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					Metabolic imaging by NAD(P)H FLIM requires the decay functions in the individual pixels to be resolved into the decay components of bound and unbound NADH/NAD(P)H. Metabolic information is contained in the lifetime and relative amplitudes of the components. The separation of the decay components and the accuracy of the amplitudes and lifetimes improves substantially by using the ultra-fast HPM-100-06 and HPM-100-07 hybrid detectors.

The IRF width in combination with the SPC-150N and SPC-150NX TCSPC modules is less than 20 ps (FWHM) [1]. An IRF this fast does not interfere with the fluorescence decay. The usual deconvolution process in the data analysis then virtually becomes a simple curve fitting, and the decay parameters are obtained at unprecedented accuracy. 
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Ultra-fast HPM Detectors Improve NAD(P)H FLIM


Wolfgang Becker, Lukas Braun, Becker &
Hickl GmbH


Abstract: Metabolic imaging by NAD(P)H FLIM
requires the decay functions in the individual pixels to be resolved into the
decay components of bound and unbound NAD(P)H. Metabolic information is
contained in the lifetime and relative amplitudes of the components. The
separation of the decay components and the accuracy of the amplitudes and
lifetimes improves substantially by using the ultra-fast HPM-100-06 and HPM-100-07
hybrid detectors. The IRF width in combination with the SPC-150N and SPC-150NX
TCSPC modules is less than 20 ps [1]. An IRF this fast does not interfere
with the fluorescence decay. The usual deconvolution process in the data
analysis then virtually becomes a simple curve fitting, and the decay
parameters are obtained at unprecedented accuracy.


 


Metabolic Imaging


NADH and its phosphorylated form, NADPH,
are natural coenzymes that are involved in the energy production of the cell. The
reduced forms of NADH and NADPH are fluorescent. It is known that the
fluorescence lifetimes depend on the binding to proteins [13, 16]. The
bound-NADH lifetime is in the range of 1.2 ns to 4 ns, the
unbound-NADH lifetime in the range from about 300 ps to 500 ps. For
NADPH the situation is similar, with slightly different lifetimes of the
components [6]. The concentration ratio of bound and unbound NADH depends on
the type of the metabolism: When the cell is in the state of oxidative
phosphorylation the bound/unbound ratio is higher than in the state of
glycolysis. Consequently, the relative amplitudes of the decay components
change with the type of metabolism, and so does the mean fluorescence lifetime.
Since normal cells are running preferentially oxydative phosphorylation while
tumor cells are running glycolysis the corresponding changes in the
fluorescence decay parameters bear the potential to distinguish between healthy
cells and tumor cells [5, 15, 19, 20, 21, 24].
Changes in the NADH decay parameters are also observed during maturation of
stem cells, during hypoxia, and during infection, during wound healing [3, 9, 10,
11, 12, 14, 18,]. The NADH
lifetime in combination with the NADH/FAD redox ratio [8] has been used to predict drug response in breast cancer [22, 23].
Please see also [3] and [4] for a summary.


 


