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Abstract

Green and yellow diode-pumped solid state (DPSS) lasers (532 and 561 nm) have become
common fixtures on flow cytometers, due to their efficient excitation of phycoerythrin (PE) and its
tandems, and their ability to excite an expanding array of expressible red fluorescent proteins.
Nevertheless, they have some disadvantages. DPSS 532 nm lasers emit very close to the
fluorescein bandwidth, necessitating optical modifications to permit detection of fluorescein and
GFP. DPSS 561 nm lasers likewise emit very close to the PE detection bandwidth, and also cause
unwanted excitation of APC and its tandems, requiring high levels of crossbeam compensation to
reduce spectral overlap into the PE tandems. In this paper, we report the development of a new
generation of green fiber lasers that can be engineered to emit in the range between 532 and 561
nm. A 550 nm green fiber laser was integrated into both a BD LSR II™ cuvette and
FACSVantage DiVa™ jet-in-air cell sorter. This laser wavelength avoided both the fluorescein
and PE bandwidths, and provided better excitation of PE and the red fluorescent proteins DsRed
and dTomato than a power-matched 532 nm source. Excitation at 550 nm also caused less
incidental excitation of APC and its tandems, reducing the need for crossbeam compensation.
Excitation in the 550 nm range therefore proved to be a good compromise between 532 and 561
nm sources. Fiber laser technology is therefore providing the flexibility necessary for precisely
matching laser wavelengths to our flow cytometry applications.
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Introduction

Flow cytometry relies almost exclusively on lasers as sources of excitation for fluorescent
probes. While their coherence and power level makes them ideal tools for illuminating
individual cells, they have traditionally provided a limited range of excitation wavelengths.
Nevertheless, recent advances in solid state laser technology have vastly increased the
number of wavelengths available for flow cytometric analysis (1-4). A good example of this
is the recent trend toward the incorporation of green and yellow laser sources into flow
cytometers. Diode-pumped solid state (DPSS) 532 nm green lasers are now common
fixtures on modern flow cytometers (5). These lasers are mainly used to replace the
traditional 488 nm excitation of phycoerythrin (PE) and its tandems. While 488 nm laser
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sources have traditionally been used to excite both fluorescein and PE for multicolor flow
cytometry, this wavelength does not provide optimal excitation of PE, acting instead on a
minor shoulder in the PE excitation spectrum. Green 532 nm laser light emits closer to the
excitation maximum for PE, resulting in substantially improved signal-to-background ratios
and detection sensitivity for PE, and in particular the PE tandem conjugates. Green lasers
also excite less cellular autofluorescence, further improving fluorochrome sensitivity.
Finally, green lasers provide substantially better excitation of the shorter wavelength red
fluorescent proteins than traditional 488 nm sources, including DsRed and dTomato, and can
excite other useful probes like the rhodamine derivatives (6,7). However, 532 nm laser light
coincides closely with the fluorescein emission bandwidth; if fluorescein is to be detected on
a cytometer equipped with a 532 nm laser, the traditional 530/30 nm fluorescein bandpass
filter must be replaced with a shorter wavelength filter (usually a 510/20 nm or similar) that
is strongly blocked for 532 nm laser light. This modification can reduce fluorescein
sensitivity, and 532 nm laser light spillover into the fluorescein detector can still occur even
with these optical modifications.

