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Time-resolvable fluorescent conjugates for the
detection of pathogens in environmental samples containing

autofluorescent material
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Department of Biological Sciences, Macquarie University, Sydney, Australia. 2109

ABSTRACT

Water is routinely monitored for environmental pathogens such a Clyptosporidium and Giardia using
immunofluorescence microscopy (lFM). Autofluorescence can greatly diminish an operators capacity to resolve labeled
pathogens from non-specific background. Naturally fluorescing components (autofluorophores) encountered in
biological samples typically have fluorescent lifetimes (t) of less than 100 nanoseconds and their emissions may be
excluded through use of time-resolved fluorescence microscopy (TRFM). TRFM relies on the large differences in 't

between aUlOfluorescent molecules and long-lived lanthanide chelates. In TRFM, targets labeled with a time-resolvable
fluorescent immunoconjugate are excited by an intense (UV) light pulse. A short delay is imposed to pennit the decay of
autonuorescence before capture of luminescence from the excited chelate using an image intensified ceo camera. In
our experience. autofluorescence can be reduced to insignificant levels with a consequent 3D-fold increase in target
visibility using TRFM techniques.
We report conjugation of a novel europium chelate to a monoclonal antibody specific for Giardia Lamblia and use of the
immunoconjugate for TRFM studies. Initial attempts to conjugate the same chelate to a monoclonal antibody directed
against Cl)lptosporidium parvwn led to poorly fluorescent constructs that were prone to denature and precipitate. We
successfully conjugated BHHCT to anti-mouse polyvalent immunoglobulin and used this construct to overcome the
difficulties in direct labeling of the anti-Cryptosparidiwll antibody. Both Giardia and CYJptasporidiulI1 were labeled
using the anti-mouse protocol with a subsequent20-fold and 6.6-fold suppression of autofluorescence respectively.
A rapid protocol for conjugating and purifying the immunoconjugate was found and methods of quantifying the
fluorescence to protein ratio determined.
Performance of our TRFM was dependent on the quality and brightness of the immunoconjugate and optimization of the
conjugation process is necessary to reap the full benefit of time-resolved techniques.

Keywords: Time-resolved fluorescence. microscopy. europium, chelate, lanthanides, Giardia, Clyptospon"dium,
autofluorescence, BHHCT.

1. INTRODUCTION

Many aromatic hydrocarbons have the useful characteristic of emitting light, or fluorescing, as a consequence of
absorbing energetic photons. Ruorescence generally occurs at a lower energy than that of the excitation source and this
wavelength difference provides the means to distinguish the emission. This difference is known as the Stokes shift and
lluorophores with large shifts simplify the task of separating excitation and emission wavelengths.
Epifluorescence microscopes use the same optical pathway to deliver the excitation beam and to collect fluorescence
emission. Filters in the return (fluorescence) optical path block the excitation wavelengths and pass the longer
wavelength fluorescence emission.
Synthetic fluorescent probes are usually designed to target specific cell types or sub-cellular compartments, however
there are many naturally occurring molecules (autofluorophores) that are strongly fluorescent and widely distributed.
Environmemally sourced samples often contain a variety of autolluorescent materials including many minerals, algae
and organic compounds with a broad spectral range for both the emission and excitation wavelengths. Filters cannot
remove interfering autofluorescence when it occurs within the same pass-band as the fluorescent probe used.
Autofluorescence is frequently encountered with biological samples and is not limited to those environmentally sourced,
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Figure 1. Schematic timing diagram illustrating the principles of
time-resolved fluorescence microscopy (Connally et al. 2002).

