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Introduct ion

In the course of previous studjes on the regulation of lgE antibody
response, we have obtained evidence that ant igen-speci f ic
suppressor T cel ls const i tut ively secrete glycosylat ion inhibi t ing
factor (GlF),  that  could swttch a subset of  T cel ls and T cel l
hybridomas froir the formation of glycosylated lgE-binding factors
( lgE-BF) to the format ion of  unglycosylated lgE-BF ( i )  The
resul t Ìng unglycosylated lgE-BF suppressed lgE synthesis in an
isotype speci f ic  manner.  Subsequent exper iments indicated that
GIF  is  p robab ly  a  subun i t  o f  an t igen-spec i f i c  suppressor  T  ce l l
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factors (TsF).  An ovalbumin (OVA)-speci f  ic  suppressor T
hybr idoma, 231 F1 cel ls,  const i tut ively secretes the 15 kDa GlF,
havrng no af f in i ty for  OVA but no lgE-BF Upon st imulat ion wi th
OVA-pulsed syngeneic macrophages. however.  the same cel ls
produced lgE-BF and the B0 kDa GlF, the lat ter  of  which had
aff in i ty for  OVA (2) The OVA-binding GIF appeared to consist
o f  an  an t igen-b ind ing  po lypept ide  cha in  and a  non-spec i f i c  GIF
chain (3), and suppressed both lgE and lgGl antibody responses
of syngeneic mice to DNP - OVA in a carr ier-specl f ic  manner (2).
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Abstract

From the spleen cel ls of  BALB/c mice pr imed with bee venom phosphol ipase A, (pLAr),  we
establ ished seven T cel l  hybr idomas which const i tut ively secreted glycosylat ion inhibi t ing factor
(GlF),  expressed both CD3 and TCRap, and responded to ant igen-pulsed ant igen present ing cel ls
(APC) for  the format ion of  lgE-binding factor.  Upon st imulat ion wi th ant igen-pulsed ApC, four of
the seven hybr idomas produced GIF having af f in i ty for  nat ive PLA2. The ant igen-binding GIF
could suppress the ant i -hapten ant ibody response of  BALB/c mice to dini t rophenyl  (DNp) -  pLA2
coniugates in a carr ier-speci f ic  manner and bound to immunosorbents coupled with ei ther the
mAb 14'12 or ant i -TCRa chain,  H28-710. Analysis of  the epi tope speci f ic i ty of  the TCR on the
G|F'producing T hybr idomas indicated that al l  of  the hybr idomas which coutd produce ant igen-
binding GIF upon ant igenic st imulat ion recognized the synthet ic pept ide represent ing amino acid
residues 19-34 in PLAr molecules in the context  of  the product of  the l -Ad subregion and the
ant igen-binding GIF formed by the cel ls had af f in i ty for  the pept ide.  The 3-D structure of  bee
venom PLA2 ind ica tes  tha t  the  sequence o f  amino ac id  14-24 fo rms a  loop in  the  PLA2 molecute
and represents an external  structure of  the ant igen, whi le pept ide 25-gl  forms an a het ix.
Evidence was obtained which suggests that  the sequence of  25-34 contains amino acid
res idues  in te rac t ing  w i th  la  mo lecu les ,  wh i le  pept ide '19-24  conta ins  res idues  invo lved in  the
in te rac t ion  o f  p19-34- la  complexes  w i th  TCR on the  hybr idomas.  l t  was  a lso  found tha t  no t
on fy  the  syn the t ic  pept ide  19-34,  bu t  a lso  the  pept ides  13-28 and 19-30 inh ib i ted  the  b ind ing
of ant igen-binding GIF to PLAr-coupled Sepharose, whi le pept ide 25 -  40 fa i led to do so. The
resul ts col lect ively indicate that  the ant igen-binding GIF and TCR on the cel l  source of  the factor
interact  wi th a common epi tope which is exposed on the surface of  a 'nominal  ant igen.
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Fur thermore ,  the  OVA-b ind ing  GIF  bound to  an t r -TCRa cha in
ant ibody and mAb 14-12, the lat ter  of  which was bel ieved to be
speci f ic  for  the ant igen-binding chain of  ef fector type TsF (4)
Thus ,  the  OVA-b ind ing  GIF  shares  an t igen ic  de terminants ,
physicochemical  propert ies and immunosuppressive act iv i t ies
wi th  the  e f fec to r - type  TsF.  such as  keyho le  l impet  hemocyantn-
speci f ic  TsF (5),  GAT-speci f ic  TsFr (6),  and NP-speci f ic  TsF. (7)

Several  invest igators indicated a c lose relat ionshrp betr ,veen
antigen-specific TsF and TCR. TsF derived from T cell hybridomas
and suppressor T clones are bound by the monoclonal antr-TCRa
chaìn ant ibody (4,8 -  10) Evidence has been presented that the
TCRa cha in  i s  a  c r i t i ca l  component  o f  TsF (1  1 ) .  Var ian ts  o f
q t  r n n r p s s n r  T  e e l l  h ' , t - ' . i - { ^ m ^ n  } h a t  { q r l e d  t o  e x n r e S S  t n e  T C R aJ u p v r  g ù J v r  r  v u i l  l l y u J  l L l \ - . / l l l d . ò  L I  l d . t  I q i l u u  L v  v ^ P ,  v J J  !  l

cha in  cDNA d id  no t  p roduce  TsF  and  t r ans fec t i on  o f  t he  TCRo

chain cDNA in to  these ce l ls  restored TsF b ioact iv i ty  (12 13)  These

f  i no rngs  c l ea r l y  show tha t  TsF  i s  ac tua l l y  a  p roduc t  o f  T  ce l l s  and

u t r l i zes  gene (s )  encod ing  t he  TCRc  cha ìn .  Howeve r ,  t he  mos i

d i f f rcu l t  quest ion to  be answered is  why TsF have af f tn t ty  for  the
nomìna l  an t i gen  and  cou ld  be  en r i ched  by  b ind ing  t o  an t i gen -

coupled immunosorbent .  l t  i s  v , ,e l l  es tab l ished that  the TCR on
h o l n o r  e n r l  n r r i n î n v i n  T  r - o l l c  r o î ^ . 1 n 1 - 7 .' , - . . . - ,  - JS  P rocessed  an t i gen  i n  t he

con tex t  o f  a  MHC p roduc t  and  nom ina l  an t i gen  t se l f  canno t

s t imulate  these ce l ls  114) .  Thus.  we ant ic ipated that  tne ce l l  source
o1  3 i ; r gen -b ind ing  G IF  [ sF )  may  be  spec i f i c  f o r  a  u '  r que  ep i t opg
:nd s f  rd ied the en i tnne sner : i f  i r : i tv  o f  the TCR on tne ce ' l  Sourceq r  r v  u L u u r v

of  OVA-b ind ing  GIF  (15)  The resu l ts  showed tha t  TCF on a l l  o f
seven T cel l  hybr idomas, which produce OVA binding GIF (TsF)
recogn ized a  syn the t rc  pept ide  cor respond ing  to  resrdues
307 -317 in  the  OVA molecu les  in  the  contex t  o f  c lass  l l
molecules on ant igen present ing cel ls (APC).  In contrast .  the otrer
th ree  GIF  produc ing  hybr rdomas,  wh ich  recogn ized the  malor
immunogen ic  ep i tope represented  by  res idues  323 -  339 in  the
OVA molecu les ,  fa i led  to  fo rm OVA-b ind ing  GIF  upon an t tgentc
s t imu la t ion  Fur thermore ,  OVA-b ind ing  GIF  produced by  the
former group of  hybr idomas had af f in i ty for  the pept ide 307 -317

for which the TCRs on the cel l  source of  the factors are speci f ic
(4 ) .  These f ind ings  suppor ted  the  concept  tha t  TsF (o r  an t igen
b ind ing  GIF)  ìs  re la ted  to  the  TCR

Srnce the  OVA-b ind ing  GIF  had a f f ìn i ty  fo r  p307-317,  we
snpr ì r r l a tec i  t ha t  thp  pn i tonc  ren rpqen ts  an  ex te rna l  s t ruc tu re  i nu v v v u ' u r v v

OVA molecules (  ) .  In th is ser ies of  exper iments,  however,  we
n n r  r l r l  n n i  n r n r r i r J p  n v i r l n n n n  t h n t  l h a  o n i t n n e  i q  : n t r  r a l l y  p y n n q p f l
U U U I U  l l L r t  P l \ J V l l - l ( '  C i V l | ' l t i l  I U c i  L l  l d L  L l  l U  U V r r v y v  r r  q v L u q , r )  ú ^ P \ J ù U U

to the surface of  the ant igen molecules.  In the present
o v n o r i r n o n l c  : t t o m n t c  r , v o r o  m : d o  t n  n n n e t r r r r - t  G l f - n 1 n À r r n i n n9 ^ F J g t r t r r ù r  r L o .  q . L U r ' r P r o  v v u r ú  r r r a u c  t u  u u l r J L r  u u L  v I  v r v \ , l u w l l l v

