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The expr essed T cel l r eper t oi r e t o many pr ot ei ns has been f ound t o be f ocused
ont o al i mi t ed number of di scr et e i mmunodomi nant si t es r at her t han br oadl y di r ect ed
at al l segment s of an ant i gen . The phenomenon has al so been shown t o occur f or
noneukar yot i c pr ot ei ns, such as i nf l uenza hemaggl ut i ni n ( 1) , st aphyl ococcal nucl ease
( 2) , and R- gal act osi dase ( 3) , t hat ar e unr el at ed t o sel f pr ot ei ns of t he mouse. Ther e
appear t o be sever al f act or s t hat i nf l uence t he expr essed r eper t oi r e t o a par t i cul ar
pr ot ei n . The most cl ear l y demonst r abl e i nf l uence i s t he MHC, and t hi s appear s t o
be t he basi s of I r gene ef f ect s, wher e di f f er ences i n T cel l r esponsi veness t o pr ot ei n

ant i gens occur bet ween di f f er ent st r ai ns of mi ce . Thr ee maj or mechani sms have been

suggest ed by whi ch MHC- l i nked genes may i nf l uence i mmune r esponsi veness ( 4) .

Evi dence has been obt ai ned f or a det er mi nant sel ect i on mechani smby t he demon-
st r at i on of di r ect bi ndi ng of i mmunodomi nant pept i des t o cl ass I I MHCr est r i ct i on
mol ecul es t hat can pr esent t he pept i de but not t o cl ass I I MHCmol ecul es t hat do
not pr esent t he pept i de ( 5, 6) . Ther e i s al so some evi dence f or MHC- encoded mol ecul es
l i mi t i ng t he expr essed r eper t oi r e of Tcel l cl ones dur i ng t hymi c devel opment ( hol e-
i n- t he- r eper t oi r e model ) ( 4) , as wel l as f or MHC- l i nked I r gene- cont r ol l ed r esponses
domi nat ed by act i ve suppr essi on i n l ow r esponder st r ai ns ( 7) .

I n t hi s paper , we pr esent evi dence f or a f our t h maj or mechani smcont r ol l i ng t he

expr essed epi t ope r eper t oi r e and i mmunodomi nance i nvol vi ng t he speci f i ci t y of an-

t i gen pr ocessi ng and t he exi st ence of hi nder i ng st r uct ur es on nat ur al l y pr ocessed
f r agment s t hat di f f er ent i al l y af f ect pr esent at i on by di f f er ent MHCmol ecul es . Many
compl ex ant i gens, i n cont r ast t o shor t pept i des, have been shown t o r equi r e pr o-
cessi ng by APCs bef or e t hey can be pr esent ed i n an i mmunogeni c f or mi n associ a-
t i on wi t h cl ass I I MHCt o T hel per cel l s ( 8) . The mol ecul ar mechani sms i nvol ved
i n pr ocessi ng ar e not f ul l y under st ood . Pr ocessi ng can be i nhi bi t ed by f i xi ng APC
wi t h par af or mal dehyde or by t r eat ment wi t h agent s such as chl or oqui ne or ammo-
ni umchl or i de, whi ch r ai se l ysosomal and endosomal pHand i nt er f er e wi t h l ysosomal

and endosomal f unct i on, and al so wi t h monensi n, whi ch i nhi bi t s r ecept or r ecycl i ng
t hr ough t he Gol gi appar at us ( 8- 10) . Ant i gen pr ocessi ng was al so i nhi bi t ed by pr o-
t ease i nhi bi t or s such as l eupept i n ( 9- 11) , suggest i ng pr ocessi ng i nvol ved pr ot eol ysi s
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of t he ant i gen i nt o smal l er f r agment s . However , some st udi es suggest ed t hat denat u-

r at i on ( 12) or unf ol di ng ( 10) may be al l t hat i s necessar y f or pr ocessi ng of at l east

some si t es, and an unf ol ded por t i on of f i br i nogen di d not appear t o r equi r e any pr o-

cessi ng ( 13) .

At t he pr esent t i me, however , l i t t l e i s known about t he chemi cal nat ur e of pr ocessed

ant i gen. Ther e i s some evi dence t hat t he hi er ar chy of T cel l r esponses t o di f f er ent

det er mi nant s on an ant i gen may be i nf l uenced by t he par t i cul ar f or ms of pr ocessed

ant i gen t hat occur. For exampl e, i n t he hen egg l ysozyme ( HEL) ' syst em, pr ocessi ng

di f f er ences have been suggest ed t o expl ai n t he obser vat i ons t hat t he choi ce bet ween

t wo di st i nct T cel l det er mi nant s wi t hi n a 23- ami no aci d r egi on ( Tl l ) depends on

t hei r st r uct ur al cont ext ( 14) . Al so, wi t h l ysozyme, di f f er ent i al pr ocessi ng of var i ant

f or ms of t he ant i gen appear s t o r esul t i n t he het er ocl i ci t y of B6 cl ones f or r i ng- necked

pheasant l ysosome ( REL) i n pr ef er ence t o HEL ( 15) .

I n t he cour se of i nvest i gat i ng t he di f f er ence i n i mmunogeni ci t y and ant i geni ci t y

of whol e sper mwhal e and equi ne myogl obi n and synt het i c pept i de f r agment s of

t hese pr ot ei ns, we f ound t wo di st i nct l i nes of evi dence t hat t he choi ce of Tcel l det er -

mi nant s pot ent i al l y avai l abl e on compl ex pr ot ei n ant i gens may not onl y be a f unc-

t i on of I a- pept i de i nt er act i on but may al so be r el at ed t o pr ocessi ng event s . Bot h

l i nes of evi dence poi nt t o t he exi st ence of MHC- speci f i c hi nder i ng st r uct ur es on

nat ur al l y pr ocessed f r agment s t hat ar e not pr esent on synt het i c pept i des compr i si ng

l i t t l e mor e t han t he mi ni mal ant i geni c si t e . Fi r st , af t er i mmuni zat i on wi t h whol e

equi ne or sper mwhal e myogl obi n, di f f er ent pept i des became t he f ocus of t he r e-

sponse i n mi ce of di f f er ent MHChapl ot ypes. However , i ndi vi dual cl ones wer e f ound

i n myogl obi n- i mmune mi ce t hat r esponded t o pept i des t hat di d not st i mul at e a r e-

sponse i n t he bul k i mmune l ymph node T cel l popul at i on . Mor eover , i mmuni zat i on

wi t h t he pept i des t hemsel ves r eveal ed some new r eact i vi t i es t hat had not appear ed

af t er pr i mi ng wi t h whol e myogl obi n . I n at l east t wo cases, pept i de i mmune T cel l s

appear ed t o be poor l y cr ossr eact i ve wi t h whol e myogl obi n . Ther ef or e, l ow r espon-

si veness t o t hese epi t opes coul d be expl ai ned nei t her by t he l ack of an appr opr i at e

T cel l r eper t oi r e nor by f ai l ur e of t he pept i de t o be pr esent ed by t he cl ass I I MHC

mol ecul es of t hat st r ai n . A second i ndependent l i ne of evi dence was t he exi st ence

of Tcel l cl ones whose f i ne speci f i ci t y f or var i ant sequences was di f f er ent when mea-

sur ed wi t h nat i ve pr ot ei ns vs . synt het i c pept i des. These st udi es suggest t hat t he st r uc-

t ur e of t he ant i gen f r agment r esul t i ng f r omnat ur al pr ocessi ng i s i mpor t ant , because

f l anki ng r egi ons out si de t he epi t ope may i nt er f er e wi t h bi ndi ng t o I a or t o t he TCR.

Thi s may have i mpor t ant i mpl i cat i ons f or t he desi gn of pept i de vacci nes t hat , al -

t hough i mmunogeni c t hemsel ves, may gener at e a Tcel l r esponse t hat i s poor l y r eac-

t i ve t o t he nat i ve mol ecul e .

Mat er i al s and Met hods

Myogl obi n .

