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Inhibitory Effects of Eel (Anguilla japonica) Extracted
Camosine on Protein Glycation
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Glycation and oxidation induce formation of carbonyl (CO) groups in proteins, which can be used to develop
an index of cellular aging. Methyl glyoxal (MG) and hypochlorite anions are deleterious products of oxygen
free-radical reaction. The effects of eel carnosine on protein modification mediated by MG and hypochlorite
were studied. MG and hypochlorite induced formation of carbonyl groups with high molecular weight
and cross-linked forms of ovalbumin. The presence of eel carnosine effectively inhibited these modifications
in a concentration-dependent manner. Imidazole ring in eel carnosine might have a primary role in inhibition
of protein glycation. Our data suggests that the eel carnosine may be useful as a “natural” anti-glycating

agents.
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3}A] 71} (Nagasaya et al., 2001; Yokozaya et al., 2001).
Camosine 043 22 4hsh2 ~Ed 2~ Q1% thulz 9
71578 At Faet HAFEsHbEC g A4S 7t
A71E 715E 7HAI s AR g A glow dA7A
By o] wEW camosine®] A2 %] 7] A W olm|th
Z 119 (imidazole ring)°ll 2|3t £+ 2+-& (Harris et al., 1990),
& 712 0] E5 (Quinn et al,, 1992) ¥ Z-f-2}t]Z (Boldyrev
et al,, 1995)3} FAFERLO] 2750 7]¢le= Ao F4
3l A (Lee et al., 1999).
whehA] E At A= WAl ZHE FE3 carnosined]
71554 S flske] QA9 AElA Vsl Tas 9T

L FERM E R X BE

pNye]
o

ZALaFSL T,
SER
Als 9 Aok
B A g o AL8-3 WAo] (dnguilla japonica)= F-2FF Al
G E FHIANHAIG N A HHEAF 300-400 g, A7 50-70 cm
of WgolE Feiste] AolglE AHE APHAR el
A

Carnosine?} linoleic acid, 2,2-Diphenyl-1-picrylhydrazyl free
radical?} ascorbic acid™ Sigma chemical (St. Louis. MO)®ll 4]
Ferglon o gjel WE Aoke Sl ALgsal.
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AEREL
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AT WA F SAAA GAG 5 U, mE AAS

% carnosine FE& AR E AF&3FAT)

o

MW#o] Carnosine &%
Mzlo] 2 KL E carosine 55

2] WS st 8319t =, carnosine FE> A H
(Song et al., 2006)| A BFg1 o} o] Wizto] Sof 10u] 7}
Zhal mha gk Aol §& 7ASS &
8,000xgel| A 3017F LA BEAA HAES AAT
< Dowex-2 chloride column (2.5%30 cm)& ©]-&3}o] ¢
e 23} picric acidE A ASFIL A A FEFO] =21 carnosine
3 E ¢34 membrane filter (XM50, YM30, YM10, YM3,
YMI, YC05)= AeA EAFS HF 500 Daolsh7h4] 24dst
glomn ofmals 50T oJstE WEAZl & 54 71x35+9
AEg A gZ AFEsIAT

o] 2l ghA e o} ghefofu}A]

9] 1% picric acid&

=

Carbonyl group 3% 54

cha) A o] Absluk-g-of W carbonyl group] AAE SH
o Hipkiss (1998)9] v o) w2} ovalbumin 10 mg% 10 mL
9] potassium phosphate (100 mM, pH 7)ol &3|A|7]22 W3
o] % camnosines 44 =2 H7FE T 10uL9] hypo-
chlorite (100 mM)Z H7}ekaL 37 C oA 60&7F BFS- A2t}
Hypochlorite 223+ @922 5% trichloroacetic acid (TCA)
2 i‘ﬂ/\]ﬂ = A E T3 A de A