T ce l l  hybr idomas f rom sp leen ce l l s  o f  m ice  tha t  had been
immunized w i th  bee venom phospho l ipase A,  (PLA2) ,  whose
crystal  structure is known (16) Tne present experrments provrde
the  ev idence tha t  the  TCR on the  ce l l  source  o f  an t igen-b ind ing
GIF is actual ly speci f ic  for  an external  structure in the ant igen
and tna t  the  an t igen b ind ing  fac to r  shares  ep i tope spec i f i c i t y
with the TCR

Methods

Antigen and antrboCies

Lyophi l ized bee venom PLA, was purchased from Sìgma
(St Louis,  MO). Denatured PLA2 and CNBr-treated PLA, were
prepared by the methods descr ibed by King et  a l .  (17).  Detai led
procedures  were  prev ious ly  descr ibed (18) .  In  o rder  to  ob tarn

CNBr c leaved fragments,  5 mg of  CNB:-treated PLA, was
dissolved in 0 1 M Tr is -  HCl,  pH 8 6,  and 5 rng di th iothrei to l  was
added to the solut ion.  Af ter 1B h at  room temperature,  pepttdes
were incubated at  pH 8.0 for  60 min wi th excess iodoacetamtde.
After carboxymethylat ion,  the pH was adjusted to 3.0-3.2
and the fragments were applred to a Bio-Gel P-.10 column
(2 5 x 30 cm),  equi l ibrated with 0 05 M acet ic acid Pept ides
eluted from the column were lvophi l ized, and further f ract ionated
h\ /  r ^ \ ' ^ r^^  ^h^ó^  chromatography  us ing  an  RPC (C,u)  co lumn- -  r h r n r n a l r r ^ r a n h r l  ru y  r u v u r o u  v r r u o u  u r  i l v r  r o . t \ J g t d ' v r  r y  u

(Beckman,  Fu l le r ton ,  CA) ,  The mob i le  phase was 0 .1o /o
tr i f luoroacet ic acid (Sigma) and pept ides were eluted with a l tnear
gradrent of  2-propanol  (Aldr ich,  Mi lwaukee, Wl)  f rom 0 to 600/o
in 30 min at  a f low rate of  0.5 ml/mn. The pept ide under each
peak was lyoph i l i zed  separa te ly .  The amino ac id  compost t ion
o f  the  pept rdes  was ana lyzed by  Dr  T .  Hug l r  a t  Scr ipps  C l in ic
and Research Foundat ion.  Synthet ic pept ides corresponding to
r e s i d u e s  1 - 1 6 ,  7 - 2 2 ,  1 3 - 2 8  ' 1 9 - 3 4 ,  a n d  2 5 - 4 0  i n  t h e
PLA, molecule were synthesrzed by Cytel  Corp.  (La Jol la,  CA)
-F r - , ^  ^nn+ i r r  on r j i ne r  tn  res i c j r res  19  _  30  and  19  _  35  wer -ei  |  ' U  

P ( J P t I L - l U ù  L / \ J l  l ( f J P w r  ' \ l r r  r g  t w  l g J r u u (

synthes ized by  K i r in  Pharmaceut ica l  (Maebashr  Japan) .  A l l  o f
the  syn the t ic  pept ides  were  pur i f ied  by  HPLC and the i r  amino
acrd  seouences  were  conf r rmed.

D in i t ropheny l  der rva t ives  o f  PLA2 were  prepared us ing
2,4  d in i t robenzene su i fon ic  ac id  (Eas tman-Kodak,  Rochester
NY) .  The average number  o f  DNP groups  rn  the  DNP-PLA2
con1ugates  was 1 .7  per  PLA,  mo lecu le .  Tne prepara t ion  o f
DN P -  OVA was previously descrrbed (1 9).  The conjugates con-
ta ined 4  3  g roups  o f  DNP per  mo lecu le  o f  OVA.

Monoc lona l  mouse lgE (H-1 ,  DNP e-26)  (20)  ra t  IgE ( lR  162) ,
and ant i - l ipomodul in ( .141 Bg) (21)were the same preparat ions as
those descr ibed in a previous art ic le (19).  Monoclonal  ant i -mouse
CD3 (1 45-2C11) (22) was suppl ied by Dr M Soloski ,  Johns
Hopk ins  Un ivers i ty  Ant t -mouse TCRa cha in  (A  2B '710)  (23)  and
antì-mouse TCRP chain mAb (H-57-597) (24) were suppl ied by
Dr  R.  T .  Kubo,  Nat iona l  Jewish  Center  fo r  lmmuno logy  and
R o c n i r e i n r v  l r / o r l i q j p g  ( D e n v e r ,  C O ) .  A s c i t i C  f l u i d  C O n t a i n i r r g  i a t|  ' v v v ' l

mAb '1 4 12 (25) or 14-30 (26) and the globul in f ract ion oí  the
asc; i ic  f lu id were previously descr ibed (a).  Antr  l -Ad mAb MKD6
(27) and ant i  I  E mAb 14,4 4 (29) employed in the present
exper iments r ,vere the same preparat ions as those previously
descr ibed (15) .

lmmunosorbents

P L A 2  o r  p e p t i d e  1 9 - 3 5  w a s  c o u p l e d  t o  C N B r - t r e a t e d
Cl"Sepharose 48 at  1 mg protein (pept ide) per gel  The globul in
f rac t ion  o f  asc i t i c  f lu id  conta in ing  mAb 14 12  or  par t ia l l y  pur i í t cd
mAb 141-Bg was coup led  to  CL-Sepharose 48  a t  4  -  5  mg per
gel .  Monoclonal  ant i -TCRa chatn was coupled to Tresyl  act ivated
Sepharose a t  1  mg/ml  ge l .

Constructron of hycrrdomas

GIF-producing T cel l  hybr idomas were constructed by the
procedures  descr ibed in  p rev ious  ar t i c les  (19  29)  f  rom sp lcen
ce l ls  o f  BALB/o  mice  wh ich  had been immunized w i th  10  pg
PLA, adsorbed to , l l  rng aÌun Tvn r ' reeks al i l '  lhe i rnr-nun
iza tnn  the i r  sn lee :  r :e l l s  s r rsnendeo rn  RPMI  1640 medtumv u e H v '  ' v !

conta in ing 100/o FCS r ,vere incubated wi th  10 pg lml  CNBr- t reated
PLA2 for  3  days.  Non-adherent  ce l ls  were resuspended tn
f resh cu l ture  medium and T ce l ls  were propagated for  4  days

L



by incubat ion wi th 50 uni ts/ml recomotnant mouse l t - -2 in
the presence of  2 pM synthet ic PLA, inhibi tor ,  ONO-RS-082
l 7 - ( p - a m y l c i n n a m o y l ) - a m i n o - 4 - c h l o r o b e n z o ì c  a c i d ,  O N O -
Pharmaceut ical  Co.,  Osaka, Japanl  (29).  T cel ls were then fused
wrth thymoma clone BWs147 cel ls by the procedures previously
descr ibed (19)  Hybr idomas were  main tarned in  comple te
Du lbecco s  mod i f red  Eag le 's  medrum (D lv lEM)  tha t  cons is ted  o f
h igh  g lucose DMEM supp lemented w i th  an t ib io t i cs ,  100/o  FCS,
100/o  NCTC 135 med ium (Gibco,  Grand Is land,  NY) ,  10  mM
HEPES buf fe r ,  0 .2  U lml  bov ine  rnsu l in  (S igma) ,  50  pg lml  sod ium
pyruvate,  and 150 pglml oxalacet ic acid.

Antigen presentation to T cell hybrrdomas

T ce l l  hybr idomas (1  x  106 ce l l s /ml )  in  DMEM were  incubated
for 24 h wi th BALBic-der ived B cel l  l ine A20 3 or A2O-2J cel ls
(2 x 105 cel ls)  in the presence of  1O pglml CNBr-treated PLA,
or 5 pglml of  an appropr iate pept ide.  In some expe.rments,  A20.3
cel ls were incubated overnight ur i th 30 pglml PLA, and the
ant igen pulsed APC were incubated with an approprrate
hybr idoma cel l .  The A20.3 cel ls were f ixed with glutaraldehyde
by the method descr ibed by Shimonkevi tz et  a/  (30) ln order
to  de termrne any  poss ib le  rc le  o f  la  mo lecu les .  rhe  f rxed  ce l ts
were  t rea ted  fo r  30  min  a t  37"C w i th  10pg/ml  an t i - l  Ad  or
ant i - l -E ant ibody. After washing, the cel ls were incubated with
T ce l l  hybr idomas together  wr th  syn the t ic  pept ide  fo r  an t igen
presentatron.

