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Cel l sur f ace r ecept or s f or t he Fe domai n of I gG ar e f ound on most cel l s of t he
hemat opoi et i c l i neage and ar e def i ned by t hei r abi l i t y t o bi nd I gG- ant i gen compl exes .
Thi s bi ndi ng coupl es t he humor al and cel l ul ar i mmune r esponse and i s a compo-
nent i n an or gani sm' s capaci t y t o cl ear f or ei gn ant i gens . I n t he human, t hese r ecept or s
have been di vi ded i nt o t hr ee cl asses based on di f f er ences i n appar ent mol ecul ar mass,
af f i ni t y f or I gG, cel l ul ar di st r i but i on and r eact i vi t y wi t h mAbs ( r evi ewed i n r ef er -
ence 1) . FcRI i s a hi gh af f i ni t y Fc r ecept or , bi ndi ng monomer i c I gG, and i s expr essed
on monocyt i c cel l s . FcRs I I and I I I ar e l ow af f i ni t y r ecept or s, bi ndi ng i mmune com-
pl exes of I gG, and ar e expr essed on bot h myel oi d and l ymphoi d cel l s . The br oad
di st r i but i on of FcRI I i s mi r r or ed i n t he ar r ay of cel l ul ar r esponses at t r i but ed t o t hese
r ecept or s . Cr ossl i nki ng of FcRI I on monocyt es and gr anul ocyt es by i mmune com-
pl exes r esul t s i n ef f ect or r esponses such as phagocyt osi s, ant i body- dependent cel -
l ul ar cyt ot oxi ci t y ( ADCC) , ' and t he r el ease of medi at or s of i nf l ammat i on ( 2) . En-
gagement of t hese r ecept or s on l ymphocyt es i s suggest ed t o be i nvol ved i n t he r egul at i on
of l ymphocyt e di f f er ent i at i on and ant i body pr oduct i on ( 3) .

The st r uct ur al basi s f or t hi s f unct i onal het er ogenei t y i n r esponse t o a common
l i gand was f i r st el uci dat ed f or t he mur i ne l owaf f i ni t y I gGFc r ecept or s, mur i ne FcRI I .
Two genes, a and ( 3, encode t hi s cl ass of r ecept or s and di spl ay near l y i dent i cal l i gand
bi ndi ng domai ns coupl ed t o di ver gent membr ane spanni ng and i nt r acyt opl asmi c
domai ns ( 4- 6) . a i s expr essed on macr ophages and NK cel l s ( 4, 7, 8) , whi l e 0 i s
expr essed on bot h myel oi d and l ymphoi d cel l s . Al t er nat i ve spl i ci ng of a cyt opl asmi c
exon of t he a gene i s t i ssue speci f i c, gener at i ng f ur t her di ver si t y i n t he i nt r acyt opl asmi c
domai ns of t hese r ecept or s . The i mpl i cat i on of t hose dat a ar e t hat f unct i onal het er o-
genei t y r esul t s f r om t he di ver gent membr ane spanni ng and i nt r acyt opl asmi c domai ns .

Anal ysi s of t he human homol ogues of t he l owaf f i ni t y I gGFc r ecept or s l ends addi -
t i onal suppor t t o t hi s model . I n man, t wo cl asses of l owaf f i ni t y r ecept or s have been
def i ned by vi r t ue of t hei r appar ent mol ecul ar mass, r eact i vi t y wi t h mAbs and cel -

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 GM- 39256 . J . V. Ravet ch i s
a Pew Schol ar , suppor t ed by a gr ant f r om t he Pew Memor i al Tr ust . D. G. Br ooks i s t he r eci pi ent of
a Medi cal Sci ent i st Tr ai ni ng Gr ant suppor t ed by t he Sur dna and KSBFoundat i ons. Addr ess cor r espon-
dence t o Dr . Jef f r ey V Ravet ch, Sl oan- Ket t er i ng I nst i t ut e, 1275 Yor k Avenue, NewYor k, NY 10021 .

1 Abbr evi at i ons used i n t hi s paper : ADCC, ant i body- dependent cel l ul ar cyt ot oxi ci t y ; hu, human; mu,
mur i ne; PCR, pol ymer ase chai n r eact i on .
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l ul ar di st r i but i on ( 9) . FcRI I ( CD32) i s expr essed on most myel oi d and l ymphoi d cel l s,
whi l e FCRI I I ( CD16) expr essi on i s r est r i ct ed, appear i ng on NKcel l s, macr ophages,
and neut r ophi l s . Recent st udi es have demonst r at ed t hat FcRI I I ( CD16) exi st s i n t wo
al t er nat i ve membr ane anchor ed f or ms, whi ch r esul t f r omt i ssue speci f i c expr essi on
of t wo genes di f f er i ng by si ngl e nucl eot i de subst i t ut i ons ( 10) . A t r ansmembr ane an-
chor ed f or mof FcRI I I ( CD16) i s expr essed on NK cel l s and macr ophages, demon-
st r at i ng homol ogy i n i t s t r ansmembr ane and i nt r acyt opl asmi c domai ns t o mur i ne
FcR cx . The neut r ophi l mol ecul e, i n cont r ast , i s anchor ed by a phosphat i dyl i nosi t ol
l i nkage, yet i s near l y i dent i cal i n sequence t o t he NK mol ecul e i n i t s ext r acel l ul ar
domai ns . These di f f er ent i al l y anchor ed mol ecul es r espond t o t he same l i gand wi t h
di st i nct l y di f f er ent r esponses . ADCC i s medi at ed by t he FcRI I I ( CD16) mol ecul e

on NKcel l s, yet t he neut r ophi l r ecept or i s unabl e t o medi at e t hi s r esponse i ndepen-
dent l y ( 11- 13) . I n cont r ast , t he st r uct ur al di ver si t y of human FcRI I ( CD32) has been
l ar gel y under est i mat ed . Pr evi ous r epor t s have descr i bed t he i sol at i on of one com-
pl et e cDNA cl one ( r ef er r ed t o her e as FcRI I a) and a par t i al cl one der i ved f r om a

second gene ( 14- 16) . Par adoxi cal l y, evol ut i onar y conser vat i on of human homol ogues

f or t he mur i ne a mol ecul es appear ed t o be absent based on t hose r epor t s . I n t hi s

st udy we descr i be t he char act er i zat i on of mul t i pl e cDNA cl ones f or FcRI I ( CD32)

t hat ar i se f r omt hr ee di st i nct genes . One gr oup of cl ones cor r espond t o t r anscr i pt s

der i ved f r oma human homol ogue of a 0 gene, her e r ef er r ed t o as FcyRI I b, demon-

st r at i ng conser vat i on i n sequence, al t er nat i ve spl i ci ng pat t er n and t i ssue di st r i bu-

t i on t o i t s mur i ne count er par t . Anot her cl one i s der i ved f r om a gene r ef er r ed t o

as FcyRI I a, whi ch r epr esent s a chi mer a of a and a sequences, whi l e a t hi r d

FcyRI I ( CD32) gene and i t s cor r espondi ng t r anscr i pt , r ef er r ed t o as FcyRI I a, has

st r uct ur al f eat ur es of bot h FcyRI I a and I I b . The FcyRI I a and I I b mol ecul es can

be t r ansf ect ed i nt o het er ol ogous cel l s and expr ess l ow af f i ni t y I gG bi ndi ng mol e-

cul es . Bot h t he I I a and I I b gene pr oduct s ar e r ecogni zed by mAbs of t he CD32 cl ust er .

Mat er i al s and Met hods

cDNA I sol at i on and Char act er i zat i on.

	

Human genomi c FcyRI I DNA f r agment s wer e i so-
l at ed by scr eeni ng ahuman genomi c l i br ar y const r uct ed by par t i al Mbo I di gest i on of human
pl acent a DNA and l i gat ed i nt o t he X phage vect or CH28 . 500, 000 pl aques wer e scr eened
wi t h a ni ck- t r ansl at ed 1 . 3- kb Pst I f r agment cont ai ni ng t he mur i ne 01 FcyR cDNA i nser t
( 4) at r educed st r i ngency ( 25%f or mami de, 5 x SSC, 7 mMTr i s, pH 7 . 5, 10%dext r an sul -
f at e, and 25 l ag/ ml shear ed sal mon sper mDNAat 42' C) . Two posi t i ve cl ones wer e i dent i f i ed,
pl aque pur i f i ed, and f ur t her char act er i zed by r est r i ct i on mappi ng. A 1 . 3- kb Bgl I I f r agment
was i dent i f i ed by i t s hybr i di zat i on t o t he mur i ne ( 31 cDNA and f ur t her anal yzed by DNA
sequence anal ysi s . Two exons wer e f ound on t hat f r agment t hat had 60% ami no aci d ho-
mol ogy t o t he second ext r acel l ul ar and t r ansmembr ane domai ns of t he mur i ne 0 1 FcyR.
Thus, by vi r t ue of i t s homol ogous sequence and genomi c or gani zat i on, t hi s 1 . 3- kb Bgl I I
f r agment was det er mi ned t o encode a human FcyRI I gene f r agment . Thi s genomi c f r agment
was used t o i sol at e FcyRI I a f r om a Xgt 10 cDNAl i br ar y ( ki ndl y pr ovi ded by Dr s . Xue- Dong
Fan and B. Bl oom, Al ber t Ei nst ei n Col l ege of Medi ci ne, New Yor k, NY) made f r om pol y( A) '
RNA i sol at ed f r omt he human monocyt e- l i ke U937 cel l l i ne ( 17) . FcyRI I bl and I I b2 wer e
i sol at ed f r om a Agt 10 cDNA l i br ar y ( ki ndl y pr ovi ded by Dr s . A. Cor bi and T. Spr i nger ,
Cent er f or Bl ood Resear ch, Bost on, MA) made f r om pol y( A) ' RNA i sol at ed f r om PMA-
t r eat ed HL- 60 cel l s ( 18) . FcyRI b3 and t he t r uncat ed FcyRI I b cl one wer e i sol at ed f r om a
Xgt 10 cDNAl i br ar y ( ki ndl y pr ovi ded by Dr s . J . Di Sant o and N. Fl omenber g, Sl oan- Ket t er i ng
I nst i t ut e, NewYor k, NY) made f r omDaudi pol y( A) ' RNA. FcyRI I b cDNAs wer e i sol at ed
usi ng a r adi ol abel ed over l appi ng ol i gonucl eot i de pr obe based on t he pr evi ousl y publ i shed
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si gnal sequence of a par t i al I I b cl one ( 16) . FcyRI I a was i sol at ed f r oma genomi c cosmi d l i -
br ar y by scr eeni ng wi t h mi xed FcyRI I a and FcyI I b pr obes . I t s cor r espondi ng t r anscr i pt was
i sol at ed by r ever se t r anscr i pt i on f ol l owed by PCRampl i f i cat i on of neut r ophi l , monocyt e, and
l ymphocyt e RNA wi t h ol i gonucl eot i de pr obes speci f i c t o t he I I b 5' unt r ansl at ed sequences
and Ha cyt opl asmi c sequences . Al l cDNAl i br ar y scr eeni ng was done as pr evi ousl y descr i bed
( 4) . For DNA sequenci ng cDNA i nser t s wer e subcl oned i nt o pUC- 9 and bot h st r ands wer e
sequenced by t he chai n t er mi nat i on met hod ( 19) .

