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Summar y

Advanced gl ycosyl at i on endpr oduct s ( AGEs) , t he gl ucose- der i ved adduct s t hat f or m nonenzy-

mat i cal l y and accumul at e on t i ssue pr ot ei ns, ar e i mpl i cat ed i n many chr oni c compl i cat i ons associ at ed

wi t h di abet es and agi ng . We have pr evi ousl y descr i bed a monocyt e/ macr ophage sur f ace r ecept or

syst em t hought t o coor di nat e AGE pr ot ei n r emoval and t i ssue r emodel i ng, and pur i f i ed a cor -

r espondi ng 90- kD AGE- bi ndi ng pr ot ei n f r omt he mur i ne RAW264 . 7 cel l l i ne. To i dent i f y AGE-

bi ndi ng pr ot ei ns i n nor mal ani mal s, t he t i ssue di st r i but i on of 125I - AGE r at ser umal bumi n t aken

up f r om t he bl ood was det er mi ned i n r at s i n vi vo. These upt ake st udi es demonst r at ed t hat t he

l i ver was a maj or si t e of AGE pr ot ei n sequest r at i on . Usi ng a sol i d- phase assay syst em i nvol vi ng

t he i mmobi l i zat i on of sol ubi l i zed membr ane pr ot ei ns ont o ni t r ocel l ul ose t o moni t or bi ndi ng

act i vi t y, and sever al pur i f i cat i on st eps i ncl udi ng af f i ni t y chr omat ogr aphy over an AGE bovi ne

ser um al bumi n mat r i x, t wo r at l i ver membr ane pr ot ei ns wer e i sol at ed t hat speci f i cal l y bound

AGES, one mi gr at i ng at 60 kD ( p60) and t he ot her at 90 kD ( p90) on SDS- PAGE. NH2- t er mi nal

sequence anal ysi s r eveal ed no si gni f i cant homol ogy bet ween t hese t wo pr ot ei ns nor t o any mol ecul es

avai l abl e i n sequence dat abases. Fl ow cyt omet r i c anal yses usi ng avi an ant i bodi es t o pur i f i ed r at

p60 and p90 demonst r at ed t hat bot h pr ot ei ns ar e pr esent on r at monocyt es and macr ophages .

Compet i t i on st udi es r eveal ed no cr ossr eact i vi t y bet ween t he t wo ant i ser a; ant i - p60 and ant i - p90

ant i ser a pr event ed AGE- pr ot ei n bi ndi ng t o r at macr ophages when added al one or i n combi nat i on .

These r esul t s i ndi cat e t hat r at l i ver cont ai ns at l east t wo novel and di st i nct pr ot ei ns t hat r ecogni ze

AGE- modi f i ed macr omol ecul es, al t hough p90 may be r el at ed t o t he pr evi ousl y descr i bed 90- kD

AGEr ecept or i sol at ed f r omRAW264. 7 cel l s . The const i t ut i ve expr essi on of AGE- bi ndi ng pr ot ei ns

on r at monocyt es and macr ophages, and t he sequest r at i on of ci r cul at i ng AGE- modi f i ed pr ot ei ns

by t he l i ver , pr ovi des f ur t her evi dence i n suppor t of a r ol e f or t hese mol ecul es i n t he nor mal

r emoval of pr ot ei ns mar ked as senescent by accumul at ed gl ucose- der i ved coval ent addi t i on pr oduct s,

or AGES.

G
l ucose and ot her r educi ng sugar s at t ach nonenzymat i cal

l y t o t he ami no gr oups of pr ot ei ns i n a concent r at i on-

dependent manner . Over t i me, t hese i ni t i al Amador i adduct s

under go f ur t her r ear r angement s, dehydr at i ons, and cr oss-

l i nki ng wi t h ot her pr ot ei ns t o accumul at e as a f ami l y of com-

pl ex st r uct ur es t hat ar e r ef er r ed t o as advanced gl ycosyl at i on

endpr oduct s ( AGEs) t . Al t hough t hi s chemi st r y has been

st udi ed by f ood chemi st s f or many year s, i t was onl y i n t he

past decade t hat t he pr esence of AGES i n l i vi ng t i ssues has

t Abbr evi at i ons used i n t hi s paper . AGE, advanced gl ycosyl at i on endpr oduct ;

FFI , 2- f ur oyl - 4( 5) - ( 2- f umnyl ) - 1H- i mi dazol e ; NC, ni t r ocel l ul ose ; RSA, r at

ser um al bumi n; TBI R, t i ssue- t o- bl ood i sot ope r at i o.
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been est abl i shed . The excessi ve deposi t i on of t hese pr oduct s
on st r uct ur al body pr ot ei ns as a f unct i on of age and el evat ed

gl ucose concent r at i on, ( 1) t aken t oget her wi t h evi dence of
ef f ect i ve pr event i on of t i ssue pat hol ogy by an AGE i nhi bi t or ,

ami noguani di ne ( 2) , has l ent suppor t t o t he hypot hesi s t hat
t he f or mat i on of AGES pl ays a r ol e i n t he l ong t er mcompl i -

cat i ons of agi ng and di abet es .

Si nce t he amount of AGES f ound i n human t i ssues i s l ess

t han coul d be pr edi ct ed f r om pr ot ei n/ gl ucose i ncubat i on

st udi es i n vi t r o, we pr oposed sever al year s ago t hat t her e mi ght
be nor mal mechani sms t o r emove t hose l ong- l i ved pr ot ei ns

t hat had accumul at ed AGES i n vi vo. I n f act , monocyt es/ mac-
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r ophages wer e f ound t o di spl ay hi gh af f i ni t y sur f ace bi ndi ng

act i vi t y speci f i c f or AGE moi et i es, i ndependent of t he pr o-

t ei n t hat was AGEmodi f i ed . Thi s macr ophage AGEr ecept or

was shown t o di f f er f r omot her known scavenger r ecept or s

on t hese cel l s ( 3, 4) . The upt ake and degr adat i on of senes-

cent , AGE- modi f i ed pr ot ei ns by macr ophages was al so shown

t o be associ at ed wi t h t he r el ease of pot ent , mul t i f unct i onal

cyt oki nes ( I I A and TNF [ 5] ) and gr owt h f act or s ( PDGF [ 6]

and I GF- 1[ 7] ) , suggest i ng t hat t he AGEr ecept or syst empl ays

an i mpor t ant r ol e i n nor mal t i ssue r emodel i ng. Recent l y, we

have i sol at ed a 90- kD pr ot ei n f r om t he membr anes of t he

mouse macr ophage cel l l i ne, RAW264. 7, whi ch bi nds

speci f i cal l y t o AGE pr ot ei ns as wel l as t o a chemi cal l y pr e-

par ed model AGEcompound, 2- ( 2- f ur oyl ) - 4( 5) - ( 2- f ur anyl ) -

1H- i mi dazol e, or FFI ( 8, 9) .

Sever al ot her cel l t ypes, e. g. , human endot hel i al ( 10) and

mesangi al cel l s ( 11) , as wel l as human f i br obl ast s ( 12) al so

expr ess membr ane pr ot ei ns t hat bi nd AGE- modi f i ed pr ot ei ns ;

however , none of t hese r ecogni ze t he model AGEcompound,

FFI . The exposur e of endot hel i al cel l s i n vi t r o t o AGE pr o-

t ei ns pr omot es pr ocoagul ant act i vi t y, associ at ed wi t h decr eased

membr ane- associ at ed t hr ombomodul i n and i ncr eased pr oduc-

t i on of t i ssue f act or , as wel l as di sr upt i on of t he bar r i er i n-

t egr i t y of cul t ur ed endot hel i al monol ayer s ( 10) . The i nt er ac-

t i on of mesangi al cel l s or f i br obl ast s wi t h AGEpr ot ei n appear s

t o st i mul at e . i ncr eased mat r i x pr ot ei n synt hesi s ( 11) and al -

t er ed mi t ogeni c act i vi t y ( 11, 12) . Gi ven t he di f f er ent bi ndi ng

speci f i ci t i es and f unct i onal char act er i st i cs of t he AGE r ecept or s

pr esent on t hese cel l t ypes compar ed t o t he r ecept or i dent i f i ed

on macr ophages, i t i s not cl ear whet her t hese mol ecul es ar e

i nt er r el at ed .

I n t he pr esent paper , we r epor t t he pur i f i cat i on f r om r at

l i ver , and par t i al ami no aci d sequences, of t wo membr ane

pr ot ei ns of - 60 and - 90 kD, r espect i vel y, t hat bi nd AGE-

modi f i ed pr ot ei ns . Bot h of t hese pr ot ei ns ar e expr essed on

t he sur f ace of r at monocyt es and r esi dent per i t oneal macr o-

phages, suggest i ng a r el at i onshi p t o t he AGEr ecept or syst em

ear l i er i dent i f i ed on t hese cel l s and bel i eved t o be i nvol ved

i n t i ssue r epai r and r emodel l i ng.

