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Evaluation of novel polymeric High Sensitivity Fluorescent� 
reporters in multiparameter � ow cytometry

Signi� cantly, the Brilliant Violet� polymers have exceptional optical 

properties. The � nal products have extinction coef� cients of 2.5X106 

M-1cm-1, on a par with phycoerythrin. This combined with a quantum 

yield of 65% – 5% for Brilliant Violet 421� makes the materials some 

of the brightest available for biological detection.

By modifying the backbone of our polymers we have been able to 

precisely tune the spectroscopic properties to match commercially 

available � ow cytometry platforms. Brilliant Violet 421� has maximal 

excitation at 407nm and maximal emission at 421nm giving close 

compatibility with the 450/50 � lter often used for the detection of 

Paci� c Blue� see � gure 2.

Brilliant Violet� polymers are synthesised to contain numerically and

spatially de� ned conjugation loci. L
1
 in � gure 1 can be used for 

covalent addition of the reporters to antibodies, streptavidin, nucleic

acids and other molecules of biological interest through standard 

conjugation chemistries. Further an orthogonal chemistry (L
2
 � gure 1) can 

be also included to allow the attachment of other � uors to the polymer 

backbone to form tandem reporters (� gure 3). Representative examples 

are shown in � gure 4.

Brilliant Violet reporters confer additional sensitivity on the 
violet channel

Encouraged by the stain index of Brilliant Violet 421� in comparison to

PE we decided to investigate performance on the low expression marker

CD127. Antibody clone A019D5 was chosen for this part of the study.

Figure 7 and table 2 illustrate that Brilliant Violet 421� confers markedly

higher MFI and stain indices than Paci� c Blue�. Discrimination between

positive and negative populations was also markedly clearer. Once again

performance for Brilliant Violet 421� was on a par, if not superior to PE.

Brilliant Violet� reporters are a unique class for � uorophores for biological 

and diagnostic detection. They are novel adaptations of the ˊ-conjugated 

polymers � rst described in the 1970s and whose development led to the 

award of the Nobel Prize in Chemistry in 2000(1). 

Through a process of rational design we have been able to confer highly

desirable properties on these synthetic structures. A generalized structure

is provided in � gure 1 for reference. Current generation materials have

high (>50mg/ml) solubility in water and other more physiological buffers

commonly used in biological applications (PBS, DPBS etc). Further, careful

selection of solubilising chemistry (R
1
 and R

2
 in � gure 1) has imparted very 

low non speci� c binding to a wide variety of surfaces including the intra 

and extra surfaces of cells.

Brilliant Violet� Reporters

Brilliant Violet� reporters were covalently conjugated to monoclonal 

antibodies using industry standard chemistry. Resulting mixtures were 

puri� ed by common techniques to remove free antibody and polymer. 

Conjugate concentration was estimated by absorbance at 280nm 

(corrected for polymer reporter contribution) in order to de� ne dilutions 

for � ow cytometry.

Flow cytometry for extracellular markers was performed on human blood 

drawn from healthy volunteers and processed according to common RBC 

lyse/wash protocols. Staining with Brilliant Violet� conjugates was for 

30 minutes at room temperature in the dark. Data was acquired on either 

a Becton Dickinson FACS Aria II or LSR II equipped with a violet laser using 

standard � lter con� gurations. Conjugates labelled with other organic 

� uors were from BioLegend and were used in accordance with 

the manufacturer�s recommendations. 

To examine intracellular staining, cells were stimulated with 

Staphylococcal Enterotoxin B to induce IFNɔ production. The cytokine 

was trapped intracellularly using Brefeldin A, and cells treated with 

Fixation/Permeabilization Solution (Becton Dickinson) prior to data 

acquisition on a customized Becton Dickinson LSRII, with a 50mW 

violet laser and a 450/50 emission � lter.

Analysis for all experiments was performed in accordance with 

common practice.