Char act er i zat i on of Cel l ul ar RNA.

	

RNAi sol at i on, pol y( A) sel ect i on, and Nor t her n bl ot anal -
ysi s wer e per f or med as pr evi ousl y descr i bed ( 4) . I n br i ef , RNA ( 2 j i g pol y( A) ' RNA per
sampl e i n Fi g. 6, 10 l cg t ot al RNA f r ompr i mar y cel l s) was f r act i onat ed on a 2 . 2 Mf or mal de-
hyde- 1 %agar ose gel and t r ansf er r ed t o ni t r ocel l ul ose . The f i l t er was hybr i di zed at hi gh st r i n-
gency ( 50% f or mami de, 42 ° C) t o pr obes consi st i ng of over l appi ng ol i gonucl eot i des synt he-
si zed t o t he di ver gent si gnal sequences of each gene . Speci f i c act i vi t i es of 10' cpm/ pg wer e
obt ai ned by l abel i ng wi t h a- [ 32 P] dCTP and Escher i chi a col i pol ymer ase ( Kl enow f r agment ) .
Rehybr i di zat i on of f i l t er s i nvol ved t he r emoval of pr evi ousl y hybr i di zed pr obe by heat i ng
at 65° C f or 1 h i n 50 mMTr i s, pH 8 . 0, 2 mMEDTA, 1 x Denhar dt ' s, and 0 . 5% sodi um
pyr ophosphat e.

For anal ysi s of cel l ul ar RNA by t he pol ymer ase chai n r eact i on ( PCR) , 10 j i g of t ot al RNA
was r ever se t r anscr i bed i nt o cDNA and ampl i f i ed as pr evi ousl y descr i bed ( 10) wi t h t he f ol -
l owi ng modi f i cat i ons . Ol i gonucl eot i des wer e made as descr i bed ( 10) t o sequences i n t he 5'
unt r ansl at ed r egi on or si gnal sequence and cyt opl asmi c domai n or 3' unt r ansl at ed r egi on
t hat al l owed speci f i c hybr i di zat i on at an anneal i ng t emper at ur e of 50° C . Al i quot s of each
ampl i f i cat i on r eact i on wer e f r act i onat ed on agar ose gel s and subj ect ed t o Sout her n bl ot anal -
ysi s as pr evi ousl y descr i bed ( 4) . Over l appi ng ol i gonucl eot i de pr obes made t o di st i nct do-
mai ns of FcyRI I sequences wer e l abel ed and hybr i di zed as above t o det er mi ne t he st r uct ur e
of t hese PCR ampl i f i ed cDNAs .

Cel l Cul t ur e.

	

Cel l l i nes HL- 60, U937, THP- 1, and MOLT- 4 wer e f r omAmer i can Type
Cul t ur e Col l ect i on ( Rockvi l l e, MD) . K562 was pr ovi ded by Dr . R. Knowl es; AWRamos,
Daudi , and Raj i wer e pr ovi ded by Dr . J . Lee; I M- 9 was pr ovi ded by Dr . O. Rosen ; and Lt k -
cel l s wer e f r omDr . N. Fl omenber g al l of Sl oan- Ket t er i ng I nst i t ut e ( New Yor k, New Yor k) .
K562, HL- 60, U937, I M- 9, and Lt k - cel l s wer e mai nt ai ned i n a- modi f i ed MEM sup-
pl ement ed wi t h 10% FCS ( Gi bco Labor at or i es, Gr and I sl and, NY) heat i nact i vat ed at 56° C
f or 30 mi n, 100 U/ ml peni ci l l i n, and 100 pg/ ml st r ept omyci n . Daudi , Raj i , AWRamos, and
MOLT- 4 wer e mai nt ai ned i n RPMI 1640 suppl ement ed wi t h 25 mMHepes, pH 7 . 4, FCS,
and ant i bi ot i cs as above. THP- 1 was gr own i n t he same RPMI wi t h 5 x 10 - 5 M/ 3- mer cap-
t oet hanol .

Pr i mar y cel l s i ncl udi ng human monocyt es, neut r ophi l s, and NK cel l s wer e pr epar ed as
pr evi ousl y descr i bed ( 10) . B l ymphocyt es wer e pr epar ed f r om a si ngl e human spl een by
separ at i ng nonadher ent mononucl ear cel l s by Fi col l cent r i f ugat i on and adher i ng t o pl ast i c
t wi ce ( 45 mi n, 37° C) . B l ymphocyt es wer e pur i f i ed by negat i ve sel ect i on usi ng ant i gl obul i n
r oset t i ng wi t h a mi xt ur e of mAbs ( CD16, CD56, CD3, CD14, CD5) t o depl et e T and NK
cel l s . Popul at i ons wer e >95%pur i t y by i ndi r ect i mmunof l uor escence f l ow cyt omet r y. Human
t er mpl acent a was f r oma spont aneous vagi nal del i ver y and i mmedi at el y washed i n PBS and
f r ozen i n l i qui d ni t r ogen .

Gene Tr ansf er and Roset t i ng Assays .

	

Codi ng sequences of al l FcyRI I cDNAs wer e cl oned i nt o
t he Sma I si t e of t he eukar yot i c expr essi on vect or pCEXV3 . Tr ansi ent and st abl e t r ansf ec-
t i on and r oset t i ng wer e done as pr evi ousl y descr i bed ( 7) . I n br i ef , mur i ne Lt k - cel l s wer e
i ncubat ed wi t h FcyRI I / pCEXV3 pl asmi d and DEAE- dext r an f or 16 h, washed, and al l owed
t o gr ow f or 2 d bef or e r oset t i ng. Tr ansf ect ant s wer e assayed f or r oset t e f or mat i on wi t h TNP
hapt enat ed SRBCs opsoni zed wi t h ant i - DNP mur i ne I gGl mAb ( U- 7- 6 ; ki ndl y pr ovi ded
by Dr . Zel i g Eschar , Wei zman I nst i t ut e, Rehovot , I sr ael ) . St abl e t r ansf ect ant s wer e gener -
at ed by cal ci um phosphat e co- t r ansf ect i on wi t h neomyci n r esi st ance conf er r i ng pl asmi d
pGCcos3neo and sel ect i on wi t h Genet i ci n ( G418 ; Gi bco Labor at or i es) as pr evi ousl y descr i bed
( 7) . St abl e t r ansf ect ant s wer e sel ect ed by r oset t e f or mat i on wi t h mur i ne I gG1 opsoni zed SRBCs
( above) or wi t h mur i ne ant i - FcyRI I mAbs f ol l owed by SRBC conj ugat ed wi t h goat ant i - mouse
I gG Abs .
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m4bs and I ndi r ect I mmunof l uor escence .

	

mAbs used i n t hi s st udy wer e I V. 3 ( 20) , KuFc79 ( 21) ,
and t hose of t he CD32 cl ust er ( 22) i ncl udi ng CI KM5, 2A1, KB61, and 41H16 . 5 x 105 st abl e
t r ansf ect ant cel l s wer e i ncubat ed wi t h 1 : 500 di l ut i ons of asci t es f or 45 mi n at 4 ° C. Cel l s wer e
t hen washed i n PBS wi t h 2% FCS and 0 . 05% sodi um azi de t hr ee t i mes at 4 0C. Af f i ni t y-
pur i f i ed, FI TC- conj ugat ed goat ant i - mouse I gG( Boehr i nger Mannhei mBi ochemi cal s, I n-
di anapol i s, I N) was added t o washed cel l s at 10 Ag/ ml and i ncubat ed at 4° C f or 45 mi n .
Cel l s wer e washed as above and f i xed i n PBS/ 1 %f or mal dehyde. The sampl es wer e anal yzed
on a Bect on Di cki nson FACScan 1 cyt of l uor omet er usi ng a Consor t 30 dat a anal ysi s pr ogr am.

Resul t s

I sol at i on of cDNA Cl ones f or TcRI I ( CD32) .