Mat er i al s and Met hods

Chemi cal s and Reagent s .

	

BSA( f r act i on V) , bovi ne r i bonucl ease,

gl ucosami de- BSA, gl ucose- 6- phosphat e, and col l agen I wer e pur -

chased f r om Si gma Chemi cal Co. - ( St . Loui s, MO) . Tr i t on X- 114

and Tr i t on X- 100 wer e pur chased f r omBoehr i nger Mannhei mBi o-

chemi cal s ( I ndi anapol i s, I N) . Sodi um 121 i odi de was obt ai ned f r om

NewEngl and Nucl ear ( Bost on, MA) . Ni t r ocel l ul ose membr anes

wer e f r om Schl ei cher & Schuel l ( Keene, NH) . CNBr - act i vat ed

Sephar ose 4B was pur chased f r omPi er ce Chemi cal Co. ( Rockf or d,

I L) . LDL and acet yl - LDL wer e t he gener ous gi f t of Dr . Davi d Vi a

( Bayl or Col l ege of Medi ci ne, Houst on, TX) . 2- ( 2- f ur oyl ) - 4( 5) - ( 2-

f ur anyl ) - 1H- i mi dazol e ( FFI ) ' and i t s der i vat i ve, FFI - hexanoi c aci d

( FFI - HA) wer e ki ndl y pr ovi ded by Dr . Pet er Ul r i ch ( Ger i t ech I nc. ,

Nor t hval e, NJ) .

Pr epar at i on of AGE Pr ot ei ns and For mal dehyde- modi f i ed Pr ot ei ns .

AGE- BSA, AGE r at ser umal bumi n ( RSA) , AGEr i bonucl ease, and

AGE col l agen I wer e gener at ed by st andar di zed met hods as pr evi -

ousl y descr i bed i n det ai l ( 3) . I n br i ef , each pr ot ei n sol ut i on ( 25
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mg/ ml ) was i ncubat ed wi t h ei t her 0. 5 Mgl ucose or gl ucose- 6-

phosphat e i n 100 mMphosphat e buf f er ( pH 7 . 4) at 37° C f or 6

wk under st er i l e condi t i ons, and t hen l owmol ecul ar wei ght r eac-

t ant s wer e r emoved by di al ysi s agai nst PBS ( 20 mMsodi um phos-

phat e buf f er cont ai ni ng 0. 15 MNaCl , pH 7. 4) . FFI - HA was cou-

pl ed t o BSA wi t h t he wat er - sol ubl e car bodi i mi de, EDAC, as

descr i bed pr evi ousl y ( 13) . Char act er i st i c f l uor escence of t he AGE

pr ot ei ns was obser ved at 450 nmupon exci t at i on at 390 nm ( 14) .

For mal dehyde- modi f i ed BSAwas pr epar ed as descr i bed ( 15) , by i n-

cubat i ng BSAi n 0. 1 Msodi umcar bonat e buf f er ( pH 10) wi t h 0. 33

Mf or mal dehyde at 37° C f or 5 h, f ol l owed by ext ensi ve di al ysi s

agai nst PBS. Al l pr ot ei n concent r at i ons wer e det er mi ned by t he

met hod of Br adf or d ( 16) . Pr ot ei n and AGE pr ot ei n pr epar at i ons

wer e r adi o- l abel ed wi t h 1211 by t he I odo- Gen met hod ( 17) . 2 mg of

AGE- BSA was i ncubat ed wi t h 25 mCi car r i er - f r ee " ' I i n an I odo-

gen- coat ed gl ass vi al at r oomt emper at ur e f or 45 mi n . To separ at e

f r ee f r om bound 125 1, t he sampl e was f r act i onat ed by Sephadex

G- 25Mcol umn chr omat ogr aphy and di al ysi s agai nst PBS, unt i l at

l east 98%of t he 1251 was TCA pr eci pi t abl . The speci f i c r adi oac-

t i vi t y of t he l abel ed 125 1- AGE- BSA was bet ween 8, 000 and 15, 000

cpm/ ng pr ot ei n .

BSAand AGE- BSA Sephar ose wer e pr epar ed by r eact i ng ei t her

BSAor AGE- BSA( 25 mg/ ml ) wi t h CNBr - Sephar ose gel ( 5 ml / g

of dr y powder ) accor di ng t o t he manuf act ur er s i nst r uct i ons, i n coup-

l i ng buf f er ( 0. 1 MNaHC05, 0. 5 MNaCl , pH 8 . 3) . The mi xt ur e

was r ot at ed f or 2 h at r oomt emper at ur e. Excess l i gand was washed

f r omt he r esi n wi t h coupl i ng buf f er and t hen wi t h Tr i s- HCI buf f er

( 0 . 1 M, pH 8. 0) f or 2 h at r oom t emper at ur e t o bl ock r emai ni ng

act i ve gr oups . The r esi n was t hen washed wi t h t hr ee cycl es of so-

di um acet at e buf f er ( 0 . 1 M, pH 4) cont ai ni ng NaCl ( 0 . 5 M) , f ol -

l owed by Tr i s- HCI buf f er ( 0 . 1 M, pH 8) cont ai ni ng NaCI ( 0 . 5 M) ,

and st or ed at 4- 8° C.

I n Vi vo St udi es .

	

For t i ssue di st r i but i on st udi es, AGE- RSAwas

pr epar ed as descr i bed above ( 4) , and r adi oi odi nat ed t o a speci f i c

act i vi t y of 8 . 3 x 105 cpm/ ug . Si mi l ar l y, nor mal RSA was i odi -

nat ed t o a speci f i c act i vi t y of 6. 2 x 101 cpm/ t ag. Fr eshl y dr awn

r at RBC wer e l abel ed wi t h 5' Cr t o al l ow subsequent cor r ect i on

f or t i ssue count s f or bl ood- associ at ed r adi oact i vi t y. Appr oxi mat el y

1 mCi of " Cr was added t o 10 ml RBC, mi xed t hor oughl y, and

al l owed t o i ncubat e f or 30 mi n at r oomt emper at ur e bef or e washi ng

wi t h PBS cont ai ni ng 1%BSA and 0. 1%dext r ose unt i l super na-

t ant r adi oact i vi t y was <1%of t hat i n t he packed RBC( 18) . Buf f er

was added t o l abel ed RBCt o obt ai n a hemat ocr i t of 40%and t he

l abel ed RBCwer e used i mmedi at el y .

To det er mi ne t he t i ssue di st r i but i on of AGEl i gands, nor mal mal e

Spr ague- Dawl ey r at s ( 200 g) wer e di vi ded i nt o gr oups of f i ve, and

anest het i zed wi t h sodi um pent obar bi t al ( 40 mg/ kg) . Al l ani mal s

r ecei ved an i nj ect i on of " Cr - RBC ( 0. 65 ml , i . v. ) 5 mi n bef or e t he

l abel ed l i gand . The i ndi cat ed gr oups of r at s r ecei ved ei t her ' asI -

AGE- RSA ( 50 Fi g i n 0. 1 ml , i . v . ) or an i dent i cal amount of 1151-

nor mal RSA. At t he i ndi cat ed t i me i nt er val s, 0. 5- m1 al i quot s of

bl ood wer e dr awn and var i ous or gans wer e r emoved and count ed

f or r adi oact i vi t y ( 19) . The speci f i ci t y of AGEl i gand upt ake i n var -

i ous or gans was assessed by i nj ect i ng gr oups of ani mal s wi t h excess

nonl abel ed AGE- BSA ( 5 mg) 2 mi n bef or e admi ni st r at i on of 50

Fi g of 1211- AGE- BSA. Af t er 5, 20, and 60 mi n, 0. 5- ml bl ood

sampl es wer e col l ect ed, ani mal s wer e ki l l ed, and var i ous or gans

and t i ssues wer e col l ect ed and count ed f or r adi oact i vi t y. The RBC

wer e l ysed wi t h wat er , and pr ot ei n was pr eci pi t at ed wi t h 20%TCA.

The or gans wer e wei ghed, homogeni zed wi t h a hand homogeni zer ,

pr ot ei n was pr eci pi t at ed wi t h 20%TCA, and count ed f or r adi oac-

t i vi t y . The t i ssue- t o- bl ood i sot ope r at i o ( TBI R) was cal cul at ed by

t he f or mul a : TBI R = ( " ' I / 11Cr i n t i ssue) / ( 121 1/ " Cr i n bl ood)

Advanced Gl ycosyl at i on Endpr oduct - bi ndi ng Pr ot ei ns i n Rat Li ver



( 20) . TBI R i s a di mensi onl ess i ndex of t he degr ee t o whi ch any

t i ssue sampl e has sequest er ed l abel ed l i gand r el at i ve t o t he bl ood .

