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I  [ntroduct ion

lgE has at t ractecl  a major interest  s ince i ts discovery in 1967
by Johansson and Benn ich  I i l  and  Ish izaka and lsh izaka

[21. due to the central  ro le i t  p la.v-s in atopic al lergi t 's .
A l though the  normal  func t ion  o f  teE is  no t  known.  i t  has
heen suegestecl  that  IsE couic l  be of  importernce for the

\ o r c l  r i ì ì l ì ì u r ì ( ) g l o i t 1 1 1 1 1 1  I  c l l r r n  r r t R \ . \

Characterization of'four novel e chain mRI\A and
a conlparative analysis of genes for
imnrunoglobulin tr in rodents and man'i'

The  nuc leo t i c i e  seqL rencc r  o f  t hc  i '  r cg ion  o f  t he  e  cha in  gcne  f t t r  l t uman  IgE  i s

p rcse  n te r l .  A  co r l pu r i son  o l ' t he  cn t i r e  reg ion  f r om -5 ' o f  c . r t t t r  C l  t o  t he  N l2  c ron

o t ' t hc  t Ì l ousc ,  r a t  an r l  [ r r rm l rn  r  ch l i n  genes  shows  tha t  t hc  t l r . ' c r z t l l s t r uc tu re  o t ' t h . '  I

c i r a i r r  gene  ha r ,e  chanqcd  o r r l l 'm in ima l l , u "  c l u r i ng  t hc  60 -70  m i l l i on  ) / ea rs  o l

e  vo l t t t ionar ,v  separet ion bet ivee t t  r t ldcnts  anc l  ml ìn .
\ \ ' c  lu rvc  prev ious lv  sho, , r ,n  t l ra t  l  r - rurn t rer  o f  rcar r iu lgcmcr t ts  l l t rger  than L0 b1 l

h l i r . c  r c l a t i veh , recen t l r  occ r r r r ec l  i n  t hc  C l / i v l L  i t t t r o r t  t t f  t hc  ra t  o r  t he  n l t l t t s c

c  c i r a i n  gc t ì es .  A  ma jo r i t v  o f ' t hcsc  rea r rangemc t ì t s  wc rc  f oL r t t d  r v i t h i r r  c l r  i n  c l osc

l t r ox in r i t v  t o  r cpe r i r i v c :e  tF r t ' r r ccs  o f  Z -DN i \ - f o rm ing  po t c r t t i a l  (C lA  c l i nuc l . - ' t l t i t l t '

t ' r ìp r l ì ts ) .  The Cl iNt l  in t ron has cvo lvec l  verv  rap ic l l l ' .  to  such i ìn  e \ tent  th l i t  t t i r

l rppare n t  hc tmologv can l re  c lc tcc tec i  bc t rvecn roc lcnts  l t t tc l  ml t t - t .  Onl ,v  rc l t tn l t t ' t ts  t r l

t hc  repc t i t i ve  sec luenc r \  i ì r ù  1 - : r esen t  i n  n t rn .  suppo r t i l t g  t hc  t hco r r , ' t ha t  r epc t i t i r c

se r l uences  hav ing  Z -D \ , , \ - i o rn r i ng  p ropc r t i c s  t n r t \  p l l r - v  a  ro l c  i n  t hc  cvo lL t t i o r t

o1 '  t hc  cuca rvo te  qcno l Ì l c  b t '  p ro rno t i ng  recon tb i l t a t i ons .  l eac i i ng  t o  a  rap i t l

c v t t l u t i onan '  c l r i f t  o i  s c t l t r cnccs  i n  c l osc  p r r t x i r n i t v  t o  t hcse  re  pc i t t s .

\ \ /c  rcpor t  hcre t i rc  churacter izat ion o f  the-  membranc c lon l t i t rs  t t f  humatr  IgE l ì l l t l

f oL r r  nove l  mR\ , - \  t r ansc r i bcc l  l ' r o rn  t he  hu rnun  E  cha i t t  l t t cus . ' l ' h t  n r i t n l t n

s t ructures ha i . 'c  becn r le tcrnr inet l  t rv  po lvmcrase c l ta i t t  rcact io t " t  c lor l i l lg  i tn t ì

r t r - r c l co t i c l e  sc ( l ue r ì cc  unu l r s r s .  r \ l l  l ' i v c  r n l lNA  c t t n ta i n  t he  C i  t l oma i r t  l t nc l  t l t e

membl 'anc exon I  ( ) , l l ) .  Duc to  t ' ranrc  sh i l ' ts  c l tuscc i  t t r  t tor , 'e l  sp l icc  s i tcs  t t r  n t lvc l

sp l i c c - s i t e  comb inu t i t t ns .  t hc  l t r o te i ns  enco t l ec l  b l  t h r ce  t t u t  c l f  t hcsc  1 ' ou r  nove l

mRN, , \  r l i l l ' c r  i n  t hc i r  ca rbo r i  - t e rm ina l  cnc l  f  r t t n r  t hc  c l ass i ca l  scc rc te  c l  o r

r r r en tb ru tnc - t r ounc l  imn runog lo t rL r l i ns .  N r i r t hc rn  h lo t  a r t a l vs i s  s l t t l r v s  s i g r l i t ' i can t

l e  vc l s  o l ' a t  l cas t  t h r cc :  o i r t  o i t hcsc  f ou r  r t ovc l  n t l ìNA  i n  an  I g [ : - p roc iuc : i ng  hu t t r a t l

c c l l  l i n c .
Onc  o f  t hc  m l ìNA  L -nco r l es  i ì  t n tnsn ren rbn rnc - l i k c  s t r r - t c t r . r r c  w 'h i ch  h l t s  cha rac t c r s

i n  common  r v i t h  t he  t n rnsmcmbr i i nc  r cg i t t r t  o f  t l r e  CD3  c t t r npo t t c t t t s  o i t hc  f  cc l l

r c c c p t o r  c o m p l e r  ( C D j ^ , , .  ò  a n d  t . ) . - [ ' h i s  i n c l i c a t c s  t h a t  l g E . - p r o c l u c i n g  B c c l l s

poss ib l y '  have  two  scp l t r a t c  s i g r t l r I - t r a t t s t l uc t t l g  svs t cn l s .

, \  compar - i son  o t ' t hc  c l ass i ca l  n r c r l [ r r a r t c  unc l t o r i r t q  c l on t i t i t t  o f  t hc  hun t l i n  e  cha i r l
r ,v i th  a  panel  r t f  in tnrunoglobr- r l in  nrcmbnrr tc  t ionr - t i t ts  f  rom i ish to  h igher  matnt t r l t l s

is ; l resenter l .  A t r  ros ine l rnc la  g lLr tarn inc rcs ic lucr  is  foLrnc l  t t t  bc  conserv t ( l  bc t rvcc- t l

a l I  cv top lasnt ic  c lorna ins o f  a t l  post -sr ,v i tch in t rnunt lg l t tbu l i r r  c lasscs inc l ic l i t ing l r

f unc t i ona l  conse rva t i on  o f  t hesc  am ino  ac i c l  r es i c l ues .  Sugges tec l  f u l t c t i ons  f o r

t hcse  res i c l ues  a rc  t he i r  pa r t i c i p i r t i o r r  i n  s i gna l  t r a t t sc l uc t i on  o r  i n  l i nkagc  t o  t hc '

cv toskc l c ton  f o r  i r t t e rna l i za t  i on  o f  an t i boc l ) ' - an t i  gc  n  c t lmp l cxcs '

immune c le fense aqainst  paras i t ic  in fect ions [3 ]  A compar-

ison of  the cor responc l inu pept ic le  reg ions of  human i in t i

rodent  Ig  shorvs that  the E chain  has the iowest  deqree of

c ìonservat ion o f  a l l  f i ve  Ig  c lasses.  S ince the h igh-af f in i tv

in teract ion betw 'een the tgE ant ibod l 'anc l  i ts  h igh-af f in i t l '

receptor  on mi ìs t  ce l ls  anc l  basophi i ic  leukocvtes is  mai l t -

ta ined in  both roc lents  anc l  man.  th is  is  s t rongl .v  ind icat ive o f

a  co-evo lu t ion o f  the ant iboc ly '  and i ts  receptor  anc l  an

evo lu t i ona r , v  advan tage  o f  ma i r i t a i n i ng  t he  I gE  mas t  cc l l

s ) 's tem.

The nuc leot ic le  sequence has prev ious lv  been c le tcrminec ' l

for  the reg ion cont i t in ing the four  const i tn t  reg ion e. rons (C I

t o  C - t )  o f  t he  e  cha in  gene  o f  t gE  and  t he  reg ion  con t l t i n i ng

the tentat ive pos i t ion o f  the two exons ( lv l l  anc l  lv l l )

encod ing  t he  membrane  ancho r i ng  t a i i  o f  t he  membrane -

bound  fo rm  o f  I gE  i n  mouse .  r a t  anc l  man  [ ' l - 8 l .B l ' t
comparat i r , 'e  analys is  o f  the complete  reg ion f rom 200 bp

Llpst re i ìm of  exon CL to  a  few hundred bp downst re t tm of

the coding reg ion of  the [v [2  exon of  the e  cha in  get res in
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160  I - .  He l lman

n ' ìousc anc l  ra t .  \ \ ' c  h í ì \ ' c  dcmonst ra tcc l  thut  thc  pos i t ìons o f
l r l l  l a rgc r  i nsc r t i ons  anc l  c l c l e : t i ons  i n  t h i s  c l i r  on rosoma l
r c g i t r r l ; u ' c .  t o ; r  l a r q c  c \ t e l ì t .  l o c l r l i z c r l  I o  I ' r p r t i t i \ c
s r r c l ucnccs  con ta in i ns  re  p t :  a te  c l  CA  r i i nuc leo t i r l c s  [ 91 .  Such
rcpe t i t ivc  scqLlc l . ìccs ha i 'c  be en foLrnc l  .  i r t  r i t ro  anc l  poss ib l i '
i r t  v t r o ,  t o  ac iop t  Z -DNA con fu rn ra t i on .  

- f l r c  
l oca l i za t i on  o i

t he  rea rmngen tcn t s  t o  t hc  repe t i t i v c  sc r l L t cnccs  * ' c re  s t r i k -
i ng .  imp l i ca t i n t  a  ro l c  o f  t hcse  sec1L l cnccs  i n  genc  rea r -
r : rngements  anc ' l  thc  c- r 'o IL l t ionarv  r l r i i t  o i  t l i c  cucarr 'o tc
genome.  Th i s  p ro rnp t c r l  an  ana l l s i s  o f  t hc -  co r respo r - r c l i nu
rcq ion  i r r  n r i u l .  P l i r na t cs  anc l  r oc l cn t s  sc [ ] l t r a t cc l  t l u r i ng
cvo lu t i on  app rox ima tc ì l ) '  6 { ) -  i - 0  r n i l l i on  vc t ì r s  ugo  r i ' he  reas
thc  cvo lu t i ona rv  scp lu ' a t i on  o f  r nousc  l r r r l  n r t  occuned
app rox in l a t c l v  t 0__10  r ' r r i l l i on  vca rs  as ( ) .

[ : x cc l r t  i o r  t l r c  s te  r i l c  t r ansc r i p t s  p r cce  c l i ng  t h r  i so t r  p rg
s n i t c h  [ 1 0 - 1 1 ] .  t h c  r l l ì N , {  c n c o c l i n g  r h c  c l a s s i c u l  s c c l e t c c l
r und  rncn rh rane -bou r r c l  an t i boc l i e : s  ha i ' c  l ong  bce r r  cons i -
t l e r cc l  t hc  on l v  rn l ìN . \  t r unsc r i bec l  i r on r  l r r r  I g  l oc l r s .  A  f cu
eranrp lcs  h ln 'c  bcc:n  t icscr ibc t l  n  l rc rc  t r . r  t )  t l r  sor . ì lc t i r Ì les
th r cc  scpu r i ì t t  t r a r r sc r i p t s  i ì r c  p rùscn t  f o r  t he  n re  mbnrne r  I g
I t 3 ] . - f h e s c  h u l ' e  b e e n  s l r t > r v n  r o  c l i i f c r n n l v  i n  t h c  p o s i t i o n  o i
t he i r  po l vuc l cnv la t i on  s i t es  [ 13 ] .  F I c r c  r i c  r eJ ro r t  t he  cha r -
ruc t c r i za t i on  o f  t he  c l ass i c l r l  mcmbrane  IgE  unc l  f ou r -  no r .e l
n rRNA o r i g i na t i ng  f r o rn  t hc  h r - iman  s  cha in  l ocus .  Th rcc  o i
t hcsc  cncoc ie  p ro t c i ns  l vh i ch  c l ca r l v  r l i i f e r  f r o rn  t he  c l ass i ca l
secrc tec l  anc l  nrembnrr rc- t rounc i  IgE C)ne of  thc  nor , .e i
p ro t c i ns  con ta ins  a  po ten t i a l  t r ansn rc r r - r b r -an r  r cg ion  r vh i c l r
sh t ' r i i ' s  s i n r i l u r i t i c s  t o  t hc  C lD i  componcn ts  o f  t hc  

- f  
c c l l

r cc rp to r .  Th i s  i nc l i cu t cs  t hu t  I gE -p roc luc ing  I l  c c l l s  po t cn -
t i a l l v  havc  l i  secon r l  s i gn l t l - t r ansc luc i l l g  \ \ ' s t r n l  s rp l ì r a te
i r on r  t l t c  c l uss i ca l  n re  n rb runc -L roun t l  I g .  Rcccn t l r  a  s tuc l r
\ \ ' i ì s  pL rb l i shc t l  c l esc r i b i ng  t l r c  s t r uc tu re  o f  t he  c l ass i ca l
n r c rnb rane  f o rn r  o f  hun ran  I gE  a r r r l  t uo  r rdc l i t i ona l  t n rn -
sc r i p t s  cncoc l c r l  f n l t r  t hc  e  c l i a i n  l ocus  i L l ì .  a l nc  o l  t hcse
r r [ ì \A  i s  i r l en t i ca l  t o  onc  o f  t l r c  t r ansc r i p t s  uc  dcsc r - i be  i n
t l r i s  comnru r r i c l t i on  a r r c l  t hc  scconc l  enco r l cs  u  novc l  r  u r i r r n t
o f  t hc  c l ass i ca l  mc rnb ranc  uncho r i ng  I gE  r v i t h  a r r  ac l c i i t i ona l
* i  1  unr inr> ac ic ls  (aa)  pos i t ioncc l  bc t rvccr r  thc  C- l  c iomain l rnc l
t he  t r ansmc-mbrane  r cg ion .  The  s t ruc tu re  o f  t he  p rese  n t
seven c l i f l 'e  rent  mRNA t r lnscr ibec l  i rorn  the r :  cha in  locus is
conrpare t l  anc l  t l ' re i r  poss ib le  b io log ica l  funct ion anc l  s isn i f -
icance r , r ' i l l  be d iscussec l .