	

The st r uct ur al homol ogy of human
FcRI I ( CD32) pr ot ei ns t o t hei r mur i ne count er par t s was appar ent i n t hei r l i gand
bi ndi ng speci f i ci t y f or bot h mur i ne and human I gG, t hei r t i ssue di st r i but i on and
appar ent mol ecul ar mass . Thi s st r uct ur al r el at i onshi p was expl oi t ed i n t he i sol at i on
of human cDNAcl ones f or t hi s r ecept or cl ass. DNA pr obes der i ved f r omt he mur i ne
a and / 3 cDNA sequences wer e used t o scr een human genomi c l i br ar i es at r educed
st r i ngency, r esul t i ng i n t he i sol at i on of genomi c cl ones t hat , as shown by sequence
anal ysi s, demonst r at ed 60% sequence i dent i t y i n t he exons encodi ng t he ext r acel -
l ul ar domai ns t o t hei r mur i ne homol ogues ( not shown) . Pr obes der i ved f r om t hese
exons wer e used t o scr een cDNAl i br ar i es const r uct ed f r omRNA der i ved f r omhe-
mat opoi et i c cel l l i nes t hat wer e posi t i ve f or FcRI I ( CD32) , as det er mi ned by t hei r
r eact i vi t y wi t h mAbs speci f i c f or t hi s r ecept or . The monocyt i c l i ne U93 7, t he pr omye-
l ocyt i c l i ne HL- 60 ( di f f er ent i at ed wi t h PMA t o macr ophage- l i ke cel l s) and t he B

l ymphoi d l i ne Daudi wer e scr eened wi t h t hese pr esumpt i ve FcRI I ( CD32) pr obes

and posi t i ve cl ones wer e char act er i zed by DNA sequence anal ysi s . A schemat i c
r epr esent at i on of t hese cl ones i s shown i n Fi g . 1 . Thr ee cl asses of cl ones wer e ob-

I I b1

Hb2

I I b3

FcyR I I Tr anscr i pt s

Pst l BamH1
I

EC

Pol y A

L

12
Pst l

12
BamHl

Bg I I I

123
BamH1

	

Pol y A
BgI I I 1

Pol y A

- JAn

FI GURE 1 . St r uct ur e of hu-
man FcyRI I t r anscr i pt s and
par t i al r est r i ct i on map of t hei r
r espect i ve cDNAs . Fi ve cDNAs
der i ved f r omt hr ee genes desi g-
nat ed I I a, I I a, and I I b have
been i dent i f i ed . FcyRI I b1- 3 ar e
al t er nat i vel y spl i ced t r anscr i pt s
of t he b gene. Unt r ansl at ed se-
quences ar e i ndi cat ed by a l i ne
and codi ng sequences by r ec-
t angl es. The br oken edge i n
FcyRI I bl i ndi cat es an i ncom-
pl et e codi ng r egi on. The si gnal
sequences ( S) , ext r acel l ul ar do-
mai ns ( EC) , t r ansmembr ane
domai n ( TM) , and cyt opl asmi c
( C) r egi ons ar e i ndi cat ed . Re-
gi ons of >90%nucl eot i de i den-
t i t y ar e i ndi cat ed by common
cr osshat chi ng, open ar eas, or
st i ppl i ng . Repr esent at i ve r e-
st r i ct i on si t es ar e shown . Num-
ber s bel ow a box i ndi cat e t he
exon or gani zat i on i n al t er na-
t i vel y spl i ced r egi ons. Consen-
sus pol yadenyl at i on si t es ar e
shown and pol y( A) t ai l s ar e i n-
di cat ed as An .



- 35

	

- 30

	

- 20
M A M E T Q M S Q N V C P R N L W L L Q P LT

TTCTGGGATGGCTATGGAGACCCAAATGTCTCAGAATGTATGTCCCAGAAACCTGTGGCTGCTTCAACCATTGAC 75
- 10

	

- 1 +1

	

10
S A D S Q A A A P P K A V L K L E P P

AGTTTTGCTGCTGCTGGCTTCTGCAGACAGTCAAGCTGCAGCTCCCCCAAAGGCTGTGCTGAAACTTGAGCCCCC 150

W I N V L Q 2 E D S V T L T ~ Q G 3 A R S P E S D S I
GTGGATCAACGTGCTCCAGGAGGACTCTGTGACTCTGACA CAGGGGGCTCGCAGCCCTGAGAGCGACTCCAT 225

40

	

50

	

60
Q W F H N G N L I P T H T Q P S Y R F K A N N FN- - D

TCAGTGGTTCCACAATGGGAATCTCATTCCCACCCACACGCAGCCCAGCTACAGGTTCAAGGCCAACAACAAT A 300
70

	

80
] G E Y T C Q T G Q T S L S D P V H L T V L S E W

CAGCGGGGAGTACACGTGCCAGACTGGCCAGACCAGCCTCAGCGACCCTGTGCATCTGACTGTGCTTTCCGAATG 375
90

	

100

	

110
L V L Q T P H L E F Q E G E T I M L R C H S W K D

GCTGGTGCTCCAGACCCCTCACCTGGAGTTCCAGGAGGGAGAAACCATCATGCTGAGG CACAGCTGGAAGGA 450
120

	

130
K P L V K V T F F Q N G K S Q K F S R L D P T F S

CAAGCCTCTGGTCAAGGTCACATTCTTCCAGAATGGAAAATCCCAGAAATTCTCCCGTTTGGATCCCACCTTCTC 525
140

	

150

	

160
I P Q A N F~ H S G D Y H C T G N I G Y T L F S S

CATCCCACAAGCAAACCACAGTCACAGTGGTGATTACCACTGCACAGGAAACATAGGCTACACGCTGTTCTCATC 600
170

	

180
K P V T I T V Q V P S M G S S S P M G I I V A V V

CAAGCCTGTGACCATCACTGTCCAAGTGCCCAGCATGGGCAGCTCTTCACCAATGGGGATCATTGTGGCTGTGGT 675
190

	

200

	

210
I A T A V A

	

I V A A

	

V A L I Y C R K K R I S A
CATTGCGACTGCTGTAGCAGCCATTGTTGCTGCTGTAGTGGCCTTGATCTACTGCAGGAAAAAGCGGATTTCAGC 750

220

	

230
N S T D P V K A A Q F E P P G R Q M I A I R K R Q

CAATTCCACTGATCCTGTOAAGGCTGCCCAATTTGAGCCACCTGGACGTCAAATGATTGCCATCAGAAAGAGACA 825
240

	

250

	

260
L E E T N N D Y E T A D G G Y M T L N P R A P T D

ACTTGAAGAAACCAACAATGACTATGAAACAGCTGACGGCGGCTACATGACTCTGAACCCCAGGGCACCTACTGA 900
270

	

280
D D K N I Y L T L , P P N D H V N S N N

CGATGATAAAAACATCTACCTGACTCTTCCTCCCAACGACCATGTCAACAGTAATAACTAAAGAGTAACGTTATG 975
CCATGTGGTCATACTCTCAGCTTGCTAGTGGATGACAAAAAGAGGGGAATTGTTAAAGGAAAATTTAAATCzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" GAGA 1050
CTGGAAAAATCCTGAGCAAACAAAACCACCTGGCCCTTAGAAATAGCTTTAACTTTGCTTAAACTACAAACACAA 1125
GCAAAACTTCACGGGGTCATACTACATACAAGCATAAGCAAAACTTAACTTGGATCATTTCTGGTAAATGCTTAT 1200
GTTAGAAATAAGACAACCCCAGCCAATCACAAGCAGCCTACTAACATATAATTAGGTGACTAGGGACTTTCTAAG 1275
AAGATACCTACCCCCAAAAAACAATTATGTAATTGAAAACCAACCGATTGCCTTTATTTTGCTTCCACATTTTCC 1350
CA' , UTACTTGCCTGTGACATTTTGCCACTGGAACACTAAACTTCATGAATTGCGCCTCAGATTTTTGCTTTA 1425
ACATCTTTTTTTTTTTTTGACAGAGTCTCAATCTGTTACCCAGGCTGGAGTGCAGTGGTGCTATCTTGGCTCACT 1500
GCAAACCCGCCTCCCAGGTTTAAGCGATTCTCATGCCTCAGCCTCCCAGTAGCTGGGATTAGAGGCATGTGCATC 1575
ATACCCAGCTAATTTTTGTATTTTTTATTTTTTATTTTTAGTAGAGACAGGGTTTCGCAATGTTGGCCAGGCGAT 1650
CTCGAACTTCTGGCCTCTAGCGATCTGCCGCCTCGGCCTCCCAAAGTGCTGGGATGACCAGCATCAGCCCCAATG 1725
TCCAGCCTCTTTAACATCTTCTTTCCTATGCCCTCTCTGTGGATCCCTACTGCTGGTTTCTGCCTTCTCCATGCT 1800
GAGAACAAAATCACCTATTCACTGCTTATGCAGTCGGAAGCTCCAGAAGAACAAAGAGCCCAATTACCAGAACCA 1875
CATTAAGTCTCCATTGTTT' r GCCTTGGGATTTGAGAAGAGAATTAGAGAGGTGAGGATCTGGTATTTCCTGGACT 1950
AAATTCCCCTTGGAAGACGAAGGGATGCTGCAGTTCCAAAAGAGAAGGACTCTTCCAGAGTCATCTACCTGAGTC 2025
CCAAAGCTCCCTGTCCTGAAAGCCACAGACAATATGGTCCCAAATGACTGACTGCACCTTCTGTGCCTCAGCCGT 2100
TCTTGACATCAAGAATCTTCTGTTCCACATCCACACAGCCAATACAATTAGTCAAACCACTGTTATTAACAGATG 2175
TAGCAACATGAGAAACGCTTATGTTACAGGTTACATGAGAGCAATCATGTAAGTCTATATGACTTCAGAAATGTT 2250
AAAATAGACTAACCTCTAACAACAAATTAAAAGTGATTGTTTCAAGGTGATGCAATTATTGATGACCTATTCTAT 2325
TTGTCTATAATGATCATATATTACCTTTGTAU&ACATTATAATC
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t ai ned, desi gnat ed I I a, I I d, and I I b . As wi l l be descr i bed bel ow, whi l e t hese cl ones
demonst r at e near l y i dent i cal ext r acel l ul ar and t r ansmembr ar i e domai ns t hey di f f er
consi der abl y i n t he i nt r acyt opl asmi c r egi ons ( I I a/ a vs . I I b) pr edi ct ed by t hese se-
quences . I n addi t i on, t hr ee di st i nct I I b cl ones have been i sol at ed t hat ar e t he r esul t
of al t er nat i ve RNAspl i ci ng of bot h N112- t er mi nal and COOH- t er mi nal encodi ng
exons.

I sol at i on andSequence Anal ysi s of Human FeRI La cDNA.

	

AU937 cDNA l i br ar y was
scr eened wi t h t he genomi c FcyRI I pr obe descr i bed above. Two posi t i ve phage wer e
pl aque pur i f i ed and f ound t o be i dent i cal by DNAsequence anal ysi s . The compl et e
nucl eot i de and pr edi ct ed ami no aci d sequence of t hose FcyRI I a cl ones ar e shown
i n Fi g . 2 . An open r eadi ng f r ame of 951 nucl eot i des, begi nni ng at posi t i on 8, pr edi ct s
a mat ur e FcyRI I a pr ot ei n of 282 ami no aci ds of mol ecul ar mass of 31, 276 dal t ons

FI GURE 2 .

