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Recept or s f or t he Fc f r agment of I gG( FcTR) coupl e t he humor al and cel l ul ar i m-

mune r esponses by t ar get i ng i mmune compl exes t o ef f ect or cel l s . Mul t i pl e FcyRs

exi st , whi ch di f f er i n l i gand af f i ni t y, cel l ul ar di st r i but i on, and ef f ect or f unct i on
( r evi ewed i n r ef er ence 1) . Det ai l ed char act er i zat i on of t he FcyRs i n bot h mouse and

human has begun t o addr ess t he mol ecul ar basi s f or t he di ver si t y of cel l ul ar r esponses

t r i gger ed by a common l i gand . The bi ndi ng of i mmune compl exes i s medi at ed by

ext r acel l ul ar I g- l i ke domai ns t hat ar e conser ved among many FcyRs . The f unct i onal

consequence of t hi s bi ndi ng, on t he ot her hand, i s medi at ed by t he di ver gent t r ans-

membr ane and cyt opl asmi c domai ns t hat ar e t he r esul t of gene dupl i cat i on as wel l

as al t er nat i ve mRNA spl i ci ng . I n t he mouse t he l ow af f i ni t y, i mmune compl ex I gG

Fc r ecept or s ( FcyRI I ) ar e encoded by t wo genes, a and a ( 2- 4) . cDNA sequence

anal ysi s pr edi ct s t hat t hese r ecept or s ar e si mi l ar i nt egr al membr ane gl ycopr ot ei ns

wi t h 180 ami no aci d ext r acel l ul ar domai ns, si ngl e t r ansmembr ane spanni ng domai ns

of 20 ami no aci ds, and i nt r acyt opl asmi c domai ns t hat var y f r om 26 ami no aci ds

f or a t o 93 ami no aci ds f or t he l ar ger spl i ced f or m of ( 3, at . a i s expr essed on mac-

r ophages and NKcel l s, whi l e 0 i s expr essed on l ymphocyt es and macr ophages and

di spl ays cel l t ype- speci f i c al t er nat i ve mRNA spl i ci ng of i t s cyt opl asmi c domai ns .

The human homol ogues of t hese r ecept or s i ncl ude a mi ni mumof t hr ee genes f or

FcyRI I ( CD32) ( Qi u, WQ, and J . Ravet ch, unpubl i shed obser vat i ons) and t wo

genes f or FcyRI I I ( CD16) ( t hi s ar t i cl e) . cDNA cl ones have been i sol at ed f or

FcyRI i ( CD32) ( 5, 6 ; Br ooks, D. , WQQi u, A. Lust er , and J . Ravet ch, manuscr i pt

submi t t ed f or publ i cat i on) and FcyRI I I ( CD16) ( 7, 8) .

FcyRI I I ( CD16) i s expr essed on NK cel l s, macr ophages, and PMN( 9- 11) . Two

al l el es, NA- 1 and NA- 2, have been descr i bed f or t hi s r ecept or on PMN. I t has been

shown t o medi at e ant i body- dependent cel l ul ar cyt ot oxi ci t y ( ADCC) t by NK cel l s

Thi s wor k was suppor t ed i n par t by Nat i onal I nst i t ut es of Heal t h gr ant s GM- 39256 ( J . V. Ravet ch) ,

CA- 37155, and CA- 45284 ( B. Per ussi a) . J. VRavet ch i s a Pew Schol ar . B. Per ussi a i s a Schol ar of t he
Leukemi a Soci et y of Amer i ca . Addr ess cor r espondence t o Dr . J. VRavet ch, Sl oan- Ket t er i ng I nst i t ut e,
1275 Yor k Ave. , NewYor k, NY 10021 .

1 Abbr evi at i ons used i n t hi s pacer. ADCC, ant i body- dependent cel l ul ar cyt ot oxi ci t y ; PI - PLC, phos-
phat i dyl i nosi t ol - speci f i c phosphol i pase C; PNH, par oxysmal noct ur nal hemogl obi nur i a .
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Fc- yRI I I ( CD16) I N NATURAL KI LLER CELLS AND NEUTROPHI LS

( 12) , wher e i t r epr esent s t he onl y FcyR. On PMN, Fc- yRI I I ( CD16) has been pr o-

posed t o act t oget her wi t h FcyRI I ( CD32) t o medi at e ef f ect or f unct i ons ( 13, 14) . Ant i -

FcyRI I I ( CD16) ant i bodi es i nhi bi t ADCC and i mmune compl ex bi ndi ng ( 9, 10, 15)

on bot h PMNand NK cel l s. Recent l y i t has been shown t hat FcyRI I I ( CD16) i s an-

chor ed t hr ough a gl ycosyl - phosphat i dyl i nosi t ol ( PI ) l i nkage on PMN( 13, 16) . The

f i r st evi dence f or an al t er nat i ve membr ane- associ at ed f or mf or FcyRI I I ( CD16) came

f r omt he st udy of pat i ent s wi t h par oxysmal noct ur nal hemogl obi nur i a ( PNH) . I n

t hat acqui r ed di sor der , a def ect i n t he at t achment of t he PI t ai l i n hemat opoi et i c

pr ecur sor cel l s r esul t s i n t he sel ect i ve def i ci ency of PI - anchor ed pr ot ei ns ( r evi ewed

i n r ef er ence 17) . Fc7RI I I ( CD16) i s expr essed at 10% of nor mal l evel s on PMNi n

t hose pat i ent s, but i t s expr essi on on macr ophages and NK cel l s i s unaf f ect ed ( 16,

18) , i ndi cat i ng t hat NK cel l s expr ess an al t er nat i ve anchor ed f or mof Fc7RI I I ( CD16)

t hat i s pr esumabl y t r ansmembr ane . cDNA cl ones f or FcyRI I I ( CD16) have been i so-

l at ed f r ompl acent al and neut r ophi l l i br ar i es ( 7, 8) . Those cl ones pr edi ct a sequence

f or an FcyRI I I ( CD16) pr ot ei n t hat cont ai ns t wo canoni cal I g- l i ke ext r acel l ul ar do-

mai ns, a weakl y hydr ophobi c t r ansmembr ane domai n and a shor t ( f our ami no aci d)

cyt opl asmi c domai n, f eat ur es char act er i st i c of PI - l i nked mol ecul es ( 17, 19) . Tr ans-

f ect i on of t hose cl ones r esul t ed i n t he appear ance of PI - l i nked mol ecul es on COS

cel l s ; t hus, i t appear ed unl i kel y t hat t hese cDNA cl ones encoded a t r ansmembr ane

f or m of FcyRI I I ( CD16) .

I n t hi s r epor t we demonst r at e t hat t he FcyRI I I ( CD16) mol ecul e i ndeed exi st s i n
t wo al t er nat i ve membr ane- anchor ed f or ms, a PI - l i nked f or mon PMNand a l ar ger

PI - PLC- r esi st ant t r ansmembr ane pr ot ei n on NK cel l s . To est abl i sh t he mol ecul ar

basi s f or t hi s di f f er ence, Fc7RI I I ( CD16) encodi ng RNA f r om NK cel l s and PMN

of si ngl e i ndi vi dual s homozygous f or ei t her NA- 1 or NA- 2 wer e anal yzed and f ound

t o di f f er by mul t i pl e si ngl e nucl eot i de subst i t ut i ons . One of t hese nonal l el i c changes

r esul t s i n t he expr essi on of a t r anscr i pt i n NK cel l s i n whi ch a CGAcodon r epl aces

a UGAt er mi nat i on codon t her eby ext endi ng t he r eadi ng f r ame f or t he cyt opl asmi c

domai n of t hi s Fc- yRI I I ( CD16) by 21 ami no aci ds, whi ch ar e homol ogous t o t he mu-

r i ne FcyRI I u cyt opl asmi c domai n. Two di st i nct genes encodi ng FcyRI I I ( CD16) have

been cl oned and sequenced . Cel l t ype- speci f i c expr essi on of t hese l i nked genes ac-

count s f or t he NK cel l and PMNt r anscr i pt s and t he al t er nat i vel y anchor ed f or ms

of t hi s r ecept or .

Mat er i al s and Met hods

Cel l Li nes .

	

The human B l ymphobl ast oi d cel l l i ne RPMI 8866, and t he mAb- pr oduci ng
hybr i d cel l cl ones wer e mai nt ai ned i n cul t ur e i n RPMI 1640 ( Fl ow Labor at or i es, I nc . , Rock-
vi l l e, MD) suppl ement ed wi t h 10%FCS ( Fl owLabor at or i es, Al exandr i a, VA) . Al l cel l l i nes
wer e f r ee of mycopl asma cont ami nat i on .

Monocl onal and Fbl ycl onal Ant i bodi es .

	

The mAbs used i n t hi s st udy, t hei r or i gi n, and speci f i ci t y
have been pr evi ousl y descr i bed ( 10, 20) . Ant i - CD16 mAbs wer e : B73 . 1 ( I gGI ) pr oduced and
char act er i zed i n our l abor at or y ( 10) , 3G8 ( 9) ( I gGI ) pr oduced f r om cel l s ki ndl y pr ovi ded
by Dr . J . Unkel ess ( Mount Si nai Medi cal School , NewYor k, NY) and CLB- Gr an 11 ( 21) ,
det ect i ng t he NA- 1 al l oant i gen on PMN and GRM1, det ect i ng t he NA- 2 ant i gen ( ki ndl y
pr ovi ded by F. Gar r i do) . TS2/ 9 ( ant i - LFA- 3) ( 22) was ki ndl y pr ovi ded by T Spr i nger ( Har -
var d Medi cal School , Bost on, MA) . I gGwer e pur i f i ed f r om asci t es and l abel ed wi t h bi ot i n
accor di ng t o r out i ne pr ocedur es . The pol ycl onal FI TC- l abel ed goat F( ab' ) 2 ant i - mouse I g
was pur chased f r om Cooper Bi omedi cal I nc. ( Mal ver n, PA) . The goat ant i - mouse I gGused
t o pr epar e er yt hr ocyt es ( E) f or i ndi r ect r oset t i ng was pr oduced i n our l abor at or y, absor bed
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on human I gG, and af f i ni t y pur i f i ed on mouse I gG- Sephar ose 4B col umn ( Phar maci a Fi ne
Chemi cal s, Uppsal a, Sweden) .

