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laser source. For SHG, these VSDs were found to exhibit moderately large volt-
age sensitivities in addition to fast kinetic responses. Our results suggest that
voltage sensitive dyes can be developed which have both large SHG signal
changes and the requisite speed for use as a practical tool for measuring elec-
trical activity in neuronal systems.
(Supported by NIH grant EB001963).
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Application of Higher Harmonic Generation Microscopy in Assisted
reproductive technologies
Hai-Yin Wu1, Shee-Uan Chen2,3, Cho-Shuen Hsieh1, Szu-Yu Chen1,
Chi-Kuang Sun1,4.
1Department of Electrical Engineering and Graduate Institute of Photonics
and Optoelectronics, National Taiwan University, Taipei City 10617,
Taiwan, 2Department of Obstetrics and Gynecology, National Taiwan
University College of Medicine, Taipei City 10051, Taiwan, 3Department of
Obstetrics and Gynecology, National Taiwan University Hospital, Taipei
City 10051, Taiwan, 4Research Center for Applied Sciences, Academia
Sinica, Taipei City 11529, Taiwan.
It is known that the quality of the mammal oocytes and embryos greatly influ-
ence the outcomes of assisted reproductive technologies. Noninvasive imaging
tools with high 3D resolution are thus needed to provide as much information
about the embryos as possible. In previous studies, the images of in vitro cul-
tured mouse oocytes and embryos were acquired by the harmonic generation mi-
croscopy (HGM). Various sub-cellular structures of the whole mouse oocytes
and embryos were identified. In our presentation, we will report our study on
application of harmonic generation microscopy in assisted reproductive technol-
ogies. We use Cr:forsterite laser as the excitation source to obtain the HGM
images of mouse oocytes and embryos. First of all, several safety tests are per-
formed to ensure the proper exposure doses of the embryos to the laser. Second,
we try to figure out what characteristics in the HGM images of the oocytes and
embryos are possibly related to their quality. As to our experimental setup, the
HGM signals are collected in both the forward and the backward direction by
high N.A. objectives. With limited available working distances, the thickness
of the chamber containing the embryos must be within 2 mm. A homemade ster-
ile glass-cover-and-bottom culture dish is designed to meet the need. The dish,
containing the embryos, is then placed in a CO2 stage micro-incubator for HGM
observation. Those embryos are later transferred to female mice for pregnancy.
The viability of the mouse embryos will be investigated to see if the harmonic
generation microscopy can play a role in embryo-selection.
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Second Harmonic Generation Imaging Microscopy of Ovarian Cancer
Oleg Nadiarnykh, Ronald LaComb, Molly Brewer, Paul J. Campagnola.
University of Connecticut Health Center, Farmington, CT, USA.
We report the new technique for quantifiable differentiation between normal,
high risk, and malignant human ovarian biopsies based on combination of
3D Second Harmonic Generation (SHG) imaging microcopy and Monte Carlo
simulation, where we comparatively utilize SHG depth-dependent profiles and
bulk optical parameters. We determined that malignant ovaries exhibit larger
scattering coefficient, ms, and scattering anisotropy, g, than normal tissues.
The increased scattering is likely due to higher collagen concentration and fibril
density resulting from increased cellular activity. Similarly, the increased an-
isotropy is consistent with the visual observation of remodeled and more highly
ordered fibrils and SHG polarization anisotropy. The underlying structural dis-
similarities also lead to significant differences in the measured forward-back-
ward ratio of SHG intensity, which is the metric sensitive to sub-resolution
structural effects (local packing of SHG-producing domains). We find that
SHG from normal tissues is statistically more forward-directed compared to
malignant ovaries, while the high risk ovaries show intermediate behaviors.
Data from 100mm below the surface epithelium in the malignant biopsies trend
towards the behavior of high risk and normal tissues, suggesting this method is
a means of quantifying disease progression into stroma.
Monte Carlo simulations of the photon propagation confirm our experimental
data. Here we include the directionality of initially emitted SHG, which is
more forward-directed in normal ovaries. Based on our recently developed
model using quasi-phase matching conditions relating SHG emission direction-
ality to tissue structure, this finding is consistent with the collagen fibrillar as-
sembly determined through electron microscopy.
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Analysis Of Multiphoton Imaging Of Thick Biological Scattering Samples
Francesca Cella, Zeno Lavagnino, Alberto Diaspro.
