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Summar y

The macr ophage mannose r ecept or i s an i nt egr al membr ane pr ot ei n expr essed on t he sur f ace

of t i ssue macr ophages . Af t er l i gat i on of mannose- r i ch gl ycoconj ugat es or pat hogens, t he r ecept or

medi at es endor yt osi s and phagocyt osi s of t he bound l i gands by macr ophages . The cDNAder i ved

pr i mar y st r uct ur e of t he mannose r ecept or pr edi ct s a cyst ei ne- r i ch NH2- t er mi nal domai n, f ol -

l owed by a f i br onect i n t ype I I r egi on. The r emai nder of t he ect odomai n i s compr i sed of ei ght

car bohydr at e r ecogni t i on- l i ke domai ns, f ol l owed by a t r ansmembr ane r egi on, and a cyt opl asmi c

t ai l . Tr ansf ect i on of t he mannose r ecept or cDNA i nt o Cos- I cel l s i s necessar y f or r ecept or - medi at ed

endor yt osi s of mannose- r i ch gl ycoconj ugat e as wel l as phagocyt osi s of yeast s . Del et i on of t he

cyt opl asmi c t ai l r esul t s i n a mut ant r ecept or t hat i s abl e t o bi nd but not i ngest t he l i gat ed pat hogens,

suggest i ng t hat t he si gnal f or phagocyt osi s i s cont ai ned i n t he cyt opl asmi c t ai l .

P
l asma cl ear ance and cel l upt ake exper i ment s ( 1) i ndi cat ed

t he exi st ence of a r ecept or t hat bound gl ycopr ot ei ns bear i ng

hi gh mannose chai ns . Recept or act i vi t y was especi al l y evi -

dent i n t he l i ver and spl eens, al t hough most ot her t i ssues

wer e al so posi t i ve. Subsequent exper i ment s have est abl i shed

t hat t he mannose r ecept or i s expr essed on t he cel l sur f ace of

t i ssue macr ophages whi ch r esi de i n a wi de anat omi cal di st r i -

but i on t hr oughout most or gans ( 2) . Al t hough or i gi nal l y

def i ned by i t s abi l i t y t o medi at e endor yt osi s of mannosyl at ed

or f ucosyl at ed gl ycopr ot ei ns, t he mannose r ecept or ' s pr edom-

i nant r ol e appear s t o be i n host def ense. The r ecept or en-

gages yeast s ( 3) and par asi t es ( 4) di r ect l y r esul t i ng i n t he en-

gul f ment of t hese par t i cl es and t he r el ease of bi ol ogi cal l y act i ve

secr et or y pr oduct s l i ke r eact i ve oxygen i nt er medi at es ( 5) ,

ar achi donat e met abol i t es ( 6) , neut r al pr ot ei nases ( 7) , and

monoki nes l i ke I Mand t umor necr osi s f act or ( 8) . As ci r -

cul at i ng monocyt es do not expr ess t he mannose r ecept or on

t hei r cel l sur f ace ( 9) , t he f unct i onal r ol e f or t he mannose

r ecept or appear s t o be on t i ssue macr ophages, whi ch i n addi -

t i on t o t hei r l ocal i zat i on i n t he r et i cul ar endot hel i al syst em

l i ne t he al veol us and f or ma r et i cul ar net wor k beneat h epi -

t hel i al sur f aces i n t he ski n, t he gast r oi nt est i nal t r act , ki dney,

and pl acent a ( 10) . These si t es ar e t he por t al s of maxi mum

ant i gen l oad and under scor e t he r ol e f or t he mannose r ecept or

i n f i r st l i ne host def ense .

Recent exper i ment s suggest t hat a ci r cul at i ng hepat ocyt e-

der i ved ser ummannose- bi ndi ng pr ot ei n i s t he f unct i onal ser um

equi val ent of t he t i ssue macr ophage mannose r ecept or . The
human mannose- bi ndi ng pr ot ei n ( MBP) l i s an acut e- phase

r eact ant ( 11) t hat bi nds cer t ai n vi r uses ( 12) and ot her man-

nose r i ch pat hogens ( 13) . Mannose- bi ndi ng pr ot ei ns af t er

engagi ng or gani sms medi at e at t achment , upt ake, and ki l l i ng
of opsoni zed bact er i a by ci r cul at i ng phagocyt es t hat do not

expr ess t he mannose r ecept or ( 13) . Under l yi ng st r uct ur al

si mi l ar i t y bet ween t he MBP and t he mannose r ecept or , t her eby

expl ai ni ng t hei r f unct i onal equi val ence, was suggest ed by t he

di scover y t hat het er oant i ser a r ai sed agai nst human MBPwer e

abl e t o i mmunopr eci pi t at e a gl ycopr ot ei n of 170 kD f r om
t he sur f ace of macr ophages ( Ezekowi t z, R. A. B. , and P. St ahl ,

unpubl i shed dat a) , t hi s bei ng t he mol ecul ar wei ght of t he

macr ophage mannose r ecept or ( 14) .

Based on t hese f i ndi ngs, i t appear ed l i kel y t hat t he man-
nose r ecept or i s par t of t he same f ami l y of l ect i n- l i ke pr ot ei ns

as t he mannose- bi ndi ng pr ot ei n t hat i ncl udes sol ubl e pr o-
t ei ns and cel l sur f ace r ecept or s, al l of whi ch shar e st r uct ur al

homol ogy i n t hei r car bohydr at e r ecogni t i on domai ns and r e-

qui r e cal ci um f or l gand bi ndi ng ( 15) . Some of t he cel l sur -
f ace r ecept or s i n t hi s gr oup medi at e endor yt osi s of gl yco-

pr ot ei ns wi t h speci f i c t er mi nal r esi dues exposed ( 15) . The
f unct i ons of t he l ect i n domai ns of mor e r ecent addi t i ons t o

' Abbr evi at i ons used i n t hi s paper . CRD, car bohydr at e r ecogni t i on domai ns ;

MBP, mannose- bi ndi ng pr ot ei n ; PGK, phosphogl ycer at e ki nase.
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t hi s f ami l y whi ch i ncl ude t he l ymphocyt e homi ng r ecept or s

Mel 14/ Leu8 ( 16, 17) , GMP140 ( 18) , a gr anul ar membr ane

pr ot ei n of pl at el et s and endot hel i um, and ELAMI ( 19) , an

i nduci bl e endot hel i al ant i gen, have yet t o be def i ned . The

mannose r ecept or , l i ke t he asi al ogl ycopr ot ei n r ecept or f ami l y,

can r api dl y r ecycl e t o t he cel l sur f ace ( 1) ; however , t he man-

nose r ecept or i s t he onl y member of t hi s gr oup of r ecept or s

t hat can medi at e phagocyt osi s .

