Kalinina

Being a plant virologist and dealing with the 
molecular biology of viruses, and mainly with the
biochemical properties of movement proteins (MP), 
I have never used physical methods in my research. 
The SGM fellowship gave me an excellent opportunity
to investigate interactions between proteins using
surface plasmon resonance (SPR) detection with the
BIAcore instrument at the world renowned Scottish
Crop Research Institute, Invergowrie, Dundee. I arrived
at Edinburgh airport on 5 August 2002 from Moscow,
Russia, and was given a warm welcome by Dr Lesley
Torrance, who drove me to Dundee and introduced 
me to other lab personnel.

SPR-based biosensors monitor non-covalent
interactions over time between biological
macromolecules, proteins, RNA or DNA. This approach
means that qualitative and quantitative (kinetic rate
constants) data can be obtained for the association and
dissociation of macromolecular complexes. Usually, one
reactant is immobilized on the sensor surface, which
forms part of the flow cell at the opto-interface (Fig. 1)
and the other reactant(s) in solution are injected into the
flow cell where they pass over the surface. As the
molecules interact the changes in refractive index at the
surface are detected and displayed in a sensorgram. An
advantage of this approach is that the association and
dissociation rate constants and binding affinity can be
obtained, providing an insight into the mechanisms of
complex formation under a range of experimental
conditions. SPR analysis is therefore complementary to
other biochemical and biophysical methods that help
us to understand macromolecular interactions and
their function in biological systems.

The purpose of my study was to try to estimate
interactions between viral and cellular proteins in
kinetic terms using SPR. Nobody has studied these
interactions in our area using this method. It is known
that during the cycle of viral infection there are
numerous interactions between different proteins

encoded by viral genomic RNA and viral and cellular
proteins, and between viral and cellular proteins and
virions. These physical interactions possibly have
important functions in maintaining normal infection in
plant cells and in propagating the virus in the plant. 
In Moscow, we have used different genetic and
biochemical approaches to investigate mechanisms 
of virus movement in plants. In the present study I
applied SPR analysis to estimate these interactions
quantitatively. Kinetic analysis of protein binding (viral
and cellular) is interesting from both biological and
mechanistic points of view and might be extremely
useful in understanding the mechanisms of the
different processes. 

In preliminary experiments I was interested in
qualitative data. I immobilized to the dextran surface of
CM5 and B1 sensor chips three different recombinant
proteins: 25 kDa MP of Potato Virus X (PVX); 30 kDa
MP Tobacco mosaic virus (TMV) and the cellular
protein pectin methyl esterase (PME), a cell-wall
protein that has been found to interact with the TMV 30
kDa MP. I tested their interactions with different viral
MPs, their mutants and various virus particles [PVX,
TMV, Tobacco rattle virus (TRV), Potato Virus Y (PVY)].
We found that the SPR method was suitable for
demonstrating interactions between many of these
and some examples are given below.
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ABOVE:
Fig. 1. Principle of interaction
analysis by an SPR biosensor.

TOP RIGHT:
Fig. 2. Sensorgram showing
binding of virus particles to pectin
methyl esterase (PME) immobilized
on a sensor chip.

LOWER RIGHT:
Fig. 3. Sensorgram showing
binding of Potato Virus X capsid
protein (CP) or particles to p25
immobilized on a sensor chip.
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Peninsula
Microbiology
Forum Meeting
(17 March 2003)
� Rachel Legg

As part of a new initiative
to promote microbiology 
in the UK at a regional
level, SGM and SfAM 
co-sponsored the recent
meeting of the Peninsula
Microbiology Forum at 
the Marine Biological
Association (MBA),
Plymouth. The Forum 
was set up to promote
increased co-operation
amongst microbiologists in
the south west of England.
It also aims to give young
scientists the opportunity
to present their work to
senior colleagues.

Over 40 members from a variety of microbiological
backgrounds heard the invited speakers. Professor
Nick Mann (University of Warwick) described his
discovery of viruses containing photosynthetic genes
and Dr Marina Morgan (Royal Devon and Exeter
Hospital) opened the audience’s eyes with a pictorial
and verbal account of the life of a hospital consultant.
Following lunch and poster viewing, the final guest
speaker, Dr Miguel Camara (University of Nottingham),
gave a clear overview of quorum sensing.