Detection and fractronatron of lgE-BF

The factor was detected by inhibi t ion of  rosette format ion of  rat
FceR* B cel ls wi th rat  lgE coated, f ixed ox erythrocytes (31)
Fixed ox erythrocytes coated with human serum albumin were
employed as controls.  Mesenter ic lymph node cel ls of  Lewis
strain rats infected with Nrppostrogylus brasrltensis v;ere used
as a source of  FceR* cel ls.  Procedures for the detect ion of
lgE-BF were exact ly as prevrously descr ibed (31) The proport ion
of rosette forming cells (RFC) in 300 lymphocytes vias determined
in t r ip l icate and expressed by the average + SD. The percentage
of rosette inhibi t ion of  lgE-BF was calculated from the decrease
rn  the  propor t ion  o i  RFC in  the  presence o f  lgE-BF.  The SD in
the percentage of  rosetre rnhibi t ron among trrpl icate assays
was usua l ly  3 -6o /o .

In some exper iments,  cul ture supernatants were f ract ionated
on rat  lgE-coupled Sepharose (32) and the acid eluate f ract ion
from the immunosorbent vras tested for the presence of  lgE-BF
by the  procedures  descr rbed above In  o rder  to  de termine the
nature  o f  lgE BF,  lgE BF were  f rac t ionated  on  len t i l  lec t in
Sepharose (Pharn'acia,  Piscatavray NJ) by the procedures
prevìousiy descr ibed (32).  Proteins bound to the beads were
recovered by elut ion ur i th 0.2 M a-methylmannoside.

Deteciion and fractronatton of GIF

GIF uras detecied by the aoi l i ty  of  th is lymphokine to swrtch the
T cel l  hybr idoma 12H5 cel ls f rom the format ion of  g lycosylated
lgE-BF to  the  fo rmat ron  o f  ung lycosy la ted  lgE-BF (19)  Br ie f l y
12A5 cel ls (1 x 106 cel ls/ml)  were incubated for 24 h wi th
10 pglml mouse lgE rn the presence o.  absence of  a test  sample.
Cu l tu re  supernatan ts  were  f i l te red  th rough CF50A membranes
to remove lgE and f i l t rates were f ract ionated on lent i l  lect in
Sepharose by the nethod descr ibed above. The presence of
lgE-BF in the ef f luent f ract ion and eluate f ract ion was then
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determined by  rose t te  inh ib i t ion .  When the  12H5 ce l l s  were
incubated  w i th  mouse lgE a lone,  essent ia l l y  a l l  lgE-BF fo rmed
bv the cel ls bound to lent i l  lect in and was recovered in the eruate
v/r th a-methylmannoside. l f  a suf f ic ìent amount of  GIF r ,vas adoed
to  the  cu l tu re  o f  12H5 ce l l s ,  a l l  lgE-BF fo rmed by  the  ce i rs  fa r red
to be retarned in the lent i l  lect in Sepharose and was recovered
in  ihe  e f f luen t  f rac t ion .  GIF  in  the  tes t  sample  was taken as  (+)
r f  ihe rat io of  the percent rosette inhibi t ion between the ef f luent
and eluate f ract ion was 2.0 or higher.

GIF  was a lso  de tec ted  by  i t s  abr l r ty  to  inh ib i t  the  deve lopment
o f  RFCs w i rh  lgE coated  ery thocy tes  (19) .  Br ie f l y ,  mesenter ic
lymph node cel ls of  rats infected with N. brast l rensis were mrxed
lv i th an equal  volume of  a sample to be tested and the cels were
incubated for 24 h wi th rat  lgE. The proport ion of  FceR* cel ls
in the suspension was determined by rosett ing wi th lgE-coated
erythrocytes.

To determine the af f in i ty of  GIF for PLA, or i ts peptrde, the
cul ture supernatant of  hybr idomas u/as f i rst  absorbed with
lgE-Sepharose.  A l iquots  o f  1  ml  o f  the  e f f luen t  f rom lgE-
Sepharose were fract ionated on 0.25 ml pLA, -  Sepharose by
the  procedures  prev ious ly  descr ibed (18)  B ind ing  o f  GIF  to
ant i  TCRcr  cha in -coup led  Sepharose or  mAb l4 -12-coupreo
Sepharose was de termined in  a  s imi la r  manner  (4 )  p ro te rns
bound to  the  immunosorbent  l vere  e lu ted  r ,v i th  O.1  | \ ,4
g lyc ine  -  HCI  bu f fe r  pH 3 .0 ,  and tes ted  fo r  the  presence o f  GIF
by the procedures descr ibed above

Flo,,u cytometry

Hybr idoma cel ls were incubated with a saturat ing concentrat ion
of ant i  CD3 or ant i -TCR mAb at 0oC, fo l lowed by FITC labeled
rabbi t  ant j -hamster lgG (Organon Teknika,  Westchester,  pA)
( l5 .33) .  Ce l l -assoc ia ted  f  luorescence was ana lyzed by  usrng  a
FACScan (Becton Dickinson, Mountain View, CA).

Determinatron of the immunosuppresesive effects of GIF
Groups of four BALB/c mice were immunized by an intraperitoneal
in jec t ion  o f  2  pLg DNP-  PLA,  inc luded in  2  mg a lum or  1O pg

Tab le  1 .  Format ion  o f  lgE BF and an t igen-b ind ing  GIF  by
ant rgen ic  s t imu la t ion  o f  PLAr -spec i f i c  hybr idomas

Hycr rdoma lgE-BFa G|g" l1 ly  in  PLA2-sepharoseo

f  low- through ^ 1 , , ^ r ^
S r u d L e

o u l

3 8 3
Q ^ , 1

242
3 E 6
9 4 4
7 8 5
fVeci um control

2 7
2 1
22
4 , 1
L +

30
1 9
2 1

0/30 ( -  )
1 t 2 8  ( - )
0 t 4 2  ( - )
s /36 ( -  )

2 7 t 4  ( + )
2B t2  (+  )
3217  (+  )

0t32

25 t7  (+  )
3 3 i 0  ( - )
4 0 1 5  ( -  )
34 tB  ( *  )

1 / 3 0  ( -  )
e t 2 2  ( - )
6 1 2 7  ( - )

aCul ture supernatants  were absorbed wi th  lgE-sepharose and
lgE-BF in  ac jd  e luate f rac t ions was de iermined by roset te  ình ib i i ion
Nurr rbers  represent  percent  roset te  rnh ib i t ion

tFIow-through fract ion from lgE - Sepharose y/as fractLcnated on
PLA2 -  Sep. '3 'sss and the GIF act iv r ry  ,n  each f ract ron was dete 'mrnel
by usrng the 12H5 ce l ls  (c f  Merhods l  Numoers represent  percenr  rosene
inhro i t ion by the ef f luent /e luate f rac t ion f rom lent i l  lec t rn  sepharose.  Tne
propor t ion o f  RFCs in  the absence of  lgE-BF was 28 9 *  0  6o10.  The
( + ) a n d  ( - ) ì n d i c a t e  t h e  p r e s e n c e  o r  a b s e n c e  o f  G l F .
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D N P - O V A  a b s o r b e d  t o  2 m g  a l u m .  A n i m a l s  r e c e i v e d  i v .
in jec t rons  o f  0 .2  ml  GIF  sample  on  day  0 ,  2 ,  4 ,  and 6 .  and
ant i -hapten  an t ibod ies  were  measured on  day  7 ,14 ,21 ,  and 28 .
Ant i -DNP lgGl  an t ibod ies  were  measured by  ELISA usrng
monoc lona l  an t i -DNP lgGl  an t ibody  as  a  s tandard .  Detar 'ed
procedures were descr ibed in a previous publ icat ion 133).
l n F  a n t i h n r l i o c  r r r o r o  m o 2 c r r r o r - l  h r r  t r l  l q A  r , v i t h  a n  a r n n l i f i 6 3 l : g n' Y *  * '  v u  v y  L L r v / 1  v v l L l  I  q l  I  q l  I  l f -

system (34)