The t r i ìnsmer ' ì lb ranc Ig  is ,  tc tgether  u , . i th  the accessorv
s igna l - t r anc luc ing  mo lecu les  encoded  bv  t he  genes  mb- l
anc- i  B-29.  essent ia l  for  ant igen-depenc lent  s igna l  t ransduc-
t i on  and  an t i ge  n  p resen ta t i on  by ' t he  B  ce l l .  A  compara t i ve
luna l r  s i s  o i  n remhranc -sp lu rn ing  anc l  cv t r l p l usn r i c  r i o l n l r i ns
r r f  a  large panel  o f  Ig  genes f rom f ish tc - l  man is  presente( l  in
an at tempt  to  def ine aa res ic lues of  impor tancr  ior  these two
impor tan t  even ts  i n  B  ce l l  c i e r , c l opn ten t .

2 Materials and methods

2.1 Subc lon ing and nuc leot ide sequence analvs is

Fol lorv ins  a  c le ta i lec l  res t r ic t ion enzvme mlpp inr l  o f  the
cosmid c lone Coslg l0  [ l -5 ] .  a  Hind I I I iXba I  f raqment  o f
app rox ima te l v  4 .8  kb  i n  s i ze  con ta in i ne  t he  f ou r  cons tan t
reg ion  exons  and  1 .5  kb  o f  3 '  sequences  o f  t he  e  cha in  _gene
was exc ised f rom the cosmid bv rest r ic t ion enzvme c leavage
and pur i f ied on a low-mel t ing-po inr  asarose ge l .  The

Eur .  J .  I rnr r rLr r . ro l .  t99 i .  l - ì .  t i9_167

f rusmerr t  u 'as  l igatcc l  in to  pCE, ì r f  2 .  , . \  976-bp Sac I  f rae-
încn t  anc l  a  -51 ( ) -bp  Nhc  l /Ps t  I  f r agn rcn t  f ' r on r  t hc  j ' cnc l  o l '
t he  e  cha in  gcn r  \ \ ' a s  cxc i scc l  f r o rn  t he  cosm ic l  c l one  anc l
subc loncc l  i l r t o  pGE iV Í2 .  Dc ra i l c r l  r cs t r i c t i on  m : ìps  wc rc
gcnc ra t cc i  f o r  t hc  subc loncs  anc l  f  r uqn tcn t s  o f  2 (l (X)- l ( ) ( )  bn ip l n
s i ze  l vc r c  su [ r c l oncc l  f o r  nuc leo t i c l c  sc r l L l cnc r  ana l vs i s  L r . u . t hc
me t i ì oc l  o f  Sunsc r  c t  a l  [ 161 .  A l l r scc luc r ] ccs  c l ep i c tec l  i n
F ig .  i  u ' c re  c l c t c rn t i nc r l  l ' o r  bo t l rS i r cc t i ons  o f  t he  DN i \
molecu le .  J -h . r  cosmid c l t lnc  \ \ ,1 ìs  i ì  k inc l  e i f t  f ' ror l  Dr . ' I ' .
R a b b i t t s .

2 .2  Nr l r thern b lo t  ana lvs is
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2.3 Poh ' lnerase chai r t  react ior r  (PCR) ar r r ; r l i f i ca t ion

Sing le-s t randcc l  cDN. \  \ \ 'as  prcJ larcc l  us  fo l lo r i ,s :  - i  1 ru  o t
po l r ' - \ -  RN i \  r . i as  l r c l c l cc l  t o  a  so lL r t i r t n  con t l r i n i ng  - r0  rn \ l- f r i s -H ( l ( p l - l  

7 .b ) .  b0  n ì \ r  KC l .  10  rn l r r  i v l g ( i l . .  I  n r r r  D l ' l - .
I  U /u l  o i  RNas in .  - 50  1 tg /n t l  o t ' ac t i nc tn t vc in  D  anc l  I  l i lm l
A \ , lV  r r vc r s r  t n i nsc r i p tasc .  t o  l r  f  i nu l  vo lume  o f  10  1 t l .  i \ t ' t c r
I  h  o f  incut - ra t ion a t  - l l 'C  thc  I ìN. \  tL 'n lp l i ì tc  rvas rcr r . ro 'ec l
bv  ac l c l i t i on  o f  NuoF I  t o  u  f i na l  conccn t ru t i on  o f  0 .1 - i  \ r  an t l
t he  reac t i on  \ \ ' Í t s  co l t t i nL rec l  a t  6 - r 'C  t o r  un  uc l c l i t i r t nu l  I  h .
T i r e  samp le  * ' us  neu t ra l i zec l  b r , '  t he  a r l c l i t i on  o f  l / 10  r ' o l L rme
of  i  r . t  Tr is -HCl  p t l  7 . - i  ur i . l  -5  \ l  I  ICI  in  an ar -no l rnr
cquiva lent  to  thc  \aOH ac lc lcc l  to  the rcact io l l  tube .  Tr i ,c r
Ì r und red  anc i  f i f t l 'm i c ro l i t e r s  o f  a  so l r - r t i on  con t i t i n i ng
20 mrut  Tr is -HCl .  pH 7.5 .  10 mrvr  EDTA.  ( ) .  L  i r r  NaCl .  anc- l
0 .5o, ,1 ,  SDS rvas addec- l  and the sample was ext ractcc i  rv i th
phenol :  ch loroform (50:50) .  Th is  r . r , ,as  fo l lo lvec l  bv  ch loro-
form ext ract ion.  f -hc  cDNA n,as c thanol  prec ip i ta tec l .
r 'vashecl in 70"i.  ethanol ancl cl issolved in 20 pt l  clouble-
d is t i l lec i  w i ì ter .  F ive micro l i ters  o f  th is  cDNA rvas usccr  as
templ i ì te  in  a  PCR ampl i f ica t ion per formecl  accorc l ing tc r
s tandarc l  procedures f  19 l  .

3 Results

3.1 Nucleoticle sequence analvsis of the 3' region of the
human e cha in  gene

Three f ragments  or iq inat ing f rorn thc  s  cha in  gene of  the
cosrn ic l  c lone Cos [e t0  [1 ,5 ]  rvere subc lonec l  in to  pGEN, l  2
for  fur ther  anal ts is .  The nuc leot ide sequel lce was c le ter -
minec l  for  a  reg ion f rom the four th  constant  reg ion to
approx imate lv  800 bp c iownst ream of  the cot l ine r { ion o f
exon lv f2  (F ig .  i ) .  The tentat ive pos i t ions o f  exons lv l l  and
M2 were determinec l  on the bas is  o f  homolosv to  the rodent
counterpar ts  [ -1 .  5 ] .
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M 1  M 2A

B
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C 1 c2 c3 c4
H

- - -1  kb .

ysAspG I  uPhe  I  I  eCy  sArgA I  aVa  ì .  H  i  sG l -uA  ì  aA  laSerProSerG I  nThrVa lG InArgA laVa  l "  Se rVa  lAs  nPro
t  r  ^ ^ r m ^ ì ^ m f i .1,. I1I1\J11 ! \JI1\ '  L T CA'ICTGCCGTGCAGTCCATGAGGCAGCGAGCCCCTCACAGACCGTCCAGCGÀGCGGTGTCTGTAA-ATCCC- t  - -  - - r - - r  .  !  .  |  |  t ,

I
Y

d lvLvsTer

TCCACTgTTÍjg\IA.TGSCCCCAGGAèSCTACCCCC'\ATAAÀCTGTGCCTGCTCAGÀGCCCCAGGTACACCCATTCTTGGGA

GCGGGCAGGGCTGTGGGCAGGTGCATCTTGGCACAGAGGÀÀTGGGCCCCCCAGGAGGGGCAGTGGGAGGAGGTGGGCAGG

GCTGAGTCCCCCCAGGAGAGGCGGTGGGAGGAGGTGGGC.\GGGCTGÀGGTGCCACTCATCCATCTGCCTTCGTGTCAGGG

TTATTTGTCAAACAGCATATCrcCAGGGACTCATCACAGCTGCCCCGGGCCCTCTCTGCCCCCACTCTGGGTCTACCCCC

TCCAAGGAG'iCCAAÀGACCCAGGGGAGGTCCTCÀGGGL\GGGGCAAGGGAGCCCCACAGCCCTCTCTCTTGGGGCTTGCT

TCTACCCCCCTGGACAGGAGCCCCTGCACCCCCAGGT.\TAGATGGGCACACÀ:GCCCCTCCAGGTGGAiU\AÀ.CAGCCCTA

AGTGAAACCCCCACACAGACACACAC.GACCCGÀEÀGCCCTCGCCCAAGTCTGTGCCACTGGCCTTCGCCTCTCTGCCCTG

TCCCGCCTTGCCGAGTCCTGGCCCCAGCACCGGGGCCGGTGGAGCCGAGCCCASTCACASCqCGCAGCCTCCGCCAqCCT

GCCCTGTGGGCACACCAGGCCCAGGTCAGCAGCCAGGCCCCCTCTCCTACTGCCCCCCACCGCCCCTTGGTCCATCCTGA

ATCGGCCTCCAGGGGATCGCCAGCgTgAgAEÀECEàGTCTCGCCCASTCASGgCTEASICAÀGGCACAGCTGTGEAEAEÀ

CTAGGCCCCATAGCAACTCSACjfICAgcgfGTACCÀECACCAGGGCGCC^LTè.GACAECCCACAqGTGGTCACAI.GTGCCC

ACAqTCCGCCTqTgAgGCTGCCTCCAGCCAGGCTÀCTGCCA-AGCCCTTCCTCTGAGCCATACCTGGGCCGCTGGATCCCA
GAGAGAAATGGAGAGGCCCTEAqsTGGTGTCCTCCAGTCCAÀCCCTCCCTGTCACCCTGTCAGCAGCACECEAEA]CCAA
A 'AC AGGATCGA'I 'GCGTGGGCTCCATCCCCCAqTÎÀCCC ) CACCGGAACCCCAGAGCAGGCTACGTGCgCCTCACAGACC

TCA,\ACCCACATGTGCATCTGACACCCCAGATCCAÀ*ACGCTCCCCCCGGTCATGCACA!:AAGGqCACè'í]CACCCACCAÀ
ATT-CACAT-AGAA ACACGGGCACCGGGCACCCCATGAGCACAAAGCCCCTCCATGTCTGAAGÀCÀGTCCCTGCASACPGTC

AgÀGCCATACATTCAGCTTCACTCTCACGTCCCÀGCCCACCTGCACCCAGCTCTGGGCCTGGAGCAGCAGAi\J\GAGGTGT
GAGGGCCCGAGGCCGGACCTGCACCTGCTGATGÀCCCGGGACCAGCAGGCAGCTCACGGTGTTGGGGA.A,GGGAGTGGAGG

GCACCCAGGGCAGGAGCCAGAGGGACCÀGGCTGGTGGGCGGGGCCGGGCCGGGGTAGGGCCAGGAGGCAGCTCTGGACAS

CCACAGGCCTGGGCTCATAGTCCÀCACCAGGACAGCCCCTCAGAGCACCCATGCAGTGAGTCCCAGGTCTTGGGAGCCAG

GCCGCAGAGCTCACGCATCCTTCCGAGGGCCCTGAGTGAGGCGGCCACTGCTGTGCCGAGGGGTTGGGTCCTTCTCTGGG

GAGGGCGTGGGGTCTAGAGAGGCGGAGTGGAGGTA,\CCAGAGGTCAGGAGAGAAGCCGTAAGGA,\CAGAGGGA.\À, \TGGG

GCCAGAGTCGGGGCGCAGGGACGAGAGGTCAGGAGTGGTCGGCCTGGCCCTGGGCCGTTGACTGACTCGGGACCTGGGTG

CCCACCCTCAGGGCTGGCTGGCGGCTCCGCGCAGTCCCAGAGGGCCCCGGATAGGGTGCTCTGCCACTCCGGACAGCAGC

AGGGACTGCCGAGAGCAGCAGGAGGCTCTGTCCCCCACCCCCGCTGCCACTGTGGAGCCGGGAGGGCTGACTGGCCAGGT

M2 GCAGGGGGTTGGGCAGAGCCAGCAGAGCGCcCTGACcCACGCCCTCCcCTCÀGq-TSEÀG.CGGTTCCTCTCAGCCACGCGG

G I  nG IyArg ProG L nThrSerLeuAsp\ l  rThrAs nVa ] "  LeuG l -  nProH i  sA 1 aTer