More recently, DPSS 561 nm laser sources have become commercially available at
relatively high power levels. The 561 nm wavelength coincides almost precisely with the
excitation maximum for PE, and can also replace the traditional 488 nm laser for PE
excitation (8). The 561 nm laser also emits further from the fluorescein emission bandwidth
than 532 nm sources, eliminating the need for modifying the fluorescein filters when
integrating the laser. As with the green, 561 nm sources also excite less cellular
autofluorescence, similarly improving signal detection by reducing background
fluorescence. Green-yellow 561 nm laser light also provides excellent excitation of the mid-
range red fluorescent proteins, including mCherry and mStrawberry (6,7,8). However, 561
nm lasers are also not completely ideal for multicolor analysis. This laser wavelength is
close to the emission bandwidth for phycoerythrin; 561 nm light impinges on the
transmission ranges for the 575/25 and 585/42 nm bandpass filters traditionally used for PE
detection. Using a 561 nm laser for PE and PE tandem excitation requires modifying the
range of the PE bandpass filter to a minimum of 590/20 nm, resulting in a small loss of PE
sensitivity. Green-yellow 561 nm laser light also overlaps the excitation curve of
allophycocyanin (APC), another immunophenotyping label that is frequently combined with
fluorescein, PE and PE tandem dyes for multicolor immunolabeling. While not as optimal as
a red laser, the 561 nm laser can excite APC to a considerable extent; in cells simultaneously
labeled with the PE tandem conjugate PE-Cy5, this can cause unwanted fluorescence
spillover into the PE-Cy5 detector, which requires a bandpass filter similar to that used for
APC. This excitation artifact requires crossheam compensation and introduces an
undesirable complication into multicolor analysis. The 561 nm excitation of APC tandems
APC-Cy5.5 and APC-Cy7 causes similar problems with detection of the tandem dyes PE-
Cy5.5 and PE-Cy7.

Until recently, cytometrists usually had to make the difficult choice between 532 and 561
nm sources on their instruments, since the number of laser intercepts available on
commercial instruments has been small. The 532 nm laser has been more widely used and
was probably the better choice when improved PE tandem excitation was the main concern,
since it does not appreciably excite APC. The 561 nm was recommended when both PE
tandem and excitation of long red fluorescent proteins such as mCherry was required, with
the disadvantage of incidental APC excitation. Both choices involved some compromise,
since neither was ideal when detecting in the fluorescein and PE emission bandwidths.

A better solution to providing more optimal PE signal detection with lower incidental APC
excitation would be a laser wavelength between 532 and 561 nm. A laser in the 540 to 555
nm range would provide optimal excitation of PE, while avoiding both the fluorescein and
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PE emission bandwidth. It would also cause reduced excitation of APC in the PE-Cy5
detection range. However, very few options exist for lasers in this emission range. Green
HeNe lasers, while available in this range at 543 nm, emit at very low power levels (2 mW)
and have seen limited use in flow cytometry. While a few solid state sources in the 540 to
555 nm range have been built, they have noise levels too high for flow cytometry. Lack of a
good fluorescence-based biomedical application has also not encouraged technology
development in this wavelength range.

In this paper, we report the development of a new class of fiber lasers that can be engineered
to emit at discrete wavelengths between 515 and 560 nm. A 550 nm green fiber laser has
been built that has performance properties suitable for flow cytometry, and was extensively
evaluated in both cuvette and jet-in-air flow cytometers. This laser avoided both the
fluorescein and PE emission bandwidths, while providing excellent excitation of PE and its
tandems and the red fluorescent proteins. We propose this laser technology as a novel
alternative to traditional 532 and 561 nm DPSS sources.

Materials and Methods

Cells and immunophenotyping

ELA4 cells were obtained from the ATCC (Manassas, VA) and maintained in RPMI
containing 10% FBS. Cells were labeled with biotin-conjugated anti-mouse CD3, CD44 or
CD95 primary antibody, and secondary labeled with streptavidin conjugated to
phycoerythrin (PE), PE-Cy7, allophycocyanin (APC) or APC-Cy7. All immunolabeling
reagents were obtained from Invitrogen Corporation (Carlsbad, CA). pDsRed1-1 and
ptdTomato plasmids were inserted into a murine stem cell virus (MSCV) Neo" vector
backbone and transduced into SP2/0 cells followed by G418 selection (9).