The pur i f i cat i on of t he mannose r ecept or f r omhuman and

r abbi t macr ophages and human pl acent a, an or gan r i ch i n

many cel l t ypes, i ncl udi ng macr ophages, yi el ded a 175- kD

gl ycopr ot ei n t hat speci f i cal l y bound a r adi ol abel ed mannose-

BSAgl ycoconj ugat e ( 14, 20) . Shar ed pept i de i nf or mat i on ob-

t ai ned f r ommannose r ecept or pur i f i ed f r omhuman pl acent a

( as descr i bed i n r ef er ence 21) enabl ed t he char act er i zat i on of

over l appi ng cDNAs t hat r epr esent t he human macr ophage

mannose r ecept or as descr i bed i n t hi s st udy. I n addi t i on, we

show t he macr ophage expr essi on of t he mannose r ecept or

i n Cos- I cel l s i s necessar y t o medi at e bi ndi ng and phagocy-

t osi s of mannose r i ch yeast s as wel l as pi nocyt osi s of r adi ol a-

bel ed mannosyl at ed gl ycoconj ugat es. The cyt opl asmi c t ai l i s

essent i al f or phagocyt osi s, as a t ai l l ess mut ant r ecept or f ai l s

t o i nduce i ngest i on of bound yeast s . The macr ophage man-

nose r ecept or was f ound t o be i dent i cal t o t he f or m f r om

pl acent a ( 21) , suggest i ng t hat t he cel l of or i gi n i n pl acent a

may be t he macr ophage.

Mat er i al s and Met hods

I sol at i on of cDNAs .

	

Sequences of pept i des der i ved f r omhuman

pl acent a mannose r ecept or wer e shar ed and ar e descr i bed pr evi ousl y

( 21) . Adegener at e ol i gonucl eot i de pr obe was synt hesi zed on a ol i -

gonucl eot i de synt hesi zer ( DuPont Co. , Wi l mi ngt on, DE) pur i f i ed

by gel f i l t r at i on and l abel ed wi t h ( s2P] ATP and pol ynucl eot i de ki -

nase based on t he pept i de YVSWATGEPNFANED. Radi ol abel ed

pr obe was used t o scr een a pCDM8 pl acent al cDNA l i br ar y ( gi f t

of Dr . B. Seed, Har var d Medi cal School , Bost on, MA) by col ony

hybr i di zat i on. Four dupl i cat e col oni es wer e pur i f i ed by t wo f ur -

t her r ounds of scr eeni ng. Sequence anal ysi s of al l cl ones r eveal ed

an exact mat ch of encoded pept i de. The i nser t f r om t he l ar gest

cl one ( 3 . 3 kb) was t hen r adi ol abel ed as descr i bed and used t o scr een

a human macr ophage XGT11 cDNA l i br ar y. Thi s l i br ar y was pr e-

par ed f r om pol y( A) mRNAi sol at ed f r omhuman monocyt es cul t i -

vat ed f or 7 d i n Tef l on beaker s i n t he pr esence of 10%aut ol ogous

human ser um. These cul t i vat ed macr ophages expr ess 5 x 105

mannose r ecept or s/ cel l . The cDNAs wer e const r uct ed by a

modi f i cat i on ( 22) of t he Okayama and Ber g ( 23) met hod. The

cDNA pool s wer e bl unt - ended by t r eat ment wi t h T4 DNApol y-

mer ase and l i gat ed t o EcoRI l i nker s af t er pr ot ect i on of i nt er nal

EcoRI si t es wi t h Escher i chi a col i met hyl ase. The l i nker - l i gat ed

cDNAs wer e t hen di gest ed wi t h EcoRl and passed down a

Sephar ose CL4B col umn and t hen l i gat ed t o phosphat ase- t r eat ed

XGT11 vect or DNA. The l i br ar y cont ai ns 2 x 106 r ecombi nant s

and was pl at ed on E. col i st r ai n Y1088. Fi l t er s wer e pr ehybr i di zed,

hybr i di zed, and washed as descr i bed ( 24) . 25 posi t i ve phages wer e

i sol at ed by t wo r ounds of ampl i f i cat i on and anal yzed . I n addi t i on,

t he l i br ar y was scr eened wi t h a 500- bp cDNA f r agment whi ch

cont ai ned t he NH2- t er mi nal por t i on of t he r ecept or ( a gener ous

gi f t f r omDr s . M. Tayl or and K. Dr i ckamer , Col umbi a Uni ver si t y,

New Yor k, NY) i sol at ed f r om a pl acent al cDNA l i br ar y.

Sequent i al St r at egy.

	

The i ni t i al pl acent al cl one was sequenced
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by doubl ed- st r anded sequenci ng usi ng a modi f i ed T7 pol ymer ase.

Sequenase was based on t he Sanger et al . chai n t er mi nat i on met hod

( 25) . Speci f i c ol i gonucl eot i des wer e synt hesi zed and used as se-

quenci ng pr i mer s. For phage cl ones, 2 Al of pur i f i ed st ock was an-

neal ed t o XGT11 pr i mer s f r om each of t he ar ms, and t he Taq pol y-

mer ase- ampl i f i ed pr oduct obt ai ned af t er 25 cycl es ( 94° C, 30- s

denat ur at i on, 55° C30- s anneal i ng, and 72° C3- mi n ext ensi on) on

a t her mal cycl er ( 26) and t he pr oduct s wer e gel pur i f i ed by agar ose

gel el ect r ophor esi s. The pur i f i ed pr oduct s wer e di gest ed wi t h EcoRl

and subcl oned i nt o pUC- 19 vect or and t he nucl eot i de sequenase

was det er mi ned as descr i bed above .

MannoseRecept or Expr essi on.

	

Af ul l - l engt h cl one was const r uct ed

i n CDM8 expr essi on vect or by a mul t i pl e st ep pr ocedur e. Fi r st ,

a PCRpr oduct bet ween 100 and 1, 900 by was const r uct ed usi ng

a sense 5' pr i mer cont ai ni ng an Xhol si t e and an ant i sense 3' pr i mer

cont ai ni ng an EagI si t e usi ng a 5' cl one as a t empl at e. The pr oduct

was di gest ed wi t h Xhol and EagI and vect or al l y cl oned i nt o CDM8

di gest ed wi t h Xhol and Not l . Secondl y, a 3' 3 . 3- kb cl one was cl oned

i nt o t he EcoRI si t e of CDM8 and cl ones of cor r ect or i ent at i on

wer e det er mi ned by sequence anal ysi s . As t he 3' EcoRI / Not l f r ag-

ment comi gr at ed wi t h t he vect or , a t r i pl e di gest i on wi t h Dr al whi ch

di gest s t he vect or and t he 3' noncodi ng r egi on of t he DNA was

per f or med, and t he 2. 6- kb EcoRI - Dr al f r agment was cl oned i nt o

t he 5' CDM8 const r uct i on af t er di gest i on wi t h EcoRl and Not l .