Resul ts

Constructron of GIF-producing hybridomas specifrc for Òee
venom PLA2

The hybr idomas were constructed from PlAr-pr imed BALS/c
sp leen ce l l s  by  the  procedure  descr ibed in  Methods .  Cu, lu re
supernatants of  87 hybr idomas were assessed for the prese. lce
of GIF act iv i ty and 39 GIF producinq hybndomas were selec:eo.
These hybr idomas were incubated with A20 2J cel ls In rne
presence of  CNBr-treated PLA, for  antìgen st imulatron, and ihe
hybr idoma clones that produced lgE BF were then stained ' ,v i rh

ant i -CD3 and an t i  TCRB cha in  by  immunof luorescence.  Thus ,
we establ ished seven hybr idomas which ( i )  were wel l  staineo by
both ant i -CD3 and ant i -TCRp chain,  ( i i )  const i tut ively secreied
GlF ,  and ( i i i )  p roduced lgE BF upon an t igen ic  s t imu la t ron .  None
of the unst imuiated hybr idoma clones const i tut ively secreted a
deteciab{e amount of  IgE-BF. These hybr idomas were subclor-ed
and the CD3" subclone of  each hybrrdoma was incubated with
ant igen-pulsed A20.2J cel ls.  Cul ture supernatants were absorbed
with lgE -  Sepharose and acid eluates of  the coiumn u, ,ere
assessed for the presence of  lgE BF As expected, al l  of  the
hybr idomas fo rmed lgE-BF upon an t igen ic  s t imu la t ion  (Tab ie  t ) .
The f low-through fract ion f rom the lgE -  Sepharose was further
fract ionated on a PLA2 -  Sepharose column to determrne tne
d is t r ibu t ion  o f  GIF  ac t iv i t y  As  shown in  Tab le  1 ,  the  OC1,  383,
BC4, and 2A2 cel ls produced GIF having af f in i ty for  PLAr-
Sepharose, whereas GIF from the 3E6, 9A4 and 785 cel is fa i led
to be retained in PLA, -  Sepharose.

Tab le  2 .  B ind ing  o f  GIF  f rom ant igen-s t imu la ted  hybr idomas
to  14-1  2-coup led  Sepharose

t-..t , , t- . i ̂  ^ - ^ ^I  r y u r  r u u l  I a ù

We determined whether the mAb 1 4-12 can bind GIF from
a n t i g e n - s t i m u l a t e d  P L A ,  s p e c i f i c  h y b r i d o m a s .  T h e  t h r e e
representa t rve  hybr idomas,  i .e .  383,  gA4 and 785,  were
st tmulated with ant igen-pulsed APC or co-cul tured with APC
alone. GIF in cul ture supernatants was part ia l ly  pur i f ied usrng
14189-Sepharose,  and the  a f f in i t y -pur i f ied  GIF  was fu r ther
f rac t ionated  on  14-12-  Sepharose.  l t  i s  c lear  in  Tab le  2  tha t  GIF
from unst imulated hybr idomas fai led to be retained in the
14-12-Sepharose co lumn.  In  cont ras t ,  GIF  f rom ant rgen-
s t imu la ted  hybr idomas bound to  the  immunosorbent  and was
recovered by acid elut ion.  l t  should be noted that GIF fronr
antrgen-st imulated 785 and 9A4 cel ls fa i led to be reratneo
on PLAr-coup led  Sepharose (c f .  Tab le  1 ) ,  bu t  bound to
1412-Sepharose.  In  o rder  to  conf i rm the  spec i f i c i t y  o f  the
rmmunosorbent ,  a l iquo ts  o f  the  GIF  prepara t rons  f rom ant igen-
st imulated 383 cel ls and 9A4 cel ls were f ract ionated on
Sepharose coup led  w i th  mAb 14 30 ,  as  i so type cont ro is  As
expected from previous f indings (4,33),  GIF act iv i ty fa i led io be
retarned in the 14-30 -Sepharose (resul ts not shown).

Previous exper iments indicated that the OVA-binding GIF
from T cel l  hybrrdomas shared an ant igenic determinant wi th
TCRa chain (4) Thus, we determrned as to whether the
PLAr-b ind ing  GIF  may b ind  to  Sepharose coup led  w i th  an t i -
TCFcy cha in .  The P lAr -b ind ing  GIF  f rom the  383 ce l l s  was
affrni iy-pur i f red by using PLAr-coupled Sepharose and the
preparat ion was fract ionated on antr-TCRcr chain coupled
Sepharose. Determinat ion of  the GIF act iv i ty in the f low-through
fract ion washing, and acid eluate f ractrons clear ly showed that
the  PLAr-b ind ing  GIF  bound to  the  immunosorbent  and was
recovered by elutron at  acrd pH. As expected from a previous
publ icat ion on GIF from OVA-speci f ic  hybr idomas (33),  the
presence of  the antrgenic determinant recognized by ant i -TCRcv
charn was not restrrcted to PLAr-binding GlF. When the gA4
cel ls were st imulated with ant igen-pulsed A20.2J cel ls,  GIF in
the cul ture supernatant bound to ant i -TCRcv-coupled Sepharose
and was recovered by acid elut ion.  In contrast ,  GIF from

w e e  K s

F ig .  1 .  Suporess ion  o f  an t i  hap ten  an t ibody  response  to  DNP-  PLA2
Dy  PLA,  o rn0 ing  G iF .  BAL3 ic  m ice  were  immun, - - : t l  ' ; ; r i i r  a iu rn -
absorbed  DNP -  PLA2  and  the  lgG l  an t i -hap ten  an t ibody  concen t ra t i on
'n  the '  se rum was  de te 'm i red  Three  g roups  o f  mrce  rece rved  an  i  v ,
r n j e c t i o n  o f  P L A 2 - b i n d i n g  G I F  ( ! )  ,  n o n  s p e c r f i c  G I F  ( ' ' ) o r  s a l i n e  ( O )
n n  t F . a  - ] - , , ^  , ^ - ] i ^ ^ + -u |  L t  t e  uays  t r ìo t ca teo  oy  a r rows .

8 0 0

Cu l tu res  o f  G IF  rn
G I F  n r n r l , r n t i n n a  S o n n :v r r  v r v u u u L t v t  I  u u v r  t q

14  1  2 -coup led
roseo

flo'ru-through U l U d t U

t

7.

;  2 0 0

a ' )
ÒD

1 0 0

383

944

785

Medium cont ro Ì

unst rmulated
e n t i n e n - q i i m r r l r i o r l

unst rmulated
: n t r n e n - c t r m r r l r i o r l

unst rmulated
antigen-st imulatd

22t3 (+  )
5 t 3 2  ( - )

32t0 (+  )
B t25  ( - )

20t3 (+  )
5 t25  ( - )
3t26

5 t23  ( - )
26 tB  ( -  )

0 t 3 2  ( - )
29t0 ( -  )
3 /30  ( -  )

3 l / 5  ( - )

aHybr rdoma ce l l s  (106  ce l l s im l )  were  cu l tu red  w i th  A20 .3  ce l l s
(2  x  10c  ce l l s /m l )  rn  the  p resence  o r  absence  o f  3  pg /m l  CNBr - t rea ied
?L-A2 Íor 24 h

cPart ia l ly  pur i f ied GIF in cul ture supernatants ' ,vas f ract ionated on
14-12 'co tp leo  Sepharose .  The  GIF  ac t i v , t y  i n  the  Ío l v - th rougn  í rac r ron
and  ac id  e lua te  f rac t i on  f rom i4 -12 -coup led  Sepharose  was  eva lua ted
by  us ing  12H5 ce l l s .  The  p ropor t i on  o f  l gE- rose t t i ng  ce l l s  ìn  the  absence
o f  l g E - B F  w a s 2 7 . 4  +  o . B 0 l 0 .  T h e  ( + ) a n d  ( - ) i n d i c a t e  t h e  p r e s e n c e  o r
absence  o f  G lF .



unstrmutated 383 cel ls and gA4 cel ls fa i led to bino to the
immunosorbent .

we determined whether the plAr-binding GIF from 383 cel ls
couro suppress the antrbody response of  BALB/c to DNp-
PLA2 conlugates.  The plAr-bìnding GrF was pur i f ied f rom the
cul ture supernatant of  ant igen-st imurated cei ls using 14-12-
Sepharose, whi le non-speci f ic  GIF r ,vas punf ieO from cutture
supernatan ts  o f  uns t imu la ted  ce l l s  us ing  14189-Sepharose.
Both the PlAr-binding GrF and non-speci f ic  GrF preparat ions
cou ld  swr tch  the  1  2H5 ce l l s  a t  a  d i lu t ion  o f  1  : r  00 .  Three groups
of BALB/c mice were immunized with arum-absorbed DNp -
!LA, one group was treated by i .v.  in lect ions of  pLAr-brnding
GlF, whi le another group of  mice were t reated with non-specrfrc
GIF The th i rd  g roup rece ived iv  in jec t ions  o f  DpBS.  The rgGl
ant i -DNP ant ibodies in their  sera were measured by an ELISA
assay and the resul ts are i l lustrated in Fig.  1.  l t  is  evioent that
the  PLAr-b ind ing  GrF markedry  suppressed an t r -DNp ant rbody
response, lnrhr le non-speci f ic  GIF fai led to do so. Further,  the
PLAr-b ind ing  GIF  fa i red  to  suppress  the  an t i -DNp rgGl  o r  rgE
antibody response of BALB/c mice to alum-absoroeo óNp _ ovA
(resul ts not shown) The resul ts coi lectrvery indicated that
PLAr-b ind ing  GIF  is  an  an t igen-spec i f i c  TsF.