Sol ubi l i zat i on and Fr act i onat i on of Hepat i c Membmne Pr ot ei ns. Li ver

membr anes wer e pr epar ed accor di ng t o t he met hod of Thom et

al . ( 21) , wi t h some modi f i cat i ons. For a t ypi cal membr ane pr epar a-

t i on, 14 g of r at l i ver was homogeni zed i n 80 ml THEbuf f er ( 50

mMTr i s- HCl buf f er [ pH8. 0] , cont ai ni ng 150 mMNaCl , 0. 1 mM

EDTA, and 23 wg/ ml PMSF and cent r i f uged f or 10 mi n at 3, 000

g. The super nat ant was l ayer ed on t op of a sol ut i on of 40%su-

cr ose i n THE buf f er , and cent r i f uged at 24, 000 g f or 1 h at 4° C.

The membr anes wer e col l ect ed f r om t he i nt er f ace wi t h a Past eur

pi pet t e. The membr ane pr epar at i on was sol ubi l i zed i n THEbuf f er

cont ai ni ng 2%Tr i t on X- 114 at 4° Cand cl ar i f i ed by cent r i f ugat i on

f or 30 mi n at 100, 000 g . The super nat ant was t hen war med t o

30° C and t he det er gent phase, aqueous phase, and det er gent -

i nsol ubl e pel l et wer e separ at ed accor di ng t o t he phase separ at i on

met hod descr i bed by Bor di er ( 22) . The r esul t i ng det er gent phase

was ei t her used di r ect l y f or pur i f i cat i on of AGE- bi ndi ng pr ot ei ns

or di l ut ed . 1 : 10 wi t h PBS cont ai ni ng 2%Tr i t on X- 100 and 2 mM

PMSF. Thi s mat er i al ( Dphase) was f r ozen at - 80° Cunt i l f ur t her

use.

I n Vi t r o Sol i dphase AGE- bi ndi ng Assay.

	

AGE- bi ndi ng act i vi t y

was det er mi ned by a modi f i ed ver si on of sol i d- phase bi ndi ng assay

devel oped f or t he l 1r l r ecept or ( 23) . Al i quot s of det er gent - sol ubi l i zed

membr ane pr ot ei ns wer e bl ot t ed ont o gr i d- mar ked ni t r ocel l ul ose

( NC) membr anes . The bl ot s wer e dr i ed at r oom t emper at ur e and

coul d be st or ed at r oomt emper at ur e f or sever al weeks wi t hout ap-

par ent l oss of bi ndi ng act i vi t y. The NCmembr anes wer e cut i nt o

smal l squar es ( 0 . 9 cm2) wi t h t he i mmobi l i zed pr ot ei n at t he cent er

and di st r i but ed i n 24- wel l t r ays ( Cost ar , Cambr i dge, MA) . I mmobi -

l i zed pr ot ei n was r econst i t ut ed i n PBS, pH 7. 4, cont ai ni ng 0. 5%

Tr i t on X- 100 f or 30- 60 mi n at r oomt emper at ur e. The bl ot s wer e

subsequent l y i ncubat ed i n bl ocki ng buf f er ( PBS, pH 7 . 4, cont ai ni ng

2%BSA, 0. 2% Tr i t on X- 100, and 1 MMMgCl 2) f or 2 h wi t h

agi t at i on at 4° C. Speci f i c l i gand bi ndi ng was car r i ed out by addi ng

50- 100 nM " I AGE- BSA di r ect l y t o t he bl ocki ng buf f er and

agi t at i ng at 4° Cf or a f ur t her 1 . 5 h . The NC membr anes wer e

t r ansf er r ed t o a newt r ay and r i nsed qui ckl y t hr ee t i mes wi t h PBS

cont ai ni ng 0. 2%Tr i t on X- 100, f ol l owed by t wo addi t i onal 10- mi n

washi ngs wi t h PBS. Li gand bi ndi ng was t hen eval uat ed by aut or a-

di ogr aphy or gamma count i ng.

Li gand Bl ot t i ng.

	

SDS- PAGE and el ect r o- bl ot t i ng wer e per f or med

as pr evi ousl y descr i bed ( 24) . Pr ot ei ns wer e el ect r ophor et i cal l y sepa-

r at ed on ei t her 8- 16%or 4- 20%gr adi ent pol yacr yl ami de gel s. Af t er

el ect r o- bl ot t i ng t he pr ot ei ns f r om t he gel ont o NC membr anes,

t he bl ot s wer e washed at 4° Cover ni ght wi t h PBScont ai ni ng 0. 2%

Tr i t on X- 100 . The bl ot s wer e t hen i ncubat ed i n bl ocki ng buf f er

f or 3 h at 4° C wi t h agi t at i on . Li gand bi ndi ng was per f or med by

addi ng 10 nM" 5I - AGE- BSA t o t he bl ocki ng buf f er . Af t er 1 . 5- 2

h at 4° C, t he bl ot s wer e washed t hr ee t i mes wi t h bl ocki ng buf f er

f or 1 mi n each and t wo t i mes f or 10 mi n each . Af t er ai r dr yi ng,

t he l i gand bi ndi ng was eval uat ed by aut or adi ogr aphy.

I sol at i on of p60 and p90f r omRat Li ver Membr anes .

	

Unl ess ot her -

wi se i ndi cat ed, al l pur i f i cat i on pr ocedur es wer e per f or med at 4° C.

The det er gent phase of t he r at membr ane pr epar at i on ( D phase,

- 860 mg pr ot ei n) was appl i ed t o a pol yet hyl eni mi ne cel l ul ose

col umn ( PEI ) ( 3 x 30 cm) equi l i br at ed wi t h THE buf f er . Af t er

washi ng wi t h equi l i br at i on buf f er ( TNE pl us 2 mMPMSF con-

t ai ni ng 1%CHAPS) , t he pr ot ei ns bound t o t he PEI col umn wer e

el ut ed by a 240- ml l i near gr adi ent of 0. 1- 1. 5 MNaCl i n t heequi l i br a-

t i on buf f er . Fr act i ons wer e anal yzed f or bi ndi ng act i vi t y by t he sol i d-

phase AGE bi ndi ng assay. The act i ve f r act i ons wer e pool ed and

di al yzed over ni ght agai nst TNE buf f er cont ai ni ng 1%CHAPS.

The PEI pool ( 160 mg pr ot ei n, 80 ml ) was t hen appl i ed t o a DEAE-
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cel l ul ose col umn ( 2 . 5 x 20 cm) pr evi ousl y equi l i br at ed wi t h

THE/ CHAPS/ PMSF equi l i br at i on buf f er . The col umn was washed

wi t h f our - col umn vol umes of equi l i br at i on buf f er and pr ot ei ns wer e

el ut ed by a 200- ml l i near gr adi ent of 0. 2- 1 . 5 MNaCI i n equi l i br a-

t i on buf f er . The f r act i ons t hat cont ai ned AGE- BSA bi ndi ng act i vi t y

wer e pool ed and concent r at ed by ul t r af i l t r at i on ( Cent r i con 10 ;

Ami con) . The concent r at ed DEAE pool ( 80 mg pr ot ei n) was cy-

cl ed t hr ee t i mes t hr ough a BSA- Sephar ose 4B col umn ( 2 x 12 cm,

10 mg of BSA per ml of gel ) , t o el i mi nat e pr ot ei ns t hat bound

t o BSA. The f l ow- t hr ough f r om t hi s BSA- Sephar ose col umn was

t hen appl i ed t o an AGE- BSASephar ose 4B col umn ( 2 x 6 cm,

10 mg of AGE- BSA per ml of gel ) and cycl ed t wi ce. The col umn

was washed wi t h 25- col umn vol umes of PBSbuf f er , pH 7. 4, con-

t ai ni ng 0. 2%Tr i t on X- 100, and 1 mMPMSF. The pr ot ei ns bound

t o t he AGE- BSA col umn wer e el ut ed wi t h t he st ep- wi se addi t i on

of PBS buf f er cont ai ni ng 1. 5 MNaCl , 0. 2% Tr i t on X- 100, and

1 mMPMSF . Each f r act i on was di al yzed agai nst PBS cont ai ni ng

1 mMPMSF, concent r at ed by ul t r af i l t r at i on ( Cent r i con 30, Ami con)

and anal yzed f or ' 15 I - AGE- BSA bi ndi ng act i vi t y by t he sol i d- phase

bi ndi ng assay.

