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Cover photos: Culture of hepatocytes, with different spreading capacity, in Nomarski differential contrast (above) and of fibroblasts in double supravital fluorescence (below) after chondriome (DiOC6) and nucleus (Ho346) labelling.

(S. Barni , Univ. Pavia – L. Sciola, Univ. Sassari)
Forward

The Symposium is part of a Pilot Project  in the framework of the European Programme Leonardo da Vinci which has as partners the Universities of Pavia and Innsbruck (Austria), the German Cancer Research Center (Heidelberg, Germany) and the Company Carl Zeiss (Jena, Germany) which is the Project Leader. 

The main purpose of this Pilot Project is to improve the know-how on light microscopy of scientists and technicians operating in the biomedical field, through “permanent education” courses and scientific meetings on the most modern applications of optical microscopy and of image acquisition and processing.

The goal of the Pavia Symposia, already apparent in the previous Symposia held since April 1995, is also to highlight how closely related and mutually dependent the improvement of microscopy techniques and the advancement in Cell Biology knowledge are.

We believe that a more thorough understanding of cell and tissue function will be more than ever dependent on a widely interdisciplinary approach, by which biological problems are tackled from different prospectives and with the most updated techniques.

If we recall that Leonardo da Vinci was the perfect symbol of interdisciplinarity, ahead of his time in Science, Engineering and Art, then we realize that seldom a name was so precisely tailored and fitted to describe the scopes (and the hopes) of both a wide European programme and a specific Project.

Many microscope images (especially in fluorescence) and the results of false-color image processing often provide intense esthetic emotions: to be once more tuned with Leonardo’s spirit, why not foreseeing, at the end of the project, a collection of microscope images, in a sort of Cell Art gallery? All participants are invited to contribute with their most beautiful images.

Isabel Freitas

Heinz Gundlach

Carlo Pellicciari
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PROGRAM

27th April: Digital fluorescence microscopy and laser scanning microscopy

 9:30 Opening of the Symposium

         (G. Gerzeli, I. Freitas, Univ. Pavia; 

         H. Gundlach, Carl Zeiss)

 9:45 Possibilities and limits of fluorescence microscopy. Digital fluorescence microscopy and laser scanning microscopy (H. Gundlach; Carl Zeiss, Jena) 

10:45 Introduction to laser scanning microscopy (E. Negri; Carl Zeiss, Milano)

11:30 Image analysis in two and three dimensions (E. Negri; Carl Zeiss, Milano)

14:30 Workshop: Application of confocal microscopy to specific problems 

         (E. Negri; Carl Zeiss, Milano)

28th April: Apoptosis

 9:30 Nuclear and cytoplasmic events during apoptosis (S. Barni et al.; Univ. Pavia)

10:15 The apoptotic cells: from membrane to nucleus (E. Falcieri et al.; Univ. Urbino)

11:15 Fate of nuclear ribonucleoproteins during apoptosis (C. Pellicciari et al.; Univ. Pavia)

11:30 In situ detection of Reactive Oxygen Species in apoptotic cells (I. Freitas et al.; Univ. Pavia)

11:45 Histochemical tracking of apoptotic cells after engulfment by scavenger or antigen presenting cells (G. Galati et al.; S. Raffaele Hosp., Milano)

14:30 Workshop: Application of confocal microscopy and image analysis to the study of apoptosis (E. Negri; Carl Zeiss, Milano)

29th April: New techniques in fluorescence microscopy

 9:30 "Green Fluorescent Protein" (GFP) and its spectral mutants in the study of cell function (R. Rizzuto et al.; Univ. Padova)

10:15 Two-multi-photon excitation in 3D laser scanning fluorescence microscopy (A. Diaspro; INFM, Univ. Genova) 

11:20 Time-resolved fluorescence microscopy (G. Bottiroli; CNR, Pavia)

12:00 General discussion

14:30 Workshop"Basic Elements of Image Analysis and Treatment of Digital Images" (Dr. V.Bertone, Univ. Pavia)

30th April: New fontiers of Fluorescence In Situ Hybridization (FISH)

9:30 Use of minichromosomes  (MCs) in gene therapy 

        (E. Raimondi; Univ. Pavia)

10:00 Resources for molecular cytogenetics and their applications (M. Rocchi et al.; Univ. Bari)

10:45 FISH procedures in chromosome structure research  (S. Garagna et al; Univ. Pavia)

11:40 Application of  in situ hybridization to the study of insect polytene and mitotic chromosomes (C. Torti et al.; Univ. Pavia)

14:30 Multi Color FISH Analysis - from 24 Color Karyotyping to High Resolution Color Banding (A. Plesch; MetaSystems, Altlussheim)

15:15 Workshop: Demonstration of various CCD cameras and correspondent software (MetaSystems, Altlussheim)

Possibilities and Limits of Fluorescence Microscopy. Digital Fluorescence Microscopy

 and Laser Scanning Microscopy 

Heinz Gundlach

Carl Zeiss Jena

Tel.: +49-7364/20-2071; Fax: +49-7364/954-779; e-mail: gundlach@zeiss.de
Recent progress in fluorescence microscopy is produced by means of immunofluorescence and multiparameter fluorescence techniques as well as by improvement of conventional photomicrography and optoelectronic imaging. Due to the increase in number of fluorescent dyes, double, triple and multichannel bandpass filter sets make it possible to visualize and photograph different fluorochromes simultaneously. Problems may occur, if one type of fluorescence fades during exposure or if the different types of fluorescence exhibit very different intensities. Also if the fluorescence signals are in different focal planes, the application of these multichannel band pass filter sets are limited. In this case, for multiple exposures still single filter sets are recommended. The filter set according to Prof. Dan Pinkel is an improvement of multiple fluorescence filter technology. The various excitation filters are inserted in a filter slider in the epiillumination beam path or in a computer-controlled filter wheal. The beam splitter and barrier filter are multi bandpass filters, which are mounted in the reflector slider or turret and are not moved during the evaluation of the different fluorescence probes. One of the most important benefit of all multiple and Pinkel filter sets are multiple documentation and digital imaging without image shift. Trial and practice experience to date have shown that triple exposures on high-speed color slide film still provide acceptable results in conventional photomicrography. However, in fluorescence in situ hybridization (FISH)techniques used in cytogenetics the individual fluorescence signals are extremely weak and require longer exposure times. This increases the background noise, and the individual fluorescence signals no longer display maximum sharpness. Digital imaging techniques are more and more being used to supplement conventional fluorescence microscopy and photomicrography. Very weak fluorescent signals can be documented more readily, but image reproduction problems often occur when conventional multiexposure photomicrography is applied. The potential of image processing by means of electronic contrast enhancement techniques facilitates the optimized image acquisition and analysis of a labeled specimen and quantitative data on signal intensities or measurements can be easily assessed. Digital imaging is performed using sensitive camera systems or laser scanning microscopy. For low light level applications, e.g. weak fluorescence of small FISH signals, black and white as well as color integrating and/or cooled CCD cameras are now avaible. Confocal laser scanning microscopy is designed for obtaining optical sections through a labeled specimen, e.g. for the analysis of fluorescence signals in interphase nucleus or in a tissue section.
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Introduction to laser scan microscopy

Elio Negri
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The laser scan microscope was born in the late ‘70ies, while the first commercial instrument from Carl Zeiss was introduced few years later.

While, in the conventional optical microscope the image is produced globally and is directly seen by the human eyes (virtual image), or projected on a photographic film or on the video-camera target (real image), in the laser scan microscope the sample is scanned by a laser light beam and the image is detected by a photo-multiplier, and after a digital processing by a computer is displayed on a monitor screen.

· Why such complicated technique, advantages  and draw-backs 

· Why a laser beam

· Resolution, sensitivity, contrast

· Multiple fluorescence

The natural evolution of the laser scan microscope is confocality.

The confocal microscope allows to project on the detector only a single focal plane at one time; all others plane, not in focus, are removed.

In other words we realise an optical tomography, without any physical contact.