	

Equi ne and sper mwhal e myogl obi n wer e obt ai ned f r om Accur at e Chemi cal
and Sci ent i f i c Co. ( Hi cksvi l l e, NY) . Sper m whal e myogl obi n was pur i f i ed by i on- exchange
chr omat ogr aphy by t he met hod of Hapner et al . ( 16) , and t he maj or chr omat ogr aphi c com-
ponent , I V, was used f or al l st udi es .

Myogl obi n Cl eavage Fr agment s .

	

Apo- myogl obi n and CNBr cl eavage f r agment s of equi ne myo-
gl obi n wer e pr epar ed as pr evi ousl y descr i bed ( 17) .

1 Abbr evi at i ons used i n t hi s paper. HEL, hen egg l ysozyme ; REL, r i ng- necked pheasant egg l ysozyme.
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Pept i de Synt hesi s .

	

A nest ed ser i es of pept i des cor r espondi ng t o r egi on 102- 118 of equi ne
and sper mwhal e myogl obi n wer e pr epar ed on a Vega 250 pept i de synt hesi zer by usi ng t he
sol i d- phase met hod of Mer r i f i el d ( 18) as modi f i ed by Cor l ey et al . ( 19) . The st andar d
t - boc/ benzyl ami no aci d pr ot ect i on st r at egy was used wi t h si de chai n pr ot ect i on of t he f ol -
l owi ng ami no aci ds obt ai ned f r om Vega Bi ochemi cal s ( Tucson, AZ) : Asp( O- benzyl ) , Gl u-
( 0- benzyl ) , Hi s( t osyl ) , Lys( 2- chl or obenzyl oxycar bonyl ) , Ser ( benzyl ) , and Tyr ( 2, 6-
di chl or obenzyl ) . The ext ent of t he doubl e di cycl ohexyl car bodi i mi de- medi at ed coupl i ngs was
moni t or ed usi ng a qual i t at i ve ni nhydr i n t est , and r ecoupl i ng was per f or med when <99%
coupl i ng was obser ved . Pept i des wer e cl eaved f r omt he r esi n by usi ng t he st andar d hi gh HF
met hod cont ai ni ng 10%p- cr esol f or 40 mi n at 0 ° C, washed wi t h et hyl acet at e, and ext r act ed
wi t h acet i c aci d bef or e l yophi l i zi ng . Pept i des wer e pur i f i ed t o homogenei t y by gel f i l t r at i on
on a Bi ogel P4 col umn i n 9%f or mi c aci d and by r ever se- phase HPLC descr i bed pr evi ousl y
( 20) . Composi t i on was conf i r med and concent r at i on was det er mi ned by ami no aci d anal ysi s
( ki ndl y per f or med by Rober t Boyki ns, FDA) . The pept i des f r omt he sper mwhal e sequence
wer e descr i bed pr evi ousl y ( 21) .

Mi ce.

	

B10 . BR ( H- 2 k) and B10 . D2 ( H- 2d) mi ce wer e obt ai ned f r omThe Jackson Labo-
r at or y ( Bar Har bor , ME) . BI OS ( H- 2$) , B10 . A( 4R) ( I - Ak, I - E- ) , ( BI OS x B10 . BR) F, , and
( BALB/ c x A. SW) F, ( H- 2d x H- 2' ) F l mi ce wer e br ed i n our own f aci l i t y.

Lymph Node Pr ol i f er at i on Assays .

	

Mi ce wer e i mmuni zed subcut aneousl y i n t he t ai l wi t h 100

ug equi ne or sper m whal e myogl obi n i n CFA. Al t er nat i vel y, mi ce wer e i mmuni zed i n t he
same way wi t h 4 nmol synt het i c pept i de . 8 d l at er , dr ai ni ng i ngui nal and per i aor t i c l ymph
nodes wer e r emoved, and si ngl e cel l suspensi ons wer e pr epar ed ( 22) . Assays wer e set up wi t h
t r i pl i cat e wel l s wi t h appr opr i at e ant i gen i n 96- wel l pl at es wi t h 3 . 5 x 10 5 cel l s/ wel l i n com-
pl et e medi umconsi st i ng of RPMI 1640 wi t h 44%Eagl e' s- Hanks' ami no aci d medi um, 10%
FCS, 5 x 10 - 5 M2- ME, 2 MML- gl ut ami ne ( Gi bco Labor at or i es, Gr and I sl and, NY) , 100
U/ ml peni ci l l i n, and 100 wg/ ml st r ept omyci n ( Gi bco Labor at or i es) . Pl at es wer e i ncubat ed
f or 4 d at 37° C i n 5% CO2 , pul sed wi t h 1 pCi of [ 3 H] t hymi di ne ( New Engl and Nucl ear ,
Bost on, MA) , and har vest ed 18 h l at er ont o gl ass f i ber paper . [ 3H] t hymi di ne i ncor por at i on
i nt o DNAwas quant i t at ed by l i qui d sci nt i l l at i on count i ng . The geomet r i c mean and SEM
f or each gr oup wer e det er mi ned, and t he no ant i gen backgr ound was subt r act ed t o opt ai n
A cpm.

Est abl i shment of Myogl obi n- speci f i c Li nes and Cl ones .

	

Equi ne myogl obi n- speci f i c pol ycl onal
l i nes wer e est abl i shed by t he met hod of Ki mot o and Fat hman ( 23) as modi f i ed by Mat i s et
al . ( 24) . Fi ve mi ce wer e i mmuni zed i n t he f oot pad wi t h 100 Pg equi ne myogl obi n i n CFA.
8 d l at er , dr ai ni ng i ngui nal and popl i t eal l ymph nodes wer e r emoved, and t he cel l suspensi on
was enr i ched f or T l ymphocyt es by passage over a nyl on wool col umn. Pur i f i ed T cel l s wer e
i ncubat ed at 4 x 10 6 cel l s/ wel l i n 24- wel l pl at es ( No. 3524 ; Cost ar , Cambr i dge, MA) wi t h
2 x 105 i r r adi at ed syngenei c spl een cel l s and equi ne myogl obi n at 1 wMi n compl et e t i ssue
cul t ur e medi um( see above) . 4 d l at er , r espondi ng T bl ast s wer e pur i f i ed by Fi col l densi t y
gr adi ent cent r i f ugat i on . The T cel l s wer e put i n r est i ng cul t ur e at 2 x 105 cel l s/ wel l wi t h
4 x 106 i r r adi at ed spl een cel l s f or 10 d ; t hen 5 x 106 i r r adi at ed spl een cel l s pl us myogl obi n
wer e added t o begi n anot her r ound of st i mul at i on and r est . T cel l l i nes wer e cl oned by l i m-
i t i ng di l ut i on af t er one or t wo r ounds of st i mul at i on and r est . The cl oni ng was car r i ed out
48 h af t er st i mul at i on i n t he pr esence of ant i gen, 10 6 i r r adi at ed spl een cel l s, and 5 U/ ml I L-
2- cont ai ni ng super nat ant f r omEL4 T l ymphoma cel l s st i mul at ed wi t h mezer ei n . T cel l s wer e
cl oned at 1 and 0 . 4 cel l s/ wel l . Posi t i ve wel l s wer e expanded af t er 14 d i nt o 24- wel l pl at es wi t h
addi t i onal ant i gen, spl een cel l s, and I L- 2 . Af t er f ur t her expansi on, cel l s wer e washed, r est ed,
and- t hen st i mul at ed wi t hout I L- 2 i n 2- wk cycl es .

Pr ol i f er at i on Assay.

	

Cl oned T cel l s ( 10 1 / 0 . 2 ml ) i n mi cr ot i t er wel l s cont ai ni ng var i ous con-
cent r at i ons of ant i gen wi t h 5 x 105 i r r adi at ed syngenei c spl een cel l s as APC wer e cul t ur ed f or
4 d ; 1 pCi [ 3 H] t hymi di ne was added 18 h bef or e har vest i ng. Resul t s ar e expr essed as geo-
met r i c mean t SEMof [ 3H] t hymi di ne i ncor por at i on of t r i pl i cat e wel l s .