CAGGGGAGGCCCCAGACCTCCCTCGACTACACCAACGTCCTSqÀqEEECACGCE!ÀCEE-qggG=GGCCÀETEAEC.ETECAC
CAGGCCCAGCTTTTTCTCTGCCAGCGCCTGAGCCTCCCTCGGGCTGCLCqCTGCCCTGGGTGGGAAAAGGGA'4GEÀG,ACA
RcaanncèccccecneccrcÀCrncrctcccctcerccccecrcaeccrceccccececcGGCCGGCTCAGCCGCAAGGT
TACAGGCGCCGAGAGA.ACCACCAGTCGCAGCCCCCACCCGAAÀÀqqETElCTGTEEE.TT-CAASGAGIEÀIEEÀgGAl3GG
G TGG C TG C TAG C CG TTC TG AG CTCATC C C AG G C C C C TC G G Tqlc CGG G TCA C TC C CA TT
_ r --

GCCAAGGAGGGCCCGGCACCCAGCCCAGGGCACAGCTGAGTCTGCGTCCAGCCCAACACCAGCCCACGGCCTCACTCCCC
^ ̂ .,^m..r. . .mr.m.'  À r. . ' r .rFrn. 'm À. r. . .r .rrv-. À n À .r,aa À a rìTva./-Tr:/ :r- a Tr-cr-ceTncccl- A AGCCTCA CCCAGA CCTTCTTTC

CCTTCACCCACCCCTCCTGCCACCCATCCACAGCCCCCATCCCTTCACCCACCCCTCCTGCCATCTATCCTCAGCCCCCA
rn1lr,/-îarna a cr-r- a cr-(,-t-rFr-r-.nc cr-A rrla-l- A îCCA C A C C^^^..^ rn--r-rn.n. À .-(-c A ccccTccTG cc À ryrn.]ìA .Prlr-îlì A r:llr-ala

CATCCCTTCACCCACCCCTCCTGCCATCTATCCTCAGCCCCCATqCEITCLCIEACgCCTCCTGCCATqqÀEqTGSAG-

( G ) L u L e u A s p V a l C y s V a l G I u G L u A l a G l - u G I y G l u A I a P r o T r p T h r T r p T h r G l y L e u C y s I l e P h e A I a À ' l -

r  r  {  cccccè.GAGCTGGACGTgfqgqTGGAGGAGGCCCAGGGCGAGGCqqIEIGGACGTGGACCGGCCTCTGCATCTTCGCCGC 2240

M1
aLeu  PheLeu  Leu  SerVa  1  SerTy  rSe  rA  l -  aA  l -  aLeuThrLeu  LeuMe t

ACTCTTCCTGCTCAGCGTGAGCTACAGCGCCGCCETCACGCTCqfcÀIqG-TGGGCACCCACCTCCAGGGGCCCAGCCAGG 2320

Va IG I  nArg PheLeuSerA l -  aThrArg

B O

l o u

2 4 0
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1 0 4 0
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i520
1 6 0 0
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L920
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z  L c v

2400

2480
z > 6 u
z o L r v
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Irgrut . / .  (A) shows a schemalic map (to scale) of the human € chain locus. The hatched boxes indicate the posit ion of the coding regions

aù the donecÌ boxes the nc regions of l l t  erons (C l-C-l :  constant rcgion e\ons I to +: lvl  t  and lvf2 :  mcmbrane domain exons t and l).

(  B) shorvs Ihe complete sequeicc of the region trom C-tcrminal end otìr ion C-l to th() region of exon M2. Exon scquenccs i l re marked b) a

ihick black l ìne below the cclrrespondin! scquence. Spl ice sites lor the Vfl  and ivl2 exons are shown by hatched bores below the

corresponding sequence. The spl ice site in-the C-l exon i i  marked bl an empty box below. and an arrow above the actual si te. The codinl l

regionì are in-rÌ icaiecl by thc aa iequence above rhe corresponding nucleotide sequence.The polyadenvlal ion signal is indicated by l  black

boi below the actual sèquence i1 ihc i '  end of cxon C-l.Thin Linès below the sequence in lhe C4/M1 intron show the remnants of the CA

repeats described in the Sect.3. l .

GGTAAATGACGTACTCCTGCCTCCCTCCCTCCCè,GGGCTCCATCCAGCTGTGCAGTGGGGAGGACTGGCCAGACCTTCTG

x
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ì . 1  Nuc leo t i r l c  5 r ( i l r r nco  co t ì t l ) î r i son  { ) f  gcnes  l ì r r  l he
r  cha in  o f '  Ig l t .  i r t  ror le  n ts  and nr in l

I ' i r c  r r L r c l co t i r l c  sc ( l r r t :  r r cc  o l  t hc  hL ln l ì n  r  c l r a i n  gcne  \ \  i r \
L ( )n l p í ì r c r l  t o  t l r c  n l ( ) L l sc  l r r t t l  r - l r t  c ( )L tn t c l ' p í r I t s  us i t ì g  u  dO t
r ì ì ; , t t t ' l x  con ìpu t c t '  p r ' og ran t  (  N1ac  N lo I l r , -C .o r ì ì pu r r r .  rV inc iO$  s
L i  n t .  a l l o i v i n g  ( )  n o n r l l r t c h i n g  n t :  F i g .  l ) .  \ i s n r t ' i c r r n r
I t o n t o l o g i e s  w e r c  l o u n r l  o r r l v  i n  e n c l  u r c u r r c l  t r l l  c x t l n s . l - h c
l r r r g c r  i n t r o n s  ( c l / (  l ; L r r t l  ( ' + l r t l ) h a r , c  t l i r c r g c r l  t o  s r r c i r  u r r
e  \ t c n t  t l r a t  r r o  i ì p P t l l - e  r r t  l r o r n o l o g i c s  c t r n  l r e  l o u r r r l  ( f : i g .  ]  ) .

i o u r  l a r g e  c r l u s l e r s  o l  t c [ ) c t r t c r l  C - . \  r l i n L r c l e o t i t l c :  i t r r
p r cs r Ì n t  i n  t hc  (  l iN l  I  i r r t r on  t t f  t hc  r i t t  r :  cha i r " l  gc r ' ì c
( l ' r i g .  3  , {  ) .  No  l t ) r ì 9e  r .  l ' r ì l ) r l r t s .  bu t  n ru l t i p l c  sho r . t  : t r e  t c l t c :
o i '  C ' , \ - con t i t i î l i n : i  se i l ucnccs .  \ \ / e l ' c  t ' r t u l t r l  i r r  t l r c  ( ' l / \ l l
i n t r on  i n  n ta r t  r nc l i i l r l i ng  t l r r r t  t l r e  C , . \  r epe - l t s  \ \ , r r c  l l l e  sL .n t  t n
thc  i n t r o r t  p r i o l  l r r  t l r t '  r ì \  ( ) l L l t i ( ) n i r r \ '  \ e  l ) l u - l r t i r r r ì  t r f  r r . r r l c r . t t :
, u r ( l  r ì r i . u l  t F i r : .  I  )

I - he  s i ze r  o f  t i r c  (  -+ i  \ , 1  I  i n t r on  ( f ' r ' on r  t hc  l t 1 r11  . \  : i r e  t  i s
1761  bp  i n  r r . r oL rsc  a r r t [  i t ) - 5 -1  bp  i r r  r r an  f ! ) i "  wh i l t  n ì r  c l i t f c r ' :
h r  l pp rox inu te  l r  ' i 7 - i  i r p  c ( )n rpa re  c l  t o  r r r oL rs i .  ( r i n  i n t r r r r r  : i ze
o t '  l l i 7  bp  )  f  9  j .  \ \ ' h cn  t  l r c sc  c \ t r i r  SCC lL r r r r c t ìS  l i  e  l c  un i i l r  z cc i
t o t r r  i n s c r t i o n s  o r  r l u p l i c a t i r t n s .  l a r g c r  t h u r r  l l )  t r p "  \ \ ' r ' r c
t ' oun r l  f t l l . - i t t ' . r  o f ' t hcsc  (12  t r p  un r l  ( ) 0  hp )  r r c r c  t ' r ) un r i  f o  i r c
r l i r c c t  t l u p l i c l t i o n s  o r  r l c l c t i o n s  i n s i c l c  l r  [ r l o c k  r r t  r c r r e  t i t i r  t
s r ' t l ucnce  s  ( f t i g .  . ]  i \ )  ( ) nc  sn ra l l  r l up l i cu t i t t n  t r i  l l  bp  *  i r s
f  ounc i  oL r t s i c l e  o f  t hc  r c Í l c t i t i v c  scL lL r c r . ì ccs  (F ig .  3  , \  I  I t l ]
one  l l r r qc  i nsc r t i on  o l ' . j J9  bp  was  f oun t l  a t l j ucc r r t  [ o  t r , , ' o
b locks  t l t '  r cpc t i t i r  e  \ r ( l ucnc r , s  (F ig .  3 , - \ t .  \ t r  l ì i r J l i r r . c r - ì t
I t o rno logv  t o  t l r i s  l - 19 - l r p  se -c [L r r r ì ce  *  us  f o t r r r r i  t o  a r r r  o thc r
r L ì g i o n  t r t  t l i c  r - i r t  r ,  c h r i n  g c n c .  : h r r u  i n g  t l ì l r  t l r i s  r x t r i r
s t r l u tncc  d i c l  no t  o r i g i r . u r t c  t ' n rn r  u  r l L rp l i cu t i on  l r n t i  t hc r r . b r
r l u s t  b c  c o r r s i r l c r c c l  l i s  u  r l i r c c t  i n s c r t i o n  l 9 l  ( l r i g .  . i , - \ ) .

. , \ t t  i l tsc t ' t io r t  t t t  l r  h igh[ , - , , \ ' l ' -y ' ig l l  scr lL lc l lc r  lu r -s  bccr r  t t runt i  in
t hc  C .  l /C ' l  i r r t r on  o l '  t i r c  n l oL rsc  I f  .  5 l  ( t ] i g .  3  r \  ) .  f  h i :
ins . - : r ' t io r . r  o f  i66 hrp is  i lankcc l  b i ,  : r  l l_bp c l i rccr  r - rpc l r r
l c scn rb l i ng  t i r c  s i t L ra t i on  f ounc l  l o r  n ran \  t r ansposab l c
c ie  r t r cn t s  [ , r ] .  \ o  l u rge r  ( ) pen  r ca t i i ng  f n rn rc  i s  f o r - rnc l  i l t  t h i s

? q ? 2

2650

1?67

884

t

887 l?73 2659 3545 4431

R a t

I - ' i g t t r (  ) .  . \  . l o t  rna t r i x  con rp l r r i son  o l ' t hc  hunru r r  l rnc l  ra t  t :  cha in
gcncs . - f  hc  c r t l n  i n t r ( )n  s t rL rc t i l r c  O t ' t he  hunran  i rnd  ra t  u  cha in  gcnc \
i s  show 'n  on  thc -  \ ' anc1  X  a rcs  o f  th . '  f i gu rc .  r cspcc t i r . c l ' u .  Thc  t cs t
w' inc lorv in the r lot  matr ix  program lv{ac Ìv lo l lv  Conrprrc rvus ] . r
nuc lco t idcs  l ong  l v i t h  l r  n rax imum o f  9  m ismutchcs  a l l ou ' cd  rn  o r t l c r
to  g i " ' e  a  l i nc  o t ' h t tmo log r ' .

l : r r r . . l .  l r r r r r r r r  n , i l .  l t 1 r . 1 - ì .  ' . ì . .  
l i ( ) - i f r l

r n s c r t i o r t .  i r r t l i c l i t i l t g  l l i t r t  t i t i s  l ) ) i , \  e l e  n r t ' r i I  t ] o e s  n o t  c o c l e
t ( ) r .  i l  p r o t c i r i .  I  l r c  o r i ! r i n  l n t l  p o s s i l r l c  l L r r r c r i o n  o f '  t l r i s
\ r ( l L rc f ' t ( ì c  i s  r r r r t  kn t t iVn . \ \ i c  l t a r , c  s l r t t ' n r , ' n  th l r t  t h i s  scc lucncc  i s

i ) r csc t ì t  ì t t  l i  l ' c r i  I t t rn t i r c t l  r ì op ies  i r r  t he  n l ( ) i l sc  genon le

{ S t c c n  c t  i r i . .  u n P r r l r l i s h c r l  r c s r r l t s l  a r r t l  i s  t n r n : c r i b c c l  a t  a
1 u *  l c r  c l  l \  i u r  r L P l . l r ' o x i n r u t c l r '  - 1 ( x ) - r i t  t n r r r s c l i p t  ( u n p r - r t r -

l i : l r c c l  r c s u l t s  H c l l n r u n  c t  a l .  ) .

j
. ì . . ì  l ) ( 'R  u l r r p l i l j t ' u l i on  l o  < le l cn r r f f r e  r l r e

3 '  reg ion o l ' t l re  lnernt r rar re  f ì t rnr  o l '
t  ch r i n  r r rRN. \

s t ruc tu re  o f ' t he
thc  hun ran

T i r  con l r r  n r  t hc  p r c t l i c t c t l  s t r - r - r c tu r c  o l '  t l r c  n r cn rh ranc  cxons
r u n r i  t o  t l c t c r  n r i n e  t h c  c r u c t  s p l i c e  s i t e  s  l o r  t h c  n r c m b r t r ì c
l o rn rs .  t r i ' r )  o l i g ,nL rc ì co t i c l c  p r - i r n . l ' s  \ \ c r c  s r  r r t hes i zcc l  t o r '
l ' ( ' l {  ; r t l l [ r l i l i . i ì i i t r t ì  t r l '  l l t e  . ì '  e  r r t i  r r l  1 ] 1 1 ' , q '  n r ] ì \ , \ .  1 ' $ . s . .
r r l i qo r rue leo t i r l c :  n ' c r c  con rp l c r ì r r . n l l r v  t o  scc lucnccs  fS r rn
t i r . ' - ì ' l t ' l i r r l l  r r l  t ' \ r , l ì  ( ' - ì  t r n r l  ; t  \ L ( l l l t ' r ì ( . c  s l ; r r t i r r q . ì - t h l - t
' . low'nst r r ru l r  o f  the p lcc l ic tc t [  \ t ( l [ )  r : ( ) ( l ( ) r ì  in  t -xL) r ì  1 , f  ] .
S ing le  - : t l a r r t i e  t l  c l )N , \ .  p r cp : r re  t l  l ' r t ; n l  r n I ì .NA  t t i  t l r c
I t t t t t t l t n  l gE -p roc lL r c i ng  rnvc lo rna  [ ] - 166  [ ] 0 .  I  [ ] .  r i us  i r scc l  u :
: t l t r t i l t g  n t l i t c t ' i a l  i n  l L  l )C I ì  an rp l i f  i c r r i i on .Tno  n l r i n  l . r i i n r l s  p t '
r r pp ro r i n l r t c l r  5 ( ) ( )  bp  unc l  7 . i ( )  hp  wc rc  c i c t cc t c r l .  D \ , - \
t  i ' o rn  l r o th  o l '  t hcsc  i ' x rn t l s  \ \ , i ì s  [ ) L r r i l ' i c t l  r r r r c l  sL rbc loncc l  i r r t t ,
p ( iF . \ l l  l ' o ;  1 ' r . , r t l ' ì r r  u r l r l v s i s .  