Pr epar at i ve el ect r ophor esi s was per f or med as descr i bed i n det ai l

el sewher e ( 25) . I n br i ef , 50 FAg of t he pr ot ei n mi xt ur e t hat had

been af f i ni t y pur i f i ed over AGE- BSAwas boi l ed f or 3 mi n i n sampl e

buf f er ( 0 . 03 MTr i s- HCI , pH6. 8, 1%SDS, 5%gl ycer ol , 0. 015%

Br omophenol Bl ue) i n t he pr esence of 0 . 1 M2- mer capt oet hanol

and subj ect ed t o el ect r ophor esi s t hr ough 10%pol yacr yl ami de gel s

i n t he pr esence of 0. 1%SDS. The 60- kD and 90- kDpr ot ei n bands

wer e exci sed and el ect r o- el ut ed ( El ut r ap ; Schl ei cher &Schuel l ) i n

Tr i s buf f er ( 25 mM, pH8. 5) cont ai ni ng gl yci ne ( 192 mM) and 0. 1%

SDS, as descr i bed ( 26) .

Ant i body Gener at i on.

	

Layi ng hens wer e i nj ect ed subcut aneousl y

at mul t i pl e si t es wi t h a t ot al of 100- 150 f Ag of el ect r ophor et i cal l y

pur i f i ed p60 or p90 i n CFA( Pocono Rabbi t Far mand Labor at or y,

Canadensi s, PA) . On days 14 and 21, t he hens wer e i nj ect ed wi t h

an addi t i onal 60 pg of each pr ot ei n i n CFA. Fur t her boost s of 80- 100

jug of t he cor r espondi ng pr ot ei ns i n I FA wer e gi ven 1 mo af t er

t he i ni t i al ser i es . Eggs and ser umf r om t he chi ckens i mmuni zed

wi t h p60 or p90 pr ot ei ns wer e separ at el y col l ect ed . I gs f r om t he

yol ks wer e ext r act ed accor di ng t o t he met hod of Pol son et al . ( 27) ,

whi l e ser umI gs wer e i sol at ed by a combi nat i on of ammoni um sul -

phat e ( 30%) pr eci pi t at i on and DEAEcel l ul osechr omat ogr aphy ( 28) .

West er n Bl ot t i ng.

	

10- , ug al i quot s of det er gent - sol ubi l i zed sampl es

of membr ane pr ot ei n wer e boi l ed i n sampl e buf f er i n t he pr esence

of 0. 1 M2- mer capt oet hanol , and subj ect ed t o el ect r ophor esi s

t hr ough gr adi ent gel s ( 8- 16%) . Af t er t r ansf er r i ng ont o ni t r ocel -

l ul ose, t he membr anes wer e r i nsed i n TBS- t buf f er ( 10 mMTr i s,

150 mMNaCl , 0. 05%Tween 20) and bl ocked wi t h TBS- t buf f er

cont ai ni ng 2%BSA f or 1 h at 4° C. The bl ot s wer e pr obed wi t h

ei t her ant i - 60 kDor ant i - 90 kDavi an I gGor pr e- i mmune chi cken

I gG( 10 wg/ ml ) f or 60 mi n at 4° C and t hen washed wi t h TBS- t

buf f er t hr ee t i mes, f or 5 mi n each . The bl ot s wer e t hen i ncubat ed

wi t h goat ant i - chi cken al kal i ne phosphat ase conj ugat e ( 1 : 1, 000 di -

l ut i on) f or 1 h at 4° C. Col or devel opment was achi eved accor di ng

t o i nst r uct i ons of t he manuf act ur er ( Pr omega, Cl evel and, OH) .

Fl ow Cyt omet r i c Anal ysi s : Cel l Pr epar at i on .

	

Hepar i ni zed bl ood

was dr awn f r ommal e Spr ague- Dawl ey r at s ( 200- 300 g) by car di ac

punct ur e. Pur i f i ed monocyt es wer e pr epar ed over Fi col l - Hypaque

( 29) and Per col l gr adi ent s ( 30) . Resi dent r at per i t oneal macr ophages

wer e obt ai ned f r om r at s by washi ng t he per i t oneal cavi t y wi t h 20

ml of PBS ( 4) and wer e char act er i zed by f l ow cyt omet r y.

Fl ow Cyt omet r i c Anal ysi s : Fl uor escence Fl ow Cyt omet r y.

	

The ex-

pr essi on of p60 and p90 AGE- bi ndi ng pr ot ei ns on r at monocyt es

and macr ophages was det er mi ned by i ndi r ect i mmunof l uor escence.

Si ngl e- col or cel l st ai ni ng was per f or med by i ncubat i ng 10 6 cel l s



wi t h bi ot i nyl at ed ant i - p60 or ant i - p90 pr i mar y ant i bodi es at a f i nal

concent r at i on of 5 l Ag/ ml f or 20 mi n at 4° C. Cel l s wer e washed
i n st ai ni ng buf f er ( PBS, 3%FBS, 0. 1% NaN3) and t hen i ncubat ed

wi t h FI TC- conj ugat ed avi di n ( Bect on Di cki nson & Co. , Moun-
t ai n Vi ew, CA) . Backgr ound f l uor escence was det er mi ned by

st ai ni ng t he cel l s wi t h a r el evant i sot ypi c cont r ol ant i body, bi -
ot i nyl at ed chi cken I gGused i n i dent i cal concent r at i ons ( 5 Ag/ ml ) .

Cel l s wer e anal yzed usi ng a FACSCAN®( Bect on Di cki nson &Co. )
wi t h gat es set by f or war d angl e l i ght scat t er and si de scat t er . Fl uor es-
cence emi ssi on f or FI TC was det ect ed by sel ect i vel y col l ect i ng at
500- 537 nmon at l east 5, 000 l abel ed cel l s, gat ed t o i ncl ude mono-
cyt es/ macr ophages and t o excl ude l ymphocyt es, ot her nonmono-
cyt i c cel l s and dead cel l s. The dat a wer e anal yzed by Pai nt - A- Gat e
sof t war e ( Consor t 30 ; Bect on Di cki nson & Co . ) .

For t he cr oss- compet i t i on st udy, 106 r at monocyt es wer e t r eat ed
wi t h ei t her 5 ug/ ml bi ot i nyl at ed ant i - p60 ant i bodi es i n t he pr es-
ence of 20- f ol d excess ant i - p90 ant i bodi es, or 5 pg/ 20 l t l bi ot i nyl at ed
ant i - p90 i n t he pr esence of 20- f ol d excess ant i - p60 . The ant i body-
t r eat ed cel l s wer e t hen l abel ed usi ng FI TC- avi di n and anal yzed by
f l ow cyt omet r y.

Resul t s

I n Vi vo Ti ssue Di st r i but i on of AGE- bi ndi ng Act i vi t y.

	

We have

pr evi ousl y i dent i f i ed a 90- kD pr ot ei n on mouse and human

monocyt es/ macr ophages whi ch sel ect i vel y bi nds AGE pr o-

t ei ns ( 3, 4, 8, 9) . Si nce t hese sour ces ar e not conveni ent t o

pr ovi de suf f i ci ent mat er i al f or f ur t her bi ochemi cal char act er -

i zat i on, we sear ched f or al t er nat e t i ssue sour ces. As a f i r st

st ep, t he di st r i but i on of AGE- speci f i c bi ndi ng act i vi t y i n r at

t i ssues was exami ned by upt ake st udi es of 1251- AGE- RSA. Ei -

t her 1251- AGE- RSA ( 50 hg, 8 . 3 x 105 cpm/ p. g) or 125I _

nor mal RSA ( 50 Nq, 6 . 2 x 10 5 cpm/ , Lg) was i nj ect ed

i nt r avenousl y i nt o r at s al ong wi t h " Cr - l abel ed RBC, as de-

scr i bed i n Mat er i al s and Met hods . Af t er 10 mi n, >50% of
t he AGE- RSAwas concent r at ed i n t he l i ver , wher eas t he l i ver
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upt ake of nonmodi f i ed 1251- RSA was consi st ent l y <10%of

t he AGE- RSA val ues ( Fi g. 1 A) . Ti ssue accumul at i on of AGE-

RSAwas not af f ect ed by t he pr i or i nj ect i on of 100- f ol d excess

nonl abel ed RSA ( 5 mg, not shown) . I n cont r ast , pr e- t r eat ment

of r at s wi t h excess nonl abel ed AGE- RSA ( 5 mg) decr eased

t he accumul at i on of AGE- RSA i n t he l i ver by t i 45% af t er

10- , 20- , and 60- mi n i nt er val s ( Fi g . 1 B) . The upt ake of AGE-

RSAr emai ned uni f or ml y l owi n al l ot her maj or or gans, wi t h

or wi t hout t he nonl abel ed compet i t or . I t was appar ent t hat

t he l i ver had a hi gh speci f i c capaci t y t o accumul at e AGEpr o-

t ei n and t her ef or e r epr esent ed a pot ent i al l y r i ch sour ce f or

t he i sol at i on of t he AGE- bi ndi ng pr ot ei ns .