Resul t s

Pr evi ous st udi es have shown t hat B10 . BR and BI OS mouse st r ai ns ar e bot h hi gh

r esponder s t o equi ne myogl obi n ( 25) . Usi ng myogl obi n sequence var i ant s, r esi due
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Pr ol i f er at i ve r esponses t o equi ne
myogl obi n- speci f i c shor t - t er m pol ycl onal cel l
l i nes f r om B10. BR and BI OS mi ce show
mar kedl y di f f er ent r eact i vi t y t o; ' pept i de
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102- 118 . T l ymphocyt es ( 10 4) wer e cul t ur ed
wi t h 5 x 10 5 i r r adi at ed syngenei c spl een cel l s,
t oget her wi t h var i ous concent r at i ons of an-
t i gen . B10 BRTcel l s wer e al so i ncubat ed wi t h
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pr essed as geomet r i c mean t SEM.

109 was i dent i f i ed as bei ng cr i t i cal f or st i mul at i on of BI OS T cel l s ( 26) . I n cont r ast ,

a t ot al l y di f f er ent cr ossr eact i vi t y pat t er n was obser ved f or B10. BR T cel l s, as t hey

r esponded onl y t o equi ne myogl obi n and not t o a panel of 16 ot her myogl obi ns t est ed

( dat a not shown) . To def i ne mor e pr eci sel y t he maj or det er mi nant s r ecogni zed by

t hese t wo st r ai ns, synt het i c pept i des cor r espondi ng t o di f f er ent r egi ons of t he equi ne

myogl obi n sequence wer e pr epar ed and t est ed . Resul t s i n Fi g. 1 show t hat t he pep-

t i de 102- 118 was abl e t o st i mul at e equi ne myogl obi n- i mmune BI OS T cel l s as ef f ec-

t i vel y as equi ne myogl obi n i t sel f , conf i r mi ng t hat t hi s r egi on i s i mmunodomi nant

f or BI OS T cel l s . Because BI OS mi ce expr ess onl y I - As and do not pr oduce an I - E

mol ecul e, i t i s l i kel y t hat t hi s pept i de i s pr esent ed i n associ at i on wi t h I - A' . I n con-

t r ast t o t he r esul t s seen wi t h BI OS T cel l s, t he 102- 118 r egi on does not appear t o

be st i mul at or y f or B10. BR T cel l s i mmune t o equi ne myogl obi n . Ther e was l i t t l e

( <5%) or no det ect abl e r esponse t o t hi s pept i de compar ed wi t h equi ne myogl obi n

i n i mmune l ymph node cul t ur es ( not shown) or shor t - t er m pol ycl onal cel l l i nes ( Fi g .

1) . Resul t s i n Fi g . 1 al so show t hat t he shor t - t er m B10. BR pol ycl onal l i ne had no

al l or eact i vi t y t o B10. A( 4R) cel l s, whi ch expr ess onl y I - A' . B10. A( 4R) spl een cel l s

wer e abl e t o pr esent equi ne myogl obi n t o t hi s l i ne, al t hough not as wel l as B10. BR

spl een cel l s, i ndi cat i ng t hat bot h I - A- and I - E- r est r i ct ed T cel l s may be i nvol ved i n

t hi s r esponse .

Cl oni ng Reveal s Equi ne Myogl obi n 102- 118- speci f i c B10. BR TCel l Cl ones of Fi ne Speci f i ci t y

Si mi l ar t o Thosef r omBI O. SMi ce. Apanel of equi ne myogl obi n- speci f i c Tcel l cl ones

est abl i shed f r omBI OS and B10. BRmi ce wer e scr eened f or r eact i vi t y t o t he 102- 118

pept i de . I t was f ound t hat 16 of 17 BI OS cl ones r esponded t o t hi s pept i de, conf i r mi ng

t he i mmunodomi nance of t hi s r egi on at t he cl onal l evel . These cl ones ar e pr obabl y

I - A3 r est r i ct ed, because BI OS mi ce do not expr ess an I - E mol ecul e . Sur pr i si ngl y,

3 of 16 equi ne myogl obi n- speci f i c cl ones f r omB10. BR mi ce al so r esponded t o t he

102- 118 pept i de. The 102- 118- speci f i c BI O. BR cl ones wer e shown t o be I - A' r e-

st r i ct ed, because t hey r esponded on B10. A( 4R) APC, whi ch expr ess onl y I - A' and

not I - Ek and because t hei r r esponse was bl ocked by t he ant i - I - A' mAb 10 . 2 . 16 but

not by t he ant i - I - El ant i body 14 . 4 . 4 .

I t was sur pr i si ng t o f i nd 3 of 16 of t he B10. BRcl ones r espondi ng t o pept i de 102- 118,

because ver y l i t t l e, i f any, r esponse i s obser ved t o t hi s pept i de i n t he pol ycl onal popu-

l at i on . I t was t her ef or e of i nt er est t o see i f t he f i ne speci f i ci t y of t hese cl ones was

t he same as t hat of 102- 118- speci f i c cl ones f r om BI OS mi ce, i n whi ch t hi s pept i de
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Pr ol i f er at i ve r esponse of equi ne myogl obi n- speci f i c I - A9- r est r i ct ed cl one 1- 4E11 ( A)

and I - Ak- r est r i ct ed cl one 10A10 ( B) t o whol e equi ne or sper mwhal e myogl obi n or t o synt het i c

pept i des cor r espondi ng t o r egi on 102- 118 of t hese mol ecul es . Cul t ur e condi t i ons and r esul t s ar e

as i n Fi g. 1 . Backgr ound pr ol i f er at i on was <1, 000 epmf or bot h cl ones .

i s i mmunodomi nant . Cr ossr eact i vi t y was assessed f or sper mwhal e myogl obi n and

f or t he 102- 118 pept i de t her ef r om, whi ch di f f er s f r om t he equi ne sequence at t wo

r esi dues, 109 and 118 . The f i ne speci f i ci t y of t he BI OS cl ones showed t hr ee mai n

pat t er ns wi t h r espect t o t he 102- 118sw pept i de . The maj or i t y of t he cl ones ( 10 of

16) showed no r esponsi veness t o ei t her sper m whal e myogl obi n or 102- 118sw and

cor r esponded t o t he pr edomi nant pat t er n obser ved i n l ymph node cul t ur es and shor t -

t er ml i nes ( 26 and unpubl i shed obser vat i ons) . Over one- t hi r d ( 6 of 16) of t he cl ones,

however , showed some r esponsi veness t o sper mwhal e myogl obi n or t he pept i de ( Fi g.

2 A) , but t he degr ee of cr oss- st i mul at i on var i ed f r omcl one t o cl one . The f i ne speci f i ci t y

pat t er n of t he B10 . BR cl ones, such as 10A10, was of t he l at t er t ype ( Fi g . 2 B) . Al l

t he I - Ak- r est r i ct ed cl ones r esponded t o 102- 118sw, al t hough t hi s pept i de was l ess po-

t ent t han t he 102- 118eq pept i de. Var i at i on i n r el at i ve r esponsi veness among t he t hr ee

cl ones i ndi cat ed t hat t hese wer e di st i nct cl ones . Thus, over al l , t he B10 . BR cl ones

speci f i c f or t hi s r egi on showed f i ne speci f i ci t y si mi l ar t o t hat of a si gni f i cant f r act i on

of BI OS cl ones .