Lasers and flow cytometry

The following laser sources were used in this study: (i) A green fiber laser (Zecotek Laser
Systems, Singapore) emitting at 550 nm, with a variable power output of 50 to 150 mW and
a RMS noise level of less than 1% (Figure 1a-c) in single mode TEMgg with a beam
diameter of approximately 0.6 mm with good coherence; (ii) a DPSS 532 nm laser (Laser-
Compact, Moscow, Russia) with a fixed power output of 50 mW, RMS noise less than 1%
in single mode TEMgyp; (iii) a DPSS 532 nm laser (Oxxius, France) with a fixed power
output of 150 mW, RMS noise less than 0.5% in single mode TEMqg; (iv) a DPSS 561 nm
laser (Oxxius, France) with a fixed power output of 50 mW, RMS noise less than 0.5% in
single mode TEMgg. Laser beam profiles were modified using a 3x beam expander (CVI
Melles Griot, Carlsbad, CA), and beam profiles measured using a DataRay CCD camera
(DataRay, Boulder Creek, CA). The resulting beam profiles for all evaluated lasers were
normalized to a Gaussian distribution with a 50% beam waist diameter of approximately 0.8
millimeters at a position immediately prior to the LSR Il laser focusing lens (10). All laser
power levels were monitored using a power meter with semiconductor detector (Thorlabs,
Newton, NJ). All lasers were mounted on a BD LSR 1™ flow cytometer, and aligned to the
PMT detector cluster normally reserved for a default HeNe red laser source. The same lasers
were also mounted on a BD FACSVantage DiVa™ and aligned to the second laser position
normally reserved for the red laser.

The microsphere mixtures used in this study are summarized in Table 1. Instrument
alignment for all lasers was optimized using premixed Spherotech Rainbow 8-population
microspheres (Spherotech, Lake Forest, IL). All microsphere mixtures, PE labeled and
DsRed and dTomato expressing cells were analyzed using the following bandpass filters:
585/42 nm (Omega Optical, Brattleboro, VT) and 585/40 nm, 575/25 nm, 585/40 nm and
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590/20 nm (Semrock, Rochester, NY). The same filter sets were used for both BD LSR 1™
and FACSVantage DiVa™ analysis. APC labeled cells were analyzed with either 660/20 or
675/20 nm bandpass filters as indicated; APC-Cy7 labeled samples with a 780/60 nm
bandpass. For crossbeam laser light contamination experiments, standard fluorescein and PE
filters (510/20 nm, 530/30 nm, 585/42 nm and 590/20 nm) were used in the 488 nm aligned
fluorescein and PE detectors. Non-premixed MESF FITC low intensity and non pre-mixed
MESF PE low microspheres (Bangs Laboratories/Polysciences, Warrington, PA) were used
to assess laser light contamination of the fluorescein and PE detectors (Table 1 and Figure
1). MESF PE microspheres were also used to determine the minimum PE bandpass filter for
direct analysis (Figure 2). For all presented experiments, PMT voltages were kept at fixed
values for microspheres or cells, regardless of the laser wavelength used. Maximum PMT
sensitivity and linearity ranges were established according to the procedure described by
Joseph Trotter at BD Biosciences
(http://www.bdbiosciences.com/pdfs/whitePapers/23-8389-00.pdf) using 488 and 633 nm
lasers. Briefly, the mean fluorescence intensity and C.V. for a fluorescent microsphere was
measured at increasing PMT gains, and the overall distributions were plotted to determine
the PMT setting showing maximum fluorescence sensitivity, linearity and resolution for
each detector. These PMT voltages were fixed and used for measurements at all laser
wavelengths.

