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The absorption and fluorescence emission of His-tagged CP43 and CP47 antenna complexes isolated from Synechocystis PCC 6803 have been studied as a function of
temperature between 4 K and RT with the aim to detect differences with the corresponding spectra of these (non His tagged) complexes from spinach When the complexes were a.

u.

temperature between 4 K and RT, with the aim to detect differences with the corresponding spectra of these (non-His-tagged) complexes from spinach. When the complexes were
diluted in glycerol solution with sufficient detergent (0.09% β–DM for His-tagged complexes) the 4 K emission spectrum of CP47 showed a blue-shifted main emission band pt
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compared to that of spinach (685.2 nm versus 690 nm), while that of CP43 showed a red-shifted main emission (684.9 nm versus 682.8 nm). The red shift of the latter is caused by a
2 nm red shift of the narrow absorption band that is characteristic for CP43 The temperature dependence of the fluorescence quantum yield displayed a similar behaviour for all
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2 nm red-shift of the narrow absorption band that is characteristic for CP43. The temperature dependence of the fluorescence quantum yield displayed a similar behaviour for all
these complexes, i.e. an about two-fold increase of the yield upon cooling from RT to 4 K, which is typical for monomeric chlorophyll-protein complexes. Dilution in glycerol solution
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with smaller amounts of detergent (e.g., 0.03% for the His-tagged complexes) resulted in an unexpectedly strong temperature dependence of the fluorescence quantum yield, a very
low yield at room temperature red-shifts of the peaks at 4 K and even stronger red-shifts upon increasing the temperature (for CP47) We attribute all these characteristics tolow yield at room temperature, red-shifts of the peaks at 4 K and even stronger red-shifts upon increasing the temperature (for CP47). We attribute all these characteristics to
aggregation: if the excitations migrate among several complexes with inhomogeneously broadened red-most absorption bands, it will be easier to find a red form (explaining the red-
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shift at 4 K), and because uphill energy transfer will become more probable at higher temperatures, the effective domain size will increase (resulting in an even further shift to the red)
as well as the possibility to meet a quencher (resulting in a lower fluorescence quantum yield). A similar behaviour was observed earlier for the light harvesting complex LHCII (1).
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Fluorescence Temperature Dependence & Comparison with spinach The samples prepared with 0.03 % β–DM are aggregated !!!!
 

 CP47     5 K 1

 

ed

 CP47     5 K
CP47 20 K

 

 CP43     5 K 1

 

ed  CP43     5 K605 nm 605 nm

Fluorescence Temperature Dependence   &   Comparison with spinach gg g

/ a
.u

.  CP47   20 K
 CP47   40 K
CP47 60 K

1

rm
al

iz
e  CP47   20 K

 CP47   40 K
 CP47   60 K
CP47 80 K

/ a
.u

.  CP43   20 K
 CP43   40 K
CP43 60 K rm

al
iz

e

 CP43   20 K
 CP43   40 K
CP43 60 K

605 nm 
excitation

605 nm 
excitation

te
ns

ity
 /  CP47   60 K

 CP47   80 K
 CP47 120 K ns

ity
 n

o  CP47   80 K
 CP47 120 K
 CP47 200 K
CP47 250 Knt

en
si

ty
  CP43   60 K

 CP43   80 K
 CP43 120 K

ns
ity

 n
o  CP43   60 K

 CP43   80 K
CP43 120 K

 

en
ce

 in
t

 CP47 200 K
 CP47 250 K  

ce
 in

te
n  CP47 250 K

 

en
ce

 in  CP43 200 K
 CP43 250 K
CP43 300 K

 

ce
 in

te
n  CP43 120 K

 CP43 200 K
 CP43 250 K
CP43 300 K

uo
re

sc
e

re
sc

en
c

uo
re

sc
e  CP43 300 K

re
sc

en
c  CP43 300 K

Fl
u

Fl
uo

rFl

Fl
uo

r

660 670 680 690 700 710 720 660 670 680 690 700 710 720
0

660 670 680 690 700 710 720 660 670 680 690 700 710 720
0

Wavelength / nm
660 6 0 680 690 00 0 0

Wavelength / nmWavelength / nm
660 670 680 690 700 710 720

Wavelength / nm
Temp. Depend. of Fluorescence for  Temp. Depend. of Fluorescence for Syn.  Temp. Depend. of Fluorescence for  Temp. Depend. of Fluorescence for Syn. Temp. Depend. of Fluorescence for Temp. Depend. of Fluorescence for 

    

p p
Syn. CP43 with 0.03 % β–DM

p p y
CP43 with 0.03 % β–DM normalized

p p
Syn. CP47 with 0.03 % β–DM

p p y
CP47 with 0.03 % β–DM normalized

 

p p
Spinach LHCII aggregates

p p
Spinach CP43 with 0.03 % β–DM (2)

u.

 CP47     5 K
 CP47   25 K

1

al
iz

ed  CP47     5 K
 CP47   25 Ku.