unwanted fluorescence can be introduced by methods used to prepare samples and formalin treatment of tissue sections
has been reported to result in high levels of background autofluorescence '. Fluorescent in-situ hybridization (FISH)
signals in bacteria can be weak, particularly when applied to the in-situ analysis of microbial communities where
autoJ]uorescing background has been reported to be
a significant problem in such studies'·'. A method
of overcoming the unpredictable nature of
autofluorescence is to use the fluorescence lifetime
of the probe as the discriminating parameter.
The fluorescence lifetime (~) is defined as the
average time that a molecule remains in an excited
state prior to returning to the ground state and is
typically I to 100 nanoseconds'- The time
resolvable fluorescent conjugate described here has
a fluorescence lifetime of 339~ and luminescence
persists long after autofluorescence has ceased.
The lanthartide ion is raised to the excited 4f state
by energy transfer from an organic chromophore.
The long· fluorescence lifetime and spiked emission
characterizing lanthanide chelate probes arises
from (forbidden) transitions of the f-electrons'.
Fig. 1 is a timing diagram that illustrates the

principle of operation for TRFM with the X-axis
representing time and the Y-axis intensity. The
cycle begins with a short (idealized) light pulse that excites fluorescence from the probe and autofluorophore alike.
Termination of the excitation pulse coincides with the start of the gate-delay period and the rapid decay of
autofluorescence. The gate-delay period is extended until autofluorescence has ceased and only then is signal acquisition
commenced. An image is captured using a CeD camera equipped with a gated image-intensifier to capture the faint
fluorescence and execute the precise gate delay timing. The cycle is repeated with the CCD element integrating signal
until sufficient light is captured to give a useful image. TRFM is different from fluorescence lifetime imaging (FLIM)
used to measure very short (ns) lifetimes through amplitude modulation of the excitation light and detection of the phase
shift in the nuorescence emission. The instrumentation required for FUM is significantly more complex and expensive
than TRFM, furthermore the central aim ofTRFM is to eliminate autofluorescence, not to measure fluorescence
lifetimes.
Platinum/palladium coproporphyrins have been used as phosphorescent probes in TRFM despite their relatively short
lifetime (45~s) and requirement to exclude oxygen to avoid phosphorescence quenching ~'- Phenanthroline based
europium chelates (BCPDA) have been used for time-resolved nuorcrimmunoassay (TRFI) '.10, although no attempts
have been reported on its use as a TRFM probe. BCPDA has poor solubility and relatively low fluorescence intensity in
aqueous environments. The ~-diketone fluorescent reagent 2-naphthoyltrifluoroacetone is
used to titrate released europium'+ under the DELFIA protocol (LKB Wallac and
Pharmacia), however the method of use for this reagent renders it generally unsuitable as
a TRFM probe since peak fluorescence occurs within a detergent micelle.
A homolog of the quinolinone dye commonly known ascs 124 (carbostyril l24, Sigrna-
Aldrich) with the addition of a fluoromethyl group was reporled to display improved
stability and a 3-fold increase in nuorescence intensity II. CS 124 has been used as a
fluorescent probe for TRFM work and is reported to have good nuorescence intensily
and T extending to O.92ms 12.

Time-resolvable nuorophores activated for conjugation with biomolecules are
commercially available from a number of sources. Our difficulties in achieving a
successful conjugation with a commercial dye led us to investigate the synthesis of a
chelate. Fig. 2 shows the structure of 4,4'-Bis-(J"', I", r',2",2",3",3"-heptafluor0-4",6"
hexanedion-6"-yl)chlorosulfcro-terphenyl (BHHCn first synthesized by Yuan et 01. "
This compound was reported to provide la-fold greater fluorescence intensity than that of the LKB system and more
than 1000-fold that of BCPDA ,'- We synthesized BHHCT and conjugated the chelate to both anti-Giardia
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immunoglobulin and (goat) anti-mouse immunoglobulin to investigate the effectiveness of our TRFM. Giardia cysts
labeled with the anti-Giardia IgO-BHHCT immunoconjugate prepared by our protocol were strongly tluorescent. Ami
mouse-BHHCT conjugate effectively labeled C. parvum oocysts pre-treated with anti-Cryptosporidiltln IgO so that
autofluorescent background was greatly suppressed under TRFM. A Giardia spiked environmental water sample was
also processed using the anti-mouse protocol wilh a significant contrast enhancement of labeled cysts over background
compared to conventional epifluorescence techniques.