Throughout the day postgraduate students gave
presentations on topics as diverse as the rapid
detection of bacterial spores, determining hydrological
pathways of pathogen transfer from grassland soils to
surface waters, pandas and oil cutting degrading
halophiles. These were judged by the guest speakers
for the SGM/SfAM award for the best paper by a
microbiologist in the early stages of their career.

After a final discussion session, a very enjoyable
meeting ended with Alan Vivian (General Secretary,
SGM) presenting the Microbiology Communication
Prize of £150 cash and a certificate on behalf of both
societies. He commented on the judges’ difficulties in
selecting a winner, due to the high standard of all the
talks. The award went to Matt Hall from the Marine
Biological Association, Plymouth.

The forum would like to thank SGM, SfAM, Bio-Rad
and Thermo Life Sciences for sponsoring this event.

For further information on SGM/SfAM Joint Regional
Meeting grants, see www.sgm.ac.uk or
www.sfam.org.uk

� Rachel Legg is a postgraduate student at
the University of Exeter. 
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TOP:
The MBA, Citadel Hill, Plymouth.

MIDDLE:
From left to right: Apprehensive
postgraduate presenters James
Ascott (Exeter), Matt Hall (MBA,
Plymouth), Tracey Love (Plymouth/
CBD), Viv Collins (Plymouth/DSTL)
and David Oliver (IGER).

BOTTOM:
Matt Hall of the Marine Biological
Association receiving the
SGM/SfAM award from Alan Vivian
for his presentation on
Synechococcus and Cyanophaga
diversity during a mesocosm
experiment.

PHOTOS COURTESY GILL CAIRNS,
UNIVERSITY OF EXETER

The cellular protein-receptor PME was immobilized 
to a B1 sensor chip, using the amino coupling
procedure. We investigated PME binding to Cucumber
Mosaic Virus (CMV) MP 3a and its mutant MP. The
comparative study showed that binding properties of
these proteins differ and the deletion mutant
dissociated more slowly from PME. We think that
these results might reflect the different biological and
biochemical properties of these proteins. From the
tests on virus particles only PVY strongly interacted
with PME; other particles, including PVX, TMV and
TRV, interacted weakly at the same concentrations
(Fig. 2). This may be important in the pathways of 
virus infection.

Then I compared interactions between PVX particles
and recombinant PVX coat protein (CPR) with the 25
kDa MP encoded by the first gene of the PVX triple
transport gene block. It was shown previously by the
Moscow team that 25 kDa MP interacted with PVX
virions and made them translatable in vitro. Moreover,
the 25 kDa MP interacts only with one end of the 
virus particle. The 25 kDa MP was immobilized to the
dextran surface of a CM5 sensor chip. We found clear
differences in the rates of dissociation of the PVX
particles and CPR: CPR dissociated about 3–5 times
slower than native particles (Fig. 3). These differences
also must be related to structural (conformation)
differences between the CP in the virion and soluble
non-modified CPR. Then a mutant of the 25 kDa MP
without an N terminus was immobilized to the CM5
chip instead of the full-size 25 kDa MP; again we
found differences in the shapes of the curves and in
the rates of association and dissociation of the PVX
particles. A CPR mutant of 25 kDa without a C
terminus, which does not bind PVX particles in vitro,
had the same properties using SPR analyses. In
control experiments neither TMV particles nor TRV
particles bound immobilized PVX 25 kDa MP.
Therefore, our preliminary kinetics results support 
our biochemical data. In our opinion these 
nano-technology investigations are very useful and
provide a new perspective on processes in the
infected cell.

I enjoyed my stay in Dundee and I was happy to work 
at the SCRI. I am very grateful to Drs L.Torrance and 
M. Taliansky who made my visit possible and helped
me during all my work. I am also grateful to all my
colleagues for the warm and friendly atmosphere, the
SGM for their financial support and personally Dr Jane
Westwell for her efforts in making my work and my
stay in the UK comfortable and unforgettable.

� Dr N. Kalinina is a Senior Scientist in the
Virology Department, A.N. Belozersky
Institute of Physico-Chemical Biology,
Moscow State University, Russia. 


