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1. Replace (Ins) Tool – for replacing text. 
 

Strikes a line through text and opens up a text 
box where replacement text can be entered. 

How to use it 

 Highlight a word or sentence. 

 Click on the Replace (Ins) icon in the Annotations 
section. 

 Type the replacement text into the blue box that 
appears. 

This will open up a panel down the right side of the document. The majority of 
tools you will use for annotating your proof will be in the Annotations section, 
pictured opposite. We’ve picked out some of these tools below: 
 

2. Strikethrough (Del) Tool – for deleting text. 
 

Strikes a red line through text that is to be 
deleted. 

How to use it 

 Highlight a word or sentence. 

 Click on the Strikethrough (Del) icon in the 
Annotations section. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Add note to text Tool – for highlighting a section 
to be changed to bold or italic. 

 
Highlights text in yellow and opens up a text 
box where comments can be entered. 

How to use it 

 Highlight the relevant section of text. 

 Click on the Add note to text icon in the 
Annotations section. 

 Type instruction on what should be changed 
regarding the text into the yellow box that 
appears. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Add sticky note Tool – for making notes at 
specific points in the text. 

 
Marks a point in the proof where a comment 
needs to be highlighted. 

How to use it 

 Click on the Add sticky note icon in the 
Annotations section. 

 Click at the point in the proof where the comment 
should be inserted. 

 Type the comment into the yellow box that 
appears. 
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For further information on how to annotate proofs, click on the Help menu to reveal a list of further options: 

5. Attach File Tool – for inserting large amounts of 
text or replacement figures. 

 
Inserts an icon linking to the attached file in the 
appropriate pace in the text. 

How to use it 

 Click on the Attach File icon in the Annotations 
section. 

 Click on the proof to where you’d like the attached 
file to be linked. 

 Select the file to be attached from your computer 
or network. 

 Select the colour and type of icon that will appear 
in the proof. Click OK. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Add stamp Tool – for approving a proof if no 
corrections are required. 

 
Inserts a selected stamp onto an appropriate 
place in the proof. 

How to use it 

 Click on the Add stamp icon in the Annotations 
section. 

 Select the stamp you want to use. (The Approved 
stamp is usually available directly in the menu that 
appears). 

 Click on the proof where you’d like the stamp to 
appear. (Where a proof is to be approved as it is, 
this would normally be on the first page). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. Drawing Markups Tools – for drawing shapes, lines and freeform 
annotations on proofs and commenting on these marks. 
Allows shapes, lines and freeform annotations to be drawn on proofs and for 
comment to be made on these marks.. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

How to use it 

 Click on one of the shapes in the Drawing 
Markups section. 

 Click on the proof at the relevant point and 
draw the selected shape with the cursor. 

 To add a comment to the drawn shape, 
move the cursor over the shape until an 
arrowhead appears. 

 Double click on the shape and type any 
text in the red box that appears. 
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Dear Cytometry Contributor:

Thank you for publishing in Cytometry.  Because you recognize the value and importance of this journal as
a venue for publishing your work, we invite you to join the International Society  for Advancement of 
Cytometry (ISAC).

One of the many benefits of membership in this esteemed society is that ISAC members now receive a 50%
discount on reprint orders for Cytometry.  Membership also guarantees that you will receive this
publication at an astonishingly low price!

With Cytometry, you will get unmatched coverage of cytometric and bioimaging techniques in basic and
applied biomedical research.  The journal embraces all aspects of analytical cytology - from molecular
biology, through cytochemistry, cytophysics and cell biology - pathology and physiology to statistics and
instrumentation. Clinical  Cytometry, the bimonthly section of Cytometry, reports on the use of flow and
image cytometry in a clinical setting and is available for a nominal addition to your regular ISAC
membership fee.

In fact, we feel that many of your colleagues could benefit from Cytometry’s in-depth scientific coverage
and desktop delivery of valuable data but they might not be ISAC members.   Accessing the journal could
be problematic for non-ISAC members if your library does not subscribe.  Now you can help ensure that
your colleagues have all the latest information they need to conduct their research thoroughly and
effectively.  Just make sure your library has Cytometry and with it, Clinical Cytometry (a total of 18 issues
per year) on the shelves and on-line.  For more information, direct your librarians to
www.wiley.com/cytometry, or call 1-800-879-4539.