For t he BI OS cl ones, t he 102- 118 pept i de was 1 . 5 t o 3 t i mes mor e pot ent t han whol e

myogl obi n on a mol ar basi s ( Fi g . 2 A) . I n cont r ast , f or al l t he B10 . BR cl ones, t he

pept i de was at l east 10 t i mes mor e pot ent t han whol e myogl obi n ( Fi g . 2 B) . To i nves-

t i gat e whet her t hese obser vat i ons r ef l ect ed di f f er ent i al ant i gen pr ocessi ng of equi ne

myogl obi n by B10 . BR and BI OS APC, t he abi l i t y of t he same APC, ( B10 . BR x

B10S) F I , t o pr esent whol e equi ne myogl obi n t o t he B10 . BR and BI OS cl ones was

assessed. The F1 APC, whi ch pr esent ed equi ne myogl obi n t o BI OS cl ones as wel l

as BI OS APC, di d not pr esent equi ne myogl obi n t o B10 . BR T cel l cl ones any bet t er

t han B10 . BR APC di d ( Fi g. 3) . A si mi l ar r esul t was f ound f or ot her B10 . BR and

BI OS cl ones as wel l . Thus, t he i nef f i ci ent pr esent at i on by B10 . BR APC of t hi s si t e

of equi ne myogl obi n i s not i mpr oved wi t h t he F1 APCt hat bear t he I - A' mol ecul e

capabl e of pr esent i ng t hi s r egi on of equi ne myogl obi n mor e ef f i ci ent l y . We concl ude

t hat t he poor r esponsi veness t o whol e equi ne myogl obi n ver sus pept i de does not ap-

pear t o be due t o MHC- l i nked pr ocessi ng or t he avai l abi l i t y of al l ant i geni c f r ag-
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FI GURE 3 . Test f or an ant i gen-
pr ocessi ng def ect i n B10. t R vs .
BI OS or F1 APC. Pr ol i f er at i ve r e-
sponse of BI O. BR T cel l cl one
( 1- 1C4) and BI OS cl one ( 1- 4C1) t o
equi ne myogl obi n when i ncubat ed
wi t h APCf r omB10. BR( O) , BI OS

( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) , and ( B10 . BR x B10S) FI ( 0)
mi ce. Pr ol i f er at i on st i mul at ed by
102- 118eq pept i de on B10. BR ( A)
or BI OS ( A) APCi s shown f or com-
par i son . Backgr ound pr ol i f er at i on
was <1, 000 r pm f or al l cl ones .

ment s i n di f f er ent APC, but i s dependent on t he MHCmol ecul e used f or pr esent a-

t i on . The r esponse of BI OS cl ones t o whol e myogl obi n does not appear t o be i nf l uenced

by t he pr esence of t he I - A' hapl ot ype i n t he FI macr ophages, i ndi cat i ng t hat i t exer t s

no i nhi bi t or y or compet i t i ve ef f ect s . Al so not ewor t hy, t her e was no degener acy i n

t he abi l i t y of I - A' and I - As t o cr osspr esent equi ne myogl obi n t o cl ones of t he ot her

hapl ot ype, al t hough bot h I - A mol ecul es can pr esent t he same si t e ( Fi g. 3) .

Response of 102- 118eq I mmune Lymph Node Cel l s Reveal s a New Reper t oi r e.

	

Si nce 3

of 16 B10. BR cl ones obt ai ned r esponded t o t he 102- 118 r egi on, i t appear ed t hat l ow

r esponsi veness of t he pol ycl onal B10. BR T cel l s t o t hi s epi t ope was due nei t her t o

an i nabi l i t y of I - A' t o pr esent t hi s epi t ope nor t o an absence of T cel l s i n t he r eper -

t oi r e. To f ur t her i nvest i gat e t he abi l i t y of B10. BR mi ce t o r espond t o t hi s r egi on,

mi ce of B10. BRand BI OS st r ai ns wer e i mmuni zed wi t h t he synt het i c 102- 118eq pep-

t i de i n CFA. Sur pr i si ngl y, t he pept i de was i mmunogeni c i n bot h st r ai ns ( Fi g. 4) .

However , whi l e t he 102- 118eq BI OS i mmune Tcel l s r esponded as wel l t o whol e equi ne

myogl obi n as t hey di d t o t he pept i de, B10. BRT cel l s r esponded t o t he pept i de but

onl y ver y weakl y t o whol e myogl obi n . Al so, wher eas 102- 118eq- speci f i c BI OS T cel l s

wer e onl y weakl y cr ossr eact i ve t o 102- 118sw, cor r espondi ng t o t he over al l pat t er n

obser ved i n whol e equi ne myogl obi n- i mmune BI OS l ymph node cel l s and most of

t he T cel l cl ones, 102- 118eq- speci f i c B10. BRT cel l s r esponded wel l t o bot h equi ne

and sper mwhal e pept i des. Because t he backgr ounds of t he l ymph node pr ol i f er a-

t i on exper i ment s t ended t o be hi gh, a shor t - t er m pol ycl onal l i ne was est abl i shed f r om
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Response of 102- 118eq- speci f i c l ymph node cel l s . Reper t oi r e r eveal ed on i mmuni za-
t i on wi t h pept i de . Pr ol i f er at i ve r esponse of 4 x 105 unpur i f i ed l ymph node cel l s f r omBI OS and
B10. BR mi ce i mmuni zed wi t h synt het i c pept i de 102- 118 of t he equi ne sequence t o var i ous con-
cent r at i ons of whol e equi ne or sper mwhal e myogl obi n or pept i des 102- 118eq and 102- 118sw.
Backgr ound cul t ur es wi t h medi umal one wer e 19, 678 cpmf or BI OS cel l s and 16, 897 cpmf or
B10. BR cel l s. Resul t s ar e pl ot t ed as geomet r i c mean cpmof t r i pl i cat e cul t ur es ( x/ + geomet r i c
SEM) . PPDr esponses f or B10. BRcel l s wer e 114, 126 ( 1 . 08) cpmand f or BI OS wer e 162, 434 ( 1. 07)
cpm.

102- 118- i mmune B10. BRl ymph node cel l s . Thi s l i ne showed si mi l ar r esul t s t o t hat

obt ai ned wi t h t he l ymph node cul t ur es ( Fi g . 5) . However , as t he l i ne was enr i ched

f or ant i gen- speci f i c T cel l s, t he t ot al r esponse was enhanced. The i ncr eased sensi -

t i vi t y al l owed det ect i on of t he r esponse t o whol e equi ne myogl obi n, but t her e was

st i l l a dr amat i c di f f er ence i n t he dose r esponse t o whol e myogl obi n ver sus pept i de

( Fi g. 5) . The pr ol i f er at i ve r esponse of t he 102- 118eq B10. BRl i ne was f ul l y bl ocked

i n t he pr esence of an ant i - I - Ak mAb ( 10. 2 . 16) and not by an ant i - I - Ek ant i body

( 14. 4 . 4) , suggest i ng t hat t he maj or i t y of T cel l s i n t hi s l i ne wer e I - Ak r est r i ct ed ( dat a

not shown) . We ar e f or ced t o concl ude t hat I - A' can pr esent t hi s pept i de and t hat

cl ones exi st i n t he T cel l r eper t oi r e speci f i c f or t hi s si t e . The l ack of cr ossr eact i vi t y

f or whol e equi ne myogl obi n among pept i de 102- 118- i mmune T cel l s i n B10. BRmi ce

suggest ed an expl anat i on f or t he l ow r esponsi veness t o t hi s epi t ope i n equi ne myo-

gl obi n- i mmune mi ce ( see Di scussi on) .
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Pr ol i f er at i ve r esponse of shor t - t er mB10. BRant i -
102- 118eq T cel l l i ne t o var i ous concent r at i ons of whol e
equi ne or sper mwhal e myogl obi n of pept i des 102- 118eqand
102- 118sw. Backgr ound cul t ur es wi t h medi um al one wer e
673 cpm.
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Response of H- 2d Cl one 9. 27 t o Myogl obi n Var i ant Synt het i c Pept i des But Not Whol e Pr o-
t ei ns Pr ovi des a Second Li ne of Evi dence. Pr evi ous st udi es usi ng sequence var i ant s of
nat i ve myogl obi n suggest ed t hat t he si t e i n nat i ve sper m whal e myogl obi n seen by
B10. D2 ( H- 2d) - i mmune l ymph node cel l s and T cel l cl ones i ncl uded Gl u 109 and

possi bl y Hi s 116 ( 27) . Usi ng a nest ed ser i es of pept i des cor r espondi ng t o r egi on 102- 118

of sper m whal e myogl obi n, i t was subsequent l y shown t hat t hese t wo r esi dues wer e

i ndeed i ncl uded i n t hi s i mmunodomi nant Tcel l si t e r ecogni zed i n associ at i on wi t h
I - Ad . Aconsensus sequence f r om 106- 118 was r equi r ed f or st i mul at i on of t he cl ones

