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Abstract— In addition to molecular biology, 
biophysics has a growing influence on the 
development of modern biology. With respect to 
societal aspects the concept of biomedical 
networking and large investments in 
multidisciplinary collaborations is the general 
worldwide trend. We present several intermingled 
modern biophysical approaches to the tackling of 
biomedical problems in neurosciences and 
beyond. All of these techniques (magnetic 
resonance imaging, automated and confocal 
microscopy, patch-clamp electrophysiology) can 
contribute to the development of a new concept of 
cell profiling towards high-throughput drug 
design, diagnostics and discovery in molecular 
physiology and medicine.  

 
Index Terms—biophysics, neuroscience, MRI, 

confocal microscopy, electrophysiology.   
 

1. INTRODUCTION 
IOPHYSICS is the branch of interdisciplinary 
knowledge that applies principles of physics 
and chemistry and the methods of 

mathematical analysis and computer modeling to 
understand how the mechanisms of biological 
systems work. At the basic, molecular level it 
seeks to explain biological function in terms of the 
molecular structures and properties of specific 
molecules.  These molecules, the sole building 
blocks of living organisms, assemble into cells, 
tissues, and whole organisms by forming complex 
individual structures with dimensions of 10 - 
10,000 nm and larger.  Proteins and ribonucleic 
acids assemble into ribosomes, the machinery for 
building proteins; lipids and proteins assemble 
into cell membranes, the external barriers and 
internal surfaces of cells with proteins forming 
permeation pathways; proteins and DNA wind up 
into chromosomes, and so on. Consequently, 
much effort in biophysics is directed to 
determining the structure of specific biological 
molecules and of the larger structures into which 
they assemble.  Some of this effort involves 
inventing new methods and in building new 

 
Manuscript received July 4, 2011. This work was supported in 

part by the Ministry of Education and Science  grant 41005. Author 
is with the Center of laser microscopy, School of Biology, 
University of Belgrade, Serbia  (e-mail: pandjus@bio.bg.ac.rs). 

instruments for viewing these structures.  Many of 
the exciting new developments in biological 
microscopy and imaging, are part of this effort.  

The biological questions with which biophysics 
is concerned are as diverse as the organisms of 
biology. Biophysics seeks to answer these 
questions using an eclectic approach.  The 
specific molecules involved in a biological 
process are identified using the techniques of 
chemical and biochemical analysis.  Their 
molecular structures and interactions are 
determined using the spectroscopic techniques of 
physics and chemistry.  And the relationship 
between biological function and molecular 
structure is investigated using highly precise and 
exquisitely sensitive physical instruments and 
techniques that are able to monitor the properties 
or the movement of specific groups of molecules, 
or in exciting new developments, are able to view 
and manipulate single molecules and to measure 
their behavior.  Biophysics explains biological 
functions in terms of molecular mechanisms: 
precise physical descriptions of how individual 
molecules work together like tiny machines to 
produce specific biological functions.  These 
biophysical mechanisms are explained through 
detailed molecular and molecular dynamics 
models. 
The interdisciplinary approach of biophysics is 
pertinent to the development of modern biology. 
On the other hand, there are indicators that the 
large-scale bioscience made of big 
multidisciplinary networks with large investments 
has benefited more than traditional, investigator-
initiated research. At the same time it is 
questioned if this phenomenon of “Big biology” 
undermines the foundations of individual 
researcher’s discovery-based science. 

We have chosen to present this foreseen 
development of modern biology through general 
worldwide societal implications and strategies and 
by emphasizing several examples of 
interdisciplinary, mainly biophysical approaches 
towards future biomedical discoveries and 
applications. 
 

2. WORLDWIDE SOCIETAL IMPLICATIONS 

Today’s developed countries and their science 
funding agencies are spending vast resources on 
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multidisciplinary centers aimed at bringing 
biologists together with chemists, physicists, 
mathematicians and others, in the hope that new 
interactions will bring fresh insights to biological 
problems. This approach is inherent to the 
scientific discipline of biophysics which is thus 
well suited as a scientific approach for the 
discipline networking for new solutions in biology. 