	

The t r ansl at ed sequence of FcyRI I a i s pr esent ed i n one l et t er code above t he nucl eo-
t i de sequence, whi ch i s number ed at t he r i ght . A 35 ami no aci d si gnal sequence i s pr edi ct ed
and number ed - 35 t o - 1 wi t h an over l i ned hydr ophobi c cor e. Cyst ei ne r esi dues pr edi ct ed t o
f or mdi sul f i de br i dges ar e ci r cl ed and N- l i nked gl ycosyl at i on si t es ar e boxed. Ahydr ophobi c st r et ch
of 24 ami no aci ds pr esumed t o span t he membr ane i s over l i ned . An ast er i sk denot es t he st op
codon and t wo consensus pol yadenyl at i on si t es ar e under l i ned.
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SEQUENCE HETEROGENEI TY OF HUMAN FvyRI I ( CD32)

t hat i s i dent i cal t o t hat r epor t ed pr evi ousl y ( 14- 16) . The ext r acel l ul ar r egi on i s di vi ded
i nt o t wo domai ns, each of whi ch has homol ogy t o t he I g C2 set t hat cent er s ar ound
t wo hi ghl y conser ved cyst ei ne r esi dues . Each ext r acel l ul ar domai n r et ai ns one of
t he t wo si t es f or N- l i nked gl ycosyl at i on t hat ar e f ound i n t he mur i ne FcyRs t o whi ch
t hi s cl one i s homol ogous ( di scussed i n det ai l bel ow) . A 28 ami no aci d hydr ophobi c
t r ansmembr ane domai n i s f ol l owed by a 76 ami no aci d i nt r acel l ul ar r egi on . The
3' unt r ansl at ed r egi on of FcyRI I a cont ai ns t wo consensus pol yadenyl at i on si gnal s
at posi t i ons 1352 and 2356 ( under l i ned i n Fi g. 2) . The pr esence of a st r et ch of A
r esi dues t hat ar e not encoded i n genomi c DNAdownst r eamof t he second AATAAA
i ndi cat es t hat t hi s cl one was der i ved f r om a mRNA t hat was poi yadenyl at ed j ust
af t er t hi s si t e .

I sol at i on and Anal yst s of FcyRI I b cDAAs.

	

The i sol at i on of FcyRI I b cDNAs was
achi eved by scr eeni ng Xgt 10 cDNA l i br ar i es made f r om t he B cel l l i ne Daudi and

a macr ophage- l i ke cel l l i ne obt ai ned by phor bol est er - i nduced di f f er ent i at i on of HL- 60
cel l s. Mul t i pl e cl ones wer e i sol at ed f r om each l i br ar y and subj ect ed t o r est r i ct i on
mappi ng, whi ch r eveal ed f our uni que gr oups of cDNAs . Repr esent at i ves of each
gr oup wer e pur i f i ed and t hei r cDNA i nser t s wer e subj ect ed t o DNAsequence anal -

ysi s . These cl ones ar e shown schemat i cal l y i n Fi g . 1 ; DNAsequences of t hr ee cDNAs

wi t h uni que codi ng r egi ons ar e shown i n Fi g. 3 . A f our t h i ncompl et el y pr ocessed

cDNA i s di scussed bel ow. The 1. 5- kb FcyRI I b2 cDNA ( Fi g . 1) cont ai ns an open

r eadi ng f r ame begi nni ng at posi t i on 81 ( Fi g . 3) t hat pr edi ct s a pr ot ei n of 247 ami no

aci ds ( Fi g . 4) . A 44 ami no aci d si gnal sequence i s pr edi ct ed t o be r emoved f r om

t hi s pr ecur sor gener at i ng a mat ur e pr ot ei n of 27, 178 dal t ons . The ext r acel l ul ar do-
mai ns of t hi s pr ot ei n and FcyRI I a ar e hi ghl y r el at ed, havi ng 96%ami no aci d i den-

t i t y . Thi s i dent i t y i ncl udes t he f our cyst ei nes ( ci r cl ed i n Fi g . 4) t hat ar e pr edi ct ed

t o f or m t wo di sul f i de- br i dged I g- l i ke domai ns . FcyRI I b2 pr edi ct s t hr ee N- l i nked

gl ycosyl at i on si t es i n t he ext r acel l ul ar r egi on . The pr edi ct ed t r ansmembr ane anchor

cont ai ns a hydr ophobi c cor e of 23 ami no aci ds f ol l owed by a basi c st op t r ansf er se-

quence ar g- l ys- l ys- ar g. A 44 ami no aci d i nt r acel l ul ar r egi on, l ar gel y unr el at ed t o

FcyRI I a, pr edi ct ed by t hi s cDNA i s par t i cul ar l y r i ch i n aci di c r esi dues ( 23%, Fi g .

4) . The FcyRI I b2 cDNA has a 3' unt r ansl at ed r egi on of 487 r esi dues t hat ends one

nucl eot i de af t er t he pol y( A) addi t i on si gnal under l i ned i n Fi g . 3 .

FcyRI I bl i s a cDNA sequence of 1, 417 nucl eot i des t hat i s i ncompl et e i n t hat i t

l acks sequences pr edi ct i ng t he NH2- t er mi nal 19 ami no aci ds of si gnal sequence

f ound i n FcyRI I b2 . However , genomi c DNAsequence anal ysi s i ndi cat es t hat FcyRI I bl

begi ns i n t he mi ddl e of an exon t hat encodes si gnal sequences i n al l ot her FcyRI I b

cDNAs ( Qi u, WQ, andJ . V. Ravet ch, unpubl i shed obser vat i ons) . I t i s l i kel y, t her e-
f or e, t hat t hi s cl one was t r uncat ed dur i ng const r uct i on of t he cDNAl i br ar y. FcyRI I bl

i s i dent i cal t o I I b2 f r omposi t i ons 139 t hr ough 840 ( Fi g . 3) , whi ch cor r esponds t o

sequences encodi ng t he ext r acel l ul ar , t r ansmembr ane, and t he begi nni ng of t he i n-

t r acel l ul ar r egi on. At t hat posi t i on a 57 nucl eot i de i nser t i on i s f ound i n t he FcyRI I bl

cDNA af t er whi ch t he t wo sequences ar e once agai n i dent i cal t hr ough t he end of

t he codi ng r egi ons . Thi s i nser t i on mai nt ai ns t he open r eadi ng f r ame and i s known

f r om genomi c cl oni ng t o cor r espond pr eci sel y t o an exon . These obser vat i ons, t o-

get her wi t h t he f act t hat a 74%ami no aci d i dent i t y t o mur i ne FcyR at exi st s be-
t ween t hese sequences, suppor t i dent i f i cat i on of t hi s i nser t i on as an al t er nat i vel y

spl i ced " on. To conf i r m t he exi st ence of t hese t wo ( FcyRI I bl and I I b2) al t er na-
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f cr I I b3 gccct ct aggqt aqaat cgccaagct t t gagagaagqct qtzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" * * * * * * + " " * ++ * . +x* . . . " * *

f cr I I b2

	

gact gct gt qct ct gggcgccagc 65

f cr I I b2 t cgct ccagggagt gATGGGAATCCTGTCATTCTTACCTGTCCTTGCCACTGAGAGTGACTGGGC 130

f cr I I b3 '

	

' - -
f cr I I b2 TGACTGCAA" " * "" * * * *

f cr I I bl * * * ~* * GTCCCCCCAGCCTTGGGGTCATATGCTTCTGTGGACAGCTGTGCTATTCCTGGCTC 195

f cr I I b3 - - - - - - - - - - - - - - - - -
_

f cr I I b2
f cr I I bl CTGTTGCTGGGACACCTGCAGCTCCCCCAAAGGCTGTGCTGAAACTCGAGCCCCAGTGGATCAAC 260

f cr I I b3
f cr I I b2 "
f cr I I bl GTGCTCCAGGAGGACTCTGTGACTCTGACATGCCGGGGGACTCACAGCCCTGAGAGCGACTCCAT 325

f cr I I b3 '
f cr I I b2
f cr I I bl TCAGTGGTTCCACAATGGGAATCTCATTCCCACCCACACGCAGCCCAGCTACAGGTTCAAGGCCA 390

f cr I I b3
f cr I I b2 '
f cr I I bl ACAACAATGACAGCGGGGAGTACACGTGCCAGACTGGCCAGACCAGCCTCAGCGACCCTGTGCAT 455

f cr I I b3 '
f cr I I b2

	

* xx, * " +x* , . * xxx . ++* * * * * x, . * * * * * * * . . * . . ++ " * * * * , * x*
f cr I I bI CTGACTGTGCTTTCTGAGTGGCTGGTGCTCCAGACCCCTCACCTGGAGTTCCAGGAGGGAGAAAC 520

f Cr I I b3 '
f cr I l b2 '
f cr I I bl CATCGTGCTGAGGTGCCACAGCTGGAAGGACAAGCCTCTGGTCAAGGTCACATTCTTCCAGAATG 585

f cr I I b3
f cr I I b2
f cr I I bl GAAAATCCAAGAAATTTTCCCGTTCGGATCCCAACTTCTCCATCCCACAAGCAAACCACAGTCAC 650

f cr I I b3 "
f cr I I b2 '
f cr I I bl AGTGGTGATTACCACTGCACAGGAAACATAGGCTACACGCTGTTCTCATCCAAGCCTGTGACCAT 715

f cr I I b3 '
f cr I I b2 "
f cr I I bl CACTGTCCAAGCTCCCAGCTCTTCACCGATGGGGATCATTGTGGCTGTGGTCACTGGGATTGCTG 780

f cr I I b3
f cr I I b2 '
f cr I I bl TAGCGGCCATTGTTGCTGCTGTAGTGGCCTTGATCTACTGCAGGAAAAAGCGGATTTCAGCTCTC 845

f cr I I b3 * * * " * * " * * * . * * * * " * x . * * * . * * . * * * . * . * * * . * * . * * . * * * * * * , . * " * * +* . , . xx+*

f cr I I bI CCAGGATACCCTGAGTGCAGGGAAATGGGAGAGACCCTCCCTGAGAAACCAGCCAATCCCACTAA 910

f cr I I b3 *

	

-
f cr I I b2 '

	

'
f cr I I bl TCCTGATGAGGCTGACAAAGT' TGGGGCTGAGAACACAATCACCTATTCACTTCTCATGCACCCGG 945

f cr l I b3 '
f cr I I b2
f cr I I bl ATGCTCTGGAAGAGCCTGATGACCAGAACCGTATTTAGt ct ccat t gt ct t gcat t gggat t t ga 1040

f cr I I b3

	

xxx* +* * . " . xx . * . * * +* * +* x* xx . . . * . . * +* * * * .
t cr I I b2 " ' * *

	

* *

	

.