Pkr i pher al Bl oodLeukocyt es, NKCel l s, Fbl ymor phonucl ear Gr anul ocyt e ( PMN) and Macr ophage Pr epa-
r at i ons . Venous per i pher al bl ood was obt ai ned f r omadul t heal t hy donor s and ant i coagu-
l at ed wi t h hepar i n . Buf f y coat s, PMN, PBMC, l ymphocyt es ( PBL) , and t he NKcel l subset
wer e obt ai ned as pr evi ousl y descr i bed i n det ai l ( 10, 15) . Monocyt es wer e pr epar ed f r omPBMC
by adher ence t o pl ast i c ( 45 mi n, 37 ° C) and depl et ed of cont ami nat i ng l ymphocyt es by com-
pl ement ( C) - dependent l ysi s ( 45 mi n, 37 0 C) af t er t r eat ment wi t h a mi xt ur e of C- f i xi ng ant i -
bodi es ant i - CD21, ant i - CD16, and ant i - CD3 . Macr ophages wer e col l ect ed af t er cul t ur i ng
t hi s popul at i on f or 10- 12 d i n RPMI - 1640 suppl ement ed wi t h 10% human ser um. Bot h NA- 1
and NA- 2 homozygous donor s wer e used . To obt ai n l ar ge number s of homogeneous
CD3 - / CD16' NKcel l s, PBMC wer e cocul t ur ed wi t h 50 Gy- i r r adi at ed RPMI 8866 cel l s, as
descr i bed ( 20) . These 10- d cul t ur es cont ai n, on aver age, 80% CD3 - / CD16* / NKH- 1' NK
cel l s and 20%CD3' / CD16 - / NKH- 1 - T l ymphocyt es . The NK cel l s wer e pur i f i ed by nega-
t i ve sel ect i on usi ng ant i gl obul i n r oset t i ng and densi t y gr adi ent cent r i f ugat i on af t er sensi t i za-
t i on of t he l ymphocyt es wi t h a mi xt ur e of ant i - CD3, ant i - CD5, and ant i - CD14 mAbs . These
NK cel l popul at i ons have mor phol ogi c, phenot ypi c, and f unct i onal pr oper t i es i dent i cal t o

t hose of NK cel l s f r eshl y pur i f i ed f r om bl ood ( 20, 23) . Li ke t hese cel l s, i n vi t r o pr opagat ed
NK cel l s expr ess f unct i onal FcyRI I I ( CD16) , but nei t her Fc- yRI I ( CD32) nor t he hi gh af f i ni t y
r ecept or f or t he Fc f r agment of monomer i c I gG, FcyRI . The pur i t y of each l eukocyt e pr epa-

r at i on was t est ed by i ndi r ect i mmunof l uor escence ( f l ow cyt omet r y) usi ng ant i - NK ( ant i - CD16
and ant i - NKH- 1) , ant i - T ( ant i - CD3 and ant i - CD5) , ant i monocyt e ( ant i - CD14) and ant i - PMN
( ant i - CDw17) r eagent s . I t al ways exceeded 95%.

Gl ycosyl - phosphat i dyl I nosi t ol - speck Phosphol i pase C ( PI - PLC) Tr eat ment .

	

PI - PLC pur i f i ed
f r om Baci l l us t hur i ngi ensi s was a ki nd gi f t of Dr . M. Low ( Col umbi a Uni ver si t y, New Yor k,
NY) . I n a t ypi cal pr epar at i on, t he enzyme had a speci f i c act i vi t y of - 1, 700 U/ ml . Cel l s ( 5
x 106/ ml RPMI - 0 . 25% BSA) wer e t r eat ed wi t h a 1 : 200 di l ut i on of PI - PLC ( 45 mi n, 37° C)
and washed t wi ce bef or e t est i ng . Cel l vi abi l i t y af t er t r eat ment was >95%as j udged by vi t al
dye excl usi on ; no l oss of speci f i c cel l subset s was ever det ect ed as j udged by sur f ace mar ker
anal ysi s i n i ndi r ect i mmunof l uor escence .

I ndi r ect I mmuno, Jl uor escence .

	

Thi s was per f or med as pr evi ousl y descr i bed i n det ai l ( 10) usi ng
an FI TC- goat F( aU) 2 ant i - mouse I g ( Cooper Bi omedi cal ) pr eabsor bed on human I gG. I r r el e-
vant ant i bodi es of mat ched i sot ypes wer e used as negat i ve cont r ol s . The sampl es wer e ana-
l yzed on an Or t ho Cyt of l uor ogr af 50H connect ed t o a 2150 Dat a Handl i ng Syst em ( Or t ho
Di agnost i c Syst ems, I nc . , West wood, MA) . I nt ensi t y of f l uor escence was measur ed on a l oga-
r i t hmi c scal e.

I mmunopr eci pi t at i on of FcyRI I I ( CD16) and N- gl ycanasc Tr eat ment .

	

I nt act NK cel l s, pur i f i ed
by negat i ve sel ect i on f r omei t her PBL or 10- d cocul t ur es of PBMC wi t h B l ymphobl ast oi d
cel l l i nes and PMN f r omt he same donor s wer e l abel ed wi t h 1251 ( 1 MCi / 10 1 cel l s usi ng 1,

3, 4, 6- t et r achl or o- 3a, 6a- di phenyl gl ycur oi l ; ( Amer shamI nt er nat i onal , Ar l i ngt on Hei ght s,

I L) ( 100 p. g/ t ube; I odogen ; Pi er ce Chemi cal Co. , Rockf or d, I L) . When i ndi cat ed, ' 251- l abel ed
PMNand NKcel l s wer e i ncubat ed wi t h PI - PLC as descr i bed above and bot h cel l - f r ee super -

nat ant s and cel l pel l et s wer e used f or i mmunopr eci pi t at i on . Af t er washi ng, cel l s wer e l ysed

( 20 mi n, 4oC) wi t h I 17o NP- 40 ( Cal bi ochem- Behr i ng Cor p, La Jol l a, CA) i n 0 . 1 MTr i s, pH

6 . 8, cont ai ni ng 2 mMEDTA, 2 mMPMSF, 0 . 33 U/ ml apr ot i ni n, 15% gl ycer ol ; t he cel l l y-

sat e was cent r i f uged ( 13, 000 r pm, 30 mi n) and t he post nucl ear super nat ant was col l ect ed .
Al l sampl es wer e pr eabsor bed ( 12 h, 4° C) wi t h st r ept avi di n- agar ose beads ( Bet hesda Resear ch
Labor at or i es, [ BRL] Gai t her sbur g, MD) ( 25- j ul beads/ 5 x 10 1 cel l s) and mouse monocl onal

I gG2a of no known ant i gen speci f i ci t y ( 10 p. g/ 5 x 10 1 cel l s) . Al i quot s f r omt he sampl es wer e
sequent i al l y i ncubat ed ( 3 h, VC each i ncubat i on) wi t h bi ot i n- l abel ed ant i - CD16 or i r r el e-
vant ant i bodi es as cont r ol ( 5 pg/ 10 1 cel l s) and wi t h St r ept avi di n- agar ose ( BRL) ( 10 Al

beads/ 10 1 cel l s) . The st r ept avi di n- agar ose beads wer e washed 5 t i mes wi t h 0 . 15 NaCl con-
t ai ni ng 4 mMEDTA, 1 mMPMSF, 0 . 02% NaN3 , 10 mMHepes, 0 . 1% Tween- 20, pH 7 . 2 .
Af t er boi l i ng ( 5 mi n, 100 ° C) i n t he pr esence of 0 . 5% SDS, 0 . 1 M2- ME, each sampl e was

t r eat ed wi t h N- gl ycanase accor di ng t o t he manuf act ur er . Br i ef l y, sodi um- phosphat e buf f er

( 0. 17 M, pH 8 . 6) , 10 mM1, 10 phenant r ol i ne ( Si gma Chemi cal Co. , St . Loui s, MO) , and
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FcyRI I I ( CD16) I N NATURAL KI LLER CELLS AND NEUTROPHI LS

17o NP- 40 wer e added t o each sampl e bef or e addi t i on of N- gl ycanase ( Genzyme Cor p. , Bost on,
MA) ( 20 U/ ml ) t o one of t wo i dent i cal al i quot s . Af t er an 18- h i ncubat i on at 37' C, sampl e
buf f er ( 62 . 5 mMTr i s, pH 6 . 5, cont ai ni ng 12 . 5% gl ycer ol , 1% 2- ME, 2 . 5% SDS, 0. 005%
br omophenol bl ue) was added and t he sampl es wer e anal yzed i n SDS- 10% PAGE ( 24) . Mo-
l ecul ar mass mar ker s ( Phar maci a Fi ne Chemi cal s) wer e : a- l act al bumi n, soybean t r ypsi n i n-
hi bi t or , car boni c anhydr ase, oval bumi n, BSA, and phosphor yl ase b f or 14 . 4, 20 . 1, 30, 43,
67, and 94 kD, r espect i vel y . The gel s wer e dr i ed and exposed t o Kodak Xomat x- r ay f i l ms
at - 70 0 C wi t h Li ght ni ng Pl us i nt ensi f yi ng scr eens ( DuPont Co . , Wi l mi ngt on, DE) .