· Why the confocality

· How get a confocal image

· Pin-hole

· Others methods Nipkov disk 

· Optical sections

· 3D-reconstruction

· Colocalization

The technical evolution of the laser scan confocal microscopes was very fast, because computer technology, also because scientists realised the powerful potential applications of such a technique.

· The structure of a confocal laser scan microscope

· The microscope

· The laser source

· Scanning head  

· Control software

Confocal technique provides powerful tools for scientists, but images are not displayed directly, but through a long process involving several physical processes.

So many applications problems are coming to avoid artefacts or a misunderstanding the data coming from such an instrument. 

· Handling

· X and Y resolution

· Z resolution and pin-hole aperture

· Multiple fluorescence

· Colocalization

· 3D-reconstruction

New techniques have been developed to overcome some difficulties, such as the fast bleaching, coming when high-energy photons are needed to excite fluorochromes in UV range.

The most important of them is the so-called Two photons technique.

Image analysis in two and  three dimensions

Elio Negri

 Carl Zeiss Milano, Viale delle Industrie, 18  20020 Arese

Tel: +39-2-93.77.31; Fax: +39-2-95.382.454; e-mail: post@zeiss.it


Image analysis is a well-known technique that provides figures related with an image.

In other words basic image analysis was developed to give an answer to questions like: how many structures?  which is the average area of these cells?.

But now, with the powerful help of the computers and the new video technologies many others tasks are assigned to image analysis.

· Image grabbing

· Image archiving

· Image processing and image manipulation

· Measure

· Geometric parameters

· Densitometric parameters

· Morphological parameters

· Data evaluation and statistics

But with the new confocal techniques is strongly increasing the demand of manipulation not only a single plane image but also we need tools able to treat the big images stacks produced by confocal microscopes.

· 3D reconstruction

· Volume measurement

· Deconvolution

The fundamental rule of any data processing said, “rubbish in rubbish out”. So the most important step of any image processing is image grabbing.

· Cameras

· Resolution

· How many pixel are coming out from the objective

· Video cameras

· Digital cameras

· Sensitivity

· Cooled, and integration cameras

Many software packages are available on the market for image manipulation, but we have to distinguish between image processing, where images are improved leaving the basic informations unchanged and photo-retouch where images are freely modified.

· Contrast enhancement

· Background correction

· Noise reduction

· Digital filters

· Fast Fourier Transformations

As we already said, one’s of the basic goal of image analysis is measure.

· Structure extraction

· Binary filters and operations

· Features

The operations carried on images stacks for 3D reconstruction has a very difficult task because they must display 3D images on a plane surface like the monitor screen.

So many algorithms were developed to carry on this nasty job.

· Anagliphic display

· Orthogonal cuts

· Rotating projections

· Shadows 

· Volume and alpha-rendering

To complete the picture we have to talk also about some powerful tools that at the moment are not very common because the heavy calculations requested, but in a very near future they will be standard tools for 3D image processing.

· Deconvolution

· Huygens restoration
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Nuclear and cytoplasmic events during apoptosis

S. Barni§, A. Spano, *L. Sciola
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In animals and plants, several cell types can die by an active process, genetically programmed, known as apoptosis. This biological mechanism of cell loss is believed to play an important role in a wide variety of physiological situations as well as pre-natal and post-natal development (1). Moreover, apoptosis play an important role in the tissues turnover and it occurs abnormally in degenerative diseases during the ageing (Alzheimer, Parkinson). The apoptosis, when deregulated, can contribute to the arising of many diseases ranging from cancer to AIDS. Massive apoptosis can be induced in vitro in experimental conditions by a variety of chemical, physical and viral agents. Several experimental data have suggested that the mechanism by which cells undergo apoptosis is associated with cell cycle control (2). Extensive studies have shown that different substances affecting the cell cycle phases can induce apoptosis, through free radical production. In fact, apoptosis is known to represent the cytotoxic end point for many chemotherapeutic agents. Apoptosis consists of a form of cell death characterized by different morphological and biochemical aspects. Structurally, apoptosis is a sequential process that involves i) condensation and intense basophilic staining of the chromatin; ii) nucleolar disintegration and iii) shrinkage of cell volume with concomitant increase in cytoplasm density. The nucleus may also fragment (karyorrhexis). Biochemically, the DNA is cleaved into segments that are multiples of approximately 180 bp, as a consequence of specific breaks between nucleosomes. Internucleosomal DNA fragmentation, attributable to the induction or activation of endogenous endonucleases, is the most widely used biochemical indicator of apoptosis. DNA degraded in this fashion gives a typical ladder on DNA gel electrophoresis. Alternatively, the DNA cleavage can be revealed cytochemically with biotinylated or fluoresceinated dUTP in the reaction catalyzed by exogenous terminal deoxynucleotidyl-transferase. Nevertheless, the expression of endogenous endonucleases is not fundamental in the triggering of apoptosis in some kind of cells. In fact several studies have indicated that cells exposed to various agents display some apoptotic characteristics in the absence of internucleosomal fragmentation. Biochemical changes of apoptosis also include a limited proteolysis of cytoplasmic and nuclear matrix proteins by specific proteases.

The apoptotic cells show a DNA hypostainability after staining with a variety of fluorochromes so that the flow cytometric measurement of DNA made it possible to identify the apoptoses and to recognize the cell cycle phase specificity of the apoptotic process (3). For instance, the comparison of different cell types such as SGS/3A sarcoma cells (cultured as monolayer) and Jurkat leukemic cells (maintained as stationary suspension), exposed for 24 h to vinblastine (2 mg/ml), colcemid (0.5 mg/ml), or taxol (10 mg/ml), evidentiates that the effects on the cell cycle progression and the related damages can appear in different manner, involving various cell cycle phases. The variability of the effects obtained can be related to the drug type used, to the cell line characteristics and to the experimental conditions (incubation time and drug concentration). In particular, in Jurkat cells, besides the effects on the cell cycle, it was possible to demonstrate the presence of apoptoses in relation to the appearance of sub-G1 peaks. This behaviour is not evident in the same manner (24 h incubation time) in SGS/3A cells. Moreover, if the incubation with vinblastine (2 mg/ml) was prolonged for 72 h, there was the induction of apoptotic cells from both G1 and G2/M phases (presence in the histograms of G1 and G2/M sub-peaks). 

Bivariate analysis of cells, stained for DNA and protein detection, reveales a decrease in the content of apoptotic cells, most likely due to activation of endogenous proteases in addition to the hypostainability of the condensed proteinaceous network. This analysis performed on the same experimental model allowed to obtain DNA/protein cytograms and protein content curves, after the double fluorochromization Hoechst 33342/SR 101. Both in SGS/3A and Jurkat cells, the appearance of two distinct cell subpopulations was found: one that showed the simultaneous DNA and protein change (cells derived from the G1 phase); the other in which there was an evident presence of low protein content values, as a consequence of proteolytic events, cytoplasmic area loss or protein synthesis decrease (cells derived from the G2/M phase). It must be underlined that conventional light, transmission and scanning electron microscopy offer the best methods for detecting and characterizing apoptotic cells. These techniques allow us to integrate the study of modifications occurring at cytoplasmic and nuclear level. The increased cell density, showed by light and electron microscopy, during apoptosis could reflect the accumulation of denatured proteins, perhaps by failure of the ubiquitin system. Because denaturated proteins are autofluorescent, their presence should be a marker of apoptosis. Cells undergoing apoptosis emit several surface processes: this phenomenon is known as budding and it is related to the final stage of cell degeneration. The buds may contain different kinds of organelles, including nuclear fragments. The evolution of phenomena occurring at both nuclear and plasma membrane level can be related by applying techniques of DNA fluorochromization, followed by procedures for scanning electron microscopy. This methodological approach applied to SGS/3A apoptotic cells showed the appearance of the characteristic cytoplasmic blebs already during the initial phases of chromatin condensation. In almost all the examined cases, after cytoplasmic cleavage, a cellular core showing bigger dimension, in comparison with the other apoptotic bodies, is formed and in the most cases it contains the largest nuclear fragment. The mechanism of blebbing appears to depend on a disconnection between the cell membrane and the underlying cytoskeleton. As far as this structure is concerned, experiments performed in cells growing in adherence conditions (SGS/3A), showed that antimicrotubular drugs induce a more intense action on the microtubular apparatus and the cytotoxic effects are referable mainly to the mitotic phase, from which apoptosis can start, after micronuclei appearance. On the contrary, in the cells growing in suspension conditions (Jurkat), the damages derived from the drug cytotoxicity induce a cell degeneration by classical apoptotic mechanisms mainly derived from the interphasic stage. In SGS/3A cells, the changes induced in the microtubular network by various substances such as vinblastine and colcemid (tubulin depolimerization) and taxol (microtubular bundles formation), were accompained by the appearance of irregularly shaped micronuclei and atypical mitoses (e.g. multipolar pseudo-spindles and chromosome-like structures surrounded by nuclear envelope). The chromosomes surrounded by nuclear envelope may represent the initial stage of apoptosis derived from the mitotic phase. The atypical mitotic structures may evolve either in micronuclei or in apoptotic nuclear fragments, as it is detectable at ultrastructural level. The G2/M sub-peak presence can be related to the variety of nuclear degeneration mechanisms. In the dynamics of such phenomena, it is possible to hypothesize that the formation of micronuclei can be a transitory event, which can subsequently evolve in apoptotic events, also interesting single micronuclei. Both fluorescence and transmission electron microscopy showed condensation and margination of chromatin.