AGE- bi ndi ng Assay.

	

To f aci l i t at e t he i sol at i on of t he AGE-

bi ndi ng pr ot ei ns f r oml i ver , we devel oped a sol i d- phase assay

syst emi nvol vi ng t he i mmobi l i zat i on of det er gent - sol ubi l i zed

membr ane pr ot ei ns ont o ni t r ocel l ul ose and pr obi ng f or l i gand-

speci f i c bi ndi ng act i vi t y wi t h 1251 AGE- BSA as descr i bed i n

Mat er i al s and Met hods . Fi g. 2 A shows t he ef f ect of i ncr easi ng

amount s of cr ude l i ver membr ane pr ot ei ns on AGE l i gand

bi ndi ng. Tot al AGE- BSA bi ndi ng i ncr eases i n pr opor t i on t o

t he amount of membr ane pr ot ei ns i mmobi l i zed on t he f i l t er s,

wher eas nonspeci f i c bi ndi ng was negl i gi bl e. The AGE- bi ndi ng

ki net i cs of t hese membr ane pr ot ei ns af t er bl ot t i ng ont o

ni t r ocel l ul ose i s shown i n Fi g. 2 B. When t i 8 l Ag of hepat i c

membr ane pr ot ei ns i mmobi l i zed ont o NC f i l t er s wer e i n-

cubat ed wi t h i ncr easi ng amount s of 1251- AGE- BSA, sat ur abl e

bi ndi ng was obser ved wi t h a B. . of 0 . 22 pmol / 8 Ag of

pr ot ei n ( Fi g. 2 C) . A di ssoci at i on const ant ( Ka of 4 x 10 - 8

M) was r eveal ed by Scat char d anal ysi s of t he bi ndi ng dat a ( 31) .

The speci f i ci t y of l i ver cel l bi ndi ng act i vi t y f or AGE ad-

duct s on pr ot ei n was det er mi ned i n compet i t i on exper i ment s

t est i ng 1251- AGE- BSA agai nst sever al di f f er ent AGE pr ot ei n

compet i t or s, as wel l as agai nst l i gands known t o bi nd t o ot her

scavenger r ecept or s ( Fi g. 2 D) . The addi t i on of 150- f ol d excess

AGE- RNAse or AGE- col l agen I compl et el y i nhi bi t ed t he

Fi gur e 1.

	

( A) I n vi vo t i ssue di st r i but i on of
1251- AGE.

RSA. 50 Wg of ei t her 12 5 1- AGE- RSA ( f i l l ed and st r i ped

ban) or 1 251- nat i ve RSA ( shaded ban) wer e admi ni st er ed
i nt r avenousl y t o nor mal r at s . At 10 mi n, t he ani mal s wer e
ki l l ed, and t he or gans and t i ssues wer e r emoved and
count ed f or r adi oact i vi t y . Whol e or gan count s wer e cor -
r ect ed f or bl ood- associ at ed count s as descr i bed i n Mat er i al s
and Met hods . ( B) Speci f i c compet i t i on of 1251- AGE- RSA
upt ake i n r at l i ver , spl een, l ung, and ki dney . I mmedi at el y
bef or e r ecei vi ng r adi ol abel ed l i gand, r at s wer e i nj ect ed wi t h
excess nonl abel ed AGE- RSA ( 5 mg, i x. ) . At t he i ndi cat ed
t i me i nt er val s, i ncor por at ed r adi oact i vi t y was det er mi ned
i n bl ood and t i ssues, and compar ed accor di ng t o a TBI R
f or mul a as descr i bed i n t he t ext . ( Cl osed and st r i ped ban)

1251- AGE- RSA ( 50 t ~g) al one; ( Open ban) 125 1- AGE- RSA
( 50 ) sg) i n t he pr esence of excess nonl abel ed AGE- RSA.
Dat a ar e expr essed as mean ± SEMof t hr ee i ndependent
measur ement s per f or med i n f i ve ani mal s per gr oup .

Pr ot ei ns i n Rat Li ver



Fi gur e 2 .

	

AGE- bi ndi ng act i vi t y assay. ( A) Rel at i onshi p of l i ver mem-

br ane pr ot ei n concent r at i on t o AGE- l i gand bi ndi ng . Al i quot s ( 1- 50 l Ag)
of a det er gent - sol ubi l i zed l i ver membr ane pr ot ei n pr epar at i on wer e i m-

mobi l i zed on ni t r ocel l ul ose f i l t er s, i ncubat ed wi t h bl ocki ng buf f er , and

t hen pr obed f or AGE pr ot ei n bi ndi ng act i vi t y wi t h 1251- AGE- BSA i n t he

pr esence or absence of excess nonl abel ed AGE- BSA. Af t er washi ng, t he

bl ot s wer e count ed f or 1251 . ( Cl osed ci r cl es) 1251- AGE- BSA al one ( t ot al

bi ndi ng) ; ( open ci r cl es) 1251- AGE- BSA pl us 100- f ol d excess nonl abel ed AGE-

BSA ( nonspeci f i c bi ndi ng) . Dat a poi nt s r epr esent dupl i cat e bl ot s. ( B) Sat ur a-

bi l i t y of 1251- AGE- BSA bi ndi ng. A f i xed amount of sol ubi l i zed l i ver mem-

br ane pr ot ei ns ( 8 ug) was i mmobi l i zed on dupl i cat e ni t r ocel l ul ose f i l t er s

whi ch wer e pr obed wi t h i ncr easi ng concent r at i ons of 125 1 AGE- BSA

( 10- 100 nM, s. a. 1 . 5 x 105 cpm/ ng) i n t he pr esence ( nonspeci f i c) or ab-

sence ( t ot al bi ndi ng) of 200- f ol d excess nonl abel ed AGE- BSA. Af t er washi ng,

t he ni t r ocel l ul ose f i l t er s wer e count ed f or r et ai ned 1251 . Speci f i c bi ndi ng

was det er mi ned by subt r act i ng nonspeci f i c bi ndi ng f r om t ot al bi ndi ng.

( CScat char d anal ysi s of speci f i c bi ndi ng dat a ( B = pmol / 8 Wg membr ane

pr ot ei n, F = AM) . ( D) Ef f ect s of di f f er ent l y modi f i ed pr ot ei n l i gands on
1 251- AGE- BSA bi ndi ng. Fi l t er bl ot s of sol ubi l i zed l i ver membr anes pr e-

par ed as above wer e pr obed wi t h 1251- AGE- BSA ( 50 nM) al one, or i n t he

pr esence of 150- f ol d excess of var i ous nonl abel ed compet i t or s : AGE- BSA,

AGE- RNAse, AGE- col l agen I , FFI - BSA, f or mal dehyde- t r eat ed al bumi n
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bi ndi ng of r adi o- l abel ed AGE- BSA t o cr ude hepat i c mem-

br ane pr ot ei n ext r act s i mmobi l i zed on NC f i l t er s . I n con-

t r ast FFI - BSA, f or mal dehyde- t r eat ed BSA, gl ucosami de- BSA

( a chemi cal l y l i nked gl ucose- BSA compound) or acet yl - LDL

di d not compet e agai nst t he bi ndi ng of l abel ed AGE- BSA.

Usi ng si mi l ar det er gent - sol ubi l i zed membr ane pr epar at i ons

f r omhear t , ki dney, br ai n, or l ung obt ai ned by i dent i cal pr oce-

dur es as descr i bed f or l i ver , 125 1- AGE- BSAspeci f i c bi ndi ng

act i vi t y was exami ned by t he same sol i d- phase AGE- bi ndi ng

assay. Li ver membr ane pr ot ei ns exhi bi t ed t he hi ghest bi nd-

i ng act i vi t y among al l t i ssues exami ned, consi st ent wi t h our

i n vi vo obser vat i ons ( dat a not shown) .

Pur i f i cat i on of Rat Li ver AGE- bi ndi ng Pr ot ei ns .

	

Usi ng t he

sol i d- phase AGEbi ndi ng assay as a means of moni t or i ng AGE-

bi ndi ng act i vi t y col umn f r act i ons, we pur sued t he i sol at i on

of AGE- bi ndi ng pr ot ei n( s) by t he pr ocedur e out l i ned i n Tabl e

1 and descr i bed i n det ai l i n Mat er i al s and Met hods . I n br i ef ,

r at l i ver membr ane pr ot ei ns wer e sol ubi l i zed i n Tr i t on X- 114 .