	

* . . . . . * . .
f cr I I bl gaagaaaat cagagaggqaagat ct ggt at t t cct ggcct aaat t cccct t ggaqgacagqqaqa 1105

f cr I I b3 "

	

" " " * * " " * * * * * * * * * * . . " " * * * * * * * " " " " * " * " * " * * * * * * " . * * * x* * * * * * . * "
f cr I I b2 *

	

* * * * " * * * * " " " * xxx* " *
f cr I I bl t gct cqagt t ccaaaagagaaggt t t ct t ccagagt cat ct acct gaqt cct gaaqct ccct gt c 1170

f cr I I b3

	

" x* * * * * * +* * * * * * * " " * * * * * +* " " * * * xx . * * * * * x
f cr I I b2
f cr I I bl ct gaaagccacagacaat at ggt cccaaat aaccqact qcacct qct qt ct t cagct ct t ct t ga 1235

f cr I I b3
f cr I I bZ *

	

* * ~, . * * " " . . , * * * * * * *
f cr l l bl cat caaggct ct t ccgt t ccacat ccacacagccaat ccaat t aat caaaccact gt t at t aaca 1300

f Cr I I b3
f cr I I b2
f cr I I bl gat aat agcaact t qggaaat gct t at gt t acagqt t accgt t qagaacaat cat ct aaat ct at 1365

f cr I I b3
f cr I I b2
f cr I I bl at gat t t cagaaat gt t aaaat agact aacct ct accagcacat t aaaagt gat t gt t t ct ggqt 1430

f cr I I b3
f cr I I b2 " " " " " " " t t at t gat gat t t t t at t t t ct t t at t t t t ct at aaagat cat at at t act t t t at a 1495
f cr I I bl gat aaaaaaaaaaaaaaaaaaaaaaa

f cr I I b2 aaaa 1500

FI GURE 3 .

	

Nucl eot i de sequences of t hr ee al t er nat i vel y spl i ced f or ms of FcyRI l bcDNAs . Number s
i n t he r i ght hand mar gi n ar e ar bi t r ar y i n t hat t hey denot e posi t i ons i n t he composi t e sequence
onl y and do not cor r espond t o a par t i cul ar cDNA. Unt r ansl at ed r egi ons ar e i ndi cat ed i n l ower
case whi l e codi ng r egi ons ar e shown i n upper case. Ast er i sks i ndi cat e i dent i t y wi t h t he nucl eot i de
bel ow, whi l e hyphens i ndi cat e t he absence of a nucl eot i de i n an al t er nat i vel y spl i ced exon . The
consensus pol yadenyl at i on si t e i s under l i ned . These sequence dat a have been submi t t ed t o t he
EMBL/ GenBank Dat a Li br ar i es .
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SEQUENCE HETEROGENEI TY OF HUMAN FcyRI I ( CD32)

f cr I i b3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"

	

- - - - - -
f cr I l b2 NGI I SFLPVUTESDWADC" " " " " " " +" " " " " " * +" " " " " " * " +* * . , . * +. * * * * * * * . . . . * .

f cr l l bl

	

KSPQPWGFDQ. LWTAVLFLAPVAGTPAAPPKAVLKLEPQWI NVLQED 21
. 1

f cr I I b3
f cr I I b2
f cr I l bl SVTLI OGTHSPFSDSI QWFHNGNLI PTHTQPSYRFKANI

	

EY

	

I SI SDPVHLTVLS 86

f cr I I b3
f cr I I b2 +" * * . * . . +, . * . ++�

	

* + . ++

f cr I I bl EWLVI ATPHLEFQEGETI VI dOI SWKDKPLVKVTFFQNGKSKKFSRSDl 1E PQA NI ~i SGDYH 151

f cr I I b3 "

	

* * * * . .

f cr I l bl ~' GNI GYTLFSSKPVTI TVQAPSSSPMGI I YAVVTGI AVMI VAAWALI YCRKKRI SALPGYPE 216

f cr I I b3 " " + " " " " " "
f cr I l b2 - - - __- - - ___

	

" * * . * * * +* . +* * * * * ++,
f cr I I bl CREHGETLPEKPANPTNPDEADKVGAENTI TYSLI I I HPDALEEPDDQNRI

	

266

FI GURE 4 .

	

Ami no aci d sequences pr edi ct ed by t he t hr ee al t er nat i vel y spl i ced f or ms of FcyRI I b
cDNAs ar e pr esent ed i n t he one l et t er code . Number s i n t he r i ght hand mar gi n denot e ami no
aci d posi t i ons of FcyRI I bl . Ast er i sks i ndi cat e i dent i t y wi t h t he ami no aci d bel ow and hyphens
i ndi cat e a mi ssi ng r esi due f r om an al t er nat i vel y spl i ced exon . A 44 ami no aci d si gnal sequence
wi t h an under l i ned hydr ophobi c cor e i s pr edi ct ed pr ecedi ng posi t i on +1 . Cyst ei ne r esi dues t hat
ar e pr edi ct ed t o f or mdi sul f i de bonds ar e ci r cl ed . Si t es f or N- l i nked gl ycosyl at i on ar e boxed . The
23 ami no aci d hydr ophobi c cor e of t he t r ansmembr ane domai n i s under l i ned .

t i vel y spl i ced messages i n aut hent i c cel l ul ar RNA, FcyRI I b- speci f i c ol i gonucl eot i de
pr i mer s wer e anneal ed t o RNA ext r act ed f r om myel oi d and l ymphoi d cel l s, con-
ver t ed t o cDNAby r ever se t r anscr i pt i on and t he r esul t i ng DNAst and was ampl i f i ed
by t he PCR. Sequence anal ysi s of t hese cDNAs conf i r med t he exi st ence of al t er na-
t i vel y spl i ced messages t hat cor r espond pr eci sel y t o FcyRI I bl and I I b2 ( not shown) .
FcyRI I bl ends wi t h 19 Ar esi dues t hat ar e not encoded i n t he known FcyRI I b gene.
Thi s sequence pr esumabl y r epr esent s a pol y( A) t ai l i n t he mRNA t hat gave r i se
t o t hi s cl one, al t hough no consensus pol yadenyl at i on si gnal i s f ound i n pr ecedi ng
sequences ( di scussed bel ow) .

The cDNA t er med FcyRI I b3 i n Fi gs . 1 and 3 cont ai ns an open r eadi ng f r ame
of 931 nucl eot i des begi nni ng at posi t i on 81 t hat pr edi ct s a mat ur e pr ot ei n of 29, 277
dal t ons ( l i ke FcyRI I bl ) . The f eat ur e t hat di st i ngui shes FcyRI I b3 f r om pr evi ousl y
di scussed cDNAs of t hi s subcl ass i s t he del et i on of 21 nucl eot i des ( 193- 213 i n Fi g .
3) t hat pr edi ct t he l ast seven ami no aci ds of t he si gnal sequence ( Fi g. 4) . Genomi c
sequence anal ysi s i ndi cat es t hat t he mi ssi ng nucl eot i des cor r espond pr eci sel y t o an
exon t hat i s l ocat ed bet ween exons encodi ng t he NH2- t er mi nal sequences of t he
si gnal sequence and t he f i r st ext r acel l ul ar domai n, suggest i ng t hat t hi s di f f er ence
r esul t s f r om an al t er nat i ve spl i ci ng event . I t shoul d be not ed t hat t he exon t hat i s
spl i ced out i n FcyRI I b3 encodes ami no aci ds cont r i but i ng t o t he hydr ophobi c cor e
of t he si gnal sequence of a nascent FcyRI I b pr ot ei n ( Fi g . 4) . A si mi l ar si t uat i on
has been descr i bed f or t r anscr i pt s of t he ct subuni t gene of t he r at hi gh af f i ni t y I gE
r ecept or . A 21- bp exon encodi ng t he COOH- t er mi nal sequences of t he si gnal se-
quence under goes al t er nat i ve spl i ci ng, as def i ned by cDNA anal ysi s of mast cel l
RNA ( 23) .

These st udi es demonst r at e t hat pr i mar y t r anscr i pt s f r omt he FcyRI I b gene un-

der go al t er nat i ve spl i ci ng at bot h t he 5' end t o gener at e FcyRI I b3 and at t he 3' end

t o gener at e t he al t er nat i ve cyt opl asmi c domai ns exempl i f i ed by FcyRI I bl and I I b2 .
I n addi t i on t o t hese cl ones cont ai ni ng compl et e codi ng sequences, we have i so-

l at ed a t r uncat ed FcyRI I b cDNA t hat l acks sequences encodi ng t he cyt opl asmi c r e-
gi on of t hese r ecept or s . Thi s t r uncat ed cl one i s i dent i cal t o FcyRI I b2 f r om t he 5'
unt r ansl at ed r egi on t hr ough sequences pr edi ct i ng t he t r ansmembr ane domai n ( po-
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si t i ons 67- 840 i n Fi g . 3) at whi ch poi nt i t di ver ges compl et el y . The di ver gent se-

quence i s i dent i cal t o t hat of t he genomi c i nt r on of t hi s r egi on and t o t hat of t he

pr evi ousl y i sol at ed cDNA of t hi s subcl ass ( 16) , suggest i ng t hat bot h cDNAs r epr e-

sent i ncompl et el y pr ocessed pr e mRNAs .

I sol at i on andAnal ysi s of FcyRI I a' .

