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T h e  p o t c ~ l t ~ , ~ l  rci-jr~irement for  NH1-termln;ll 

Human leukocyte antigen (HLA)-DM is a critical participant in antigen presentation that r c~ , l r~es  that cste~lcl o r ~ t  i ~ f  the 17inclillg i1te 
catalyzes the release of class Il-associated invariant chain-derived peptides (CLIP) from (1 17) KCIS e ~ c l u d e ~ l  IX ltli truncateil pcyticles. 
'newly synthesized class II histocompatibility molecules, freeing the peptide-binding site CLIP(S9-162) .ud lo~igcr CLIP yepri~le.; 
for acquisition of antigenic peptides. The mechanism for the selective release of CLlP ~ ~ O L I ~ ~ I  LlRl ci~lii LJR3 111t11 ei-j~l~rl ~aftinity c>liLj 
but not other peptides is unknown. DM was found t o  enhance the rate of peptide \Yere ec1u;illv relc,lsccl hy LIL'I. Tlic possibilirv 
dissociation to  an extent directly proportional to  the intrinsic rate of peptide dissociation tliat Llh/l inreri~cts \\.it11 core liel:tliie 51de 
from HLA-DR, regardless of peptide sequence. Thus, CLlP is rapidly released in the chains that esrelici our of the l~inillnq slte 
presence of DM, because its intrinsic rate of dissociation is relatively high. In antigen x l s ~ ~  LY,~. esclucieii, Ihecause s u ~ ~ s t i t u t ~ o m  at 
presentation, D M  has the potential t o  markedly enhance the rate of peptide exchange, n o ~ ~ a ~ i i h i l r  p~sit lolls ii~ij 110t c~t'fect l.cle,~ce 
favoring the presentation of peptides with slower intrinsic rates of dissociation. ( F y .  I B). 

Tllc rrllc of y c y t ~ ~ l e  ,inchor (.A) res~ilrleq 
\\.a\ e\,alr~atcil it11 cli~llleric CLIP($')-I 211) 
peptliit.5 c~n~r : r~n ing  ,~ncl i i~r \  fro111 tlie 

Class  I I  l ~ ~ > t i ~ c i ) n l ~ ~ a t ~ l ~ l ~ t ! -  n l i ~ l c c ~ ~ l c \  qr1i.11 I Y I ~   lot the ;inticenic yeytlilc trcipnlenth H.4(326-313) pel-t~ilc t l -aeme~~r  at P l ,  P4, 
I L A - R  I t i  t i  I -  HA(306-31s) cinil HSl'(3-l 3) from LIR1 PG, anil P9 (Fly. 2'4). CLIP(S9-122). A-HA 
I I t ~ e ~ - r e i t ~ g  c e l l  1 1  1 1 a  c~lnil LIR3, reipectl\ rly (Fig. 1 ). T h c  crpt,11 \ v a  m ~ n ~ m a l l ~  releabed tl-om L3R1 clurillg 
thznl a t  the cell urf,1ce 1-01. recogllitloll liJ. structure i l t  13R3-CLIP iomplesi.\ (5)  inLll- 4-h~)rli. ~ n c ~ ~ l - a t ~ o n  with 9 nh/l DM, a. n-a. an  
CD-f T 1 y m p l i ~ ~ c ~ t c s  (1  ). 'Ke\~.lc svl-irllc- c,rreh rli,rt tlie perrlile complex 1s tal~il izeil  a ~ l ~ l c ~ g  hi~iglv x ~ l i s t ~ t ~ ~ t e d  at P I ,  ~\-liel-e:~\ 
slrvii cl;la\ I I  QF lieteri,dimer\ ,isi)clatc ~vltl l  
tile in\-,irlant cll-un 111 tlic C I I ~ ~ ~ ) ~ I , ~ ~ L I I I ~  LC- 
t lcul~i~l l ,  ,111~1 the rni)lecr~le< are rr; l l lsl~~rteil  Fig. 1. Effect of affinit:)-1x1-~fied DM oli the * 
ti, enili>snmal conly~a~-tnlents \\.here the 111- fofn-at~on and dissoc~at~oli oi HW-DR- - 
vclrl,lnt c h , i ~ n  ih p~irtially re1ilo\.eil 17;- ~ I . ( I -  peptde cor~plexes. (A] Dlvl enhances p e p  g 120,  
reas?\ ( 2 ) .  Llhl-ilt.flclellt ; ~ ~ ~ t ~ ~ t . ~ ~ - ~ ~ r ~ ~ e ~ ~ t ~ ~ ~ ~  tde bindn9 to Hm-DR and CLIP reease 

