
Retinal -Amino Acid Schiff Bases In Reverse Miwllar Matrix 

Ever- sincr the discovery of retinal-lgsine Schiff bases as chromophorcs of rhodopsins’ 
numerous atrempts have been made to prepare retinylidene Schiff bases as models of these light- 
sellsirive membrane hound proteins Further. new domains of interect in retinal Schiff 1x1~s have 

recently come in light hesause ofthp pncsihte uwi: of rstinylidene Sctiff bares as nontlnear opricnl 

materiats3, and bacteriorhodopsin in semisynthetic biotechnicat systems’. Most of the synthetic 
rctin;ll Schiff bases as rhodopsin models have been prepared using amines which are soluble in 
orgamc solvents There are only a few examples where retinylidene Schiff bases conraining 
natural amino acids have been prepared The mam problem arises from the relative insoluhilny of 

amim~ acids and their salts in organic so!vents in which retinal is soluble. In view of the ahove 
fact, and that the retinylidene-lyslle Schiff base is formed, getsprotonatedand remams stahtc in the 
native proteins. it was thought de%irahle to attempt preparation of retinylidene Schiff bases \n,ith 
natulml amino acids. 

Retinal Schiff bases are commonly prepared by allo\\ring retinal to react w.lth amine in some 

organic solvent in the presence of dehydrating agent. usually anhydrous sodium sulphatc, 
potal;sium carbonate or molecular sieves’ A few attempt% have also been made to prepare retinal 
Schiff bases xvith arnir~s insoluble in organic solvents. Thuc% Schiff bases of L-lysine and pol~.L 
lyslne have been prepared by allon ing a methanolic solution of retinal to react with aqueous 
solution of L-lysine hydrochloride in presence of triethytamine, and aqueous poly-I,-lysine in 

presence of sodium hydroxide respectively’. This method has rezently heen uced with slight 
modification for the preparation of water soluhleretinal-poly-L-lysine Schiff hzL\e’. Attempts 
havr hcenmade to overcome themainproblem ofrelative insolubility of amino acids and their salts 
in nrganic solvents by US~II~ hydrophobic anions?. Thus, Schiff base models of rhodopsins have 
been prepared by allowing retinal to react with simple organic amino acids in presence of 
trifluoroacetate or IO-camphorsulphonate in chloroform or methanol. Glycine has heen reacted 
with retinal derivatives in presence of trifluoroethanol”. Attempts have also been made to 
constitute retinal-lysine Schiff base in reverse micellar matricesY. HnweveI, rapid decomposi- 
tion of the Schiff base due to high amino acid concentration and inadequate solubilization were 
encountered in preparing suitable models for rhodopshs. In order to improvr the existing models 
of retin&protein Schiff baqes a novel and new methodology has been developed wherein Schiff 
bases of retinal with natural amino acids can he obtained and protvnatcd in a relatively polar 
environment that surrounds the prutonated Schiff base chromophore in the native protcm. In a 
typical procedure, La-amino acid Q* 0.2 mmol)wasadded to a solution of sodium his{2 ethylhcxyl) 
sutphosuccinate (AOT, I .O x 10 2hq, 10 ml) in p-heplane containing 0 08 M water The suspension 
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was vigorously stirred (teflon, 45 min) and filtered to obtain a clear solution. To this solution was 
added al-m-retinal II, 1 .O x 10 ‘M) and powdered sodium hydroxide (20 mg) The mixture was 
briefly stirred (teflon, 5 min) and the resulting suspension wa5 centrifuged. The supematent was 

left at room temperature and the progress of the Schiff base (3) formation was monitored by uv- 
vis absorption spectroscopy. 

The Schiff base of retinal with various amino acids (Scheme) were formed within 15 minutes 
of mixing the retinal. The Schiffbases showed a slightly blue shifted absorption hand in 356-360 
nm (Table) range in comparison to retinal (368 run), Addition of trifluoroacetic acid caused the 
expected red shift in the absoqtion hand of Schiff bases as represented in the figure for non- 
protonated (3e) and protonated (&) Schiff bases of arginine. The protonated Schiff bases were 
found to be stable upto 24-36 hr in the micellar system. No precipitate, gelification or unusal 

darkening of the solution were observed. There was no reaction between retinal and amino acids 
when sus;pended in n-heptane 7’hus. the reaction in AOT matrix is caused by soluhilization of amino 
acids in the water pool of reversed micelle?. Judging from the hydrophobicity of the retinylidene and 
the amino acid part of the Schiff base, the Schiff hase should be interfacially located with amino 
acidpart towards the water-pool ‘Ihe polar-nonpolar micro environment and the intimate encounter 

of retinal and amino acid in the restricted field provided by the reversed micelles are responsible 
for the enhanced formation of Schiff bases. The stability of the Schiff bases of amino acids and 

retinal in relatively hydrophilic environment may be due to the protection of labile 
R-CH=NH-C- in the interfacial region wherein the immoniumnitrogen can engage water molecules 
in hydrogen bonding and get stabilhed. The side chains of amino acids are fr,und to inftuence the 
absorption spectrum of protonated Schiff base (Q-&) much more than non prntonated Schiff base 
(La-&) as evidenced by M values shown in the Table. 

Table: W-vis absorption data for retinaldehyde-amino acid Schiff bases 

(SB) and their protonated forms (PSR) in AOT reversed micelle 

SR PSB” 

L-Phenyl alanine (a) 35x 464 1 Oh 

L-Tryptophan (2h) 360 447 87 

L-Leucine (2r) 359 437 78 

L-Lysine (2d) 356 441 x5 

L-Arginine B, 359 440 81 

(a) protonation by CF, COOH 

The acid-base characteristic of the present micellar systems were so adjusted that self 
protonation of the Schiff base was not observed. Addition of trifluoroacetic acid caused the 
protonation of the imine nitrogen as evidenced by the red-shift in the ahsorption spectrum of the 
protonated Schiff base. In acidic medium, u-carboxyl will be in -COOH form and side chain 

nitrogens will be protonated. All these groups are expected to undergo fine interactions with the 
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Fig : UV -vis absorption spoctro of oil- trons -hi-rotinyiidane - arginine Schiff 

boso(SB,&) and its protonated farm (PSB, 42) in 1.0 x lo*hl A01 %I 

_n - haptone (W ~8). 

micellar matrix. Under acidic conditions, the positively charged nitrogen of the amino acid side 
chains appear to undergo repulsive electrostatic interaction with the iminr nitrogen. It is known 
that the retinylidene chromophore may be influenced by adjacent ionizable ,qro~ps’~. More recently 
it has been shown that the presence of ionic species in the vicinity of rethtylidene Schiff base can 
cause dramatic changes in the pKa6. Hence, the protonation behaviour is expected to be influenced 
by the microenvironment that surrounds the protonated Schiff base. It is believed that the water 



molecules alsn play important role in protonation of the Schiff base chromophore. It may bc 

noted that for the chromophore of bacteriorhodopsin relatively polar microenvironment for 
stabilization through hydrogen bonding to water ha.5 been invoked ea.rlieI”,‘2. Presence of a few 
water molecules near the retinal Schiffbase chromophore in bacteriorhodopsin has recently been 
confirmed by a pioneering work”. It is most significant that retinylidene-amino acid Schiff 
base remain stable even in the presence of water and AOT. Apparently, Schiff base formation, 
promnation and stability rcqujle fin? tuned intemctions and a delicate b&me between the right 

amount and right kind of water molecules. These requirements arc cminr~~tly fulfilled in the protein 
and appear to be we11 mimicked in surfartant solubilizcd water pools in apolar solvents’“. 
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