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FIGURE S1: Absorption spectra of recWSCP reconstituted with a five-fold molar excess of Chl a (black) and Chl b (blue).  
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FIGURE S2: Size-exclusion chromatograms of the 2ChlaWSCP purification steps (A-C) and a 4ChlaWSCP (D) purification 

(left panel). Protein absorption and Chl a absorption were monitored at 280 nm and 673 nm, respectively. Left traces 

show an overlay of both recorded wavelengths; right traces show the recorded Chl a absorption exclusively. Dashed 

lines are centered to the elution volume corresponding to the maximum of Chl a absorption of recWSWCP 

reconstituted with a five-fold molar excess of Chl a yielding a Chl a/protein ratio of 1:1 (4ChlaWSCP). The SEC was 

performed on a Superose 12 10/300 GL prepacked column (GE Healthcare) equilibrated with 20 mM sodium 

phosphate pH 7.8 and operated on a BioRad NGC system at RT. 

After incubation, the reaction mixture containing a four-fold molar excess of recWSCP apoprotein over Chl a, 2.5 % 

OG and 20 mM sodium phosphate pH 7.8 was purified via SEC (elution profile A). Fractions corresponding to an 

elution volume of 12.45 – 14.25 ml were pooled and subjected to a second purification step via SEC (elution profile B) 

to get rid of not reconstituted recWSCP apoprotein (second peak in (A) corresponding to an elution volume of 15.2 

ml). After SEC, fractions corresponding to an elution volume of 13.05 – 14.85 ml were pooled (→ pool B) and 

analyzed spectroscopically. To validate its purity pool B was applied to a third SEC run (elution profile C).  

To further characterize the purity and oligomerization state, pool B and as a comparison pooled WSCP fractions from 

SEC run (D) were subjected to a 10 % PAA-gel for separation via native PAGE (right-hand panel) using a detergent-

free buffer (25 mM Tris, 192 mM Glycin). The samples were adjusted to the same Chl a concentration. Protein bands 

were stained with Coomassie and Chl a fluorescence was detected under UV radiation. 
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TABLE S1: Total amino acid analysis of 4ChlaWSCP. The complex was hydrolyzed in 6 M HCl. After incubation (24 h at 

110 °C) amino acids were separated by cation exchange chromatography followed by a post-column derivatization 

with ninhydrin for photometric quantification. Since Genaxxon bioscience GmbH states that 1 to 10 % deviation from 

the expected number of amino acids is generally acceptable in the experimental set-up, only amino acids with less 

than 10 % deviation (bold type) were taken into account for concentration determination.  

Determination of the protein concentration was done by calculating the total concentration of each amino acid 

divided by its theoretical number in sequence. In order to minimize the error of determination, the results of all 

amino acids taken into account for calculation were averaged. The protein concentration of 4ChlaWSCP calculated 

from the absorption at 280 nm was 16 µM, total amino acid analysis found 15.18 µM. 

 

 

 

 

 

 

Amino acid number in 

sequence 

number found relative deviation 

in % 

 Calculated 

concentration per 

amino acid [µM] 

Asp/Asn 

(D/N) 

17 17.3 1.9  15.47 

Thr (T) 19 14.6 -23.1  11.67 

Ser (S) 14 9.6 -31.7  10.37 

Glu/Gln 

(E/Q) 

16 15.6 -2.5  14.80 

Pro (P) 15 15.9 5.9  16.08 

Gly (G) 16 16.2 1.1  15.36 

Ala (A) 16 16.6 3.9  15.78 

Cys (C), 

(Cys(O3H); 

Cys2) 

2 0.0 -100  ---- 

Val (V) 14 12.8 -8.2  13.94 

Met (M) 1 0.0 -100  ---- 

Ile (I)(+ allo-

Ile) 