' f t  
n  c l oncs  o r i g i nu t i nq  r ' r o rn

, : l t ch  o f  t hc  han t l s  \ \ , c r t  c l l r n r c t c r - i z cc l  l . ) ,  nuc l co t i r l c r
sc ( l uencc  a r t l r l r  s i s .  , . \ r t t o r rg  t i r csc  c lOncs  t hc  rn i ìN , {  cncoc l -
r n g  t l r c  c l u s s i c u l  r n c r n b n r r r r - b o u n r l  l g  a n r l  f  o u r  r r r t v c l  r n l ì \ , \
r r t r - t  î ou i l r l .  B l r sc t l  t t n  t l t i s  se t l ucncc  i n l r t r n t l r t i t ) n  \ \ , c  \ \ c r - r
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f - i q t t r t ' . ì .  ( ' \ )  sho r rs  i r  n l î p  o f ' t l r c  r cq ions  l rn r r l vze t l  [ r_ r ' c l c t l i i c t l
n i r c l c o t i d c  \ c ( l L l c n c c  t l c t c r n t i r r a t i o n  l o r  t h c  I  c h u i n  g r n e s  o f  I g E  i n
m( ) l t s t .  t -a t  t t t r c l  m ln . ' f  hc  po -s i t i t l r r  t r l '  t hc  t r i t r ' ì sp ( )sL ) r ì - l i kc  i nse  r t i , . r r r
i n  thc  l r ì ( r , r s r  r .  cha in  gc r rc  i s  i n t i i ce tc t l  bv  u  l l r rg , - :  T  l i bovc  thc
c0 r rcspond i r rq  reg iOn  in  thc  l i nc  rnu rkcc l  D I  ( c l c l c t i ons  l rn t l
i n s c r t i o n s ) . T h e  p o s i t i o n s  o f  t h e  l ' o u r  l u r q c r  i n s c r t i o n s  a n d  d c i c t i t i n s
found  in  the  t ' + - l v l1  i n t ron  dcsc r ibcd  in  f l t l  i s  sho rvn  bv  thc  numbcrs
I  to '1 . - l -h t r  f ' oL r r  I l r rqe  b locks  o l  CA rcpc 'u ts  i n  the  ra t  C - I /N I  1  i n t ro r r
l u rc  i n r l i cu tcd  b . ' ,  t hc  l c t t c - r s  A  to  D  be lo rv  thc  co r rcspon t ì i ng
Ioca t ion  in  thc  f i qL r rc  o f  t hc  ra t  s  c l t a in  l ocus .  (B ) ' l - hc  t \ons  ln r l  t hc
sp l i ce  s i t cs  t l csc r ibcc l  i n  F ig .  -1  l r re  shorvn  in  t l t c  uppc r  pa r t  o f  t hc
l ' i  gu rc  fo r  a r . r  casv  iden t i t ' i cu t i on  o f  thosc  rcg i t l r r s  the  sc t l ue  ncc
c t lnsc rvu t ion  rc f c rs  t t t .  I n  ro rv ' (A )  thc  r c lu t i r . c  l c l , c l  o i  s rquer ì c r
c t ' rnsc rva t ion  i s  sho* 'n  i n ' ) { ,  bc low thc  co r rcsponc l i ng  rcg ion .  l n  ro rv
(  B  )  t hc  to tu l  s i zc  o i  t he  rcg ions  uscc l  f r> r  thc  comp i r r i son  i s  i nc l i ca tcc l
bv  thc  numbcr  r t f  l r asc  Da l rs .
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l . ' i . t , t r r t J . , - \ t t h c t r t p o t ' t h c l ' i g t r r e  l l s c t t c n l l t t i c r n l t p ( t ( ) s e i l l c ) o l  t h c

hLrnuur  t , c l t a i t t  i t l c t t s  i s  1 l t ' csc t l t c t l  . ' l ' hc  b l l t ck  bo rcs  i r l d i c r r t c  t l t c

o t t s i t i on  t l f  t he  c t l t l i r rq  r cg i t l t l s  t l f  c \ t l t . t s  (C ' l -C+  -  c ( ) l l s t l l t l i  t cg io l l

rX ( )ns  I  t t l  J :  l v l I  l r r r t l  , f  t :  :  t ne  t l t l l t ' l t t ' t c  c lon r i t i t t  c \ ( ) t ìS  I  ; rnc l  l ) . - l - hc

hu tchc t l i t t l r cs  i r t c l i c lL t c  thc  t t c  r cg io l r s  o t ' t l t c  n r l lN , \  i o r  thc  c lass i ca l

r ì l cmbr i tn t  l t t t t l  scc t ' e t cd  IgE  t l t o l cc t t l cs .  Rc l t lw '  t he  schcn t ; . r t i e  n l l p

rve  t ' i n r l  u1  cx tc l l dcc l  n r l r ; l  o f  t hc  c ron  rcg i t t t . ì s  t v l t c rc  t l - t c  s l l l i cc  s t t cs

I r r c  i n r l i cu tcd  bv  i i l l cc l ( ) r  opcu  c i r c l cs .  [ )onor  s i t cs  l t r c  i nd i ca tc t l  bv

i i l lcd c i rc lcs at t t l  i tcccl t t r l r  s i tcs l lv  t - l l lc t l  c i rc les. ' I 'he rcgions rvht lsc

t ' u l l  scc lucncc  i s  sh t twn  l t t  t he  bo t tgn t  o i  t hc  f i g r . r r c  l r c  i nc l i ca tc t l  i r l ' a

th in  l i nc  bc lo rv  thc  dc ta i l cd  n t i t p  o f  t hc  l oc t t s .  w ' i t h  t rnc  ( ) r  t \ \ ' ( )

astcr isks rcf t - r r int l  tO thtr  c t l r rcspt lnding sct l r . rc t tcc i r t  thc l r l rv 'cr  part

9 f  t hc  f i gu re  .  l n  thc  cc r . ì t ra l  r cg ion  o f  thc  t ' i s , t r re  r vc  shgw thc  sp l i c ipe

pa t t c rn  o i  t hc  p rcscn t  s t v tu  t i i f f c rcn t  n lR \ . \  t r l r r t sc r ibcd  i ro rn  thc

Iumtn  E  cha i r - t  gc t ì t .  T l t c  hg rcs  i nd i ca tc  thc  cx t l t t s .  t hc i r  po : i t i t r ns

a r rc i  t hc i r  i t pp ro . r ima tc  s i zcs . 'Thc  boxcs  in  u rey 'a rc  thc  reg ions  o f  thc

nr l \e l  c . \ ( ) t ìs  w'h ich i l rc-  l ì ( l t  p l 'c-serì t  i r t  the ! - \ ( ) t ìs  t l i  thc mR\ ' \  for

thc  c lass i cu l  n tcn tL r ra t l c  ( ) r  scc rc tec l  I gE  mt l l ccu lcs .  In  thc  l t l u ' c r

pa r t  o f  t he  f i i l u rc  the  n l t c l c t l t i t i c  sc t l t r c -ncc  t l f  t hc  r cg l ( )nS  *he re  rve

f ind  thc  l ' t ' n r r  novc l  sp t i ce  s i tes  dcsc r ibcd  in  thc  te \ t  a re  dep ic ted .
- fhe  

sc r lucncc  i t - t r i i ca ted  hv  t )nc  as tc r i sk  i s  the , l ' enc l  o f  e ron  C l - l

, , l ,hcrc the c l r rbo.rV-tcrminal  crrd t l i  the rcacl ing f ramc f t l r  the

sccrctcr l  tgE rnolecu[c is  shorvtr  i lbo\  t  t l tc  corrcsponcl i r tg nt

scqL lence .  f  i r e  scqucncc  inc l i ca tcd  bv  tu t l  as tc r i sks  i s  thc  5 '  reg i6n

9 f  cxgn  l v l l  i v ' i t t r  t he  r to re  I  156-bp  e  \ ( ' ì l l  r cg i ( ) l ì  p rescn t  i n  thc

mRNA Lv ' f  :D  and  ìV l :E .  The  aa  sL - ( l L l cncc  o f  the  N f  I  cxp t l  i s

dcpictccl  abovc thc ct t r respt ' rncl i t tq nt  scqucncc.- fh is reat l ing f rame

is  u t i l i zec l  i n  thc  mRNA l v t  :  A .  Don t l r  sp l i ce  s i t cs  i ì r c  i n t j i c l r t ed  bv

f i l l e  d  c i r c les  anc l  accep to r  s i t cs  bv  t l pcn  c i r c les . - I ' hc  po lva t lenv la t i on

s igna I  i s  i n t l í ca tcc l  bv  a  t rox  anc l  t he  po lvadcnv la t i on  s i te  bv  a  L r lack

arro\ \ '  belorv the cr l r resr l t lnc l i t lg  seqLtcncL' '

l ì [ ) l c  l o  . l c t c t ' t l t i l l t  t i ] c  c \ i l c t  l ) ( ) s i t i o l l s  ( ) l ' t l ' ì c  c . \ o l l s  \ l i  l i r l t l

\ l l  l t nd  t l t c  c r t tn  l l o t t t t t l l t r i cs  i c l r  l ' ou r  t l ovc l  t l  cha i l ]  l l l l ì \ , - \

( l r i g .  - l ) .

3 . .1  character izat i t ln  o f ' the c lass ica l  menrbrat re  lgE and

four novel l i lRN,{. tr lnscribed from the t chain locus

Ope  o f  t [ e  r r c t ve l  mRNA.  t he  S :B .  encoc les  a  scc rc tec l  I gE

mo lecg l c  i c l cn t i ca l  t o  t hc  c l l s s i ca l  se  c re te t l  I gE  (F ig .  - l ) . 1 -hc

r i i f fe rencc '  bcnvccn th is  nrRNA l i r r t l  t l ie  ear l ie  r  c ìcscr ibcd

t n R N A  f o r  t h c  s t c r c t e ( l  i g E .  t h e  S : A  i s  l o c a t c c l  i r l  t h c  l '

t ì o n - c o c l i l t s  ( n c )  l e q i o n  ( F i g .  + ) .  S : B  h i t s  h e r e  l l l l  t \ t r l t

rXtens io l ì .  ( ) f ig i r . ìa t i t ìg  f rom l l  nove l  c lonor  S i tc -  loc i l tec l  I  n t

t lou,nst rc l ìn . ì  o f  thc  po lv  A s i te  o t '  S :  A.  Th is  c lonor  s i tc -  i :

l ig r r tcc l  t l i rcc t lv  to  t l tc  i ìcceptor  s i te  t l f  exon lv l2  fesL l l t ing i r l

11 rnRNi \  * 'h ich is  p l 'obably  po lvat lcny l Í ì tec l  i i t  a  po l r " \

s i t c .  cO tnmon  to  a l l  l v l l - con ta in i ng  n r l ìN - \ .  B t r sc t l  o l l

\ o r t he rn  h lo t  r t r r a l vs i s  t h i s  p t l l l ' A  s i t e :  i s  cs t ima tc ( i  t t l  hc '

locatcc l  I  kb t lo r , , 'ns t l ' t i ì l ì ì  Of  thc  acceptor  s i tc  for  cxo l l  N l l

( F i g  1 ) .

Thc ml ìNA NI  :  ; \  c t tcodes the c lass ica l  mcmbt ' i tnc- t ' r t lL t r r t i

lgE tF ig .  - l )  r \  r lonor  s i te  l i l ca tc t l  - i  r l t  t lps t rc l ìn ì  o f  t [e  s t t r l r

cóc lon  t 9 r  t hc  sec r r - t e t l  I eE  ( r v i t h i r l  t l r e  C IJ  e  ron ) i s  l i ga t c . t l  t t r

t h c  a c c c p t o r s i t e  o l  e \ O l l  N I I  i r n d  s t t t l s e t l t t c t r t l r . ' t h c  N l l  e r o n

t o  l l t e  \ l l  c r o r t  t F i g .  - l l .