S 5% TCAR 2 Astar DA oM HClol thA] &3]
A]?; % 5000L9] 10 mM 2,4-DNPHZ H7}5)aL 37Cel A 2
AIZE FQE WA § %] 2M NaOHE #7Heh - 450

nmoll A FFEE S8

7<1 7(4%

el gat
HEG3E AFA EZ 0 Methyl glyoxalZ} carnosine
ZFo] Hk-gA S Mlﬂiﬂ $ 3l Hipkiss (1998)2] Bl ujz}

ovalbumin 100 mgS 11 mL2] potassium phosphate (100 mM,

pH 7)ol &3]A]71 & WAlo] =& carnosineS 44 F%
H7Fstkar 308 & UA ] methyl glyoxalS H7}ake] 37Tl
Z % JH-NMR +4 8 Alg 2 H=

Hypochlorite ] 2] & &3l 413} vH-5-A17] chula o] W7o
% camosineS H7HeF A5} HUEHA @2 ARE UFL
4C Ao 60-84T7HA] 225 S7HAI7IHA T o] o
WS oIAA ArWEtE S48t Ax 542
Brookfield viscometer (Model LVTDVII+, Brookfield Eng Labs
Inc., US.A)Z o83t 2™ spindle No. 425 Agalo] =
g stoit.

N
fol

| & 2} 105

SDS—PAGE

A Absigkg-ol ofa] AAE= TtaAad W gste] HA|
= W7ol camosine®] GE-S dolr 7] 913 SDS W75
PRt} 279952 Mini-Protein 3 (Bio-Rad Laboratories,
Hercules, CA)S AF8-3}0] Laemmli (1970)2] ®Hol w2} s}
St 7.5% polyacrylamide gelS AF&3I o0 A|RE 7217}
30uLd welloll L&k 25 mM Tris-192 mM glycine 58
ol (pH 83)= Ao ®m Agate] H719F shoith 1714

T SDS-gel®] A2 Coomassie brilliant blue R-2503 A&
AL, dAe] B AL WAV eE/FRT EFY

(Viviv, 1:2:7) 0.2 gAs T

"H-NMR
WMao] F=Z carnosined] EAFTFE 3l W AGE A T-A

=2 3e] g AS A ny] 98 #A]e 4 7] (JEOL,

Japan, INM ECP-400)E A}-83}e] Table 1] A 270 =

IH-NMRS =74 3}3it}.

Table 1. Operating condition of 'H NMR for analyzing

carnosine

Instrument JNM ECP 400
X-domain 'H-NMR
X-frequency 399.78 MHz
90° pulse width 10.9us
Solvent DO

Spectral width 14 ppm

Data point 16,384
X-resolution 0.34 Hz

Scan No. 16

Ay g a1z
W7ol FF carnosineo] © A WA o] WA=

X
g vk A3 4 AAE
Hypochlorite anionsi= A4~ 2-f-2he]Zbol] o)) AAJH vk
EEA Tl w35 T3] whgAdo] FH-g carbonyl
groupS Akl o] A 9] crystallin®] Y} ovalbumin 52} ¥F--
ste] il 7w At 44 9 aEAEe] E4S AAA
AW A wslo] FEE H7FG A A8 ok oE A
1t} (Hipkiss, 1998). 7ol 5% carnosine®] hypochlorite®]]
]3] A4 E = carbonyl group E THElAE Zlu A7 A
A= FEFes A A3E oe T gk

Ovalbumin®l] hypochlorite®} ¥-3o] 3% carnosineS 7}
3k & carbonyl group ZAES 5743 23} (Table 2)°14 10,
20, 30, 40 mM Yo} FF carnosines H718HS W 747t
7.81+2.16%, 18.37+1.24%, 32.57+2.04%, 51.39+1.86% 2]
carbonyl group HAas e Ao Fig. 13} 7o) hypochlorite
kS 20uL, 40uLE ZHZ; 7}k Ao A % carnosine F =7}
<7Vl Wt carbonyl group A4 o] FA A EH= Aoz
LEFS T Bovine serum albumin (BSA)2] malondialdehyde
9} hypochloriteol] 2]8+ A AJo| %= camosine =7} 5718t
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Table 2. The effects of eel carnosine on the loss of carbonyl
groups from hypochlorite treated ovalbumin*

