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Summary

The mechanism of metal ion-catalyzed oxidative modification of apolipoprotein E (apoE) in hﬁman
very low density lipoprotein (VLDL) and its inhibition by glycosaminoglycan (GAG) was investigat-
ed in vitro. The VLDL oxidation catalyzed by Cu®" led to the lipid peroxidation and covalent modifica-
tion of apoE. The modified apoE lost heparin-binding activity. These results suggest that the lipid per-
oxidation of VLDL and modification of apoE cause impairment of lipid uptake by cells and deposit the
oxidized lipids in the tissues. The lipid peroxidation and oxidative modification of apoE in VLDL medi-
ated by Cu®** and an aqueous radical generator were suppressed by GAG, heparan sulfate, heparin,

and chondroitin sulfate A. These studies suggest that GAGs preserve the biological functions of apoE
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from oxidative stress.

t MIREEEY RS V87 E (LDL) OREEBIEBIVCFRICEIRITRYRY V7 EB
(apoB) DEMIIZOWTHEL S DR ENTEY, BARERORERLHET L DEEIRRINT
Wz P, LDLORHAEEATH 2 BIEHIE) Ry v 37 E (VLDL) BIDLICKLTY v R/ BER
BV OREAEENT VD, BBRENTHLEEZONDLN, ThITHDE A VLDL OIS
BLTEEMIcRF S hTwin,

VLDL Z#K ¥ 57 XY K% ¥ )87 BE (apoE) 13 apoB & FHICHIlERALDLL 7% —B LU
OQFF7)AYNDY)HT Yy FELTHE, AANTOREBZICEERZE2EL-TIEPAbRTY
VY, THRYRY VNI BETUFAIIA DI AFI I F YA Y (GAG) ITKEET BA, GAG
NORKEEMIITIERSE T IV BBESESLTBY Y, FEUBECIIBILEHSESTRTVEELS
nb,

Z I TAME T b VLDL I in vitro R CHBALA P LA ZE# L, IBEEBILIZE b 7% apoE D
1LiB8i & GAGNDREEWDOENII DWW TR, & 5IZGAGIC & 5 VLDL OB LB HIIHRRIZo W
THE L7z,

X B F &

12K B A O REBE A F OB BRI 2 58858 0 5 8EE IS & o C VLDLE 4 % 1872, VLDL B
(100ug % /32 &, pH 74) 12Cu® (50uM) F7i3KkEMS VA V54EH (AAPH, 5mM) %%,
JTCTHALIE 2T & Lz, BEBMICRKISHEPOF 4V E Y — VEERIGHWE (TBARS) BX U
AVATFU—NVIATIVE Fax)b+ ¥ ¥ F (ChE-OOH) #BEZ#MlE Lo apoE DER{LIEHIX SDS -
HYT7YNT I NP VERIKE (SDS - PAGE) BLUWIRy v 7av 547 (WB) i2koT
GFL7ze GAG (NS VIRBEB X UA8Y) ¥, I Fu4 F UHiiEA) OFFLET CRAIC VLDL 28
LU, GAGOMBLIEN 2§ L 720 Cu® MllEIC & o THIL L 7= VLDL (50ug¥ ¥/ 827 H) %R
50mg ® Heparin - Sepharose CL-6B (HS6B) LiR& L, HS6BIZ# & L TV 5 apoE % SDS - PAGE 3
FUWBTHHT LI LI Lo THBEZZiT/2apoE DAY VHGHEZFB L. GAGDO 7Y =5V
VR8I ¢, a -diphenyl- fpicrylhydrazyl (DPPH) % C#~7z,

#® R
Cu® 12 X % b b M4 VLDL B5 O I EBER LIS 1< 5T, TBARSOFEMAFRD bitz, KMk
{L VLDL H @ apoE i SDS-PAGE (Fig. 1A, lane 1) B X U¥lapoE#Hifk% M/ WB (Fig. 1B, lane 1)
THFEMKOBEBE R FE L TR ENSH, BEVLDLF D apoEid R 35k DY FB L UE
BFARATRNY Fe LTl EN: (Fig. 1ABLUB, &lane 2), fREE FOsid ¥ FOLG#HIC
Lo THEBTHEET VT FTH 5 4-hydroxy-2nonenal (HNE) HEEWE % apoE Il EER IS X 47
$iB12% apoEDFEAFFALAELI Y (Fig. 1B, lane 3), 35k D3y FIdBLHNEHAIZ & o TR E h 7z
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Fig.1 SDS-PAGE and subsequent immunoblot analysis of apoE in oxidized VLDL. (A) SDS-PAGE.
(B) Immunoblotting for apoE detection. (C) Immunoblotting for HNE-protein adducts detection.
Samples in A-C were as follows : lane 1, native VLDL ; lane 2, VLDL (100ug protein) oxidized by
Cu® (50uM) in TBS (pH 74) at 37C for 12h : lane 3, VLDL (120ug protein) incubated with
20mM HNE in TBS (pH 74) at 37C for 3h.
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Fig. 2 Heparin-binding activity of apoE in VLDL. Native VLDL (50ug protein) and VLDL oxi-
dized by 50uM Cu®* at pH 74 for 12h (50ug protein) were incubated with 50mg of Heparin
Sepharose CL-6B (HS6B) at 4C for 3h. VLDL bound to HS6B was extracted and subjected to
immunoblotting. Lane 1, native VLDL ; lane 2, HS6B-binding fraction in native VLDL : lane 3, oxi-
dized VLDL ; lane 4, HS6B-binding fraction in oxidized VLDL.