( 21) . Lack of cr ossr eact i vi t y wi t h equi ne myogl obi n was at t r i but ed t o t he subst i t u-

t i on at posi t i on 109 of Asp f or Gl u on t he basi s of a panel of 15 var i ant myogl obi ns
( 27) . Thi s was r econf i r med f or cl one 9. 27 i n t he pr esent st udy ( dat a not shown) .
I t was t her ef or e sur pr i si ng t o f i nd t hat , f or cl one 9. 27, t he 102- 118 pept i de of equi ne
myogl obi n was as pot ent as t he sper mwhal e pept i de over a wi de dose- r esponse r ange
i n cont r ast t o t he r esponse t o t he nat i ve pr ot ei ns ( Fi g . 6) . Ot her I - Ad- r est r i ct ed
102- 118- speci f i c cl ones wer e exami ned, and whi l e t hese al l har dl y r esponded t o na-
t i ve equi ne myogl obi n, t hey showed di f f er ent degr ees of r esponsi veness t o t he equi ne
pept i de, as f ound wi t h t he B10. S cl ones . For exampl e, cl one 30- 06 showed no r e-
sponse t o t he pept i de, wher eas cl one 9. 23 r esponded, but l ess wel l t han t o t he sper m

so
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Cr ossr eact i vi t y at t he pept i de but not t he pr o-
t ei n l evel . Pr ol i f er at i ve r esponse of cl one 9. 27 t o whol e equi ne
or sper mwhal e myogl obi n or t o synt het i c pept i des 102- 118eq
and 102- 118sw. Cul t ur e condi t i ons and r esul t s ar e as i n Fi g.
1 . Backgr ound pr ol i f er at i on was 385 cpm.

FI GURE 7 .

	

Pr ol i f eat i ve r esponse of cl one 9. 27 t o equi ne
and sper m whal e myogl obi n, apo- equi ne myogl obi n,
CNBr mi ddl e f r agment ( 56- 131) , and synt het i c pept i de

102- 118eq. Cul t ur e condi t i ons and r esul t s ar e as i n Fi g.

1 . Backgr ound pr ol i f er at i on was 811 cpm.
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FI GURE 8.

	

React i vi t y di f f er ences ar e

mai nt ai ned i n t he same Fl APC.

Pr ol i f er at i ve r esponse of done 9 . 27 t o

var i ous concent r at i ons of ant i gens

when i ncubat ed wi t h APC f r om

BALB/ c ( H- 2 d) , ASW( H- 2 8
) ( l ef t ) ,

and ( BALB/ c x ASW) Fl ( r i ght ) mi ce.

Ant i gens t est ed wer e sper mwhal e and

equi ne myogl obi n and pept i des 102-

118sw and 102- 118eq . Backgr ound

pr ol i f er at i on was <1, 000 cpm f or al l

t he medi um al one cont r ol s .

whal e pept i de ( dat a not shown) . Par ent het i cal l y, t hi s conf i r ms and ext ends t he r esul t s

r epor t ed by Cease et al . ( 21) t hat t he r esponse t o t hi s r egi on r epr esent s f ocusi ng ont o

an i mmunodomi nant si t e of T cel l s wi t h a r ange of f i ne speci f i ci t y pat t er ns . How-

ever , t he f act t hat many H- 2d cl ones do not di st i ngui sh t he equi ne and sper mwhal e

102- 118 pept i des as t hey do t he nat i ve mol ecul e pr ovi des a second l i ne of evi dence

t hat t he pr ocessed f or mof t he nat i ve mol ecul es i s hi nder ed i n i t s pr esent at i on or

r ecogni t i on compar ed wi t h t he synt het i c pept i des .

Sper mWhal e/ Equi ne Myogl obi n React i vi t y Di f f er ences I nvol ve Onl y TCel l s andAPC.

	

Be-

cause t he i r r adi at ed spl een cel l s used as t he sour ce of APC ar e a het er ogeneous popu-

l at i on compr i si ng sever al cel l t ypes, t he A20 ( I - Ad) B cel l l ymphoma l i ne was t est ed

t o see i f t he di f f er ence bet ween nat i ve sper mwhal e and equi ne myogl obi ns was mai n-

t ai ned. The r esul t s ( not shown) i ndi cat e t hat when t hi s l i ne was used as an APC,

t he di f f er ence i n dose- r esponse cur ves bet ween nat i ve sper mwhal e and equi ne myo-

gl obi ns was mai nt ai ned despi t e si mi l ar r esponses t o t he sper mwhal e and equi ne

pept i des . Ther ef or e, t he di f f er ences ar e not due t o r egul at or y cel l s cont ami nat i ng

t he APC sour ce.

Di f f er ences Bet ween Nat i ve Equi ne Myogl obi n and Pept i de Can Be Over come by Ar t i f i ci al

Pr ocessi ng To det er mi ne t he st r uct ur al r equi r ement s f or t he r eact i vi t y di f f er ences

of equi ne pept i de ver sus equi ne nat i ve myogl obi n, t he r esponse of cl one 9 . 27 t o apo-

equi ne myogl obi n and t he l ar gest CNBr f r agment ( 56- 131) t hat cont ai ns t he T cel l

si t e was t est ed ( Fi g. 7) . The r esponsi veness t o apo- equi ne myogl obi n was no gr eat er

t han t hat t o nat i ve equi ne myogl obi n . Thus, t he r el ease of t he heme gr oup wi t h

some di sr upt i on of t er t i ar y st r uct ur e di d not i ncr ease r eact i vi t y . However , t he 56- 131

CNBr f r agment showed i ncr eased pot ency compar ed wi t h t he dose- r esponse cur ve

f or equi ne myogl obi n . The r esul t s suggest t hat t he r eact i vi t y di f f er ences bet ween

equi ne pept i de and nat i ve equi ne myogl obi n may be due t o l ack of pr ocessi ng of

t he nat i ve mol ecul es t o a f r agment cor r espondi ng t o t he mi ni mal si t e and t o t he

pr esence of st r uct ur es on t he nat ur al l y pr ocessed equi ne myogl obi n t hat i nt er f er e

wi t h bi ndi ng t o I - Ad or t o t he TCR of cl one 9 . 27 .

Sper m Whal e/ Equi ne Myogl obi n React i vi t y Di f f er ences Ar e Mai nt ai ned i n t he Same F1

APC. To det er mi ne whet her t he di f f er ences bet ween sper mwhal e and equi ne myo-

gl obi n, and bet ween t he equi ne pept i de and nat i ve mol ecul e, ar e due t o pr ocessi ng
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Pr ol i f er at i ve r esponse of sper mwhal e myo-
gl obi n- i mmune B10. D2l ymph node cel l s t o whol e myo-
gl obi n or t he 102- 118 pept i des . Lymph node cel l s ( 3 . 5
x 105) wer e cul t ur ed wi t h var i ous concent r at i ons of an-

t i gen. Cont r ol cul t ur es wi t hout ant i gen gave 8798 ( 1 . 6)
cpm. PPDr esponses wer e 150, 653 ( 1. 05) cpmf or sper m
whal e- i mmune cel l s . Resul t s ar e shown as A geomet r i c
mean cpmof t r i pl i cat e cul t ur es ( x / + geomet r i c SEM) .

di f f er ences i n APC of di f f er ent H- 2 hapl ot ypes, t he abi l i t y of APC f r om ( H- 2d x

H- 2s) Ft mi ce t o pr esent bot h pr ot ei ns t o cl one 9 . 27 was t est ed . The H- 28 hapl ot ype

was chosen because exper i ment s above i ndi cat e t hat t hi s st r ai n i s abl e t o pr ocess

and pr esent t he 102- 118 r egi on of equi ne myogl obi n ef f i ci ent l y. The r eact i vi t y di f f er -

ence bet ween sper mwhal e and equi ne myogl obi n and pept i des was mai nt ai ned i n

t he F1 APC( Fi g . 8) . No r esponse was obser ved on H- 2g APC ei t her al one or i n t he

pr esence of any of t he ant i geni c st i mul i . These r esul t s suggest t hat di f f er ences i n

t he r eact i vi t i es of sper mwhal e and equi ne myogl obi n wer e not si mpl y due t o MHC-

l i nked pr ocessi ng or t he avai l abi l i t y of al l ant i geni c f r agment s but wer e dependent

on t he I - A mol ecul e used i n pr esent at i on .