LAMBS MicroScoBio, Genoa, Italy.
Non linear optical scanning microscopy has became a useful tool for tissue
imaging. Biological tissues are highly scattering media and this lead to an ex-
ponentially attenuation of the excitation intensity as the light moves into the
sample. While performing imaging of biological scattering tissues in non linear
excitation regime, the localization of the maximum 2PE intensity was found to
shift closer to the surface [1] and the 2PE imaging depth limit appears strongly
limited by near surface fluorescence [2]. In this work we computed the illumi-
nation and the photobleaching distribution [3] for different scattering coeffi-
cients in order to characterize the effects induced by scattering. An experimen-
tal test has been carried out by imaging, with medium numerical aperture
objective (N.A.¼0.8), thick scattering fluorescent immobile sample (polyelec-
trolyte gel). Results confirm that in this conditions no photobleaching effects
due to scattering occur close to the surface.
[1] J. P. Ying et al, Appl. Opt. 38, (1999).
[2] P. Theer J. Opt. Soc. Am. A. 23, (2006).
[3] D.Mazza et al, Appl. Opt. 46 (2007).
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Paolo Bianchini1, Paola Ramoino2, Cesare USAI3, Alberto Diaspro1,4.
1LAMBS, MicroSCoBiO University of Genoa, Genoa, Italy, 2DIPTERIS,
University of Genoa, Genoa, Italy, 3IBF, National Research Council, Genoa,
Italy, 4NBT-IIT Italian Institute of Technology, Genoa, Italy.
Goal of this communication is to report about a recent study on several different
biological samples: bone, cartilage, tendon, tumoral tissues. We show that is
possible to couple SHIM (Second-harmonic imaging microscopy) and 2PEM
(2Photon excitation microscopy) in a powerful way including polarization
properties. SHIM on a laser-scanning system is a unique tool for high-resolu-
tion, high-contrast, three-dimensional studies of live cell and tissue architec-
ture. The physical origin of SHG within these tissues is addressed and is
attributed to the laser interaction with dipolar protein structures that is en-
hanced by the intrinsic chirality of the protein helices [2]. Although is a coher-
ent process the multiple scattering through the tissue give us the capability to
acquire signal in both backward and forward direction [3]. The orientation of
collagen fibers within tissues such as tendons or ligaments is of primary impor-
tance. In this study, we propose a simple method based on second harmonic
generation (SHG) microscopy to map, pixel by pixel, the orientation of the
symmetry axis of the second-order nonlinear susceptibility tensor of collagen
fibers of a tendon. The method uses only few images acquired at specific
polarizations of the input laser beam. In addition to orientation information,
the method would provide polarization independent images and an estimation
of the ratio of the nonlinear susceptibility components. This procedure is imple-
mented in both backward and forward scattering pathway. The approach could
allow mapping fiber orientation fields, independently of individual fiber con-
trast in the SHG image. The relationship between images acquired in forward
and backward scattering configuration provides more information about sample
organization.
[1] P.J. Campagnola et al. Biophys J., 82, 493-508 (2002).
[2] W.R. Zipfel et al. Proc. Natl. Acad. Sci. USA 12, 7075-7080(2003).
[3] A. Diaspro et al. Proc. SPIE 5, 24-31(2002).

1508-Pos Board B352
Vibrational Imaging Based On Stimulated Raman Scattering Microscopy
P. Nanakumar1, A. Kovalev2, A. Volkmer2.
1Birla Institute of Technology & Science Pilani, Goa Campus, Goa, India,
2University of Stuttgart, Stuttgart, Germany.
We demonstrate a new implementation of coherent vibrational optical micros-
copy where image contrast is based on stimulated Raman scattering (SRS). SRS
detection inherently maps the imaginary part of the third-order nonlinear sus-
ceptibility of a molecular vibration. The chemical contrast in SRS microscopy
is thus inherently free of nonresonant nonlinear background signal and of spec-
tral interferences between overlapping Raman bands. Experiments are pre-
sented that confirm these fundamental advantages of SRS microscopy when
compared to coherent anti-Stokes Raman scattering (CARS) microscopy and
demonstrate its potential for the noninvasive vibrational imaging of biological
systems.