- l -hc  
n- r l ìN. \  lv l :B is  sp l iccc l  t l i rcc t lv  f r t ln l  thc  c l t ln t l r  s i t , r .  t r l '

c \ r ) n  C l+  t o  t l t c  acccp to r  s i t c  o i  exo l l  V I l . " f h i s  r cs r : l t s  i t t  l t t t

r n l ì \ , \  u , ' l t i c l r  l acks  t hc  c r t t i r c  lV I l  c ro r r . ' f hc  r \ 11  cxo r r  i : '

t l i rougI  a  l ' t ' r - t t t ' tc  sh i t ' t  gcr ]cra tc( l  by  thc  sp l ic i lg  ' ' . '1 t '1 ip t ì

f r p r l  J ron  CJ  t o  t x t ) n  i \ 12  (F ig .  l ) .  t r e r l s l a t c t l  i n  a  c l i i f c r c r l t

r -car l ing l '11n le  COI I ìparc( l  t t l  thc  c lass ica l  mcml) ra l lc  t r i l l lS-

c r i p t  \ 1  : , , \ . 1 -h i s  r csu l t s  i r r  a  l iÓ  l t a - l o t l g  c l t r boN \ ' - t c r l Ì l i l l x l

c x i cns ion  o i  r c t  L l t ì k l ' ì o \ \ ' t l  l l i o l og i c l ì l  f u t t c t i o t l  (F i g .  - s  n1 '

] -he s top cot lon is  locatec l  3 l ( t  n t  t lo r .vnst rc : .1n. ì  r ) f  th t  s top

cotlott  ot '  Nl :  . \ .

Ana l vs i s  o f  r l l I ìN , , \  i v l : c  (F ig .  - l )  r cvce l s  tw 'O  t t ovc l  sp l i c c

s i tes  r ,vh ich arc  both locatec l  l l ' i th i r l  t l tc  ( .J  cxon.  A t lc r i

c lonor  s i tc  is  locatcc l  L  1  L  bp L lpst ream of  the s top codot l  fc - r r

the sccrc tec l  IgE i . ìud a  I lew i lcccptor  s i te  l l l  n t  t low'nst re l t tn

of  t [e  sanìc  s top coc lon (F ig .  { ) .  The open reac l i r ]s  f ramc.

f r om exon  C - I .  con t i nues  t h rough  the  new  exon  ( t he  o i c l

3 '  1c  r cg io l ) anc l  t e rm ina tes  w i t l ì i n  t he  po l y  A  s i gna l  o f  t he

C l  exon  ( t he  UAA o f  t he  AAUAAA)  (F igs .  - l  anc l  - 5 ) '

The  mRNA l v l  :  D  (F ig .  a )  l acks  t he  cn t i r e  cod ing  reg ion  o f

exon Cl .  Th is  occ l t rs  through a sp l ic ing react io t l  c l i rec t l r '

l igat ing the c lonor  s i te  o f  exon C3 to  a l l  l ìcceptor  s i tc  located

i r r * the j '  n .  t .q i . rn  o f  exon Cl .  Th is  acceptor  s i te  is  ide n t ica i

r o  t he  s i r e  usec l  i n  t he  v f  : c  r nRNA (F ig .  + ) .The  new  exon .

wi th in  the former  3 '  nc  reg ion of  exon C- l .  is  t rans la ted in  a

r l i f fe rent  reac l ing f ra tne comparec l  to  t l ie  Vt :C mRNA.The

I rv I  :  D mRNA c loes not  u t i l i ze  the c lass ica l  acceptor  s i te  for

the NI I  exon but  a  novel  u ìcceptor  s i te ,  which is  locatec l

i 56  bp  ups t ream o f  r he  5 '  enc l  o f  t h i s  exon  (F ig .  a ) .Th i s  ne$ '

accepìor  s i te  is  l igated to  the c lonor  s i te .  locatec l  8  n t

c lownsrream of  the po ly '  A ldd i t iop s i te  o f  S :  A.  The lv f  :  D

mRNA is  t raps la tec l  in  a  d i f ferent  reading f r lme through

the lv lL  exon.  compared to  the lv f  :  r \  mRNA. and termi -

na tes  32  bp  ups t ream o f  t he  dono r  s i t e  o f  t h i s  exon  (F ig .  a

anc l  -5  B) .

m,vru

j l-
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In  f r ig .  5  u ,c  shou '  a  compal - isor r  t l f  the car l toxy- t r - rmi r ra l
cnr ls  o f  f  ivc  or - r t  o f  the s ix  c l i f l 'e re  r r t  pnr tc ins  cncoc lcc l  f ronr
thc  l r unu rn  e  cha in  l ocus .
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3.5 Nor thern t r lo t  ana lvs is

Thc  abunc lance  o f  t he  scve  n  r l i f l ' c l cn t  e  cha in  n rRNA r r , us
stu t l ie r l  l r ) ,  Nor thern b lo t  i rna l r ,s is  o i  rn  RN. \  f 'n ln  r l rc
hun ran  I gE , -p roc luc ins  mrc - l t , r n r r  U - l óó  [ ] 0 .  l l  l .  

- f l r c  
l ou

r t u rnbe r  o f  I eE -p roc luc ing  I l  c c l l s  r t r  p l as rna  cc l l s .  e  vcn  ì n
I t op ì c  pa t i en t s .  makes  i t  i n t poss ib l c  t o  r . , ' o r k  * ' i t h  no rnu r l
ce i l s  i o r  t h i s  t t ' pe  o f  s tuc l i c s . ' l ' h c  h l o t s ' n ' u ' e r c  a r ru l vzc t l  , , i , i t l r
p r cbcs  o r i g i na t i ng  f  r on r  c l i f t ' c re r r t  r cg ions  o l '  t hc  hunn r r r
u  c l t i r i n  qcnc .  Us ing  p robcs  co r l p l c rnc l t t i ì l ' \ '  t o  t hc  co r l i ng
rcg ion  o l ' c r t - r r - t  CJ .  l v c  scc  onc  rna jo r  banc l  o f  a  s i zc  o f
app rox in l i t t e  t r  l . - l  kb  enc l  t u , ' i . r  n ' t i no r  ban r i s  r i  i t h i n  t h r  r - t u rgc
o f  - ì . 1 - l  k l r  ( F i g . 6 ) . - l - h c -  t l i r o  l a t t c r t ì r c  t h c  o n l i ' t n u l \ ù l ' i D r \
r ha t  hvb r i c l i z c '  t o  t hc  i \ 12 -spcc i i i c  [ r r r r hc  (F ig .  ( r ) .
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Figra-r 5. The l l  scqucncc. in onc-letter code. of thc C-terminalend ol l ive ol the six so far,chatlacterized Droteins encoded bv the human
r . c | r : r i n | ocus 'T l r r hu t chÉ( l c i r c l cs i n ( l i c J | c \ r ' he r . e i n thc l r l r . cqucnc ( l h tnc$n | ( ) lU jnbcq in : t r r J i i | c r l ' r r , n r ì hc ; r sequencc
sccreted [gE (encoded from mRNA S : A). Above the corrcsponding region of thc S : A- .r sequ.ncc thc- rcqions encoderl bv expns C3 ancl
C-l i rre indicated. Belorv thc correspondins aa in each of the six dif lcrent l înes. the posit ions ot 'posit ivel l i  oi  ncgatively charged aa and the
cvstcincs arc indicated by +. orC.respcctivel), . inorder!of i tci ì i rarethcanalysisoipossiblesiructurir lenti t iesofthenoveÍproreins.(A)
shoNs lhe cîrbo\v-tcrminal encls of thc proteins ct lcoded by the nìR\.\  S : A. lU : A tìnLl I f  :  B. The transmembranc region of the classical
membranc-a chored IgE is indictted above the aiì  s! 'qucncc in ìane l l  : , \ .Thc prorein encoded by mRNA ì\ l  :  B does not hirve a lonqer
strclch of hydrophobic aa with the chiìractcris! ics of a nlcmbrane-anclìoring reqion.This l tepends on a rclat ivelv everr distr ibutioriol
c h r r r g e r l e r l h r o u e h r h r l . ì h - i r r ( \ t c n \ t , , n . t B ) . h o $ s t h r c x r h . ) \ r  r e r m i n i r l e n J . o i r h c l r , ) t ( i n s c n c r ) d ( d l r o m r t r . m R N , l , S :  \ . 1 \ l : C i l n L l
Nf :  D. The aa sequence strr ls with thc 6-rr cirr l)o\\ .rcrminul end (rf  c\on Cl which is comnìon to al l  of the f ivc dif ferent proteins. The
protein encoded by mRN-A ìU : C has a cvsteine rvhióh might substirut;  tbr the cvstcine lost bv the novelspl icing pattern.This novel protein
might therebv function as a vori tnt ofa sccreted IgE molecule.The levels of the mRNA are then. horvever. probablv too low in comparison
to rhe much larger amounrs ol the higlì l \  abundant mRNA S : A to be of anv biological siSnif icance.The nìRNA Nl :  D has a region ot29 aa
rvhere rve onlv f ind one charged ar. a l lutumic dcid rn po\i t ion tt  t t i rs *troùt,-t  beiompared to rhe rrrnsmembranc r ision of the
NI:A-!-ncoded protein rvhich has a similar region ot- l l  i ìa and theTcell  rcceptor CDi componenrs rvhich in addit ion have a negativelv
charsed aa. in the same posit ion as in the ! l  :  D. (C) The lry<lrophobic region of the M : D protein is indicatcd bv a ddted l ine below th;
corresponding sequc'nce. One str iking feature of this protein is. however. rhar this hld.ophobic region is fbl lowecl b_v- an extremelv
basical l l  charged rcgion. A few posit ivclv chargcd aa arc cornmonlv lbund at rhe intraccl lular border of many transmcmbrane proteins. In
this protein \ \e f ind seven posit ivclv charged xiL within a region of ten aa. (C) shows x comparison of the carboxv-terminal end of the
ìvl :  D-encoded polypeptide and the thrce human CD3 components. the CD3 y. ò and € chains [32j.The reeion of M : D which originarcs
from exon C3 is shorvn above the corresponding scquencc. Togcthcr Nith the highly charged iegion on the cytoplasmic sicle of al l  tbur
polypetides certùin aa in the extracel lulîr  and transmembrane reqion of the CD3 componenìs and the presumed transmembrane region of
the Vf : D protein is indicated bv a region shaded in gre), to show morc clearlv the similariry between rhe fbur different polypeptidcjrvhich
have very lorv primary sequence homologu

tn  U -26ó  wc  scc  a  n l i no r i t l '  o f  t hc  c  cha in - spec i f i c  n r  I ìNA  i n
the rcg ior ì  o f  thc  c l i f f 'e rc l t t  n l t - '  n ìbrane t ranscr ip ts  anc l  the
s rc i t t  n l a . i o r i t v  i n  t hc  r cq i ( ) n  o f  app rox i rna te l r '  2 . - l  kb  whc rc
w c  f i r r c l  t h c  t r a r r s c r i p t s  f o r  t h c  s r r c r c t e c l  i e E  ( S : A .  F i g .  3 ) .- f h i s  

i s  i n  l i n c  w ' i r l ì  t h c  f i n c i i n g  t h a t  t h i s  c e l l  l i r l c  h a s  l ) e e n
phc notvp icaI  Iv  c l raractcr izcc l  as  an Ig l -prod uc i  t ìs  n ì  \ ,c Ion- ì t ì
( p l a s r n a  c e l l  l e L r k c n r i i ì ) .  ' ,

Du r i ng  R  ce l l  c l e  ' .  c l t r pn r rn t  t hc  ru ì l oun ts  o l '  t he  scp i r ì - a t c
n IRNA chanqc  ( l u i r r  c l n r s t i cu l l v  f r om the  ca r l v  B  cc l l .  i i ' h i ch
r -nu in l . n  cxp rcsscs  t he  n - re ' r nb lanc - t ) oun ( l  r nRN. \ .  t t r  c c l l s  i n
t l r e  t e rm inu I  p l usn i l r  c c l l  s t ugc .  t ì  s t age  l vh i ch  e  xp rcsses
t ) - j 9 r , - 99 ' ) ' n  o i  i t s  I g  n t l ìNA  i n  t l r c  scc re  t o r v  f t t rm . - l  h i s  sh i i t
in  thc  re la t i ' v 'e  l ì l l l ( )L Ìn ts  o l '  thc  c l i l ' f c rent  n l  RN,{  is  rcqLr lu tqr ì
a t  t h t  l c vc l  o f  t l i i f c t ' c r r t i l l  sp l i c i nq  an r l  poss ib l v  t ò  s , . , , f r
r \ t c l r t  i r t  t l i c  l c r e  I  o l '  t n t n s c r i p t i o n a l  t c r m i n i r t i o n .  

l '

I : u r t h e r  c l i s s c c r i o n  t . r f  t i r e  l i b u n c l a n c c  o t ' t h c  c i i t i e r e r l t
l l l - con ta in i ng  t n rnsc r i p t s  shows  tha t  t hc  l o r vc r  ba r r c l  o f  t he

*v*"nl":.:t{_
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Í , i q t u ' r ,  t t  ( . \ )  s h t l w s  l t  s c l t c t r t l t t i C  t l l i l l )  o i  l h c  I  c l t l t i t t  i t l c L t s  t i  i t h  t l l c

1 t , r : i t i o n  r t f  t l r c  d l l t c l e  n t  [ ) r ( ] l ) c s  i n r l i e l t t c t l  l r c l t i t v  t h c  c t l l - t ' c s 1 - ' t l l ' t t l t t t !

i e g i , r r r  L r l '  t I c  g c r ì c .  ( [ ] )  I ) . 1 l r ( . \ ) '  l ì N . \  * r r s  p L t r i l i c c l  [ ' r o t t t  t l t c

h r r r t u r t ' t  I g l : - p r t t d t r c i l r g  l l  c e  i l  i i r l e  L I  - 1 6 ( r  i t t t t l  s t l l l l r l t i t ( l  ( ) r l  i . l

l ì r n t l L l d c h v t l e - c t t t t t l t i t t i t l g  l L g l t t o s e  q e l .  I ' l i g h t  i t l c n l i c l l l  l ; 1 1 1 g r  
" i c l ' t

I t i l i i l c t l  o i r t l t c s l t t t t c g c l  r r i t h  l 1 )  t r g t l l  l l t l l r ' ( , \ ) ' l ì \ , \ i l l c l L c l t l l i t l . ' .