RNA and DNA Pr epar at i ons .

	

NK cel l s, PMN, and macr ophages wer e washed t wi ce wi t h
col d PBS and l ysed wi t h 4 Mguani di ne i sot hi ocyanat e f or ext r act i on of t ot al cel l ul ar RNA
af t er cent r i f ugat i on t hr ough CSC12 ( 25) . Genomi c DNA was pr epar ed f r om spl een and
pl acent a as pr evi ousl y descr i bed ( 26) .

Ol i gonucl eot i des .

	

Al l ol i gonucl eot i des wer e synt hesi zed on an Appl i ed Bi osyst ems I nc . ( Fost er
Ci t y, CA) model 381A. HPLC pur i f i cat i on was per f or med accor di ng t o ABI speci f i cat i ons
or ol i gonucl eot i des wer e used wi t hout f ur t her pur i f i cat i on ; no di f f er ences wer e obser ved . The
ol i gonucl eot i de pr i mer s and pr obes used i n t hi s st udy wer e der i ved f r om t he publ i shed cDNA
sequence f or FcyRI I I ( CD16) ( 7) and t he number i ng cor r esponds t o t hat r epor t .

Ol i go 485 : GAGAGGCCTGAGGATGAT ( 870- 888) ; compl ement
Ol i go 491 : GGTTGCAAATCCAGAGAA ( 850- 868) ; compl ement
Ol i go 465 : TCATTTGTCTTGAGGGTC ( 781- 799) ; compl ement
Ol i go 474 : TTTCTCCATTTAAGTTTA ( 761- 779) ; compl ement
Ol i go 488 : TTTCTCCATTTAAATTTA ( 761- 779) ; pos . 766 f r om NK
Ol i go 489 : ACAAACATTCGAAGCTCA ( 724- 742) ; pos . 733 f r om NK
Ol i go 490 : ACAAACATTTGAAGCTCA ( 724- 742)
Ol i go 473 : TGGTACTCCTTTTTGCAG ( 677- 695)

Ol i go 466 : GTCTCTTTCTGCTTGGTG ( 658- 676)
Ol i go 501 : AAGAACACTGCTCTGCAT ( 427- 445)
Ol i go 494 : CACCTGAGGTGTCACAGC ( 406- 424)
Ol i go 492 : TCTTTGGTGACTTGTCCA ( 1- 18)

cDNA Synt hesi s and PCRAmpl i f i cat i on .

	

10 Ft g of t ot al RNA ext r act ed f r omei t her PMN
or NKcel l s wer e i ncubat ed i n a r eact i on t hat cont ai ned ei t her 0 . 5 or 50 pmol of a 3' ol i gonu-
cl eot i de pr i mer ( 485 or 465) , 20 U of mur i ne Mal oney l eukemi a vi r us ( MuMLV) r ever se
t r anscr i pt ase ( Li f e Sci ences, St . Pet er sbur g, FL) , 200 gMof each dNTP, 50 mMKCI , 10
mMTr i s- Cl , pH 8 . 3, 1 . 5 mMMgC12, and 0 . 01% gel at i n . The r eact i on was al l owed t o pr o-
ceed at 42 ° C f or 60 mi n, af t er whi ch t i me 0 . 5 or 50 pMof a 5' ol i gonucl eot i de pr i mer ( 492,
494, or 466) was added al ong wi t h 2 . 5 uni t s of Taq pol ymer ase ( Cet us Cor p. , Emer yvi l l e,
CA) . 35 cycl es of denat ur at i on, anneal i ng, and ext ensi on wer e per f or med as descr i bed ( 27)
i n a Per ki n El mer - Cet us Cor p . DNA t her mal cycl er . Denat ur at i on was at 94° C f or 1 mi n,
anneal i ng was at 44° C f or 2 mi n, and ext ensi on was at 72' C f or 3 mi n . A f i nal cycl e wi t h
a 7- mi n ext ensi on was per f or med .

Pr epar at i on of 32P- l abel ed Fr agment s and Sequence Anal ysi s .

	

Typi cal l y, 20% of a r eact i on de-
scr i bed above was i ncubat ed wi t h Tend- l abel ed 32P ol i gonucl eot i de i nt er nal t o t he ampl i f i ed

segment of t he cDNA, usi ng 50 pMof l abel ed ol i gonucl eot i de . Ext ensi on was per f or med

wi t h Taq pol ymer ase ( Cet us Cor p . ) and one cycl e of denat ur at i on, anneal i ng, and ext ensi on .

Denat ur at i on was at 92° C f or 1 mi n, anneal i ng was at 37 ° C f or 2 mi n, and ext ensi on was
at 72 ° C f or 10 mi n . The l abel ed pr oduct was pur i f i ed on a 5%acr yl ami de/ TBE gel , el ect r o-

el ut ed, and subj ect ed t o DNA sequenci ng usi ng t he chemi cal degr adat i on met hod ( 28) . Al -

t er nat i vel y, t he PCR pr oduct s wer e cl oned i nt o pUC- 18 and sequenced by di deoxy chai n
t er mi nat i on ( 29) .

Ol i gonucl eot i de Hybr i di zat i on of PCR- ampl i ed cDNAs .

	

cDNA f r omNK cel l s and PMN ob-
t ai ned f r om t he same donor wer e synt hesi zed and ampl i f i ed usi ng ol i gonucl eot i des 465/ 466,
spot t ed on ni t r ocel l ul ose membr anes, denat ur ed, and baked as descr i bed ( 30) . Tend- l abel ed
ol i gonucl eot i des speci f i c f or NK cel l s ( 488, 489) or PMN ( 474, 490) sequences wer e hybr i d-
i zed and washed as descr i bed ( 31) at 5° C bel ow t he cal cul at ed T. .

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://ru

p
re

s
s
.o

rg
/je

m
/a

rtic
le

-p
d
f/1

7
0
/2

/4
8
1
/1

0
9
9
4
0
4
/4

8
1
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



RAVETCH AND PERUSSI A

	

485

I sol at i on of Genomi c Cl ones f or FcyRI M( CD16) .

	

Eco RI - di gest ed pl acent al DNA was si ze
f r act i onat ed on a pr epar at i ve agar ose el ect r ophor esi s appar at us ( Hoef er Sci ent i f i c I nst r ument s,
San Fr anci sco, CA) . The 9. 0- kb f r act i on t hat hybr i di zed wi t h an FcYRI I I ( CD16) pr obe was
cl oned i nt o t he phage vect or X CH28, packaged i n vi t r o and pl at ed on Escher i chi a col i st r ai n
C600 . Ni ne posi t i ve cl ones wer e obt ai ned f r om 150, 000 phage t hat wer e pl aqued pur i f i ed
and anal yzed by r est r i ct i on di gest i on, ol i gonucl eot i de hybr i di zat i on, and DNAsequence anal -
ysi s . Si mi l ar l y, an 18- kb BamHI f r act i on, det er mi ned t o hybr i di ze wi t h t he FcYRI I I ( CD16)
pr obe, was cl oned wi t h L47 . 1 . Four posi t i ve phage wer e obt ai ned f r om250, 000 pl aques . Cosmi d
cl ones encodi ng t hese t wo genes wer e i sol at ed f r om a human pl acent a cosmi d l i br ar y con-
st r uct ed i n t he vect or pWE15 and gener ousl y pr ovi ded by Dr . Gl enn Evans ( Sal k I nst i t ut e,
San Di ego, CA) .

Resul t s

Char act er i zat i on of FcyRI M( CD16) on NK Cel l s.

	

To def i ne t he nat ur e of t he

FcyRI I I ( CD16) anchor on NK cel l s, i t s pr esence on buf f y coat cel l s was t est ed by

i ndi r ect i mmunof l uor escence af t er PI - PLC t r eat ment . Fl uor escence pr of i l es obt ai ned

on t he l ymphocyt e ( PBL) , i n whi ch onl y NK cel l s bear FcyRI I I ( CD16) , and PMN

popul at i ons i n t he same sampl e and gat ed on t he basi s of t hei r l i ght scat t er char ac-

t er i st i cs ar e shown i n Fi g. 1 . FcyRI I I ( CD16) f l uor escence, as det ect ed by mAb 3G8,

was r educed on bot h buf f y coat and pur i f i ed PMNby - 85%, yet l i t t l e or no de-

cr ease f or t hi s mol ecul e was obser ved on PBL. As wi t h f r esh l ymphocyt es ( l ef t panel ) ,

l i t t l e or no decr ease of f l uor escence f or FcyRI I I ( CD16) was obser ved on PI -

PLC- t r eat ed NKcel l s pur i f i ed by negat i ve sel ect i on f r om 10- d cocul t ur es of PBMC

wi t h i r r adi at ed B l ymphobl ast oi d cel l l i nes ( Fi g. 1, r i ght panel s) . I n cont r ast , PI - PLC

r educed t he f l uor escence due t o LFA- 3 i n bot h PMNand NK cel l popul at i ons by

- 53%. The i nsensi t i vi t y of FcyRI I I ( CD16) on NK cel l s, t hen, i s not t he r esul t of

an i nabi l i t y of t hese cel l s t o expr ess PI - l i nked mol ecul es or t hei r i nsensi t i vi t y t o PI -

PLC because of uni que membr ane pr oper t i es of NK cel l s . These PI - PLC- t r eat ed

NK cel l s mai nt ai ned t hei r char act er i st i c phenot ype ( NKH- 1 +/ CD5 - ) and wer e st i l l

abl e t o bi nd par t i cul at e i mmune compl exes ( dat a not shown) . These dat a i ndi cat e

t hat FcyRI I I ( CD16) i s r esi st ant t o PI - PLC when expr essed on NK cel l s, yet i s sensi -

t i ve t o t hi s enzyme when expr essed on PMN.