Par t i al sequence anal ysi s conf i r med t hat const r uct i on was as pr e-

di ct ed . Cos- I cel l s wer e t r ansf ect ed as descr i bed ( 27) . Tr ansf ect i on

ef f i ci ency was 10- 30%as assessed by i mmunof l uor escence and FACS

anal ysi s wi t h a r abbi t ant i - human mannose r ecept or ant i ser a ( a gi f t

of Dr . P. St ahl , Washi ngt on Uni ver si t y, St . Loui s, MO) . A t ai l l ess

mut ant was pr epar ed by const r uct i ng an ant i sense pr i mer f r om 4, 276

t o 4, 308 by cont ai ni ng an Hpa I si t e and i ncl udi ng t he f i r st t wo

ami no aci ds of t he cyt opl asmi c t ai l . The sense pr i mer was pr epar ed

f r om 3, 400 by encompassi ng t he Nsi l si t e t o 3, 510 bp. The pr i mer s

wer e anneal ed t o f ul l - l engt h cl oned MRDNA and a 812- bp f r ag-

ment was ampl i f i ed usi ng t he pol ymer ase chai n r eact i on . The f ul l -

l engt h cDNA, MRCD8M8, was t hen di gest ed wi t h Nsi l and Hpal

whi ch r el eased a f r agment f r om t he Nsi l si t e i n t he cDNA t o a

uni que f l anki ng Hpal si t e, t her eby r emovi ng t he cyt opl asmi c t ai l

and some vect or sequence. Thi s was r epl aced wi t h t he 812- bp PCR

pr oduct , t her eby cr eat i ng a cl one conf i r med by sequence anal ysi s

t hat cont ai ned t he ent i r e ect odomai n, t he t r ansmembr ane r egi on,

and t wo l ysi nes of t he cyt opl asmi c t ai l . Thi s DNAwas t r ansf ect ed

i nt o Cos- I cel l s as descr i bed above and t he sur f ace expr essi on was

ver i f i ed by i mmunof l uor escence and FACS anal ysi s . The FACS anal -

ysi s was per f or med on 105 cel l s t hat wer e speci f i cal l y st ai ned wi t h

a r abbi t ant i - human mannose r ecept or ant i ser a ( gi f t f r omDr . P.

St ahl ) and a FI TC- conj ugat ed goat and ant i - r abbi t second ant i -

body ( Fi sher Sci ent i f i c Co. , Pi t t sbur gh, PA) . Mock- t r ansf ect ed Cos

cel l s r epr esent ed cont r ol s f or t hese exper i ment s .

Upt ake of ' 2sl - Mannose- BSA .

	

Mannose- BSA ( EY Labor at or i es,

San Mat eo, CA) was r adi ol abel ed as descr i bed ( 28) and upt ake of

r adi ol abel ed l i gand was per f or med on Cos- I cel l s t r ansf ect ed wi t h

MRCDM8 f ul l - l engt h cl one. Cos- I cel l s t r ansf ect ed wi t h CD64

ser ved as cont r ol s and t hi ogl ycol l at e el i ci t ed mouse per i t oneal mac-

r ophages ser ved as a posi t i ve cont r ol ( 28) .

Phagocyt osi s Assays .

	

MR CDM8- t r ansf ect ed Cos- I cel l s and

CD64- t r ansf ect ed Cos- I cel l s wer e t r ypsi ni zed f or 24 h af t er t r ans-

f ect i on and r epl at ed on gl ass cover sl i ps i n 24- wel l t i ssue cul t ur e

t r ays and cul t i vat ed f or a f ur t her 2 d i n Dul becco' s modi f i ed medi um

suppl ement ed wi t h 5%FCS. The cel l s wer e t hen i ncubat ed wi t h

Candi da al bi cans st r ai n 9177 ( gi f t of Dr . D. Bonner , Squi bb Medi cal

I nst i t ut e, Pr i ncet on, NJ) f or 5 and 20 mi n, r espect i vel y, at 37 ° C.

Ther eaf t er t he cel l s wer e washed sever al t i mes i n HBSS pl us 1%



FCS and ei t her wet mount ed f or Nomar ski ( di f f er ent i al i nt er f er -

ence cont r ast ) mi cr oscopy or f i xed wi t h 1% f or mal dehyde and

vi ewed by phase- cont r ast mi cr oscopy. For el ect r on mi cr oscopy, t r ans-
f ect ed cel l s wer e cul t i vat ed on gl ass cover sl i ps or i n 100- mmt i ssue
cul t ur e di shes and i ncubat ed wi t h Candi da al bi cans as descr i bed above,

f or 5 or 20 mi n at 37 ° C. As t he cel l s t hat had i ngest ed yeast s ap-
pear ed t o be l ess adher ent t han t he nonphagocyt i c nont r ansf ect ed

cel l s, t he medi a wer e aspi r at ed and t he r emai ni ng cel l s wer e t r eat ed

wi t h t r ypsi n and t hen pel l et ed wi t h t he cel l s i n t he aspi r at e . Ther e-

af t er t he cel l pel l et was f i xed i n 2%gl ut ar al dehyde i n cacodyl at e
buf f er , pH 7 . 4, and 500- nm sect i ons wer e cut and st ai ned wi t h

t ol ui di ne bl ue, whi ch st ai ns t he yeast s and t he nucl eus bl ue and
vi ewed by l i ght mi cr oscopy, or ur anyl acet at e and l ead ci t r at e- st ai ned

sect i ons wer e exami ned by t r ansmi ssi on el ect r on mi cr oscopy as de-
scr i bed ( 29) . Quant i t at i on of phagocyt osi s was under t aken by ex-
ami ni ng f i xed whol e mount pr epar at i ons of cel l s af t er t hey had

been i ncubat ed f or 20 mi n at 37° C wi t h a r at i o of 20 : 1 Candi da

al bi cans/ cel l s . The pr epar at i on was st ai ned wi t h t ol ui di ne bl ue and
i ngest ed yeast s wer e scor ed by Nomar ski mi cr oscopy. Cel l s t r ans-
f ect ed wi t h t he f ul l - l engt h MRcDNA par t i cl es t hat bound, but
wer e not i ngest ed, scor ed negat i vel y . Posi t i ve cel l s wer e gr aded as

t hose havi ng <5 or >5 i ngest ed par t i cl es . At l east 100 cel l s wer e

count ed i n t hr ee i ndependent cover sl i ps . For cel l s t r ansf ect ed wi t h
t he t ai l mi nus const r uct , no par t i cl es wer e i ngest ed and hence

bi ndi ng of yeast s t o t he cel l s was vi ewed as posi t i ve and gr aded
as <5 or >5 .

RNAAnal ysi s .

	

RNAwas pr epar ed f r omhuman al veol ar mac-
r ophages ( gi f t of Dr . R. Rose, Har var d Medi cal School ) , human

umbi l i cal vei n endot hel i al cel l s, Hel a cel l s, and HepG2 cel l s as de-
scr i bed . The RNAwas si ze f r act i onat ed on an agar ose gel and t r ans-

f er r ed t o Nyt r an hybond membr ane ( Amer sham Cor p. , Ar l i ngt on
Hei ght s, I L) and hybr i di zed wi t h a r adi ol abel ed MRcDNA and

cl ) NA f or phosphogl ycer at e ki nase ( PGK) ( 30) .

