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Abstract

Homochirality of proteins is essential for the
development and maintenance of life. For a long
time, it was considered that D-amino acids were
excluded from living systems. However, recently
D-aspartate (Asp) residues have been widely
detected in proteins obtained from various tissues
of elderly individuals. The presence of D-Asp in
aged tissues of living organisms is a result of the
spontaneous racemization of Asp residues during
aging. This review deals with 1) the presence of
D-Asp residues in protein of living tissues, 2) the
mechanism of D-Asp formation in protein under
physiological conditions, 3) the influence of
D-Asp on protein structure and function 4) recent
advances in D-amino acid analysis in protein.
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Table 1 The presence of D-aspartic acid in protein from various tissues

Tissue Protein Amino acid |Related disease| Specific sites
lens O A-crystallin D-Asp Cataract Asp 58,76,84,151
lens OB-crystallin D-Asp Cataract Asp 36, 62,96
lens B B2-crystallin Cataract Asp 4
retina ? AMD ?
conjutiva ? Pinguecula ?
cornea ? CDK ?
tooth phosphophoryn D-Asp ? ?
bone osteocalcin D-Asp ? ?

type | collagen C- Osteoporosis of
bone terminal tellopeptide D-Asp Paget's disease Asp 1211
aorta elastin D-Asp Arteriosclelosis ?
ligament elastin D-Asp ? ?
brain myelin D-Asp ? ?
brain ﬁ—amyloid D-Asp Alzheimer Asp1,7, 23
brain histone H2B D-Asp ? Asn 25
skin elastin D-Asp ? ?
skin kelatin D-Asp ? ?
body fulid lysozyme D-Asp ? Asn 127

]AMD:age related macular degeneration. CDK:climatic droplet keratopathy.
CA: Conventional analysis by GC or LC. LC-MS: Liquid chromaogaraph mass analysis, IH:
?: not determined
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Identification of lens proteins which contain Asp isomers
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Table 2 Specific DB-Asp sites in various crystallins from lens soluble fractions of elderly donors

Number of Next D/L Structure
ex
) total Number | Number ) ) of ) around
Crystallin . DpB-Asp site | residue of Linkage
amino of Asp | of Asn B-As the
. the DB-Asp
acids p Dp-Asp
Asp-58 Ser-59 3.10 B nd
aA 173 15 2
Asp-151 Ala-152 5.70 B flexible
Asp-36 Leu-37 0.92 B nd
aB 175 11 2
Asp-62 Thr-63 0.57 B nd
BB 204 11 8 Asp-4 His-5 3.00 B flexible
vC,D,F about 200 ND
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Figure 2 Mechanism of isomerization of Asp residues in a protein under the physiological conditions.
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Figure 4 Determination of the ratio of Asp isomers in proteins by LC/MS/MS
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Figure 5 LC-MS chromatogram of aA-crystallin 55-65
(TVLD*®SGISEVR, [M +2H]2+=588.3) from the WI
and WS fractions of lens of an elderly donor. The
bottom shows the LC-MS chromatograms of the
synthetic peptides of aA-crystallin 55-65.
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fBlE LT Fig 5 \Z/KMEA%E N XU AL
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4y~ 7F K (TVLD3SGISEVR) O~ 27
n~ NI 777 LR LERl, AXTF R
1% 58 FH D Asp RIS 4 FEIH D BMIRICEE
ELTWATZD, EF¥—7 N4 KO —7 (2
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B — 7 BN E D Asp EEED BIERIL O Tz an
NI F R EH R LIRBERE & O i TfT 9 2
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FHWSZ L THRETE (28], Figh iz
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aA-crystallin 55-65 @ TVLD3SGISEVR ~
TFRTHLZ ENHB L, S 5IZ, Aspb8
FeFE o B LI REYE (WD) Bons ) R4
U DN aEiE (WS) Bsyn sz ) 2AZ Y v
L0 LEWVWEESTHEATWSEZ ERbhos Tz
(# 3), £, ZOMEMIIMDO ED Asp FRk
WBWTHREORREZRL, 7 U AXY
DRI Asp FRFED FMAL L 2B L
TWABZERHL M E IR~ T72[8],

6. bz

EHEF TO Asp OKERFRMALIZER 1ITRL
7L oA ORI A T TR, EH
By 7 —A S a UIRIREE & OBE N
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Table 3 The relative amounts of Asp isomers at aA-crystallin Asp-58, 76, -84, and 151 and aB-crystallin
Asp-62 and 96 from the WI and WS fractions oflens from 64 -old donors.

WI WS

L-a L-8 D-a D-8 L-a LB | D-a D-8
aA Aspl51 39.67 | 9.94 13.74 | 36.65 | 58.39 | 2.48 | 11.77 | 27.36
aA Aspb58 31.03 | 14.76 | 14.52 | 39.69 | 65.43 | 3.61 | 6.35 24.62
aA Asp84 75.79 | 9.80 4.45 9.96 956.89 | 1.10 | 0.98 2.03
aA Asp76 87.24 | 7.93 1.49 3.34 97.06 | 1.46 | 0.57 0.91
aB Asp62 46.04 | 16.79 | 12.92 | 24.25 | 83.03 | 0.81 | 10.95 | 5.22
aB Asp96 93.35 | 1.14 3.00 2.52 99.05 |ND | ND 0.95
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