Epitopes recognized by the TCR on GrF producing hybridomas
As prel iminary experrments,  we confrrmed that not only
cNBr-treated PLA, but arso denatured pLA, courd st imurate
the PLAr-speci f ic  hybr idomas for the format ion of  rgE-BF
when they were cul tured with Apc and the ant igen since the
denatured ant igen was obtained by t reatment of  pLA, wi th 6 M
guanidine - HCI in the presence of 5 mg/ml dithiothreitol, followed
by alkylat ion (17),  i t  appears that  neìther disul f ide bonds nor the
conformat ional  structure in the or ig inal  pLA2 was required for
st imulat ion of  the T cel l  hybr idomas. Attempts were therefore
made to st imulate the hybr idomas by f ragments of  pLAr.  The
amrno acid sequence of  bee venom pLA2 (35) indicates that
cNBr t reatment fo l lowed by c leavage of  the disurf ide bonds
should produce three fragments represent ing amino acid
r e s i d u e s  1  - 3 6  ( p 1  - 3 6 ) ,  4 2 - 8 6  ( p 4 2 _ 8 6 ) ,  a n d  8 7  _ 1 3 4
(pB7-134) ,  and a  smai l  f ragment  represent ing  amino acrd

20 30 40

Frac t ion  Numbers
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resrdues  37-4 i  rhus ,  cNBr- t rea ted  pLA,  were  reduced,
alkylated, and creavage products were f ract ionated by ger
f r l t ra t ion  th rough a  B ioger  p -10  co lumn.  The resu l ts  o f
chromatography are shown in Fig.  2.  The f i rst  smalr  peak (Fr r)
corresponded to the elut ion volume of  the nat ive pLA2, whi le
the second and the thi rd peaks represented cNBr c leavage
products.  No protein or pept ide was detected in Fr lV.  Further
fract ionat ion of  Fr l l  and Fr l l l  by reverse-phase column
chromatography on a c,u corumn showed that Fr i l  was
composed of  two pept ides ( i r ,  and i l r ) ,  whire Fr i l r  represented
a single peptide. Incubation of the 383 cells with each of the three
fragments in the presence of A2o.2J cells showed that the Fr l l .
pept ide st imulated the 383 cel ls for  the format ion of  ioE-BF and
ant igen-b ind ing  GtF  Ne i ther  Fr  l l ,  nor  Fr  i l l  i ndu .éo  tg r -en
format ion,  and GIF present jn cul ture supernatants of  the Fr l l ,
o r  Fr  l l l - s t rmu la ted  ce l l s  fa i led  to  b ind  to  pLAr -coupreo
Sepharose. Simi lar  exper iments wi th gA4 cel ls guurìh" same
resu l ts .  F r  l l ,  pep t ide ,  bu t  ne i ther  Fr  l l ,  nor  Fr  l l l ,  s t imu la ted  the
9A4 cel ls for  the format ion of  rgE-BF since the GIF from ant igen_
st imulated gA4 cel ls fa i led to brnd to pLA, -  Sepharose but
bound to the 14- i2-sepharose (cf  rables t  ano 2),  the f low-
through fract ions f rom lgE-sepharose were fractronated on
14-12 -sepharose. l t  was found that GIF in Fr l l , -st imulated gA4
ce l ls  bound to  the  i4 -12-sepharose,  whr le  the  GIF  fo rmed by
both the Fr l l r -st imulated and Fr l l l -st imulated cel ls fa i led to be
retained in the immunosorbent.  The amino acid composi t ion of
Fr  I l ,  and  Fr  l l l  c lear ly  showed tha t  Fr  l l ,  cor responds to  the
N-terminal  pept ide represent ing amino acid residues 1 -  36,  whi le
Fr l l l  is  the c- terminal  pept ide represent ing amino acid resrdues
87 - 134 Thus it appears that both the 383 and 9A4 hybrìdomas
responded to the N-terminal  f ragment 1 -  36 in the context
o f  MHC produc t .

we tested the abi l i ty  of  f ive synthet ic pept ides represent ing
r e s i d u e s  1 -  1 6 ,  7  - 2 2 ,  r 3 - 2 8 ,  1 9 - 3 4 ,  a n d 2 s - 4 0 t o s r r m u r a t e
the hybr idoma cel ls in the presence of  Apc. s ince unst imulated
hybr idomas did not secrete lgE-BF, the abi l i ty  of  the peproes
was evaluated by detecting lgE-BF in ther supernatant of antigen_
st imulated cel ls.  The resul ts,  summarized in Table 3,  show that
the  383 ce l l s  responded to  p19-34,  wh i le  the  3E6 ce l l s
responded to p25 -  40.  Thus, we tested the epi tope speci f ic i ty

Table 3.  Format ion of
peptrdesa

lgE-BF by st imulatron with synthet ic

00Òì

9  o l

t-

,î)

P e n t r r l o f iybr idoma

p l - 1 6
p 7 - 2 2
p 1 3 - 2 8
p 1 9 - 3 4
p25 - 40
CNBr  -  PLA ,

aHybr idoma ce l ls  were cu l tured wi th  A2o-2J ce i ls  in  the presence of5 pglml synthetic pepl ide culture supernatants were fract ionated inlgE - Sepharose and acid eluate fractions \yere assessed for the presence
of IgE-BF by rosette inhibit ion. The numbers in the table repreient percent
roset te  rnhrb i t ion.  The propor t ion o f  rgE RFCs in  the absence of  rgE BFwas 29 5 -+ 0.7a/0. Less than so/o oi rosetle inhibit ion was stat istrcai lv
not  s ign i f icant  rn  thrs  expenment .

383 6C1 BC4 2A2 3E6 9A4 785

N D N D 2 O
N D N D 3 N D
0 0 0 2

1 8  2 0  0  0
0  3  1 9  2 0

1 8  1 6  2 0  1 6

24
3
0
5
0

22

N D
0
4

1 9
5

1 8

2
0
4

23
4

2 1

Fig.  2.  Gel  f i l t rat ion of  cNBr f ragments of  bee venom pLA, on a Biogel
P I  o column. Fract ions indicated ì rvere pooled separately ané lyophi l ized.
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Tab le  4 .  S t imu la t ion  o f  T  hybr idomas w i th  syn the t ic  pept ide  rn
the con:ext  of  the -Ad product

Tab le  5 .  A f f i n i t y  o f  pep t i de  19 -34  t o  PLAr -b ìnd ing  G lFa

Exper iment  Sepharose
coupled wi th

GIF  ac t i v i t y  i no

f l n r r r - t h r n r r n h  o l t t : + ^r , u v v _ U  i l  u u g r ,  u t u q l g

none  7126  ( - )
none  O l29  ( - )

p 7  - 2 2  1 t 2 4  ( - )
p 1 3  -  2 8  2 5 1 1 0  ( + )
p19  -  34  2213  (+  )
p 1 9 - 3 0  3 0 / 6  ( + )
p25 - 40 0/20 (- )
none

med um cont ro l
2 t 2 1  ( - )
0t28

aPLA,  b ind ing GIF was af f in i ty  pur i f ied f rom cu l ture  supernatan i  o f
ar tgen-s t  mu,ated 383 ce l ls  us,ng PLA,  *  Sepharose The preporat ron
cou lo  sv r t c î  t he  l 2H5  ce l s  i r om the  f o rma t ,on  o f  g l ycosy la ted  l gE"BF
to the for rnat ìon of  ung lycosy la ted lgE BF at  a  1 , .10 dr lu t ion.  The
p repa ra t i on  l vas  m ixed  ove rn igh t  w r th  PLA2  -  Sepha rose  o r
p19 -  35 coupleo Sepharose In  the presence or  absence c i  in
approprra te  pept rde,  and unbound protern Fr  ( f iow through Fr)  and actd
e ' . ta te  f rac ton were recovered.