Resul t s

Char act er i st i cs of t he Macr ophage Mannose Recept or

Par t i al cDNAs obt ai ned f r om a human pl acent al cDNA

l i br ar y wer e used as pr obes t o scr een a macr ophage cDNA

l i br ar y as i t was not cer t ai n, al t hough l i kel y, t hat t he cel l

t hat expr essed t he mannose r ecept or i n pl acent a was a mac-

r ophage. Anal ysi s of over l appi ng cDNAs t hat r epr esent

t he human macr ophage r ecept or ( EMBL accessi on number

X55635) r eveal t hat t he macr ophage- der i ved cl ones ar e i den-

t i cal t o t hose f r om pl acent a ( 21) except f or a C t o T pol y-

mor phi smat nucl eot i de 2284 t hat does not al t er t he encoded

ami no aci d Thr .

The f eat ur es of t he r ecept or ar e depi ct ed i n a schemat i c

di agr am ( Fi g. 1 a) and i ncl ude ( a) a t ypi cal hydr ophobi c si gnal

pept i de; ( b) a cyst ei ne- r i ch N112- t er mi nal r egi on ; ( c) a f i br o-

nect i n t ype I I - l i ke domai n; ( d) ei ght car bohydr at e r ecogni t i on-

l i ke domai ns ; ( e) a hydr ophobi c t r ansmembr ane r egi on ; and

( f ) a cyt opl asmi c t ai l .

Domai n 1 Cyst ei ne- r i ch NH2 Ter mi nal s . Thi s r egi on i s

compr i sed of 147 ami no aci ds and cont ai ns si x cyst ei nes . I t

bear s no homol ogy t o any ot her known st r uct ur e, al t hough

a cyst ei ne- r i ch r egi on has been descr i bed i n t he unpubl i shed

COOH- t er mi nal end of t he t ype I macr ophage scavenger

r ecept or ( 31) , whi ch has t he opposi t e or i ent at i on t o t he man-
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nose r ecept or . The f unct i on of t hi s r egi on i n t he mannose

r ecept or i s not known .

Domai n 2 Fi br onect i n Type I I Domai n .

	

The next r egi on

bet ween ami no aci ds 139 and 192 r esembl es t he t ype I I r e-

peat of f i br onect i n wi t h i dent i t y at 26 out of 62 ami no aci ds

( 32) . Al t hough t he pr eci se f unct i on of t hi s r egi on i s not

known, i t i s l i kel y t hat i t may pl ay a r ol e i n i nt er act i on wi t h

t he ext r acel l ul ar mat r i x and may cont r i but e t o t he spr eadi ng

and adhesi on of t i ssue macr ophages t hat expr ess t he man-

nose r ecept or .

The Car bohydr at e Recogni t i on- l i ke Domai ns .

	

The r emai nder

of t he ext r acel l ul ar r egi ons of t he r ecept or ar e compr i sed of

ei ght segment s whi ch ar e r el at ed t o t he C- t ype car bohydr at e

r ecogni t i on domai ns ( CRDs) of ani mal l ect i ns ( 15) . The pr o-

t ot ype of t hi s ever gr owi ng f ami l y of nct i n- l i ke r ecept or s i s

t he mammal i an asi al ogl ycopr ot ei n r ecept or s, whi ch medi at e

endocyt osi s of gl ycopr ot ei ns . However , t hese r ecept or - r el at ed

pr ot ei ns ar e t ype I I membr ane pr ot ei ns, have opposi t e or i en-

t at i on t o t he mannose r ecept or and a si ngl e CRD, and ar e

not known t o be phagocyt i c r ecept or s .

A det ai l ed anal ysi s of t he sequences of t he CRDs of t he

mannose r ecept or i s shown i n Fi g. 1 b . The domai ns ar e al i gned

wi t h t he posi t i ons of t he " i nvar i ant " r esi dues of t he C- t ype

l ect i ns . The r epeat s ar e gr ouped t o emphasi ze t he i dent i t y

of conser ved ami no aci ds and i ncl udes shor t i nt er veni ng

st r et ches of ami no aci ds t hat ar e not homol ogous t o one an-

ot her . Domai ns 4 and 5 ar e t he most homol ogous t o one

anot her wi t h 34%i dent i t y and 49%si mi l ar i t y . Bot h of t hese

domai ns have a char act er i st i c WND mot i f , whi ch i s a f ea-
t ur e of al l ot her C- t ype l ect i ns . These t wo domai ns bear t he

cl osest homol ogy t o ot her known mannose- bi ndi ng pr ot ei ns
as shown i n Fi g. 1 C. The al i gnment of t he COOH- t er mi nal

62 ami no aci ds of t he mouse MBP- A and C, r at MBP- A and

C ( Sast r y, K. , K. Zahedi , J . - M. Lemas, A. S . Whi t ehead, and

R. A. B. Ezekowi t z, manuscr i pt submi t t ed f or publ i cat i on) ,

and human MBP ( 11, 24, 33) i s shown wi t h domai ns 4 and

5 of t he mannose r ecept or . 32 of 62 ami no aci ds f r om do-
mai ns 4 and 5 of t he r ecept or ar e i dent i cal t o at l east one

of t he mannose- bi ndi ng pr ot ei ns ( Fi g. 1 C) .

Cyt opl asmi c Domai n .

	

The COOH- t er mi nal hydr ophi l i c

cyt opl asmi c domai n of t he mannose r ecept or i s of gr eat i n-

t er est , especi al l y si nce t r ansf ect i on of t he r ecept or al one i n

Cos- I cel l s i s suf f i ci ent t o medi at e pi nocyt osi s and mor e sur -
pr i si ngl y phagocyt osi s ( see bel ow) . The l ocal i zat i on of cer -

t ai n endocyt i c r ecept or s t o coat ed pi t s appear s t o be depen-

dent upon t he mot i f FXNPXY ( 34) . The mannose r ecept or

has a mot i f FXNTXYi n t he cyt opl asmi c t ai l posi t i ons 1406

t o 1411, and i t i s of not e t hat t he pr ol i ne, whi ch appear s t o

be essent i al f or LDL r ecept or l ocal i zat i on t o coat ed pi t s, i s

r epl aced by a t hr eoni ne i n t he mannose r ecept or . Not ewor t hy

i n t he anal ysi s of t he r est of t hi s sequence i s t hat i t r eveal s

no ot her obvi ous homol ogy t o t he cyt opl asmi c domai ns of

ot her endocyt i c r ecept or s ; however , t her e ar e sever al ser i nes

and t hr eoni nes t hat may be possi bl e si t es of phosphor yl at i on .

RNA Anal ysi s

Tot al RNA was i sol at ed f r om a l i mi t ed number of cel l t ypes

and anal yzed by Nor t her n anal ysi s f or mannose r ecept or t r an-



Fi gur e 1 .