Response of Sper m Whal e Myogl obi n- i mmune B10. D2 Lymph Node Cel l s t o t he 102- 118

Regi on I ndi cat es t hat Cl one 9. 27 I s Unusual But Not Uni que. Fur t her i nvest i gat i ons wer e

car r i ed out t o det er mi ne whet her t he di f f er ent i al abi l i t y of cl one 9 . 27 t o r ecogni ze

whol e sper mwhal e ver sus equi ne myogl obi n compar ed wi t h t he pept i des was r el at ed

t o uni que f eat ur es of ant i gen r ecogni t i on by t hi s cl one or r ef l ect ed a gener al i zed

i nef f i ci ency of pr ocessi ng t hi s si t e i n equi ne myogl obi n . B10 . D2 mi ce wer e i mmuni zed

wi t h equi ne or sper mwhal e myogl obi n, and l ymph node pr ol i f er at i ve r esponses t o

whol e myogl obi n and 102- 118 pept i des wer e assessed ( Fi g . 9) . Resul t s f r omsper m

whal e- i mmune l ymph node cel l s conf i r med pr evi ous st udi es t hat t he r esponse i n

t hi s st r ai n i s pr edomi nant l y di r ect ed t o t he 102- 118 r egi on, because t hi s pept i de was

as st i mul at or y as sper m whal e myogl obi n . I n sever al exper i ment s, t her e was onl y

a smal l r esponse t o equi ne myogl obi n and a smal l but var i abl e r esponse t o 102- 118eq.

Thus, i t appear s t hat 9 . 27 i s pr obabl y a l ess common but not uni que cl one i n bei ng

f ul l y cr ossr eact i ve at t he pept i de l evel .

Compar i son of Nat i ve Ver sus Pept i de Responsef or Ot her Rpi t opes .

	

Resul t s i n t he pr evi ous

sect i ons i ndi cat e t hat r esponsi veness t o a par t i cul ar det er mi nant may depend on t he

st r uct ur al envi r onment of t he det er mi nant , as wel l as any i nt r i nsi c pr oper t i es of t he

si t e i nvol ved i n l a bi ndi ng . We t her ef or e ext ended t he above st udi es by i nvest i gat i ng

t he cr ossr eact i vi t y wi t h t he nat i ve mol ecul e af t er i mmuni zat i on wi t h t he di f f er ent

pept i des . I mmuni zat i on of B10 . D2 mi ce wi t h nat i ve sper mwhal e myogl obi n el i ci t s
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FI GURE 10 . Pr ol i f er at i ve r e-
8 132- 1

	

sponse of pept i de- i mmune

l ymph node cel l s f r om Bl 0 . D2

( H- 2d) mi ce t o whol e sper m

whal e myogl obi n and pept i des .
SwMb

	

( A) mi ce i mmuni zed wi t h 4

nmol of pept i de 59- 80; ( B) mi ce

i mmuni zed wi t h 4 nmol of
132- 146 . Cul t ur e condi t i ons

1312- 145 and expr essi on of r esul t s as i n
Fi g. 4 . Backgr ound cul t ur es

gave 11, 665 cpmf or MOMcel l s

i mmune t o 59- 80 and 5320 cpm

f or B10 . D2 cel l s i mmune t o pep-
0. 3 1 . 0 3. 0

	

t i de 132- 146 . PPD r esponses

wer e 68, 517 and 57, 484 cpmi n

A and B, r espect i vel y .

a r esponse pr edomi nant l y t o t he 102- 118 r egi on, wi t h onl y a smal l r esponse t o 59- 80

and 132- 146 ( 27- 29) . However , af t er i mmuni zat i on wi t h t he pept i de 59- 80, B10 . D2

l ymph node cel l s showed a good r esponse t o t hi s pept i de t hat was poor l y r ecal l ed

by whol e myogl obi n ( Fi g . 10 A) . I n cont r ast , af t er i mmuni zat i on wi t h pept i de 132- 146,

BMW( Fi g . 10 B) and B10 . S ( not shown) T cel l s r esponded moder at el y wel l t o t he

whol e pr ot ei n as wel l as t o t he homol ogous pept i de . The l ymph node cel l s appear ed

t o be speci f i c f or t hese pept i des, because t he pept i des f r om ot her r egi ons i ncl uded

as cont r ol s di d not st i mul at e above backgr ound l evel s .

Di scussi on

I n t hi s st udy we have pr ovi ded t wo l i nes of evi dence t hat ant i gen pr ocessi ng and

t he st r uct ur al envi r onment of a T cel l det er mi nant may i nf l uence t he magni t ude

of t he ant i gen- i nduced MHC- r est r i ct ed pr ol i f er at i ve r esponse of T hel per cel l s, t he

i mmunodomi nance of par t i cul ar epi t opes, and even t he appar ent f i ne speci f i ci t y of

i sol at ed T cel l cl ones . Thi s may r esul t f r om di f f er ences i n pr ocessi ng bet ween ho-

mol ogous pr ot ei ns ( such as equi ne or sper m whal e myogl obi n) or f r om st r uct ur al

di f f er ences bet ween t he f r agment s of a pr ot ei n pr oduced by nat ur al pr ocessi ng and

t he synt het i c pept i des cont ai ni ng t he cor e ant i geni c det er mi nant . I n t he l at t er case,

even i f homol ogous pr ot ei ns ar e pr ocessed equi val ent l y, t he r esul t i ng f r agment s may

di f f er i n hi nder i ng st r uct ur es out si de t he cor e ant i geni c si t e . Such hi nder i ng st r uc-

t ur es i n pr ot ei n var i ant s coul d account f or t he di f f er ence i n r esponse of cl one 9 . 27

t o nat i ve equi ne and sper mwhal e myogl obi ns, as wel l as f or t he het er ocl i ci t y of REL

compar ed wi t h HEL ci t ed above ( 15, 30) .

The f i r st l i ne of evi dence was t hat B10 . BR mi ce, whi ch appear t o be T cel l non-

r esponder s t o t he 102- 118 det er mi nant af t er i mmuni zat i on wi t h equi ne myogl obi n,

t ur ned out t o be good r esponder s t o t hi s si t e i n associ at i on wi t h I - A' af t er i mmuni -

zat i on wi t h t he synt het i c 102- 118 pept i de. Thus, nei t her a gap i n t he T cel l r eper -

t oi r e nor a f ai l ur e of t he epi t ope 102- 118 i t sel f t o bi nd t o Ak can account f or t he

l ow r esponsi veness t o t hi s si t e when H- 2k mi ce ar e i mmuni zed wi t h whol e equi ne

myogl obi n . Al so, si nce monocl onal popul at i ons show t he same di f f er ence i n r esponse

t o whol e myogl obi n ver sus pept i de, t he di f f er ence cannot be due t o suppr essor T
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cel l s speci f i c f or anot her epi t ope on t he pr ot ei n ( 30) . Ther ef or e, we l ooked f or an

al t er nat i ve expl anat i on. The di f f er ence i n r esponsi veness t o r egi on 102- 118 i n B10. BR

mi ce af t er i mmuni zat i on wi t h whol e myogl obi n or pept i de may be r el at ed t o t he

r equi r ement f or pr ocessi ng of t he nat i ve mol ecul e. Acompar i son of t he dose- r esponse

cur ves t o whol e myogl obi n ver sus pept i de f or i ndi vi dual cl ones showed t hat , i r r espect i ve

of f i ne speci f i ci t y, t he nat i ve pr ot ei n was onl y 1 . 5 t o 3 t i mes l ess pot ent on a mol ar

basi s f or BI OS cl ones compar ed wi t h at l east 10 t i mes l ess pot ent f or B10. BRcl ones .