 CP43     5 K
 CP43   20 K

1

al
iz

ed  CP43     5 K
 CP43   20 K605 nm 

i i
605 nm 

i i
0,10d

 FQY CP43 0.03 % β - DM
FQY CP43 0.09 % β - DM

si
ty

 / 
a.

u

 CP47   40 K
 CP47   60 K
CP47 80 K y 

no
rm

a  CP47   40 K
 CP47   60 K
CP47 80 Ksi

ty
 / 

a.
u

 CP43   40 K
 CP43   60 K
CP43 80 K y 

no
rm

a  CP43   40 K
 CP43   60 K
CP43 80 K

excitation excitation
0,08

,

m
 Y

ie
ld  FQY CP43 0.09 % β  DM

 FQY CP47 0.03 % β - DM
 FQY CP47 0.09 % β - DM

e 
in

te
ns  CP47   80 K

 CP47 100 K
 CP47 120 K nt

en
si

ty  CP47   80 K
 CP47 100 K
 CP47 120 Ke 

in
te

ns  CP43   80 K
 CP43 100 K
 CP43 120 K nt

en
si

ty  CP43   80 K
 CP43 100 K
 CP43 120 K 0,06

0,08

Q
ua

nt
u

 

es
ce

nc
e

 CP47 200 K
 CP47 250 K

 

ce
nc

e 
in  CP47 200 K

 CP47 250 K

 

es
ce

nc
e  CP43 200 K

 CP43 250 K

 

ce
nc

e 
in  CP43 200 K

 CP43 250 K
0 04

0,06

 

ce
nc

e 
Q

Fl
uo

re

lu
or

es
c

Fl
uo

re

Fl
uo

re
sc

0 02

0,04

Fl
uo

re
s

0

F

0

F

0 00

0,02F

660 670 680 690 700 710 720
Wavelength / nm

660 670 680 690 700 710 720
0

Wavelength / nm
660 670 680 690 700 710 720

Wavelength / nm
660 670 680 690 700 710 720
0

Wavelength / nm
0 50 100 150 200 250 300

0,00

Temperature / K
Temp. Depend. of Fluorescence for 
Syn CP43 with 0 09 % β–DM

Temp. Depend. of Fluorescence for Syn. 
CP43 with 0 09 % β–DM normalized

Temp. Depend. of Fluorescence for 
Spinach CP47 with 0 03 % β–DM (3)

Temp. Depend. of the Fluorescence 
Quantum Yield

Temp. Depend. of Fluorescence for 
Syn CP47 with 0 09 % β–DM

Temp. Depend. of Fluorescence for Syn. 
CP47 with 0 09 % β–DM normalized

Temperature / K

  

Syn. CP43 with 0.09 % β DM CP43 with 0.09 % β DM normalized Spinach CP47 with 0.03 % β–DM (3)Quantum Yield Syn. CP47 with 0.09 % β DM CP47 with 0.09 % β DM normalized

Fl1

m
al

iz
ed  Abs Syn CP43 Monomers

 Abs Syn CP43 Aggregates
1

m
al

iz
ed

3 RT 77 K The data is explained by: possible ET among
l i th t hi h i t ibl iFluorescence upon aggregation

nc
e 

no
rm  Absdif (Agg minus Mon)

 Fluo Syn CP43 Monomers
 Fluo Syn CP43 Aggregatesnc

e 
no

rm

P4
3

Absmax / nm Fluomax1 / nm Fluomax2 / nm Stoke’s shift Fluomax1-Fluo

complexes in the aggregate which is not possible in
the solubilized (monomeric) complexes;

Fluorescence upon aggregation

 uo
re

sc
en  Fluodif (Agg minus Mon)

 uo
re

sc
en

. C
P nm nm nm Stoke s shift Fluomax2

Syn. CP43 mon 669 684 15

( ) p
homogeneous and inhomogeneous broadening and
heterogeneity of the sample (which could also be

on
 a

nd
 F

l

on
 a

nd
 F

l

Sy
n Syn. CP43 agg 669 684 699 15 30 15

heterogeneity of the sample (which could also be
explained by switching among different energetic

0Ab
so

rp
tio

0A
bs

or
pt

ioS Syn. CP47 mon 675 683.5 8.5

Syn CP47 agg 676 5 684 694 5 7 5 18 10 5
states of the individual complexes present in the
sample ensemble (5))

650 660 670 680 690 700 710 720 730

0A

Wavelength / nm
630 640 650 660 670 680 690 700 710 720 730

0A

Wavelength / nm

Syn. CP47 agg 676.5 684 694.5 7.5 18 10.5

Spinach CP43 mon 669.5 682.3 12.8

sample ensemble (5))
The fluorescence features attributed to aggregation

Wavelength / nm

2

 

ze
d  Abs Syn CP47 Monomers

 Abs Syn CP47 Aggregates

 

ze
d

Wavelength / nm

RT 77 K
Spinach CP43 agg 670 683 702 13 32 19 have been shown to be present also in non‐

aggregated complexes (4)2

no
rm

al
iz y gg g

 Absdif (Agg minus Mon)
 Fluo Syn CP47 Monomers
 Fluo Syn CP47 Aggregates0,8 n

or
m

al
iz

47

RT 77 K
Spinach CP43 agg 670 683 702 13 32 19

Spinach LHCII trim 675 5 678 2 5

aggregated complexes (4)

