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Identification of Carboxymethyllysine Forming Sites
by Nonenzymatic Glycation of Human Serum Albumin in Vitro

Takashi MATSUMOTO, Fumiyuki YAMAKURA,
Ayako SHIGENAGA and Mika ITOH

Human serum albumin (HSA) is an abundant plasma protein and is modified by glucose
in plasma. The incubation of HSA with glucose at 37°C for four weeks resulted in the
1, 199, 233,

IM). The same experiments without glucose showed no

formation of carboxymethyllysine in 11 sites of lysine residues of HSA (65, 190...
313, 378...101, 402, 432, 519, 525, 573...
carboxymethyllysine formation.
Although early studies established that four lysine residues (Lys199, Lys281, Lys439 and
Lys525) had been modified by nonenzymatic glycosylation, carboxymethylations of Lys281 and
Lys439 were not detected in this experiment. Most carboxymethylation of lysine residues in

HSA was located in domain Il in our study.

Key words: human serum albumin (HSA) (& FI7E 7V 7 3 ), glycation (HE{EKIE),
carboxymethyllysine (CML) (H L+ X F1) 2 2)
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Fig.1 Total ion current chromatograms of tryptic digests of (a) control HSA (C4)

and (b) sample HSA (S4)



Table 1 The location of CML sites detected in glycated HSA (Sample HSA)

gf;) ;:id_ Sequence Effitid_ %%LE S1 S2 S3 S4 | Dm
52 TCVADESAENCDemKSLHTLFGDK 73 64 O I
187 | DEGemKASSAK 195 190 O I
198 | LemKCASLQK 205 199 O il
226 | AEFAEVSemKLVTDLTK 240 233 O il
287 | SHCTAEVENDEMPADLPSLAADFVESemK | 313 313 O il
373 | VFDEFemKPLVEEPQNLIK 389 378 O il
390 QNCELFEQLGEYemKFQNALLVR 410 402 O I
429 | NLGemKVGSR 436 432 O O O i}
501 EFNAETFTFHADICTLSEemKER 521 519 O O O O i}
525 emKQTALVELVK 534 925 O O O il
574 emKLVAASQAALGL 585 074 O O i}

cmK: carboxymethyllysine residue, Dm: N X A ~

BRLTW 5,

VIR %2 HSA THIGNTWVWSE 32D K A A
VIEAET ) YV VERICY TR TEZL S E, S
TREEXAVIIIT1 AP, S2TRIFAAL VT
HhE R A A VT4 A, S3TIREAAVTIT
LARTE R A A v ILIC4 AT E B x4 V1T 4 F1HT,
S41F KX A vIMDOAIT4 AT, CML 21,
S2~S4 OHELET O D 5B 5 & Lys432,
Lys519, Lysh25 b v d v EfimTsE %,
rio#s Yo, BREREOME,» 5550
72 HSA @ in vivo TOWELE T Z, 7 b7 3 VA
k@ *H-NaBHy 7 < WALEEYI D ~ ) 7~ v iHk
TR, TIN5 DOHLERMD 5 B, 403K T
13 Lys281, Lys439 ® CML b3t & s - 72,
F7, AWEHL 72 HSA OB REEIc L 2 & E
SUKENEIC L 288N 98% TH 5 2 LIS, BN
fig & s SIRABS Y Otk i 0as, [ o st
Il 99% Ll i3 HSA I LCHEAT 3 EED
nNTWwa07T, EBRICHWI HSA KN A kS
LTV agElE dBETE M0, T, IR
DFELHIB LR K 2 A4 20 LCTEEr T 1AL
L, L ICEYDOEGLPT VS T FAA YOITA
EMA fEaHMrEhLcwal, =z,
HSA ® =it EchRlofEbanedne®
Z 5N 5 Lys432, Lys519, Lys525 % Fig. 2 1Z/R L

Fig.2 The three dimensional structure of HSA
and the sites of CMLs
The location of lysine residues in HSA are
given in spacefill models.
Gray: unmodified lysine
Black: CML
This structure is based on PDB file 1UOR
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