2. METHODOLOGY

2.1. Buffers and fluorescent substrates
Phosphate buffered saline (PBS) pH 7.4 at a concentration ofO.02M was prepared with Aldrich P-4417 tablets. TRFM
buffer was prepared from O.IM NaHC03 solution at pH 8.4 with the addition of 1.0 x 10-5 M Triton X and 0.05%
sodium dodecyl sulfate (SDS). Conjugation buffer was prepared from O.IM NaHC03 solution adjusted to pH 9.0 with
NaOH. Storage buffer was prepared from O.02M PBS at pH 6.9 by adding 1.0 x 10-5 M Triton X, 0.05% sodium dodecyl
sulfate (SDS) and 0.05% sodium azide. The published method 13 was followed for the synthesis of a tluorescent
europium chelate: 4,4' -Bis-(l", 1",1 ",2",2",3",3"-heptafluoro-4",6"-hexanedion-6"-yl)chlorosulfo-o-terphenyl
(BHHCT).

2.2. Water sample
A (I0llL) water concentrate equivalent to lOOmis of environmentally sourced water 15 was spiked with
G. lamblia cysts (5.7 x 104

). The 10,000:1 concentrate contained highly autotluorescem algae, plant debris and mineral
particles.

2.3. Giardia antibody·BHHCT conjugation
G. lamblia IgO mouse antibody (I00lll; at 2.7 mg.mrl ; 0203; Ausflow, Sydney, Australia) was desalted and exchanged
for coojugatioo buffer using Millipore Ultrafree Biomax 50K centrifugal filters. The antibody was reacted (I hr; 26'C)
with a dimethylformamide (DMF) solution of BHHCT (l5lll; 5 mg.mr l) added in a single portion. The reaction mix was
then filtered using Millipore Ultrafree (0.2llm) filter units to remove any precipitate and then transferred to Biomax 50K
centrifugal filters for removal of unconjugated BHHCT. Three consecutive buffer exchanges using PBS were performed
at 4'C and the concentrated protein conjugate taken up in 0.02M PBS. Effectiveness of the centrifugal filters in
removing unbound BHHCT was monitored by measuring the absorption at 320nm of the filtrate after each filter
operation. Auorescence to protein ratio (FIP) was determined as 10 based on the extinction coefficient (e320) ofBHHCT
(3.41 X 104 cm-l M- l). 0203 antibody has negligible absorption at 320nm so the observed value was attributed entirely to
BHHCT and the protein concentration was assumed to have remained unchanged. The immunofluorophore was filtered
before use with Milipore Ultrafree MC filters 0.22llm and used immediately after preparation since the conjugate was
stable for 2-3 days when stored at 4'C.

2.4. Anti·mouse-BHHCT conjugation
Lyophilized anti-mouse polyvalent immunoglobulin developed in goat (Sigma-Aldrich, Inc.) was dissolved in
conjugation buffer to give a concentration of 3mg.mrl. A 100llL aliquot was conjugated to BHHCT and purified using
identical conditions to that specified for the 0203 G. lamblia antibody. Using the absorbance figure at 320nm, the FIP
ratio was estimated to be 8 and the stability was similar to that observed for the 0203 conjugate.