1re
sc

en
ce

 

 Fluodif (Agg minus Mon)

re
sc

en
ce

CP
4 Spinach LHCII trim 675.5 678 2.5

Spinach LHCII agg 676.5 680 693.5 3.5 17 13.5
The core antennas could also be
fl h i i !!!!!1  

an
d 

Fl
uo

r

0,4

 

an
d 

Fl
uo

r

yn
.  p gg

Spinach LHCII agg 676.5 680 694 3.5 17.5 14
fluorescence quenchers in vivo !!!!!

0so
rp

tio
n 

a

so
rp

tio
n 

a

Sy

CP43 CP43 aggregates CP47 monomers CP47 aggregates
650 660 670 680 690 700 710 720 730

0

Ab
s

650 660 670 680 690 700 710 720 730

0,0Ab
s CP43 monomers

F680  amplitude and position  
CP43 aggregates
F680  not present due to energy 

CP47 monomers
The temperature 

CP47 aggregates
F685 appears around 60‐80 K when the 

 
650 660 670 680 690 700 710 720 730

Wavelength / nm 

650 660 670 680 690 700 710 720 730
Wavelength / nm

F680 amplitude and position
constant over 5‐120 K range
It i f “bl ” l

p gy
transfer among complexes in the 
aggregate

p
dependence of Fluorescence 
i l i d b th l

pp
thermal energy is sufficient to 

l t thi t t1

rm
al

iz
ed 1

rm
al

iz
ed

 Abs Spinach CP43 Monomers
Abs Spinach CP43 Aggregates43

RT 77 K It arises from “blue” complexes 
which does not contain red states

aggregate
F685  amplitude decreases strongly 

is explained by thermal 
equilibration of excitations 

populate this state
F692 (5K) and F695 (60‐80 K) redshifts 

ce
nc

e 
no

r

en
ce

 n
or

 Abs Spinach CP43 Aggregates
 Abs Spinach CP43 Aggregates2
 Absdif (Agg minus Mon)
 Absdif (Agg2 minus Mon)CP

4

F685  amplitude decreases with 
temperature

with temperature
It arises from the red‐most

over different spectral forms with increasing temperature and 
presents a strong temperature

 

Fl
uo

re
sc

 

Fl
uo

re
sc

dif ( gg )
 Fluo Spinach CP43 Monomers
 Fluo Spinach CP43 Aggregates
 Fluo Spinach CP43 Aggregates2ch

temperature
It  arises from “red” complexes

It  arises from the red‐most 
complexes

presents a strong temperature 
dependence

tio
n 

an
d 

tio
n 

an
d  Fluodif (Agg minus Mon)

 Fluodif (Agg2 minus Mon)in
a The overall Temp. depend. of 

Fluorescence is very similar to the TDF
0

Ab
so

rp
t

0

Ab
so

rp
t

Sp
i Fluorescence is very similar to the TDF 

of LHCII aggregates from spinach (1)

650 660 670 680 690 700 710 720 730
Wavelength / nm

650 660 670 680 690 700 710 720 730
Wavelength / nm

F680
 

d

g

F685
1

or
m

al
iz

e

Abs LHCII trimers
77 KReferences

en
ce

 n
o  Abs LHCII trimers

 Abs LHCII aggregates
 Abs LHCII aggregates2
Abs (Agg minus Trimers)II

1. Ruban, A. V., et al., (1995), 
Photochem. Photobiol. 

 

lu
or

es
ce  Absdif (Agg minus Trimers)

 Absdif (Agg2 minus Trimers)
Fluo LHCII trimersLH

C2. Groot, M. L., et al., (1995),     
Biophys. J.

0n 
an

d 
Fl  Fluo LHCII trimers

 Fluo LHCII aggregates
 Fluo LHCII aggregates2
Fl (A i T i )ac

h

p y
3. Groot, M.‐L., et al., (1999), 
Biophys. J. F680

0

bs
or

pt
io

n  Fluodif (Agg minus Trimers)
 Fluodif (Agg2 minus Trimers)

Sp
in
aBiophys. J.

4. Ilioaia, C., et al., (2008), J. Biol: 
Chem.

F690
640 660 680 700 720Ab

Wavelength / nm

SChem. 
5. Krüger, T. P. J. , et al., (2010), 
Biophys J Energy Transfer ↔ Energy EquilibrationBiophys. J. Energy Transfer ↔ Energy Equilibration

Detergent β–DM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