If your library subscribes to Cytometry, you and your colleagues can now browse the full text of each issue
on-line.  Full text on-line gives you faster, desktop accessing of research findings, flexible search
capabilities, and fully downloadable information.  To learn more about how to get your library registered,
please visit Wiley Online Library (www.wileyonlinelibrary.com) This Internet tool makes Cytometry a more   
cutting-edge resource than ever before.

Regards,
John Wiley & Sons, Inc.
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ANNOUNCEMENT

NEW TO CYTOMETRY AND CLINICAL CYTOMETRY

Online Submission and Peer Review

In taking a step toward facilitating online collaboration and expediting the
publication process, CYTOMETRY and CLINICAL CYTOMETRY are pleased to
now offer web-based submission and peer review.  The online submission site
offers new functionality not offered before, including:

• Instant confirmation of manuscript receipt

• The ability to track a manuscript’s progress through the peer review process

• The ability to submit manuscripts 24/7 from anywhere in the world, via web
access

We invite authors to visit the online submission site at
http://cyto-wiley.manuscriptcentral.com/.

To submit manuscript online, please:

1. Prepare your manuscript and illustrations in appropriate format, according to the
instructions given at http://cyto-wiley.manuscriptcentral.com/ under the “Instructions
and Forms” button.  Please also be sure that your paper conforms to the scientific and
style instructions of the Journal.

2. If you have not already done so, create an account for yourself in the system at the
submission site: http://cyto-wiley.manuscriptcentral.com/ by clicking on the “Create an
Account” button. To monitor the progress of your manuscript through the review
process, just login periodically and check your Author Center.

3. Please be sure to study the Instructions and Forms at the site carefully, and then let
the system guide you through the submission process. Online help is available to you
at all times during the process.  You are also able to exit/re-enter at any stage before
finally “submitting” your manuscript.  All submissions are kept strictly confidential.  If
you have any questions, do not hesitate to contact us at edsupport@wiley.com
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Due to the high cost of color printing, we can only print figures in color if authors cover the 
expense.  
Color printing costs $500. per page regardless of the number of color figures on a page. 
Please indicate if you would like your figures to be printed in color or black and white. Color 
images will be reproduced online in WileyOnlineLibrary at no charge, whether or not you opt 
for color printing  

Failure to return this form will result in publication of your figures in black and white. 
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Title of Manuscript:   
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Number of color pages Color charges  Number of color pages Color charges  
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2 1000 7 3500 

3 1500 8 4000 

4 2000 9 4500 

5 2500 10 5000 

Please contact the production editor if you have more than 10 pages of color. 

 Please print my figures in black and white 

 Please print my figures in color:     Total   $    

International orders must be paid in currency and drawn on a U.S. bank 

Bill to:  
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Address  

                                             

   

Fax:  
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The Other Side of the Coin: Time-Domain

Fluorescence Lifetime in Flow

L�aszl�o BeneAQ7 ,* L�aszl�o Damjanovich

� Key terms
fluorescence lifetime; flow cytometry; time-correlated single
photon counting (TCSPC); burst integrated fluorescence life-
time (BIFL); time-tagged time-resolved (TTTR); fluorescence
resonance energy transfer (FRET)

FLUORESCENCE lifetime is a central quantity of fluorescence

spectroscopy reflecting fluorophore heterogeneity and the

dynamics of fluorophore–environment interactions (1). It is

increasingly used in molecular biology and biochemistry to

monitor ion concentration, pH, polarity, enzyme-binding

activities, fluorescence quenching and resonance energy trans-

fer (FRET), temperature, and even refractive index on the

nanoscale, to name some applications (2–5). In spite of its

incredibly small value (ns), technical development in the field

of light sources—short pulsed-lasers with high repetition

rate—and detectors—avalanche photodiode—made feasible

its direct determination first in bulk solution, then even at the

levels of single cells and single-molecules (6,7).