Scientific leaders agree that collaborative 
projects can produce results that would be 
impossible for specialized individuals working 
alone to achieve. This may, however, undermine 
the foundations of discovery-based science. The 
team approach promises to advance the work of 
basic scientists, but researchers need the 
freedom to pursue new ideas about biology — 
even if it’s not clear how they will have an 
immediate impact on patients’ lives.  

Biophysics again can offer to address the 
applicative as well as basic biomedical problems. 
In fact, the biophysical societies of the world are 
organized within the International Union for Pure 
and Applied Biophysics (IUPAB) where both 
aspects of the discipline are clearly emphasized 
in the name of the Union.  

The interdisciplinarity principle also builds the 
research strategy towards bigger projects and 
larger networks. This trend has been developed 
in United States and has been growingly also 
applied by European Commission research 
directorate. The worldwide commitment to “Big 
biology” [6] stems partly from the success of the 
Human Genome Project, which spurred the 
growth of large sequencing centers. Namely, 
biology is now asking questions about complex 
networks of cellular signals that require groups of 
specialists taking a team approach. A number of 
large research multimillion centers have been 
built for this purpose in USA. The genome project 
also helped to convince lawmakers in USA that 
science was proceeding in new ways. This has 
lead to the growth of National Institutes of Health 
(NIH) funding since late 90’s to more than a 
doubled figure in the first decade of the 21st 
century. However, in spite of the rising budget 
there is a falling success rate for funding of 
individual projects at the NIH. It is believed at this 
world leading biomedical institution that the 
research in medicine and biology is at an 
important turning point that may require new 
strategies. There are also indications that the 
large-scale science has benefited more than 
traditional, investigator-initiated research. Peer-
review criteria are already adjusted to 
accommodate interdisciplinary, translational and 
clinical projects. A trend is also recognized in NIH 
to shift focus from basic research to projects that 
target specific diseases. Many basic biologists 
are supportive of the shift towards team science, 
and agree that researchers should think more 
about medicine. 

In China “mega projects” costing between 
hundreds of millions to billions of dollars are 

planned to be funded for the next 15-20 years. 
But there may be a problem in a still too 
intermingled relation of science with politics 
leading to investment in bad projects. Chinese 
scientists around the world are warning that the 
government should first build up its scientific 
talent and resources by investing in more small-
scale research first, before committing to huge, 
top-down projects. 

While in Europe there is a trend to build 
networks so that large investments can be shared 
– only a few can afford large initiatives.  Instead - 
a sense of retreat from big biology is noticed. On 
the other hand, it is realized that there is no way 
around interdisciplinary work.  
 

3. TECHNICAL AND SCIENTIFIC IMPLICATIONS 

In the second half of this contribution we will 
elaborate on examples of modern biophysical 
techniques and approaches that have already 
been established and can be further developed in 
the academic and scientific environment of the 
University of Belgrade. In a multidisciplinary 
international network program these techniques 
can eventually contribute to the buildup of “big 
biology”. The scientific field will mainly be 
presented by examples from neurosciences. In 
fact, as accepted by many scientific experts, while 
the second half of the 20th century in research 
was remembered as the “Century of the DNA” it 
is predicted that the 21st century will be marked 
as the “Century of the Brain”. In his address to the 
Nobel Foundation Erik Kandel, who won the 
Nobel prize in 2000 for his studies on the 
molecular biology of brain memory storage [10], 
stated: “The biology of the mind has now 
captured the imagination of the scientific 
community of the 21st century, much as the 
biology of the gene fascinated the scientists of the 
20th century.”  

Neurobiophysics of magnetic resonance 
neuroimaging, advanced microscopy and 
electrophysiology bring special interdisciplinary 
contribution to the development of the biomedical 
field of neuroscience. These scientific 
approaches will be further elaborated below. 

A. Magnetic resonance imaging 
Over the last two decades, microscopic 

resolution in vivo magnetic resonance imaging 
(MRI) techniques have been developed and 
extensively used in the study of animal models of 
human diseases. MRI is a relatively new 
technique that evolved from nuclear magnetic 
resonance (NMR) spectroscopy and its 
measurements of relaxation times of the net 
magnetization vector of the studied nucleus.  