- 
l o :  p\ 

cell5 ,jr*ectil.e in l,rccllt,rtil,n i,fi,rrlrein Bioti~iylated HAWS-3181 (1 ILM~ \?r'as 11- Z loo[ ; 
i- bated ~ b f ~ t l i  p ~ ~ r ~ f i e d  DR1 (1 00 nM) for 3 80 ; ;intigel15 ti] T eellc ( 3 ) ,  ,111il the cl~isa 11 + D M  
h o ~ ~ r s  at 37'C In the presence of 91-aded 

6ol;' 
+ I-Ad 

1llr~lecllles e\prcs\eil I l l  tlicse cclis a1-e i'lrge- amounts of #init:)-purif~ed DM (@I or con- a 3SA 40 
$ 40 / 1y occr~piccl I-\. ;i ~ i e s t e ~ l  set i d  CLIP peptiileq tl-ol ,roteins [Inu,.lne ~ - 2  . A ,  atid b o  ,- 

t l i ~ t  share a core 5cquence (4) rh,rt ~n te r~ ic t s  vine serLln albumin (a)] lg), Aternatlvey, 
2 0 ~ ~ ~ -  20 

lvirh the peptide-hin,ling >lte 111 a dct111e~i pl.eforllled DRI -botin-C~Ip'81-104] con?- 0 - .  ----.--, - ,  0 
n~anner  (5). T l l n ~ ,  Dh l  I reclu~rcil for the plexes 1100 nbll were inctlbated for 4 0 5 10 15 20 25 

re11li1\ a1 chi. 1;lt fi,ri(1~1ellts o t  the 111\ ari- h0'Jrs with 100 l.~l?A uliabeled blAT'17-31 1 Protein (nM) Protein 

:int cli,iin, irering the rer r~de-hinLl~l~s  site and 8 1"IV1 DM Or -Ac'. DR- B Relat~ve 
for a c q u ~ s ~ t i o ~ l  of anr~gr l l ic  k~cpticies. T h e  blOtln-peptide compexes Peptide Sequence DR1 

DXL 1nolzc111e clirecr1;- i n ~ l u c c ~  rile re1e;ise ot '"ere Q ' J ~ ~ ~ ~ ~ ~ ~ ~ ~  I n  d '~p ' icate PI PI P s  P 9  
IC,, 

sa~nl,les b:) a strepta\~~d~n ,+alioa-iisl 
CLIP finm cl,>ss 11 molecnlcs (0-S). \X,'lth 

eLl rol, iL117 ilLlorescen,ze ir7- 
P I  Yi,:QMTLI.LA'I' 0 1 

one e x i e p t ~ o ~ i  (6), L)hl \\.as 11~1t ol~:rr\-ril to 
I-7, Jl,oassay rescllts 

CLlPt81-1041 LP';PP::P .SI~Ml?lA?PLLMCALP;I 1 0  

release peptide5 c~tliel- than CLIP (6-8). are expressecl as mean iuo cLlP,8Q~100r :-..MPEIATp;LMp I I 1 0  

The s t r n c r ~ ~ r ~ l l  fe<itnre> th,lt l i l ~ k e  l-IL.4- I-e;,zenceco~!lit;12ersecol?d CLlP130-100) WMRIArPLLMC 
LJR-CLIP c (~mplcse \  iusceyt~blc ti1 DL1 (cps). (BI Release of botnyl- 

SImSAACPLIMC 

m j8 

h, i~ .e  nc>r lieell c le t~~lcd.  ated ,tarfanis of CLIP froln CL1P'8"10C1NAS i 1  
\Tie inve,r~~ateci the >e~lllencc rtl~lrllrc- L1M-DR by DLA. Preforlned -0.2 o 0.2 0.4 0.6 0.8 I .O 

merit fi,r ~u5ceytil~llitY to D h f - ~ ~ ~ i ~ r l i . t . ~ l  re- DR-biot1l-l%"tide compex- 

Ie,iae i , t pc l~ t~ i l e s  fro111 l-IL,A-LJR l ~ ~ o l e c ~ l l e \  (iv 
e"50 "'I1 '"'ere PI PI PS ~9 I DR3 