Data analysis

Data were acquired using the DiVa™ acquisition software system (BD Biosciences),
exported as FCS 3.0 files and analyzed using FlowJo for PC ver. 7.2.5 on a five log scale
(Tree Star Software, Ashland, OR). Data was initially expressed as median log fluorescence
intensity (abbreviated median) values for both the labeled and unlabeled cell populations
(henceforth designated Signal and Background, respectively). The following sensitivity
metric was then used to estimate signal detection over background (10,11,12):

(median signal — median background)

I=
[(84‘hpercentile median background — median background)/0.995]

All values in this equation were calculated using FlowJo. The denominator of this equation
is one method for calculating robust standard deviation (SD). Unlike other methods which
calculate robust SD by multiplying robust CV by the median, this method weighs the right-
hand slope (above the axis) of the background peak more heavily, and is therefore less
affected by cells on the extremely low end of the scale. This sensitivity index therefore
attempts to minimize the relatively large error associated with background fluorescence
distribution, particularly when many events are at the lowest point of the axis. This
sensitivity metric value is indicated on all histograms. For the PE-Cy5 - %APC spillover
experiments using 532, 550 and 561 nm laser sources, compensation was calculated using
both DiVa and FlowJo automated compensation algorithms.

Results and Discussion

A novel 550 nm green fiber laser using an infrared pump laser diode (976 nm) and a coupled
fiber optic cavity was used in this study. An intra-cavity frequency doubling scheme allowed
increased efficiency of the green light generation around 550 nm using a conventional KTP
nonlinear crystal (13). All optical elements for this laser were contained were a single
grounded casing, with a power supply connected by a single umbilical cable. The resulting
unit could therefore be readily mounted on both a BD LSR 1™ cuvette cytometer and a BD
FACSVantage DiVVa™ cell sorter. For the LSR 11™, the laser beam was aligned into the
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laser path normally reserved for the red laser source; a 520 LP dichroic was used to merge
the beam with the standard 488 nm. For the FACSVantage DiVa™, the laser was also
aligned into the laser path normally used for the red HeNe source, and focused into the
secondary signal path (of three intercepts total).

Alignment and detector sensitivity for this laser on the LSR Il was then assessed using
premixed Spherotech Rainbow 8-peak microspheres. The 550 nm unit was tested at three
power levels (50, 100 and 150 mW), and compared to a previously evaluated 561 nm unit at
50 mW. The 550 nm unit was able to resolve all eight microsphere populations, including
the dimmest population from the “unstained” control (data now shown). Both the dim bead
resolution and peak C.V.s were comparable to a previously standardized 561 nm unit,
indicating that the laser was properly aligned and could resolve a low-sensitivity
microsphere standard.

Green 532 nm and yellow 561 nm lasers are prone to laser light impingement on standard
fluorescein and PE bandpass filters respectively, forcing modification of detection optics
and potentially reducing detection sensitivity. The 550 nm laser was therefore tested for its
incidental contamination of the spatially separated fluorescein and PE detectors equipped
with conventional narrow bandpass filters (530/30 nm and 585/42 nm). When MESF FITC
low fluorescence microspheres were analyzed in the 488 nm-aligned fluorescein channel
with 532, 550 or 561 nm power-matched laser simultaneously aligned to a different
detection pinhole, the 532 nm showed considerable overlap into a standard 530/30 nm
bandwidth filter, elevating the fluorescence background and preventing discrimination of all
but the brightest microspheres (Figure 1, second column, indicated with a black arrow).
Modification of the standard fluorescein filter to a 510/20 nm was required to exclude 532
nm laser light, slightly reducing fluorescein sensitivity (Figure 1, left-most column).
Similarly, the 561 nm laser could not be used with a standard 585/42 nm PE filter; the two
dimmest populations of MESF PE low microspheres could not be resolved, requiring instead
a 590/20 nm filter (Figure 3, right-most two columns, black arrow). This 585/42 nm filter is
typical of those supplied with commercial systems, and did not exclude 561 nm laser light.
However, the 550 nm laser fell neatly within these ranges, causing no loss of sensitivity or
resolution of either MESF FITC or PE microspheres with any of the filters tested.