Thi s di f f er ence was al so appar ent f or 102- 118- i mmune BI OSand B10. BRl ymph node

cel l s, because t he B10. BR r esponse, i n cont r ast t o t he BI OS r esponse, was not r e-

cal l ed wel l by equi ne myogl obi n i n vi t r o . A si mi l ar obser vat i on r ecent l y has been

descr i bed wi t h HEL, wher e i mmuni zat i on wi t h pept i de T11( 74- 96) i nduces a st r ong

pr ol i f er at i ve r esponse i n B10. A mi ce, whi ch i s not r ecal l ed by HEL ( 30, 31) . Cul t ur es

of T cel l s f r omTl l - i mmune B10 mi ce, however , show excel l ent HEL- i nduced r ecal l

under si mi l ar condi t i ons ( 30, 31) .

I n t he myogl obi n syst em, BI OS and B10. BRmi ce have t he same B10 backgr ound

genes and woul d t her ef or e be expect ed t o shar e i dent i cal non- MHCpr ocessi ng genes .

Si nce Fl APC pr esent ed whol e equi ne myogl obi n no bet t er t han B10. BR APC t o

BI O. BRT cel l s, t he obser ved di f f er ences wer e not si mpl y due t o t he gener al i zed avai l -

abi l i t y of al l ant i geni c f r agment s, as mi ght be expect ed i f an MHC- l i nked pr ocessi ng

di f f er ence di st i ngui shed H- 2k f r om H- 23 . Rat her , t he di f f er ence depended on t he

MHC r est r i ct i on of t he r espondi ng T cel l . Ther e has been some specul at i on t hat

I a mol ecul es t hemsel ves may gui de pr ocessi ng by bi ndi ng t he i mmunogeni c pep-

t i des and somehowpr ot ect i ng t hem f r omf ur t her enzymat i c di gest i on ( 32) . For t hi s

t o be t he expl anat i on f or t he r esul t s i n t he pr esent st udy, pept i des woul d have t o

be handl ed di f f er ent l y by APCand f ol l ow a di f f er ent i nt r acel l ul ar pat hway f r omt hat

of whol e pr ot ei ns, per haps avoi di ng l ysosomal degr adat i on enzymes . Amor e l i kel y

expl anat i on, however , may be t hat nat i ve myogl obi n i s pr ocessed down t o an ent i t y

l ar ger t han 102- 118 and t hat f l anki ng r egi ons i nt er f er e wi t h bi ndi ng t o I - Ak but not

t o I - A3 . The i nt er f er ence may be by st er i c hi ndr ance or by an ef f ect on pept i de con-

f or mat i on . The mi ni muml engt h of t he det er mi nant i s sl i ght l y di f f er ent f or BI OS

and B10. BR cl ones ( 102- 115 f or t he f or mer and 106- 117 f or t he l at t er ) ( manuscr i pt

i n pr epar at i on) . Thus, hi nder i ng st r uct ur es i n t he f l anki ng r egi ons sur r oundi ng t he

102- 118 r egi on i n t he nat ur al l y pr ocessed myogl obi n pr oduct may pl ay a maj or r ol e

i n r educi ng t he af f i ni t y of bi ndi ng t o I - Ak but not t o I - A5 , and t her ef or e, such hi n-

der i ng st r uct ur es ar e MHC r est r i ct ed .

St udi es wi t h t he 102- 118sw- speci f i c I - Ad- r est r i ct ed cl one 9 . 27 pr ovi ded t he second

i ndependent l i ne of evi dence t hat st r uct ur al di f f er ences bet ween equi ne and sper m

whal e myogl obi n t hat ar e out si de t he epi t ope i t sel f and di st i nct f r omt hose mi ni mal l y

necessar y f or r ecogni t i on of pept i de/ I a may cont r i but e t o t he di f f er ences i n r esponses .

These di f f er ences may be r el at ed t o t he way mur i ne APCs pr ocess equi ne ver sus

sper m whal e myogl obi n, but t he Fl APC st udi es excl uded act ual MHC- l i nked

di f f er ences i n pr ocessi ng. Al t er nat i vel y, t he t wo pr ot ei ns may be pr ocessed equi va-

l ent l y, but t he nat ur al pr oduct of pr ocessi ng equi ne myogl obi n may cont ai n hi n-

der i ng st r uct ur es t hat i nt er f er e wi t h bi ndi ng speci f i cal l y t o Ad but not As or t o t he

r ecept or s of speci f i c T cel l s . Such hi nder i ng st r uct ur es coul d al so expl ai n t he het er -

ocl i t i c r esponse t o REL compar ed wi t h HEL by C57BL/ 6 mi ce ( 15, 30) . However ,
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i n t he l at t er case, sequence di f f er ences t hat i nf l uenced t he r esponse mapped out si de

t he ant i geni c si t e, wher eas i n t he case of cl one 9. 27, t he onl y cr i t i cal di f f er ence be-

t ween sper m whal e and equi ne myogl obi n t hat coul d be mapped wi t h a panel of

15 sequence var i ant s mapped t o r esi due 109, wi t hi n t he mi ni mal det er mi nant 106- 118

def i ned wi t h pept i des ( 27, 28) . Never t hel ess, at t he pept i de l evel , t hi s cl one di d not

appear t o di scr i mi nat e bet ween t he sper mwhal e and equi ne sequences . Thi s makes

i t unl i kel y t hat t he di f f er ence i n r esponsi veness t o sper mwhal e ver sus equi ne myo-

gl obi n f or t hi s par t i cul ar cl one i s r el at ed ei t her t o t he f i ne speci f i ci t y of t he TCR

f or t he cor e ant i geni c si t e or t o di f f er ent bi ndi ng af f i ni t i es of t he cor e ant i geni c si t e

f or I - Ad, as i s t he case f or cyt ochr ome c ( 33) . Because none of t he H- 2d T cel l s

speci f i c f or 102- 118 r esponded wel l t o nat i ve equi ne myogl obi n, r egar dl ess of t hei r

abi l i t y t o di scr i mi nat e Asp ver sus Gl u at posi t i on 109 i n t he pept i de, i t i s l i kel y t hat

t he post ul at ed hi nder i ng st r uct ur e i nt er f er es wi t h bi ndi ng t o Ad r at her t han t o t he

speci f i c r ecept or of cl one 9 . 27 . Al t er nat i vel y, t he hi nder i ng st r uct ur e may bi nd t o

t he epi t ope i t sel f , anal ogous t o t he di st ant r esi due of cyt ochr ome c t hat has been

suggest ed t o bi nd Lys 99 ( 34) . I f t hi s st r uct ur e bi nds bet t er t o Asp 109 t han t o Gl u

109, i t coul d expl ai n t he mappi ng of t he equi ne/ sper mwhal e di f f er ence t o r esi due 109.