2.5 Labeling of Giardia cysts with G203·BHHCT conjugate
G. Lamblia cysts were labeled using antibody at concentrations ranging from 40~g rnJ-1 to 200~g mr 1 and optimal
brightness was achieved at80llg mrl (data not shown). A spiked G. lamblia water sample (IOOlll) was filtered on a
Millipore Isopore (0.8llm) membrane filter and washed (3 x IOOllL PBS) followed by incubation for 15 minutes with
0203-BHHCT conjugate (I00lll; 80llg.mI·l) in PBS buffer. Filters were washed several times with 200111 of PBS before
chelate activation with EuCI) (lOOlll; 2 mM) for 5 minutes followed by a further three washes with PBS. Filter
concentrates were flushed from the membrane using PBS and collected for slide preparation.
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2.6 Labeling of Giardia cysts with anti-mouse-BHHCT conjugate
An environmental water sample (lOO!J.L) was spiked with approximately 2,SOO G. lamblia cysts and then filtered on a
0.8~m membrane filter. The filters were incubated ( IS min.) with 100~L of PBS containing G203 anti-Giardia
immunoglohulin at a concentration of lO~g.mr'.The filters were washed (3 x 100~L PBS) and incuhated with anti
mouse-BHRCT conjugate (I OO!J.L; 80~g.mr'; IS min.) and washed (3 x 100~L PBS). The chelate was activated with
EuCh (IOO~I; 2 ruM; S min.) and washed (3 x IOO~I) with PBS. Filter concentrates were removed for slide preparation
as described previously.

2.7 Labeling of Cryptosporidilllll parvllIn oocysts with anti-mouse-BHHCT conjugate
An environmental water sample (lOO~L) was spiked with approximately 10,000 C. parvum oocysts and then filtered on
a 0.8~m membrane ftlter. The ftlters were incubated (100 ~; lO~g.mr'; ISmin.)with Cryl04 anti-Cryplosporidium IgG
(Ausflow, Sydney, Australia) and processed identically as described in 2.6 for the Giardia cysts.

2.8 Effectiveness of Sephadex elutinn versus centrifugal ftltration
A column (1.S x lOcm) was prepared with Sephadex G-SO Superfine (Amersham Pharmacia, Biotech, AB) and
equilibrated with O.OSM NH.HCO, buffer at pH 8.6. lmmunoconjugate prepared using anti-Giardia IgG (200!J.L
;2.7mg.mr') and BHRCT (40!J.L; Smg.mr' ;1 hr. at 26°C) was divided into two aliquots of IOO~L. A Sephadex column
was used to purify one aliquot and the other was loaded into a centrifugal filter.
Centrifugal Filter: The reaction mix was concentrated to a volume of IS~L using the centrifugal filter and made up to
100~L with PBS buffer. The concentration step was repeated twice more and the tinal concentrate made up to 100~L

volume using storage buffer.
Sephadex column: The lOO~1 reaction mix was transported into the column using 6ml of O.OSM NH.HCO, buffer at pH
8.6 and the conjugate eluted with a further Sml of buffer. The main protein fraction was carried in the 2nd and 3rd ml of
the second elution and was concentrated using centrifugal filters to facilitate buffer exchange for storage buffer. Sample
aliquots were taken from both Sephadex and centrifugal filter immunocnnjugate preparations and made up to equal
concentration in PBS (lOO~L; 80~g.ml·'), spiked with SOOO Giardia cysts and left to incuhate for IS minutes. An aliquot
(20!J.L) of each sample was reserved from each tube for evaluation of chelate fluorescence intensity before collection of
the cysts on a 0.8~m membrane filter. The cysts were then washed (3 x lOO~L PBS) and incubated with fluorescein
isothiocyanate (FlTC) conjugated anti-mouse (IOO~I x lO~g.mr') for a further IS minutes. The membrane was washed
(3 x 100!J.L PBS) and transferred tn a slide for evaluation of the FITC intensity at S32nm using the TRFM at zero gate
delay. The previously reserved 20~L aliquots were incubated with EuCI, (S!J.L; 0.02M; S min.) and 3~1 transferred to a
slide for TRFM fluorescence intensity measurements of the cysts with a gate-delay of lOO~s, 2x2 binning, loop count of
2S0 and image-intensifier gain of70%.