	

Ami ni mumof t hr ee di st i nct genes encode FcyRI I

t r anscr i pt s . Over l appi ng cosmi d cl ones encodi ng human FcyRI I genes have been

i sol at ed and anal yzed . The sequence of t hose cl ones conf i r ms t hat Fc' YRI I a der i ves

f r omone gene and t hat t he FcyRI l b sequences ( 1, 2, and 3) ar e der i ved f r om al t er -

nat i ve spl i ci ng of a second gene ( Qi u, W. Q, andJ . V. Ravet ch, unpubl i shed obser -

vat i ons) . At hi r d FcyRI I gene was i dent i f i ed t hat i s composed of t he 5' exons of an

FcyRI l b- l i ke gene ( 5' unt r ansl at ed, si gnal , ext r acel l ul ar , and t r ansmembr ane) and

t he 3' exons of an FcyRI I a- l i ke gene ( cyt opl asmi c and 3' unt r ansl at ed ; Qi u, WQ, and

J . V. Ravet ch, unpubl i shed obser vat i ons) . Thi s gene i s pr edi ct ed t o gi ve r i se t o t r an-

scr i pt s t hat ar e st r uct ur al l y di st i nct f r om t he FcyRI I a and I I b mol ecul es di scussed

above. A cDNA cl one was i sol at ed f r om a Daudi l i br ar y and char act er i zed . I t s se-

quence i ndi cat ed t hat i t r epr esent ed an i ncompl et el y pr ocessed t r anscr i pt of t hi s I I a'

gene, l acki ng onl y t he l ast cyt opl asmi c and 3' unt r ansl at ed sequences . To t est f or

t he pr esence of a compl et e t r anscr i pt , cel l ul ar RNAs wer e char act er i zed by r ever se

t r anscr i pt i on and PCRampl i f i cat i on usi ng a 3' cyt opl asmi c domai n ol i gonucl eot i de

f r omFcyRI I a and a 5' unt r ansl at ed r egi on ol i gonucl eot i de f r omFcyRI l b . AcDNA

pr oduct of t he expect ed si ze and st r uct ur e was obt ai ned ( Fi g . 1) i n neut r ophi l mono-

cyt i c and B l ymphoi d cel l RNAs as conf i r med by hybr i di zat i on t o domai n speci f i c

pr obes ( dat a not shown) . The sequence of I I a' i s >99% i dent i cal t o I I b f r om t he

5' unt r ansl at ed t hr ough t he t r ansmembr ane domai n . The cyt opl asmi c and 3' un-

t r ansl at ed sequences, however , ar e >95% i dent i cal t o I I a ( dat a not shown) .

Sequence Homol ogy bet ween Mur i ne andHuman FcyRI I s.

	

Compar i sons of human and

mouse FcyRI I cDNAs shown i n Fi g. 5 ( nucl eot i de) and Tabl e I ( ami no aci d) r eveal

bot h st r i ki ng homol ogy and si gni f i cant di f f er ences. Dot mat r i x compar i son of t he

human FcyRI I b2 cDNA sequence wi t h t hat of i t s mur i ne homol ogue ( Fc, YRa2)

shows t hat t hey ar e r el at ed t hr oughout t hei r l engt h, as shown i n Fi g. 5 D. Fr om

a hi gh of 75%i n t he ext r acel l ul ar r egi on, t hese sequences r et ai n >50%nucl eot i de

i dent i t y i n 5' and 3' noncodi ng r egi ons . I n a si mi l ar f ashi on, compar i son of human

FcyRI I bl wi t h i t s mur i ne homol ogue FcyR ( 3, shows t he cl ose r el at i onshi p bet ween

t hese gene pr oduct s . However , a del et i on of 81 nucl eot i des i n t he cyt opl asmi c do-

mai n of FcyRI I bl i s appar ent r el at i ve t o i t s mur i ne count er par t ( Fi g . 5 C) . I n con-

t r ast , compar i son of human FcyRI I a and mur i ne FcyR cx ( Fi g . 5 B, Tabl e I ) r eveal s

a mar kedl y di f f er ent pat t er n . Those t r anscr i pt s demonst r at e homol ogy i n nucl eo-

t i de sequences pr edi ct i ng t he si gnal sequence and ext r acel l ul ar domai ns . However ,

t he t r ansmembr ane, cyt opl asmi c, and 3' unt r ansl at ed r egi ons of t hese t wo cl ones

shar e no homol ogy .

The evol ut i onar y r el at i onshi p of FcyRI I a/ d wi t h i t s mur i ne count er par t i s evi -

dent f r om t he t wo r egi ons of homol ogy t hat ar e f ound bet ween human FcyRI I a/ a

and I I b ( or mur i ne / 3, not shown) ( Fi g. 5 A) . The f i r st r egi on begi ns wi t h nucl eot i de

sequences t hat pr edi ct t he ext r acel l ul ar r egi on and cont i nues t hr ough t he membr ane

spanni ng domai n and i nt o t he f i r st por t i on of t he cyt opl asmi c r egi on ( Tabl e I ) . A

1- kb i nser t i on f ol l ows i n t he Fc7RI I aJa' sequence f or whi ch no homol ogy i n FcyRI I b

i s appar ent . The second homol ogy r egi on begi ns i n t he 3' noncodi ng r egi on of
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c

Á

b
v-

hu FcRI I a

	

huFcRI I a

C

	

D

3
c

O
a

C

Á

N

TABLE I

C

UT

~EC̀ : .

E C

hu FcRI I bl

	

hu FcRI I b2

3' WT

FI GURE 5 .

	

Dot mat r i x compar i son of FcyR cDNA sequences of human and mouse usi ng t he
DI AGON pr ogr am ( 24) . Compl et e nucl eot i de sequences of human ( hu ; t hi s ar t i cl e) and mur i ne
( mu, r ef er ence 4) FcyRs ar e compar ed al ong t he x- or y- axi s as i ndi cat ed . The 5' unt r ansl at ed
( 5' ) , si gnal sequence ( S) , ext r acel l ul ar ( EC) , t r ansmembr ane ( TM) , cyt opl asmi c ( C) , and Tun-
t r ansl at ed r egi ons ar e i ndi cat ed i n l et t er s and demar cat ed by hor i zont al and ver t i cal sol i d l i nes .
Regi ons of nucl eot i de i dent i t y appear as dot s and di agonal l i nes . I nser t i ons of nucl eot i de se-
quence appear as gaps i n t he di agonal l i ne. Ful l si ze scal e bar s denot e spaci ng of 100 base pai r s
on al l axes . ( A) Compar i son of human FcyRI I a and I I bl cDNAs . ( B) Compar i son of human
FcyRI I a and mur i ne FcyR a. ( C) Compar i son of human FcyRI I bl and mur i ne FcyR 01 . ( D)
Compar i son of human FcyRI I b2 and mur i ne FcyR 02 .

Ami no Aci d Sequence Homol ogy Bet ween Human and Mouse FcyRI I

huFcyRI I a cyt opl asmi c domai n i s encoded by 2 exons, t he shor t er NH2- t er -
mi nal exon i s 60% i dent i cal t o huFcyRI I b2 and 37° í o i dent i cal t o moFCYRß2 .
The l onger COOH- t er mi nal r egi on i s unr el at ed t o ei t her of t hese cDNAs r esul t -
i ng i n a nonsi gni f i cant over al l homol ogy .

Fc, yR S EC TM C

0/ 0

I I a : I I b2 17 96 88 <15"

I I a : a 55 59 <15 <15

I I a : 0 2 23 61 50 <15`

I l b : a <15 60 <15 <15

I I b1 : 0 1 48 63 64 60

I I b2 : 02 48 63 64 53

a : , ß <15 95 <15 <15
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FcyRI I a/ a' and i n sequences encodi ng t he cyt opl asmi c domai n of FcyRI I b2 and ex-
t ends t hr ough t he end of bot h cl ones ( Fi g. 5 A, see Di scussi on) . I n vi ew of t he ext er n
si ve homol ogy bet ween FcyRI I b2 and i t s mur i ne homol ogue 02 ( Fi g . 5 D) t he l at t er
cDNA al so shar es a st r ong homol ogy wi t h t he 3' unt r ansl at ed r egi on of FcyRI I a/ a.
FcyRI I a, t hough not I I a, has a chi mer i c or gani zat i on, wi t h di st i nct r egi ons t hat
ar e homol ogous t o ei t her of t he t wo mur i ne FcyRs . The FcyRI I a si gnal sequence
i s homol ogous onl y t o t he mur i ne ci FcyR ( Fi g. 5 B) , wi t h bot h I I a and I I a' demon-
st r at i ng homol ogy i n t hei r ext r acel l ul ar r egi on t o bot h mur i ne a and ( 3 sequences,
whi l e t hei r t r ansmembr ane, some of t he cyt opl asmi c and 3' unt r ansl at ed r egi ons
ar e homol ogous t o t he mur i ne ( 32 FcyR or i t s human homol ogue FcyRI I b2 ( Tabl e
I and Fi g . 5 A) .

FcyRs Di spl ay Di st i nct Pat t er ns of mRNAExpr essi on.

	

To det er mi ne i f t hese st r uct ur -
al l y di st i nct mol ecul es di spl ayed di f f er ent pat t er ns of mRNA expr essi on, as i n t he
mouse ( 4) , ol i gonucl eot i de pr obes t o t he si gnal sequences of FcyRI I a and I I b wer e
used t o r eveal di st i nct pat t er ns of mRNAexpr essi on by Nor t her n anal ysi s . FcyRI I a
t r anscr i pt s ar e expr essed i n monocyt e- l i ke cel l l i nes ( Fi g . 6 A, l anes 3- 7) , HL- 60
di f f er ent i at ed wi t h DMSO( Fi g. 6 A, l ane 2) , and i n t he er yt hr ol eukemi c cel l l i ne
K562 ( Fi g. 6 A, l ane 1) . Four l ymphoi d cel l l i nes do not expr ess FcyRI I a mRNA
( Fi g . 6 A l anes 9- 12) al t hough t he Bur ki t t l ymphoma cel l l i ne Daudi does ( Fi g . 6

FI GURE 6.