Small rodents are also the most commonly 
used species as animal models of neurological 
diseases and thus MRI techniques need to 
provide microscopic resolution and high signal-to-
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noise ratio images in relatively short time. This is 
achieved by high field-strength magnets. In 
addition to standard MRI techniques, several new 
applications have been implemented in 
experimental animals, including diffusion and 
perfusion studies, MR angiography, functional 
MRI studies, MRI tractography, proton and 
phosphorous spectroscopy, cellular and 
molecular imaging using novel contrast methods. 
MRI has the capability of studying live organisms 
without exposing them to potentially harmful 
ionizing radiation (such as in x-rays, CT, PET, 
and SPECT scans). Depending on the technique 
used, slice as well as true 3D image sets can be 
obtained. 

Correlation of MRI findings in humans with 
disease models can now be done in laboratories 
equipped with small animal imaging facilities. The 
multidisciplinarity of the technique is evident not 
just by the features of data output but also by the 
structure of the working team. Thus, most 
facilities employ at least one physicist, one 
engineer, and several technicians ranging with 
skills in computer operation and programming, 
MRI operation, data processing, image analysis, 
and animal handling.  

 Using the new generation of contrasting agents 
(small or ultra small super paramagnetic iron 
oxide particles or [U]SPIO-s), cell and even 
biomolecule distributions can be imaged in small 
animal models such as rodents [2,14]. The most 
basic application is to generate 3D anatomical 
atlases of rodent brains. This than offers the 
biophysical grounds for the in vivo nerve tract 
tracing by utilizing paramagnetic Mn2+ ions after 
their topical application. Functional MRI (fMRI) 
studies based on the blood oxygen level-
dependent principle, can also be conducted on 
small rodents. Blood flow and oxy/deoxy-
hemoglobin related changes in activated areas of 
the cortex produce mild hypointensity on MRI 
images. Images obtained in the activated and 
non-activated state can be used to generate 
activity maps. Just recently it was confirmed that 
fMRI images relate to brain-cell activity from 
animals to man. In animal models of 
neurodegenerative diseases lesion formations 
can be monitored in vivo and in early phase 
(“diffusion-weighted imaging”). Blood-brain barrier 
integrity can also be studied with specific 
contrasting agents such as gadolinium. By means 
of SPIO/USPIO contrasting agents cell-specific 
and molecular imaging studies are performed on 
several disease models [8]. In the near future, a 
surge of these techniques is expected, as the 
correlation between conventional histology and 
MRI methods is best achieved by the use of 
these tools. Such studies could lead to a much 
better understanding of, egs. immune-mediated 
diseases by allowing for real time tissue 
monitoring of inflammatory infiltration, replacing 
tedious and costly tissue manipulation 
techniques. 

In addition to relaxation time – based MRI, MR 
spectroscopy (MRS) studies are also frequently 
used in the study of neurodegenerative diseases, 
mainly to assess axonal pathology by studying 
the NAA (N-acetyl aspartate) peak. Phosphorous 
MRS studies can also be used to study energy 
metabolites. Experimental stroke models in small 
rodents are frequently studied with MRI methods. 
The NAA peak may show decrease in completed 
strokes, but may remain normal if the animals 
can still recover from the ischemic event. It is 
important to understand that while none of the 
MRS visible metabolites are specific for one 
particular disease, MR spectra can provide a 
unique insight into the biochemical 
microenvironment of the studied voxel (3D-pixel) 
of interest. This opens a new field of biophysical 
analysis of cell image profiles (see bellow). The 
orientation of biomedicine toward in vivo dynamic 
imaging may also result in a reduction in the use 
of conventional histology-based techniques, 
which in turn may reduce the number of animals 
necessary for experiments. The increased 
versatility that MRI is beginning to provide will 
lead to new insights into the processes that 
determine health and disease and should result in 
the development of new diagnostic and treatment 
approaches. 