cGlF act rv ty  was determined by us ing the 12H5 ce l ls .  The propor t icn
o f  l gF  RFCs  n  t he  aose rce  o f  l gE  BF  was  28  5  +  0 .30 'o  The  1 * )and
( - ) rep resen t  t he  p resence  o r  absence  o f  G IF  ac t i v i t y

f o rma t i on  o f  l gE  BF .  Expe r imen ts  o f  t he  same  des ign  w t th  t he

9A4 ce l ls  and p25 -  40 shor ,ved that  the product  o f  the l -A ' r

sub reg i6 l  r s  a l so  i nvo l ved  i n  t he  p resen ta t i on  o f  pep t i de  t o

9A4 ce l ls  (Table  4)
We determined r r " ,hether  the PLA,  b ind ing factors  f rom the

383  ce l l s  b i nd  t he  syn the t i c  pep t i de  19  -  35 .  The  resu l t s  shown

in  Tab le  5  i nd i ca te  t ha t  t he  an t i gen  b ind ing  f ac to r s  bound  to

Sepharose coupled wi th  the pept toe and was recovered by

e lu t ion a t  ac id  pH We a lso determined whether  the pept ide may

i n h i b ì t  t h e  b i n d i n g  o f  t h e  a n t i g e n - b i n d i n g  G I F  t o  f  ) [  ' ^

Scpharose.  The factor  \^ /as inc t rbated wi th  PLAr-Sepha ' ' :  , :  i r

t hc  p resence  o f  one  o f  t he  syn the t i c  pep t i des  (0 .2  mg i r r ; ;  The

resu l ts  o f  the exper iments  shown ìn  Table  5  ind icate  that  not  on ly
p i  9  -  3 4  b u t  a l s o  p  1 3  -  2 8  a n d  p 1 9  -  3 0  i n h i b i t e d  t h e  b i n d i n g
o f  t h e  f a c t o r  t o  P L A 2 - S e p h a r o s e ,  w h e r e a s  p 7 - 2 2  a n d
p25 -  40 fa i led to  do so.  The resu l ts  suggest  that  amìno actd

r e s i d u e s  1 9 - 2 8  a r e  s u f f i c i e n t  f o r  t h e  b i n d l n g  o f  p 1 9  ' : , "  r ,

ant igen b ind ing factor  However ,  among the three pept ides vrhtch

b locked the b ind ing of  the fac tor  to  PLA,  -  Sepharose,  on ly
p19  -  34  cou ld  s t rmu la te  t he  3B3  ce i l s  f o r  t he  f o rma t i on  o f

l g E  B F  N e i t h e r  p l 9 - 3 0  n o r  p l 3 - 2 8  i n d u c e d  t h e  3 [ ] 3  c c i i " ;

f o r  t he  f o rma t i on  o f  l gE  BF  i n  t he  p resence  o f  A20 .3  ce l l s
( resu l ts  not  shown)

D iscuss ion

In the presentexpermenîs  we const ru ,c ted seven GIF-produc ing
T ce l l  hybr idomas spec i f ic  for  b '  : ì  V€r1or^ Ì - ì  PLA2.  A l l  o f  the
hvbr idomas const i tu t i , re ly  secrete :  '  GIF expressed CD3 and
ÌCRcyi j  and respcnded to  APC pr , is . - , - t  w i th  CNBr t reated PLA. t
f  or  the formatron of  tgE BF.  As expected.  ne i ther  the ant igen a lor te
no r  t he  an t i gen  p lus  g lu ta ra ldehyde - f i xed  APC induced  the
fo rma t i on  o f  l gE -BF  ( c f  Tab le  4 ) .  When  the  A20 .3  ce l l s  we re

l o F - B F l' Y -  -

(o'o)

Pept rde
n r o q o n t

du r rng
absorpt ion

383

944

none
antr I  Ad
ant i  I  E
none
none
ant r - l  Ao
^ ^ + ,  I  F
o  t i t _ l - L

none

2 B
0

30
0

20
0

l Ò

0

aGlutaraldehyde-f ixeo cel ls  were t reated wi th e i ther antr  I  Ac or  ant i  I  E
an t ibody  (10  pg lm l )  ío r  30  m in  a t  37 "C

bS83  ce l l s  and  9A4  ce l l s  (106  ce l l s /m l )  \ , ^ /e re  rncuba ted  l ^ ; i t h
g lu ta ra ldehyde  f  r xed  A20  3  ce l l s  (5  x  10"  ce l l s /m l )  f a r  24  h  rn  the
presence  o f  10  pg im l  p19  -  34  o r  p25  -  40 ,  o r  CNBr  l rea ted  PLA2

c N u m o e r s  n  t r : s  c o l u m n  r e p r e s e r t p e r c e r î  r r h  o i t r o n  c ' l g E  r o s e t î e s .

l n  l he  absence  o f  l gE  BF  the  p ropor t i on  o f  RFCs  i , vas  29 .5  +  O  60 ,0

of  the  o ther  GIF-produc ing  hybr idomas.  As  shown in  Tab le  3 ,
a l l  o f  the  four  hybr idomas wh ic l '  p roduce an t igen-brnd ing  GIF
upon ant igenic strmulatron, i .e.  383 6C1, BC4, and 2A2 (cf  .  Table
1) ,  responded to  p19 -  34  fo r  tne  fo rmat ,on  o f  l r .1 [  3F.  wh i le  t f .e
other three hybr idomas, i .e.  785 3E6 and 9A4, vr ;h ich produced
GIF hav ìng  low a f f in i t y  i f  any ,  fo r  the  na t ive  an t igen,  responded
t o  e i t h e r  p 1  -  1 6  o r  p 2 5 * 4 0 ,  b u t  n o t  t o  p 1 9 - 3 4 .

Since our exper iments shown in Table 2 indicated that GIF from
the an t rgen-s t imu la ted  ce l l s  possesses  an t igen ic  de termrnant
recogn ized by  mAb 1412,  we de termined whether  the
hybr idoma cel ls st imulated by each of  the f  rve synthet ic pept ides
in  the  presence o f  APC produced GIF hav ing  th is  de terminan i .
Cu l iu re  supernatan ts  o f  the  an t igen-s t imu la ted  hybr idonra  ce l l s
shown in  Tab le  3  were  absorbed w i th  14 '12-  Sepharose and
proteins bound to the rmmunosorbent rruere eluted at  acid pH
The acid eluate f ract ions were then assessed for GIF act ivr ty.
Rpsr r l t s  n f  the  exner impn lq  r : lp : r l v  showed tha t  the  383 and 6C1I  l u J u r L U  v r  L r  r v  v / \ l \ / v r  v r v u r  r l  e t  r !

ce l l s  r esponded  to  p .19 -34  f o r  t he  f o rma t i on  o f  G IF  hav ing  t he
1 4 - 1 2  d e t e r m i n a n t ,  i e .  1 4 1 2 *  G l F ,  w h i l e  t h e  o t h e r  p e p t i d e s

fa i l ed  t o  i nduce  t he  same  ce l l s  t o  f o rm  14 -12*  G lF .  l n  con t ras t
t he  9A4  ce l l s  f o rmed  the  1412 -  G IF  on l y  when  they  we re

cul tured r ,v i th  p25 -  40 in  the presence of  APC.  Compar isons of
the resu l ts  wi th  those presented in  Table  3  show that  the same
s y n t h e t i c  p e p t i d e  i n d u c e s  t h e  f o r m a t t o n  o r I g E  B F  a n d  1 4 1 2 '

G IF  i n  t he  p resence  o f  APC.
We conf i rmed that  processrng o l  the synthet ic  pept rdes by APC

is  no t  r equ i red  f o r  s t imu la t i on  o f  383  ce l l s  and  9A4  ce l l s  and
tha t  c l ass  l l  mo lecu les  a re  i nvo l ved  i n  t he  p resen ta t i on  o f  t he
pep t i oe .  The  420  3  ce l l s  we re  r r xed  w t th  g l u ta ' a l dehyde  and  t he
c o l l  s r r s n e n S i O n S  \ ,  ̂ / ^  + / ^ ^ t ^ ,  ' . , : r h  ̂ i ' t - ^ '  a ^ r  I  A c  ^ '  a n t i - l - E\ / U l l  J U J V U T  ' J r v r  r J  V / U l  U  l l  U d t U U  V V I [ l  I  U r l '  l U l  a l l  l t  -  l - l 1  \ J l