NADH FLIM with Fast Detectors


In principle, FLIM of NAD(P)H is possible
with all bh FLIM systems. NAD(P)H can be excited by one-photon excitation at a wavelength
of 375 nm or shorter, or by two-photon excitation in the range of 720 nm
to about 780 nm. Two-photon excitation is usually preferred because it is
considered less invasive to the cells (though this has never been directly
proved). In any case, two photon excitation has the advantage that it
penetrates much deeper into tissue, and that it has no problems with optical
aberrations of the microscope optics in the UV. Another advantage of two-photon
excitation is that the pulse width of the femtosecond laser does not contribute
to the temporal instrument-response function (IRF) of the TCSPC FLIM system. The
system therefore delivers the shortest possible IRF for a given detector‑TCSPC
combination. Typical IRF widths are 120 ps for GaAsP hybrid detectors,
250 ps for fast conventional PMTs, and about 300 ps for conventional
PMTs with GaAsP cathodes [3]. This is not much faster than the dominating decay
time of the unbound NADH, which is about 300 ps [6]. It can therefore be
expected hat faster detectors improve the accuracy of the fluorescence-decay
analysis of NADH FLIM. However, there is a problem. The GaAsP cathode of the
typical high-efficiency FLIM detectors limits the speed to about 120 ps. Faster
detectors  either have extremely small active areas (SPADS) and are thus not
applicable to NDD detection in two-photon microscopes, or they have
conventional photocathodes with low quantum efficiency (PMTs). A possible
compromise are the new Hamamatsu R10467-06 and -07 hybrid detectors with high-efficiency
bi-alkali and multi-alkali cathodes. Although the photocathodes do not reach
the quantum efficiency of a GaAsP cathode the hybrid detector principle makes
up for a part of the loss: Unlike a conventional PMT a hybrid detector has no
loss of photoelectrons at the first dynode. Virtually all photoelectrons that
leave the photocathode also cause a pulse at the output of the detector. We have
shown recently that the HPM-100-06 and -07 detectors (based on the R10467-06
and -07) deliver an IRF width of less than 20 ps when operated with
SPC-150N, SPC-150NX or SPC‑180NX TCSPC modules [1]. An IRF this fast does
not interfere with the fluorescence decay. The usual deconvolution process in
the data analysis [3] then virtually becomes a simple curve fitting. It can
therefore be expected that the high time resolution delivers a better photon efficiency
in the data analysis and thus makes up for the lower sensitivity.


 


Results


For recording the data shown below we used
a Zeiss LSM 880 NLO multiphoton microscope with an HPM‑100‑06
and an HPM-100-07 attached to the NDD output via the usual Zeiss NDD T adapter
[2]. The signals were recorded by a Simple-Tau 152 system with two SPC‑150N
TCSPC modules. The system is able to record in two wavelength channels in
parallel, the images shown here are from a wavelength channel from 440 nm
to 480 nm. The excitation wavelength was 740 nm. The data were
recorded with 512 x 512 pixels and 1024 time channels per pixel. The time
channel width was 10 ps.


A lifetime image of the amplitude-weighted
lifetime of a double-exponential fit is shown in Fig. 1, left. Decay data in a
selected spot of 9x9 pixels on the right. As expected, the time resolution of
the detection system is excellent. The rise of the fluorescence occurs over
less than two time channels, indicating that the IRF is indeed shorter than
20 ps.


[image: ]    [image: ]


[bookmark: _Ref483152765]Fig. 1: Left: NADH Lifetime image, amplitude-weighted lifetime of
double-exponential fit. Right: Decay curve in selected spot, 9x9 pixel area.
FLIM data format 512x512 pixels, 1024 time channels. Time-channel width 10ps.


Images of the amplitude ratio, a1/a2
(unbound/bound ratio), and of the fast (t1, unbound NADH) and the slow decay
component (t2, bound NADH) are shown in Fig. 2. Such images are normally noisy,
and visibly contain fitting artefacts. Not so in the data recorded with the
fast detectors and SPC modules. Due to the near-ideal temporal resolution the
FLIM data analysis delivers the decay components at extremely high precision,
and the images are free of fitting noise and fitting artefacts.


[image: ] [image: ] [image: ]


[bookmark: _Ref483152987]Fig. 2: Left to right: Images of the amplitude ratio, a1/a2 (unbound/bound
ratio), and of the fast (t1, unbound NADH) and the slow decay component (t2, bound
NADH). FLIM data format 512x512 pixels, 1024 time channels. Time-channel width
10ps. 


Conclusion


The ultra-fast HPM-100-06 and HPM-100-07
hybrid detectors in combination with the SPC-150N TCSPC modules improve the
accuracy of NAD(P)H FLIM dramatically. The IRF is so fast that it does no
longer interfere with the decay times of the fast fluorescence components. The
deconvolution process in the data analysis therefore virtually becomes a simple
curve fitting, and the decay parameters are obtained at unprecedented accuracy.
Even the a1/a2 images and the t1 and t2
images are virtually free of noise or fitting artefacts.
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