The 550 nm laser also permitted the use of more optimal bandpass filters for the direct
detection of PE. With 561 nm lasers, the traditional 575 and 585 nm bandpass filters are not
usable due to bandwidth overlap with the laser (8). This is shown dramatically in Figure 2,
where excitation of MESF PE low fluorescence microspheres with the 561 nm laser showed
very high background fluorescence with 575/25 nm and 585/40 nm filters, completely
obliterating resolution of all bead populations (Figure 3, right histograms). This occurred
even when using Semrock filters with unusually sharp transmission edges. A 590/20 nm
filter was required with the 561 nm laser to detect PE. In contrast, the 550 nm laser produced
considerably lower background on the detection bandwidths of any of the Semrock filters,
demonstrating compatibility with filters more optimal for PE detection. However, even the
550 nm laser required the longest 590 nm bandpass filter to completely eliminate laser light
emission into the PE detection filter when used in the direct signal path.

The ability of the 550 nm laser to excite PE and a series of red fluorescent proteins was then
assessed. To compare 532, 550 and 561 nm lasers for fluorochrome excitation, real cells
were used rather than microspheres, to take the effects of cellular autofluorescence into
account. EL4 mouse lymphoma cells labeled with PE-conjugated anti-CD3, CD44 and
CD95 were analyzed using power-matched 532, 550 and 561 nm lasers using the same
optical path and filters (a 590/20 nm in this case, to accommodate the 561 nm laser). CD3,
CD44 and CD95 were used as cell surface markers with low, high and intermediate cell
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surface expression respectively. The results are shown in Figure 3 (left three columns). Both
the 550 and 561 nm units gave improved PE detection compared to the 532 nm laser, and
the 550 nm laser showed excitation nearly as good as the 561 nm. The 550 nm laser also
showed improved excitation of DsRed and dTomato expressing cells when compared to the
532 nm, although again not quite as good as the 561 nm (Figure 3, right two columns).

Nevertheless, the 550 nm laser seemed to be a good compromise between the 532 and 561
nm units, maintaining most of the improvement of fluorochrome excitation seen with the
561 nm laser while avoiding overlap into the optimal PE bandwidth. This also held true
when the 532 and 550 nm units were compared for PE, DsRed and dTomato detection using
a 585/40 nm filter more optimal for PE (Figure 4). Sensitivity for PE improved by at least
1.5 fold with the 550 nm laser, and sensitivity for DsRed and dTomato nearly three-fold.
This improvement with 550 nm excitation occurred even though the 585/40 nm detection
filter used here probably admitted a small amount of 550 nm light (see Figure 2). Increasing
the power levels of the 532 and 550 nm lasers to 150 mW caused a decline in the signal-to-
background ratio of PE for both lasers, but improved DsRed and dTomato sensitivity
significantly (Figure 4).

The high power levels achievable with this 550 nm laser also made it possible to integrate it
into a jet-in-air cell sorting system. The laser was installed on a FACSVantage DivVa™
system, and aligned to the stream in the secondary position normally assigned to a red laser
source. The unit was then tested at 50, 100 and 150 mW, in comparison with a 532 nm laser
at 150 mW. Sensitivity index data from PE-labeled and DsRed and dTomato expressing
cells are shown in Table 2. As with the cuvette systems, 550 nm laser light showed
somewhat better PE excitation at equivalent power levels, and high laser power levels
yielded diminishing returns for signal-to-background ratios for PE. Fluorescent proteins,
however, gave increased sensitivity with higher power levels, with 550 nm excitation giving
improved detection over 532 nm.