	

Nor t her n bl ot anal ysi s of human FcyRI I RNAexpr essi on . 2 wg of pol y( A) + RNA
was pr epar ed f r om human cel l l i nes descr i bed i n Mat er i al s and Met hods and el ect r ophor esed
i n a f or mal dehyde agar ose gel and t r ansf er r ed t o ni t r ocel l ul ose . ( A) The f i l t er was hybr i di zed
wi t h a FcyRI I a si gnal pr obe i ndi cat ed schemat i cal l y bel owt he aut or adi ogr am. ( B) Af t er r emoval
of t he pr obe and pr eexposur e t he f i l t er was r ehybr i di zed t o a FcyRI I b si gnal pr obe as i ndi cat ed.
RNAconcent r at i on was nor mal i zed by et hi di um br omi de st ai ni ng and hybr i di zat i on wi t h act i n .
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A, l ane 8) . As shown i n Fi g . 6 A, t he human FcyRI I a- speci f i c si gnal pr obe r eveal s
t wo bands of 2. 6 and 1 . 5 kb i n al l posi t i ve cel l l i nes . A cDNA pr obe t o sequences
3' of t he f i r st pol yadenyl at i on si gnal of FcyRI I a ( see Fi gs . 1 and 2) hybr i di zed onl y
t o t he 2 . 6- kb t r anscr i pt ( dat a not shown) , suggest i ng t hat t hese t wo t r anscr i pt s ar i se
f r om di f f er ent i al pol yadenyl at i on . I n cont r ast t o I I a, t he FcyRI I b si gnal pr obe de-
t ect s a band of 1 . 5- 1 . 6 kb t hat i s expr essed i n numer ous l ymphoi d and myel oi d cel l
l i nes as shown i n Fi g. 6 B( l anes 3- 11) . Among cel l l i nes t hat have been t est ed, onl y
K562 ( l ane 1) , MOLT- 4 ( l ane 12) , and DMSO- t r eat ed HL- 60 ( l ane 2) do not ex-
pr ess FcyRI I b mRNA. However , t he I I b si gnal pr obe cannot di st i ngui sh bet ween
I I a and I I b si nce t he pr edi ct ed FcyRI I a t r anscr i pt , i dent i f i ed i n neut r ophi l s, mono-
cyt es, and l ymphocyt es, possesses a FcyRI I b- l i ke si gnal . These t r anscr i pt s can, however ,
be di st i ngui shed usi ng PCR and di st i nct combi nat i ons of ol i gonucl eot i des as de-
scr i bed above ( Mat er i al s and Met hods) . I n t hi s manner , I I a' expr essi on has been
det ect ed i n neut r ophi l s, B l ymphocyt es, cul t ur ed adher ent monocyt es, U937 cel l s,
and pl acent a, but not i n T l ymphoi d cel l l i ne RNAs ( dat a not shown) . To conf i r m
r esul t s obt ai ned wi t h cel l l i nes t ot al RNAs f r ompr i mar y human cel l s wer e anal yzed
f or FcyRI I expr essi on ( not shown) . Neut r ophi l s, cul t ur ed adher ent monocyt es, and
chr oni c myel ogenous l eukemi a cel l s al l expr essed abundant FcyRI I a mRNA by
Nor t her n anal ysi s . Human pl acent a, a r i ch sour ce of monocyt e and macr ophage-
l i ke cel l s, expr essed r eadi l y det ect abl e FcyRI I a and I I b mRNA on Nor t her n bl ot s .
I n cont r ast FcyRI I b mRNA coul d onl y be det ect ed i n B l ymphocyt es, cul t ur ed ad-
her t monocyt es, and neut r ophi l s by r ever se t r anscr i pt i on and PCR ampl i f i cat i on
of t hese pr i mar y cel l RNAs .

I mmune Compl exes of I gGand mAbs Bi nd Human FcyRI I Expr essed by Gene Tr ansf er .

	

The
l i gand bi ndi ng pr oper t i es and epi t opes of FcyRI I pr ot ei ns pr edi ct ed by t hese cDNAs
wer e det er mi ned by t he expr essi on of t hese cl ones i n FcyR- f i br obl ast cel l s . Tr an-
si ent t r ansf ect i on of mur i ne Lt k - f i br obl ast s wi t h FcyRI I cDNAs cl oned i nt o an
SV40- based vect or ( pCEXV3) r esul t ed i n cel l sur f ace expr essi on of al l FcyRs di s-
cussed above . Posi t i ve t r ansf ect ant s wer e det ect ed by bi ndi ng of mouse I gGI op-
soni zed SRBCs i ndi cat i ng t he capaci t y of t hese FcyRs t o bi nd mul t i val ent i mmune
compl exes ( Fi g. 7) . FcyRI I a ( Fi g . 7 A) demonst r at es a consi st ent l y decr eased l evel
of mouse I gG1 r oset t i ng. Thi s di f f er ence i s not due t o a di f f er ence i n t he ef f i ci ency
of cel l sur f ace expr essi on of t he pr ot ei n encoded by t hi s cDNA, si nce r oset t i ng wi t h
mAb I V. 3 ( 20) - coupl ed er yt hr ocyt es gave equi val ent densi t i es of bound cel l s ( not
shown) . Rat her , t hese dat a suggest t hat FcyRI I a has a decr eased af f i ni t y f or mouse
I gGI compar ed wi t h FcyRI I b. FcyRI b3, l acki ng par t of t he hydr ophobi c cor e of
i t s si gnal sequence, yi el ds t r ansf ect ant s wi t h an equi val ent densi t y of bound mouse
I gGI - or CD32 mAb- coat ed SRBCs, i ndi cat i ng t he f unct i onal i nt egr i t y of t he sur -
f ace FcyRI I mol ecul e . The f unct i onal consequences of t hi s al t er nat i ve spl i ce i s not

appar ent and i s under i nvest i gat i on .
Char act er i zat i on of t hese sequences as encodi ng aut hent i c FcyRI I pr ot ei ns was

det er mi ned by epi t ope mappi ng usi ng wel l - char act er i zed mAbs ( 20- 22) t hat def i ne

t hi s cl ass of mol ecul es . Mur i ne f i br obl ast s st abl y expr essi ng human FcyRs wer e as-
sayed by i ndi r ect i mmunof l uor escence and f l ow cyt omet r y f or r ecogni t i on by ant i -
FcRI I mAbs . Al l CD32 mAbs ( 22) and t he mAbs I V3 ( 20) and KuFc79 ( 21) r ecog-
ni zed bot h FcyRI I a and I I b t r ansf ect ant s ( not shown) .
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FI GURE 7 .

	

Roset t i ng assay of human FcyRI I expr essi ng t r ansf ect ed cel l s. FcR- mouse LTK-
f i br obl ast s wer e t r ansi ent l y t r ansf ect ed wi t h t he i ndi cat ed human FcyRI I cDNA i n t he expr es-
si on vect or pCEXV3 . 2 d af t er t r ansf ect i on, posi t i ve cel l s wer e det ect ed by bi ndi ng of mouse
I gG1 opsoni zed SRBCs . Pl at es wer e washed of unbound SRBCs, f i xed i n gl ut ar al dehyde, and
phot ogr aphed. ( a) Ha, ( b) I I bl , ( c) H62, ( d) I I b3 .

Di scussi on

I n t hi s ar t i cl e we est abl i sh t he st r uct ur al het er ogenei t y of human FcyRI I mol e-
cul es . Pr evi ous st udi es usi ng I gGaf f i ni t y bi ndi ng and an ant i - FcyRI I mAb ( 20) sug-
gest ed t hat t hi s cl ass of mol ecul es was mor e het er ogeneous t han coul d be account ed
f or by t he expr essi on pat t er n of t he pr evi ousl y i sol at ed FcyRI I cDNA ( 14- 16 ; t hi s
ar t i cl e) . Cl oni ng of mul t i pl e cDNAs r epr esent i ng al t er nat i vel y spl i ced t r anscr i pt s
of t he FcyRI I b gene and i dent i f i cat i on of t he I I a' t r anscr i pt compl ement t he pr evi -
ousl y i sol at ed cDNAas subcl asses of t hi s i mpor t ant cl ass of r ecept or s . Over l appi ng
yet di st i nct subset s of cel l l i nes expr ess mRNAs encodi ng t hese r ecept or s . Thi s pat -
t er n of RNAexpr essi on i s consi st ent wi t h t he di st r i but i on of FcyRI I pr ot ei n det er -
mi ned by mAb and l i gand bi ndi ng st udi es . Bot h a and b subcl asses of FcyRI I have
been shown by gene t r ansf er t o bi nd i mmune compl exes and be r ecogni zed by ant i -
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FcRI I mAbs . Toget her t hese t hr ee subcl asses account f or al l l i gand and mAb bi ndi ng
at t r i but ed t o human FcRI I t o dat e .

Human FcyRI I a, I I a' and I I b cDNAs pr edi ct pr ot ei ns t hat ar e cl osel y r el at ed yet
have i mpor t ant st r uct ur al di f f er ences . I n par t i cul ar , t he mat ur e pr ot ei ns pr edi ct ed
by FcyRI I a and I I a genes ar e >95% i dent i cal t hr oughout . Recept or s pr edi ct ed by
t he FcyRI I b cDNAs shar e t hi s homol ogy wi t h I I a/ I I a' i n t he ext r acel l ul ar domai n
account i ng f or t hei r abi l i t y t o bi nd common l i gands and mAbs . Unl i ke t hei r mur i ne
count er par t s t he human r ecept or s di spl ay hi gh homol ogy i n t hei r t r ansmembr ane
domai ns ( Tabl e I ) . Whi l e 10 of t he f i r st 12 r esi dues of t hei r i nt r acel l ul ar r egi ons ar e

i dent i cal , FcyRI I aJa' and I I b2 di ver ge compl et el y at t hat poi nt . The l ar gel y di ver -
gent cyt opl asmi c t ai l s of t hese r ecept or s may medi at e di st i nct f unct i ons i n r esponse
t o bi ndi ng a common l i gand .