Af t er det er gent phase- separ at i on, t he Dphase was subj ect ed

t o chr omat ogr aphy on PEI - cel l ul ose, DEAF- cel l ul ose, BSA-

Sephar ose, and f i nal l y, AGE- BSASephar ose . Af t er el ut i on f r om

t he AGE- BSA Sephar ose col umn, t he f r act i ons wer e assessed

f or AGE- bi ndi ng act i vi t y by t he sol i d- phase AGE bi ndi ng

met hod ( Fi g. 3) . Anal yt i cal SDS- PAGE el ect r ophor esi s of t he

act i ve f r act i ons obt ai ned f r omt he AGE- BSAcol umn r eveal ed

t he pr esence of t wo mai n pr ot ei n bands wi t h appr oxi mat e

mol ecul ar masses of 60 kD ( p60) and 90 kD ( p90) ( Fi g. 3,

i nset ) . To separ at e l ar ger amount s of t hese AGE- bi ndi ng pr o-

t ei ns, AGE- BSA col umn el uat e f r act i ons wer e subj ect ed t o

pr epar at i ve PAGE and t he i ndi vi dual pr ot ei ns wer e separ at el y

el ect r o- el ut ed f r om r espect i ve gel sl i ces .

Gel - pur i f i ed p60 and p90 wer e bl ot t ed ont o I mmobi l on

membr anes and NH2- t er mi nal sequences wer e obt ai ned at

The Rockef el l er Uni ver si t y sequenci ng f aci l i t y. Tabl e 2 r ecor ds

t he NH2- t er mi nal sequence obt ai ned f r omeach of t hese pr o-

t ei ns. Compar i son of t hese sequences wi t h t he t r ansl at ed Gen-

bank dat abase di d not r eveal si gni f i cant si mi l ar i t y t o ot her

known pr ot ei ns .

Li gand bl ot t i ng of p60 and p90 pr ot ei ns i mmobi l i zed on

ni t r ocel l ul ose, usi ng 1251- AGE- BSA as pr obe, r eveal ed t hat

onl y t he 60- kDpr ot ei n bound t hi s l i gand ( not shown) . Af t er

bl ot t i ng on ni t r ocel l ul ose, t he 90- kD pr ot ei n di d not bi nd
125 1- AGE- BSA, al t hough p90 di d bi nd t o t he AGE- BSA

Sephar ose mat r i x and was not r et ai ned on t he BSASephar ose

col umn .

When cr ude r at l i ver membr ane pr ot ei ns ( D phase) wer e

separ at ed by SDS- PAGE under nonr educi ng condi t i ons, t r ans-

f er r ed t o NC f i l t er s, and pr obed f or l i gand bi ndi ng wi t h 1251-

AGE- BSA, a si ngl e maj or AGE- BSAbi ndi ng band at an ap-

pr oxi mat e mol ecul ar mass of 60 kD was r eveal ed ( Fi g. 4 A,

l ane 1) . The bi ndi ng of t hi s pr ot ei n t o AGE- BSA was i n-

hi bi t ed par t i al l y i n t he pr esence of a 25- f ol d excess ( l ane 2)

and compl et el y by a 150- f ol d excess of nonr adi oact i ve AGE-

BSA( l ane 3) . No ot her pr omi nent bands wer e obser ved under

( f - al b) , gl ucosami de BSA, acet yl - LDL ( act - LDL) . Dat a ar e expr essed as

t he amount of 1251 AGE- BSA ( cpm x 10 - 3) r et ai ned on dupl i cat e bl ot s .



Tabl e 1 .

	

Pur i f i cat i on of Rat Li ver AGE- bi ndi ng pr ot ei ns

Fi gur e 3.

	

Pur i f i cat i on of r at l i ver AGE- bi ndi ng pr ot ei ns . Det er gent -

sol ubi l i zed membr ane pr ot ei ns wer e f r act i onat ed by successi ve PEI - cel l ul ose,
DEAE- cel l ul ose, and BSA- Sephar ose 4B col umn chr omat ogr aphy, as de-

scr i bed i n Mat er i al s and Met hods. The f l ow- t hr ough f r om t he BSA-

Sephar ose col umn was t hen appl i ed t o an AGE- BSASephar ose 4B col umn.
Thi s col umn was washed and bound pr ot ei ns wer e el ut ed by t he addi t i on

of hi gh sal t buf f er . Each f r act i on was concent r at ed and anal yzed f or AGE-

bi ndi ng act i vi t y usi ng t he bi ndi ng assay descr i bed i n Fi g. 2 . ( Open ci r cl es)

Tot al bi ndi ng act i vi t y ; ( cl osed ci r cl es) nonspeci f i c act i vi t y . ( I nset ) SDS- PAGE

anal ysi s of f r act i on no . 8 ( mer capt oet hanol r educed) , and st ai ned wi t h

Coomassi e bl ue .
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Rat l i ver membr ane pr ot ei ns wer e pr ocur ed and pr epar ed as descr i bed. Speci f i c bi ndi ng of AGE- BSAwas det er mi ned by t he sol i d phase bi ndi ng assay .
` Bi ndi ng act i vi t y coul d not be det er mi ned due t o t he pr esence of SDS.

t hese condi t i ons . I t t hus appear s l i kel y t hat ni t r ocel l ul ose i m-

mobi l i zat i on may i nact i vat e t he bi ndi ng pr oper t i es of p90,

or t hat p90 i s a p60- associ at ed pr ot ei n t hat l acks i ndependent

AGE- bi ndi ng act i vi t y .

I mmuno- char act er i zat i on of AGE- bi ndi ng Pr ot ei ns .

	

Pur i f i ed

p60 and p90 pr ot ei ns wer e i nj ect ed i nt o chi ckens i n or der

t o obt ai n speci f i c pol ycl onal ant i bodi es . Pr epar at i on of avi an

I gG speci f i c f or each of t he pr ot ei ns wer e i sol at ed ei t her f r om

egg yol k or ser um as descr i bed i n Mat er i al s and Met hods .

The speci f i ci t y of each of t he ant i bodi es was ver i f i ed by West er n

bl ot anal ysi s, usi ng t he same cr ude l i ver membr ane pr ot ei n

ext r act anal yzed above by l i gand bl ot t i ng ( Fi g . 4 B) . The an-

t i body t o t he p60 AGE- bi ndi ng pr ot ei n r ecogni zed a maj or

pr ot ei n band at - 60 kD ( l ane 2) , whi l e t he pr e- i mmune I gG

di d not ( l ane 1) . Si mi l ar l y, t he ant i body t o p90 r ecogni zed

a si ngl e pr ot ei n band at - 90 kD ( l ane 4) , wher eas t he pr e-

i mmune ant i bodi es di d not ( l ane 3) .

The ant i bodi es t o p60 and p90 wer e used t o scr een f or t he

expr essi on of t hese pr ot ei ns on t he sur f ace of r at pen' pher al

bl ood monocyt es and per i t oneal macr ophages . FACS~ anal -

yses, whi ch demonst r at ed t he pr esence of each pr ot ei n on

t he sur f ace of bot h cel l t ypes, ar e shown i n Fi g . 5 . Fi g . 5,

Aand B, i l l ust r at e f l owcyt omet r i c det ect i on of p60 and p90

on t he sur f ace of r at monocyt es . Fi g . 5 al so shows t hat t he

bi ndi ng of ei t her ant i - p60 or ant i - p90 t o t he monocyt e cel l

Tabl e 2 .

	

NHZ- t er mi nal Ami no Aci d Sequence Anal ysi s of

AGE- bi ndi ng Pr ot ei ns f r om Rat Li ver

Si ze

	

Sequence

60 kD:

	

XGPRTLVLLDNLNVRDTHXLFF

90 kD:

	

XEVKLPDMVSLXD

X i ndi cat es uni dent i f i ed r esi dues .