I - l t c  g c l  * l t s  b l o t t e t l  l L l t d  t h c  l ' i l t c r  \ \ ' i l s  c t l l  i t t t o  s t r i p s '  
- l - h c s c  

" r t r c
I r r l . r i . . l i z e t l \ r ' p : l i t t e  l \  r r i t l r  < e  r . ' r r  r i i l l e  r c r t t  1 r 1 ' 1 l . c s p t ' i g i r t l t l i t t L  l r , r t t t

r l r l i , , r t s  t ' t ! . i ( ) t ì s  t l l ' t l t t r  i l r r  t l l l l t . t  t ' C h l l i l l  g c t l c  ( \ c - e  , - \  l . ' l ' h c  p o s i Ì i ( ) l ì  ( ) i

l h e  I S S  t r r t t l  l f ì S  r i l r t t s o l t l l r l  l l \ , . \  i s  i r l t l i c l l t c t l  l t s  s i z c  t l l l t r k e  r '  
' i u t r

l i r n c s  r t l t t ' k c t l  \ l l  a t ' t  p t . e \ c t l t  i r l  t l t e  I ' i g L r r e  .  l ' h c  \ l l  l l t t r c  s i t t i ' , i :  l l l t :

l t l ) p r ( ) \ i n ì i t t t  l t n l r ) t t t l t s  r r l  t i t e  \ l l  h r  b r i t l i z i r t g  r t l  l ì N , - \  c o r r r l - ' l t l ' c t l  t t r

t l r c  l l L n c s  5 ' \ l  l L n c l  N I I  .  , - \  s h o r l c r  t \ p ( ) s i l l ' t  i s  i r r c l t r t l c t l  ( l l r r r e  \ f  I  
' )  t t r

s l r o r . , ' n r o r c  c l c l r - l v  t h c  t r i . o  t l i l ' l c r c n t  b l r t r t l s  t l i s c r . t s s c t l  i r t  t h c  r L ' \ i t l t \

s c c t i t t t t .

t uo  n t c r t r l ) n ìnc  t r l t t t s c t ' i 1 - r t s  i s  l ack i r r g  t hC  \ l  I  c r t l r t  ( l l r l l c  \ l l

in  I r rg .  6) .  r \pproXin l i l tc - [ r 'J0 ' ] '1 '  t l l ' thc  n lcn l t l r l t t tc  t r l t t l sc t ' i l . r ts

a rc  l oun ( l  i n  t h i s  t ' cg i on  o f  t h t  gc l . ' I ' h c  r l r l ìNA  N l  :  B  ( l ' : i g .  - l )

I ) t ' ( )b l th l \  rcprcsc l l ts  thc  r l l t i t l r  t rar lscr ip t  in  th i -s  t l i t l l t i - ' l -h t :

o l ig t t r ruc lc t t t ic lc  p l 'obc co l l ìp lC l l ' l c l l ta rv  to  t l . ìe  i '  t tc  rcg l ( r l ' ì

l rv l t r ic l rze s  r r , i th  a  l r t r , l  L ru t  t i t tcc t l tb lc  s igr ra l  tO [ \ \  ( )  ( ) r

l t t t s s i b l l ' t i t r ec  n t l ìNA  o t ' c i i t ' f c r c r l t  s i zcs  i l l  t l t c  r cg io r l  o t ' t l r c

n l cmb lanc -con ta in i ng  t r ausc r i p t s .  i r l  l r c l c l i t i o l l  tO  l l  S t ro l ì g

bun r l  1o r  t l t c  n tRN; \  S :  . \  c t l co t i i t r g  t hc ' scc rc te t l  I gE  (L l r r l c

- l '  n c  i n  F i s . 6 ) .

As can t ' rc  sce n f  rom la t tc  -5 '  iv I  t l t '  F- i  g .  ( .  thc '  I ' cg i t r r t  t ips t re l ìn l

o f  t f t c  ì v l l  c rgp .  ' , i ' l t i ch  i s  p r cscn t  i n  t hc  n ]RNA \ l :D '  i s

cxp rcsscc l  a t  c l u i t c  s i gn i f i can t  l c vc l s .

- fhc  
i tn tout t t  o i  t l ie  c l i f i c rc l ì t  n IRNA has t to t  beer l  poss i i r le

tO  n l casL l r c  w i t h  h i gh  accu racv  cxccp t  f t l r  t l r e  hvb r i d i z l t i ons

r lo l lc  lv i th  probts  c l i rcc te  c l  ag l l ins t  rcg iOl ls  lvh ich i ì re

con.ìmOr.ì to al l  transcf ipts. Flolvcvcr. i ìS \\ 'c cl l l ì  e aSil ]  Cic' tect

most  0 f  these nt  RNA o1 Nor thern b lg t  ana l ) 's is  (F iu .  t r  ) .  r i ' , - '

conc luc le  that  thc  t ì IRNA i ì re  prc-se l l t  e t  s iS l l i f i cant  icve ls

comparec l  t o  t he  c l ass i ca l  I l ì tmb r i l l l c  t r l l l l \ c r i p t .

' l Discussi<ln

The ovc l t l l  s t ruc t i t re  o f  the u  c l - r : r in  gct le  has changcc l  or r l r , '

min imal ly '  c l r - r r ing thc  60-7[ )  mi l l ion vears  o f  evo lu t ion l l r \

Srparat io t r  bet rveen roc lents  ar ld  man.  Thc conscr \ ' : l t i t ln  t l f

the coc l ing rcg io t ls .  t t lgether  ' ,v i th  a  h igh evo lu t ionar l  dr i f t

Of  the in t ron seqLlc .nces.  is  s t1ongl ,Y ind icat ivc  o f  a l l

cvo lu t io l la r ) '  ac lva l r tage l 'o r  the re tent ion o f  the funct iona l

l qE  mas t  ce l l  s l s t em.T |e  t ' r - r nc t i ona l  conse l y t ì t i on .1 r i t [ i n  a

s inq le  spec ics .  o f  the h igh-af f in i ty  in teract ion between the

lgE,  molecu le  anc l  i ts  receptor  adds fur thcr  suppor t  to  th is

conc lus io t l .

- [  
hc  c r i s t c t ] c t  ( ) f  s l i t l r t  rCg io l lS  o l '  C i \ - c t l r t t a i l t i t t g  f t pc t l t l \  C

s r (p l r l l c cs  i n  t he  l a rgc  C I /V I1  i t r t r o t t  i nc l i ca t cs  t h l r t  i l ' l  I ' ì l l ì l ì

t l r c r c  t r c  r en l t l i ì r l t s  o f  t he  l a rgc  b locks  t ) f  C r \  r cpe Í l t s  t l ì l ì t

a re  f r ) un ( l  i r t  r oc l cn t  C l / i v t l  i t l t r o r l s .Th i s  i n rp l i c s  t h î t  t l t c  ( ' . ' \

t ' r pC t ì tS  w t l ' t  p l ' cS tn t  i r l  t l r i s  i n l  t ' t i t t  l r c l t r rC  t l t e  e  r  11 l t l t i ( ' r l l i l l ' \

SCpanì t ion o1 '  l 'OClCl l ts  ar lc l  l l . ìA l l .  Does thcrc  eXiSt  l l  l " ì ìcc l la -

n iS rn  t ha t  kccps  t hcsc  l . t pc l ì t s  i l l t í ì c t  r l nC l  nO l rn l u ta t cc l  i r l  t l r c

\ \ , t t \ '  \ \ , C  S e C  i t ì  f O C l C l l t S ' . )  f ) t l C s  g t l l C  C ( ) 1 1 \  e  r S i ( ) l ' ì  C ( ) l l t r i l l t l t ! -  i l l

nr  i L i  n  t cnancc  o  f  t hc  i  n t c  g r - i t v  t l l '  c ì c  r ta i  n  repc  t i t i v t  sc t l  L l t l ì ccs

: t t t t l  t l ù  e e l - t l ì i l l  t \ P e \  o l ' r c p e t i t i r e  \ t ( l t l c l ì Ù t ' s  l l c l i \ t ' i r  r e t

i n s c r t e t l  i n t o  t h c  g t t ì o l l ' ì C ' l  O n c  t K i l m p l C  1 1 1 '  a  t l i r c c t

i t r sc r t i r t r i  t t f  a  CA rc l l c l ì t  i s  f t l t r r t t i  i r r  t hc  n . ìOL lse  Ig  t )  cha t l t

g r n c .  T h l s  r c i t c l ì t  i S  l l c ì t  p l ' c s e  n t  i r l  t h c  h u t n l l t t  c o u l l t t r p l l r t

i r r r . l  t hc  C ' , . \  r cp r -a t  i s  l ' l i r r kcc l  bv  E -bp  c l i r cc t  f cpca ts  [ ] l l .

' l  
I i e  r e g i t r t t s  i t t  e i r ) \ e  I ) l - ( ) \ i l r t i t v  t t r  l l t t ' C . - \  t . ' l l c r r t :  l i l t r . . "  t i ì

r ' , r r l c p t i .  g O I l t  t h r t r t t g l l  l I  l i l r q C  l l t l m b C r  t l t  i r l s c t ' t i 1 l t l s  ' l i t d

c i L r l t l i c a t i o r t s .  \ \ ' l r c l i  w c  e  \ t c r r c l  t h i :  C g t t . t i - t l t t  i : ' - r l ì  i o . i n c l L r d c

bo t l r  r , t c l c t l t s  i t t lC l  t ì l i ì r ì .  t hc  t t r t r t l t r  Sec lL l c l l cCS har  c r  t l i r  c t -qcc i

tg  suc I  a t l  t \ t cn t  t l i a t  t - t t l  t l c tec ta l l l c  I t t t l r t l i t l gy  C l l l ì  hc

I o r r r r t l .  T h i s  \ t t g g r ' s t s  t l t l t t  I o l c t t t i l t l  Z - l ) \ , ' \ - l ' ( r l ' n l i l l t '

5 c t l L l L ' l l c c s  l t r t t l  l l t l s s i h l V  t l t h c r  t v p c \  o l  t ' c p e  t t t i r  c  s t - t 1 t - t t t t c c :

r r r l iV  s t i rnL t I l t t c '  t ' t l t l l ' i t I ì g tn le  r ì tS  l t I t c l  t hc rcbv  n - ì i l \  SpLr t ' t i  L l J )

t h c  c v o l u t i t ) t t l t t ' r ' t l r i l ' t  t l t ' r C g i o l ' ì S  i r l  c l c t s c  p r ( ) \ i l l l i t \  t 0  Î l i c ' s e

l L ' P t i l t : '  l - l r c  t \ i s t c l ì C e  o l  t l t c  l l r t ' g e  t t t ' t t t i l l e  I ' :  t r [  1 ' g ' l l g t i t i r e

\CqL lc t ì c t s  i o t t l l ( l  i n  a l l  h iq l r c r  cL l ca r \ ' ( ) t tS  n l i l v  thc rc l ' r v  hc  t r t '

\ r l c c t  I r  c  l t l r  l t t t t a g c .  T l t c  l o r , v  l l t l l l t r l l i t i t l l l  s i z c s  l t t l t l  t h c  l t l r t g

g r n c n r t l o l ' ì  t l l l l c s  l ì l a k c  t l t e  c r i s t t l l C C  ( ) t  t l l c c l t l t t l i : t n s  $  l t i c i t

. 1 r a a , l  r r p  C r , , l t t t i . i l t  i . t  l ' e ( l r t i t  e t t t e l ì t  l t ) l -  t  l t c  t l t ' i  t ' l t l l ) l ì ì e l ì l  r ) l

l r i g l r c r  r u c e t . \ ' o t i c  s p c c i c s . - f h c  c \ ' o l t l t i o l l  o f  l l r r g c  g t l l e

t a m i l i c s  [ r t . g c n c  t l L r l - r l i c l r t i r ) n  i s  o l l c  p o \ \ , r r f u l  n r c u h t t l r i s t t l  i t t

e r t l l u t i r l l .  f h C  e \ i 5 l e l ì e t , l  l c p c t i t i r e  : e t l t l e l ì e c s .  : f l ' e i r t l

t h r o u g l t  t h c  g c t l ( ) f l l t .  I ì l l t V  h c r c  i n c r t a t c  t h c  l e r c l  ( ) l

d i rp l i c i t i o l ' ìS  tL \  L t t l c ( l L la [  " c l ' oss i l l g - ( ) \ ' t l '  t l t r gc tcc l  r r t  t l i : -

pc  r scc l  c l r - r s t  c  r s  t l 1  t ' r - ' pc  t  i t  i r  c  sc t l L t c  l l c t s  '

\ \ , e  d c s c r i b c  t h c  c h u l ' u c t c r  i z l t t i o t l  o f  l ' o r t t '  t t o v c l  l l r [ ì \ , \

t r a n s c r i l ) e r l  f r t t n t  t h c  l t r - r n t a r r  I g E  t  c h a i r t  l o c l t s .  O t l c  t ' l  t h c

n t R N A  c t ' t t : t t c l c : s  l l  S t C r c t c c l  I g E  1 l l o l c c L l l t  i t l c r r t i c l l  t o  t h e

c l a s s i c a l  s c c f c t t c l  I g E  b t r t  l l o  l ) i o l i ) g i c n l  t ' L r l t c t i i l 1 1  l 1 1 t - s  r t t

b e c n  a s s i g n c c l  t t l  t h c  p f o t e i n s  e n c o c l c c l  b v  n l l ì ' \ A  \ l : l l '

N t  :  C  anc l l l  :  D .  [ ì cccn t l y  onc  ac l c l i t i o r l a l  mcr t rb r l t t re -bou t t c i

I s E  r v a s  c l ì a r a c t e r i z c c l  b y '  [ ' c t r g  e t  a l .  I l + ] . T h i s  t l o v c l  s p l i c c

ù r i a n t .  t h e  l v l  : E .  e n c o c l e s  a n  I g E  m o l e c u l c  u l i i c h  l r a s  - i i

ac l c l i t i ona l  a i t  i nsc r tec l  be t rveen  thc  C- l  c ion ra i l t  anc l  t he

c lass i ca l  N l l - encoc l cc l  t r ansme  mbrane  reg io r l  (F i g '  + ) " f he

au tho rs  sho l l ' t ha t  t h i s  p ro tC i l . l  i s  p resen t  o l l  t hc -  s t l r f ece  o f

t hc  I gE -p roc luc ing  I l c c l l .  Th i s  mo l ccu le  has  t r ansmen l -

branJ and c) ' top l i tsmic  reg io l ' l s  ic ient ica l  to  thc  c lass ica l

t r a l smcmbrane  IgE .  i l t l i ca t i ng  a  f unc t i ona l  i den t i t r .