Essentially two versions of the lifetime measurements

have been developed with their own advantages and disadvan-

tages. In the phase method, harmonic excitation (frequency-

domain) is used when fluorescence is also harmonic but with

a phase delay and demodulation as compared to the excita-

tion, from which lifetime can be computed (8). The advantage

of the method is its rapidity due to the efficient Fourier-

algorithms, favoring multiplexing and applications for real

time monitoring of dynamic events in video microscopy. The

disadvantages are that relatively high signals are needed, and

because lifetime is an indirectly measured parameter here, life-

time heterogeneity can not be revealed directly, albeit the

recently introduced AB-plot technique helped a lot in this

recpect (9). Another drawback is that small lifetime changes

frequently occuring e.g. in FRET measurements cannot be

measured readily. The other method, the time-domain or

pulsed technique, directly samples the fluorescence decay

curves elicited by very short light flashes via single photon

counting or stroboscopic detection (10). The advantages of

this approach are that it works the best for weekly fluorescing

samples—to avoid photon pile-up—, and that lifetime hetero-

geneity can directly be revealed by the nature of the recorded

decay curves, namely whether it is a single or a multiple expo-

nential. The disadvantage of the method is its slow speed pre-

venting its usage for tracking high speed processes.

Nowadays, lifetime technology culminated in the near-

routine usage of commercially available versatile fluorescence

lifetime imaging microscope (FLIM) systems in the time-

domain (11,12) and in the frequency-domain (13). In contrast

to the stationary samples in microscopy, the available detec-

tion time in flow conditions is limited which imposes a seri-

ous constraint on implementing direct lifetime measurements

in flow. However, the ever-increasing speed of electronics

made the implementation of the different lifetime measuring

techniques also possible in flow cytometry, first the phase

method pioneered by Steinkamp and coworkers (4), then the

time-domain method pioneered by Condrau et al. (14) in the

form of time gated detection of fluorescence of lanthanides.

Also in flow, recently Cao et al. (15) reported on an attractive

pulse-shape method situated between the pulsed and phase
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methods with the capability for parallelism well fitting to the

high-throughput multiplex nature of flow cytometry.

An inventive approach to time-domain flow cytometry

has been presented by Nedbal et al. (in this issue, page XXX AQ1)

via converting a conventional inverted wide-field fluorescence

microscope into a time-domain flow cytometer by placing a

flow-chip (microfluidic chamber) on the sample stage and

applying time-correlated single photon counting (TCSPC).

With the flow-chip they adjusted the speed of cells to the speed

of the data-acquisition. A spectacular feature of the arrange-

ment is that the “trigger signal” of the conventional flow

cytometer—synchronizing the different signal channels—has

been replaced by the concept of “burst” analysis borrowed from

the field of single-molecule detection (SMD). This approach
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Figure 1. Scheme of the “time-tagged time-resolved” (TTTR) prin-

ciple of fluorescence data collection. Panel A: Events—measure-

ments (photons at T1, T3) and marker signals (at T2) for external

interventions—are organized sequentially in a unified global time

scale (T) realized by the exciting laser pulse train (blue signals) used

as a clock signal (6,12). After each excitation pulse either the arrival

time relative to the pulse time (t1, t2, 0–10 ns) and the channel

(detected emission bands and/or polarization directions) of a first

photon are registered, or the times of external interventions, such

as a driving signal of a piezo-scanner marking the beginning of a

line scan during a 2-dimensional raster scanning, i.e. recording an

image in a confocal microscope. The registration of these numbers

is in succession on the absolute time scale (T, ms s, covering 500–

104 bursts) fixed by the train of laser pulses. The power of this data

organization scheme lies in its flexibility for enabling multiplexing a

very diverse range of parameters and data analysis methods, such

as auto- and cross-correlations in time, intra-particle (burst) fluores-

cence decay curves and time-gated detection of correlations. Panel

B: By binning according to the ns-arrival times relative to the pulse

time—t1 for the green photons—, photon-frequency histograms can

be generated representing the fluorescence decay curves for the

whole measurement. Besides, fine structure of the photon stream

can be revealed by plotting photon frequency—obtained by distrib-

uting the photon macro-times into histogram bins (�20 ms)—as the

function of the absolute time making possible the identification of

individual particles as ms-crowdings of photons called “bursts” and

subsequent thresholding on them. Alternatively, this segmentation

of photon time trace can be achieved by plotting the inter-photon

times (Panel B on Fig. 2) as the function of the absolute time and

subsequent gating on the short inter-photon times. This can be

done for each detection channel fixed by the detected wavelength

range and polarization. Subsequently “burst”- or particle-level anal-

yses can be performed and particle-level characteristics such as

decay curves, average intensities, and decay-times in different

detection channels can be determined amenable for constructing

different bivariate scatter plots. This data organization scheme—

originally introduced in the field of SMD (6)—well matches with the

sequentially collected list mode data structure and the high degree

multiplexing inherent in flow cytometry.AQ5
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Figure 2. Illustration of the particle–photon “burst” correspon-