Bi ochemi cal Char act er i st i cs of FcyRI I I ( CD16) Pr eci pi t at edf r omNKCel l s and PMN.

	

The

bi ochemi cal basi s f or t he al t er ed PI - PLC sensi t i vi t y of FcyRI I I ( CD16) on NK cel l s

was i nvest i gat ed by compar i ng t he pr ot ei n backbone of t he mol ecul e on NKcel l s and

PMN. FcyRI I I ( CD16) was i mmunopr eci pi t at ed f r omPI - PLC- t r eat ed NKcel l s and

PMNand f r om t he medi um i n whi ch t hey wer e mai nt ai ned . The pr oduct s wer e

anal yzed on SDS- PAGE af t er t r eat ment wi t h N- gl ycanase ( Fi g . 2) . FcTRI I I ( CD16) ,

whi ch mi gr at es as a br oad band of appar ent mass 50- 70 kD, was i mmunopr eci pi -

t at ed f r omcont r ol NK cel l s and PMN( Fi g. 2 A) . N- gl ycanase t r eat ment of t he i m-

munopr eci pi t at e f r om NK cel l s r esul t ed i n t he appear ance of t wo bands of 32 and

36 kD appar ent mass, wi t h occasi onal l y a l ess i nt ense band at 38- 40 kD. I n cont r ast ,

t wo bands of smal l er mass, mi gr at i ng bet ween 23 and 28 kD, wer e det ect ed af t er

N- gl ycanase t r eat ment of t he i mmunopr eci pi t at e f r om PMN. PI - PLC t r eat ment

of NK cel l s r esul t ed i n equi val ent amount s of i mmunopr eci pi t abl e FcYRI I I ( CD16)

t o t hose pr eci pi t at ed f r om unt r eat ed cont r ol NK cel l s, whi l e no si gni f i cant amount

of i mmunopr eci pi t abl e pr ot ei n r emai ned on t he PI - PLC- t r eat ed PMN( Fi g . 2 B,

cel l pel l et s) . I n addi t i on t o t he pr oduct s descr i bed above, N- gl ycanase t r eat ment gener -

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://ru

p
re

s
s
.o

rg
/je

m
/a

rtic
le

-p
d
f/1

7
0
/2

/4
8
1
/1

0
9
9
4
0
4
/4

8
1
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



486

	

FcyRI I I ( CD16) I N NATURAL KI LLER CELLS AND NEUTROPHI LS

Buf f y Coat

POL

	

PMN

	

NK Cel l s

	

PMN

a)
c
0

Z

co w

< C' 4

J F-

Um

Y
Z2

l ] ~
Um

2 3

	

0 1 2 30 1 2 3
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FI GURE 1 .

	

FcyRI I I ( CD16) expr essi on on NK cel l s and PMN. Buf f y coat cel l s ( l ef t panel s) , cul -
t ur ed NK cel l s, and PMN( r i ght panel s) wer e t r eat ed wi t h PI - PLC and t est ed f or sur f ace expr es-
si on of t he i ndi cat ed ant i gens by i ndi r ect i mmunof l uor escence . PBL and PMNi n t he buf f y coat
wer e gat ed on t he basi s of t hei r f or war d and r i ght angl e l i ght scat t er and f l uor escence was mea-
sur ed separ at el y i n each r egi on . The hi st ogr ams i n each panel r epr esent i nt ensi t y of f l uor escence :
(

	

) unt r eat ed cel l s ; ( - - - ) PI - PLC- t r eat ed cel l s . x- axi s, i nt ensi t y of f l uor escence ( l og scal e) ;
y- axi s, number of cel l s . The exper i ment on huf f y coat cel l s i s r epr esent at i ve of t wo, t hose on pur i f i ed
NK cel l s and PMN ar e r epr esent at i ve of f our per f or med .

at ed bands of hi gher mol ecul ar mass t hat wer e obser ved whet her N- gl ycanase di ges-

t i on was pr ol onged up t o 30 h and usi ng concent r at i ons of t he enzyme as hi gh as

40 U/ ml ( dat a not shown) , as r epor t ed pr evi ousl y ( 11, 14) .

Al t hough i t i s possi bl e t hat t he l ar ger band wi t hi n t he pr eci pi t at e f r om each cel l

t ype r epr esent s an i ncompl et el y degl ycosyl at ed pept i de, i n no i nst ance wer e bands

of mol ecul ar mass <32 kD or >28 kD pr eci pi t at ed f r omNK cel l s or PMN, r espec-

t i vel y, i n exper i ment s per f or med wi t h ei ght di f f er ent donor s . Ami ni mumdi f f er ence

of 4 kD t hus exi st s bet ween t he NK cel l and PMNFcyRI I I ( CD16) pr ot ei ns . Var i -

abl e but si gni f i cant amount s of FcyRI I I ( CD16) wer e r epr oduci bl y i mmunopr eci pi -
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FI GURE 2.

	

PI - PLC- sensi t i vi t y
and N- gl ycanase di gest i on of

FcyRI I I ( CD16) . Cul t ur ed NK
cel l s pur i f i ed as descr i bed i n
Mat er i al s and Met hods and
PMN f r eshl y separ at ed f r om

per i pher al bl ood wer e l abel ed
wi t h 1251 . Af t er l abel i ng, t he

cel l s wer e di vi ded i nt o t hr ee al i -
quot s: one of t hese ( cont r ol ) was
pr ocessed i mmedi at el y, one ( un-
t r eat ed) was i ncubat ed at 37 ° C
i n medi um, and one ( t r eat ed)
was i ncubat ed i n t he pr esence

of PI - PLC ( 1 : 200 di l ut i on, 45
mi n, 37 ° C) . Ant i body 3G8 was
used t o pr eci pi t at e FcyRI I I -
( CDl 6) f r om t he di f f er ent cel l
pel l et s and f r omt hei r super na-
t ant s, as i ndi cat ed. I mmunopr e-
ci pi t at es, unt r eat ed or t r eat ed
wi t h N- gl ycanase ( 20 U/ ml , 18 h,
37' C) wer e anal yzed i n SDS-
107o PAGE. Posi t i ons of t he
mol ecul ar wei ght mar ker s r un
on t he same gel s ar e i ndi cat ed
( Mr x 10 - 3) . ( A) 3G8 i mmuno-
pr eci pi t at es f r om cont r ol cel l s .
I n B, l anes l abel ed cel l s wer e ex-
posed t hr ee t i mes l onger t han
t he cor r espondi ng super nat ant
l anes .

t at ed f r om t he NK cel l super nat ant f r act i on ( Fi g . 2 B, super nat ant s) i r r espect i ve

of PI - PLC t r eat ment . Thi s r esul t was r epr oduci bl y obt ai ned usi ng f r eshl y i sol at ed

NK cel l s or B73. 1 ant i body f or FcyRI I I ( CD16) pr eci pi t at i on ( dat a not shown) . I n

agr eement wi t h a pr evi ous r epor t ( 16) , si gni f i cant amount s of pr ot ei n wer e al so de-

t ect ed i n t he super nat ant f r act i on f r omunt r eat ed PMN, whi ch was mor e abundant

i n t he super nat ant s f r omPI - PLC- t r eat ed PMN. N- gl ycanase t r eat ment of t he i m-

munopr eci pi t at es f r omsuper nat ant s of bot h NKcel l s and PMNr esul t ed i n t wo bands

of 23 and 28 kD appar ent mol ecul ar mass i r r espect i ve of PI - PLC t r eat ment . These

r esul t s ar e i n agr eement wi t h a pr evi ous st udy ( 7) showi ng t hat t he FcyRI I I ( CD16)

pol ypept i des pr eci pi t at ed f r omPI - PLC- t r eat ed NK cel l s super nat ant s, r epr esent i ng

N50% of t hose pr esent on cont r ol cel l s, had appar ent mol ecul ar masses of 28 kD

af t er N- gl ycanase t r eat ment . Pr eci pi t at i on f r omNKcel l pel l et s or cont r ol super na-

t ant s was not r epor t ed i n t hat st udy. I t i s most l i kel y t hat t he sol ubl e f or m of

FcyRI I I ( CD16) pr eci pi t at ed f r om t he NK cel l super nat ant s i s not t he r esul t of PI -

hydr ol ysi s and, i nst ead, der i ves f r ompr ot eol yt i c cl eavage of t he mol ecul e at a posi -
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Fc- yRI I I ( CD16) I N NATURAL KI LLER CELLS AND NEUTROPHI LS

t i on, near t he t r ansmembr ane domai n, at whi ch t he mol ecul e i s pr ocessed i n PMN

dur i ng f or mat i on of t he PI anchor . A si mi l ar f i ndi ng has been r epor t ed f or t he l ow

af f i ni t y FceRI I . An I gE- bi ndi ng, 37- kD mol ecul e, det ect ed i n t he super nat ant of

FceRI I - expr essi ng human B cel l l i nes ( 32) ar i ses by pr ot eol yt i c degr adat i on of a 45-

kD t r ansmembr ane f or m of FceRI I . These obser vat i ons on t he di f f er ences i n t he

PI - PLC sensi t i vi t y and mol ecul ar wei ght af t er degl ycosyl at i on of Fc- YRI I I ( CD16)

on NK cel l s and PMNpr ompt ed us t o char act er i ze t he FcyRI I I ( CD16) gene and
i t s t r anscr i pt i n NK cel l s and PMN.