2.9 Image processing
The degree of contrast enhancement of captured images (Fig. S and 8) achieved through use of TRFM was determined
by selecting the brightest autofluorescent region (Io) and an adjacent labeled cyst (Ie) for comparison. The ratio of the
average pixel hrightness values with a zero gate-delay period (\co 1lao) and after 6O~s gate-delay (IctiO 1 lotiO) were
calculated to give the change in contrast. t.Contrast = (IctiO 1lotiO) 1(100 1100) Eq. I
Data used to plot the graph shown in Fig. 6 was captured from a sequence of nine frames with different gate delay
periods ranging from 0 to 100 ~s. Pixel intensities between the points A and B (Fig S) for each of the frames was logged
using a line histogram tool that formed part of the custom software package. The data was then imported into Origin 6.0
to generate the 3D plot.

Eq.2

T
2.10 Chelate Lifetime determination
The decay of chelate phosphorescence was modeled assuming single exponential
decay. the intensity of emission at time T is defined using Eq. 2.
The pre-exponential constant Io is the initial intensity immediately after excitation
and t is the fluorescence lifetime. Assuming the decay follows the exponential model proposed, plotting the log, of
fluorescence intensity against the gate delay pericx;l results in a straight line, the slope of which is inversely proportional
to t. Auorescence measurements of labeled cysts were taken with increasing gate-delay periods and the intensity values
suhsequently fitted to Eq. 2 using Origin 6.0 software (Microcal Software Inc., Northampton, MA, USA).
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Purification A 260 A 280 A320 A280/320 FITC BHHCT
Method intensity intensity

Sephadex elution 0.104 0.093 0.086 1.08 12.8 50
Centrifugal filter 0.107 0.097 0.097 1.00 0.6 116

2.11 Instrwnentation
TRFM was performed using equipment and techniques as described previously 16.11.

3. RESULTS AND DISCUSSION
3.1 Effectiveness of labeling protocol
The concentration and volume of the BHHCT dimethylformamide (DMF) solution added to the protein solution has the
greatest effect on the final FIP ratio. Increasing concentration of BHHCT above 20mg.mr' caused an immediate
precipitation of BHHCT on mixing with the antibody, moreover the volume of DMF added should be less than 15% of
the total volume to avoid denaturation of the protein. Both the anti-Giardia and the polyvalent anti-mouse
immunoglobulin were effectively labeled using the same concentration of BHHCT (I ~g BHHCT per 3.6,llg protein).
Using the same protocol, Cryl04 anti-Cryptosporidium IgG lost its affinily after labeling with BHHCT. All attempts to
prepare a fluorescent BHHCT conjugate with Cry104 yielded material that was either fluorescent with unacceptably low
affinity or conversely, retained affinity for its epitope but had unacceptably poor fluorescence intensity.

3,2 Problems with Sephadex purification of the immunoconjugate
The poor fluorescence intensity of conjugates purified on Sephadex columns was unexpected and was possibly due to
the instability of the BHHCT-protein conjugate. Sephadex elutions frequently resulted in protein precipitation regardless
of the buffer used (0.02M PBS at pH 6.9 or 0.05M NH,HC03 at pH 8.6).
The method outlined in 2.8 was used to label Giardia cysts with anti-mouse FITC conjugate. Ruorescence intensity of
the anti-mouse FITC conjugate (at 532nm) should be proportional to the amount of bound mouse-antibody and can thus
provide an indirect measure of the BHHCT-immunoconjugate affinily. The results are presented in Table 1 together with
the absorption values at 260nm, 280nm and 320nm. BHHCT absorbs most strongly at 320nm and least at 280nm
(A28rJA32o = 0.55), whereas immunoglobulin has peak absorption at 280nm and near zero absorption at 320nm. The
A2801320 ratio provides an indication of the degree to which the immunoglobulin is labeled, lower figures indicating
higher FIP ratio.
Table 1.

