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An immbilized interleukin-2 receptor whi& is capable of birding 
interleukin-2 and suitable for dkectN-teminalsquenceanalysiswas 
eqloyed tostudyinterleukin-2/receptorinteractions. Sensitivetryptic 
sites on the imobilized recx@or and its interleukin-2 ccmplex were 
identified by y4-=~1Y=~-. The results have revealed 
that the N-tsmmal region ofinterleukin-2isnotinvolvedinreceptor 
binding and the peptidesegmntcoveringresidues36-39inthereceptor 
is probably near or involved in theinterleukin-2bindingsite. The 
rapidity and sinplicity make this solid phase sequenceapproachag=d 
method for analyzing interleukin-2/receptor interaction and may be 
suitable for studying other protein-l&M interactions. 0 1990 Academic 
Press, Inc. 

The interaction of interleukin-2 (IL-2) ti its receptor (IGZR) is a 
key regulatory event duringan inmune response (1,2). An understanding of 
the molecular interaction between thetwoproteinmleculesshmldaidin 
designing an effective IG2 antagonist. In this communication, we report 
the develapnent of anovelapproachtost&ythissystem. Itwasbasedon 
the finding that a cmalently inmobilized human reambinant ILr2R, whiti was 
prepared originally for purification of reccmbinant human -2, is also 
suitable for direct N-terminal squence analysis. In conjunction with 
tryptic digestion, the unique properties of this imobilized protein 
(capable of binding IL-2 and suitable fordirect squenceanalysis) have 
allowed us to obtainsmedetailedstructum 1 information of the Ik2/IL-2R 
CcanpleX. This immbilized receptor was prepared by couplingasoluble 
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Abbreviations: 
-2, recanbinant hman interleukin-2; IL-2R, recombinant soluble hman 
interleukin-2 receptor; SiIG2R, covalently inxmbilized IL4R on the 
derivatized silica gel; SiIL-2R.162, binary cm@exofSiIIG!RandIG2; 
zgLyz], s diitEiocdu&s of SiILG?R; T[SiII&R‘I62!, tryptic . . 
@enylthiohy&ntoin; TFA, triflmrcaceti~ ac?k 
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recanbinant form of the Tat protein, a human IL-2 receptor, ontothe 

N-h~inimide derivative of poly-hydroxy silica gel (3). Sensitive 

tryptic cleavage sites on the inmmbilized IL-2R (SiIIdR) ard its IL-2 

aqdex (SiIldR’Ib2) were identified bysequeme analysis. Byccqaring 

the two cleavage @kerns, we were able to deducetheregionsthatare 

possibly involved in the interaction betweenthetmmlecules,whichare 

consistent with the results obtaimdfrcxnsite-directedmtqenesis. This 

-cfh is rapid and direct, and may be useful for studyirq other 

protein-ligand interactions. 

Rzczanbinant IL-2R was purified by previously published prccedures (3). 
Covalently imobilized IIkZRwas~bycmpl~purified ILr2RonNGel 
F'-AF Foly-N-hydroxysucc inimide (FFIHS, 500 A, 50 urn, Separation lidustries, 
M&when, NJ) as previously described (4). ReambinantILr2waspurifiedby 
either affinity chrmatogray (4) or by a conventional -=ing= 
(F. R. Khan, et al., uqmblished results). 

lb prepare SiIGZR'IG2, SiIG2R was suspended in#loqhatekxlffered 
saline (PBS) with agitation in the presemeofalaqeexcess of IG2 at ram 
temperature for 20-30 min. 'Ibesqernatantcontaining unadsorbedIG2was 
then discarded, and the-2 saturatedgelwasrinsedextensivelywithPBS. 
Try@% tread of SiIGZR ard SiIkZR'IG2 were carried out in 0.2 M 
amnonim bicarbonate (pH 8) with an IL-2R to trypsin ratio of 100 to 1 (w/w) 
for 17 hcurs under constant agitation. At theendofdigestion, the 
rz containing +kal f"yp"in andr~leas+psptidefragmntswas 

. Afterextenslvewashwi~pBs,the~g~~productsretainedon 
the silica support, designated as T[SiIk2R] and T[SiIG-2R'IG2], were 
storeaat4°Cbeforesubjectingtosequenceanalysis. 