Methods

Stain Index, Brightness and Speci� city

Initial experiments were conducted to assess the performance of Brilliant

Violet 421� when examining a robust model system. The highly expressed

marker CD4 was selected and the commonly used mouse monoclonal

antibody RPA-T4 (IgG1) chosen to asses performance (� gure 5). Figure 6 

illustrates that non speci� c binding with Brilliant Violet 421� RPA-T4 is 

very comparable to that of Paci� c Blue� RPA-T4 and that of unstained 

cells. However, the median MFI associated with the polymeric reporter was 

markedly higher as was the stain index(2) (table 1). Staining patterns were 

essentially the same between the two � uors. For comparison, PE RPA-T4 

was also employed to compare the sensitivity of Brilliant Violet 421�. 

The stain index observed with Brilliant Violet 421� was higher than that 

calculated for PE (off the blue laser).

Results

Use of Brilliant Violet� reporters to examine intracellular markers

To ascertain the suitability of Brilliant Violet reporters to examine

intracellular markers Brilliant Violet 421� 4S.B3 (anti human IFNɔ)
was titrated as shown in � gure 8. The resulting dose response curve

illustrates that the conjugate was able to enter cells that had been

� xed and permeabilzed using commonly used reagents and protocols.

Intense staining was observed in cells expressing the cytokine.
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We have developed an exceptionally bright novel polymeric � uorescent 

reporter Brilliant Violet 421� for use in � ow cytometry and other biological 

applications.

Brilliant Violet 421� is well matched to the optics of commercially 

available instrumentation and can be used with � lters commonly used for 

dyes including Paci� c Blue�. 

Antibody conjugates of Brilliant Violet 421� exhibit signi� cantly higher 

brightness than controls labelled with conventional small molecule � uors 

and comparable performance to PE. Non speci� c binding is minimal and 

signi� cantly high stain indices are calculated than for other dyes available 

for the violet laser. Staining patterns and cell populations identi� ed are in 

good accord with other � uorophores.

Brilliant Violet 421� performs well with high and low expression 

extracellular markers and with intracellular antigens. Improved discrimination 

of positive and negative populations is frequently observed.

The new reporter is compatible with standard staining and analysis 

procedures and can thus be readily combined into multicolour panels. 

Spillover and compensation are readily manageable with the new reporter.

We have begun to develop a range of tandem polymers and demonstrated 

their use in � ow cytometry. These will substantially increase the opportunities 

for highly sensitive multicolour analysis using the violet channel. 

Conclusions
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Figure 6

Figure 7

Fluor SI MFI (Mean Fluorescence Intensity)

BV 421� 720 62400

Paci� c Blue� 97 9147

PE 346 45000

Table 1

Figure 8

Figure 9, data from CD4 BV421� (5µL) sample was used for detection

Table 2

Figure 4
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Figure 2
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Figure 5
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Fluor SI MFI (Mean Fluorescence Intensity)

BV 421� 79 7028

Paci� c Blue� 13 1301

PE 30 3943

L2

Figure 1
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Figure 3

Laser Filter Compensation %

Blue 530/30 0.01

575/26 0

610/20 0

670/15 0

Red 660/20 0

780/60 0

Violet 525/50 23.06

Table 3

Figure 10

Brilliant Violet 613� RPA T4

Stain Index 49

Correction 450/50 (violet) 1.6%

Correction 610/20 (blue) 0.33%

Correction 670/14 (blue) 0.35%

Table 4

No.287

Use of Brilliant Violet� reporters in multicolour experiments

To examine the potential to use Brilliant Violet 421� in multicolour

experiments we measured its cross laser excitation and spill over into

other detection channels. The results of the experiments are presented

in � gure 9 and commended such use to us. Subsequently we were able

to include Brilliant Violet 421� RPA-T4 in an 8 colour panel using the

violet and blue lasers of a Becton Dickinson LSR II. The data suggest good

compatibility with the other conjugates and � uors used, see � gure 10 

and table 3.

Figure 4
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Brilliant Violet� tandems

To demonstrate the utility of Brilliant Violet� tandems we conjugated 

BV613� to the anti human CD4 antibody RPA-T4. This was run using 

violet laser excitation and a 610/20 � lter for detection (� gure 11). As with 

Brilliant Violet 421� clear distinction of positive and negative populations 

was observed and a stain index of 49 calculated. Population staining was 

highly comparable to Paci� c Blue�. Further, a two colour experiment, 

co-staining with anti CD3 Alexa 700 showed very little compensation was 

required for the tandem (table 4 and � gure 11).

Figure 11
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