Pur i f i cat i on

St ep

Tot al

Pr ot ei n

1251- AGE- BSA

Tot al

bi ndi ng

Speci f i c act i vi t y

Pur i f i cat i on

f act or Recover y

mg Ag 1~g1mg

Li ver membr ane 6, 800 455. 5 0. 067 1 100

D- phase 830 207. 5 0. 256 3. 7 45

PEI 175 262. 2 1 . 498 22 58

DEAE 82 153. 5 7. 490 109 34

AGE- af f i ni t y 0. 560 92 . 4 165 2463 20

Pr epar at i ve PAGE" 0. 180 -



sur f ace was not af f ect ed by a 20- f ol d excess of t he het er ol o-

gousl y di r ect ed ant i body ( C and D, r espect i vel y) . Di st i nct

bi ndi ng of ant i - p60 and ant i - p90 ant i bodi es was al so obser ved

when t he r at per i t oneal r esi dent macr ophages wer e anal yzed

by f l ow cyt omet r y ( Fi g. 5, E and F, r espect i vel y) . A smal l

subgr oup of hi ghl y f l uor escent cel l s of an unspeci f i ed nat ur e

wi t h a nonspeci f i c FI TC st ai ni ng pat t er n was al so not ed, usi ng

ant i body as wel l as i sot ypi c cont r ol s .

To conf i r m t hat p60 and p90 wer e bot h AGE- bi ndi ng pr o-

t ei ns expr essed i ndependent l y on r at per i t oneal r esi dent mac-

r ophages, 1251- AGE- BSA bi ndi ng i nhi bi t i on exper i ment s

wer e car r i ed out usi ng each ant i body separ at el y ( undi l ut ed :

10 Ag/ ml ) as wel l as i n combi nat i on ( Fi g. 6 A) . I n t he pr es-

ence of i ncr easi ng concent r at i ons of ant i - p60 ant i body,

si gni f i cant AGE- BSA bi ndi ng i nhi bi t i on was obser ved ( up

t o 80%at a f i nal concent r at i on of 10 Fcg/ ml ) . Si mi l ar l y 125 1-

AGE- BSAbi ndi ng was i nhi bi t ed up t o 60%by t he ant i - p90

ant i body, whi l e t he combi nat i on of bot h ant i bodi es at a di -

l ut i on of 1 : 10 pr ovi ded 84%i nhi bi t i on . When r adi ol abel ed

FFI - BSA ( made f r omt he chemi cal l y synt hesi zed model AGE

compound, FFI ) ( 13) was used as t he l i gand, ant i - p60 as wel l

as ant i - p90 medi at ed a concent r at i on- dependent i nhi bi t i on

of FFI - modi f i ed BSA bi ndi ng ( Fi g. 6 B) . Mor eover , and as

f ound wi t h AGE- BSA, a combi nat i on of ant i - p60 and ant i -

p90 ant i bodi es exer t ed gr eat er i nhi bi t i on compar ed t o ei t her

ant i - p60 al one or ant i - p90 al one. No i nhi bi t or y ef f ect was

not ed when i sot ypi c cont r ol ant i bodi es wer e used, even at

t he maxi mal concent r at i on, i n conj unct i on wi t h ei t her

modi f i ed BSA l i gand ( dat a not shown) .

Di scussi on

I n t he pr esent communi cat i on, we descr i be t he i sol at i on of

t wo novel r at l i ver membr ane pr ot ei ns, desi gnat ed p60 and p90
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( A) Li gand bl ot anal ysi s of r at l i ver membr ane

pr ot ei ns . Al i quot s ( 15, ug each) of det er gent - sol ubi l i zed mem-

br ane pr ot ei ns wer e subj ect ed t o el ect r ophor esi s t hr ough

8- 16%acr yl ami de gr adi ent gel under nomeduci ng condi t i ons

and el ect r o- t r ansf er r ed ont o ni t r ocel l ul ose f i l t er s . Usi ng 12s1-

AGE- BSA ( 50 nM, 8. 0 x 105 cpm/ ng) as pr obe, speci f i c

bi ndi ng was det er mi ned i n t he pr esence of 0- , 25- , or 150-

f ol d excess nonl abel ed AGE- BSA usi ng aut or adi ogr aphi c de-

t ect i on. Mi gr at i on of mol ecul ar mass st andar ds i s shown at

l ef t . ( B) Al i quot s of sol ubi l i zed membr ane pr ot ei ns ( mer cap-

t oet hanol r educed) , wer e subj ect ed t o el ect r opbor esi s t hr ough

an 8- 16%gr adi ent gel and el ect r o- t r ansf er r ed ont o ni t r ocel -

l ul ose f i l t er s . Af t er washi ng and bl ocki ng wi t h excess BSA,

t he bl ot s wer e pr obed wi t h pur i f i ed I gG f r act i ons of ei t her

ant i - p60 or ant i - p90 chi cken ant i ser a or t he cor r espondi ng

pr ei mmune ser a, and t hen exposed t o goat ant i - chi cken ant i -

body conj ugat ed t o al kal i ne phosphat ase and r eact ed f or

phosphat ase- dependent col or devel opment . Lane 1, pr ei mmune

I gG; l ane 2, ant i - p60 I gG; l ane 3, pr ei mmune I gG, l ane 4,

ant i - p90 I gG. Resul t s ar e r epr esent at i ve of t hr ee i ndependent

exper i ment s .

by t hei r mi gr at i on i n SDS- PAGE, whi ch speci f i cal l y bi nd t o

pr ot ei n l i gands modi f i ed by AGES. NH2- t er mi nal sequence

anal ysi s i ndi cat es t hat t hese pr ot ei ns bear no si gni f i cant ho-

mol ogy t o each ot her nor t o any pr evi ousl y sequenced pr o-

t ei ns cur r ent l y avai l abl e i n t he Genbank dat abase. Bot h p60

and p90 ar e pr esent on r at monocyt es and macr ophages and

ar e i mmunor eact i vel y and f unct i onal l y di st i nct . Of i mpor -

t ance i s t he f act t hat t hese bi ndi ng pr ot ei ns have been di st i n-

gui shed f r ombot h t he r ecent l y r epor t ed macr ophage scav-

enger r ecept or f or acet yl - LDL, a f unct i onal t r i mer composed

of t hr ee 77- kD gl ycopr ot ei n subuni t s ( 32) , and f r om t he

bi ndi ng pr ot ei ns f or f or mal dehyde- t r eat ed al bumi n wi t h Mr s

of 30 and 52 kD ( 33) .

The p60 and p9OAGE- bi ndi ng pr ot ei ns wer e i sol at ed f r om

r at l i ver , once we had det er mi ned t hat t hi s or gan act s as a

maj or f i l t er f or t he i n vi vo cl ear ance of AGE- modi f i ed mac-

r omol ecul es ; l i ver pr esent s t he hi ghest capaci t y t o speci f i cal l y

sequest er AGE pr ot ei ns admi ni st er ed i nt r avenousl y ( Fi g . 1) .

An i sol at i on pr ocedur e, i ncl udi ng el ut i on of det er gent -

sol ubi l i zed membr ane pr ot ei ns f r oman AGE- pr ot ei n af f i ni t y

mat r i x, was devi sed, and t he p60 and p90 AGE- bi ndi ng pr o-

t ei ns wer e f ound t o copur i f y. When i mmobi l i zed on ni t r ocel -

l ul ose, however , onl y p60 r et ai ned bi ndi ng act i vi t y f or AGE-

modi f i ed l i gands. Just as t hey copur i f i ed over ani on exchange

and l i gand af f i ni t y col umns, p60 and p90 wer e al so obser ved

t o co- pur i f y i n hydr oxyl apat i t e chr omat ogr aphy ( dat a not

shown) . Fur t her exper i ment at i on i s r equi r ed t o det er mi ne

whet her t hi s copur i f i cat i on i s f or t ui t ous, or due t o mol ec-

ul ar i nt er act i on bet ween t he 60- and 90- kD pr ot ei ns .