Results in Table I are from a conjugation done at higher BHHCT concentrations (I~g BHHCT per 2.7~g protein) than
that found optimal (l~g BHHCT per 3.6~g protein) and immunoconjugate affinity is satisfactol)' using the laner
concentration (data not shown). Intensity measurements were nonnalized by adjusting the loop-count (integration
period) of the camera so that pixel brightness was approximately mid-range and the recorded value was then divided by
the loop count ( eg brightness of 128 and loop count of 10 was recorded as intensity of 12.8).
The FITC (520run) fluorescence intensity of the cysts prepared using the Sephadex preparation was 20-fold higher than
that recorded for the centrifugal filter concentrate. Conversely, the BHHCT (617nm) fluorescence intensity of cysts
labeled using the centrifugal filtration purified conjugate was 2.3 times that of the Sephadex preparation. This result
implies that the Sephadex prepared conjugate has a high affinity for its epitope and is (comparatively) lightly labeled.
The product obtained using centrifugal filtration on the other hand, has poor affinily for it' target and is heavily labeled.
A possible explanation for this result is that the conjugation process results in a heterogenous mix of immunoconjugate
that has a range of FIP ratios. The heavily labeled immunoconjugate has a greater tendency to denature and precipitates
(when diluted) in the Sephadex column, only the lightly labeled and higher affinity immunoglobulin is eluted.
For most immunoconjugates, there exists an optimum FIP ratio at which the greatest number of fluorophores are bound
(via the antibody) to the antigen. With excessively high FIP ratios, the loss in affinity is not compensated sufficiently by
the increased fluorescence output. Sirrtilarly, poorly labeled constructs with low FIP ratio have high affinity but sub
optimal fluorescence output.
3.3 Purification effectiveness of centrifugal filters
Filtrate was collected at the end of each wash cycle from the centrifugal filters and the absorption value at 320nm
recorded with the results shown in Fig. 4. To ensure efficient removal of unbound BHHCTwithin three centrifugal wash
operations, it was found necessary to concentrate the protein to a volume of 151lL before adding fresh wash buffer.
Excess BHHCT present in the final protein preparation makes estimation of the FIP ratio difficult due to the very high
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extinction coefficient (3.41 x 10' M.cm" at 330nm) of this compound.
The exponential curve fitted to the absorption readings indicates a further
cycle would reduce BHHCT concentration only marginally.
The FIP ratio was estimated by assuming the absorption at 320nm is due
entirely to bound BHHCTand then using the extinction coefficient to
determine the number of mnlecules bound to the immunoglobulin
(molecular weight nf 0203 anti-Giardia IgO is l40KDa).
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Figure 4. The exponential curve plOlS the
decrease in BI-ll-ICf concentration over
three centrifugal wash cycles.

3.4 Contrast enhanced image of anti-mouse labeled Giardia cysts
The Giardia cysts visible in Fig. 5 are embedded in a matrix of brightly
fluorescing algae, mineral sediments and plant debris. The loop count for
the TRFM was adjusted so that the fluorescence intensity of the cysts at
zero gate delay is at a maximum (pixel value of 252) since longer gate
delays reduce pixel intensity and the decrease can be used to estimate "to

Although the instrument has a dynamic range of 4096, at a
photomultiplier gain of 60% the variation in pixel intensity between
consecuti ve images is about
2% (± 40 ). The 4096 range is remapped by the camera software into an 8 bit grey-scale image for display and storage.
The images in Fig. 5 and Fig. 8 are as captured, no post processing has been applied (otber than inclusion of the text
labeling).
The degree of contrast enhancement was calculated by comparing the two regions marked I. and ~ across the two
frames. TRFM results in a 20-fold (124/6) suppression of background with the sacrifice of 51% in the fluorescence
intensity of the labeled cyst. Image-intensifier gain of 60% results in a backgrouod of relatively low noise with good cyst
definition, however the minimum useful gain setting depends primarily on the label intensity. The sequence of images
from which the frames in Fig. 5 were taken, were processed using the line histogram tool to generate the 3D graph
shown in Fig. 6.