As far as mitochondrial activity during apoptosis is concerned, the use of specific supravital fluorochromes (DiOC6, JC-1) can allow to evaluate the functional changes of these organelles (4). In our experimental model, such approach has permitted to show that metabolic activity persists in relatively late stages of apoptotic degeneration.
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THE APOPTOTIC CELL: FROM MEMBRANE TO NUCLEUS.
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Programmed cell death is a particular kind of cell deletion aimed at the control of cell proliferation. It plays indeed a crucial role in removing temporary organs in foetal life and in regulating adult tissue turnover, with particular regard to blood cells, immune system and hormone-dependent organs (10).

Finally, it is considered the most common cell response to neoplastic chemotherapy and radiotherapy, where it represents the most effective mechanism in tumor mass reduction and in metastatic diffusion control.

It is genetically directed and takes place in precise biological conditions, generally related to the expression or the inactivation of particular genes (1). Different metabolic pathways have been reported and the general opinion is that various molecular events can induce a final common cell behaviour. Despite the different biological or experimental conditions, the morphological features of apoptotic cells are indeed closely comparable. 

The most striking cell changes, when observed by light or electron microscopy, are nuclear modifications. Chromatin  undergoes a progressive  margination towards nuclear periphery, frequently forming cup shaped dense masses, sharply separated from the diffuse remaining areas, where the other nuclear components can be initially still recognized (2,3). 

At this stage a very unusual behaviour of nuclear pores can be observed. They seem indeed to “translocate” and consistently appear close to the diffuse chromatin areas, been absent around the compact masses (4). This observation, together with the image analysis of chromatin in freeze-fractured apoptotic cells (6) lead us to postulate a new hypothesis. Domains of remnant nuclear activity (5), still in pore - mediated relationship with cytoplasm, seem to persist for long, possibly to further delay necrotic lysis and the consequent inflammatory events.

The very final phenomenon is the appearance of a variable number of dense micronuclei, scattered throughout the cytoplasm, and mostly surrounded by a double membrane. Therefore, cell splits in a number of “apoptotic bodies”, which undergo secondary necrosis or, especially in tissues, are engulfed by circulating phagocytes.

Numerous and very different metabolic pathways have been reported to underlie apoptotic cell behaviour and a lot of technical approaches has been used to correlate biochemical and morphological patterns (7). Besides electrophoretical methods to assess DNA fragmentation, flow cytometry and confocal microscopy, after labelling of single and double strand cleaved DNA, represent powerful means to investigate apoptosis (8).

In these last years numerous studies were addressed to membrane involvment in the process. Its confocal microscopy analysis, after labelling with fluorescent annexin V, evidentiate, along with apoptosis, a strong rearrangement of phospholipids, particularly phosphatidylserine. As we recently demonstrated (9), it is a very early event, preceding the appearance of DNA ladder - when present -of subdiploid peak and of the ultrastructural nuclear changes.
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Fate of nuclear ribonucleoproteins during apoptosis
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Apoptotic cell death occurs via a stereotypic sequence of cytoplasmic and nuclear events. Cytoplasm condensation and blebbing, and chromatin condensation into discrete granular masses, with the final formation of membrane-bound apoptotic bodies are the main morphological signs of apoptosis (Zakeri et al., 1995).


By definition, apoptosis generally involves a small number of cells. This is the reason why light and electron microscopy, cytochemistry and cytometry are mostly used to assess the occurrence of apoptosis and to estimate the apoptotic index (Darzynkiewicz et al., 1992; Pellicciari et al., 1993; Hotz et al., 1994; Pellicciari and Bottone, 199..). In fact, these techniques are especially suitable to identify even rare events occurring in heterogeneous cell populations.


The nuclear events of apoptosis have been widely investigated, with special reference to the (possibly) causal relationship between proteolytic-endonucleolytic cleavage and chromatin condensation-fragmentation (Earnshaw, 1995; Chinnaiyan and Dixit, 1996). Much less attention has so far been paid to the fate of nuclear ribonucleoproteins (RNPs) during apoptosis. In fact, de novo synthesis of RNA is often necessary for the apoptotic process to take place, but the amount of total RNA is lower in apoptotic than in non apoptotic cells (Cidlowsky, 1982; Delic et al., 1993). The quantitative decrease in RNA content could be due either to the degradation by endogenous RNase activity, or to the release of RNA contanining apoptotic bodies.


A few reports only exist on the apoptotic segregation of nucleolar components into clusters of granules and into compact, finely granular masses lying adjacent to the edge of condensed chromatin. By means of cytochemical techniques for DNA and RNP at electron microscopy, we have also shown that in apoptotic cells DNA and histones may be detected only in the chromatin at the periphery  of the nucleus, whose central portion contains RNPs, sometimes in the form of large aggregates of granules (Biggiogera et al., 1990).


To investigate in more detail the fate of nuclear RNPs during apoptosis, we have performed a cytochemical and immunocytochemical study of RNA and RNA-associated proteins in fluorescence and electron microscopy; cytometric techniques were also used to assess the occurrence of apopotic cell death and to evaluate the changes in RNP content. 

Monoclonal antibodies were used, which recognize either the Sm antigen associated with U1, U2, U5 and U4/U6 snRNP complexe ("Y12" antibody: Lerner et al., 1981), or the hnRNP core group polypeptides ("iD2": Leser et al., 1984), or the P0P1P2 proteins of the major ribosomal subunit ("anti-P": Uchiumi et al., 1990). In addition, we used autoimmune sera recognizing nucleolar components. As model cell systems, normal rat and mouse thymocytes, and several mammalian cell lines in culture were used. Apoptosis spontaneously occurs in thymocytes during the selection of the T cell repertoire; different apoptogenic stimuli (serum deprivation, hypertonicity, antitumour drugs) were also applied to induce apoptosis in vitro.


Fluorescence microscoscopy showed that during apoptosis the immunolabeling for RNPs was lower than in non apoptotic cells; residual positivity for RNPs persists in nuclear areas corresponding to non-condensed chromatin. Furthermore, in apoptotic cells the immunolabeling was also observed ectopically in discrete peripheral portions of the cytoplasm and sometimes in apoptotic blebs (Casciola-Rosen et al., 1994; Biggiogera et al., 1997a). Electron microscopy confirmed that, during apoptosis, RNP containing structures (i.e., perichromatin granules, perichromatin fibers, interchromatin granules , and nucleolar components) segregate in the interchromatin space and cluster into heterogeneous aggregates of granules (Biggiogera et al., 1997b; Lafarga et al., 1997), which are then extruded from the nucleus and finally released at the cell surface, as membrane-bounded fragments. At all these stages, RNPs inside the fibro-granular clusters are always recognized by specific antibodies, thus demonstrating that the degradation of RNP proteins (if any) might be only partial during apoptosis (Biggiogera et al., 1997a,b).