Anal ysi s of FcyRI I I ( CD16) RNA i n NK Cel l s and PMN.

	

The mol ecul ar basi s f or

t he st r uct ur al di f f er ences obser ved f or Fc- yRI I I ( CD16) on PMNand NK cel l s was

appr oached t hr ough t he anal ysi s of t he RNAencodi ng t hese mol ecul es . Nor t her n

bl ot anal ysi s usi ng Fc- yRI I I ( CD16) - speci f i c pr obes r eveal ed a si ngl e speci es of i den-

t i cal si ze i n PMNand NK cel l s ( not shown) . I n a pr evi ous st udy ( 7) , S1 anal ysi s

demonst r at ed no det ect abl e di f f er ences i n t he FcyRI I I ( CD16) encodi ng RNAob-

t ai ned f r om NK cel l s as compar ed wi t h a cDNA sequence encodi ng t he PI - l i nked

mol ecul e . To det er mi ne t he st r uct ur al basi s f or t he si ze di f f er ence of t he degl ycosyl at ed

pr ot ei ns obser ved on PMNand NK cel l s, sequence anal ysi s of cDNAs cor r espondi ng

t o t hese RNA was per f or med . Tot al RNA was ext r act ed f r om bot h cel l t ypes ob-

t ai ned f r oman NA- 2/ NA- 2 donor , conver t ed t o cDNA usi ng Fe- yRI I I ( CD16) - speci f i c

pr i mer s and r ever se t r anscr i pt ase and ampl i f i ed by t he pol ymer ase chai n r eact i on .

Sequence anal ysi s of t hose cDNA r eveal ed si ngl e nucl eot i de subst i t ut i ons i n t he NK

cel l t r anscr i pt ( cor r espondi ng t o nucl eot i des 1- 887) . For exampl e, as shown i n Fi g .

3 A, a T at posi t i on 733 i n t he sequence der i ved f r om PMN RNA i s seen t o be

a C i n t he sequence obt ai ned f r om NK cel l RNA, r esul t i ng i n an ext ended open

r eadi ng f r ame f or t he NK cel l t r anscr i pt . Si mi l ar l y, a C at posi t i on 766 i n PMN

i s f ound t o be a T i n NK cel l s . Sequence anal ysi s of t hi s r egi on of t he Fc' YRI I I ( CD16)

RNAobt ai ned f r omt he cDNA ampl i f i ed f r omt hese cel l t ypes of t hi s donor r eveal ed

t he f ol l owi ng cel l t ype- speci f i c si ngl e nucl eot i de subst i t ut i ons : posi t i on 141 ( C t o

G) , 147 ( T t o C) , 277 ( A t o G) , 473 ( A t o G) , 505 ( C t o T) , 531 ( T t o C) , 559 ( G

t o T) , 641 ( C t o T) , 733 ( T t o C) , 766 ( C t o T) , 814 ( A t o G) , and 829 ( G t o A)

( Fi g. 3 B) . These 12 nucl eot i de changes r esul t i n si x ami no aci d changes ( Fi g. 3 B) .

Si mi l ar sequence anal ysi s of t r anscr i pt s der i ved f r omPMNand NKcel l s of a second

donor ( NA- 1/ NA- 1) r eveal ed t he same nucl eot i de subst i t ut i ons bet ween NKcel l s and

PMNat posi t i ons 473, 505, 531, 559, 641, 733, 766, 814, and 829 as wer e seen f or

t he NA- 2/ NA- 2 donor , r eveal i ng t hat t hese di f f er ences bet ween NK cel l s and PMN

wer e not t he r esul t of al l el i c var i at i on . I n cont r ast , f i ve nucl eot i des wer e f ound t o

di f f er bet ween PMNt r anscr i pt s of NA- 2 and NA- 1 donor s : posi t i ons 141 ( C- ' G) ,
147 ( T- C) , 227 ( G- - , A) , 277 ( A- ' G) , and 349 ( A- - , G) ( bol d- f aced nucl eot i des i n

I I I - 1, Fi g . 3 B) . No di f f er ences wer e det ect ed i n NK t r anscr i pt s bet ween NA- 2 and

NA- 1, i ndi cat i ng t hat NA- 1 and NA- 2 al l el es ar e r est r i ct ed t o I I I - 1 . The t hr ee nucl eo-

t i de di f f er ences at posi t i ons 141, 147, and 277 coi nci de wi t h t he cel l t ype- speci f i c

di f f er ences bet ween I I I - 1 and I I I - 2 i n t he NA- 2 homozygous donor , r esul t i ng i n a

I I I - 1, NA- 1 sequence i dent i cal t o I I I - 2 at t hose posi t i ons . Thi s pat t er n of nucl eot i de

subst i t ut i on i n I I I - 1 f or NA- 1 and NA- 2 al l ows f or t he mappi ng of t hese epi t opes .

Si nce NK cel l s ar e al ways NA- 2+ and do not expr ess t he NA- 1 epi t ope, we can con-

cl ude t hat t he nucl eot i de di f f er ences at posi t i ons 227 and 349 must det er mi ne t he

NA- 1 and NA- 2 epi t opes . The G- At r ansi t i on i n I I I - 1, NA- 1 at posi t i on 227 r esul t s
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FI GURE 3 .

	

Sequence anal ysi s
of FcyRI I I ( CD16) t r anscr i pt s i n
PMNand NK cel l s . ( A) RNA
ext r act ed f r om t he i ndi cat ed
cel l s of a si ngl e i ndi vi dual wer e
conver t ed t o cDNA usi ng ol i go
465 and ampl i f i ed by PCR
usi ng ol i go 466 ( see Mat er i al s
and Met hods) . Ol i go 473 was
end l abel ed wi t h 12 P and used
t o gener at e an ext ensi on pr od-
uct f r om t he ampl i f i ed cDNA,
gel pur i f i ed, and sequenced by
t he chemi cal degr adat i on met h-
od ( 28) . I dent i cal r esul t s wer e
obt ai ned usi ng ol i gos 485/ 494
on t ot al RNA, ext endi ng wi t h
ol i go 466 or 473 . Sequences
wer e conf i r med on t he opposi t e
st r and usi ng ol i gos 491, 465, or
474 . Ast er i sks i ndi cat e nucl eo-
t i de di f f er ences bet ween t he cel l
t ypes . The ef f ect of t hese se-
quence changes on t he t r ansl a-
t i on of t he FcyRI I I ( CD16) t r an-
scr i pt i s i ndi cat ed . Thel anes of
t he sequenci ng gel s ar e ( l ef t t o
r i ght ) : G, A>C, T+C, and C.
( B) Nucl eot i de sequence of

cDNA f or FcyRI I I ( CD16) ob-
t ai ned f r omNK cel l s and PMN

of an NA- 2/ NA- 2 i ndi vi dual .
I I I - 1 i ndi cat es t he PMN se-

quence ; I I I - 2 t he NK cel l se-
quence. I dent i cal nucl eot i des

ar e i ndi cat ed by dashes . I I I - 1

nucl eot i des i ndi cat ed i n bol d-

f aced t ype ar e al l el i c i n NA-
1/ NA- 1 ; over l i ned nucl eot i des
( 227 and 349) det er mi ne t he
NA- 2 and NA- 1 r eact i vi t i es of
PMNFcyRI I I ( CD16) , r espec-
t i vel y . The pr edi ct ed ami no aci d
sequence i s shown bel ow wi t h
t he hydr ophobi c cor e of t he
si gnal sequence and t r ansmem-
br ane domai n over l i ned . N-
l i nked gl ycosyl at i on si t es ar e un-
der l i ned . The ext ended r eadi ng
f r ame f or t he NK cel l t r anscr i pt
( 111- 2) i s i ndi cat ed i n bol d- f aced
t ype, as ar e t he ami no aci d
di f f er ences.
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Fcf RI I I ( CDI 6) I N NATURAL KI LLER CELLS AND NEUTROPHI LS

i n t he l oss of t he gl ycosyl at i on sequence Asn- Gl u- Ser 61 i n I I I - 1, NA- 2, conver t i ng
i t t o Asn- Gl u- Asn" . Si mi l ar l y, t he A- Gt r ansi t i on at posi t i on 349 i n I I I - 1, NA- 1

r esul t s i n an I l e 106 t o Val i ° 6 change . I I I - 2, al t hough not al l el i c f or NA- 1/ NA- 2, has

been f ound t o be al l el i c at nucl eot i de 559 ( T/ G) , as det er mi ned f r omt he sequenci ng
of t he I I I - 2 gene and t r anscr i pt f r om 6 donor s ( not shown) .

The speci f i ci t y of expr essi on of t he I I I - 1 and I I I - 2 t r anscr i pt s was demonst r at ed
by ol i gonucl eot i de hybr i di zat i on . Ol i gonucl eot i de pr obes t hat di f f er ed onl y at a si ngl e

nucl eot i de, i ndi cat ed i n Fi g . 4, wer e hybr i di zed t o PCR: ampl i f i ed cDNA obt ai ned

f r om f our set s of donor - mat ched PMNand NK cel l s. I n al l cases, t he NK cel l - de-

r i ved RNAcont ai n a C at posi t i on 733 and a T at posi t i on 766, whi l e PMNhave
a Tand Cat t hese posi t i ons, r espect i vel y . An ol i gonucl eot i de pr obe common t o bot h
cel l t ype t r anscr i pt s hybr i di zed t o al l sampl es . Hybr i di zat i on and sequenci ng st udi es

r eveal ed no evi dence f or mol ecul ar het er ogenei t y wi t hi n a si ngl e cel l t ype .