The l i ver i s a compl ex or gan cont ai ni ng sever al cel l t ypes,

i ncl udi ng macr ophages and endot hel i al cel l s, bot h of whi ch

have been shown t o bear AGE- r ecept or s ( 3- 6, 10, 30) . I t i s

al t er nat i vel y possi bl e t hat t he di st i nct AGE- bi ndi ng pr ot ei ns

we i sol at ed f r omwhol e l i ver or i gi nat ed f r omdi f f er ent popu-

l at i ons of cel l s, or t hat each pr ot ei n was expr essed wi t h di f f er ent
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Demonst r at i on by f l ow cyt omet r y of expr essi on of p60 and

p90 AGE- bi ndi ng pr ot ei ns on r at monocyt es and macr ophages . Per i pher al

bl ood monocyt es ( A- D) and per i t oneal r esi dent macr ophages ( E and F)

wer e t r eat ed wi t h bi ot i nyl at ed ant i - p60 al one ( A and E) , bi ot i nyl at ed ant i -

p90 al one ( B and F) , bi ot i nyl at ed ant i - p60 + 20- f ol d excess unconj ugat ed

ant i - p90 ( C) , bi ot i nyl at ed ant i - p90 + 20- f ol d excess unconj ugat ed ant i - p60

( D) , f ol l owed by FI TC- avi di n and anal yzed by FACSCAN®. ( Ar r ow 1)

Fl uor escence of cel l s t r eat ed wi t h FI TC- avi di n i n t he absence of ei t her

ant i - p60 or ant i - p90 ( dot t ed l i ne) . ( Ar r ow 2) Fl uor escence of cel l s t r eat ed

wi t h FI TC- avi di n subsequent t o t r eat ment wi t h bi ot i nyl at ed chi cken I gG

( i sot ypi c cont r ol ) . ( Ar r ow 3) Fl uor escence of cel l s t r eat ed wi t h FI TC- avi di n

subsequent t o t r eat ment of cel l s wi t h bi ot i nyl at ed ant i - p60 ( A, C, and

E) and ant i - p90 ( B, D, and F) . Not e t he l ack of compet i t i on bet ween

a 20- f ol d excess of unconj ugat ed ant i - p90 f or t he bi ndi ng of ant i - p60 t o

t he monocyt es ( panel A vs . C) , and t he l ack of compet i t i on bet ween a

20- f ol d excess of unconj ugat ed ant i - p60 f or t he bi ndi ng of ant i - p90 t o

t he monocyt e cel l sur f ace ( panel B vs . D) . Al l ant i bodi es wer e used at a

f i nal concent r at i ons of 5 j ug/ ml , unl ess ot her wi se i ndi cat ed .

af f i ni t y and/ or at a di f f er ent densi t y i n a cel l - speci f i c manner .

A 90- kD pr ot ei n t hat bi nds t o AGE- BSA, as wel l as t o t he

chemi cal l y synt hesi zed AGEmodel compound, FFI , has been

pr evi ousl y descr i bed on mur i ne macr ophages ( 4, 8, 9, 13) .

To det er mi ne whet her macr ophages al so expr essed a 60- kD

AGE- bi ndi ng pr ot ei n, and whet her t her e was any r el at i on-

shi p bet ween t he macr ophage 90- kD and t he l i ver p90 AGE-

bi ndi ng pr ot ei ns, speci f i c pol ycl onal ant i bodi es t o l i ver p60

and p90 wer e devel oped .

The speci f i ci t y of t hese ant i bodi es was demonst r at ed by

West er n anal ysi s of cr ude l i ver membr ane ext r act s, r eveal i ng

t hat each ant i ser um i dent i f i ed a si ngl e pr ot ei n band of t he

appr opr i at e mol ecul ar wei ght . Fl ow cyt omet r i c anal ysi s of

r at per i pher al monocyt es and per i t oneal r esi dent macr ophages

r eveal ed t hat each ant i ser a bound t o t he sur f ace of bot h of

t hese cel l t ypes. Cr osscompet i t i on st udi es per f or med on mono-
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cyt es r eveal ed no cr ossr eact i vi t y bet ween t he t wo ant i bodi es.

These dat a i ndi cat e t hat t he p60 and p90 AGE- bi ndi ng mol -

ecul es or i gi nal l y i sol at ed f r om whol e l i ver pr epar at i ons ar e

each pr esent on monocyt es as wel l as macr ophages ( Fi g. 5) .

Fl ow cyt omet r i c bi ndi ng i nhi bi t i on exper i ment s cl ear l y

demonst r at ed t hat p60 and p90, expr essed on t he sur f ace of

monocyt es/ macr ophages, i ndependent l y bound AGE- modi f i ed

l i gands. I nt er est i ngl y, a combi nat i on of ant i bodi es speci f i c

f or p60 and p90 medi at ed gr eat er i nhi bi t i on of AGE- pr ot ei n

bi ndi ng t han di d ei t her ant i body al one.

Ei t her ant i ser um, used i ndependent l y or i n combi nat i on,

pr event ed >90%of bi ndi ng of FFI - BSA t o r at macr ophages .

I n t he case of p60, t hi s f i ndi ng i s sur pr i si ng gi ven t hat t hi s

bi ndi ng pr ot ei n does not bi nd FFI - BSA i n a sol i d- phase l i gand

bl ot t i ng assay. Possi bl y, t he bi ndi ng af f i ni t y of t hi s r ecept or

pr ot ei n f or t he FFI moi et y i s l ower t han t hat f or ot her AGE

st r uct ur es cont ai ned i n t he het er ogeneous AGE- modi f i ed pr o-

t ei n pr epar at i ons . Wi t h r egar d t o l i ver p90, t he f l ow cyt om-

et r y and FFI - bi ndi ng i nhi bi t or y dat a i ndi cat e t hat t hi s mol e-

cul e may be cl osel y r el at ed t o t he 90- kD pr ot ei n i sol at ed f r om

mur i ne RAW264 . 7 cel l s ( 9) . I n f act , pr el i mi nar y exper i ment s

usi ng ant i bodi es r ai sed agai nst r at l i ver p60 and p90 pr ot ei ns

t o st ai n mouse RAWcel l s pr ovi ded f l ow cyt omet r i c and

bi ndi ng i nhi bi t i on r esul t s si mi l ar t o t hose obt ai ned wi t h r at

monocyt es and macr ophages, st r ongl y suppor t i ng a st r uc-

t ur al si mi l ar i t y bet ween t he AGE- bi ndi ng pr ot ei ns of t hese

t wo r odent speci es .

Ther e ar e sever al ways t hat t hese bi ndi ng r esul t s, t aken i n

sum, mi ght be i nt er pr et ed : i t i s possi bl e t hat t he p60 and

p90 pr ot ei ns r epr esent st r uct ur al l y di st i nct subuni t s of a si ngl e

r ecept or compl ex, each of whi ch bi nds AGE moi et i es wi t h

di f f er ent i al af f i ni t y . Al t er nat i vel y, bot h pr ot ei ns may be pr esent

i n equi mol ar concent r at i on on t he cel l sur f ace, but onl y p60

bi nds AGES, whi l e p90, al t hough necessar y t o st abi l i ze AGE

bi ndi ng, i s i t sel f i ncapabl e of i ndependent l y i mmobi l i zi ng

AGE l i gands . The abi l i t y of t he ant i - 90 ant i ser um t o bl ock

AGE- bi ndi ng accor di ng t o t hi s second i nt er pr et at i on woul d

r ef l ect a per t ur bat i on of p60- medi at ed AGE pr ot ei n bi ndi ng

act i vi t y vi a t he i nt er act i on of ant i body wi t h p90, suggest i ng

t hat p60 and p90 exi st i n cl ose associ at i on .

The AGE- speci f i c r ecept or syst em now i ncl udes a var i et y

of t i ssues and cel l t ypes i n addi t i on t o monocyt e/ macr ophages

f or whi ch r ecept or - medi at ed AGE- pr ot ei n i nt er nal i zat i on and

di gest i on was f i r st descr i bed ( 3, 4, 30) . Endot hel i al cel l s ( 10) ,

mesangi al cel l s ( 11) , and f i br obl ast s ( 12) have si nce been shown

t o speci f i cal l y bi nd AGE- modi f i ed pr ot ei ns ( 8) . I n macr o-

phages, AGE pr ot ei n upt ake i s accompani ed by t he r el ease

of a var i et y of pot ent cyt oki nes and gr owt h f act or s ( 5- 7) ,

whi ch may coor di nat e pr ocesses of nor mal t i ssue r emodel i ng .

The ot her cel l t ypes do not bi nd t he model compound AGE,

FFI , nor ar e t hey known t o r el ease cyt oki nes and gr owt h

f act or s i n r esponse t o AGE- l i gand bi ndi ng, but each cel l t ype

does di spl ay di st i nct f unct i onal r esponses. For exampl e, en-

dot hel i al cel l s exhi bi t enhanced sur f ace pr ocoagul ant act i vi t y

and per meabi l i t y ( 10) , mesangi al cel l s di spl ay enhanced ma-

t r i x pr ot ei n synt hesi s ( 11) , whi l e human f i br obl ast s exhi bi t

i ncr eased pr ol i f er at i on upon exposur e t o AGEs ( 12) . Al t hough

Advanced Gl ycosyl at i on Endpr oduct - bi ndi ng Pr ot ei ns i n Rat Li ver



our under st andi ng of t he r ecept or - medi at ed ef f ect s of AGES

i s at an ear l y st age, i t i s possi bl e t hat t her e may be a f ami l y

of AGE- bi ndi ng pr ot ei ns, di st r i but ed among di f f er ent t i ssues,

wi t h di st i nct spect r a of l i gand speci f i ci t i es and i nduci bl e f unc-

t i ons. I n addi t i on, gi ven t hebr oad het er ogenei t y of AGE moi -

et i es, one mi ght ant i ci pat e t he cooper at i on of mor e t han one
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