\v!ith or \v!ithout 9 nl?A affniy- ASP'3-13) I ?I >'-.DEE I ~ R  0 3 

using a wries iif synrhet~c pepri,les ;lncl ~ f t i l l -  purlfled DM 11 the preseni-e c L l P , 8 1 ~ l c ~ 1  .,,,,, :,.i:mhl.ATPLLM;ALP!.I 
it\-yur~tieil Llhl isolatcil tronl h ~ ~ m , r ~ i  l\-m- of excess cll,labeled soe,zlfl,z 

1.2 

pl~ol~l,>sto~il  cell5 (9). In ,lyri.emcnt \ c~ t l i  prc- peFtlde hours at 37C, C ~ - I P ' ~ ~ - ~ O O I  ;:'NF.I'ATPI LMO 1 .c 
vior~. csy~erinic.nts ((>-dl, n-e filnncl t l ~ ~ i r  1i>11 aiotln.13eptlde CLIP(QC--lCC, 9 1 

concclitratiixl. of LlhI 1)11t not co1ltr~)l [Iro- ir-oni triplcate samples \vere 
CLlPt89-100)NA-S 21.3 

tvil-i\ nlarl;eLlly c1-ilia1-iceil pcpt~clc hl1lLlini. ti] q~~alitif~eci b:) tlie eclropclr-. 
r~~r~tieLl DR m o l c c ~ ~ l c ~  nliil selcct~\-elv in- ilnl-iurioassay The relat~\le -0.2 0 0.2 0.4 0.6 0.8 1.0 

iluizil rele,~qr the CLIP(d1- fl-ay~llellr fracton released by DM \vas Relative fraction released by DM 

deter[-itlied by colriparlny 
the fractoli of laceled peptide remaling bound to HM-DR to tlie amount bound In tlie absence of Dbl. 

3 ,&. '?'dm amd n. E. Jel-se-~ Uel;a~tirel?t o- Pethoca:: 
an:( Lh io  ate iAecI~ci~~e. EI-701) I l i ~ ~ , ~ , e  sitI S~ I i cc l  OT 

Tlie affinity of eacli peptde is reporled as the C .! value (medial? i~iliibitory coni-eniratoli) reatve to 
Me:Ii:ie, i t  a ita, G,& 30322, i iSA CLIPl89-100) ( 7  I ) .  Peptide anchor positolis (15) (boldface ulider "sec~uence" column) correspond to 
B 3. P,,a..,ola Ue1,altnient o'inc ob~oloc_,# anci I I ~ ~ I - ~ L . I T O  - pockets P I ,  PA. PE and P9 of the D9 bl idng sre accordilig ro the DRI -HA(306-318) (1 7 )  and 
33,' Elii:r: U~;~\.efs~ts; Scl-tool oi >,lecl~c~ie. Atlanta Ci,A DR3-CLIP (3; crystal struct~~res. Anciiol pos~tiolis for HSP(3-13) were assiglied on the basis of place- 
22322 as>,. meni of sspal?!c aclcl in the P4 pocket (78, 79;. In CLP(89-i00JNA-S, nonanchor resdues in rlie core 
'TO si,i;o~ll corresl,oize~~ce SI~OL.  CI (oe aci:lresse:i sequence were replaced cy serne l~~nderlllied). Ar-ino acid abbrevatons are listed In (15). 



those s~~l~stltuteci at  P i ,  P6, c>r P9 Lvcre re- 
lcascd to a n  extent silllilar to the parent 
pel~tiiic. The  mportance of the anchor real- 
clues \\.as conti1-1lled 13y- the ol~ser\-ation that 
chllneric HX(3115-3 1 S) colltaining anchors 
( P l ,  P4, PS, PC)) from CLIP 1s releaseil hy 
Dbl. A n  HA(3C6-3 18) analog containing 
methion~ne (XI) ~nstcacl of tyrosine (Y) at 
thc clorninallt anchor posltlon ( P l )  
(HX.Y398X/l) 11-as suhstant~ally- release~l from 
DR1 in the presence o t  Dhl.  Slmll;~r rcaults 
were 01-taineil with HSP(3-13) ;1nd DR3. 
Chimeric HSP(3-13) c i ~ n t ~ ~ i n l n g  anchors 
from the CLIP seiluence \\.as releaseii fi-om 