CO group lost (%)

Concentration (mM)

10 7.81+2.16™*
20 18.37 £ 1.24
30 32.57+2.04
40 51.39+ 1.86

*Ovalbumin (10 mg/10 mL) was incubated with hypochlorite
(10uL) for 60 min in the presence of eel carnosine (10-40
mM). Carbonyl (CO) groups remaining were measured by
diphenylhydrazine reactivity.

**Expressed as mean + standard deviation (n=3).
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Fig. 1. Effect of eel carnosine on hypochlorite induced

fromation of protein carbonyl group. ovalbumin (10 mg/10

mL) was incubated with hypochlorite (20 and 40uL) for

60 min in the presence of eel carnosine (10-40 mM).

w2} carbonyl group Aol SA|EThE B glow
(Hipkiss et al., 1998), Hobart et al. (2004)> BSA<} hypochlorite
£ WHSA1Z] - size-exclusion chromatography = 43+ 2 3}
chlz o] WA e iA}e] whul A o] AP E| IR Wk 50
mM carnosine 719 7 9ol = o]# 3 whul A o] A o]
AAEYa B33k Methyl glyoxal® ovalbumins: ¥h-g-
A1Z1 % carnosine®} lysineS 50 mM EEZ 7} 319 &
carbonyl group®] B3-S 7+t 47%, 56% A=A, o]=
carnosine®] A 9] carbonyl groupd} {2 o2 Wk-§3}]
wjEol2kal BirE o] 9l (Hipkiss et al., 2001).

AA AEHNA & o]&} 22 REZ-o] doubH carnosine©]
o] vl o3l A% carbonyl groups HIEAd 3 A7)
A 2AATIE ZES & F JornR wslel e vk
& 2H3ted F8E o HoXin

ol WA camosineo] WA= FFES T ] AA S
&olr 7] 213 ovalbumin®] o] carnosineS 0 mM, 20 mM,
40 mM2] S 2 713 3 hypochlorite} WAl 7 WAL
HAAAZ & A7195S B 225 Fig. 20 YRl
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Fig. 2. SDS polyacrylamide gel electrophoresis showing the
effects of eel carnosine on the generation of cross-linked
protein between hypochlorite-modified ovalbumin and un-
modified ovalbumin. Ovalbumin was treated with 100 mM
hypochlorite for 1 weeks at 37°C and then exhaustively
dialyzed. Lane 1, unmodified ovalbumin; Lane 2, modified
ovalbumin; Lane 3, modified ovalbumin treated with 20 mM
eel carnosine; Lane 4, modified ovalbumin treated with 40
mM eel carnosine.

Zolm 33} 42 hypochlorite®} 7| carnosines Z+Z} 20
mM3¥} 40 mM=E H7}gk A o]t} camosine Y- H7F9] 75
hypochloriteol] 7]191%F T 7w Ajtel] ofa] YA =]zl
ARl gz w= 7] S1REo) A YEld WEE hypochlorite
22| ovalbumin} carnosineS 3 7}3F Al E ol A= A
b A g o] oA 42 ovalbumin ME7F <l Sl

Hipkiss et al. (1998)< hypochlorite 2]l 2]&] 4Fsld #
-l EAE AY] 5 A 2@8A EFo] #EE
AThar Ba18}S 21, bovine a-crystalling hypochlorite *] 2]
gt A3 delz o] shawAztel g A 42 Pl
SI= %131, 50 mM camosine 7} A] LA 2 o] YELA]
St B astgitt

2l HEfol = 2he] Tt AR Hd e
A A 75s Aslshs Ao &R Ak (Hipkiss et al.,
Ao I 9hE-3to] schiff based
B2 o] z7|gstatEo] AAlw
o} o] AL 7t Ao o 11 FET A AR IA
2=
[e)
=