A significant issue when moving from 532 to 561 nm excitation of PE is increased
incidental excitation of allophycocyanin (APC), a common fluorochrome in multicolor
labeling protocols. Incidental excitation of APC by the 561 nm can cause a significant
overlap of signal into the PE-Cy5 detector, due to the coincidence of the bandpass filter for
APC and PE-Cy5. This requires significant crossbeam compensation to subtract APC
fluorescence from the PE-Cy5 signal, a complication when analyzing complex multicolor
labeling schemes. Likewise, incidental excitation of the tandem dyes APC-Cy5.5 and APC-
Cy7 would similarly overlap into the PE-Cy5.5 and PE-Cy7 detectors respectively. Since
green 532 nm laser excitation causes much less incidental excitation of APC, it is likely that
550 nm excitation would also cause less APC excitation than 561 nm, and reduce the need
for PE-Cy5 minus APC crossbeam compensation. To demonstrate this, a BD LSR 1™ was
reconfigured as shown in Figure 5a. One detector cluster was configured to detect PE, PE-
Cy5 and PE-Cy7, and aligned to either 532, 550 or 561 nm lasers. A second detector cluster
was configured to detect APC, APC-Cy5.5 and APC-Cy7, and aligned to a spatially
separated red HeNe laser. Cells labeled with APC and APC-Cy7 were analyzed on this
system, and their signal strength and spectral overlap into the PE and PE-Cy7 detectors
measured.

APC signal strength in the PE-Cy5 detector using 532, 550 and 561 nm lasers is shown in
Figure 5b. The 532 nm laser showed roughly 15% excitation of APC compared to the
conventional red laser; APC excitation with 550 and 561 nm sources were higher, at roughly
40 and 60% respectively (Figure 5b). The spillover of 532, 550 or 561 nm excited APC into
the PE-Cy5 detector was then measured using single color APC labeled cell samples, and
the spillover matrix automatically calculated using FlowJo (Figure 6). As expected, the 532
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nm laser produced the lowest overlap of APC into the PE-Cy5 detector at 36.8%. The
subtracted signal for the 561 nm laser was greater than 90%, nearly three times the 532 nm
value. However, the spillover value for the 550 nm was less than twice that of the 532 nm at
62.2%. When APC-Cy7 spillover into the PE-Cy7 detector was measured, the 561 nm value
was more than four times the 532 nm, but the 550 nm was less than three times greater
(Figure 6). The 550 nm source was therefore a reasonable compromise between the 532 and
561 nm sources, reducing the need for crossbeam compensation in complex labeling
protocols while still maintaining a reasonable level of fluorochrome sensitivity.

In summary, a 550 nm laser source intermediate in wavelength between the usual 532 and
561 nm solid state sources provided a number of advantages for flow cytometry over the
traditional units. The 550 nm emission avoided both the fluorescein bandwith impinged
upon by 532 nm lasers and the PE bandwidth near the 561 nm source. This eliminated the
need for special optical modifications to the instrument, and avoided the risk of elevated
background signal in these detectors. In addition, 550 nm excitation showed improved
signal-to-background ratio for detecting PE and the fluorescent proteins DsRed and
dTomato, with levels of sensitivity approaching those observed with 561 nm excitation. The
shorter wavelength 550 nm source also reduced the need for crossheam compensation
associated with incidental excitation of APC and its tandems. An intermediate wavelength
laser between 532 and 561 nm therefore has significant advantages when a green-to-yellow
laser source is required to increase PE sensitivity, or accommodate red fluorescent proteins.
As with all new laser technology, cost is still a factor in implementing this wavelength for
flow cytometry; the cost of a 550 nm laser is currently 2-3 fold that of a power-equivalent
532 or 561 nm source, and commercial availability is still limited. However, improvements
in fiber laser technology have made the manufacture of lasers at any wavelength in the green
to orange range possible, and both cost and availability should improve in the near future.
This engineering flexibility will support the goal of eliminating laser wavelength limitations
for flow cytometry.
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Figure 1. Laser light contamination of fluorescein and PE detectors

532, 550 or 561 nm lasers were mounted and aligned on a BD LSR 1™, and MESF FITC
low microspheres (left two columns) and MESF PE low microspheres (right two columns)
were subsequently analyzed in the 488 nm aligned fluorescein and PE detectors respectively
(spatially separated from the 532, 550 or 561 nm optical path). A 510/20 nm or 530/30 nm
filter was used for MESF FITC microsphere detection, and a 585/42 or 590/20 nm filter for
MESF PE microsphere detection. Loss of dim microsphere resolution is marked with black
arrows.
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Figure 2. Appropriate PE filter for 550 nm laser excitation

