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Biological and Biochemical Applications of the FluoroMax™-4

Lin Chandler, Stephen M. Cohen

The FluoroMax™-4, alone or when equipped with optional automated polarizers, phosphorimeter, and time-
correlated single-photon counting accessory, can illuminate biochemical research into gene-expression using 
molecular beacons, Förster resonance energy-transfer between biomolecules, and anisotropy studies within 
biochemical environments.

Introduction

HOR IBA Jobin Yvon’s benchtop FluoroMax™- 4 
spectrof luorometer is ideal for laboratory studies of 
biochemical processes. The FluoroMax-4 can be equipped 
a variety of optional accessories, including automated 
polarizers, a phosphorimeter, and time-correlated single-
photon count ing apparatus, for research on local 
environments and reactions in and near biological 
molecules. This report provides several examples of 
experiments.

Molecular Beacons and the FluoroMax-4

Biological processes can be traced through study of gene-
expression via a “molecular beacon” (single-stranded 
DNA, ssDNA), a hairpin-shaped oligonucleotide with a 
f luorophore (donor) and a quencher (acceptor). The 
hairpin’s stem has two ends of complementary DNA 
(cDNA) that pair up. When hybridized, the f luorophore 
a nd  que nche r  a r e  c lo se ,  p roduc i ng  l i t t l e  o r  no 
f luorescence. Molecular beacons are used to study 
enzyme interactions, cDNA sequencing, and biosensing[1].
Molecular beacons exhibit two forms of quenching 
(energy-transfer): direct and FRET (Förster resonance 
energy-transfer). Donor-quencher contact causes direct 
energy-transfer, dissipating heat energy. Over longer 
distances (2–10 nm, 20–100 Å), spectral overlap between 
the donor’s emission and the quencher’s absorption causes 
FRET[2].

When the ssDNA loop encounters cDNA, the hairpin 
spontaneously opens and the ssDNA hybridizes to this 
cDNA-separating f luorophore and quencher-increasing 
fluorescence (Figure 1). The amount of hybridization is 
related to f luorescence intensity. Heat also can open 
ssDNA. When heated, the ssDNA’s arms separate, moving 
the donor and acceptor ends apart, causing fluorescence.

Figure 1    Two Processes that Open a Molecular Beacon, Enhancing 
Fluorescence
left: hybridization with cDNA       right: heat input

As an example of the value molecular beacons have in the 
field of biochemistry, a f luorescent dye (tetrachloro-6-
carboxyfluorescein, TET; λem = 447 nm) was attached to 
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a 5′- end of ssDNA, and a quencher (QSY) was bound to 
the 3′-end. With a FluoroMax-4 spectrofluorometer, the 
ssDNA was excited at 521 nm, and emission spectra were 
recorded from 525-675 nm between 20-95 °C. As the 
temperature increases-forcing the hairpin’s arms apart-the 
TET and QSY separate, increasing fluorescence (Figure 2).

Figure 2    Emission Spectra from 20-95 °C of ssDNA with TET 
(fl uorophore) and QSY (acceptor)
λexc = 521 nm. With rising temperature, fl uorescence intensity rises, 
meaning greater distance between donor and quencher.

FRET with the FluoroMax-P

W hen a phosphor imeter  accessor y is  added to a 
FluoroMax-4, the system is called a FluoroMax-P. Such a 
p h o s p h o r i m e t e r  i n t e g r a l  t o  t h e  F l u o r o M a x- P 
spectrofluorometer can uncover important information on 
various systems of chemical and biochemical interest by 
revealing luminescence data normally masked by intense 
but rapid fluorescence. An example of this process shows 
Förster resonance energy-transfer (FRET) from a peptide-
terbium-complex donor to a f luorescein acceptor. The 
peptide in the complex absorbs light at 280 nm and emits 
at 365 nm. The terbium absorbs near 365 nm, and 
phosphoresces at 485 nm, where fluorescein dye absorbs. 
The fluorescence of fluorescein at 520 nm can be observed 
when the sample is  excited at  280 nm, using ou r 
phosphorimeter accessory.
Peptide-terbium complex was dissolved in aqueous 
solut ion, along with f luorescein in some samples. 
P h o s p h o r e s c e n c e  m e a s u r e m e n t s  u s e d  t h e 
phosphorimeter’s xenon flash lamp as the photon-source. 
An R928 photomultiplier tube was the detector. The 
phosphorimeter upgrade to the FluoroMax-4 includes all 
control electronics. A light-pulse excites the sample, and 
variable delays control when the detection window opens, 

and for how long. Sample excitation was at 280 nm, with 
100 f lashes measured. For luminescence spectra, the 
integration time was 0.2 s, except as noted. The scans 
were taken under ambient room conditions.
Experiments revealed that the the phosphorescent species 
is Tb. Figure 3 combines all three species (peptide, Tb, 
and fluorescein dye) in a plot of peptide-terbium complex 
with and without 0.67-μM fluorescein, without and with a 
50-μs delay between excitation with a xenon flash lamp. 
The spurious f luorescence at 363 nm is removed by 
delaying the sample window for 50 μs. The blue and 
green curves in Figure 3 directly compare f luorescein-
containing and f luorescein-lacking solutions, showing 
fluorescein phosphorescence at 511 nm caused by energy-
transfer from the complex to the fluorescein.

Figure 3    Luminescence Spectra of Complex of Peptide, Tb, and 
Fluorescein dye 
(red) 0.67-µM fl uorescein and no delay after excitation 
(green)0.67-µM fl uorescein and a 50-µs delay after excitation 
(blue) no fl uorescein and a 50-µs delay after excitation
Bandpass = 5 nm for excitation and emission. The 50 µs delay 
isolates the luminescence that persists from the energy-transfer to 
the fl uorescein.