DR3, whcreas CLIP(K9-11111) \\.it11 anchors 
tl--om HSP was not. The resliluc at P i  (aspar- 
tic acld or alaninc) was critical in iletermin- 
illg the sensltivlty to Dhl-~ncluccil release. 
Thns, the residues at i lonl~nant anchor posi- 
tlons ( P I  f i r  DR1 and P4 tor DR3) 111 the 
,~l~sence of other suhs t i t~~ t~ons  can control 
sensltlvlty to Dhl. Ho\vever, s~~bstit~rtions at 
nondominant anchor positions also call 
m o d ~ ~ l a t e  the L3M scnsitl~lty of DR-peptlde 
complexes (DRp). Fill- exalnple, DR1 corn- 
pleucs containing CLIP(S9-19C) \1-~tlh aspar- 
t ~ c  acld instead of a lan~ne  , ~ t  P i  are relatively- 
resistant ti) Dhl,  \vhlch suggests that the 

collective icientity of the residues at anchor 
posit~ons rathcr than the ~dentlty o t  any 
single anchor r e s i ~ l ~ ~ c  cletcrmines \vhether a 
DRLT \vill ilissoclate in the prcsmce of lo\\. 
concentrations of Dhl. 

The  sen.sitivity- of a given DRLT co~nples  
to Dhl does not alrvays correlate ~v i th  appar- 
ent atflnity incas~~t.ecl 111 compctiti~-e inhibl- 
tion aysays ( I  I ). For examplc, CLIP(S9-LOO) 
ancl HSP(3-13) are ci~tfercntially- sensitive to 
L3hl but hind L3R3 \vlth sliuilai- lCj, va l~~es .  
In contrast, sensitivity to Dhl correlates ~v1t1-1 
lntrlnsic dissociatlon rates incas~~red in the 
ahseilcc of DL1 (1 2).  Peptides with intrlnslc 
ilissoclation half-times o t  <2C hours \Yere 
rcleased by Dhl and those with half-times of 
> 19C h~)urs  wcrc not,  ~milcr thc experimen- 
tal conditions uscd (Fy.  2X). 

Thls result suggesteci the possibility that 
DhlI can accelerate the dissociation of any 
pepticit.: Dhl cataly-:e~l the ciissoclation of 
all DRp tested, w1th first-order kinetics 
(Fig. 2B and Tahle 1).  The  ratc constants 
observed, k<,l,,, were linear i ~ ~ n c t l o n s  of the 
DbI concentration anil the intrinsic first- 
order peptiiie dissociation constants, It,,,. 

Rel~larkal~ly, the slope of k%,,,, versus the 
total concentration o t  13bI ([D1\.l]r~~r,,,) was 
illrcctly proportional to k, , ,  fix all DRp, 
~ncluding peptldes with scqucnccs ~mrelat -  
ed to CLIP, so that 

k,,~,, = k,., + ik,,,[L3b1lt,,,,,, ( 1 )  

\\here the constallt j is cstiinated to be 
(1.2 2 9.7) x 19%lP'. Thus, the L3k1- 
catalyzed ratc is directly proportlonal to the 
intrinsic rate of peptide dlssociatlon. This 
finding can be interllrctccl in ternls o t  a 
sllnple model 111 w h ~ c h  DA.1 reversibly hiniis 
L3Rp anil stahili-es a transit~on statc of DRp, 
lo\vcrlng the energy of activation for peptide 
rclease (Fig. 3.4). Unilcr coniiltlons 111 which 

A B  CLIP(^^-loo) 

Peptide Sequence DR1 
Relative 

'C5, 

HA ZE;Y<SQNTLFL&.'? 0 1 

CLIP SXMh:'IATPLLMQ 1 0  

CLIPA-HA SKYhi lQTTLLLQ 1.1 

CLIPMSIY SRYRMLTPLL~~Q 0.52 

CLIPA94Q Si(:,EXQTPLLXC 
0.51 DM (nm) 

CLIPP96T SP:l;tLiTTLLNQ 

CLIP.bl9RL SY;.RIGTPLLLC 0 84 

-0.2 0 0.2 0.4 0.6 0 8 1 .O 

HA P1;YJKQNTLKLa.T 

CLIP SKMhMATPLLMQ 

HA.Y308M ' iKk ; kCMLKLAT 0 64 4 \'\ 
. 2 , o i - - - ~ ,  .11-- 

0 100 200 300 400 500 

Time (min) 
DR3 

PI ~ 4 ~ 6  ~9 HA(306-318) 
HSP XTILYDEEAPR 1 0 9 

0.010' 
CLIP 1 0  ? 0.0081 a" 