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Investigating The Network Structure Of Type I Collagen As A Function Of
Temperature And Concentration Via Confocal Microscopy
Yali Yang1, Lindsay M. Leone2, Laura J. Kaufman1.
1Columbia University, New York, NY, USA, 2Washington and Jefferson
College, Washington, PA, USA.
Three dimensional in vitro approximations to extracellular matrix (ECM) are
increasingly being used in biophysical experiments investigating cell behavior.
One advantage to using collagen I gels as ECM approximations in such exper-
iments is the ability to image the collagen fibers within the gel. This allows si-
multaneous imaging of cells and their local environment simultaneously with
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three dimensional (3D) resolution. In this study, both pure and fluorescently la-
beled (3% by weight) collagen gels are assembled over a range of concentra-
tions (0.1, 0.5, 1.0, 2.0, 5.0, and 5.5 mg/mL) and at various temperatures (37,
32, 27, and 22�C). The networks are investigated using confocal reflectance mi-
croscopy (CRM) and confocal fluorescence microscopy (CFM). Comparison
between CRM and CFM reveals that they are not equally sensitive to details
of network structure, with CRM (CFM) displaying higher sensitivity to fibers
perpendicular (parallel) to the optical axis. Furthermore, analysis of back-
ground signal in CFM images suggests the existence of small fibrillar structures
that are not resolved by CRM. Despite these differences, image analyses per-
formed on 2D slices of CFM and CRM images to quantify mesh size, number
of fibers, and fiber length reveal identical trends as a function of gel concentra-
tion and gelation temperature. Fiber width approximated from both CRM and
CFM is in good accord with fiber width determination using electron micros-
copy. Overall network structures (as quantified via mesh size, fiber number, fi-
ber length and fiber width) are related to bulk mechanical properties measured
by rheology. Finally, we demonstrate the ability to form collagen gels of varied
mesh size at identical collagen concentration, all of which are compatible with
cell health and 3D cell studies.
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Monitoring the Granulomal Micro-environment in a Monkey Model of
Tuberculosis Using a Novel Fluorescence Bronchoscope
Jesse D. McMullen, Robert B. Abramovitch, David G. Russell,
Warren R. Zipfel.
Cornell University, Ithaca, NY, USA.
Tuberculosis is a disease that infects one in three humans today. The long, ex-
pensive drug course required to cure the active form, combined with its increas-
ing resistance to conventional antibiotic treatment, necessitates the develop-
ment of a new class of TB drugs. To evaluate the efficacy of these drugs, as
well as to gain increased basic knowledge of the disease’s progression, we
are building a novel 0.8 mm diameter bronchoscope as part of a multi-institu-
tional initiative to develop a primate-based tuberculosis model system. In order
to monitor the in vivo microenvironment of the tuberculosis granuloma, mon-
keys will be inoculated with transgenic pH reporting tuberculosis bacilli and
GFP expression measured to quantify the local pH and other micro-environ-
mental parameters. CT scans will be used to reveal the induced nodules/lesions
and guide the bronchoscope to the granulomas. The lung tissue itself contains
many 488 nm excitable endogenous fluorophores (e.g. elastin, collagen) and
autofluorescence limits the level of reporter quantification. To overcome this
problem we are employing a photoactivatable protein (Dronpa) as the reporter
expressed by the bacteria. Using a novel pulsed UV/Blue non-laser light source,
the protein’s fluorescence can be modulated to distinguish reporter signal from
the constant autofluorescence background and therefore produce highly quan-
titative measurements of changes in the granuloma microenvironment during
the progression of the disease and during drug treatment.
(Supported by the Gates Foundation and NIH/NIBIB P41 RR04224 to WRZ.)
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Peter Lipp.
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To address cardiac safety screens in vitro, neonatal cells may not represent
a good model due to non-adult gene expression patterns. Therefore we explored
a novel concept of high content screens utilising isolated adult cardiomyocytes.
This approach based on a long term culture procedure developed and estab-
lished for these cells enabling culturing of cardiomyocytes for one week with-
out major dedifferentiation. Such an approach is suitable as a safety screen
since experiments can be performed in acute and chronic stimulation condi-
tions. In our hands fluorescence microscopy appears to be an ideal tool to
perform such screens. An essential prerequisite for long term fluorescence re-
coding, ideally even using an identical cell population, was the application of
genetically encoded biosensors. They represent an almost ideal sensor-system
since transfection is easy, characterised by high (almost 100%) transfection
rates, fast expression (<24h) and high biocompatibility. In addition appropriate
transfection systems are available for both in vitro (Adenovirus) and in vivo
(Lentivirus) situations. Here, we demonstrate the result of a long term expres-
sion of various calcium sensors while imaging individual cells for several
hours. We compared results obtained in cardiac myocytes expressing various
such sensors with respect to their biophysical properties and putative changes
of calcium handling and biocompatibility.