 

B. Cell profiling by means of automated 
microscopy and confocal microscopy. 
 

Recent technical developments in molecular 
biology and biochemistry, such as PCR or 
microarray technology have paved the road to 
high-throughput profiling of cellular markers. 
However, quantification of cellular changes 
caused by external perturbations is generally 
limited to population-level transcription and 
proteomic profiling techniques. However, complex 
cellular processes may not be tackled by such 
one-dimensional readouts at constant drug 
concentrations. Accordingly, a method of high-
throughput cell profiling was introduced that 
enables a far wider range of phenotypic 
responses in cells to be quantified and analyzed 
[13].  Rather than grinding up cells to get 
population averages, this multidimensional 
approach allows the investigator to measure 
changes in individual cells. This approach again 
requires a multidisciplinary team and a broad 
collaboration that combines 
immunocytochemistry, microscopy, image 
processing and custom data analysis techniques 
in order to create an automated microscopy 
platform that can quantify changes in tens of 
millions of individual cells in one study. Cells are 
labeled with fluorescent antibodies for image 
processing with a software that identifies different 
cellular regions. A set of descriptors is then 
defined to track changes in protein expression 
and cell morphology. The data processing forms 
color-coded graphical representations – profiles, 
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of the response of each descriptor to external 
perturbations. By simply examining these color-
coded profiles it is possible to recognize drugs 
according to their targets, regardless of their 
structure. In context of drug discovery and 
identification this method successfully categorizes 
unknown drugs and points to targets for drugs of 
uncertain mechanism. Such a multivariate single-
cell analysis leads towards identifying drug effects 
and relationships at systems level and toward 
phenotypic profiling at the single-cell level. It 
proves to be useful for discovering the 
mechanism and predicting the toxicity of new 
drugs. 

An important throughput in light and 
fluorescence microscopy has also been achieved 
in 1980s with the introduction of confocal 
microscopy with improved computers, lasers and 
optics. Confocal microscopy is applied in many 
areas of biomedical research since it provides 
clearer images of cells and tissue structures 
stained with the fluorochromes. The precise laser 
beam direction enables the light intensity 
attenuation in front of and behind the focal plane. 
The z-filter i.e. ‘pinhole’ for the emitted light 
determines the thickness of the optical section (in 
contrast to histological sections obtained by 
preparative methods) from which the light signal 
originates. Combining of the laser light source, 
controlled optics and z-filter enables illumination 
and recording of emitted light from a single point 
determined precisely in any part of the specimen 
volume. Optical sections are formed by means of 
laser beam scanning of sample exploration points 
followed by computer processing. Through 
computer image analysis series of optical 
sections can be transformed into three-
dimensional images of the specimen (3D 
reconstruction). In addition, the background 
blurriness hampering epiflourescent microscopy 
is reduced and a high-resolution image is 
obtained. 

The popularity of the confocal microscope is 
based on the simplicity of obtaining extremely 
high quality images from samples prepared for 
conventional microscopy and on wide possibilities 
of applications in many areas of contemporary 
biomedical and biotechnological research. 
Moreover, multiflouorescence gained by confocal 
microscopy is ideal for the direct visualization of 
the relationship and interaction between 
molecules and other cellular components in their 
natural context. For this application it is also 
possible to make acquisitions in the ’fourth 
dimension’ i.e. time, for monitoring the kinetics of 
biochemical and physiological processes in vivo. 
Custom made instruments already exist for 
confocal in vivo measurements in living animals. 
More economical technical designs such as the 
spinning disk microscope are already on the 
market. Having all this in mind it is likely that this 
technique will further develop and become one of  
the main imaging methods in biology. It is also 
fair to assume that this microscopy technique will 

bring further development to the aforementioned 
cell profiling approach. Recent breakthroughs in 
spatial resolution have also been witnessed with 
the stimulated emission depletion (STED) [11] 
and structured illumination [9] microscopy. 