The quantitative evaluation by dual parameter flow cytometry of DNA content versus immunopositivity for Y12 (or iD2) demonstrated a significant decrease in the amount of either protein in apoptotic cells (Fig. 1); it is likely that this is due to the release of RNPs via the cytoplasm blebbing and the extrusion of apoptotic bodies (Biggiogera et al., 1997a).


Cytochemical techniques showed that the aggregates of nuclear RNPs extruded in the cytoplasm of spontaneously apoptotic thymocytes also contain RNA in sufficient amount to be detected In situ by specific staining (Biggiogera et al., 1998). This RNA should correspond both to mRNA and snRNA, since the heterogeneous ectopic RNP-derived structures are formed by perichromatin fibrils, interchromatin granules and perichromatin granules. Since RNA containing clusters may be released from apoptotic cells, the decrease in the amount of total RNA during apoptosis should be mostly linked to cellular extrusion rather than to degradation of RNA by endogenous RNase activities.

This RNP segregation should likely induce a severe impairment of protein synthesis during apoptosis. It is interesting to recall that similar phenomena spontaneously occur in mouse spermiogenesis (in elongating spermatids), and during erythrocyte maturation in the bone marrow; in both these cytodifferentiation processes, a block in RNA synthesis take place. It may be hypothesized that segregation of RNPs into heterogeneous granule clusters could be a common feature of cells undergoing transcriptional arrest, either physiologically or as a consequence of exogenous stimulation.
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Figure 1: Dual parameter cytograms of DNA (in abscissa) versus FITC immunolabeling for snRNP (a) and hnRNP (b). The arrows indicate apoptotic thymocytes in the G0/1 range of DNA content; the apoptotic sub-G1 peaks are shown by arrows in the corresponding DNA histograms (c, d). (see Biggiogera et al., 1997a)
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In Situ detection of Reactive Oxygen Species in apoptotic cells
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Reactive Oxygen Species (ROS), are potentially toxic by-products of reduced oxygen, that include either radicals, such as superoxide anion (O2(-) or hydroxyl (OH() radical, or non radical derivatives such as hydrogen peroxide (H2O2), hypochlorous acid (HOCl), singlet oxygen (the physiologically energized form of dioxygen, 1O2 or 1(G) and peroxynitrite (the reaction product of nitric oxide and superoxide) (e.g. Cheeseman and Slater, 1993; Winrow et al., 1993; Yu, 1994; Majno and Joris, 1996). The detection in situ of ROS provides important informations in analytical cytology and pathology. However, free radicals are extremely reactive and thus short lived and therefore they are not amenable to direct assay. Their activity is thus assessed by indirect methods. The cytochemical methods for revealing ROS generated after activation of NADPH oxidase were reviewed by Karnovsky (1994). The detection of superoxide anion, in particular, was made with a method based on the fact that O2(- oxidizes manganese ions Mn2+ to Mn3+, and this in turn oxidizes diaminobenzidine (DAB) (Briggs et al., 1986). The sensitivity of this histochemical reaction was further improved by adding cobalt ions to the DAB-Mn2+-containing incubation medium (Kerver et al., 1997; Frederiks et al., 1997). All these methods allow to visualize the subcellular sites of ROS production.

The involvement of ROS in the induction and execution of programmed cell death (alternatively known as “apoptosis”) is a matter of intense debate (e.g. Kroemer et al., 1995; Muschel et al., 1995; Jacobson, 1996; McGowan et al., 1998). Oxygen-derived species can trigger apoptosis (e.g. Adams et al., 1996; Dobmeyer et al., 1997) or else they can be produced during the cascade of reactions that culminates in DNA fragmentation (e.g. Zucker and Bauer, 1997). In the apoptosis field, the ROS are usually revealed and quantified by flow cytofluorometry with fluorogenic substrates, which are converted intracellularly into a fluorescent products. In particular: (a) (di)hydroethidine (HE), (e.g. Carter et al., 1994; Budd et al., 1997; Frey, 1997); (b) 2’,7’-dichlorohydrofluorescein diacetate (DCFH-DA) (e.g. Carter et al., 1994; Possel et al., 1997; Simizu et al., 1998; Salas-Vidal et al., 1998); (c) dihydrorhodamine 123 (DHR-123) (Royal and Ischiropoulos, 1993; Possel et al., 1997; Frey, 1997). The MTT assay is also used, but only for light microscopy purposes (Burdon et al., 1993; McGowan et al., 1998). 

The application of the Kerver et al. (1997) method for ROS demonstration to thymocytes stimulated by etoposide for apoptosis (Pellicciari et al., 1996) will be described. Etoposide (VP-16), an inhibitor of topoisomerase II, causes an enhancement of the intracellular levels of peroxide in various cell types (e.g. Gorman et al., 1997), in particular thymocytes (e.g. Wolfe et al., 1994). The etoposide-treated cells were incubated with the DAB-Mn2+-Co3+ medium, washed and mounted in glycerin-jelly. The preparations were observed at high magnification with Differential Interference Contrast, DIC, for enhancing the optical contrast (Bradbury and Evenett, 1996) and photographed under the microscope with slide color film. The slides were then digitalized for further improving the contrast. Such a procedure revealed different subcellular sites of ROS production (namely a restricted zone of the plasma membrane, a restricted area of the nuclear envelope, marginated chromatin, whole nucleus) and two different colored products (light brown and black, indicative of moderate and intense ROS production, respectively) (Freitas et al., 1998, submitted). 
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Histochemical tracking of apoptotic cells after engulfment by scavenger or antigen presenting cells
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Programmed cell suicide via apoptosis is the physiological mode of cell death of metazoan. Besides regulating normal tissue turnover, it makes tissue remodelling during embryogenesis possible, it occurs in the thymus during positive and negative selections of the T cell repertoire and in the germinal centers during B cell somatic hypermutation and affinity maturation; it accompanies and regulates the pathophysiological processes taking place in inflamed tissues. Apoptotic cells are characterized by cell shrinkage, nucleus collapse and cytoplasmic blebbing. Plasma membranes undergo anionic phospholipid exposure, modification of carbohydrate moieties and of the production and secretion of thrombospondin; all together, these phenomena allow apoptotic cell recognition via a number of membrane receptors and their engulfment by scavenger phagocytes (1). The engulfment of apoptotic cells prevents the leakage of their intracellular content including toxic cationic proteins, nucleic acids, oxidising metabolites and lysosomal enzymes in the microenvironment (1). Furthermore, the regulated clearance of apoptotic bodies prevents the presentation to T lymphocytes of nuclear autoantigens targeted in systemic autoimmune diseases like Systemic Lupus Erythematosus or Scleroderma. These antigens are substantially and selectively cleaved during CD95-triggered apoptosis, selectively clustered in membrane blebs at the surface of dying cells and extruded in a still immunodetectable form by the dying cell (2-4).