dence in flow cytometry. Panel A: In conventional flow cytometry,

each cell is individually excited by an intersecting continuous

laser beam, and several parameters are collected sequentially—

i.e. in list mode—, if they obey some preadjusted thresholding

and gating conditions. In the TTTR approach (6,12) the continu-

ous laser is replaced by a pulsed one producing psec–fsec pulses

at a high repetition rate (�100 MHz). Besides, to lengthen the

pulse duration necessary for making time-correlated single-pho-

ton counting (TCSPC) (10) possible in flow, slowing down the par-

ticle flow is required. To this end the originally stream-in-air or

flow chamber-based particle illumination arrangement has been

replaced by a microfluidic chip controlling speed of sample deliv-

ery. Panel B: Each of the cells depicted in Panel A gives rise to a

sequence of first photons, a “burst,” the duration of which (�ms)

is dictated by the flow speed, and the size of the cells and the

beam waist. The frequency of photons in the “bursts” represents

fluorescence intensity. The photon “bursts” from cells are distin-

guished from noise by gating on the high photon frequencies, i.e.

large intensities or the small inter-photon times (Dt1, Dt2) (6). The

larger inter-“burst” times (DT1, DT2) are determined by the flow

speed and the cell concentration in the sample. In the illustrated

case, the ascending order of cells according to brightness is 1-3-2.
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has also been designated as “BIFL” (burst integrated fluores-

cence lifetime) or TTTR (time-tagged time-resolved), referring

to the way of data collection (6,11,12). This type of data collec-

tion means that the different events are registered in parallel in

two time scales: first photons are registered relative to the elicit-

ing exciting pulses (micro-times) and also relative to the begin-

ning of the experiment in a laboratory time frame (macro-

time) fixed by the train of the exciting laser pulses used as a

clock signal (Fig.F1 1). In addition to the arrival times of first

photons, their color and polarization direction, as well as exter-

nal marker signals such as those indicating spatial positions of

the photon emissions in imaging—i.e. piezo-scanner driving

signal—can also be registered on the absolute time-scale. This

multiplexing capability of TTTR can advantageously be

matched with that of flow cytometry. Signal-noise discrimina-

tion, i.e. identifying fluorescing particles, can be achieved by

thresholding on the “inter-photon-period vs. macro-time,” or

the “time-binned integrated event number (i.e., fluorescence

intensity) vs. macro-time” plots after registering the whole time

history of the experiment, which is also the task of a trigger-

signal (e.g., forward light scattering, FSC) in a conventional

flow cytometer (Fig.F2 2) (6,11). This operation is analogous to

the segmentation of spatial images. By applying this approach

bursts of single particles can be identified efficiently, as indi-

cated by the negligible 2.9%-contamination from the two-

particle events. After segmentation of the time-trace, burst-level

intensity decays, average lifetimes and intensities can be com-

puted and organized into bivariate scatter plots to reveal possi-

ble dependencies, like in the case of the conventional flow

cytometric dot-plots. Unique to the time-domain approach is

that events can also be gated on the arrival times (“time-

gating”), making possible distinguishing useful signals from the

unwanted background, like autofluorescence and light scatter-

ing, based on the much smaller arrival times for background

photons than for useful fluorescence. Furthermore, distinguish-

ing between different fluorophore species or two forms of the

same species can be done by gating on the different lifetimes

(7,11).

The applicability of the method has been demonstrated

by the authors in determining FRET applying CFP-RFPAQ2 visible

fluorescent protein rulers with well-defined spatial separa-

tions, in a GFP-Cy3 FRET-assay for EGFR tyrosine phospho-

rylation, and in measuring lifetimes of a two-state polarity-

sensitive dye (di-4-ANEPPDHQ) in the lipid membrane

phases. According to their data �0.1 ns lifetime differences

due to FRET, or due to environmental lifetime-heterogeneity

can be resolved presently.

The method is inherently multiplexed by the nature of

TTTR, and by including spatial marker signals it could also be

applied for imaging in flow. Future developments are expected

to aim at speeding up the data acquisition and processing

to the running time of conventional flow cytometers (from

�50 events/s to �1022103 events/s).
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