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Abgtract - A cell is the basic functional unit of any living
organism. A cedl with a nucleus carries all the genetic
information needed to produce all the proteins and other
chemicals that are needed for the proper functioning or
homeostasis of tissues and organs. The cells without the
nucleus like erythrocyte besides carrying the essential
chemicals also carry signatures of what is going on in
different parts of the body. Therefore, a detailed knowledge
of what goes on in a cel is important not only from the
fundamental point of understanding life at the basic level but
is also important for discovering targets for drugs at the
molecular level and uncovering the cellular markers of the
diseases that fail to show up in standard biochemical assays.
The fundamental technique of imaging the cell is optical
microscopy with its many variants like imaging and
fluorescence life time imaging. In this very short lecture,
aimed mainly at starting post-graduate students and
researchers entering the field | briefly review the essential
physics of microscopy, image formation and deconvolution of
digitalised images with emphasis on spectral imaging and
fluorescence imaging. | briefly describe a very flexible
experimental set-up that has been operational in my group
and the research problems that we are dealing with. | also
attempt to delineate future topics of interest.

| DIFFERENTVIEWS OF ACELL
From the point of view of a photographer, the ¢elh

colourful object whose picture can be taken with tielp
of a special lens called microscope objective gretisi

There are two aspects of colour imaging. Contrasino
object in a background can be increased by lookini
through a colour filter; this is called spectralaiging.
Different parts of the cell may appear with diffietreolour
when viewed under a UV light; this is called endumes
fluorescence imaging and the “colour” of differefjects
may be excited by different wavelengths of the Uiyht
thus providing the tuning method to enhance thdrash
The most common method in pathology is simply te dy
the cells; different dyes for different parts. linel cell
imaging, however, we have to ensure that the dgs dot
harm the cell or alter its functioning. Added tastis the
problem that some dyes fade away during the obsernva
and therefore quantitative imaging has to take ihie
consideration. The safest and correct way to “ihdge
cell is to image it for is for a specific chemicaimpound.
Each compound has vibrational band structure seffity
specific that its Raman Spectra can be used as its
signature. This almost routine technique of redearc
laboratories is already penetrating clinical patlygl
environments and we hope to see Raman Spectral
Photographs in the future medical records. Thelprolof
weakness of Raman Signal is being attacked froraraév
different angles. A single x-y image or photograjues
not readily convey the information about the refatilepth

z of the objects of the photograph. In order taeaehthis,
z-stacks of digital images taken at different fopkines
can be “processed” or deconvoluted. Today, itissible

to obtain contrast figure beyond the diffractiomiti and
we can delineate features that are below the penaiin

lighting arrangements are needed to show the detail the nanometer range.

faithfully. In the digital age that we live, thenéil spatial

resolution of the image depends upon the maximum

distortion-free magnification of the objective ahe pixel
size of the digital detector. In live cell imagirtbe crucial
factor is the life of the cell under the intengitiythe light
needed for imaging to the desired resolution. Tthes
sensitivity of the detector and the noise flooth# image

Il. SET-uP ATDFUA

In the Physics Department we have set-up a flexible
system around a microscope that allows us to dariaty
of measurements mentioned above. The microscope can
be chosen in the upright configuration or the iteer

acquisition system become the limiting factors. The configuration. There is a wide choice of illumiroati

principal challenges in imaging the cell for thegmse of
knowing the state of health of its inner partsafiem the

sources, lamps and monochromators as well as lasers
the visible to near infrared region. Besides, toeled

fact that the cell is too thin, too small and alinos sensitive CCD with sub-micro second shutter, thyhtli

uniformly transparent. Thus, the parts that we warsee
must be somehow coloured differently than the oéte
cell. This leads us to the subject of fluorescanmaging.

output from the focal spot can be analysed in a
spectrometer. With the help of a notch filter or a
secondary subtractive monochromator the systemsaask
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micro Raman spectrometer. The objective can be thove B. Sudies on pathology of erythrocyte
in the vertical direction with a step of 100nm ahds we
can get the depth information on the sample. Withz- In many diseases, a routine analysis of blood enex
stack of high resolution images and optimized micrograph of single red blood cell cannot properly
deconvolution algorithms it is possible to deterenihe characterise the pathology, its progression andan:
relative z-positions of anomalies in the images @ingle With spectral imaging technique it was possible to
red blood cell (approximately 8um across); the aal@s increase the contrast to the level that the sizdishnalysis
itself are in the nm range. We have also made b celof the geometrical features of the pathology acses®ral
chamber connected with parastaltic pump that allesvio patients became feasible; the contrast enhancement
do live-cell imaging and change the surroundingdflu permitted an efficient use of image analysis ragirof
without disturbing the cell. A photograph of theimpart Matlab toolbox. Recently, we have used the decartiani
of the system is shown below. via an optimised PSF of a z-stack of images torittie
relative z-displacement between the pathologicatuies
of the cell.

Fig2. Image analysis of pathology of erythrocyte

Figl Set-up

C. Effect of EM Field
I1l. SOME INTERESTINGPROBLEMS AND POSSIBILITIES
The set-up described above is quite open and fexib
thus allowing to undertake studies commonly notsjis
in a commercial turn-key system. One of the intimgs
problem that is being investigated is the effect of
electromagnetic fields on the electron-transferctieas
that take place in a cell. A cell chamber is being
constructed that will permit applying a varietyfiflds to
the cell while it is being imaged in the fluorescemmode,
for example. These studies are important becausie wh
EM fields are being used for therapeutic reasonthat
tissue or organ level, a clear understanding of the
underlying cellular mechanism of their effect iskeng.

The system that has been described above has bedn u
for material science studies as well as to undedstame
problems that are important in biology and heatibrces.
Below we give a sample of some of the problems axesh
studied and others that we are studying.

A. Toxicological Studies

One of the first applications of the system to the
biological problems was in assessing the damagsedau
by the environmental AI3+ on the functioning of Na-
K/IATP trans-membrane protein responsible for th# ce
viability. For this we did live-cell imaging of dalar Na+ D. Substrates for Surface Enhanced Raman Scattering
through its fluorescence indicator at regular weds after
introducing the Al salt in the extra-cellular megiuOur

) Though the Raman Scattering is one of the main non-
studies clearly show the effect of Al3+ on the pump

invasive probe with adequate specificity it is fuing
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widely used because the signal is very low. Incase we ACKNOWLEDGEMENT

are applying Lock-In techniques to “see” the signathe

noise and use cooled sensitive APD arrays in tleoph The work presented above is result of my collabhonat
counting mode. Another approach is to enhanceigmals  with my then students M. Conceicdo Costa, Jodo M
by surface plasmon modes on a metallic surface withCascalheira and Catia Pinho. The continuous patient
adequate nano size roughness features. support of Jorge Monteiro is gratefully acknowledge
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