550 or 561 nm lasers were mounted and aligned on a BD LSR 1™, and non-premixed
MESF PE microspheres were analyzed using the indicated bandpass filters. Black arrows
indicate the location of the dimmest bead population.
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Figure 3. PE and red fluorescent proteins

Three left columns, EL4 mouse thymoma cells were labeled with biotin-anti-CD3, CD44 or
CD95 antibody followed by streptavidin conjugated to PE, and analyzed on the LSR 1I™

using 532, 550 or 561 nm lasers at matched power levels and the same optical detection

path. Two right columns, SP2/0 cells were stably transfected with DsRed and dTomato and

similarly analyzed. All cells were analyzed through a 590/20 nm bandpass filter (to

accommodate the 561 nm laser). Filled peaks indicate labeled cells, unfilled peaks indicated

unlabeled controls. The sensitivity indices (described in the Materials and Methods) are

indicated on each histogram. PMT voltages were fixed for all samples.

Cytometry A. Author manuscript; available in PMC 2010 December 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Page 12

PE
I N
cD3 cD44 CD95 DsRed dTomato
' i 281, 14.4] , ) 8az2| | 107.4
50 mW [\ ‘ i . % ¢ /\ \
532 nm ;7.5' W ‘: W o ‘“: w ‘0: W ol W ot ‘c: W W
. 120] , 566 |, . 57 . 125,
150 mW i :
W R o 7 PO I P SRS A O @ ke i w W W W -
) 386| | 12104 |. : 318 ,
550 nm ST T w e e R I B
. (\ 234/ . ﬂ 1296 .| | p287 X 235 g 59.2
150 mW /\ i } ( )
N J et _] e
W w o 1 T T T

UANET

Yellow detector (585/40 nm Semrock)

Figure 4. PE and red fluorescent proteins at higher power levels

Three left columns, EL4 mouse thymoma cells were labeled with biotin-anti-CD3, CD44 or
CD95 antibody followed by streptavidin conjugated to PE, and analyzed on the LSR 1l using
532 nm lasers at 50 and 150 mW, and the 550 nm laser at 50 and 150 mW. Two right
columns, SP2/0 cells were stably transfected with DsRed and dTomato and similarly
analyzed. All cells were analyzed through a 585/40 nm bandpass filter. Filled peaks indicate
labeled cells, unfilled peaks indicated unlabeled controls. The sensitivity indices (described
in the Materials and Methods) are indicated on each histogram. PMT voltages were fixed for
all samples.
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Figure 5. APC excitation by green-yellow lasers

a, optical configuration for the BD LSR 1™, with APC, APC-Cy5.5 and APC-Cy7 detected
in one trigon using a red diode laser (639 nm), and PE, PE-Cy5 and PE-Cy7 detected
through a separate trigon using either 532, 550 or 561 nm excitation. b, EL4 cells labeled
with APC- or APC-Cy7 conjugated anti-CD44 (left and right columns respectively) were
analyzed with 532, 550 or 561 nm laser light and detected through a 675/20 nm PE-Cy5 or
780/60 nm PE-Cy7 filter (top three histograms). The same cells were also analyzed with
HeNe 633 nm laser light and detected through a standard 660/20 nm APC filter (bottom
histograms).
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Figure 6. Spectral overlap from green-yellow laser excitation

Analysis of APC and APC-Cy7 labeled cells using the filter/detector configuration shown in
Figure 8. APC and APC-Cy7 signal overlap into the PE-Cy5 and PE-Cy7 detectors is shown
in overlaid dotplots without and with computer-calculated compensation (grey and black
dots, respectively). Values for PE-Cy5 -% APC or PE-Cy7 - %APC-Cy7 fluorescence are
shown on each plot.
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