Bot h conser vat i on and di ver gence i n pr i mar y st r uct ur e of member s of t he mur i ne
and human FcyR mul t i gene f ami l i es l ead t o i mpor t ant pr edi ct i ons about t hei r f unc-
t i ons . A st r i ki ng conser vat i on of sequence i s obser ved bet ween human FcyRI I b and
mur i ne FcyR a . A human gene encodi ng FcyRI I b has an i dent i cal exon- i nt r on or -
gani zat i on t o t hat of t he FcyR 0 gene ( Qi u, WQ, and J . V. Ravet ch, unpubl i shed
obser vat i ons) . I n bot h speci es t her e i s al t er nat i ve spl i ci ng of t he pr i mar y t r anscr i pt s
f r om t hese genes t hat i nvol ves t hei r f i r st cyt opl asmi c exons . The human FcyRI b2
and mur i ne FcyR / 32 cDNAs l acki ng t hese exons ar e homol ogous t hr oughout t hei r
codi ng and noncodi ng r egi ons ( Fi g. 6 D) . I n cont r ast , t he cDNAmol ecul es i ncl udi ng
t hese exons r eveal an i nt er speci es di ver gence ( Fi g. 6 C) . I n human FcyRI I bl t her e
i s a del et i on of sequences cor r espondi ng t o t he COOH- t er mi nal 27 ami no aci ds
of t he f i r st cyt opl asmi c exon of mur i ne FcyR al , a r esul t of t he ut i l i zat i on of a
cr ypt i c spl i ce donor si t e i n t hi s sequence . Sur pr i si ngl y, t hi s same sequence AGGT
GAGT i s pr esent i n t he mur i ne homol ogue ( 4) , yet i t s use as a spl i ce donor has
not been det ect ed .

I n cont r ast , a di r ect r el at i onshi p bet ween human FcyRI I a, I I a, and a si ngl e mu-
r i ne count er par t i s not obvi ous . Anal ysi s of bot h cDNAand genomi c sequence dat a
f or FcyRI I a and I I a' i ndi cat es t hat t he sequence pr ecedi ng t he second r egi on of ho-

mol ogy bet ween FcyRI I a/ a and mur i ne FcyR ( 32 ( or human FcyRI I bl , Fi g . 5 A)

coul d be a mut at ed spl i ce accept or si t e . I n par t i cul ar , a T r esi due i nser t ed i nt o t he
cr i t i cal AGspl i ce accept or di nucl eot i de ( Fi g. 8) woul d have r ender ed t hat si t e non-
f unct i onal . Wi t h t he ut i l i zat i on of a cr ypt i c spl i ce si t e i n t he i nt r on pr ecedi ng t hi s
si t e, t hese sequences per si st as exon i n FcyRI I a/ a' t r anscr i pt s . Ther ef or e, t he nucl eo-

huFcyRI I a

AATAAA AATAAA

S UTTM

c,
Y6NAG

2

TAA

huFcyRI l b

TM C, C2

YAGY7 NATG

Y

UT

AATAAA

101.010MRMI ME
3

FI GURE 8 .

	

Schemat i c compar i son of t he 3'
ends of human FcyRI I genes . Sequences con-
t r i but i ng t o cDNAs r epor t ed her e ar e boxed
and l abel ed as i n Fi g. 1 . I nt r on sequences ar e
i ndi cat ed by br oken hor i zont al l i nes . Cr oss-
hat chi ng and st i ppl i ng i ndi cat e r egi ons of hi gh
homol ogy. Rel evant nucl eot i de sequences ar e
i ndi cat ed i ncl udi ng: pol yadenyl at i on si gnal s,
st op coci ons, and spl i ce accept or si t es, Y,
pyr i mi di ne; N, any nucl eot i de. The Tr esi due
t hat i s pr oposed t o have mut at ed a spl i ce ac-
cept or si t e i n t he FcyRI I a gene i s shown i n
bol d . The st r uct ur e o£ t he I I a gene i s i den-
t i cal t o Ha i n t hi s r egi on.
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t i de sequences f or bot h codi ng r egi ons and 3' unt r ansl at ed sequences of mur i ne FcyR

0 and human FcyRI I b ( Fi g . 5 A) ar e homol ogous t o t he 3' unt r ansl at ed r egi on of
human FcyRI I a/ d because of t he pr esence of t he ancest r al cyt opl asmi c/ 3' unt r ans-
l at ed exon i n t he l at t er sequence ( Fi g . 8) . The novel exon f ound i n t he FcyRI I a/ a'
gene l i kel y r esul t s f r om t hese event s havi ng conver t ed sequences 3' of t he new ac-
cept or si t e, whi ch ar e i nt r on sequences i n I I b and mouse S, t o exon sequences i n
I I a/ a: Thus, I I a most l i kel y ar ose f r oman ancest r al I I b gene by mut at i on of a spl i ce
accept or si t e and ut i l i zat i on of a cr ypt i c si t e . The per si st ence of t hose sequences as
an open r eadi ng f r ame f or t he cyt opl asmi c domai n of t he human Ha/ a' t r anscr i pt
suggest s t he acqui si t i on of a f unct i onal r ol e f or t hese sequences. The chi mer i c st r uc-
t ur e of FcyRI I a not ed above ( Fi g . 5, A and B) suggest ed t hat t he t r anscr i pt f r om
whi ch t hi s cDNA was obt ai ned i s t he pr oduct of a gene t hat ar ose by r ecombi nat i on
bet ween t wo genes t hat wer e pr ecur sor s of t he pr esent day mur i ne Fc' YRa and 0
genes. Such an event woul d expl ai n t he mur i ne FcyR al i ke si gnal sequence and
mur i ne FcyR02- ( or human Fc7RI b2) l i ke t r ansmembr ane, f i r st cyt opl asmi c por -
t i on, and 3' unt r ansl at ed r egi ons not ed above and by ot her s ( 16) .

Sel ect i ve f unct i ons f or FcyRs I I a, I l a, and I I b ar e f ur t her suggest ed by t he cel l
t ype- speci f i c expr essi on of t hese t hr ee genes . RNAexpr essi on f r omt hese genes has
been di st i ngui shed t hr ough use of si gnal sequence pr obes t hat ar e speci f i c f or FcyRI I a
and FcyRs I I a' / I I b and by t he use of r ever se t r anscr i pt i on and PCRt o di st i ngui sh
I I a' f r om I I b. Monocyt e/ macr ophage- l i ke human cel l s i ncl udi ng cul t ur ed adher ent
monocyt es and cel l l i nes such as U937 expr ess al l t hr ee subcl asses of FcyRI I . Pe-
r i pher al bl ood neut r ophi l s expr ess r eadi l y det ect abl e FcyRI I a mRNA wi t h a l ower
l evel of FcyRI I b and FcyRI I a' mRNA. Spl eni c B l ymphocyt es and cel l l i nes of B
l ymphoi d or i gi n ( I M- 9, Daudi , Raj i , AWRamos) al l expr ess FcyRI I b mRNA, a
f i ndi ng t hat i s consi st ent wi t h t he ubi qui t ous l ymphocyt e expr essi on of t he mur i ne
homol ogue, FcyR a ( 4) . Thr ee human T cel l l i nes ( MOLT4, Jur kat , and Fr o- 2)
f ai l t o expr ess det ect abl e l evel s of human FcyRI I mRNA. Whi l e t hese pat t er ns of
RNA expr essi on ar e consi st ent wi t h pr evi ous st udi es of RNA ( 14- 16) and pr ot ei n
expr essi on ( r evi ewed i n r ef er ences 1 and 9) f or FcyRI I ( CD32) , t hose st udi es f ai l ed
t o di st i ngui sh bet ween subcl asses of t he FcyRI I ( CD32) f ami l y as demonst r at ed her e.
Recogni t i on of t he st r uct ur al di f f er ences among t hese mol ecul es and t hei r speci f i ci t i es
of cel l ul ar expr essi on suggest f unct i onal l y i mpor t ant di st i nct i ons .

Summar y

The st r uct ur al het er ogenei t y of t he human l ow af f i ni t y r ecept or f or I gG,
FcRI I ( CD32) , has been el uci dat ed t hr ough t he i sol at i on, char act er i zat i on, and ex-
pr essi on of cDNA cl ones der i ved f r om myel oi d and l ymphoi d RNA. These cl ones
pr edi ct ami no aci d sequences consi st ent wi t h i nt egr al membr ane gl ycopr ot ei ns wi t h
si ngl e membr ane spanni ng domai ns . The ext r acel l ul ar domai ns di spl ay sequence
homol ogy t o ot her FcyRs and member s of t he I g super gene f ami l y. A mi ni mum
of t hr ee genes ( FcyRI I a, I I a, and FcyRI I b) encode t hese t r anscr i pt s, whi ch demon-
st r at e hi ghl y r el at ed ext r acel l ul ar and membr ane spanni ng domai ns . I I a/ I I a' di f f er
subst ant i al l y i n t he i nt r acyt opl asmi c domai n f r om I I b. Al t er nat i ve spl i ci ng of t he
I I b gene gener at es f ur t her het er ogenei t y i n bot h NH2- and COOH- t er mi nal do-
mai ns of t he pr edi ct ed pr ot ei ns . Compar i son t o t he mur i ne homol ogues of t hese
mol ecul es r eveal s a hi gh degr ee of conser vat i on bet ween t he pr oduct s of one of t hese
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genes, FcyRI I b, and t he mur i ne 0 gene i n pr i mar y sequence, spl i ci ng pat t er n, and
t i ssue di st r i but i on . I n cont r ast , t he sequence of I I a' i ndi cat es i t s r el at i onshi p t o t he
0- l i ke genes, wi t h mut at i on gi vi ng r i se t o a novel cyt opl asmi c domai n, whi l e I I a
i s a chi mer a of bot h a- and 0- l i ke genes . Expr essi on of t hese cDNA mol ecul es by
t r ansf ect i on r esul t s i n t he appear ance of I gGbi ndi ng mol ecul es t hat bear t he epi -
t opes def i ned by t he FcRI I ( CD32) mAbs pr evi ousl y descr i bed .

We t hank Dr . Bi ce Per ussi a f or her assi st ance wi t h t he f l ow cyt omet r y anal ysi s and f or
st i mul at i ng di scussi ons . We t hank A. Pavl ovec and J . Dadgar f or t echni cal assi st ance and
K. Yat es and D. Champher s f or secr et ar i al assi st ance .

Recei ved f or publ i cat i on 3 May 1989 and i n r evi sed f or m 26 June 1989 .

Not e added i n pr oof : cDNA cl ones essent i al l y i dent i cal t o I I a and I I b2 have r ecent l y been de-

scr i bed ( 25) .
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