St r uct ur al Anal ysi s of Two FcyRI I I ( CD16) Genes.

	

The basi s f or t hese si ngl e nucl eo-
t i de di f f er ences i n FcyRI I I ( CD16) t r anscr i pt s of NKcel l s and PMNwas i nvest i gat ed
by det er mi ni ng t he gene st r uct ur e f or t hi s r ecept or . Sout her n bl ot anal ysi s of pl acent a
or spl een DNA r est r i ct ed wi t h Eco RI , Hi nd I I I , Nco I , Kpn I , Bgl I I , and Pst
I and pr obed wi t h exon- speci f i c pr obes f or t he si gnal sequence, t he ext r acel l ul ar do-

FI GURE 4.

	

Ol i gonucl eot i de hybr i di zat i on of PCRampl i f i edcDNAof NKcel l s and PMN. RNA
ext r act ed f r omNK cel l s or PMNof si ngl e i ndi vi dual s was conver t ed t o cDNA and ampl i f i ed
usi ng ol i gos 465/ 466, spot t ed on ni t r ocel l ul ose and hybr i di zed wi t h end- l abel ed, NK- speci f i c ol i gos
488 and 489 or PMN- speci f i c ol i gos 474 and 490 or t he FcyRI I I ( CD16) common ol i go 473 . Four

donor s wer e st udi ed, i ndi cat ed A- D. The si ngl e nucl eot i de di f f er ence i n each ol i go i s i ndi cat ed.
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mai ns ( encoded on t wo exons) , or t he t r ansmembr ane- cyt opl asmi c- 3' UT exon al l

demonst r at ed si ngl e r est r i ct i on f r agment s ( not shown) , suggest i ve of a si ngl e gene

or t wo hi ghl y conser ved genes . However , BamHI r eveal ed t wo r est r i ct i on f r agment s

of 4 . 8 and 18 kb when pr obed wi t h ei t her an EC- 2 pr obe or TM- CYT3' UT pr obe

( Fi g . 5) . Si mi l ar l y, Hi nc I I r eveal ed t wo f r agment s of 5 . 0 and 3. 0 kb when pr obed

wi t h t hi s pr obe ( not shown) . To r ul e out pol ymor phi sm as t he basi s f or t hese addi -

t i onal f r agment s, DNAf r om23 i ndi vi dual s of di f f er ent r aci al or i gi ns wer e r est r i ct ed

wi t h Hi nc 11 and pr obed wi t h t he FcyRI I I ( CD16) TM- CYT3' UT pr obe . Al l DNAs

r eveal ed t wo di st i nct Hi nc I I f r agment s ( not shown) . These t wo di st i nct , but hi ghl y

homol ogous genes f or FcyRI I I ( CD16) wer e cl oned by si ze f r act i onat i on of Eco RI - r e-

st r i ct ed pl acent al DNA and cl oni ng of t he 9. 0- kb f r agment t hat encodes each

FcyRI I I ( CD16) gene. Ni ne i ndependent FcyRI I I ( CD16) cl ones wer e obt ai ned whi ch

wer e scr eened wi t h ol i gonucl eot i de pr obes descr i bed i n Fi g . 4 speci f i c f or each t r an-

scr i pt . Fi ve cl ones hybr i di zed onl y wi t h t he NK- speci f i c ol i gonucl eot i des, whi l e f our

cl ones hybr i di zed excl usi vel y wi t h t he PMN- speci f i c ol i gonucl eot i des . I n addi t i on

t o t hese cl ones, t he 18- kb Bar n HI f r agment shown i n Fi g . 5 was cl oned and, as ex-

pect ed, hybr i di zed onl y wi t h t he NK- speci f i c ol i gonucl eot i de pr obes . Cosmi d cl ones

f or each of t hese genes wer e al so obt ai ned . DNAsequence anal ysi s of t hese t wo cl asses

of cl ones conf i r med t he hybr i di zat i on r esul t s . Gene I I I - 1 encodes t he PMNt r an-

scr i pt sequence, whi l e gene I I I - 2 encodes t he NKcel l t r anscr i pt sequence. The I I I - 1

sequence det er mi ned demonst r at es t he f i ve nucl eot i de subst i t ut i ons i n EC- 1 char ac-

t er i st i c of t he NA- 1 al l el e . Fur t her evi dence f or a gene dupl i cat i on f or FcyRI I I ( CD16)

was obt ai ned by ut i l i zi ng t he obser vat i on t hat t he nucl eot i de changes at posi t i on

733 and 766 each gener at e a novel r est r i ct i on enzyme r ecogni t i on si t e. The T- C

change at 733 cr eat es a Taq I si t e, whi l e t he C- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" T change at 766 cr eat es a Dr a I

si t e . As seen i n Fi g . 5, Taq I or Dr a I di gest i on of spl een DNAhybr i di zed wi t h TM

or TUTpr obes r eveal s t he exi st ence of bot h sequences i n t he genome . When pr obed

wi t h t he TMpr obe, Taq I r eveal s f r agment s of 6. 5, 3. 8, 3 . 5 kb ( 3 . 8- and 3 . 5- kb bands

mi gr at e as a doubl et i n t hi s exper i ment ) and 280 by ( seen opt i mal l y wi t h t he 3' UT

pr obe) , whi l e Dr a I gener at es f r agment s at 900, 550, and 350 bp . The 6. 5- kb Taq

I f r agment seen i n t hi s exper i ment r epr esent s a pol ymor phi sm as det er mi ned by

scr eeni ng DNAobt ai ned f r om i ndi vi dual s of di f f er ent r aci al or i gi ns wi t h Taq I . I t

i s associ at ed wi t h t he I I I - 1 NA- 2 al l el e, as det er mi ned by Taq I di gest i on of DNA

der i ved f r omNA- 1/ NA- 1, NA- 2/ NA- 2, and NA- 1/ NA- 2 donor s and hybr i di zi ng wi t h

t he FE- yRI I I TM/ CYT pr obe ( not shown) . The 550- bp Dr a I f r agment i s not de-

t ect ed when t he TUT pr obe i s used, si nce t he pr obe i s 3' of t he expect ed f r agment .

The addi t i onal Taq and Dr a f r agment s of 3 . 0 and 3 . 2 kb, r espect i vel y, det ect ed wi t h

t he 3' UT pr obe r esul t f r omcor r espondi ng 3' f r agment s . Cl oned genes speci f i c f or

each t r anscr i pt , when pr obed wi t h t he TMsequence, pr oduce ei t her a 3 . 8- kb Taq

f r agment ( I I I - 1, NA- 1) or a 3. 5- and 0. 28- kb f r agment ( I I I - 2) ; Dr a I r eveal s ei t her
an 900- bp f r agment ( I I I - 1) or a 550- and 350- bp f r agment ( I I I - 2) . A map of t hese

t wo genes, der i ved f r omhybr i di zat i on and sequence anal ysi s, i s pr esent ed i n Fi g. 5 .

The Nucl eot i de Subst i t ut i on at Posi t i on 733 El i mi nat es a Tr ansl at i on Ter mi nat i on Sequence.

The nucl eot i de change at posi t i on 733 i n gene I I I - 2 occur s at a posi t i on i n gene

I I I - 1 t hat speci f i es an i n f r ame t r ansl at i on t er mi nat i on codon TGA( occur r i ng af t er

t he codon f or ami no aci d 233) , encodi ng i n i t s pl ace a CGA codon t hat speci f i es

t he ami no aci d ar gi ni ne . The r esul t i ng open r eadi ng f r ame f or t he t r anscr i pt de-
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FcyRI I I ( CD16) I N NATURAL KI LLER CELLS AND NEUTROPHI LS

FI GURE 5 .

	

Two genes encode FcyRI I I ( CD16) : I I I - 1 and I I I - 2 . ( Top) Sout her n bl ot anal ysi s of
s~l een DNAor DNA der i ved f r om cl ones of each gene as i ndi cat ed . The bl ot s wer e pr obed wi t h
s P- l abel ed pr obes as i ndi cat ed under each aut or adi ogr aph. The 18- kb BamHI f r agment de-
t ect ed wi t h t he TMpr obe, encoded on t he 111- 2 gene, i s denot ed wi t h an ast er i sk. An ar r ow
i ndi cat es t he 280- bp Taq I f r agment der i ved f r omt he I I I - 2 gene . The Taq and Dr a exper i ment s
wer e r esol ved on 1 . 2 %agar ose gel s t o opt i mi ze t he separ at i on of smal l f r agment s, t he bl ot s mar ked
spl een wer e pr obed f i r st wi t h t he TMpr obe, st r i pped, and r epr obed wi t h t he 3' UT pr obe . ( Bot t om)
Rest r i ct i on maps of t he t wo FcyRI I I ( CD16) genes . The exon- i nt r on st r uct ur e of each gene i s
i ndi cat ed, as det er mi ned by DNA sequence anal ysi s . The r egi on cor r espondi ng t o t he TM- CYT
3' UT exon i s expanded t o i ndi cat e t he posi t i on of t he Taq I and Dr a I si t es gener at ed i n I I I - 2
by t he nucl eot i de di f f er ences bet ween t hese genes ( t hese si t es ar e not i ndi cat ed f or I I I - 2 on t he
upper map f or cl ar i t y) . Pr obes used i n t hi s st udy ar e i ndi cat ed bel ow t he maps . E, EcoRI ; B,
Bar n HI ; H, Hi nd I I I ; T, Taq I ; D, Dr a I , N, Nco I ; M, l abel ed mar ker s . The r est r i ct i on maps
ar e not compl et e f or t he sequences f l anki ng t hese genes 5' of t he si gnal exon and 3' of t he TUTexon .
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A

	

229 233

	

FI GURE 6 .

