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Supplemental information 

 

Short description of the program ‘ELcalc’ (effective length calculation): 

 

The tensor of the moment of inertia was calculated according to Meschede (1) using the 

coordinates from the X-ray structure and masses of the atoms of a particular chromophore. 

The eigenvectors of this tensor are the main axis of inertia of this chromophore. They are 

determined by diagonalizing this tensor using a standard algorithm. The conjugated system of 

double bonds determined from the chemical structure of the chromophore was projected onto 

the eigenvector (of length 1 Å) with the lowest eigenvalue. The extension of this projection is 

the effective length (in Å). 
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Table S1. Effective length and absorption of different bilins. References are given for the 

pdb-entry and the spectral absorption. 

 

 

             

Chromophore protein organism pdb-entry 
effective 
length [Å] 

absorption 
[nm] 

remark 

PUB PE G. monilis 1B8D (2) 5.66 495 (3) 
average from 
literature   

15
E-PVB PEC M. laminosus  6.12 504 αE-PEC, this work 

PEB α 82 
PEB α 139 
PEB β 158 

PE G. monilis 1B8D (2)  
9.40 
9.10 
9.46 

548 (3) 
average from 
literature 

DBV PE 
Rhodomonas 

sp. 
1XF6 (4)  10.81 562 (5) (α1β)(α2β)-dimer 

15
Z-PVB PEC M. laminosus 2C7L (6) 11.07 568 (7) αZ-PEC 

PCB β153 PEC M. laminosus 2C7L (6)  13.46 592# isolated β-subunit 
PCB β84 PEC M. laminosus 2C7L (6)  14.13 604# isolated β-subunit 

PCB α84 PC S. elongatus 1JBO (8)  14.86 
624 (9) 
610# 

(αβ)-trimer* 
isolated α-subunit 

PCB β84 PC S. elongatus 1JBO (8)  14.62 
628 (9) 
618# 

(αβ)-trimer* 
isolated β-subunit 

PCB β155 PC S. elongatus 1JBO (8) 14.97 600 (9) (αβ)-trimer 

PCB β84 AP M. laminosus 1B33 (10)  14.57 
650 (11) 
615# 

(αβ)-trimer* 
isolated β-subunit 

PCB α82 AP M. laminosus 1B33 (10) 14.70 
652 (11) 
615# 

(αβ)-trimer* 
isolated α-subunit 

BV 
bacterial 
phytochrome 

D. radiodurans 1ZTU (12)  not done 696 (13) 
curved Syn/Syn/Anti 
configuration 

PΦBr (
15
Z) Phytochrome plant  14.93 660 (14,15) modelled on 15E-PVB 

PΦBfr (
15
E) Phytochrome plant  16.24 720 (14,15)  modelled on 15Z-PVB 

# own measurements 
*: excitonically coupled 
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Table S2. Selected interactions identified in the αE1αE2 homodimer and its artificial ring 

compared to those found in the native (αβ)3-PEC. The nomenclature of the subunits is 

explained in the text. 

 
αααααααα-PEC and artificial (ααααααααααααββββ))))3333 ring  distance [Å] 

αα(N)-αβ(N) interactions (asymmetric unit)   

      ααTyr18 Oη- αβAsp89 Oδ2 hydrogen bond 3.0 

      ααAsp89 Oδ2- αβTyr18 Oη hydrogen bond 3.0 

      ααTyr97 Oη- αβSer17 O hydrogen bond 2.5 

      ααSer17 O - αβTyr97 Oη hydrogen bond 2.5 

αβ(N)-αβ(N+1)   

     none, αβΤhr77 instead of βHis75         ** 

αβ(N)-αα(N+1) interactions   

     βLys81 Nζ − αPVB O89 hydrogen bond 3.3  ** 
   
native (αβαβαβαβ)3-PEC   

αN-βN interactions (asymmetric unit)   