Figure 5. Two TRFM images (400 X) taken from a sequence with gate delays ranging from p..s to lOOJlS. The image on the left is
the first of the series with OilS gate delay and that on the right is the sevenlh with a delay of 6Q..ls.
Three G. Lamblia cysts that have been labeled with BHHCT/anti-mollse conjugate are clearly visible along the line AB and a fourth
cyst is as the leftmosl edge of the image. Autofluorescence intensity of lhe region marked Ib in the first frame)s 252 and in the
second is reduced lo 6 in TRFM mode (doued outline). The labeled cyst (Ie) however retains good fluorescence intensity in TRFM
mode with a decrease from 252 to 124 pixel brighmess units (256 gray-scale).
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Figure 6. Pixel inrensities along the line AB shown in Fig. 5 were
captured with increasing gate delay periods to generate this 3D plot. The
progressive decrease in background aUlOfluorescence was achieved by
increasing the gate-delay period from O~s lO IOO~s.

3.5 Estimation of fluorescence lifetime of anti-mouse labeled cysts
Pixel intensities along the line marked AB
transecting three Giardia cysts in Fig. 5 were
sampled at different gate delay periods to
generate the 3D plot in Fig. 6. The axis marked
'grid coordinate' corresponds to the line AB,
the y-axis is the gate-delay duration and Z-axis
is fluorescence intensity. The topmost cyst on
the line AB in Fig 5 corresponds to the peak at
coordinate 200 in Fig. 6 and intensity readings
from this coordinate were used to estimate
nuorescence lifetime as 265~s with a pre
exponential constant of 154. Data was sampled
from frames with gate-delays ranging from
30~s to lOO~s for the estimate oh since there
was significant energy contribution from the
decaying nashlamp plasma within the first
30~sl'.

Noise on the baseline after a gate delay of
lOO~s is still evident between the peaks at
coordinates 200 and 400. This noise is not
visually apparent in Fig.5 (gate delay of 60~s)
and implies that reducing background below a set
threshold is a sufficiently effective strategy rather
than aiming for a large contrast ratio. An (8-bit)
region with a brightness of 6 is indistinguishable
from a region of brightness 0, yet the contrast
ratio of the lanee is much higher.

Figure 7. LO& 01 the t1uorescence lfitenSlty 01 antHilQrdlQ
immunoconjugate labeled cyst (image not shown) was sampled with
gatc-delays extending to 700jlS to produce a linear plot for estimation
of BHHCT label fluorescence lifetime.

'00700.00::l00 ..00 soo
Gate.delay period (11S)

'00""

I • log~t1uoructnce vsgate·delayperiod

S"

3.6 Estimation of fluorescence lifetime of anti-Giardia labeled cysts
TRFM frames captured to extract the information shown in Fig. 6 were gathered over a short interval of 70JlS and a
better estimate of'! was sought by sampling over a much longer period. The gate delay period was extended to 700J,ls
using cysts labeled with a highly fluorescent anti-Giardia immunoconjugate. For these measurements, the TRFM was set
to a gain of 60%, 2x2 binning, and a loop count of 250.
Brightness at the centre of the cysts still exceeded the
dynamic range of the instrument after 300~s and dropped
to an average of 68 (8-bit scale) after 700~s. The thin edge
of the Giardia cyst was less fluorescent than the centre so
the line histogram tool was used to sample along the edge
and record pixel intensities from consecutive frames
captured with increasing gate-delay periods. The X-axis of
the plot in Fig. 7 corresponds to the line transecting the
cyst edge (image not shown), gate-delay is plotted on the
Y-axis and pixel intensity on the Z-axis. The apex of each
intensity histogram was smoothed (averaged) to generate a
single representative value for each frame as the gate
delay was extended from 50~s to 700~s. Log, values for
the averaged peak intensilies from frames with gate-delay
periods ranging from 200l1s to 700l1s were used to
generate the linear plot shown as an inset in Fig. 7.
Ruorcscence lifetime was determined from the slope
of the line as 339~s ± 14~ with a pre-exponential
constant of 193.
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3.7 TRFM images of Cryptosporidillm labeled witb (goat) anti-mouse conjugate
Fig. 8 is composed of two frames captured at a magnification of 400X using the 1RFM at gate delays of 0 and IOO~s