	

Sequence compar
192

	

209

	

254

	

i son of FcyRI I I ( CD16) t r an-
scr i pt s i n NK cel l s, PMNand
genomi c DNA. ( A) Nucl eot i de
sequence dat a ar e shownf or t he
I I I - 1 and I I I - 2 genes and t hei r
deduced t r anscr i pt s f or t he t r ans-
membr ane/ cyt opl asmi c/ 3' UT
exon ( i ndi cat ed schemat i cal l y at

M

	

V

	

L

	

L

	

F

	

A

	

V

	

D

	

T

	

G

	

L

	

Y

	

F

	

5

	

V

	

K

	

T

	

N

	

I

	zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

"

	

t he t op of t he f i gur e wi t h r el evant
111- 1 ATGGTACTCCTTTTTGCAGTGGACACAGGI I CTATATTTCTCTGTRMGCAAACATTTGAAGCTCAACMGAGAC

PNN

	

AUGGUACUCCWUUUGCAGVGGACACAGGACUAUAUWCUCUGWAAGACAAACA=CAACAAGAGAC

	

ami no aci ds number ed) begi n-
111- 2 ATGGTACTCCTTTTTGCMTGGACACAGGCTATATTTCTCTGTGAGCAMCATI ~M~ CMCMRAGC

	

nucl eot i de 611 number -NK

	

AUGGUACUCCUUUUUGCAGUGGACACAGGACUAUAWUCUCUGVGAAGACAAACAWCGAAGCUCAACAAGAGAC

	

ni n$' at nUC
R S s T R D

	

i ng accor di ng t o t he publ i shed
cDNA sequence [ 71) , whi ch i s
t he f i r st nucl eot i de of t hi s exon
and ext endi ng t o nucl eot i de
848. The genomi c sequences
wer e obt ai ned i ndependent l y
f r omt he cl oned FcyRI I I ( CD16)
genes i sol at ed as descr i bed ( see

2 16

	

261

	

t ext and Mat er i al s and Met h-
Mouse Fc7RI I a

	

AFSLVMCLLFAVDTGLYFYVRRNLQTPREYNRKSLSI RKHQAPQDK "

	

ods) . Posi t i ons wher e t he se-

Human Fc7RI I I - NK

	

SFCLVMVLLFAVDTGLYFSVKTNI RSSTRDN- KDHKFKNRKDPQDK'

	

quences wer e f ound t o di f f er ar e
209

	

254

	

ci r cl ed i n t he I I I - 2 sequence .
The pr edi ct ed t r ansl at i on i s i n-

di cat ed, wi t h t he ext ended r eadi ng f r ame f or I I I - 2 gene and NK cel l t r anscr i pt i ndi cat ed i n bol d- f aced
t ype . ( B) Sequence al i gnment of t he pr edi ct ed COOH t er mi nus of Fr y- RI I I ( CD16) i n NK cel l s com-
par ed wi t h t he mur i ne homol ogue, FcyRI I ct , usi ng t he f ast p al gor i t hm ( 37) . Two dot s i ndi cat e i dent i t y,
si ngl e dot s i ndi cat e changes t hat ar i se by si ngl e nucl eot i de subst i t ut i ons . The t r ansmembr ane domai n
i s i ndi cat ed .

I I I - 1

PM
111- 2
NK

111- 1
PMN

111- 2

TM C SUT

G L A V S T I S S F S P P G Y Q V 5 F C L V
111- 1 . . . . . . . . . . GTTTGGCAGTGTCMCCATCTCATCATTCTCTCCACCTGGGTACCMGTCTCTTTCTGCTTGGTG

PM . . . . . . . . . . r 000GGCAGUGUCAACCAUCUCAUCAUUCUj ~UCCACCUGGWACCAAGUCUCUI I UCUGCUUGGUG
111- 2 . . . . . . . . . . GTTTGRCARTGTRMCCATCTCATCATTCI I QCCACCTGGGTACCAAGTCTCTTTCTGCTTGGTG
NK . . . . . . . . . . GUUUGGCAGUGUCAACCAUCUCAUCAUUCWUCCACCUGGGUACCMGUCUCUUUCUGCUUGGUG

F

TGGMRGACCATAMCTTAMTGRI I RAAAGGACCCTCMGCAMTGCCCCCATCCCATGGRI I RTMTAAGGC

UGGAAGGACCAUAAA~UUAAAUGGAGAMGGACCCUCAAGACAAAUGACCCCCAUCCCAUGGGAGTAATAAGAGC
TGRAARGACCAT=AMTGRASAAAGRACCCTCAAGACA1UI TGCCCCCATCCCATGGOTMTMGAsc
UGGAAGGACCAUAAAUUUAAAUGGAGAAAGGACCCUCAAGACAAAVGACCCCCAUCCCAUGGG GTAATAAGAGC

N K D H K F K N R K D P Q D K

AGTRGCA6CAGCATCTCTGAACA. . . . .
GCAGCAGCAUCUCUGMCA . . . . .

ATCTCTGAACA. . . . .
AGUAGCAGCAGCAUCUCUGMCA . . . . .

r i ved f r om I I I - 2, shown i n Fi g. 6 a, encodes an addi t i onal 21 ami no aci ds, t er mi nat i ng

at nucl eot i de 797 . The pr edi ct ed cyt opl asmi c domai n f or t he FcYRI I I ( CD16) se-

quence t r anscr i bed f r om t he I I I - 2 gene i n NK cel l s i s 25 ami no aci ds l ong . The

46 addi t i onal ami no aci ds encoded by t he t r ansmembr ane and cyt opl asmi c domai ns

pr esent i n t he I I I - 2 t r anscr i pt i n NK cel l s coul d account f or an addi t i onal 6, 000

dal t ons of mass, as woul d be pr edi ct ed f or a t r ansmembr ane- anchor ed Fc7RI I I ( CD16)

pr ot ei n of NK cel l s . Thi s val ue i s i n agr eement wi t h t he r esul t s pr esent ed i n Fi g.

2, i ndi cat i ng t hat FcyR111( CD16) on NK cel l s i s r esi st ant t o PI - PLC and mi gr at es,

when degl ycosyl at ed, as a pr ot ei n of appar ent mass 5- 10, 000 dal t on l ar ger t han i t s

PMNhomol ogue. The homol ogy bet ween t he FcyRI I I ( CD16) pr ot ei n pr edi ct ed f or

human NK cel l s and t he mur i ne FcyRI I a mol ecul e i s i ncr eased by t hi s ext ended

open r eadi ng f r ame . The FcyRI I I ( CD16) sequence f or t he NK cel l mol ecul e now

demonst r at es homol ogy t o t he mouse FcyRI I a mol ecul e not onl y i n i t s t r ansmem-

br ane domai n, as has been obser ved ( 7) , but i n i t s cyt opl asmi c domai n as wel l ( Fi g.

6 b) .

Di scussi on

FcyRI I I ( CD16) of NKcel l s and PMNdi f f er i n t hei r PI - PLC sensi t i vi t y and t hei r

appar ent mol ecul ar wei ght s af t er degl ycosyl at i on. Cel l t ype- speci f i c t r anscr i pt s t hat

di f f er by si ngl e nucl eot i de subst i t ut i ons wer e f ound t o encode t hese al t er nat i ve f or ms

of Fc7RI I I ( CD16) . Numer ous exampl es of al t er nat i ve spl i ci ng t o gener at e al t er na-

t i vel y anchor ed or secr et ed pr ot ei ns have been descr i bed ( N- CAM, DAF, AchE and
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FeyRI I I ( CD16) I N NATURAL KI LLER CELLS AND NEUTROPHI LS

LFA- 3 ; r evi ewed i n r ef er ence 17) . The mol ecul ar basi s f or t he st r uct ur al di f f er ences

bet ween t he FcyRI I I ( CD16) mol ecul e on PMN and NK cel l s i s t he r esul t of cel l

t ype- speci f i c t r anscr i pt i on of near l y i dent i cal but di st i nct genes t hat encode t hese

si ngl e nucl eot i de di f f er ences .

cDNA f or Fc- yRI I I ( CD16) expr essed i n NKcel l s and PMNwer e synt hesi zed and
t hen ampl i f i ed by t he pol ymer ase chai n r eact i on . These sequences wer e f ound t o
di f f er by mul t i pl e si ngl e nucl eot i de subst i t ut i ons f ound i n r egi ons of t he mol ecul e

cor r espondi ng t o t he ext r acel l ul ar domai n and t r ansmembr ane- cyt opl asmi c- 3' UT

r egi ons . That t hese di f f er ences wer e obser ved consi st ent l y i n onl y one ( NK) of t he

pai r ed RNA ( NK/ PMN) sampl es pr ocessed si mul t aneousl y ar gues agai nst r ever se
t r anscr i pt ase or PCRampl i f i cat i on as t he sour ce of t hese di f f er ences . Pol ymor phi sm
has been r epor t ed t o be associ at ed wi t h FcyRI I I ( CD16) on PMN. Two al l el i c f or ms
( NA- 1 and NA- 2) have been descr i bed t hat ar e di st i ngui shed by human al l oant i ser a,

by mol ecul ar mass i n SDS- PAGE, and by speci f i c mAbs ( 21) . Fi ve nucl eot i de changes

i n t he EC- 1 domai n of t he I I I - 1 gene ar e associ at ed wi t h al l el i c f or ms of t he mol e-

cul e, t wo of whi ch ar e speci f i c f or t he NA- 1 or NA- 2 al l el es ( 227 and 349) . The