Little is known on the fate of apoptotic cells after phagocytosis. In this work, we selectively committed tumor Jurkat leukemia or RMA thymoma cells to apoptosis by irradiation with an UV lamp for 30 seconds followed by an overnight incubation at 37°C. The induction of apoptosis was verified according to morphological, biochemical and cytometric features, as described (4,5). Apoptotic cells were labelled with the PKH2-GL aliphatic green fluorochrome, i.e. "docking" the die to apoptotic membrane lipids, or via an whole cell membrane proteins biotinylation procedure (6); biotinylation was verified after extensive washing by flow cytometry on the basis of the binding of FITC-conjugated streptavidin. The entity of phagocytosis was then assessed and monitored by flow cytometry: labelled apoptotic cells were co-incubated with macrophages. Cells with physical characteristics and surface markers expression (CD14, MHC class II) compatible with macrophages were then gated and analyzed for PKH2-associated fluorescence.  As a control, the co-incubation was performed at 4°C.  To discriminate between phagocytes that actually engulfed from phagocytes that bound to but did not internalize apoptotic cells, the vital dye ethidium bromide was added immediately before FACS analysis. The dye was excluded by living cell membranes, and therefore did not stain internalized apoptotic cells. Macrophages which phagocytosed apoptotic cells were identified as green fluorescent cells, while those that bound to but did not internalize apoptotic cells were identified as double positive cells.  Apoptotic antigens were also revealed by the addition of rhodamine-conjugated streptavidin before analysis by confocal microscopy at different times after phagocytosis, as described (6, 7).  After 3 hours, most macrophages contained partially digested apoptotic cells in large vacuoles, usually localised in discrete areas of the cell body.  Upon overnight chase several small vesicles, possibly originating from the fragmentation of original vacuoles, were evident all over the macrophage body throughout all macrophage optical planes of the sections analyzed.  A minority of cells (10-20%) also displayed a diffuse cytosolic staining.  This was not due to a poor viability of cell membranes, as macrophages excluded vital dyes.  The time dependent cytosolic localisation of apoptotic antigens was verified by subcellular fractionation of macrophages after phagocytosis of 35S labelled apoptotic cells and overnight chase, by the gentle "cell cracker" procedure. A substantial amount of the engulfed apoptotic proteins gained access to the cytosol: consistent with the results of the confocal microscopy imaging, this material accounted for around the 50% of the macrophage-associated radioactivity.  Further work will be necessary to characterize the compartments associated with engulfed apoptotic cell storage and processing and to evaluate whether phagocytes may differently dispose of the internalized material to prevent the access of T cell epitopes to MHC compartments, depending on their predominant scavenger or antigen presenting cell function.   Spontaneous antiphospholipid antibodies recognize specific features of cells undergoing apoptosis, like the de novo formation of a complex between the exposed phosphatidylserine moieties and the natural anticoagulant b2-glycoprotein I (7,8). Antibody opsonized apoptotic cells were more efficiently phagocytosed by macrophages, and the pattern of cytokines associated was heavily skewed (8 and our unpublished results). Furthermore, aPL opsonization efficiently tunnelled apoptotic cell for internalization by dendritic cells, i.e. by potent antigen presenting cells usually unable to efficiently capture antigens by phagocytosis.  A better understanding of these events may provide clues for understanding the molecular basis of chronic inflammation and autoimmunity.
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Imaging living cells, i.e. visualizing physiological or pathological events as they occur in vivo, has become, in the past few years, a common task in experimental biology. This has represented the logical follow-up of the impressive advancements of molecular biology, which identified the molecular actors of complex cellular processes (e.g. signal transduction, adhesion, etc.) and allowed to recombinantly modify the repertoire of a cell. On the other hand, the wide expansion of these techniques was possible because of the major technological advancement of the field. In recent years, the development of high-resolution imaging instruments, such as one and two photon confocal microscopes, and of computer algorithms capable of improving the quality and the resolution of wide-field fluorescence microscopy has dramatically improved our insight into the life of a living cell. The number of possible applications is rapidly growing, and rests largely on the availability of probes for monitoring the structure or the parameter of interest. In this context, green fluorescent protein (GFP) of Aequorea victoria, soon after the first report of its recombinant expression (1), has recently attracted an explosive interest, and is now used by hundreds of laboratories across the world for monitoring in vivo a large variety of physiological processes. The reasons for this success are apparent: with no need of added cofactors (the chromophore is included in the primary sequence of the protein), the recombinant polypeptide is strongly fluorescent in a large variety of heterologous organisms, as diverse as bacteria, yeasts, plants and mammalian cells, and cell locations (3). Moreover, GFP can be fused to resident proteins (e.g. channels, enzymes, transcription factors), with no obvious interference with their assembly or function. Finally, GFP chimeras have been recently reported, which are sensitive to [Ca2+], (3) and represent a successful example of a fascinating future perspective: developing novel probes for physiological parameters which retain the ease of use and targeting specificity of GFP. 


Among the various GFP applications, we and others have reported that GFP, via fusion to defined targeting sequences, can be selectively targeted to various intracellular organelles, and allows to monitor them in living cells (4-8). In this presentation, we will provide some examples of the usefulness of GFP-based specifically targeted fluorescent probes and high-resolution imaging systems for obtaining novel information on the structure of intracellular organelles. We will present:

1. a high-resolution double labelling of ER and mitochondria, using spectrally separated mutants targeted to the two organelles. With these tools, not only we could demonstrate that close contacts (<80 nm) occur in vivo between mitochondria and the ER (pivotal for the transfer to the mitochondria of the Ca2+ signal of a stimulated cell), but we also observed that mitochondria form a largely interconnected, dynamic network, a notion with major consequences on the physiology of the organelle.

2. A study of the morphological changes of the mitochondria, nucleus, ER and Golgi apparatus which occur in the apoptotic process. The participation of intracellular organelles to apoptosis is a highly debated theme, and specifically targeted GFPs have provided, novel and interesting results.

3. The study of the effect of aspirin on mitochondrial morphology. We have recently shown that mitochondria of hepatocytes undergo a dramatic morphological change upon treatment with aspirin. The possibility of obtaining high-resolution 3D images allowed us to further investigate this important pathophysiological event.

These results, besides providing a clear example of the broad range of applications of GFP in cell biology studies, provides some methodological information, highlighting that the various targeted GFP can be easily expressed and revealed in a broad variety of cell types, including cell lines and primary cultures.
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     Confocal laser scanning microscopy (CLSM), developed  40 years ago, is a 3D imaging technique appropriate for microscopic imaging at optical frequencies [1,2]. The objects under investigation may be of very different kinds but the main application is featured in those applications involving the fluorescence process in thick specimens. 3D imaging can be achieved basically through optical sectioning of the specimen [3, 4] exploiting  the confocal principle [1, 5]: the specimen is illuminated  by a point  of light, obtained by inserting along the optical path a small aperture, commonly known as pinhole. By this way  an extremely small volume of the sample is exposed to incident  light. Then,  in front of the light detector, another aperture, or the very same, is used to spatially filter light cross-talk originating from regions of the specimen above or below the plane of interest, i.e. the focal plane. By scanning the light beam across the specimen in the planar directions, a high resolution image of a thin slice of the specimen can be built and, by scanning through the thickness of the sample, a series of optical slices can be obtained.  These mechanisms make possible the achievement of a better whole-object or volumetric resolution than in the traditional optical wide-field microscopy [2, 5]. The improvement is up to an experimental value of  » 1.4 times along the three scanning directions. Unfortunately, some problems existing in conventional optical microscopy are not solved and sometime amplified. Two of these are photobleaching of the fluorescent labels and induced phototoxicity  (toxic free radicals generation) or more in general sample alterations due to utilised radiation. Under an instrumental point of view a problem arises when UV excitation is needed [5].

   In general, in  conventional fluorescence microscopy, the absorption of one photon is used to excite fluorescing molecules to a higher energy state, from which emission of one photon of fluorescence occurs. Some of the absorbed energy is typically dissipated as heat. This implies that fluorescence emission is shifted in wavelength, Stokes-shift, towards a longer wavelength  than the one used for excitation. Stokes shifts ranging from 50 to 200 nanometers are typical of the fluorescent probes in use in fluorescence microscopy. For example, a fluorophore might absorb one photon at 350 nm, in the UV region, and fluoresce at 450 nm around a blue-green wavelength.

   In two or multi  photons fluorescence microscopy excitation occurs by simultaneous absorption of 2 or M photons which co-operatively  provide the energy needed to reach the excited state necessary to achieve fluorescence at the desired wavelength, Fig.1 [5-7]. Fluorescence excitation is localised to the focal region, Fig.2.  The whole process is made possible by the very high local instantaneous intensity  achieved by sharply focusing the radiation source combined with the temporal concentration of a femtosecond pulsed laser. With a point source producing a stream of pulses at a duration, (p,  of about 100 fs with a 80 MHz repetition rate, fp, the probability, na,   that a certain fluorophore absorbs two photons during a single pulse is given by:







where (   is the two-photon cross section, P the average power of the laser, NA the lens numerical aperture and ( the so-called two-photon advantage given by 



  .

For a (  of approximately 10-58 [m4  s] per photon, focusing through a high quality objective having NA=1.4, the average incident laser power of  ( 50 mW would saturate the fluorescence output at the limit of one photon pair per pulse per fluorophore. The demonstration of a quadratic relationship between collected fluorescence intensity and the laser illumination intensity can be used as a check of the two-photon regime. 