CLIPA-HSP Si(1T2.:DTE:>ilRC 0.13 'g 0.0061 

CLIPM911 SXIP:~~TPLIIIIID 0 29 0 0.004' 

CLlPA94D SPPIW,lDT?I.LX;I 0 13 
9 0.002 

CLIP MR9R SPPIPYATPLLRS 0 9 

-0.2 0 0.2 0.4 0.6 0.8 1.0 DM (nm) 0.51 
Table 1. The DM-catalyzed rate of peptide dlsso- 
clation is dlrecty proportlona to the intrinsic rate 
of peptlde dissociatlon. The dissociation of fluo- 
rescein-labeled peptldes from DRl was mea- 
sured by HPSEC (20). Observed flrst-order disso- 
ciation rate constants (k,,,,,) were calculated for 
three concentrations of DM and slopes were de- 
rived from plots of k ,,,, versus [DM] ,,,,,. Best-fit 
lines were cac~tlated by the least squares meth- 
od. Intrinsic dissociation rate constants (k,) repre- 
seiit y ntercepts of the plots. The slopes of these 
plots were approximately proportlonal to k,,,. 

HSP KTIAYDEEZRR 

CLIP Si(MhP'lATPLLHC 

dSPA-CLIP PTMAYAEPA-W 

HSPISM PTMAY3EE"RR 

HSPDBA KTIAYAEEARK 

Peptlde k,,, (mln-') Slopelk,- (M-')* 

I 

. -~.- 
1 1 3  : -1.0. 

1 5 4  - 

'Slopes were detertnned f r o t n  p l o t s  o f  k , , ,  v e r s i l s  Dlvl 
concentrat~on. 

-0.2 0 0.2 0 4 0.6 0.8 1 .O 
Relative fraction released by DM 

Fig. 2. Peptide anchor residues control DRp dissociation 0 500 1000 1500 2000 
in the presence of DM. (A) Effect of anchor s~tbstitutions Time (min) 
on DM-induced peptide release. As in Fig. 1, anchor res- 
idues for HA. CLIP, and HSP are in boldface. But for the mutant peptldes, boldface residues indicate 
mutated anchor resldues (75). Peptide release and reatlve affinities were determined as described In the 
legend to Fig. 1. CLlP refers to CLP(89-100). HA to HA(306-3181, and HSP to HSP(3-13). (B) The 
peptide dissociation rate is a linear function of DM concentration. The dissociation of fluorescen-labeled 
peptides from DRI vJas measured in the presence of various concentrations of affinity-purified DM at pH 
5 and 37°C by high-performance size-excl~tsion chromatography (HPSEC) (20). Observed first-order 
dlssoclation rate constants (k,,,,,) vJere calculated from the slopes of plots of In(B!B,?) versus time v~here 
B ,  represents the concentration of peptide complexes at time 0. Best-f~t llnes were calculated by the 
least squares method. Curve 1: 0 nM DM, half-time ti;, = 5.7 hours; curve 2: 1.5 nM. t ,  , = 2.4 hours; 
curve 3:  3.4 nM, t.;, = 1.2 hours: curve 4: 4.4 nM, t. , = 1 .O lhours; curve 5:  0 nM DM t.;, = 120 hours; 
curve 6: 39 nM. t.:, = 4.7 hours; curve 7: 135 nM, t, , = 1.4 hours. 
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Fig. 3. D M  acts hke an enzyrne (A) Model for DM-catalyzed pept~de A 
k i  release DRp represents DR-peptde complexes, where p is pep- DRp + DM + DRp.DM 

tide and DRp.DM 1s forrned by reversible blndlny of DM (73) I I/ I 
"-1 

Peptde d~ssoc~atons  are represented as  lrreversbe react~ons k l n b p  
Reverse reactons were prevented exper~rnentally by the presence 
of excess unlabeled peptide Free DR may represent empty ino- DR DR + DM 
ecules (which are unsta- 
ble at 37721, inactivated 5 8 0 ~  t HA(306-318) 701 c 