 
C. Patch-clamp electrophysiology of channels in 
cell membranes – interfacing molecular biology 
with biophysics.  
 

The technique of patch-clamp made a 
breakthrough in the late 80s by allowing scientists 
to probe molecular entities of cell membrane 
transport and excitability – ion channels. The 
Nobel prize awarded (1963) for the conceptual 
model of nerve impulse generation (“action 
potential”) by Hodgkin and Huxley gained crucial 
confirmation through this technique of measuring 
pA currents through single ion channels. 
Moreover, this experimental approach allowed the 
researchers to study the role of single ion channel 
molecular structure function relationship 
underlining open, closed and inactivated 
conformational states, all under the same patch-
clamp electrode. With the help of molecular 
genetics and cloning techniques this has also 
lead to the discovery of molecular basis of many 
neurological disorders, some examples being 
epilepsy, migraine, headache, deafness, episodic 
ataxia, periodic paralysis, malignant hyperthermia 
and generalized myotonia all given a mutual term  
– “channelopaties” [7]. The development of  
electrophysiological techniques was always 
closely related to the techniques of advanced 
microscopy in order to identify and monitor even 
the finest objects of electrical exploration such as 
dendritic processes [12]. Moreover, the technique 
is often merged with imaging of ion sensitive 
fluorophores that complement the recordings of 
transmembrane ion currents [15] (in fact, in 2008 
Osamu Shimomura, Martin Chalfie and Roger 
Tsien won jointly the Nobel prize for the discovery 
and development of the geen florescent protein 
and the expansion of the techniques of 
intracellular ion fluorescence imaging that 
followed). 

Mainly due to patch-clamping and additional 
sophisticated imaging techniques many ion 
channels have been discovered and their 
functioning explained from general to specific 
terms.   

Ion channels form pores that allow ions to 
move rapidly through cell membranes down their 
electrochemical gradients. Channels transport 
ions at rates of 1,000,000 to 100,000,000 ions per 
sec. This flow of ions creates electrical currents 
on the order of 10-12 to 10-10 amperes per 
channel. Such currents are large enough to 
produce rapid changes in the membrane 
potential, the electrical potential difference 
between the cell interior and exterior. Because 
calcium and sodium ions are at higher 
concentration extracellularly than intracellularly, 
openings of calcium and sodium channels cause 
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these cations to enter the cell and depolarize the 
membrane potential. For analogous reasons, 
when potassium leaves or chloride enters the cell 
through open channels, the cell interior becomes 
more negative, or hyperpolarized.  

Most ion channels are gated - capable of 
making transitions between conducting and non-
conducting conformations. Extracellular ligands, 
intracellular second messengers and metabolites, 
protein–protein interactions, phosphorylation, and 
other factors can induce channel gating. In 
addition, many ion channels are gated by another 
regulatory signal – the membrane potential itself 
[5]. Voltage-gated ion channels respond to and 
modify the changes in membrane potential 
produced by the binding of neurotransmitters to 
ligand-gated ion channels at synapses. Ion 
channels co-localized in discrete subcellular 
compartments function together as signaling 
elements in excitable cells. These elements 
amplify weak signals, determine thresholds, 
propagate signals to other regions of the cell, and 
generate membrane potential oscillations, among 
other functions. By means of patch clamping 
physiologists can study the channels of tiny 
neuronal subcellular regions, such as dendrites, 
axons, and presynaptic terminals. 

The discovery of ion channels and their 
molecular mechanisms is continuing and brings 
many exciting discoveries. Moreover, the 
population of membrane channels, a diverse 
class of membrane transporters, has been 
widened long time after Hodgkin and Huxley by 
completely new members such as the water 
channels – aquaporins (Nobel prize, awarded to 
Peter Agre in 2003) [1] and the protein 
translocating channels in the nuclear membrane 
[3,4]. Studying of ion channels in automated 
patch clamp systems on cell models is nowadays 
used for pharmacological studies and drug testing 
which also brings this technique close to the 
concept of cell and drug profiling and buildup of 
“Big biology”. 

3. CONCLUSION 
We have herewith presented one view of the 

development of contemporary biology through 
biophysics towards “Big biology”.  Societal as well 
as scientific and technological aspects were 
implicated. Regarding the former, the concept of 
biomedical networking and large investments in 
multidisciplinary collaborations would be the 
general worldwide trend. This however, has to 
take into consideration the importance of freedom 
of individual researchers to pursue new ideas 
through discovery-based  biology. In addition to 
molecular biology, biophysics should have a 
growing influence on the development of modern 
biology. We presented several intermingled 
modern biophysical approaches to the tackling of 
biomedical problems in neurosciences and 
beyond. All of these techniques (MRI, automated 
and confocal microscopy, patch-clamp 
electrophysiology) can contribute to the 

development of a new concept of cell profiling 
towards high-throughput drug design, diagnostics 
and discovery in molecular physiology and 
medicine.  
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