	

( A) Pr oposed st r uct ur al domai ns of t he macr ophage mannose r ecept or . The nucl eot i de sequence can be obt ai ned vi a EMBL accessi on number

X55635 and i n r ef er ence 21 . ( B) Al i gnment of ei ght car bohydr at e r ecogni t i on- l i ke domai ns wi t h each ot her wi t h r ef er ence t o t he i nvar i ant r esi dues

of C- t ype l ect i ns ( 15) . Not al l t he " i nvar i ant " r esi dues ar e conser ved i n each r epeat and ami no aci ds pr esent i n at l east f our of ei ght r epeat s ar e shown

bel ow as common. Domai ns 4 and 5 ar e t he most homol ogous t o one anot her wi t h 34%i dent i t y and 49%si mi l ar i t y. ( C) Al i gnment of car bohydr at e

r ecogni t i on- l i ke domai ns 4 and 5 wi t h t he COOH- t er mi nal ( 64 ami no aci ds of t he car bohydr at e r ecogni t i on- l i ke domai ns of MBP f r om r at , mouse,

and human . Ami no aci ds common t o one or bot h mannose r ecept or car bohydr at e r ecogni t i on- l i ke domai ns ( MR CRD) 4 and 5 t hat ar e r epr esent ed

i n at l east one of t he f i ve MBP sequences ar e boxed and hi ghl i ght ed bel ow.
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scr i pt s . Asi ngl e 5 . 2- kb mRNA speci es was i dent i f i ed i n human

al veol ar macr ophages, but not i n RNA f r omhuman umbi l -

i cal vei n endot hel i al cel l s, HeLa or HepG2 cel l s ( Fi g. 2) . I n

addi t i on, no det ect abl e t r anscr i pt s wer e obser ved i n RNA

i sol at ed i n f r eshl y i sol at ed human monocyt es or human my-

el omonocyt i c cel l l i nes U937, HL60, or THP cel l s, al l of

whi ch do not expr ess mannose r ecept or act i vi t y ( r esul t s not

shown) . Sout her n bl ot anal ysi s of human genomi c DNA

di gest ed wi t h di f f er ent r est r i ct i on enzymes r eveal ed t hat a

f ul l - l engt h MRcDNA hybr i di zed t o a l i mi t ed number of

f r agment s ( not shown) . The r el at i vel y si mpl e hybr i di zat i on

pat t er n suggest s t hat a si ngl e gene encodes t he mannose

r ecept or .

Mannose Recept or Expr essi on and Endocyt osi s

Gl ycoconj ugat es pr epar ed by der i vat i zi ng BSA wi t h man-

nose have pr oven t o be i nval uabl e as hi gh- af f i ni t y l i gands f or

a var i et y of r ecept or s, i ncl udi ng t he mannose r ecept or , par -

t i cul ar l y when t he mol ar r at i o of sugar t o pr ot ei n i s 20>1

( 35) . As 1251- mannose- BSA has been used t o quant i f y r ecep-

t or number and act i vi t y on macr ophages i sol at ed f r om r o-

dent s and humans, we used t hi s gl ycoconj ugat e t o assess

r ecept or act i vi t y on popul at i ons of Cos- I cel l s t hat had been

t r ansf ect ed wi t h MRCDM8, an expr essi on vect or cont ai ni ng

t he f ul l - l engt h mannose r ecept or or Cos- I cel l s t r ansf ect ed

wi t h t he hi gh af f i ni t y Fc r ecept or CD64 t o ser ve as a con-

t r ol . The t r ansf ect i on ef f i ci ency var i ed bet ween 10 and 30%

of cel l s as assessed by FACS anal ysi s ( Fi g. 3 A) and i m-

munof l uor escence ( not shown) . Fi g . 3 B shows mannose-

speci f i c upt ake occur r ed onl y i n t he Cos- I cel l s t r ansf ect ed

wi t h t he mannose r ecept or and not i n cel l s t r ansf ect ed wi t h

CD64 . The upt ake of t he r adi ol abel ed l i gand was speci f i cal l y

pr event ed by t he mannose- r i ch yeast mannan whi ch ser ves

as a compet i t i ve i nhi bi t or .

Mannose Recept or Phagocyt osi s

The pr edomi nant physi ol ogi cal r ol e of t he mannose r ecept or

on t i ssue macr ophages i s t he engagement mi cr oor gani sms

t hat have mannose- r i ch cel l wal l s . Candi da al bi cans ar e exampl es

of such mi cr oor gani sms and wer e used t o assess whet her t he

mannose r ecept or al one was suf f i ci ent t o medi at e bi ndi ng and

upt ake of t hese mi cr oor gani sms i n t he absence of ot her mac-

r ophage r ecept or s i n het er ol ogous cel l s. Popul at i ons of Cos- I

cel l s t r ansf ect ed wi t h MR CDM8 or t he cont r ol pl asmi d

CD64 CDM8 expr essed t he sur f ace r ecept or as det er mi ned

by t he t ypi cal pat t er n of membr ane st ai ni ng and by FACS

anal ysi s . Candi da al bi cans wer e i ncubat ed wi t h popul at i ons

cont ai ni ng MR' Cos- I cel l s f or 5 or 20 mi n at 37° C. MR+

Cos- I cel l s had many adher ent yeast s at 5 mi n and f or med

membr ane ext ensi ons ar ound t he par t i cl es ( Fi g . 3 c) , whi ch

ar e r emi ni scent of t he ear l y phagocyt i c event s obser ved i n

macr ophages ( 36) . Af t er 20 mi n of i ncubat i on t he yeast s had

been i nt er nal i zed by t he mannose r ecept or - t r ansf ect ed Cos

cel l s, as evi denced by t he pr esence of yeast wi t hi n a phago-

cyt i c vacuol e ( Fi g. 3 D) . To quant i t at e t he phagocyt osi s, t r ans-

f ect ed Cos cel l s wer e i ncubat ed wi t h Candi da al bi cans f or 20

mi n at 37° C. Ther eaf t er cel l monol ayer s wer e f i xed and st ai ned
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Fi gur e 2 .

	

Nor t her n bl ot anal ysi s of macr ophage mannose r ecept or . Tot al

RNA f r om human al veol ar macr ophages, HepG2 cel l s, Hel a cel l s, and

human umbi l i cal vei n endot hel i al cel l s was si ze f r act i onat ed on an agar ose

gel and t r ansf er r ed t o a nyl on membr ane and hybr i di zed wi t h r adi ol abel ed

cDNA r epr esent i ng t he mannose r ecept or and a phosphogl ycer at e ki nase

cDNA as a cont r ol ( 1. 7- kb t r anscr i pt pr esent i n al l cel l s) ( 30) . Mannose

r ecept or t r anscr i pt s of 5 . 2 kb wer e obser ved onl y i n human al veol ar mac-

r ophages as expect ed.

i nt o t ol ui di ne bl ue, whi ch st ai ns yeast s and nucl ei . 100 cel l s

f r omt hr ee i ndependent cover sl i ps wer e scor ed by Nomar ski

mi cr oscopy. 10%of t he cel l s had i nt er nal i zed 1- 5 yeast par -

t i cl es and 7% i nt er nal i zed >5 . The cel l s t hat had i ngest ed

many par t i cl es became l ess adher ent , and i n t hi s way ar e si mi l ar

t o post - phagocyt i c macr ophages . I t al so appear ed t hat some

of t he i ngest ed yeast s wer e degr aded and had begun t o coa-

l esce, as seen on t hi s unst ai ned Nomar ski l i ght phot omi cr o-

gr aph ( Fi g . 3 e) . I t i s l i kel y, al t hough not f or mal l y pr oven

by t hese st udi es, t hat t hese event s ar e occur r i ng i n phagol yso-

somes . Mock- t r ansf ect ed Cos- I cel l s di d not bi nd or i ngest

yeast ( Fi g . 3f ) , nor di d CD64- t r ansf ect ed cel l s ( not shown) .