--C-- CLP(89-100) 
DR, or DR molecules -9- CLlP(89-100)A94D 

e r n  unlabeled p e p  5 60- - -\\,I 
t ~ d e  (B  and C) Pept~de ; 
competit~on in the ab- 
s e e  (B) and presence '01 \ \\ 
(C) of DM. Purlfled DRI 5 20 (100 nM) was incubated - 
at p~ 5 with 0.1 PM bi- % o L _  , \'* 
otln-HA(306-318) and 0.001 0.01 0.1 1 10 100 1000 0.001 0.01 0.1 7 -  10 100 1000 
various concentratons of Competitor (pM) Competitor (wM) 
the ~ndlcated unlabeled 
peptdes for 18 hours (B) or for 4 hours in the presence of 17 n M  affin~ty-purlfled DM (C). DRlb~otin- 
peptide cornpexes were quantified by the streptavidn-ei.~ropiurn fltiorescence imrnunoassay. 

peptide release is irrcversil~le and [L3M],c,,',, 
<< [DRp], one call apply the steady-state 
rate eiluation for enzyme-catalyzed reactions 
( 1  3 ) .  If [L3Rp] << K,,, (klichaelis constant), 
the equation silnplifies to 

kc,,., = (l~,lKo,)[Dkllc,,r~,~ ' I < , , ,  ( 2 )  

Colnbini11g Eqs. 1 2nd 2 gives 

This 'eil~~ation proviiles a means of estimat- 
ing the relative tl~coretical rate of peptide 
dissocration from L)h4-DRp co~nplexes com- 
pared ~vi th  the rate of pepticle dissociation 
from DRp alone. Given preliminary data sug- 
gestillg that K t ,  is ~ 1 0 ~ '  M, we estimate that 
peptide dissociation could be increasc~l ?104- 
fold from DM-DRp co~npleses colnpared with 
iiissociation from free DRp. 

T h e  observation that the rate of L3M- 

eculea throueh different intraceilular corn- 
partmcntswith local cllvironlne~lts that nyay 
cliffcr in peptide composition, Dkl  concen- 
tration, and pH. Thus, in adelition to its 
critical role in rcmo\~ing CLIP from the pep- 
tide-binding site of ncn~lv sv~lthesized class I1 , , 

molecules, L3M also may modify the reper- 
toire of peptides made available for recogni- 
tion by CD4- T cells, as o r i g i l l ~ l l ~  proposed 
by Sloan et 01. (6), f,ivoring pepticles wit11 
slow illtri~lsic rates of dissociation. 
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peptiilcs, ~ ~ d ~ ~ d ,  no change is ohserved in "as -2575 DM as judged by SDS-poyacwi.lamlde gel 
e1ec:rophoresis (SDS-PAGE) and Coon~asse staning. 

the order of potency of peptldes in compet- i h e  DM concentration was determined bv measLrl.ina 
ltive ~nhihition blniling assays in the prcs- absorbance at 280 nm relat~ve to DRI and assumni 

n~olar absorption coeffcents of 94,680 and 64,710 for cllcc or absence of (Fig. 3,  B 2nd C ) ,  
DM and DRl,  The presence of contalnl. 

i~ldicating that the rates are changed but not ,,ting protease activity \Yas by lncubatlng af. 
the equilibrium. However, it is unlikelv that fin~ty-purlfled DM 1~1th  DRl fol'owed by SDS-PAGE 

cclLlilihriuln i.; acllie\~ed c{urillg :llltigell pro. analysis. Mock-purified DM and -A" (purlfled 1~1th an 
MKDG monoclonal antlbody affn~ty couinn by parallel 

cessing, given the relatively rapid transport had no actl,:lty release assays, 
of newly synthesized and recycling DR mol- excluding a role for dete-gent or othe- components. 