Fc, yRI I I ( CD16) pr ot ei n i mmunopr eci pi t at ed f r om NA- 2 homozygous donor s mi -

gr at es mor e sl owl y on SDS- PAGE as compar ed t o NA- 1 al l el e . The Ser 65 - Asn65

change t hat r esul t s i n t he l oss of a gl ycosyl at i on si t e i n NA- 1 i s t her ef or e consi st ent

wi t h Ser 65 det er mi ni ng t he NA- 2 al l el e. The Val 116 t hen, i s a l i kel y candi dat e f or

t he NA- 1 det er mi nant . The r emai nder of t he changes wer e obser ved i n di f f er ent cel l

t ypes of t he same i ndi vi dual and wer e consi st ent l y obser ved i n al l NK cel l sampl es,

r egar dl ess of donor al l el e . Two genes encodi ng FcyRI I I ( CD16) wer e cl oned and char ac-

t er i zed . Bot h genes ar e encoded on human chr omosome 1, t i ght l y l i nked t o

FcyRI I ( CD32) genes and each ot her ( Qi u, W. Q, R. Pear se, and J . Ravet ch, un-

publ i shed obser vat i ons) . These genes have near l y i dent i cal r est r i ct i on maps and en-

code al l t he sequence di f f er ences obser ved bet ween t he NK cel l and PMNt r anscr i pt s

f or t he appr opr i at e al l el e . A6. 5- kb Taq f r agment was f ound t o be pol ymor phi c and

speci f i cal l y associ at ed wi t h t he I I I - 1, NA- 2 al l el e ; t hi s band was not det ect ed i n a

cosmi d cl one encodi ng t he I I I - 1 gene of t he NA- 1 al l el e ( Fi g . 5) . Thi s pol ymor phi sm

shoul d pr ove usef ul i n t he r api d t ypi ng of NA- 1 and NA- 2 al l el es of I I I - 1 . The nonal l el i c

nucl eot i de di f f er ences bet ween I I I - 1 and I I I - 2 occur i n al l exons encodi ng t he r ecept or ,

r ul i ng out al t er nat i ve spl i ci ng as t he mechani smgener at i ng t he al t er nat i ve anchor ed

f or ms of t hi s r ecept or . However , t he degr ee of i dent i t y bet ween t hese genes i s r emar k-

abl e . Thi s hi gh degr ee of i dent i t y suggest s ei t her a r ecent evol ut i onar y hi st or y or

a mechani sm- l i ke gene conver si on t hat mai nt ai ns sequence f i del i t y .

Cel l t ype- speci f i c t r anscr i pt i on of t hese t wo genes, I I I - 1 i n PMNand I I I - 2 i n NK

cel l s, appear s t o be excl usi ve ( Fi g . 4) and r esul t s i n t he appear ance of al t er nat i vel y

anchor ed f or ms of t he FcyRI I I ( CD16) pr ot ei n . The basi s f or t hi s al t er nat i ve an-

chor i ng r esul t s f r om t he di f f er ences bet ween t hese t wo genes and t hei r r espect i ve

t r anscr i pt s . The I I I - 1 gene encodes a t r anscr i pt wi t h a shor t ( f our ami no aci d) cyt o-

pl asmi c domai n, whi ch i s expr essed as a PI - anchor ed pr ot ei n bot h i n PMNand

t r ansf ect ed COS cel l s. I I I - 2 gene encodes a t r anscr i pt wi t h a cyt opl asmi c domai n

of 25 ami no aci ds as a r esul t of a T- Csubst i t ut i on i n t he t er mi nat i on codon TGA

of t he I I I - 1 gene . The ef f ect of t hi s l onger cyt opl asmi c domai n i s l i kel y t o cont r i but e

t o t he pr ocessi ng of t hi s pr ot ei n f r oma PI - l i nked mol ecul e t o a t r ansmembr ane pr o-
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t ei n . Thi s hypot hesi s i s suppor t ed by our st udi es on mur i ne FcyRI I a, whi ch i s ho-

mol ogous t o t he Fc- yRI I I ( CD16) pr edi ct ed f or NK cel l s i n i t s t r ansmembr ane and

cyt opl asmi c domai ns. Mur i ne FcyRI I a can be t r ansf ect ed and expr essed i n mur i ne

L cel l s ( 33) , whi ch do not expr ess PI - l i nked mol ecul es ( 34) . I n addi t i on, we have

obser ved t hat FcyRI I a i s expr essed as a PI - PLC r esi st ant mol ecul e on mouse mac-

r ophage cel l l i nes ( Zal man, H. , and J . Ravet ch, unpubl i shed) and NK cel l s ( 35) .

Fbssi bl e Funct i onsf or t he Al t er nat i vel y Anchor ed For ms of FcyRI I I ( CD16) .

	

FcyRI I I ( CD16)

has been post ul at ed t o medi at e di f f er ent f unct i ons on NK cel l s andPMN. Thi s FcyR

on NKcel l s medi at es ADCC; t he i nt er act i on of FcTRI I I ( CD16) wi t h l i gand on NK

cel l s r esul t s i n t r ansduct i on of i nt r acel l ul ar si gnal s, pr esumabl y t hr ough i t s i n-

t r acyt opl asmi c domai n, t hat i nduce act i vat i on of genes f or l ymphoki nes and r ecept or s

i nvol ved i n NK cel l f unct i ons and bi ol ogy ( 23, 36) . Thi s act i vat i on i s medi at ed, at

l east par t l y, t hr ough i ncr eased [ Ca2+ ] i and r ecept or - i nduced PI hydr ol ysi s . The r ol e

of FcyRI I I ( CD16) on PMNi s l ess cer t ai n . Those cel l s expr ess t wo di st i nct cl asses

of r ecept or s f or i mmune compl exes, FcyRI I ( CD32) and FcyRI I I ( CD16) . Ant i bodi es

t o ei t her FcyR cl ass i nhi bi t PMNf unct i ons, suggest i ng t hat bot h r ecept or s may be

needed t o t r i gger a f unct i onal r esponse and may act syner gi st i cal l y when pr esent ed

wi t h mul t i val ent i mmune compl exes . Si nce PMNanchor FcyRI I I ( CD16) wi t h a PI

t ai l at t achment , i t has been pr oposed t hat t he r ol e of t hi s f or m of t he mol ecul e i s

t o capt ur e i mmune compl exes wi t hout t r i gger i ng neut r ophi l act i vat i on ( 13) . The cel l

t ype- speci f i c expr essi on of t he t wo genes encodi ng FcyRI I I ( CD16) descr i bed her e

t hat gener at es t hese al t er nat i ve pr ot ei n f or ms t hus has a si gni f i cant ef f ect on t he bi o-

l ogi cal f unct i on of t hese mol ecul es .

Summar y

Al ow af f i ni t y r ecept or f or I gGi mmune compl exes, FcyRI I I ( CD16) , i s expr essed

on human NK cel l s as an i nt egr al membr ane gl ycopr ot ei n anchor ed t hr ough a t r ans-

membr ane pept i de ; on pol ymor phonucl ear neut r ophi l s ( PMN) t he r ecept or i s an-

chor ed t hr ough a phosphat i dyl i nosi t ol ( PI ) l i nkage . The pr ot ei n on NK cel l s has

a mol ecul ar mass 6- 10 kD l ar ger t han t hat on PMN, and, unl i ke t he l at t er , i s r esi s-

t ant t o PI - speci f i c phosphol i pase C( PI - PLC) . FcyRI I I ( CD16) t r anscr i pt s i sol at ed

f r omPMNand NK cel l s of si ngl e donor s r eveal ed mul t i pl e si ngl e nucl eot i de di f f er -

ences, one of whi ch conver t s an i n f r ame UGA t er mi nat i on codon t o a CGAcodon.

The r esul t i ng open r eadi ng f r ame encodes a l onger cyt opl asmi c domai n f or

FcyRI I I ( CD16) i n NK cel l s, cont r i but i ng t o i t s t r ansmembr ane anchor . Two near l y

i dent i cal , l i nked genes t hat encode t hese t r anscr i pt s have been cl oned f or

FcyRI I I ( CD16) , one of whi ch ( I I I - 1) i s al l el i c f or NA- 1 and NA- 2 . The al l el i c si t es

have been mapped t o t wo si ngl e nucl eot i des i n t he ext r acel l ul ar domai n . These genes

ar e t r anscr i bed i n a cel l t ype- speci f i c f ashi on t o gener at e t he al t er nat i vel y anchor ed

f or ms of t hi s r ecept or .

We gr at ef ul l y acknowl edge Dr s . Pet er Model and Mi chael Shef f er y f or many hel pf ul di scus-

si ons and cr i t i cal r eadi ng of t hi s manuscr i pt and Wei Qi ao Qi u f or cont r i but i ng t o Fi g . 5 .

We wi sh t o acknowl edge t he t echni cal assi st ance of J . Faust , J . Ur f f er , J . Dadgar , and A.

Pavl ovec and t he secr et ar i al assi st ance of K. Yat es .

Recei vedf or publ i cat i on 18 Apr i l 1989 and i n r evi sed f or m 1 May 1989.
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