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With age, fluorescent granules calldgbofuscin or age
pigments accumulate in the retinal pigment epithelium (RPE).

These granules are believed to lead to cellular aging processes 79.2or19.1
and related diseases, notably age-related macular degeneration

(AMD),? the leading cause of blindness in elderly people for
which no remedy exists. It is generally accepted that the

pigments are formed as a consequence of accumulation of debris

resulting from incomplete digestion of phagocytosed outer

segment disks in lysosomes. Among the compounds that
accumulate in lipofuscin, the orange fluorophores have attracted
wide interest since they are considered to be the possible cause

of age-related decline of cell functions. In this communication
we report the structure of the major fluorophore.

This orange pigment was first isolated fror250 human
donor eyes (age 40 years) by a series of silica gel column
chromatography and preparative TE€: Structural studies
were mostly performed by analysis of the FAB-CAD MS/MS
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Figure 1. (a)'H (upper line, 500 MHz) an¢fC (lower line, 125 MHz)
NMR chemical shifts in ppm in CDGI (b) Substructures—IV and
selected correlations of HMBC (solid arrows) and NOEs (dotted

fragments of the hydrogenated pigment because of the limited arrows).

amount,<100ug, and ill-defined'H NMR peaks. This led to
structurel for the major orange fluorophof@. Since it consisted
of two retinal moieties and one ethanolamine moiety, retinal

Structural studies were performed with synthetic A2-E (5
mg) prepared fronall-trans-retinal (1 g) and ethanolamirie.

and ethanolamine in a 2:1 molar ratio were reacted to give an The FAB-MS M" peak atm/e 592 agrees with the HR-MS

orange pigment having the same TIRgvalues and UV and
fluorescent spectra as the native fluorophtire However, no

derived G;HsgNO formula reported for the native pigmefit,
which had two hydrogens fewer than expected from the earlier

further structural studies were performed due to the minuscule Structurel; i.e., another degree of unsaturation should have been
amount of material. The present studies were performed Present. Two retinoid moieties up to C-12 could be readily

because of ambiguitiéspresent in structuré; this has led to
revised structuré for this fluorophore “A2-E” (2 mol of vitamin
A aldehyde and 1 mol of ethanolamine).

T Current address: c/o Debra Schepker, FSNP Health Unit, American
Embassy, Ring Road East, P.O. Box 194, Accra, Ghana.
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discerned by comparison of itsl NMR spectrum with that of
the quaternary iminium salt of retinal (Figure ajCOSY, long-
range COSY, NOEs, and coupling constants enabled one to
extend these units to two retinoid moieties: substructure
lacking the 20-methyl and substructulie lacking the 15H
(Figure 1b). The remaining signals were assigned to &n sp
carbon (Ill) and an ethanolamine moietiv). HMBC cor-
relations between th&7.39 proton signal ifil and C-12, C-14,
and C-15indicated the presence of arfgjarbon at C-20 instead

of methyl, thus leading to connections of moietikgl/II
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attachment of the hydroxyethyl chain to the pyridinium nitrogen.
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roacetate counteranidmevealed by'®F NMR (6 —76.0) and
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dinium) cnT!. H and3C NMR data are shown in Figure 1.

(7) Birge, R. R.; Murray, L. P.; Zidovetzki, R.; Knapp, H. M. Am.
Chem.So0c.1987,109, 2090—2101.

(8) TFA was used for the purification, from which this counterion
originated. The counterion of natural A2-E is uncertain.
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Figure 2. Major fragments observédin FAB-CAD MS/MS of
perhydo endogenous orange fluorophore and its acetate.

Figure 3. Energy-minimized conformation of A2-E in chloroform
calculated using MacroModel V45,

IR (1679 cn1?) indicated that A2-E is a salt and not a zwitterion
as was proposed in structuté* and other pyridinium ethano-
lamines? This leads to structurg for A2-E. All major MS
peaks in the FAB-CAD MS/MS of perhydro endogenous A2-E
and its A2-E acetates, on which structdreras proposed are
readily accountable (Figure 2). This provides further proof for
structure2 and its identity with native A2-E.

The conformations of th@g-ionylidene ring/chain are con-
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Scheme 1. Proposed Formation Mechanism of A2-B) (
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In conclusion, the structure of the major human ocular age
pigment has been determined2asn unprecedented pyridinium
bisretinoid. The structure accounts for its amphiphilic nature,
which is responsible for the aggregation of A2-E as seen by
the occasional broadening dH NMR signals in CDG)
depending on the sample preparation, concentration, etc.
Especially the extreme broadening of signals corresponding to
the protons in the vicinity of the pyridinium moiety indicate
the close intermolecular contact of the polar pyridinium portion
in the micelle core formed by amphiphiunder conditions
of NMR measurements. Aggregation of A2-E in various
solvents with/without a lipid bilayer is corroborated by ongoing
CD studies with a chiral 'Emethyl A2-E derivativé? This
aggregation may be responsible for the detergent-like activity
of A2-E in biological systems, which was shown by vesicular
shedding from red blood cell membrari€sThe extensively

sidered to be similar to those of other retinoids, namely, a planar conjugated pyridinium structure is consistent with its photo-

polyene moiety and a twisted 6-s-cis bond (Figure 3, arrow A).
The observed NOEs between'H/1"-H and 14'-H/20-H
(Figure 1b) indicate that the 1415’ bond is twisted (arrow
B).1° Similarly, the twist around 12—13 was shown by NOEs
between 20-H/11-Hand 20-H/12-H (arrow C). Macromodel
calculation$! also support the twisted orientations of polyene
side chains relative to the pyridinium ring (Figure 3).

The formation of A2-E from retinal and ethanolaminesitro
suggests that A2-R is also formedn vivo through a similar

sensitizing activity to generate reactive oxygen speiagyich

is harmful to biological molecules, such as lipids and protéins.

These preliminary findings indicate the involvement of A2-E
in the process of AMD, thus making it the potential target
molecule for considering cures for this untreatable disease.
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dylethanolamine, which comprises a high percentage of disk the preparation of A2-E, HPLC conditions, table'sf and**C NMR

membrane$? The genesis of the A2-k vitro at pH 5.2 and
in vivo within the acidic environment of the RPE lysosome can

be rationalized as summarized in Scheme 1. Thus: step 1,

formation of protonated Schiff bas& between retinal and
ethanolamine; step 2, tautomerization to give enamine inter-
mediateB; step 3, formation of iminium catiolC between
enamine and a second molecule of retinal, step #; 6
electrocyclizatio®® leading to intermediat®; and finally step

5, autoxidation leading to aromatizatidre., A2-E pigmeng.
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