Z3queme analysis was performed using anAppliedBicqstemsgas#mse 
sequences (ABI, model 470A) (5). Each silica gel sanple (lo-20 microliters) 
containing 200 -3OOplesofSiIG2Rwaslcad&ontoaquaternaryammium 
(QA) treated glass fiber filter (6). Beforesequencing,thegelwaswashed 
extensively with 0.2 M amoniumbica.rbonatesolutionwhichwasakeorbedbya 
pieoe of tissue paper placed beneath the filter. Theoriginalsequencer 
program supplied by the manufacturerwasusedwithoutmodification. Since 
*primaryS- ofIG2RandIG2arelmown,noeffortswmemadein 
this studytoimpravetbe sequencer efficiency. N-terminal sequence analyses 
were merely used for identification of newly generated cleavage sites. 
FWnylthiohydantoin (PM) amino acid derivativeswereidentified %n-lineV1 
with an ABI model l2OA mx-i analyzer. Chrmatogram of F‘IH amino acid 
analyses Wz.re collected, stored, and analyzed withanIH4caqmterusing 
B software (PE-Nelson, Cupertino, CA). 
assigned by axparing with the known sequences 

Wltiple sequences were 
of IL-2 arrd IL-2Rard 

confirmed when lxEssaqbyusingtheIsEAEwIAMB~ tosearchthe 
in the protein data baseoftheproteinidentificationresomce 

. 

Suitabilitv of immbilizedILdR formmuenceanalvsis:ThefirsttenPIH 

amino acid cbrcmatcgrams obtained from the sequemeanalysesofsiIL-2Rand 
SiIL-2R'IG2 are given in Fig. 1. The sequence results are also sunmarized 
in the first twocolumnsinTable1. Theexpect&singlesequeme of IP2R 
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Sequence analyses of SiIL-2R (left) and SiIL-2R.IL-2 complex 
rig t . The first ten chromatograms are shown with the identified PTH 

amino acids marked. The sequence yields of various PTH amino acids are 
sumarized in Table 1. 

and double sequences of IL-2R ardIG2wereidentifidfrcmthetwsa~@es, 

respectively. During i3ecpexing IG2 was dissociated frcmSiIk2R'IG2 

when expose3 to the cleavage reagent, trifluoroacetic acid (TFA). However, 

the disassociated IL-2 was retainedbytheQA-glassfikerfilter. SiIG2R 
was sequenced with a repetitive yield of 97% (for Glu' - Glu') and Ik2 

at 90% (for Thr3 - Thr7). The fact thatnointerferenceinsquemer 

operation was encaunteredandnoadditio~lbackgraundpeaksweredetectedin 

elePmamino acid chrcmatogram suggested that the silica beads can tolerate 

thereagentsardsolventsusedinthegas-@asesequencer. 

The advantages of usiq covalently immbilized protein to study 

protein-protein (or ligand) interactions are itsrapidityandsixqlicity. 
Afterextensivewashingto reinoveunbourdproteinandpeptidespecies,the 

cmplex retained by the silica support isreadyforanalysiswithoutany 

further manipulation. An added advantageofthis solid-phaseapproachis 
that the irmmbilizedcca@exanditstrypticprcducts (seebelow) arestable 

at alkaline pH when stored at 4OC. 
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Identification of sensitive trmtic sites on SiIL-2R and SiIG2R'W 
bv N-terminal secruencim and the localization of mtential interaction sites 
in lLdR/IL-2 axmlex: Limited prokolysis has been used to monitor 
conformational changes in various proteins (8). Potential cleavage sites in 
the extended polypeptide chain ~~normallyarea~ilabletoprateolytic 
attack, may be protected when involved in higtler-otier stnlctur eard/orin 
its ligand CXX@pleX. In conjunction with sequence analysis for the 
identification of sensitive cleavage sites, thisapl?roachwasmtendedto 
study the interaction kkween SiIL-2R and -2. mebinary complexof 
SiIb2R and ILP~ (SiIk2R'IG2) was stable during tryptic digestion, 
with the exception of several sensitivesiteswhichwereidentifiedby 
direct N-terminal squence anlaysis. For anqarison,tryptictreated 
SiIG2R (T[SiIG2R]) was also subjected to !seqmme analysis. 