It has been successfully experienced that many fluorophores exhibit 2-photon absorption peaks at approximately twice their 1-photon absorption wavelengths. Three-photon excitation has been also successfully experienced [8]. This means that 2-M photon excitation, unlike 1-photon excitation, allows to achieve fluorescence at a wavelength shorter than the excitation wavelength: two 700-nm photons would combine to produce fluorescence at 450 nm. The exploitation of this phenomenon eliminates the necessity of UV radiation to excite fluorescence in the visible region for those molecules normally excited with UV energy or short energetic visible wavelengths. 

Now,  we should take into account two main processes to analyse the advantages given by 2-M photon fluorescence excitation in microscopy. First of all there is a chapter regarding the excitation modalities of the fluorescent molecules linked to the radiation affects on the biological system being studied.  At he same time we should consider that such a way of exciting molecules leads to a sort of  self confocality in the sense that the chatting coming from focal planes nearby the actual is eliminated  without utilising the classical pinhole used in confocal laser scanning fluorescence microscopy. To these two main themes should be added considerations regarding UV excitation that is realised without the need of  particular optical materials, the decrease of  "strong" interactions with  parts of the sample not considered for imaging purpose, the possible disadvantages arising from the utilisation of very high energy radiation's in the NIR regime, a cost comparison, technical difficulties and simplifications, the portability of such a technique on existing wide-field or scanning microscopes, the charming possibility of studying dynamics [9] and the implementation on the very same architecture of spectroscopic techniques [5, 10-12].

   The architecture of a conventional CLSM can be  used for implementing 2-M-photon microscopy but it is not strictly necessary because this technique is intrinsically confocal due to the quadratic dependence on the laser intensity that falls off strongly above and below the focal plane as z-2  for large z, being z the axial coordinate. In the following I will refer to this technique as MPLSM (multi photon laser scanning microscopy). A conventional CLSM is generally realised as it follows: laser light is deflected by a dichroic beamsplitter and focused by an objective lens to a small spot on the sample, at a certain x-y-z position; fluorescent light emitted by the fluorophore located at the excited x-y-z position is collected by the objective lens and  imaged onto the confocal aperture, that plays a spatial filtering role by physically eliminating radiation coming from other x-y-z' positions, where fluorescence is detected with a photomultiplier tube or other sensitive detector. Unfortunately, 1-photon absorption occurs within the sample volume ALL along the excitation beam pathway, giving rise to a sort of out-of-focus fluorescence, emitted by fluorophores above and below the focal plane. This out-of-focus contribution degrades detection sensitivity and spatial resolution. Moreover out-of-focus absorption contributes to photobleaching and photodamage even in those specimen planes that are not actually optically sectioned.

Substantially, the confocal aperture selects only fluorescence emitted light that  originates where the excitation is focused; out-of-focus fluorescence from other parts of the sample volume is stopped, in an amount depending on the confocal diameter. 

The MPLSM set-up is virtually identical to CLSM except that the confocal aperture can be eliminated, or completely opened, and a pulsed laser is used rather than a continuos laser excitation. 

In MPLSM, lasers with a pulse duration of about 20-100 femtosecond have been used because they provide a near optimal combination of pulse duration, peak power and pulse rate. Such short pulses can also be used for temporally resolved transient fluorescence measurements offering the prospect for 4D imaging of tissues in the x-y-z-t space.  More in details, mode-locked lasers delivering 100 fs pulses at 100 Mhz and 10 to 100 mW average power for 103 to 104 Watts peak pulse power (strong focusing is realised to concentrate peak intensity to 1011 to 1014  Watts/cm) are generally used both in home-made or commercial instruments. Picosecond laser sources have been also successfully used. The laser source also needs a broad tunability in the near IR, long-term stability and low amplitude noise. Nowadays the interest is for mode-locked Ti:sapphire laser pumped a diode-pumped solid state green laser. In the 80's CW mode-locked Nd:YAG laser synchronously pumping a dye laser and colliding pulse mode-locked (CPM) dye laser were used. More recently, in the 90's  mode-locked Ti:sapphire laser pumped by an argon ion laser was the most "popular" choice

MPLSM  set-up does not require that fluorescence be de-scanned, transmitted by the objective lens or imaged to a small spot on the detector. This is due to the fact that 2-M-photon excitation is highly localised within the sample volume by the 2-M-photon process itself as reported in Fig.2.

Fluorescence intensity falls off rapidly in the lateral x-y directions according to the spatial "wings" of the focused Gaussian laser beam. Moreover it also falls off in the axial  or Z direction (along the beam propagation axis) as determined by the psf or by the high beam divergence on either side of the focal plane. An excitation volume  of the order or smaller than 1 femtoliter is generally interested by beam excitation.  Photobleaching patterns created by focusing laser beams into a block of fluorochorme-impregnated substance and scanning along with one dimension perpendicular to the Z direction until photobleaching occurs in the focal plane show that  in 1-photon excitation  photobleaching  is revealed well above and below the  focal plane while patterns created with 2-photon excitation show limitation of  photobleaching to a small volume at the beam focus [5-7]. Scattering effects at the excitation and emission wavelengths are greatly reduced. For what it concerns with the excitation the scattering effect is reduced also due to its dependence with the inverse of the fourth power of the scattered wavelength. 

Furthermore, in general, red excitation wavelength scan penetrate more deeply in tissues than shorter VIS or UV ones, again because of less scattering and absorption by tissue. Thicker tissue specimens can be studied, i.e. 400 mm thick corneal specimens [10]. The elimination of UV excitation improves specimen viability, too. When working for achieving 3D information more imaging scans are permitted.  Moreover, optics corrected for chromatic aberrations at UV wavelengths are no longer needed [5, 10, 12].

At present, the main disadvantages of 2-M photon LSM are increased cost and size associated with the need of femtosecond laser sources, the lack of  commercially available systems, and incomplete data on the 2-M-photon absorption and fluorescence properties of commonly used fluorophores. Other limitations can be found in  slightly lower resolution with a given fluorochorme when compared to confocal imaging (this could be reduced by the use of a confocal aperture at the expense of a loss in signal), possible thermal damage that can occur in a specimen if it contains fluorochromes absorbing the excitation wavelengths, and the fact that is restricted to fluorescence processes.

MPLSM had a rapid development in the last 4 years and is a very promising and outstanding techniques that allows a very wide range of biophysical applications. Its properties, coupling volume to temporal capabilities,  makes it an interesting tool also in the field of molecular electronics where I am sure that outstanding applications will be found in a short period.
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Fig. 1 Simplified Jablonski diagram showing excitation process in one and two photons situations. For two-photon excitation, there is a virtual state mediating the absorption process [7].

 (after WEB page http://infoserv.sghms.ac.uk/pharmacology/cellbiophysicsgroup/2PTheory.html, authors: M.B.Cannel & C.Soeller)
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Fig. 2 Spatial localization of two-photon excitation by high numerical aperture focusing. At the focal point, the excitation intensity reaches a maximum and there the probability of a two-photon excitation is highest. Outside the focal region, the probability  of two-photon excitation is proportional to the square of intensity which is, on its side, proportional to the square of out-of-focus distance [7]. 

(after WEB page http://infoserv.sghms.ac.uk/pharmacology/cellbiophysicsgroup/2PTheory.html, authors: M.B.Cannel & C.Soeller).
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Fluorescence is a photophysical phenomenon resulting from consecutive three steps:

1)
creation of the molecule excited state from the ground state by absorbing light;

2)
interaction of the excited state molecule with the microenvironment;

3)
transition to the ground state with emission of light.

The parameters that characterise fluorescence are:

Excitation Spectrum: it is a plot of the fluorescence intensity against the excitation wavelengths; it can be considered the probability that a photon of a given quantum energy will be absorbed and give rise to the fluorescence emission.

Emission Spectrum: it is a plot of the intensity of the emitted radiation against the emission wavelengths, under excitation at a given wavelength; it can be considered the probability that a photon will be emitted with a given quantum energy.

