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RETINAL POLYENES  

FROM…. 



The retinal is bound to a specific 

lysine via a Schiff base linkage  

Rhodopsin is the photoreceptor protein of rod cells in 

the vertebrate retina 

 

Rhodopsin is composed of the protein opsin in 

combination with the 11- cis isomer of vitamin A 

aldehyde (retinal) 

 

Vision is initiated when a photon strikes rhodopsin 

and causes isomerization of the bound 11-cis retinal 

to the all-trans-isomer    



RADICAL IONS IN RETINAL POLYENES  

with  

Paritosh Kumar DAS 

Charge transfer interaction between the retinyl moiety and suitable donor 

groups such a sulfhydryl and indole in the protein (opsin) might be 

operative in the early stages of vision   

The systems with extended p electrons may mediate the transport of 

charge across a biological membrane either through electron tunnelling 

or by a „give-and-take” mechanism     



e-
aq + RSB  RSB 

CH2OH + RSB  RSB 

RP  + ROH   RPH +RO 

RP  + ROH2
+   RPH +ROH 

polyene    lmax 

   

retinal            445 (460) 

retinol     370 (370) 

retinyl acetate 390 (390) 

retinoic acid 480 (505) 

methyl retinoate 480 (510) 

retinyl Schiff base 430 (435) 

k = (8.6 – 16)  109 M-1s-1 



kexptl
 = kr + kf[retinal] RCH=O + (CH3)CHOH2

+  RCH=OH+ + (CH3)CHOH  

Aeq
-1  = A

-1 (1 + K-1[retinal]-1) 

K = kf/kr K = 270 M-1 

K = 230 M-1 

2-propanol/acetone/CCl4 

Production of HCl 



N2 

N2O 

N2 +TEA 

O2 

RETINAL IN ACETONE 

3RCH=O* 

[RCH=O] 

[RCH=O]+ 

lmax
 = 445 nm  

lmax
 = 495 nm  

lmax
 = 585 nm  

(CH3)2C=O → 3(CH3)2C=O, [(CH3)2C=O], [(CH3)2C=O]+  

polyene      H2O              TEA                Br 

   

retinal            8.4  104           1.8  108             5.3  1010 

retinol     1.9  105      2.7  107            4.1  1010 

retinyl acetate 1.3  105            3.9  107            3.1  1010 

retinoic acid 3.5  105            1.9  108            3.9  1010 

methyl retinoate 1.6  105            1.2  108            3.7  1010 

retinyl Schiff base 1.5  105            3.9  107            3.1  1010 

k [M-1s-1] 



solvent     e          lmax          lmax 
   

acetone            20.7           495  580 

acetonitrile     37.5  520                  585 

benzene  2.28                570 600 

benzonitrile  25.2              550            595 

cyclohexane 2.023                530 595 

1,2-DCE  10.36                            595                    

diethylether 4.4              545  

dimethylformamide       37  535               

dimethyl sulfoxide 46.6  535 595 

solvent     e          lmax          lmax 
   

1,4-dioxan           2.21           545  595 

ethanol     24.3 458 (700) 

ethylene glycol 38.0 440 (580) 

hexane   1.88 580 590 

methanol  32.6            445  (630)         

propanol  18.3                  460  (820)  

tert-butyl alcohol 12.3 475                             

tetrahydrofuran    7.5              530 

triethylamine 2.44  560  



RETINAL RETINOIC ACID METHYL RETINOATE 

[(CH3)2C=O]+ + Ret → [(CH3)2C=O]  + Ret+ 

Ret+ + Ret  Ret2
+ 

kobsd
 = kb

 + kf [Ret] 

K = kf / kb 

4.3 (29) 

4.6 (37) 

2.2 



polyene   lmax       lmax 

 

   

C10           315 (370) 

C13 350 (380)     385 

C17 395       515 

C20 445 (530)     580 

C22 465                 640 

C24 490     700 

C30 555 (725)   >740 

ACETONE/O2 

CH3OH/N2 

THF/N2 



TO…. 

PEPTIDES AND PROTEINS  



LONG-RANGE ELECTRON TRANSFER 

IN PEPTDES AND PROTEINS  

with: 

 

Kazimierz Lech WIERZCHOWSKI 

Jerzy HOLCMAN 

Jaroslaw POZNANSKI 

Marek CIURAK 

Chantal HOUÉE-LEVIN  

Olivier MOZZICONACCI 

Gabriel KCIUK 



n          kIET  s
-1 

   

0            7.7  104        

1        2.6  104  

2        3.9  104 (t)    4.9  103      

3            1.5  103      

4        5.1  102 

5        3.1  102   



n                       kIET  s
-1                              k1/k2 

   