The first sixI*IHaminoacid&rcanatcgramsobtainedfrmthesequeme 
analyses of T[SiIL-2R'IG2] and T{SiIL-2R] are shmn in Fig. 2. The 

results are smnarized in Table 1, ad the new sites debct&l on 

DPTU 
1 K 

T E 
sQIG DHA 

A 

1 
L 2 L 

TG 
P v K P v 

n A &A -r'L 

3 
TE -s& 

A DHA P 

Ah& A A 
L 

A _ 

E 4 
PM L 

L 
A 

Y M 5 
DHA n 
L 

6 

DHA L 
J\ n 

7 
PTH 
ml 

TIME (MINI 
Sequence analyses of T[SiIL-ZR] (left) and T[SiIL-2R*IL-21 
The first six P'IH chromatograms are shown with the identified 

PlH amino acids marked. The sequence yields of various P'IH amino acids 
are summrized in Table 1. 
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180 

Structural model of IL-2R and the locations of the sensitive Fig. 3. 
T”t; cleavage sites in T[SiIL-ZR] ( -) and T[SiIL-2R*IL-21 

Si52R'IIr2 and SiIL-2R are also marked on the structuralmdelof 
52R in Fig. 3. Ik2inSiIlAR'IG2wasfaxxItobe txatremly stable 
against tsypticdigestionasccanparedwiththesame~~offreeIt2 
in solution. Only two tryptic clwvage sites (Lys' arkILys')me 
deected fromILP2intheax@.?xafter overnightdigestion (TableI). As 
a rfzsult, the squence yield of Metor inT[SiIL-2R'IG2] was fcund to 
be only 25% of that foundintheSiIG2R'IG2. Theseresultsrevealed 
that the first2trypticpeptides(cov&ngresiduesO-8ardO-9)inIGz 
can be released preferentially from theccmplexwithouteffectingIG2 
bimliq. Thisobservation~theresultsobtainedkysite-directed 
mutagmesis of IL-2 that t&e segm.ntcmeringthefirsttenN-terminal 
amino acid residues in 52 is not essential for IL-2R binding (9). 

Four out of six sensitive sites located in T[SiIG2R] were also 
identified in T[SiIG2R'lP2], and two sites, Arg36 ard Lys38, were 
unique in T[SiIL+R]. The identification of the four ccmmn sites with 
nearly identical sequence yields (Table 1) suggested thattheywerenot 
pmtected by IG2 in the cmplexandthereforewere notinvolvedinor 
near the interaction sitek&weenthetwomleCules. OllthC?Otherhidl, 

d6 am3 Lys38 in T[SiIGXIG2] were pro&z&I frcankeinCJcleaved 

1 
AAbat 95% of thepeptidechaininIIr2wasfcRn?dtocontainaN-terminal 
metbionine wbi.chwasnot- durirqthepost-rihecmal~irg. Since 
tbismethiovlineisnotdetected 
Met0 

inthenaturalIk2,itwasdesignatedby 
. 
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by trypsin,suggestingthatthey~eeitherinvolvedinIG2bindingornear 
the site of interaction. l%eresultisconsistentwiththefindingby 
site-directed mtagemsis of IL-2Rinwhichaminoacidsubstitutionsinthe 
segmnt cover* 35-43 severely affect the binding of IL-2 (10). However, it 
shculd be noted that AK$~ aml ?I&~ were fca& to be sensitive to 
tryptic digestion in solutionbuthadno apparent effect on IG2 b%iing (11; 
at-d Pan et al., unpublishedresults)andthusruledouttheinvolvementof 

d6 inIG2binding. The role of Lys38 in interleukim2/receptor 
interactionisanmmtlyunderfurther investigation. 

In conclusion, this investigation has demonstrated that protein 
covalently immbilized on the N-hydrovinimi de derivative of poly-hydroq 
silica gel is suitable for N-terminal squence mlysis ti may be applicable 
for studyingatherprotein-ligandinteractionsastheonedescribedhese. 

we thank Dr. K. S. IIuang for reviewing the manuscript, Dr. J. E. Smrt 
for his~ofthe~~,Mr.D.Ti~for~w~themodeLspresented 
inthi.smrkarxIMs.J. Luberto for preparation of m manuscript. 
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