Quantum Efficiency ( = Kf / (Kf+Kx+Ki)].
): it is defined as the ratio of the number of quanta emitted to the number of quanta absorbed. Since the excited molecule return to the ground state through three processes (radiationless energy loss (Ki), intersystem crossing to the triplet state (Kx), and fluorescence emission(Kf)), the quantum efficiency will be a function of the competing rates of the three processes [
Excited State Lifetime ((0)]. 
 /  = ) is related to the quantum efficiency by the relation [(0)). The measured lifetime ( = 1 / Kf], that is the natural lifetime ( = 1 / (Kf+Kx+Ki)]. The rate of the processes are strongly affected by the interaction of the excited state molecule with the microenvironment, so that the excited state lifetime varies significantly in dependence of the physico-chemical properties of this latter. In the absence of non-radiative processes [ is the average lifetime of the excited state. Taking into account the three processes for returning to the ground state, the lifetime is given by the relation [ , where is I(t) is the fluorescence intensity at time t, I(0) is the maximum fluorescence intensity during excitation, t is the time after removal of the excitation source, ): it is defined as the time required for the fluorescence intensity to fall to the value [1/e] of the initial intensity when the exciting light is turned off. The general equation relating the fluorescence intensity and the lifetime is I(t) = I(0) e –t/

The fluorescence lifetime of most organic molecules is of the order of nanoseconds (10-9 sec). There are two widely used methods for the measurement of fluorescence lifetime: the pulse method and the harmonic or phase-modulation method. In the pulse method the sample is excited with a short pulse of light and the time-dependent decay of fluorescence intensity is measured. In the harmonic method the sample is excited with sinusoidally modulated light. The phase shift and demodulation of the emission, relative to incident light, is used to calculate the lifetime.


Time-resolved fluor
escence techniques have found a variety of applications to the study of molecules and systems of biological interest since many years ago. The high sensitivity of excited state lifetime toward the physico-chemical properties of the microenvironment of the fluorophores makes the time-resolved fluorometry a powerful approach to the study of the arrangement, of the structure and of the functions of the biomolecules. Moreover, the possibility of analysing the fluorescence emission in terms of its time properties allows one to solve the spectra of each of the constituent fluorophores that can be simultaneously present in a sample, thus improving the specificity of the analysis. 


In the last two decades time-resolved fluorescence techniques have been successfully applied to microscopy thus making it possible to study the structure, and therefore the function, of the biomolecules directly at cellular level. Examples of applications of time-resolved fluorescence microscopy concern:

- the characterisation of the structures and supramolecular organisation of the chromatin in the nuclei of cell in different functional conditions. The use of DNA-specific dyes that exhibit a different fluorescence temporal response in dependence of the base composition allows an energy transfer process to occur, the efficiency of which can be evaluated in terms of fluorescence decay time and is representative of the spatial arrangement of the molecules.

- the study of the intracellular turnover of fluorescent drugs, such as for example the photosensitizers. These compounds are characterised by the capacity of converting the energy absorbed upon irradiation into chemical energy that activate photochemical processes resulting to a cytotoxic effect. This effect in exploited in oncology for the treatment of tumours according to a procedure called “photodynamic therapy”. The efficiency of the photodynamic action is strictly related to the chemical nature of the photosensitizer inside the cells that, in turn, is dependent on the interaction of the drug with the cell structures. The time-resolved fluorometry can provide useful information on the drug structure modification occurring after the cell internalisation, defining the equilibrium between the active and inactive species.    

- the improvement of the signal-to-noise ratio in the immunofluorescence analysis. The high specificity that is in principle associated to the immunofluorescence analysis is often markedly reduced because of the high level of the background signal. This is mainly due to the contribution of the naturally-occurring fluorescence. Since the fluorescence decay times of the endogenous fluorophores do not exceed 10 ns, provided that a dye with a long lifetime (> 50 ns) is used to label the antibody, it will be possible to perform the measurement with a time gate at a delay sufficiently long to allow the background contribution to extinguish, and to collect the immunofluorescence labelling signal selectively. Moreover, The evaluation of the decay time can provide information on the presence of unbound or unspecifically bound dye. 
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The interest for mammalian artificial chromosomes (MACS) has recently grown after the data reported by Huntington F. Willard's group (Harrington, et al., 1997), concerning the construction of human artificial chromosomes (HACS) in HT1080 human cells, combining long synthetic arrays of alpha satellite DNA with telomeric DNA and genomic DNA.  More recently Tomizuka and coworkers (1997) introduced human chromosome fragments into mouse embryonic stem (ES) cells via microcell mediated chromosome transfer (MMCT); viable chimaeric mice and Fl transgenics were produced.  These developments in DNA technology applied to the study of mammalian chromosomes open new perspectives in biomedical research.

Our researches are focused on HACS, though based on a different strategy for their construction.  In fact two complementary approaches have been used for HAC building: the first one, defined as bottom-up, is similar to that used in the yeast Saccharomyces cerevisiae consisting in the assembly of isolated functional chromosomal elements (centromere, replication origins and telomeres).  The second one, defined as top-down, consists of the progressive size reduction of natural occurring human chromosomes via telomere mediated fragmentation or X-ray exposure.  Nowadays a few HACs have been constructed and introduced into human HT1080 cells: those built by Willard and his group (1997) following the bottom-up approach; those obtained by Farr and coworkers (Farr et al., 1995) and by Brown and coll. (Heller et al, 1996) via telomere mediated fragmentation and those that our group produced by means of X-ray exposure (Raimondi et al., 1996, Raimondi et al., in preparation).

The microchromosomes (MCs) we produced, whose size is around 4 Mb as determined by PFGE, are derived from the pericentromeric region of chromosome 9; a selectable marker, the neo gene conferring the resistance to G-418 was introduced into the MCs.  A preliminary physical map of the centromeric region of one of the MCs has been constructed and centromere-associated proteins identified.  The reduced minichromosome has been transferred into HT1080 cells, where we are currently checking its stability and long-term expression of transgenes, either in the presence or in the absence of

selective conditions.  Gene targeting experiments are being performed, in order to insert into this MC a high efficiency cloning site for homologous recombination (loxP-Cre) to allow the integration of the human beta-globin gene.

The next step will be the transfer of the engineered MCs into a human diploid cell line (embryonic flbroblasts) and into mouse embryonic stem (ES) cells in view of the production of "transgenomic" animals.
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The fluorescence in situ hybridization technique (FISH), developed in recent years, represents a major step in cytogenetics. Its relevance is probably comparable to the introduction of banding techniques in the seventies. The availability of large DNA inserts in phage, cosmid, and yeast vectors, which can be easily detected by FISH, has provided a valuable tool for cytogenetic studies. Alphoid centromeric probes and whole-chromosome painting libraries, in particular, have proved to be of great help in characterizing chromosome rearrangements, both in normal and in tumor cells, that were difficult to identify by conventional banding techniques as well as in following chromosome rearrangements that occurred during evolution.

Partial Chromosome Paints (PCP), that is probes recognizing a definite region of a chromosome, provide cytogeneticists with an additional powerful tool which, in conjunction with the above mentioned probes, are of relevance in various fields of cytogenetic investigation. The microdissection technique has been used to isolate PCPs (Meltzer et al., 1992). Fragments of human chromosomes retained in somatic cell hybrids can also be used, through Alu-PCR amplification, in generating PCPs. We have recently generated panels of PCPs obtained from radiation hybrids. Briefly: monochromosomal hybrids are irradiated at low dosage (3000 Rads) and subsequently fused to a TK- cell lines. The clones obtained are screened by FISH experiments using total human DNA. These experiments are aimed at identifying the positive clones. They also give information on the homogeneity of the clones. Only hybrids in which the human material is present at least in 50% of the cells are selected for further characterization. This means that this material is "renewable". The positive clones are then expanded in large flasks for storing in liquid nitrogen and DNA extraction. Characterization of the hybrids is achieved in two ways: a) by selective Alu-PCR amplification; the PCR products are labeled and hybridized in situ to normal human metaphases; b) by STS (from MIT) typing. STSs from MIT have several advantages: they are genetically mapped; data on YAC probes recognized by each STS are also available (MIT database). Therefore, the cytogenetic characterization of a rearrangement obtained by the use of PCPs is completed and refined, if necessary, by the use of appropriate YAC probes. The use of YAC as the only tool in the characterization of chromosomal rearrangements can turn out to be too fragmented and time consuming. This applies particularly to the characterization of a marker chromosome occurring 'de novo'. YAC probes, unfortunately, show a high degree of chmerism. For this reason we have characterized, by FISH, of panels of YAC clones (from CEPH) evenly distributed along the human genome.