Tai l Mi nus Recept or I s I nt er nal i zat i on Def ect i ve

We sur mi sed t hat t he si gnal f or phagocyt osi s most l i kel y

r esi des i n t he 45 ami no aci ds t hat compr i se t he cyt opl asmi c

t ai l . To t est t hi s hypot hesi s we const r uct ed a mut ant r ecept or

t hat had al l but t wo l ysi nes of t he cyt opl asmi c t ai l del et ed.

15- 20% of t he t r ansf ect ed Cos- I cel l s expr essed t he mut ant

r ecept or on t he cel l sur f ace as det ect ed by FACS anal ysi s ( Fi g.

4 A) . The l evel of expr essi on of t he mut ant r ecept or on t he

cel l sur f ace appear ed compar abl e t o t he sur f ace expr essi on of

t he ent i r e r ecept or ( compar e Fi g . 4 A t o Fi g. 3 A) . The anal -

yses of t ai l s pl us and t ai l s mi nus popul at i ons wer e per f or med

as par t of t he same exper i ment i n whi ch i dent i cal r eagent s

and machi ne par amet er s wer e used . Cel l popul at i ons t r ans-

f ect ed wi t h t he t ai l mi nus r ecept or had gr eat l y r educed up-

t ake of r adi ol abel ed mannose- BSA t hat was al most ent i r el y

mannan i nhi bi t abl e ( Fi g. 4 B) .

We next i ncubat ed t he t ai l mi nus t r ansf ect ed cel l s wi t h

yeast s f or up t o 45 mi n at 37° C. The par t i cl es bound t o t he

cel l s, as shown by el ect r on mi cr oscopy ( Fi g. 4 C) , and di d

not appear t o f or m membr ane ext ensi ons ar ound t he yeast

obser ved i n t he cel l s expr essi ng t he ent i r e r ecept or ( Fi g. 3

C) . Li ght mi cr oscopy was per f or med on 500- nm sect i ons,

i n whi ch hundr eds of cel l s can be easi l y exami ned t hat wer e



st ai ned wi t h t ol ui di ne bl ue, whi ch cl ear l y st ai ns t he yeast s .

Onl y bound, but not i nt er nal i zed par t i cl es wer e obser ved ( Fi g.
4 D) , t her eby suppor t i ng t he cont ent i on t hat t he r ecept or

t ai l i s essent i al f or endocyt osi s . Quant i t at i on anal ysi s si mi l ar
t o t hat descr i bed f or t he t ai l pl us t r ansf ect ant s was per f or med

by scor i ng cel l s t hat had speci f i cal l y bound yeast s . Thi s was

done on whol e mount pr epar at i ons st ai ned wi t h t ol ui di ne

bl ue and vi ewed by Nomar ski l i ght mi cr oscopy i n or der t o

di st i ngui sh bound ver sus i nt er nal par t i cl es . No i nt er nal yeast s
wer e obser ved; however , 11%of t he cel l s bound 1- 5 yeast s

and 6%bound >5 . An exampl e of a cel l t hat bound many
yeast s i s shown i n Fi g. 4E. The cel l s expr essi ng t he t ai l mi nus
r ecept or s f or med r oset t es of many bound yeast s, whi ch when
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Mannose r ecept or expr es-

si on and endocyt osi s i n t r ansf ect ed Cos- I

cel l s . ( A) FRCS anal ysi s of t r ansf ect ed

Cos cel l s st ai ned wi t h a r abbi t ant i -

human mannose r ecept or ant i sen ( sol i d
l i ne) . Rel at i ve cel l number was 10, 000

cel l s, of whi ch 20%wer e posi t i ve. The
cont r ol r epr esent s an equal number of

mock- t r ansf ect ed cel l s . The exper i ment

r epr esent s t hr ee i ndependent exper i -

ment s . ( B) 8 x 105 MRcDNA- t r ans-

f ect ed Cos- I cel l s or CD64- t r ansf ect ed

Cos- I cont r ol cel l s wer e i ncubat ed wi t h
12SI - mannose- BSA ( speci f i c act i vi t y

2 x 1116 cpm/ pg) i n t he pr esence or
absence of 1 . 25 mg/ ml of yeast mannan

f or 20 mi n at 37° C. Resul t s ar e a mean
± SD of quadr upl i cat es and ar e r epr e-

sent at i ve of t wo i ndependent exper i -

ment s. ( C) El ect r on mi cr ogr aph of a

phagosome f or mi ng ar ound a yeast t hat

had been i ncubat ed f or 5 mi n at 37° C.

( D) El ect r on mi cr ogr aph of a yeast

wi t hi n a phagocyt i c vacuol e af t er 20 mi n

of i ncubat i on at 37° C. ( E) Li ght mi cr o-

gr aph of 500- nm sect i on showi ng a

yeast wi t hi n a vacuol e as wel l as some

bound yeast and an occasi onal f r ee par -

t i cl e . Sect i ons wer e st ai ned wi t h t ol u-

i di ne bl ue, whi ch st ai ns t he yeast and

t he cel l nucl ei . ( F) A Nomar ski pho-

t omi cr ogr aph of a bi nucl eat e cel l i n

whi ch numer ous yeast s ar e seen i n t he

per i nucl ear r egi on, many of whi ch have

l ost t hei r t ypi cal mor phol ogy and t her e-

f or e appear t o be degr aded. The i ncu-
bat i on per i od was 20 mi n at 37° C.

vi ewed by Nomar ski opt i cs appear ed adher ent , but not i n-
t er nal t o t he cel l ( Fi g. 4 E) . No speci f i c bi ndi ng was obser ved

i n mock t r ansf ect ed cel l s ( Fi g . 4 F) , al t hough t he occasi onal
adher ent yeast was seen .