W [a t  i s  t hc  s i gn i f i cuncc  o i  t f i e  l a rge  nL rn ìbc r  ( ) f  n ]R \A

t ranscr ibec l  f rom the hunl i t l l  E  cha i l l  locr - ts ' l  BV c l i f fere l ì t ia l

sp l ic ine the complex i t l '  o f  a  loc t - ts  can bc qre i ì t l -V enhal . ìced

aì rc l  a  ùrv  leve l  , j f  p t . tent lv  er toneoLis  sp l ice combinr ì t io l l5

is  prot ' rab l1 '  o f  se lectab le  ac ivantage io1 t [e .spec ics  ; - ts  r t

sc l i r rce o f  potent i l t l l v  t tc rv  p l 'o te i t ts .  Basec lon these i1 lg35 rve

favor  the poss i t ' r i l i t t  that  somL-  o f  the var iants  are t l t ln func-

t iona l  b1 ' -products  o f  thc  compl icatcc l  svstenr  o f  c l i f fe rent ia l

sp l i c i nu .

Hol r , ,ever .  for  one of  thesc uovel  t ranscr ip ts  our  data suUgest

that  i ts  potent ia l  pro te in  proc luct  might  be fu ,nct iona l ly '

s ign i f icant .T l ie  3 '  nc  res ion of  exon c- l  anc l  the l -5( r -bp 5 ' ,  o f

ex-on lv t l  (both  arc-  presL-nt  in  the rnRNA iv{ :D anc l  the

la t t e r  i n  t f t e  mRNA V I :  E )  a re  h igh l t ' conse rvec l  be t \ ' \ ' een

M 1  M 2

2 8 S

1 8 S

i'*
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roc le r ì t s  anc l  r Ì r a r ì .  
- f l r e  

3 '  l ì c  r cg ion  has  r r  l c r c l  o f  scc luc r l ce
consc rva t i o r r  * ' h i ch  i s  a  f e r v  p r r cen t  l r i ghc r  t han  l r r r v  o t , t l r c
god ing  reg ions  f o r  t hc  sec rc tec l  I qE  r l , ì l . , cL r i c  ( f . - i g .  j  B  a r r c l
f - 5 .23 ] ) .  I n  : r c l c l i t i on  rhe  [ . j 6 -bp  

- r c ! : i o r r  
- i '  r ,  c x . ì r  N i l  h . s

ac tu l r l l r .  t hc  s l rme  l cve l  o f  sc ( l L r c l l c r  L ( )n \L ' r - \ i r t r ( ) n  as  t he  N I I
c x o t t  ì t s c l i  ( F i g .  3 1 3 ) . W h e n  c o n l p i Ì r i r r g  r e g i t , r r s  i u s t . 3 , o r . i ,
t o  t hesc  r r t i r  c l  r xo r ì s  \ \ j r l  s cc  t ha t  t l r c  l e l r  c l  o f  sc r l L r cncc
conse  r vu t i o r r  f ' a l l s  t o  c r l osc  t o  i r : r sc l i nc  l c r  c l s  (F ig .  I  B , ) .  t - t - r .
h r g h  t l e u r c c  o l ' s o ( l L r c n c c  c o n s c r - \ , l r t r r ) n  i n  t l r e  r i , r r c l  r x o n s
inc l i ca t c  t i l i t  t l r e re  a re  f ' u r . r c t i t - i n l r r  c t ' r s t n r i n t s  t ( )  kccp  t hc . sc
t 'eg ions consc l - \ 'cc l  t l r roLrq l r  c \ . r . t lL l1  j , , , - ì .

Da t l  t l r r r t  o r ì  t hc  o thc r  h l r nc l  a r ' ! l u r j  r r g l r i r r : t  u  sp r : c i f , r c
f u n c t i o n  i s  t h a t  c v e r r  i f  a l l t h c  s p l i c c  s i t c .  t l . r s c r - i b c c l  f ì r r . r h t , s e
s i x  c l i f f c r c r r t  n tRNA h i t r c  i t ce l ì  r ' ( ) r ì \ r r - t . r , t l  l - r e t r r cc r t  r a t  l r n t l
i r - r a r ì  \ \  e  sc r  i ì  r e l a t iVC l r ' ,  l ( ) r i  l c ye  l  o f '  c . , r r sc f r  a t iOn  o l '  t hc
I ' e  l ì r l i t t g  l t ; i l n t :  ( l r ' l ) C r r , l i r r g  r r t ì  ; r  l r , \ \ '  I ' l . l r n r t ,  , l t r l t  r l l i i t l i ( ) t ì \
ar - r t l l r  f r ) \ \ , ' s t ( )p  cor lons i r r  s t l r lc  o l ' thc  lc l t t i ing t ,n t r . r . r rs . \ \ .c  c l r r
n o t .  h o * , e v c r .  r u l c  o L l t  t h c  p o s s i i r i l i t l  t h l t  n r u t a t i o n :  c o u l t l
h l ' c  u f f c c t t - ' c l  t h c  c h o i c c  o f ' s p l i c c ' s r t e s  a n r l  t h l r t  * . c  h c r c
I t l t r  c  . , pg t ' i c : - t ' t ' l l r t e t l  t l i l ' l ' e l ' c " . . . t .

- f h c  
i v ' [ : 8 .  l v l : c ' a n c l  \ l  : D  t n r n s c r i l - r t s  l i r . c  p r o b i r l - r l v  r t l c n -

t i c l l .  i n  t l t c i r  - r ' c n c l s .  I o  t h c  ' - t r R \ A  i o r  t h c  c í a s s i c l l
s cc rc l c - c l  ; r r r r l  r r i cmbranc -b t t r r r r c l  I gE  l r , , h i ch  i s  n ,h r , \ \ c  can .
t l r , - ' r ' c I r r r r ' .  l r : \ u r ì ì r  t l r ; r t  t l r c r  , , , ì '  c l ' î i t . i e r r t l r  t i r r r r r l r r l r , t l .
l - { 1 r r r r ' \ r ' l ' .  t ì o l l r r r r g  i s  k r r t , r r , r  . ' , ) l ì c r l . t ì i r r g  r l r . , i r  s t ; r l r i l r t r  l r r r t i
p o s : i [ r l e  t ' r u ì e  t i o n  \ \ ' e  l i l r t l .  l r r  i u ì  i t n i t l r r i . , r l ' t l r e  i r t r s i t i o r ì r  t r l
c l l r r gec l  aa  l i nc l  c r  s t c i r r cs  i r ì  t hc  c r r r l l r ox \ , - t r r n ; i n l I  e  r r c :n -
s i ons  o f  t hcse r  p ro t c i ns .  a  f ' c l v  i n t r l - c \ t i r r g  chu r .ue t c r . i s t i c s  o l .
t hcsc  p ro t c i ns  (F ig .  - i ) .Thc  px r t c i ns  c ' nc ì rdcc l  b i  l v l  :B  and
\ l  :  C l t l rve no s t r l rc tLr rc  r , i ' l i i c r r  rcscr ì ìb lcs  l r  t , - , , , , i ,n" r r - . r t rnrnc
r c g i o n  i n c l i c a t i n g  t h u t .  i f  t h c r  u r c  s r a b l c  u l t e r  t r l r r s l u t i o n .
t hcv  a rc  scc rc t cc l  I qE  n ro l ccL r ìes  ( l , , i g .  - j ) .  . \ no thc r .  noss ib i l _
i t r ' .  l ' l r i c h  a t  t h i s  f  r n r c .  c u n . t r t  l r c  r r r l è d . u t .  i s  t h . t  i h c ' a r c
uns tub le  anc l  r l e  gmt l ec l  a f t c r  t r ans ia t ì on  u r . r r l  t l r c r - r : bv  , . . , r r " _
\ e  n t  n ( ) n l U n c l  i t l n l r l  1 ) ' o r l r r e  t s  g r n r ' l . i t l e  ( l  l r r  e  r - r - t l r . s  i r r  t l r e
d i t ' f e r cn t i l r  I  sp l i c i ng  mechan i s rn .

Extracellular Transmembrane

I ì c cen t l v  t he  n t  unc l  aa  sc ( l ucnc ì cs  f o r  t he  n rcm l - r ranc .  l gN I
\ \  r rc  publ ishcr i  for  t \ \ , 'o  r l i f  i c rcnt  spcc ie  s  o f ,  bonv t= ish
( t c - l e t r s t s )  [ 2 + . ] - 5 1 .  I n  t h c s r  t r v o  s p e c i c s  t l r e  f i r s t  n r c n r b r a n c
L ' x o n  i s  s p l i c c r l  c l i r c c t l r ,  t o  t h c  C j  e  x o n .  t h e  r c b v  d c l c t i n g
. ' \ o n ( ' J i r r l r  n l ; u ì r ì L ' l - . i r n i l t r r . t o t l l r t i s r c c r r i r r t l r . , , , r , , u r . _ ì l , p ì
\ l  :  D .  I I . ' u ' c ' c r ' .  t he  p rcsu r ' p t i ' c  t ' r nsme  n r t r r anc  r cg ion  o f
\ f  :D  h i r s  nc i  c l i r cc t  aa  \ c ( l ucncc  I t omo logy , t t t  t he  c l ass i c l i l
n r cn tbn rnc -ancho r i ng  t a i l  o f  t hc  c l i t ' f e ren t  su r face  I e .  Th i s
i nc l i ca t cs  t ha t  * ' c  hu r t  u  n ( ) t cn t i e l l v  ne l v  s i gna l - t r ansc luc inq
s\  s t ru ' t  fo '  IgE-pr . .duc i 'g  B cc l ls  rvh ich c le i r r l r . ,  c l i f te  rs  f ronì
t l r e  c l l r s s i c l r l  r n e  n r h n r r r c . - b t r u r r t l  l ' r .  c ) t h c r  p , i . r i n i t i t i r . s  r r r e
tha t  t he  i v { :D  i s  l r  r , - - n r r ru r i t  o f . an  anccs t ra l  mcmbr ,ne
Ig-encor l ing nrRNr\  or .  r ìs  we at  prcsenf  c lnr " ro t  r l l l c  oL l t .  Í ì
non func t i r - r n l i l  p ro t c i n  p roc ruc t  o f  t he  r l i f f e ren t i a l  sp l i c i ng
n rcch l i n i sm.  FL rs i o r r  p ro t c . i ns  l r c  be inq  p repu rcc l  f o r  p r< ; c i r r c_
t i on  o l '  spe  c i f i c  an t i s t - ' r a  f o r  each  o1 ' t hJ  new  p ro te  i ns  i n  o r c l c r

E L r r . . l .  I n r n r u n o l .

l n  t l r e  c r r rbo rv - t e rm ina l  cnc r  o f  t he  p ro te in  e i r coc le r l  bv
\ l :D.  wc f inc l  l r  reg ior . r  'u ,u ,h ich r ,veak l ,u- ,  rcsemlr les  th ;
t ran\ r l lcn . ìLr ranc reg ions founc l  in  a  grg l rp  9 f  T  ce l l_spec i f , ic
p r o t r r l s .  r h c  c D 3 ' , .  ò  a n c l  c  c h a i ' s  ( [ i g .  5  B  a n c l  c _ ; . t ' i r e
tn ìn - \ n re  n rb ranc  reg ion  o f  N I  :  D  cq t i l ns  u  r r eg l i t i v c l r ,
ch . r ' s cc l  g l u tam ic  ac i c r  i '  p . s i t i . n  1 r  r ' r on r  t ne  o r r c r
t 'n r -n ì i r l ' l ì l ìc  l t r t rc ler  rvh ic l r  co inc idcs r , r , i th  the pos i t ion o f  a
nc . -g r ì l nc l r  d ' r r gcc l  aa  f ou l r c l  i '  a l l  t h ree  CD3  c .mp .ne r r t s
(F ig .  - i c l ) .  T l r i s  nL -ga t i ' c r v  c ru r rgec l  aa  i n te rac t s  * , i t l i  a
1- ros i - t i rc lv  churqec l  lvs inc in  t l rc  t rurnsnreml t ranc reg ior r  o f
t hc  

- ì - cc ì l  
r eccp to r  c . r  anc l  [ ì  chu ins  t he rebv  s tab i l i z i r r g  t hc

in t cn rc t i on  be  t r vccn  t he  r l i f f c r . c r r t  
- f  

c c l l  r e  cep to r  con . ì f ) o_
r ì . ' r ì t : . The  p t r t e  n t i a l  t n ìn \ r ì l r l ì t l r r - u l r e  r cq i t l n  i s  p l . ccc t l . . < i  h r  l r b . .
c r s te  i ne  l r n r l  a  f ' cu  cha rgec l  a l r  i r r  s i r n i l a i  pos i t i r t ns  as  f . o r  i t . r .E
( -D - l  eo rnponen ts .  unc i  i s  f o l r o * ' cc l  t r l ,  a  s t r one l '  pos i t i r  c l r  !
cha rgc t l  r cg io t t  r v i t h  sevep  l r g i n i r . r es  (p i g .  - 5  C l . - f l i e  I r t t . ,  i . s  I
chu ' rc tcr is t ic  o f '  cv t .p lasrn ic  l rorc le  rs  , i i  n lar ì \ ,  tn ì rsr , ìc r ] r -
h ra rc  p r r l t c i ns .  A t  t h i s  s tagc .  \ \ ' r  c rn  r r n l r  spccL r l u te  . n  t he
p rc \ r l ' ì c c  o f  a  novc l  s i gna l - t r ans t l uc i ng  mo lccu le  l vh i ch
i r t t r -nrc ts  rv i t i r  thc  presì rm1' r t i ' c  pro t " i -n  proc l r - rc t  o l  the
nrR\-\ lvl  :  I l .