Fur t her i mmuni zat i ons wi t h ot her pept i des r eveal ed some new r eact i vi t i es t hat

had not appear ed af t er pr i mi ng wi t h whol e myogl obi n. Most i nt er est i ng was t he

r esponse t o t he 132- 146 r egi on of sper mwhal e myogl obi n, whi ch was - 10% of t he

r esponse t o 102- 118 i n myogl obi n- i mmune l ymph node cul t ur es ( 28, 35) . Di r ect bi ndi ng

st udi es have, however , demonst r at ed t hat 132- 146 bi nds t o i t s r est r i ct i on mol ecul e

( I - Ed) wi t h as r el at i vel y hi gh af f i ni t y as 102- 118 bi nds t o I - Ad ( 6) . I mmuni zat i on

wi t h t hi s pept i de i nduced a good r esponse t o t he pept i de t hat was r ecal l ed wel l by

whol e myogl obi n i n vi t r o. Ther ef or e, i n cont r ast t o t he obser vat i ons descr i bed above

f or t he 102- 118 si t e, t her e was appar ent l y no di f f i cul t y i n pr ocessi ng myogl obi n t o

pr oduce a nat ur al f r agment t hat behaved si mi l ar l y t o t he synt het i c one . Pr evi ous

st udi es have demonst r at ed t hat t he T cel l r esponse t o sper mwhal e myogl obi n i s pr i -

mar i l y di r ect ed t o 132- 145 i f APC t hat cont ai n onl y I - Ed wer e used t o st i mul at e

pol ycl onal T cel l s, but not i f bot h I - Ad and I - Ed ar e pr esent ( 28) . I f t he t wo det er -

r e on t he same pr ocessed f r agment , i nt er nal compet i t i on bet ween t he I - A

and I - E mol ecul es f or t he same cl eavage f r agment may r esul t , as al so suggest ed by

Gammon et al . ( 30) . I n cont r ast , i mmuni zat i on wi t h 59- 80 di d not el i ci t T cel l s

t hat cr ossr eact ed wi t h t he nat i ve mol ecul e . Thi s f r agment of sper mwhal e myogl obi n

behaved i n H- 2d mi ce mor e l i ke t he equi ne 102- 118 pept i de i n H- 2 k mi ce descr i bed

above.

These const r ai nt s on cr ossr eact i vi t y bet ween nat i ve pr ot ei ns and t he cor r espondi ng

pept i de epi t opes, i n cases wher e nei t her a gap i n t he T cel l r eper t oi r e nor a f ai l ur e

of t he synt het i c epi t ope t o bi nd t o t he appr opr i at e MHC mol cul e exi st s, i ndi cat e

t hat ant i gen pr ocessi ng may be anot her maj or mechani smdet er mi ni ng I r gene ef f ect s

and i mmunodomi nance. Taken t oget her , t he r esul t s can best be expl ai ned by t he

st ence of MHC- speci f i c hi nder i ng st r uct ur es on t he pr oduct s of nat ur al pr ocessi ng.

These st r uct ur es and const r ai nt s wi l l al so be i mpor t ant i n t he devel opment of syn-

t het i c pept i de vacci nes t o i nduce T cel l i mmuni t y, because such vacci nes must el i ci t

T cel l s t hat can cr ossr eact wi t h t he nat i ve pr ot ei n ant i gen as, f or exampl e, i n r ecent

st udi es of hepat i t i s ( 36) , mal ar i a ( 37) , and AI DS ( 38) .
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Summar y

Two l i nes of evi dence i n t he cur r ent st udy i ndi cat e t hat ant i gen pr ocessi ng i s a

maj or f act or , i n addi t i on t o MHCbi ndi ng and T cel l r eper t oi r e, t hat det er mi nes

I r gene r esponsi veness and epi t ope i mmunodomi nance. Fi r st , i mmuni zat i on wi t h

synt het i c pept i des of myogl obi n sequences r eveal ed newr eact i vi t i es t hat had not ap-

pear ed af t er pr i mi ng wi t h nat i ve myogl obi n . For exampl e, B10. S mi ce ( H- 23) i m-

mune t o equi ne myogl obi n pr edomi nant l y r esponded t o pept i de 102- 118, wher eas

t her e was l i t t l e, i f any, r esponse t o t hi s pept i de i n B10. BR ( H- 2k) mi ce i mmuni zed

wi t h nat i ve equi ne myogl obi n . However , af t er i mmuni zat i on wi t h t he 102- 118 pep-

t i de, bot h st r ai ns r esponded t o t he pept i de. Af t er i n vi t r o r est i mul at i on, B10. BRT

cel l s r esponded as wel l as B10. S T cel l s. Si mi l ar l y, some i ndi vi dual 102- 118- speci f i c

T cel l cl ones f r ommi ce of bot h hapl ot ypes showed si mi l ar dose r esponses and f i ne

speci f i ci t y pat t er ns . Thus, l ow r esponsi veness t o t hi s si t e i s due nei t her t o a hol e

i n t he r eper t oi r e nor t o a f ai l ur e t o bi nd t o t he appr opr i at e MHC mol ecul e . An

al t er nat i ve expl anat i on was suggest ed by t he obser vat i on t hat , wher eas B10. S T cel l s

f r om pept i de 102- 118- i mmune mi ce r esponded al most as wel l t o whol e myogl obi n

as t o t he pept i de, t he B10. BRT cel l s f r ompept i de i mmune mi ce, whi l e r espondi ng

wel l t o pept i de, wer e poor l y st i mul at ed by whol e myogl obi n. Thus, t he pr oduct of

nat ur al pr ocessi ng of equi ne myogl obi n pr obabl y has hi nder i ng st r uct ur es i n t he

r egi ons f l anki ng t he cor e epi t ope 102- 118 t hat i nt er f er e wi t h pr esent at i on by I - Ak

but not I - As .

The second l i ne of evi dence t hat pr ocessi ng of nat i ve myogl obi n may i nf l uence

t he appar ent speci f i ci t y of t he T cel l r esponse was obt ai ned usi ng t he I - Ad- r est r i ct ed

sper mwhal e myogl obi n 102- 118- speci f i c cl one 9. 27 . Thi s cl one di scr i mi nat ed r eadi l y

bet ween whol e sper mwhal e myogl obi n and equi ne myogl obi n, but i t di d not di st i n-

gui sh bet ween pept i des cor r espondi ng t o 102- 118 of t he sper mwhal e and equi ne

sequences . Thi s di st i nct i on bet ween equi ne pept i de and nat i ve equi ne myogl obi n

coul d be over come by ar t i f i ci al " pr ocessi ng" of equi ne myogl obi n wi t h cyanogen br o-

mi de . I n bot h set s of exper i ment s, Fl APCs t hat pr esent t he same epi t ope wel l t o

T cel l s of anot her hapl ot ype f ai l ed t o over come t he def ect , whi ch was t her ef or e not

due t o t he avai l abi l i t y of di f f er ent pr ocessed cl eavage f r agment s i n APCof di f f er ent

hapl ot ypes, as woul d be expect ed i f t her e wer e MHC- l i nked pr ocessi ng . Thus, t he

di f f er ent i al r esponses t o pept i des ver sus nat i ve mol ecul e f or bot h I - Ad- and I - Ak -

r est r i ct ed cl ones appear ed t o depend on t he r est r i ct i ng mol ecul e used . The st udy

was ext ended t o i mmuni zat i on of H- 2d mi ce wi t h pept i des 59- 80 and 132- 146 of

sper mwhal e myogl obi n, whi ch al so r eveal ed newr eact i vi t i es t hat wer e not a maj or

par t of t he r esponse when pr i mi ng wi t h t he nat i ve mol ecul e, even t hough bot h pep-

t i des bi nd wi t h hi gh af f i ni t y t o I - Ad ( 39) and I - Ed ( 6) , r espect i vel y. The 132- 146-

i mmune T cel l s f r omB10. D2 and B10. S mi ce, i n cont r ast t o 102- 118- i mmune T cel l s

f r om B10. BRmi ce, r esponded wel l t o nat i ve myogl obi n. Taken t oget her , t he r esul t s

suggest t hat t he f r agment s pr oduced by nat ur al pr ocessi ng may bi nd I a mol ecul es

di f f er ent l y f r omt he cor r espondi ng synt het i c pept i des . The exi st ence of MHC- r est r i ct ed

hi nder i ng st r uct ur es af t er nat ur al pr ocessi ng may have i mpor t ant i mpl i cat i ons f or

t he devel opment of synt het i c pept i de vacci nes t hat , al t hough i mmunogeni c t hem-

sel ves, may not necessar i l y el i ci t a r esponse t hat cr ossr eact s wi t h t he nat i ve mol ecul e .

We t hank Dr s . I r a Ber kower , Ri char d Hodes, and Jonat han Lamb f or cr i t i cal r eadi ng of t he

manuscr i pt .
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