      αThr3 O- βAsp3 Oδ hydrogen bond 2.6    

      αAsp13 Oδ2 - βTyr92 Oη hydrogen bond 2.7    

      αSer17 O - βTyr95 Oη hydrogen bond 2.7   * 

      αTyr97 Oη - βAla17 O hydrogen bond 2.6   * 

      αTyr18 - βPCB 153, ring D π-Stack 4.5 

      αTyr18 Oη - βArg91 N hydrogen bond 3.3   * 

      αAsp89 Oδ2 - βTyr18 Oη hydrogen bond 3.0   * 

      αArg35 Nε- βGln28 Oε1 hydrogen bond 3.0   * 

      αArg42 Nη1-βAsn25 Oδ1 hydrogen bond 2.8   * 

βΝ-βN+1 interactions   

     βHis75 Nε-βAsp13 Oδ1 hydrogen bond 2.7   * 

βN-αN+1 interactions   

     βHis 76Nδ- αVal 111 O hydrogen bond  2.8   * 

     βHis 76 - αTyr 110 π-Stack 4.5  

     βHis 76 – αPVB ring D π-Stack 4.0  

     βArg75 Nε-αPVB O84 hydrogen bond 3.1   * 

     βGln79 Oε2-αPVB O19 hydrogen bond 3.2   * 

     βHis75 Nδ − αPVB O19 hydrogen bond 2.9   * 

     βArg75 Nη2-αLeu122 O hydrogen bond 2.9   * 
* important for ring formation 
** missing interactions prevent ring   
     stability/formation 
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Table S3. Distances across symmetry related subunits near the chromophore for subunit αE1 

(A) and αE2 (B).  

Distances between subunits related by symmetry in [Å] 

subunit αE1  

A84 PVB O84 - B125 Ser Oγ 2.6 

A84 PVB O89 – A83 Lys Nζ 2.5 

A84 PVB O90 – B76 Tyr Oη 3.0 

A83 Lys Nζ - B124 Gly O 3.3 

subunit αE2  

B84 PVB O84 – A125 Ser Oγ 3.5 

B84 PVB O90 – A83 Lys Nζ 2.8 

B84 PVB O90 – A76 Tyr Oη 3.3 

B83 Lys Nζ - A124 Gly O 2.5 

 

 

Figure legends supplemental material 

 

Figure S1. Chemical structures of different bilins with examples of occurrence in biliproteins 

and organisms. The number (N) of conjugated bonds is given and highlighted in colour on top 

of the structures. (A) PUB: phycourobilin in phycoerythrin of G. monilis. (B) Two different 

configurations of phycoerythrobilin ring A are shown; the isomer on the right side extends the 

conjugated system into ring A. (C) PEB: phycoerythrobilin in phycoerythrin of G. monilis. 

(D) DBV: Dihydrobiliverdin in phycoerythrin of Rhodomonas sp. CS24. (E) PVB: 

phycoviolobilin in phycoerythrocyanin of M. laminosus. (F) PCB: Phycocyanobilin in 
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phycoerythrocyanin, phycocyanin and allophycocyanin of M. laminosus. The main axes of 

inertia are indicated by the arrows. (G) PΦB: Phytochromobilin in plant phytochromes. (H) 

BV: Biliverdin in bacterial phytochrome of D. radiodurans. (I) The nomenclature for an 

extended chromophore geometry is shown for a torso chromophore. Double bonds ∆4,5, 

∆10,11 and ∆15,16 are all in the Z-configuration, however, ring B is anti to ring A, ring C syn 

to ring B and ring D anti to ring C.  

 

Figure S2. The αΕαΕ-dimer as it is lying in the asymmetric unit (stereo-representation). The 

electron density of the 15E-PVB chromophore is highlighted in pink. a) Front view, the 9 

helices and the chromphores are clearly visible. b) The side view shows how the N-terminal 

helices interact. (figure prepared with ‘ribbons’, ref. 16) 

 

Figure S3. Structure of the near environment of the chromophores across the borders of 

subunits related by symmetry. Interactions are shown by the dotted lines. Subunits in the 

asymmetric unit are shown in yellow, those related by symmetry in purple. a) close-up on 

phycoviolobilin in αE1, b) close-up on phycoviolobilin in αE2, c) larger view on subunit αE1 

including Tyr110, dotted arrow: prospective pathway to the water bound to the ring D 

nitrogen. d) same as in c) but for subunit αE2 (figure prepared with ‘xfit’, ref. 17) 
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