15 14.4 -4.2  14.55 

Leu (L) 13 13.8 6.3  16.14 

Tyr (Y) 6 5.2 -13.7  13.10 

Phe (F) 8 7.7 -3.4  14.66 

His (H) 7 2.1 -69.4  4.65 

Lys (K) 12 11.9 -0.8  15.06 

Trp (W) 3 0.0 -100  ---- 

Arg (R) 6 4.7 -21.8  11.87 

  Mean absolute 

deviation 

3.8 %   

  calculated 

concentration 

  15.18 
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TABLE S2: Total amino acid analysis of 4ChlbWSCP. The complex was hydrolyzed in 6 M HCl. After incubation (24 h at 

110 °C) amino acids were separated by cation exchange chromatography followed by a post-column derivatization 

with ninhydrin for photometric quantification. Since Genaxxon bioscience GmbH states that 1 to 10 % deviation from 

the expected number of amino acids is generally acceptable in the experimental set-up, only amino acids with less 

than 10 % deviation (bold type) were taken into account for concentration determination.  

Determination of the protein concentration was done by calculating the total concentration of each amino acid 

divided by its theoretical number in sequence. In order to minimize the error of determination, the results of all 

amino acids taken into account for calculation were averaged. The protein concentration of 4ChlbWSCP calculated 

from the absorption at 280 nm was 12.5 µM, total amino acid analysis found 16.82 µM. 

 

 

 

 

 

 

Amino acid number in 

sequence 

number found relative 

deviation in % 

 Calculated 

concentration per 

amino acid [µM] 

Asp/Asn 

(D/N) 

17 17.3 1.9  17.39 

Thr (T) 19 12.8 -32.4  11.37 

Ser (S) 14 6.3 -54.9  7.59 

Glu/Gln 

(E/Q) 

16 15.9 -0.3  16.77 

Pro (P) 15 15.8 5.5  17.75 

Gly (G) 16 16.2 1.1  17.03 

Ala (A) 16 16.8 4.9  17.65 

Cys (C), 

(Cys(O3H); 

Cys2) 

2 0.5 -74.7  4.25 

Val (V) 14 12.8 -8.3  15.43 

Met (M) 1 0.3 -70.2  5.01 

Ile (I)(+ allo-

Ile) 

15 14.5 -3.2  16.29 

Leu (L) 13 13.3 2.6  17.25 

Tyr (Y) 6 5.7 -4.3  16.11 

Phe (F) 8 7.9 -0.8  16.70 

His (H) 7 1.2 -83.6  2.77 

Lys (K) 12 11.9 -0.7  16.69 

Trp (W) 3 1.2 -60.2  6.69 

Arg (R) 6 4.3 -27.8  12.14 

  Mean absolute 

deviation 

3.19 %   

  calculated 

concentration 

  16.82 
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FIGURE S3: UV-CD spectra (left) and corresponding secondary structure determination (right) of 4ChlaWSCP (A and C) 

and recWSCP (B and D). Measured spectra (black) were analyzed and fitted (red) with the BeStSel algorithm
1
 to 

calculate secondary structure elements. Light blue: Anti 2 (relaxed); dark blue: Anti 3 (right-hand-twisted); green: 

Turn; yellow: Others. Values are given in percent. 

 

 

FIGURE S4: Size-exclusion chromatogram of 2ChlaWSCP after boiling treatment. Protein absorption and Chl a 

absorption were monitored at 280 nm and 673 nm, respectively. 



S7 

 

 

FIGURE S5: View of the hydrogen-bonding network of β-ligated (Bacterio)Chls a in the crystallographic structure of (A) 

Brassica oleracea WSCP (PDB entry 5HPZ)
2
 (B) Rhodoblastus acidophilus LH2 complex (PDB entry 1NKZ)

3
, and (C) 

Pisum sativum PSI-LHCI supercomplex (in particular the six N-terminal helices of the A subunit) (PDB entry 3LW5)
4
. 

The ligation to the central magnesium and the hydrogen-bonds involving the C-13
1
 oxo are indicated by dashed lines 

(yellow and red, respectively). The (Bacterio)Chls a are colored according to the chain to which they are ligated, in 

order to highlight their hydrogen-bonds to residues belonging to adjacent loops (A) and helixes (B and C) differently 

colored. 
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