Cytoplasmic

l g D  ò  c h a i n  m o u s €  c  t v N T  t o H S C  t H D E O S D S y î . t D L E E E N
l g D  6  c h a i n h u m a n  L A H t p r - I p O S K D E N S D D y T T F D D V G

lgM p-chain mouse
lgM p{hain hurnan
lgM Heterodonlus
lgM lc ta lurus puncta lus

lgcl y chain mouse
fgc2a y chain mouse
lgG2b Tchain mouse

€ chain mous€
€ chain rat
e chain human

E G E V N A E E E G F E
G i V S A D E E G F i

D S S D H I W I E D N I E E S
V  C  I  I J S T E  I  F H Y E I l E I l D D D

G L O L C E T C A E A O D G E L D
G L D L D O V C A E A O D G É L D
G L D L D O  I  C A € A K D G E L O

T L O L C D L C  I  E É V € 6 E E L E
E L D  I  O D L C I E E V E G E E L i
I L O V  C V E E A E . G E A P

I  I I T

N L i r r  r A  s r F  t .  v f r t u s r _ F y s  T  r v r L F
\  L U A I A  S T F  T .  V U T L U S L F  V . S  T  T V T L F

A  I  D N A S I F I  I  L F F L s  r  r v n À l v r l v
N I l A N T A L T F V F L F L  I  T L F Y S  I  C Y T V T .

, a r r r n  a r i ,  A L F L L T L  L  y s c  F - v t  F  r
S L Y T T L S ' F V A L F  I  L T L L Y S G  I  V T F  I

cLyrT *  r  p  rsr - r l ib r . r iÀorr r
G L y T f  I  T  I  F  I  S L F L L s v c Y s A S v T L F
G L I J T I  I  T  I F  I  S L F L L S V C  Y S A S V T T F

,,ui, r, u rr,,- t i1i$!.r ttr o.i"t'ì''
E L v T s  r  c v F f  r L F l - L s v s v i A r v r r l
I L Y T S  I  Y  I  F f  S L F L L S V S Y 6 A T Y I V L
w rf/t c L c I F A ALFL,ù3Ís vSÀr r_ rlu

I  l - r l t
o t f  o  D

.KYK
f Y K
K Y K
:K VK
' 
:.:1,':;,1,;;

( v K
rVK
r,,.,,.,:,.,i * *
lùÈ*r rSs v v el rorl  vp r irr in,: i ìc, i i r
( v K I r l  F s s v v  E L K o t l  s p o i n x n  t c o c
X V K I f  I F S S V V  E L K q K  I S P O I G T i I I  I ' G O G

M2 exon

Y

A.
A

l g A  a  c h a i n  m o u s €  E R 0 E p L S y v 1 L Ò O S O O  I  L É E E A p c A I Y R G P F G S K  E V P O  . f
,,: . r :,ì!

r v t f v r - s r p n o o r p o t r  o o i r x  t r _ q r n r
X V T Y V F S T L H H D T P O T F  O U T I I  T L O T N T .
r l v 0 R F L s A T R o G R p 0 l s  r _ o i r n  v l o p r + l ì

t  r  r  r l  r  I
LJ

Ml exon

Fir 'rar '7 Th<' f ieurc \horr s lr  comolrt t .on of a pdncloi lg mcmbrane domrins from fìsh to higher mammals. Al l îa regions encoded by theÌ\f I 'rnd l!t2 c\r)n\ irc denitt(Ll '" ,n" 
.Ì:"j:-."11:. :l.l 

i"gio". rrtoi"in! ,-iììgh de,:."e of .on.er"arion are sholvn ùthin grey boxes. aaconscwed betwecn m.usc r l l  und human e.chains are sltown by f i l leiboxcìs berow the corresponding sequence in the towerpartofthetigurc Al l  aù whioh are conserved bclwe,en the transmembrlne i"gion, 
"." 

i i ro*n u",tpcnòoxes be low the coùesponcung sequence. r.heconservcd glutamine and t] ' rosine in rhe cytoplasmic ."g.n oi oi i  non-rr.  no"-o Ig classes is indicated by in asterrsk above thecorresponcling aa Thc na encoded bv the separare exons is ihown in rhe botiom of rhe fig;;;li;t; ;ìì; r;; oìi l!'li.r.. 
"*."pt 

to. tt 
"

tr  chain where rhe complete region' is encoded by one single 
"^"" 

i f" i t .- .-"- '

hqs.,

I
J\
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to  Answe t r  qL lL r s t i o l l s  conce  n l i nq  t hc i r  l oca t i on .  s tab i l i t v  and
p t l ss i t r l c  l ' u r re l  i r l r r .

i n  F ig .7  t he  i r i ì  s cc lucncc  o f  t he  t r i ì r ' t smen lb ra r re  and
c - i ' t op lasn r i c  r cg ions  o f  hun ran  I gE  i s  con tpa rcd  t o  u  panc l  o l
r le  n tbrane Ig  chunrc te  r izc t [  in  mouse .  man l rnc l  l ' ,vo  spt_-c ic . :
o f  f i sh .  An  cxcep t i ona l l v  h i q l r  c l cg rce  o f  sc ( l ucnce  co r ì sc r -
vat ion is  foLrnt l  i r r  th . , :  rncmbra l tc -spar . rn ing reg ic tn  o f  t l i c
a n t i b o c l i c s  f n ; m  l i s h  t o  m a n  ( F i g . 7 ) .  T h i s  p a r t  o f  r h c
mo le  cu l c  i r as  l r cen  1 ' l r unc l  t o  be  c ruc ia l  f t r r  t he  i n te  r ' ; - t c t i on
u ' i t h  l c cess ( ) r v  s i g r re l - t r ansc luc i r . r g  n ro l ccu les  { l ó -28 l .

, - \ 11  an t i boc l i c s  f r t rmcc l  a f t c r  a  su , i t ch ìng  L . \ , r n t  ( non - l i  an i l
non - r \ )  l u r vc  i r n  i r r t n r cc l l u l a r  cx t cns ion  o t '  1 -1  1 r r -  cha in )  o r  lS
ta  ( ' , ' anc l  t :  cha ins )  a t t i t chcc l  t t t  t hc i r  cu l ' t r o t r , ' t c rm in r r s  I L - ì ] .
J ' h i s  can  bc  co r t r p r r r  c t l  t o  on l v  t h r cc  r r a  l ' o r  t hc  1 . t  anc l  ò  chu in :

[ 1 i l  N o t i r i r t g  i s  , r ' c t  k n o r v r t  l t b o u t  t h c  f u r t c t i o n  o f  t h i s
c i ' t o p l a s n r ì c  c r t c n s i o n . ' f h c r  c r  c i r i i i n  i s  r c l a t i v c l v  c l i s t a n t l r
r c l a t cc l  t o  t he  ̂ , /  í r n ( l  r  cha ins .  r vh i ch  r r r c  h i gh l r ,  l r o rno logou :
to  c : rc l r  o thcr  ( f ' - ig .  7) .  

- I 'h is  
is  u lso rc l ' l cc tcrc l  in  th , - :  org l rn i -

z a t i o n  o i  t h e  c \ ( ) n s  i v l i c r e  t h c  u .  c h l i n  n r c m b n r n c  r c g i o r r  i s
cncoc l c r l  b \  on . :  c \ ( ) n  c ( ) l np l r r cc i  t r )  t $o  e \ ( ) ns  i o r  i r o t l t  t hc . , ,
and  r  cha ins .  , : \  I ' s vv  i n t c r cs t i ng  cha rac t c - r i t i c s  l r r e  l ' t t u r r c l
L l pon  a  morc  c l e  t a i l c r l  ana l r , ' s i s  o f  t hcsc  pc l t t i r l c  cx t cn \ i ( ) r . ì \ .
\ \ ' c  i i nc l  onc  g iu t l r r l i nc  an r l  onc  I v ros i r r c  r cs i r l r r c  consc r r  c t l
i rc { . rv 'e :cn l r l l  r ron- r t  t r r rc l  r ror r - t )  cv top i ls r t r ic  r lcnrbr t r rc  c \ tc .n-
s i ons  (F - i g .  7 ) .  

- i ' r ' r ' o s i nc  
r cs i c l ucs  l r avc  been  imp l i cu t c r l  t o

p l u l ' r t  r c l c  i n  t h c  i n t c r n a l i z a t i o r r  o i  n r c r n b r a n c - b o u n t l
r eccp to r  n ro l cc r r l c s .  Onc  cxan tp l c r  i s  t t l un t l  i r r  t hc  l o r r ' -
r le r rs i tv  l ipoprotc ' in  rcccptor  r , r ,hcrc  a  c i ' top lasr r - t ic  t r  ro : inc
has  bce  n  s l r ow ,n  t o  t r e  v i t l r l  t ì r r  r l r p i c l  cn r l oc r , ' t os i s  [ 291 .

Thc  coL rp l i ng  o i  s i gna l - t l l r nsc luc ing  mo lecu l cs  t c t  t he  n t cn t -
b ranc -bounc l  t ' o rn r s  o l ' t he  I g  r . ì lAv  i r e  i n l l uencec l  bv  i r
d i f f c r cnce  i n  t hc  s r ruc tu rc  t t f  t hc  cv top lasn t i c  t ; r i l  o l '  t he
lunt iboc i r ' .  

' fh re :c  
nrenrbrane pr i t te i r rs  havc bce n iounc l  tc t

in t t rac t  , . i , i th  the sur facc- t roLrnc l  Ig lv l  molecu le  l rnc l  thcv arc
a l l  phosphop ro te  i ns .  I n  a t  l e  as t  one  o f  t hesc  t h ree  po l vpep -
t ic les  thc  phosphate is  bourrc l  to  a  cv to ; t lasrn ic  t l ' ros ine [?7] .
There is .  hc l tv 'e 'u 'e  r .  no ev ic le  ncc that  th is  phosnhate has a
re-qu la torv  funct ion.

Some of  the c l i f ie rcnt  s igna l - t ransc luc ing molccu les c l i f fe r  in
s i ze  be t r vee r r  t he  p r  and  t he  r \  cha ins  [ 27 .301 .  Recen t  da ta
f romVenk i t a ramu ìn  e t  a l .  [ 31 ] sho rv  t ha t  a l l  I e  i so t vpes  a re
assoc ia tec lwi th  prote  ins  encoc lec l  bv  the gcnes c lonec l  as  thc
B ce l l -assoc ia tec l  pro te ins rnb-  I  anc l  B-29 anc l  that  the
d i f f e rence  i n  s i ze  o f  t he  c r  cha ins  (mb- l )  assoc ia tec l  n , i t h  L t
anc l  ò  cha ins are c lue on l_v to  a  c l i l ' fe rc .nc-c  in  e l1 'cosy ' la t ion.
They shor ,v  that  that  mb-  L  and B-21)  are suf f ic ient  for  sur face
exp ress ion  o f  t he  mcmbrane  Ig  o f  a l l  i so t vpes .  Whe the r
these  a re  t he  on l v  mo lecu les  assoc ia tec l  w i t h  a l l  t he
d i f fc rent  sur face Ig  is  not  vet  c lcar .  The o ' top lasmic  reg ion
of  the mcmbranc [u  may,subst i tu te  for  f  unct ior rs  per formc-d
by as \ ,e t  uncharacter ized accessorv  molecu les for  the p  and
t )  cha ins or  n lay per form ar lc l i t iona l  funct ions neec led for
B ce i ls  rvh ich have gone throuqh an isot ,vpc sw' i tch ing event .

Iwould l ikt:  to r l tunk Í ' rof ' . . lun,- lrrderssctn frtr  sLrJtpot ' t  during the
oroject utrtL Prol ' .  f lurt.s IJertt t icl t  artt l  Dr. SturtLt: l '  Bunrctt J 'or rey. i .si t t t t
of ' the rnartuscript.  I  rvould l ikc to thuttk , \ l t tr iu .- l t 'eskoqlt for ski l l l 'ul
te c hnic ul uss i .s t  utr ce.

Received Februarv  1- { ,  1992:  in  f ina l  rcv iscd form Ju lv  L) .  1991.
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