The combination of various imaging techniques, such as fast video microscopy,
total internal reflection fluorescence microscopy, fluorescence lifetime imaging
and fluorescence redistribution after photobleach will allow flexible and com-
plex screening protocols. Furthermore, online image processing algorithms will
allow intelligent alterations of screening processes that depend on the cellular
response. We demonstrate how all these component add up to use single cell
models of adult cardiac myocytes for high-content safety screenings.
This work is supported by the Federal Ministry for Education and Research
(BMBF) in the framework ‘‘Biophotonics III’’.
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Kaveh Azartash, Enrico Gratton.
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Principles of holography are applied to study the dynamics of cells and their
extracellular matrix with digital hologram microscopy (DHM). The goal of
this study is to measure the deformation of collagen matrix induced by cell mi-
gration. DHM has appeared as a unique tool to study the displacement at the
nano-scale by resolving differences in refractive index. DHM is capable of con-
ducting quantitative size and depth measurements in 3-D. A digital holographic
microscope, in transmission, is designed and built to record two-dimensional
holograms on a CMOS camera. The digitally recorded holograms are compu-
tationally reconstructed using the angular spectrum method (ASM) providing
a better signal to noise ratio in comparison with the traditional Fresnel approx-
imation method. The ASM method also outputs the phase image that is used to
perform quantitative phase-contrast analysis. The phase images represent the
optical pathlength disturbance caused by the sample. These images are unwrap-
ped by applying the Flynn’s algorithm to account for the 2p ambiguity. The
importance of conducting quantitative phase analysis rises up when one needs
to reveal the optical thickness profile of a transparent specimen with sub-wave-
length accuracy. Quantitative phase information concerning cell morphology
and volume along with those of the extracellular matrix could be obtained
with digital holographic microscopy images. One of the advantages of DHM
is that, this method is completely non-invasive and there is no need to dissect
the sample or to stain it. Also the numerical reconstruction of different object
planes from a single hologram enables one to focus on various planes of the
image without any mechanical or optical components. This work is funded
by NIH grant number 447904-23909.
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Anne L. Plant1.
1National Institute of Standards and Technology, Gaithersburg, MD, USA,
2Science Applications International Corporation, Gaithersburg, MD, USA.
Tissue transglutaminase 2 (TG2) is a ubiquitous protein thought to play an im-
portant role in both the normal and abnormal progression of the wound healing
response through extracellular matrix (ECM) cross-linking. However, how
TG2 cross-linking of ECM affects cell behavior is still ill-defined. Here we
use a model ECM system to show that vascular smooth muscle cell (vSMC)
spreading, proliferation, actin polymerization, and myosin activation increase
with increasing exposure of type 1 collagen fibrils to TG2 activity. A10
vSMC ligate fibrillar type 1 collagen through beta(1) integrins, and beta(1) in-
tegrin ligation appeared to be identical before and after TG2 cross-linking of
collagen. This result suggests that the observed changes in cell response
were not induced by changes in surface chemistry or receptor recognition.
Atomic force microscopy (AFM) studies show that untreated fibrils are more
susceptible to lateral movement on the surface than cross-linked fibrils, which
suggest that the observed cell response is solely due to TG2-induced changes in
the mechanical properties of collagen fibrils. The results provide valuable in-
sight into a mechanism by which TG2-modified ECM proteins can influence
cell behavior.
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To identify the physical and biological factors that influence tissue morphogen-
esis, 3D imaging tools are essential. However, obtaining quantitative informa-
tion about the spatial organization of observed objects from the resulting
images is not trivial. Often researchers are forced to choose ‘‘representative’’
image regions due to the complexity of analyzing the tissue as a whole. This
may lead to false conclusions, and complicates comparisons across different bi-
ological systems. In this work we have used quantitative projection methods
that reduce the dimensionality of the problem while encoding its essential
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