respectively. The two C. parvllln oocysts are difficult to locate in the first frame but clearly visible in the second.
Background is not completely suppressed as with the Giardia images in Fig. 5 since the small size (5~m) and relatively
low fluorescence intensity of the labeled oocysts required a high gain setting on the image-intensifier. The reason for the
decreased intensity is believed to be a due to lower avidity ofCryl04 compared with 0203 (Slade, M., Macquarie
University, Australia, personal communication). Cryl04 does not strongly bind to its epitope and excessive washing is
reported to deplete bound antibody. C. parvllln samples used to spike the environmental water concentrate were over 2
years old and many of the oocysts had excysted, leaving empty shells as recorded for both CI and C2 in Fig. 8.
Suppression of background autofluorescence with TRFM resulted in a 6.6-fold contrast enhancement over conventional
epifluorescence nticroscopy.

Figure 8. BHHCf labeled Cf)'ptosporidium oocyst (shells) in an environmental waler concentrate at 400X magnification.
Oocysts are typically 5Jlrn in diameter and difficult to locate and identify unless in highly purified preparations. With (non
TRFM) epifluorescence microscopy, the oocysts are labeled a bright orange/red.

3.8 Instability of the BHHCT immunoconjugate
A previous report on the preparation of a fluorescent immunoconjugates used BPPCT, a homolog of BHHCT with a
pentafluoro group rather than the heptafluoro moiety". Stability of BPPCT compounds appeared to be slightly better
than that experienced with BHHCT, although BPPCT conjugates were found to be less fluorescent.
Small aliquots of BHHCT-immunoconjugate were frozen at -20°C in the hope of maintaining activity, however on
thawing the aliquots were found to have reduced capacity due to protein precipitation. BHHCT and its conjugates are not
stahle in alkaline solutions and the storage buffer must be made sligh~y acidic (pH 6.9).
As a control during the BHHCT conjugations, FITC was conjugated to goat anti-mouse immunoglobulin at a variety of
concentrations yet none of the FITC immunoconjugales had the same tendency to denature displayed by BHHCT
conjugates.
The NH,HCO, huffer used to elute Sephadex columns was found to be a potent inhibitor of BHHCT fluorescence and
caused red BHHCT labeled cysts to turn blue under UV excitation. Blue cysts could not be returned to their highly
fluorescent red state and it was presumed the reagent destroyed the p-diketone moiety of BHHCT.
Sephadex size exclusion columns had the advantage of quickly removing unbound BHHCT so that estimation of the F/P
ratio could be made with much greater accuracy than with preparations isolated using centrifugal filters. Residual traces
of unbound BHHCT greatly influence the spectral absorption measurements and the effect of this compound on protein
sLability is unknown.
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4. CONCLUSION

Commercial epifluorescence microscopes can be easily converted to perform TRFM through the addition of a gated
image-intensified ceo camera and a high-speed flashlamp. In our experience 17, the major weakness of such a system is
the relatively long decay of the flashlamp plasma, and a strongly fluorescent long-lived label is required to properly
exploit the instrument.
BHHCT is easily and reproducibly conjugated with biomolecules in a couple of hours and the intensely fluorescent
conjugates formed make it suitable for use with the TRFM described. Moreover, unlike the palladium coproporphyrins,
the chelate is not sensitive to oxygen and maintains good fluorescence intensity in aqueous solutions.
Our inability to conjugate the anti-Cryptosporidium immunoglobulin CrylO4 with BHHCT and retain antibody affinity
led us to investigate alternative methods of labeling oocysts. Antimouse-BHHCT immunoconjugate has proven to be a
versatile and highly useful reagent that enabled us to capture for the first time, time-resolved images of Cryptosporidium
oocysts free of autofluorescent background. Application of TRFM techniques and the anti-mouse reagent to a Giardia.
spiked water sample, resulted in a 20-fold improvement in contrast of labeled cysts over background. Mouse antibodies
are ubiquitous in immunofluorescence studies, the availability of the BHHCT-antirnouse construct provides a ready
means to utilize these reagents in TRFM.
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