Di scussi on

Recogni t i on and i ngest i on of mi cr oor gani sms ar e hal l mar ks

of t he macr ophage as an ef f ect or cel l i n host def ense. Macr o-

phage r ecept or s f or di f f er ent i sot ypes of I g ( FcR) ( r evi ewed
i n 37, 38) and t hi r d component of compl ement ( CRI , CR3)

t hat medi at e opsoni n- dependent and - i ndependent cl ear ance

of pat hogens have been wel l char act er i zed ( r evi ewed i n 39,



40) . Phagocyt e l ect i n- l i ke r ecept or s t hat r ecogni zed speci f i c

conf i gur at i ons of car bohydr at es i n t ar get or gani sms have been

descr i bed ( 2, 41) . The 170- kD mannose r ecept or , whi ch i s

expr essed on t i ssue macr ophages and not on ci r cul at i ng phago-

cyt es i s abl e t o engage compl ex l i gands di r ect l y ( r evi ewed i n

r ef er ence 2) . The bi ndi ng of pat hogeni c mi cr oor gani sms t hat

expr esses hi gh mannose gl ycans r esul t s i n engul f ment by t he

macr ophage as wel l as t he r el ease of an ar r ay of bi ol ogi cal l y

act i ve medi at or s, whi ch i n l ar ge par t r egul at e i nf l ammat or y

r esponses. I n t hi s st udy, we descr i be t he st r uct ur e of t he human

macr ophage mannose r ecept or whi ch i s i dent i cal t o t he human

pl acent al r ecept or ( 21) . Sever al st r uct ur al f eat ur es of t he man-

nose r ecept or pr ovi de i nsi ght s i nt o i t s f unct i on as a phago-

cyt i c r ecept or .
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Fi gur e 4 . Sur f ace expr essi on and

bi ndi ng of yeast t o cel l s t r anf ect ed wi t h

t ai l mi nus mut ant r ecept or . Cos- 1 wer e

t r ansi ent l y t r ansf ect ed wi t h a mannose

r ecept or const r uct i on t hat had al l but

t he f i r st t wo ami no aci ds of t he cyt o-

pl asmi c t ai l del et ed . ( A) FACS anal ysi s

of t r ansf ect ed COWcel l s . The r el at i ve

cel l number ( 10, 000) and par amet er s of

anal ysi s wer e i dent i cal t o t hat descr i bed

i n Fi g . 3 A. The i nt ensi t y of f l uor es-

cence and per cent of posi t i ve cel l s wer e

ver y si mi l ar t o t hose f or t he ent i r e

r ecept or shown i n Fi g. 3 A. Thi s ex-

per i ment i s r epr esent at i ve of t wo i nde-

pendent exper i ment s i n whi ch t r i pl i cat e

sampl es wer e exami ned . ( B) 5 x 105

MR t ai l mi nus and MRt ai l pl us t r ans-

f ect ed cel l s wer e i ncubat ed wi t h 1251

mannose- BSA ( 0 . 6 x 106 cpm/ , ug) f or

20 mi n at 37° C. Resul t s ar e t he mean

± SD of t r i pl i cat e sampl es and ar e r ep-

r esent at i ve of t wo i ndependent exper i -

ment s. Al so shown i s i nhi bi t i on upt ake

by 1 . 25 mg/ ml of yeast mannan . ( C)

El ect r on mi cr ogr aph of yeast adher ent

t o a cel l af t er i ncubat i on of 37° C f or

45 mi n. ( D) Nomar ski phot omi cr o-

gr aph of yeast s r oset t i ng t o, but not

bei ng i nt er nal i zed by, MR t ai l mi nus

t r ansf ect ed cel l s despi t e i ncubat i on f or

45 mi n at 37° C. ( E) Li ght mi cr ogr aph

of 500- nmsect i on st ai ned wi t h t ol ui di ne

bl ue shows sever al yeast s bound but not

i nt er nal i zed by t he t ai l mi nus t r ansf ect ed

cel l s . ( F) Nomar ski phot omi cr ogr aph

of mock- t r ansf ect ed Cos- 1 cel l s i n-

cubat ed wi t h yeast s f or 45 mi n at 37° C.

The yeast s ar e not speci f i cal l y bound or

i ngest ed .

Not abl e among t he f eat ur es of t he mannose r ecept or ' s ec-

t odomai n i s t he pr esence of ei ght car bohydr at e r ecogni t i on-

l i ke domai ns . The i ncl usi on of each domai n i s based on t he

pr esence of i nvar i ant r esi dues t hat have been descr i bed f or

C- t ype l ect i ns, a f ami l y of sol ubl e and ext r acel l ul ar mat r i x

and membr ane pr ot ei ns ( 15) t hat now i ncl udes t he mannose

r ecept or . The mannose r ecept or i s t he onl y member of t hi s

f ami l y t hat can medi at e phagocyt osi s and t he pr esence of mul -

t i pl e CRDs may i n par t expl ai n how t hi s r ecept or r ecog-

ni zes mul t i val ent compl ex mannose gl ycans . Al t hough t he

r el at i ve cont r i but i on of each of t he CRDs t o l i gand bi ndi ng

and speci f i ci t y i s yet t o be det er mi ned, i nspect i on of t he se-

quence pr ovi des some pot ent i al i nsi ght s . I n par t i cul ar , do-

mai ns f our and f i ve ar e t he most homol ogous t o one anot her ,



wi t h 34%i dent i t y and 49%si mi l ar i t y . I n addi t i on, t hey bot h

cont ai n t he mot i f WND whi ch i s i nvar i ant i n al l C- t ype

l ect i ns . These t wo domai ns bear cl osest homol ogy t o t he

MBPs, t he pr ot ei ns i n t hi s f ami l y t hat have t he cl osest bi ndi ng

speci f i ci t y t o t he mannose r ecept or ( 42) . Compar i son of t he

mannose r ecept or CRDs 4 and 5 t o f i ve MBPs, t wo each

f r omr at s ( 43) and mi ce ( Sast r y, K. , K. Zahedi , J . - M. Lel as,

A. S. Whi t ehead, and R. A. B. Ezekowi t z, manuscr i pt sub-

mi t t ed f or publ i cat i on) and one f r om human ( 11, 24, 33) ,

r eveal s t hat 32 ami no aci ds out of 62 ami no aci ds ar e r epr e-

sent ed i n at l east once i n t he l ast hal f of t he CRDs of t he

MBPs . Mut at i onal anal ysi s may al l ow some est i mat es of t he

r el at i ve cont r i but i ons of t hese conser ved ami no aci ds t o l i gand

bi ndi ng speci f i ci t y . The st r uct ur al si mi l ar i t i es bet ween t he

hepat ocyt e- der i ved sol ubl e MBPs and t he membr ane man-

nose r ecept or i n par t expl ai n t hei r f unct i onal equi val ence. The

mannose r ecept or i s not expr essed on ci r cul at i ng gr anul o-

cyt es or monocyt es, t her eby conf er r i ng t he abi l i t y t o r ecog-

ni ze and cl ear ci r cul at i ng mannose- r i ch l i gands on t he hepa-

t ocyt e- der i ved MBP. Conver sel y, at uni nf l amed t i ssue si t es

wher e mannose r ecept or - posi t i ve macr ophages abound, t he

MBP i s absent , t her eby conf er r i ng r ecogni t i on of speci f i c

mannose- r i ch pat hogens t o t he mannose r ecept or .