[o5

Lolide] diol e ofvtm| o] A Ao Tl
¥} uxb Agbete] H17F Q1 AGEZE A L 2Ael FHAE
U} (Hamada et al., 1996; Thornalley et al., 1996; Frye et al.,
1998).

ol F o] Fow xHH ok AGE7} EEHA &
Wy o] F29} Vg A O F WStAA 2+
A g fisles Aoz ¢34 9t} (Stadtman, 1992; Miyata
et al.,, 1998).
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A7} AAIE AL 9l o™ (Hipkiss et al., 2001), & 7] 4-&
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carnosine®] imidazole 118] 9] &=#-g L F<5& Ao EF,
AARFoAs Foll g Aow FA3}L T} Torreggiani et
al. (2001) carnosine®] =& ZHOIEFTS ZAMS A
imidazole 112]7} #oldlcta H a1 Harris et al.
(1990)} Bate-Smith (1983)% carnosine®] pKai= 6.8%} 7.124
Aelet4 pH W elolA @714 ald Ao AdE 2
A o7 F5A 7| o] imidazole ALl o]+ 9k F 3}
of &g Aolgta Wittt

& A7olM FE3 WAo] camosine®] AGE A4 A5
&17] 915te] 'HANMRS F3fo] vl o] Falapgof 3
= 582 AAR] methyl glyoxal?}2] WE-SA]S A HE QLo
, carnosine®] AGE A4 A5 L& ol imidazole 18] 7}
ogst=A AR5 AT
Carnosine ¥¥%3} WA4o] % camosineS 'H-NMRZ =74
¥} (Fig. 3, 4) H2, H4 = imidazole 18] & &F &<lgt
Sk EE WAo] carnosine?] chemical shift ] %] 7}
< &l & pH - 93k 3ot} W] camosine
7} methyl glyoxalS RF&-A1Z1 $ 4 NMR =3 EF] (Fig.
5)ll 4] methyl glyoxalS 3 7}8}4] 22 carnosine] 74-9- H2,
H49] imidazole & & 218t 4= 2% 01} methyl glyoxal S
A 7}38F carnosine®] 73-$- H2, H42] imidazole 1127} 743}
v AR A glEd =l

ol gt Az} W Fo] Ko} carnosine®] methyl glyoxalZ}
Ao HkgEtE Ao Ho An, E3| o] ukgo|
carnosine?] imidazole 1L &]7} =83 IS 3= Ao =
lReal=2
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Fig. 3. NMR spectrum of imidazole ring in carnosine standard.
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Fig. 4. NMR spectrum of imidazole ring in eel carnosine.
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Fig. 5. NMR spectrum of eel carnosine and reacted eel
carnosine with methyl glyoxal. A, Eel carnosine; B, Methyl

glyoxal treated with 20 mM eel carnosine.
gl el mAE

wE 2 Jletol= A}, 4 AR o3t A3 o] A%
Ta Al ALfe TEE o)Fa ded 9EE 60C ol
o7 7tdetd o5 Aol T Ho] ©huld wAdo] dojut
= Aoz dHA Ut} (Frye et al, 1989). 3] @39 Gl
o] A5 wAgdol g A dojues Aow duA Ut
(Stadtman, 1992; Hipkiss et al., 1998). oJo] & A& o =

5
=y
ovalbumin®ll #-&o] carnosines YA H7FE T hypo-
chloriteE H7IA1A @ild WS 31 A7 3 60°
84C7H#] 4TH 255 S7M71WA dijd I

=
Are] WzE 543 23 (Fig. 6). W3] carnosine 7 7}t
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Fig. 6. Change in viscosity of hypochlorite treated ovalbumin.
Closed circle: unmodified Ovalbumin, Open circle: modified
Ovalbumin treated with 20 mM eel carnosine, Closed
Triangle: modified Ovalbumin treated with 40 mM eel
carnosine.
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