^^ ' i t - ^ ! ' ,  ^  r i ^ '  , ^+^  î f  t ho  3R3  r -p l l  q r  rqnenS iOn  were  Cu l tu red  e t the fd . r  r u u u L r y ,  r \ ' r ( _ . l u r J L ò  u r  t |  , u  ù L J U  \ - u i l  ò u Ò l . -

with  the ant ibody t reated or  wi th  unt reated A20 3 ce l ls  rn  the
p resence  o f  p19 -34  and  l gE  BF  i n  cu l t u re  f i l t r a tes  v /as
de te rm ined .  The  resu l t s  o f  t he  ex r - renmen t ,  shov rn  ì n  Tab le  4 ,
i nd i ca te  t ha t  t he  f  i xed  APC cou ld  p r csen t  t he  pep t i de  t o  t he  383
cel is  Íor  the tor rna i ion o Í  lgE-BF a[ , t ]  i r ra t  the product  o f  the l -A i ,
bu t  no t  l -E  sub reg ion ,  was  i nvo l ved  rn  t he  p resen ta t i on  o f  t he
pep t i de  t o  383  ce t l s .  As  expec ted ,  t he  f r xed  APC ano  CNBr
t reated PLA,  far led to  s t imulate  the hybr idoma ce l ls  for  the

p 1 9 - 3 a
p 1 9 - 3 4
p 1 9 - 3 4
CNBr  -  PLA ,
p25 - 40
p25 -  40
p25 - 40
CNBr  -  PLA2

n l Q - ? (

PLA2

PLA2

20 t7  (+  )
25t0 (+  )

25 t2  (+  )
5 t 1 7  ( - )
0 t 2 6  ( - )
3 t 2 6  ( - )

22 t6  (+  )
2B t6  (+  )

i

I
I



pulsed with 30 pglml CNBr-treated PLA, for 24 h and then fixed
with glutaraldehyde, however,  the APC st imulated both 383 and
9A4 cel ls for  the format ion of  lgE-BF. Furthermore, t reatment of
the antrgen-pulsed and glutaraldehyde-f ixed A20 3 cel ls wi th
ant i - l -Ad, but not wi th ant i - l -E ant ibody, prevented the ant igen
presentat ion to the hybr idoma cel ls for  the format ion of  lgE-BF
(resul ts not shown),  These f indings col lectrvely indicate that
processing of  CNBr-treated PLA2 is required for ant igen
presentat ion and that c lass l l  MHC molecules were involved in
the presentat ion of  processed ant igen to the T cel l  hybr idomas.

In our previous exper iments on GIF from OVA-speci f ic  munne
hybr idomas, we showed that GIF-producing T cel ls,  which are
speci f ic  for  the epi tope represent ing amino acrd resrdues 307 -
317,  p roduced OVA-b ind ing  GIF  upon an t igen ic  s t imu la t ron ,
whi le those specrf ic for  the major immunogenic determinant,
i .e .  pept ide  323-339,  fo rmed GIF hav ing  no  a t f in i t y  fo r
nat ive OVA (15).  Nevertheless,  GIF produced by both groups
of hybr idomas upon antrgenic st imulat ion shared antrgenrc
determinants recognized by mAb 1 4-12, ant i -TCFo chain,  and
ant i -TCRB chain (33),  whereas those const i tut ively produceo oy
unstìmulated cel ls lacked al l  of  the ant igenic determinants.  The
present exper iments reproduced the f lndings rn pLA,.speci f ic
hybr idomas.  Upon an t igen ic  s t imu la t ion ,  T  ce l l  hybr idomas
spec i f i c  fo r  p19-34 produced an t igen-b ind ing  GlF ,  whereas
those spec i f i c  fo r  p25 -  40  or  p1  -  t  6  p roduced GIF havrng low
or no af f in i ty for  the ant igen. l t  was also found that GIF produced
by al l  of  the antrgen-strmulated hybr idomas possessed the t  4-12
determinant and rcRa chain determinant, while GIF constitutively
produced by the same cel ls lacked the determinants.  At tempts
were  a lso  made to  de termine whether  the  PLAr-b ind ing  GIF
bound to an immunosorbent coupled with ant i -TCR13 chain
(H57-597):  however,  no convincing resul t  was obtained (resul ts
not shown).

An important f inding from the biologic v iewpoint  is  that  the
aff in i ty of  GIF for immunogen rs essent ia l  for  i ts  immuno-
suppressive effects (33). In the OVA specific system, OVA-binding
GIF from the hybr idomas speci f rc for  the pept ide 3Ot -  317
suppressed the rn v ivo ant i -hapten ant ibody responses of
syngeneic mice to DNP - OVA in a carr ier-speci f ic  manner,  whi le
the  14-12*  GIF  produced by  an t igen-s t imu la ted ,  p323-339-
q n p n i f i n  h r r h r i r l n r n 2 q  f a i l o r ' l  t n  q r  r n n r a c c  i h o  e n i i h n d r r  r o <ò P s u r r r ( /  |  t y u r t u u t  t Ì q -  _ S p O n S e .

Furthermore. the oVA-binding GIF failed to suppress the antibody
response to DNP conjugates of  urea-denatured OVA, which did
not bind OVA-binding GIF (33) The present exper iments on
PLAr-speci f ic  hybr idomas conf i rmed the pr inciple through the
demonstrat ion that the PLAr-binding GIF from the 383 cel ls
suppressed the ant i -hapten ant ibody response of  BALB/c mice
to DNP - PLA2 conjugates but fa i led to suppress the antrbody
response to  DNP-OVA.  In  cont ras t ,  non-ant igen-b ind ing  (bu t
14-12*  and A2B-710 ' )  GIF  f rom ant igen-s t imu la ted  785 ce l l s
fai led to suppress the ant i -hapten ant ibody response of  BALB/c
mice  to  DNP-PLA2 ( resu l ts  no t  shown) .  l t  appears  tha t
PLAr-binding GIF from the 383 cel ls renrespnts 2n of for- i6;- ty6p
ant igen-speci f ic  TsF.

I t  shou ld  be  no ted  tha t  the  hybr idomas spec i f i c  fo r  p ig -34
of  PLAr ,  e .g .  383 ce l l s ,  responded to  the  pept ide  rn  the
presence of  g lutaraldehyde-f ixed APC; however,  pretreatment
o f  the  f i xed  APC wi th  an t i - l -Ac  an t ibody  prevented  the
presentat ion of  the pept ide to the hybr idomas This f inding
indicates that fur ther processing of  p l  g -  34 by APC rs not

Epitope specifrcity of anttgen-specific T, cells B3g

Fig.  3 .  Molecu iar  model  o f  the amino- termina l  one th i rd  o f  bee venom
PLA2 as compared rruith bovine pancreatic pLA2 (dotted l ine). Amino
acrd sequence of the peptide is as fol lows:

1 0 20 30 40
I IYPGTLWCG H G N KSSG PN E LG R FKHTDACC RTH D I,/,1 C PDV

required for ant igen presentat ion and that the TCR on the T cel l
hybr idoma reognizes the pept ide in the context  of  the l -Ad
product (T-able a).  The same pr incipie appl ies to the gA4
cel ls which are speci f ic  for  p25 -  40 The present exper iments
clear ly showed that p19 -  34,  but nei ther p13 -  28 nor p25 -  40,
st imulated the 383, 6C1, BC4, and 2A2 cel ls for  the formatron
of  lgE BF,  wh i le  the  9A4 ce l l s  and 785 ce l l s  responded to
p25-  40  and p1  -  16 ,  respec t ive ly ,  bu t  no t  to  p l9 -34  (Tab le
3).  The resul ts indicate that  a l l  of  the four hybr idomas whlch
produce the ant igen-binding GIF upon ant igenic st imulat ion are
speci f ic  Íor  a common epi tope, pl  g -  34,  whereas those produc-
i n g  n o n - a n t i g e n - b i n d i n g ,  1 4 - 1 2 *  G I F  r e c o g n i z e  d i f f e r e n t
eprtooes.