The cyst ei ne- r i ch NH2- t er mi nal r egi on bear s no homol -

ogy t o any ot her known sequence and i t s si gni f i cance i s not

known . I t i s possi bl e t hat i t may pl ay a r ol e i n st abi l i zi ng

mul t i mer i zat i on of r ecept or s i n t he membr ane, whi ch woul d

t hen i ncr ease t he val ency and af f i ni t y of t he mannose r ecept or .

Si mi l ar l y, t he f unct i on of t he t ype I I f i br onect i n- l i ke r epeat

i s uncer t ai n, but i t may be i mpor t ant i n t he i nt er act i on of

t i ssue macr ophages wi t h t he i nt r acel l ul ar mat r i x, t her eby

pr omot i ng adhesi on and spr eadi ng at t i ssue si t es .

Tr ansi ent expr essi on of t he mannose r ecept or on t he sur -

f ace of Cos- I cel l s r esul t s i n upt ake of mannose r i ch gl ycocon-

j ugat es as expect ed . However , abi l i t y of t hese t r ansf ect ed cel l s

t o bi nd and phagocyt ose yeast par t i cl es was sur pr i si ng .

Recept or l i gand i nt er act i ons appear ed t o occur sequent i al l y

ar ound t he f ul l ci r cumf er ence of t he t ar get ( Fi g. 3 C) l i ke

a zi pper , wi t h event ual f usi on ar ound t he par t i cl e, consi st ent

wi t h t he model of phagocyt osi s pr oposed by Si l ver st ei n et

al . ( 36) . Accor di ng t o t hi s scheme, l ocal segment s of pl asma

membr ane medi at e bi ndi ng of t he par t i cl e, but i ngest i on r esul t s

f r omi nvol vement of t he cyt oskel et al appar at us ( 36) . The pr e-

ci se r ol e of t he cont r act i l e pr ot ei ns i n mannose r ecept or - de-

pendent phagocyt osi s i n Cos- I cel l s has yet t o be det er mi ned ;

however , i t woul d appear t hat t he cr i t i cal si gnal t hat medi at es

phagocyt osi s r esi des i n t he 45 ami no aci ds of t he cyt opl asmi c

t ai l . Mut ant r ecept or s l acki ng t he mannose r ecept or t ai l ar e

expr essed on t he cel l sur f ace, but ar e unabl e t o i ngest bound

par t i cl es . The absence of t he r ecept or t ai l appear s t o i nt er -

r upt membr ane f l ow ar ound t he par t i cl e ( Fi g. 4 c) and subse-

quent phagocyt osi s i s i mpeded. These exper i ment s i mpl y t hat

l i gat i on of t he ect odomai n of t he mannose r ecept or by a mul -

t i val ent l i gand i s abl e t o si gnal phagocyt osi s and what ap-

pear s t o be cor r ect r out i ng t o phagol ysosomes even i n a het -

er ol ogous cel l . Recept or - medi at ed endocyt osi s was al so gr eat l y

r educed by r emoval of t he cyt opl asmi c t ai l , al t hough st i l l de-

t ect abl e. The mannose r ecept or i s di st i nct f r omot her human

macr ophage phagocyt i c r ecept or s, i n par t i cul ar , di f f er ent i so-

f or ms of Fc r ecept or s, whi ch i n macr ophages ar e const i t u-

t i vel y phagocyt i c, yet when expr essed i n het er ol ogous cel l s

medi at es bi ndi ng and not i nt er nal i zat i on of ant i body- coat ed

er yt hr ocyt es ( 44, 45 ; Ezekowi t z, R. A. B. , unpubl i shed) . The

endocyt i c pr oper t i es of mouse macr ophage Fc r ecept or FCRI I -

B2 have been ext ensi vel y st udi ed ( 46) by t r ansf ect i on i nt o

FcR- cel l s and t hese st udi es r eveal ed t hat FcRl I - B2 was abl e

t o accumul at e i n coat ed pi t s and medi at e f l ui d phase pi nocy-

t osi s of bound l i gand . Recent exper i ment s have shown t hat

t hese FcRI I - B2 Chi nese hamst er ovar y cel l t r ansf ect ant s

phagocyt ose opsoni zed heat - ki l l ed t oxopl asma ( 47) , t her eby

pr ovi di ng an exampl e of anot her macr ophage phagocyt i c

r ecept or t hat i s abl e t o f unct i on i n t he het er ol ogous cel l . I n-

spect i on of t he 45 ami no aci ds i n t he cyt opl asmi c t ai l of t he

mannose r ecept or f ai l s t o r eveal any obvi ous homol ogy wi t h

FcRl I - B2 i sof or m or wi t h ot her r ecept or s, except f or t he pr es-

ence of t he mot i f FXNTXY, whi ch i s al most i dent i cal t o

t he mot i f FXNPXY t hat appear s t o be r equi r ed f or l ocal i za-

t i on of cer t ai n r ecept or s t o coat ed pi t s ( 34) . Al t hough t he

pr ol i ne appear s cent r al f or r ecept or l ocal i zat i on t o coat ed pi t s,

t he mannose r ecept or does l ocal i ze t o coat ed pi t s and has a

t hr eoni ne at t hi s posi t i on . Thi s di f f er ence i mpl i es t hat t he

pr eci se conser vat i on of t he mot i f i s not essent i al or t hat i n

t he mannose r ecept or sequences ot her t han t hi s mot i f account

f or i t s l ocal i zat i on t o coat ed pi t s . Cl ear l y, a mor e det ai l ed

anal ysi s i s necessar y t o det er mi ne whi ch r esi dues i n t he r ecept or

t ai l ar e cr i t i cal f or coat ed pi t - dependent and - i ndependent

endocyt osi s and phagocyt osi s . Open t o quest i on i s whet her

cel l s ot her t han Cos- I cel l s can be i nduced t o medi at e man-

nose r ecept or - dependent phagocyt osi s, or whet her t hi s i s a

f eat ur e of Cos cel l s t hat expr ess accessar y mol ecul e( s) t hat

ar e r equi r ed t o compl ement t he r ecept or i n t he phagocyt i c

event .

Mannose r ecept or s on macr ophages ar e r esponsi bl e f or t he

si gnal i ng of t he secr et i on of a number of pot ent i nf l amma-

t or y medi at or s l i ke ar achi donat e met abol i t es, r eact i ve oxygen

i nt er medi at es, monoki nes, and neut r al pr ot eases. The mech-

ani sms by whi ch t hese r ecept or s t r ansmi t t r ansmembr ane

si gnal s have yet t o be det er mi ned and t he cyt opl asmi c do-

mai ns r equi r ed f or t hese f unct i ons r emai n t o be det er mi ned .

Fur t her st udi es ar e r equi r ed t o assess whet her t he mannose

r ecept or can si gnal secr et i on as wel l as phagocyt osi s i n het er -

ol ogous cel l s or whet her t hi s t r i gger i ng event i s r est r i ct ed

t o macr ophages .
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