PCPs and YAC probes characterized in our laboratory can be reached at the following Web site: http://bioserver.biologia.uniba.it/fish/Cytogenetics/welcome.html. The site shows also the original FISH images, so that the researcher can directly evaluate the results.

Selected examples will be illustrated, showing how PCPs and YAC probes can be successfully used in the characterization of complex chromosomal rearrangements encountered in clinical cytogenetics or in cancer cytogenetics, and in the detailed delineation of the karyotype evolution of primates.
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Fluorescent in situ hybridization (FISH) is a versatile research tool that enabled research to progress at a phenomenal rate and to have applications in diverse areas such as physical mapping, the study of nuclear architecture and chromatin packaging, gene ampification, gene integration, chromatin elimination.

Since the pioneer work performed by Gall and Pardue (1969) on the ribosomal RNA localization on Xenopus oocytes, several  variants of the technique have been proposed depending on the sequence to be localized (RNA or DNA), the target material (chromosomes, interphase nuclei, tissue samples) and the visualization of the hybridization product (i.e. isotopic or non-isotopic). The primed in situ labelling (PRINS) (Koch et al. 1989) or the more recent repeated PRINS (rPRINS)  (Terkelsen et al. 1993) techniques, being faster and more sensitive than conventional in situ hybridization, allows studies on sequence localization and organization (Gosden et al. 1991; Mitchell et al. 1992; Kipling et al. 1994; Gosden 1996; Marziliano and Garagna 1997). Recently, Goodwin and Meyne (1993) developed a procedure able to define the orientation of a certain DNA sequence on the chromosome after FISH, with single stranded probes on single stranded  chromosomes, named chromosome orientation FISH (CO-FISH),.

The application of both the chromosome orientation and rPRINS techniques allowed us to study the physical organization of the pericentromeric region of mouse chromosomes, originated after Robertsonian (Rb) fusion, across the centromere. During fusion, telomeric sequences are completely lost, whereas minor satellite DNA sequences are maintained  in a very small amount (Garagna et al. 1995). Due to quantitative reduction ot the minor satellite DNA sequence, the application of rPRINS technique was essential for its visualisation on single stranded chromosomes. 

The breakage and reunion points of the two telocentric chromosomes were determined to be located within the chromosomal region occupied by the minor satellite DNA sequences, the two telocentric chromosomes contributing simmetrically to the newly formed metacentric chromosome. The polarity of the DNA strand is maintained through the centromere after fusion. 
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In addition to genera such as Drosophila and Chironomus, which have been studied intensively by genetic or cytogenetic techniques, the order Diptera includes numerous genera of great importance to humans. Examples are mosquitoes and fruitflies, particularly the Tephritidae, which are among the most damaging agricultural pests.

The medfly, Ceratitis capitata (Diptera, Tephritidae), is an insect of great economic importance as a pest of fruits, in many parts of the World (Harris, 1989). Genetic information on the structure of medfly populations (Malacrida et al., 1998) has been accumulating for this species. and number of morphological and biochemical loci have been assigned to five linkage groups (Saul and Roessler, 1984; Gaperi et al., 1997). 

An important complement to these genetic studies has been the discovery of polytene chromosomes in the medfly. Photographic maps are available from salivary glands (Zacharopoulou, 1990) and from the trichogen cells of the orbital bristles in males (Bedo, 1987), but the chromosome banding patterns from these tissues are quite different.

The C. capitata karyotype includes one pair of sex chromosomes and five autosomes (Zacharopoulou, 1987). The chromosomes have been labelled 2-6 in descending order according to their size, with the sex chromosomes being the first pair. Chromosomes 2, 4, 5 and 6 are metacentric, or submetacentric and chromosome 3 is acrocentric. The two sex chomosomes are well defined: the X chromosome is acrocentric and the Y chromosome is the smallest of the mitotic set.

The sex chromosomes are heterochromatic and under-replicated both in salivary glands and in trichogen cell nuclei. The X chromosome is represented by a heterochromatic network in males orbital bristles, while this network is absent in the salivary glands. The five polytene chromosomes seen in the salivary glands correspond to the five autosomes. They lack a chromocentre and the two arms of each chromosome are of unequal length. The long arm is labelled as the left arm and the short as the right.

In situ hybridization to polytene chromosomes is a very powerfull technique as it permits the precise chomosomal localization of any isolated nucleic acid sequence. In C. capitata this information is particularly important for genome mapping and for the study of transposable elements.

A) Genome mapping

In situ hybridization provides a versatile tool for:

1) linking molecular and genetic markers. A number of known genes (morphological and biochemical) have been assigned to the five autosomes of C. capitata. As genetic maps become enriched with molecular markers such as RFLPs, RAPDs and satellites, the correlation between genetic and cytogenetic maps should be rapidly accelerated.

2) establishing homologies between chomosomes or discrete chromosomal fragments across wide phylogenetic distances and thus predicating the to some extent the location of genes known in other species. An example is given by the homology between the 5L arm of C. capitata and the X chomosome of D. melanogaster. Such homology was previously suggested by genetic studies. 

B) Transposable Elements

The genomes of most organisms contain moderately repetitive DNA sequences that are able to move. These are known as transposable elements. Transposable elements are powerful research tools for genetic investigation and manipulation, but such research has been limited to only a few organisms. In D. melanogaster more than fifty families of transposable elements have been identified, among them are P, hobo and I elements whose best known genetic effect is hybrid dysgenesis (Kidwell et al., 1977).

In C. capitata genetic studies have led to the identification of a hybrid dysgenesis phenomena (Torti et al., 1994; Torti et al., 1997) indicating the presence of transposable elements in this species. The pattern of abnormal traits observed in the medfly resembles the hybrid dysgenesis induced by hobo elements in D. melanogaster. A more direct approach has led to the discovery of a full-length mariner element in C. capitata (Gomulski et al., 1997) and in related fruit fly species, C. rosa and Trirhithrum coffeae (Torti et al., 1998)

In this context, by in situ hybridization on polytene chromosomes it is possible to:

1) estimate the copy number in different natural populations and in lab strains. 

2) analyze the cytological distribution of transposable elements on different chromosomes. The analysis of their genomic distribution permits the precise localization of the chromosomal sites, to determine their insertion polymorphisms and to show the presence of hotspots. 

3) compare the insertion sites of the parental strains with the insertion sites of the hybrid progenies: some sites of them may be lost, in case of excision, and some may be gained, in case of insertion.

4) correlate the insertion of transposable elements with the chromosomal rearrangements they may cause.
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Multi Color FISH Analysis - 

from 24 Color Karyotyping to High Resolution Color Banding
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Multi color probe labeling - also called mFISH - using whole chromosome paints has been demonstrated to be a powerful tool in the assessment of complex chromosome rearrangements. By combinatorial labeling 24 different color combinations are used to distinguish the 24 chromosomes by their unique spectral signature. The resolution of current mFISH approaches is limited to the number of probes used.

The recently presented method of high resolution color banding takes mFISH analysis a significant step further to the detection of even subtle intra-chromosomal rearrangements like deletions and to the exact identification of the break points of translocations. This novel method uses region specific partial chromosome paints (RPCPs) generated by micro-dissection and labeled with different fluorochromes or combinations thereof. The RCPCs exhibit a gradual intensity fall-off from the center towards their ends and overlap with their adjacent RPCPs. The resulting intensity profiles of the different fluorochromes can be quantitated and subdivided into a definable number of bands of similiar color ratios. These bands can be visualized by pseudo color assignment.The method thus effectively multiplies the resolution of the RPCPs.

The principle of mFISH and its extension to high resolution color banding will be shown, and examples for applications will be given.
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