The present f indings showed that the ant igen binding GIF from
the 383 ce l l s  had a f f in i t y  fo r  p19-34 to  wh ich  the  TCR on the
cel ls responded in the context  of  c lass l l  MHC molecules.  The
ant igen-b ind ing  GIF  bound to  Sepharose coup led  w i th  the
pept ide and was recovered by acid elut ion.  Furthermore, the
binding of the factor to PLA, - Sepharose was prevented by the
pept ide.  These f  indings are in agreement wi th previous
observatons on OVA-speci f ic  hybr idomas which produce OVA-
binding GlF. The OVA-binding factors had af f in i ty for  the syn-
thet ic pept ide.  which represents rhe epi tope recognized by the
TCR on the cel l  sources of  the factors (4).  However,  important
f ind ings  ob ta ined in  the  P lAr -b ind ing  GIF  were  tha t  the  b ind ing
of the ant igen-binding factor to PLA, -  Sepharose v/as inhibi ted
not  on ly  by  p1  9  -  34  bu t  a lso  by  p19 -  30  and p13 -  28 ,  bu t  no t
t:y p25 - 40 (Table 5) lt should be noted that none of the three
pept ides st imulated the 383 cel ls in the presence of  ApC. We
specu la te  tha t  bo t l r  p19 -  30  and p13 -  28  lack  the  agre tope fo r
binding to la molecules.  The resul ts suggest that  the sequence
of residues 19 -  25 contains structures involved in the bindinq
o f  p 1 9 - 3 4  t o  a n t i g e n - b i n d i n g  G I F

The X-ray structure of  bee venom PLA, shows that '1 1 amino
actds (amino acids 14*24) form a loop that connects the Ca2*
binding si te (amino acrds B- 12) and a hel ix (amino acids 26- 37)
which includes one of  the catalyt ic resìdues, His34 (16).  Both
the Ca2t binding si tes and the catalyt ic hel ices in bee venom
PLA, and in bovine pancreatrc PLA2 whose crystal  structure is
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a lso  known (36) ,  a re  sequent ia l l y  and s t ruc tu ra l l y  homologous,

whi le the loop ìn bee venom PLA2 is twice as long in length as

the loop in bovine PLA, (amino acids 34 -  38) (Fig 3) '  Mobi le

regions in a protein are general ly the potent ia l  s i tes responsible

for molecular recogni t ion in protein -  protein interact ion (37).

Considering that the loop locates on the surface of the bee venom

PLA, molecule and that the loop is a long one i t  ts qui te l ikely

that the loop exposed on the surface of  the ant igen molecule

is conformat ional ly f lexible and that i t  can access the ensemble

of conformat ions of  the synthet ic pept ide 19 -  34.  l t  is  a lso

conce ivab le  tha t  H is26,  fh r27  Asp2B,  Arg32 '  and Thr33 ìn  the

hel ix are exposed on the surface of  PLA, molecules The

molecular model shown in Fig.  3 explaìns why GIF having af f in i ty

f o r  p 1 9 - 3 4  ( a n d  p 1 9 - 3 0  a n d  p 1 3 - 2 8 )  a l s o  b i n d s  t o  n a t i v e

PLA2
Since pl  I  -  34 and p25 -  40 st imulate 383 cel ls and 944 cel ls,

respect ively,  in the context  of  the l -Ac product,  whereas
p19-30 fa i l s  to  do  so ,  one may specu la te  tha t  amino ac id

residues 25 -  34,  which represent a port ion of  the a hel ix,  contain
residues which rnteract  wìth c lass l l  molecules.  l f  th is ts the case

fai lure of  p25 -  40 to st imulate the 383 cel ls strongly suggests

tha t  the  seqL len6e o f  amino ac id  19-24,  v rh lc l r  represen is  a
port ion of  ihe loop, may contain amino acid restdues tnvolved
in  the  ìn te rac t ion  o f  the  p19 -  34  -  la  complexes  w i th  the  TCR

on the  383 ce l l s .  As  d iscussed above,  the  same sequence
appears to contaìn the residues involved in the binding of
p19 -  34 to ant igen-binding GIF l t  is  not  known why part ic ipat ion

in  c lass  l l  mo lecu les  is  requ i red  fo r  recogn i t ion  o f  the  ep i tope
by the TCR on 383 cel ls.  Nei ther CNBr-treated PLA, nor PLAr-

coupled Sepharose induced 383 cells for the formation of lgE BF.
I t  was suggested that an immunodomrnant T cel l  epi tope ts

an amphipathic a hel ìx or has the abi l i ty  to fo ld as an amphipathic

structure (38).  Indeed, evidence has been presented that the
immunodominant  ep i topes  in  sperm wha le  myog lob tn ,  i .e
res idues  102-  118 and 132-  146 (39 ,40) ,  and res idues  52-61

in egg white lysozyme (41),  represent a hel ìxes in the nat ive

antigen molecules. In these immunodomìnant epitopes, la-contact
resìdues aie interr-nlngleC r ,v i th residues that presumably are
involved in the engagement of  the TCR. However,  an ampht-
pathic a hel ix does not appear to be an absolute requirement
for immunogenici ty In the case of  OVA pept ide 323 -  339, the
peottde assumes a B sheet or extended conformat ion (42)

Residues 19 -  34 in bee venom PLA2 may represent another
type of  eprtope recognized by T cel ls.  In the nat ive PLAr,  thìs
c o n m a n f  2 n n o 2 r q  t n  r : o n q i s l  n f  e  n o r t '  ^ ^  ^ t  ^  l ^ ^ ^  + l - ' ^ +  ; ^  ^ \ ' ^ ^ ^ ^ ^

*  | - - ' . lu l  I  u i  d  luu l .J  t l  ld t  lù  s^p ! /ùur ,

on the surface of the molecule and a portion of the a helix (Fig. 3)
As discussed above, the pept ide appears to bind to la through
the  por t ion  o f  the  a  he l i x ,  wh i le  the  loop conta tns  the  res tdues
invo lved in  in te rac t ion  w i th  the  TCR and an t igen-b ind ing  GlF .
Such a T cel l  epì tope may not be unrque for bee venom PLA2.
Recently, the crystal structure of OVA was reported by Stein ef a/.
(43).  According to their  analysis,  amino acid residues 307 -317,

which have af f in i ty for  OVA-binding GIF (4),  represent a port ion

of a long loop which exists between an a helrx arC a rJ sheet.
I i ,u crystal  structure c; Í  CVA molecules :a:J. ì tneÌ-  ,  . : l  l r : i :  l i i ' : i
tha t  seven ou t  o f  11  amino ac ids  in  p307 -317 are  hydroph i l i c
amino acids,  strongly suggests that  the loop ts exposed on the
surface of  the OVA molecule.

l f  an external  structure of  PLA, is involved in tnteract ion wi th

the TCR on 383 cel ls,  one mrght expect that  nat ive PLA, can

bind to the TCR. Our prel iminary exper iments to demonstrate
the brnding of  b iot in-coupled PLA, to 383 cel ls fa i led to provrde

convincing resul ts.  However,  Si l l ic iano et  a l .  (44) reported that

multrvalent hapten conjugated with synthet ic polymers bound to
TCRap on MHC-restricted T cell clones specific for FITC and that

a high concentrat ion of  the monovalent hapten signi f icant ly
inhìbi ted the binding of  the mult ivalent conjugates to the T cel l

c lone.  Kuchroo e ta l .  (45)  a lso  demonst ra ted  tha t  CD3*

NP-specrf ic suppressor T.  hybr idoma formed rosettes v,r t th

NP-coupled sheep erythrocytes and rosette format ion was

inhrb i ted  by  NP-BSA con jugates  Exper iments  a re  be tng

designed to determine whether p.19 -  30 and pl9 -  34 may have

some aff in i ty for  the TCR on the 383 cel ls.
I t  shou ld  be  no ted  tha t  ne i ther  p19 -  34  in  PLA2 nor

p3O7 -317 in  OVA represent  an  immunodominant  ep i tope.
Lymph node ce l l s  o f  BALB/c  mice  immunized w i th  PLA2

included in complete Freund's adluvant fa i led to responc l ' '
p19 -  34 Ior prol i ferat ion (resul ts not shown).  Simi lar ly '  lymph

node cel ls of  BDF. mice pr imed with OVA and complete
Freund 's  ad juvant  fa i led  to  respond to  p307 -317 (15)  Fur ther

studies are required for an explanat ion of  why T cel l  cìones

speci f ic  for  such epi iopes are not present in T helper cel l
populat tons,  Nevertheless,  the present f indings are in agreernent
with the hypothesis that  suppressor T cel ls and T helper cel ls

have dist inct  epi tope speci f ic i t ies (46),  and suggest that  the TCR

on suppressor T cel ls are speci f ic  for  an external  StruCture ìn

the  an t igen molecu le .
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Abbrev ia t ions

ant ìgen present ing ce l ls
Dulbecco 's  modi f ied Eagle 's  medtum
dìn i t ropheny l
g lycosy la t ìon inhìb i t ing fac tor
lgE-b ind ing factor
mesenteric lymPh node
ONO RS 082,  Z ' (p 'amylc innamoyl ) -amino-4-
chlorobenzoic acid
phosphol ipase A2
rosette forming cel ls
antigen-specif ic suppressor T cel l  factor
ova lbumin

APC
DMEI' ' /
D N P
G I F
l n  t r - R F

M L N
ONO RS

PLA2
RFC
TsF
OVA
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