(Fig. 1C, lane 3)o L#AL, Cu® filifitic & 28k VLDL HiC i HNEHAEBHRISWIZ T SN do 7=
(Fig. 1C, lane 2)o
Fig. 213 VLDL DRILIZ & & % 9 apoE DAY U #EEBEOE{LE R LTV %, BALVLDL H® apoE
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AN VEESEEITE L CIET L7
Fig. 313 Cu® 12 X 2 VLDL BL USSP O GAGIREE (~/35 Vi, ~SY v BLtay ko
£F VHBA) &S 12 %O TBARSHERHHIE L OBFEE R LTV S, 2%D GAGIZ X T
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Fig. 8 Inhibition of Cu?*-catalyzed oxidation of VLDL by GAGs. The reaction system was the same
as that described in the legend of Fig. 1. Inhibition ratios (%) were calculated from the equation
inhibition ratio (%) = ([B]-[Al) / [B]X 100,

where [A] and [B] are TBARS value after 12h incubation in the presence of GAG and that in the
absence of GAG, respectively. Heparan sulfate (@), heparin (&), chondroitin sulfate A (H).
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Fig. 4 Inhibition of Cuz"‘-catalyzed oxidative modification of apoE in VLDL by GAGs. VLDL (100ug
protein) was oxidized by Cu®' (504M) in TBS (pH 7.4) for 12h in the presence and the absence of
GAG (2%) and subjected to immunoblot analysis for apoE. Lane 1, native VLDL ; lane 2, oxidized

VLDL ; lane 3, +heparan sulfate ; lane 4, +heparin; lane 5, +chondroitin sulfate A.
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Fig. 5 Inhibition of ChE-OOH accumulation in peroxyl radical-mediated oxidation of VLDL by
GAGs, dextran, and glutathione (2%). The reaction mixture consisted of VLDL (100ug protein) and
5mM AAPH in TBS (pH 7.4). ChE-OOH was determined by HPLC with UV detection

TBARS DEHE L 40 ~ 80%HH] S 170 FIKFIZ apoE DB LAEEI b GAGIC & » T #ibl S 7z (Fig. 4)o
Fig. 5% AAPHAMEIZ & 5 VLDLBALEUSIE Mt @ GAGHEE & RS 12 K ] #% 0 ChE-OOH 4 B Il =R &
OHBEET LTS, 2%D GAGIZ & - T ChE-OOH D# R ix 30 ~50%Mfl s hize LrL, Thoo
GAGIZDPPH S VA V& & iR L b o 70

x =

HNEWHREE FORLAFY FOL Fv 7 A5, BHRS AL TERT 2% HNEWY ¥ 37K
DTy, CRFTY, YATFA VRELFSL, 47 MVEIMEEERT S Fig LORLEE DS
Cu?* 253 % VLDL O EAL RS2 3\ THI 5 242 apoE 121546 % 213 545, HNE-apoE IR &
o, SOEEE LTI, apoEATHNE 4 L7 FHAMEIC L > TE LS ESFIEL, SDS -
PAGED S i 28 2 722 &, &5\ idapoE A HNE DSt O EMBFZREIC L » TEMi% %), HNE-
apoE AN LK BN WB OBRBBRAU T o722 L2 515,

YRS Sy B E GAGOMEERIIOVTRFMIANSNTEY, VRF VNI HEO) IV BIT
FUNEZVREL CACORBEB L UA NV EEYLVELEDOL TV ESCEEbDEELLRTVEY,
YRS V2 EE GAGOMEERIZY RS v 7 Y- EOEET 2Ky vy BB E BT 5T
BHARIEEATYSE 1Y) Fig 2 TR L7 & 912 apoE id VLDL O FREBEBRLEISIZ & b vy, A%
YADREETERHEE Lo T ORI apoE DB LBHATRERBOREE A THEEZRRL T2,
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Ross et al. 3 & UF Albertini et al. lEA/SY U ASHEBLEM 2 RTI 2 WMEL w12 Aoty v,
AT UTRBEB LN Y F a4 F R AZ Cu A A VLDL O IR EBEL 2 B0 5 & RS
apoE DEfi A HE L7 (Fig. 3, Fig. 4o E5ICZhH5DGAGIEDPPHS VAV EHR L 2 WIZH 2d
b 5§, AAPHAMEET 20V AF T 5 V0 VESRIE 22 L2 REBRBRILICH LTO IR RL
72 (Fig. 5)o A2 ¥, ARG VBB L2y FUA F VB A BBEEDORBRERSZFLELE
%555, Cu* B LU AAPH Al § % VLDL O I B BEALIC 515 2 HIBRLIEN & OMBIEA S hi b o
7= (Fig. 3, Fig. 5o GAGOIEEILA 7 = X A IH S A TId R WAY, GAGHT RYKY vy BITkE
LCVLDLHFAMY Pt 2 & T, HHBEREO VLDLNOBEHERIGZHEL TWATWEERZE LN
b0 GAGTHREINA U T4 7)) 7 Y ZRERFEZRHET 21200 Tlah, VRS V7 EOBL
B & KRB CHIEZ AT 5 2 LAVRIBRE N
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