Pept~des were synthes~zed by -uoreny lnethoxycar 
bony chem~strv w~th a Pann Symphony n~utp le  pep 
tde syntheszer and abeed w~th bo tn  at the n-alnno 
group before or atter deprotecton and cleavage by re- 
acton w~th  b~o tn  amdo caproate N hydroxys~ccnm- 
(de as described 114). A1 b~ndng and dssocat~on reac- 
tlons weve done n 0 1 M c~trate-phosphate buffer (pH 
5 0) w~th 0 230 NP-40 contalnlng protease lnhb~tors 
(b~nd~ng buffer) DR-b~ot~n-pept~de co~iiplexes were 
forrred by ncubaton of 500 nM DR w~th 5 ILM b~otn-  
peptde colnpex for 18 hours at 37'C. For dssocaton, 
preforlned co~iipexes \yere dluted 1 .10 and Incubated 
w~th 100 KM  inl labeled MAT11 7-31) pept~de fragment 
(sequence, SGPLKAEIAQPLEDV) (151 or HSP(3-131 
wth  or w~thout DM A'ter neutralzat~on, the colnpexes 
were captured on L243-coated mcrotlter wells at 4'C 
and b~ot~n-pept~de corrplexes \yere rreasured w~th  
streptavdn-europ~um as descrbed 181 
H. Kropshofer A B. Vogt L J. Stern, G J Ham- 
merlng, Soence 270 1357 11 965) 
Tlie afflnlty of each pept~de was deterlnned by lnea- 
surlng the capacty of  inl labeled pept~des to Inhibit 
b~nd~ng  of b1ot1n-MAT(l7-31) to DPl  or b ~ o t ~ n -  
HSP(S-131 to DR3. Valiies are normal~zed reatve to 
CLP(89-100). wh~ch 1s assgned an arbtrary IC;, 
value of 1 .C. 
Dssocaton rates were measured n the absence 
of Dlvl for most of the pept~des represented n Fig. 
2A Complexes were formed by ncubat~on of 50C 
nM purlfled DRl  or DR3 w ~ t h  2.5 KM b~otn-peptde 
for 18 to 72 hours. Samples were d~luted and lncu- 
bated w ~ t h  1C0 ILM HA(3C6-318) (DPI)  or HSP(3- 
13) (DR3) In b~ndlng buffer at pH 5 and 37'C At 
varioiis t m e  polnts samples \yere placed on ice 
and the pH was neutralzed w ~ t h  1 M t r~s -HC (pH 
7.5) to prevent further dssociaton. DR-botin-pep- 
t d e  complexes \yere quantif~ed by the e i i r op~ im  
fluorescence mmunoassay. 
The total rate of peptide dlssoc~at~on s tlie suln of 
catalyzed and uncatalyzed rates The catalyzed rate 
IS equal to k, [DPp.DM]. Under conditons where 
peptde dissoclaton s lrreversbe, appl~cat~on of tlie 
steady approxmaton gives 

k [DM1 ,,,I x [DRPI 
1, = -5-2 - k [DRp] 
' K , ,  + [DRp] ' I '  

where v = n t ~ a  reacton veocty  and ,K,,, = ( k t  
k,).' k ,  
P. E. Jensen J. Fxp Med. 174, 11 11 (1 991). 
Abbrevatons for amno acid res~dues are as follows. 
A. Ala: C Cys: D. Asp: E. Glu: F Phe, G Gly: H His: 
I e ;  K Lys: L, Leu, M Met: N. Asn; P, Pro. Q Gln; R, 
Arg; S, Ser. T, Thr, \/, Val; W, Trp, and Y Tyr. 
S. N. W~t t  and H M. McConnell. Pioc Nat!. Acad. 
Sci U S.A. 88, 8164 (1991). 
L J. Stern era!.. Narure 368. 21 5 (1 694). 
A. Geluk eta! , J !!nmimo! 152, 5742 (1 994) 
G. Malcherek et a / ,  ibid. 153 11 41 (1994) 
Solid-phase HA(3C6-318) was labeled throiigli tlie 
u-amno group w~th  fluorescein sothiocyanate (FITC) 
before deprotect~on and cleavage. Other peptides. 
ncliidlng MBP19O-1021 (seyiience, HFFKNIVTPP- 
TPA) (75) were labeled wt l i  FITC a'ier cleavage Pre- 
fornied DRI -pept~de coniplexes here duted to I KM 
total DRI and inc~lbated at 37'C in C.1 M cltrate- 
phosphate buffer (pH 51 and 0 Z05 NP-40 n the pres- 
ence of C 1 to 0.2 mM unlabeled HA(306-3181 and 
the indicated concentraton of affnity-purfied DM. At 
varloiis times, 10-lr.1 salnples were removed and 
DRl -FTC-peptde complexes were quantfied wth  a 
Tosohaas TSK GFC 200 li~gh-performance size-ex- 

c l~ is~on column (7 8 X 150 mm) and a Sh~madzu RF- 
10A fluorometer wlth 490-nm excitaton and detec- 
tion at 520 nm. The colucnn buffer was 50 mM phos- 
phate 150 mM NaCI. 1 mM dodecy p-D-maltoside 
(pH 7.0) (76). DP eluted between 3 2 and 3.8 m n  w~th 
a flow rate of 1 m/min. 
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