Using a time-correlated single-photon counting (TCSPC) 
accessory to determine lifetimes (Figure 4), a lifetime 
τD for the donor alone (not shown) was 1.77 ms and for 
the Tb-fluorescein (donor-acceptor) complex τDA was 1.41 
ms. The shorter lifetime for the complex also indicates 

Figure 4    The Upper Trace is the Lifetime-decay Curve of the Tb-
fl uorescein Complex
Data are red dots; fi t is the green line. From the fi t, a lifetime t = 1.41 
ms, with a χ2 = 1.033. The lower trace is the residuals.
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energy-transfer. The χ2 and the low residuals indicate a 
good fit to the data.

Efficiency, E, of the FRET process was found to be

τ
τ

E = 1

= 0.205

DA

D
 ………………………………………… (1)

The Förster distance Ro was 43.4 Å. The distance between 
the donor and acceptor RDA was found using the formula [3]
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Fluorescence anisotropy and the 
FluoroMax-4

Polarized light striking a fluorescent molecule results in 
polarized fluorescence. This polarized emission gradually 
returns to unpolar ized f luorescence depending on 
rotational diffusion and other factors. Anisotropy is 
directly related to the polarization, and is the ratio of the 
polarized-light component to the total light intensity. With 
optional polarizers installed in a spectrofluorometer, we 
define light intensities: IVV is with excitation and emission 
polarizers mounted vertically; IHH is for excitation and 
emission polarizers mounted horizontally. IHV uses an 
excitation polarizer horizontal and the emission polarizer 
vertical; IVH requires the excitation polarizer vertical and 
emission polarizer horizontal. The basic setup, called 
“L-format,” is shown in Figure 5. The FluoroMax-4 
spectrof luorometer with a polarizer accessory can do 
L-format polarization measurements.

Figure 5    Diagram of L-format Fluorescence Polarization 
Vertical (V) and horizontal (H) orientations of each polarizer 
are shown.

Anisotropy, <r>, is defined as [4]

=
−

<r>
I G*VV IVH

+2*G*IVV IVH
 …………………………… (3)

where G, the “G factor,” is

=G
IHV

IHH

 ………………………………………… (4)

Conversion between <r> and polarization, P, is shown in 
Formula 5:

=P
3

2 +
<r>
<r>

 …………………………………… (5)

Fou r i ntensit y  measu rement s ,  cor respond ing to 
permutations of both polarizers’ orientations, are needed 
to determine <r> or P.
Anisotropy provides information on molecular size and 
shape ,  a nd  loca l  v i scos i t ie s  of  a  f luorophore’s 
environment, as well as offering insight into changes in 
molecular sizes of polymers and other macromolecules. 
Protein-ligand interactions and binding assays can be 
investigated, and fluorophore lifetimes can be determined.
A ribonuclease (RNase) is an enzyme that hydrolyzes 
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RNA into smaller molecules. Typical RNase probes 
present problems, because contamination can be difficult 
to identify. With sensitive f luoresence-polarization 
methods, results are easier to determine. Fluorescein-
labeled RNA (F-RNA) was digested for ≥ 1 h with RNase 
A at 37 °C. The reaction was quenched with Tris-HCl at 
pH 8.0 in 0.125% sodium dodecyl sulfonate. The reaction 
is given below:

F-RNA
high polarization

F-nucleotides + F-oligomers
low polarization

R Nase

The RNase is expected to lower the anisotropy as the 
RNA gets digested into smaller, more freely-rotating 
fragments. Figure 6 shows precisely this effect: as more 
RNase is added to the labeled RNA, the polarization falls, 
revealing the effects of digestion.

Figure 6    Po lar izat ion vs.  Amount o f  RNase Added to 25 ng 
Fluorescein-labeled RNA
Data were taken after ≥ 1 h for complete hydrolysis. The anisotropy 
falls as more RNase is added, indicating increased fragmentation of 
the RNA.

Conclusion

Fluorescence measurements with the HORIBA Jobin 
Yvon FluoroMax-4 are a sensitive tool for probing 
biochemical interactions such as molecular beacons and 
DNA. Use of a FluoroMax-P, including gated delay of 
signal-acquisition, can reveal extra information, such as 
energy-t ransfer, about the physical and chemical 
properties of materials. Polarization measurements using 
the optional automated polarizers on a FluoroMax-4 are a 
sensitive tool for probing many biochemical interactions. 
Time-correlated single-photon counting using the TCSPC 
accessory is a rapid method for determining biochemical 
fluorescent lifetimes.

References

[1]  X. Liu, et al., Anal. Biochem. 2000, 283, 56–63; X. 
Fang, et al., Anal. Chem. 2000, 72(14), 3280–3285.

[2]  X. Fang, et al., Anal. Chem. 2000, 72(23), 747A–753A.
[3]  Joseph R. Lackowicz, Principles of Fluorescence 

Spectroscopy, 3rd ed., New York, Springer, 2006, p. 
446.

[4]  Joseph R. Lackowicz, Principles of Fluorescence 
Spectroscopy, 3rd ed., New York, Springer, 2006, pp. 
353–354, 361–364.

Lin Chandler
Horiba Jobin Yvon Inc.
Fluorescence, Molecular and Microanalysis Division
Senior Scientist
Ph.D.

Stephen M. Cohen
HORIBA Jobin Yvon Inc.
Senior Technical Writer
Ph.D.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