3            1.5  103 2.7  104      18     

4        5.1  102              3.0  104              59 

5        3.1  102  1.9  104               61 



pH 4 

323 K 

308 K 

298 K 

283 K 

Tyr-Met            1.1  105 

Tyr-Pro-Met 5.8  104 

Tyr-(Pro)2-Met 3.1  104 

Tyr-(Pro)3Met 1.1  104 
Tyr-(Pro)n-Met(SBr) → TyrO-(Pro)n-Met + Br 



TyrOH-Met(SBr)    TyrO-Met(S)  +  Br  + H+ 

TyrOH-Gly-Gly-Phe-Met(SBr)     
TyrO-Gly-Gly-Phe-Met(S)  +  Br  + H+ 

kIET
  = 1.1  105 s-1  

kIET
  = 1.1  105 s-1 

TyrOH-Pro-Pro-Pro-Met(SBr)     
TyrO-Pro-Pro-Pro-Met(S)  +  Br  + H+ 

kIET
  = 1.1  104 s-1 

K. Bobrowski et al. 
Int. J. Radiat. Biol., 1992, 62, 507-516 

K. Bobrowski et al. 
Int. J. Radiat. Biol., 1992, 62, 507-516 

K. Bobrowski et al. 
Int. J. Radiat. Biol., 1990, 57, 919-932 

Comparison of kIET in peptides 



1 2 2 

N3
 +   Trp62H Tyr53OH 

Trp62 Tyr53OH + N3
 + H+ 

Trp62H Tyr53O 

1 

2 

1 
2 

2 



1 
2 

1 

2 

1 

2 
1 
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N-Acetyloglucosoamine trimer 



TDA
 = 3.69  104 

TDA
 = 5.68  104 

TDA
 = 7.52  105 



STABILIZATION OF SULFUR RADICAL 

CATIONS IN PEPTIDES  

with: 

 

Jerzy HOLCMAN 

Gordon L. HUG 

Bronislaw MARCINIAK 

Dariusz POGOCKI  

Christain SCHÖNEICH 

Pawel WISNIOWSKI 



Met-Gly Gly-Met 

SN 

SO 

SN 

SS 



N-Ac-GMG 

N-Ac-Met-NH2 

N-Ac-GGGMGGG 

Heteroatoms (oxygen and nitrogen) 
located in the peptide bonds are 
involved in stabilization of sulfur 

radical cations derived from 
methionine 



Models for stabilization of sulfur radical cations in oligopeptides 
and proteins containing simple methionine residue  

Met35 

b-amyloid 

Met35 

Gly31 

The SCC-DFTB calculated 

geometry of the (SO)+ radical 

rS-O= 2.45 A 



c-(L-Met-L-Met) 

c-(D-Met-L-Met) 



Sulfide radical cation chemistry in cyclic dipeptides containing 
stereoisomers of methionine 

Stabilization of methionine sulfur radical cations in the c-(L-Met-L-Met) peptide 

occurs through intra-molecular bond formation with a sulfur atom of the adjacent 

methionine residue and with a nitrogen atom of adjacent peptide bonds 
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Stabilization of sulfur radical cations in selected proteins containing 
multiple methionine residues 

Knowledge that can be used in understanding the mechanism of oxidation processes in 
proteins (calmodulin, prion proteins) containing multiple methionine residues 

Met166 

Met134 

Met213 

Met154 

Met205 

Met206 

hPrP121-230 

hPrP 108-113: Met109 Met112   

Met36 

Met72 
Met71 

Met145 

Met76 

Met144 Met51 

Met109 

Met124 

Calmodulin 

Prion proteins 

regulatory calcium protein 

Cu2+ 

Research  Perspective 



S-Me-Glu 

g-Glu-Met-Gly  

3 ms pH 1 
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CURRENTLY RUNNING PROJECTS….  



Radiation-induced intramolecular electron transfer in peptides 

 Intramolecular electron transfer in dipeptides containing 
tyrosine and methionine residues  

• Influence of aminoacid sequence, pH of the reaction 
environment, geometry of the molecule, optical isomerizm 

 Intramolecular electron transfer in enkephalins (opiate 
pentapeptides)   

• Influence of replacement of the Leu-residue by the Met-
residue    

 

 

 

Knowledge which can be used in understanding the mechanism of intramolecular electron 
transfer processes in oligopeptides and proteins containing tyrosine and methionine 
residues   

Research  Perspective 

L-Met-L-Tyr L-Tyr-L-Met 

c-(L-Met-L-Tyr) c-(L-Met-D-Tyr) 

L-Tyr-Gly-Gly-L-Phe-L-Met 



Stabilization of sulfide radical cations in linear (open chain) dipeptides 
containing stereoisomers of methionine with functionalized amino and 

carboxyl groups 

Ac-L-Met-L-Met-NHCH3 Ac-L-Met-D-Met-NHCH3 

The side chains of amino acids residues 
in L,L-configured dipeptides are forced to 
point in opposite directions in space, 
which makes it more difficult to be in 
close contact  

The side chains of amino acids residues in 
L,D-configured dipeptides brings both side  
chains to the same side of the peptide 
backbone and for this reason close contacts 
should be enhanced 

Geometry is reversed to that 
present in cyclic dipeptides !!!  



Stabilization of sulfide radical cations in cyclic dipeptides  
containing S-methylcysteine residues 

Does the tendency towards formation of 
intramolecular SS, SN and SO-bonds  

change in cyclic dipeptides  
containing side chains of different length ?  

c-(L-S-Me-Cys-L-S-Me-Cys) 






