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HSPP BINDING TO IRBP 

Identificationn of heat shock proteins binding to an 
immunodominantt uveitopathogenic peptide of IRBP 

Kalpanaa Rengarajan, Marc D. de Smei', Gerald J. Chadcr and Barbara Wiggert 

Laboratoryy of Retinal Cell and Molecular Biology and 'Laboratory of Immunology, National live Institute, National Institutes 
off  Health, Bethesda, MD 20892. USA 

Abstract t 

Intracellularr binding proteins have been identified and isolated 
fromm B cells by their ability to bind to the synthetic peptide 
(ILL 69 - - 1191). the major immunodominant epitope of bovine 
inn terp hot o receptor retinoid-binding protein (IRBP) coupled to 
cyanogenn bromide activated Sepharose 4B, After SDS - PAGE, 
twoo discrete protein bands of =72 and 74 kDa, were found to 
bee present in B cells of naive Lewis rats as well as in LBV 
transformedd B cells from a human patient with ocular Behcet's 
disease.. Enhanced expression of these peptide-binding proieins 
wass achieved by incubating the cells with Lipopoly saccharide 
(LPS)) from 5, thyphimurium. The = 72 and 74 kDa peptide-
bindingg proteins reacted in western blot with monoclonal 
antibodiess specific for both constitutive!)- expressed and inducible 
72/744 kDa hsp 70 proteins. The demonstration that these proteins 
bindd to the immunodominant epitope of IRBP indicates that they 
mayy play a role in the processing and presentation of antigens 
byy antigen-presenting cell (APC). Curr. Lye Res, 13: 289 -2%. 
1994, , 

Keyy words: chaperone; uveitis; B cell; peptides: interphoto-
receptorr retinoid-binding protein (IRBP); Behcet's disease: 
human:: heat shock proteins 

Introduction n 

Experimentall  autoimmune uveitis (EAL) is a T-cell-mediated 
autoimmunee disease that serves as a model for several human 
sight-threateningg ocular inflammatory conditions that mainly 
affectt the posterior segment of the eye and are immune mediated 
orr autoimmune in nature (I -8 ). EAU is induced in a variety 
off  animal species by immunization with ocuiar-spccific antigens 
suchh as S-Antigen (S-Ag) and intcrphotoreceptor retinoid-binding 
proteinn (IRBP) (1.9). Helper'inducer T cells have been shown 
too play a predominant role in this experimental disease 

Correspondence:Correspondence: Kalpana Rcngaraian. I .ahoratory nl' Kciina! C.di ami 
Molecularr Biology. Building 6, Rtxim 11X. National Kye Instiiuu-, V annua! 
Instuuicss ol Htah'h. Hcthcula. Ml) :fW92. USA 

(4,10-- 13). T-ccll activation is a complex process that requires 
thee autoantigen to be processed by circulating or resident antigen-
presentingg cells (14.15). This partia! digestion of the antigen 
generatess fragments that are able to interact with appropriate class 
Ill  molecules on the cell surface (15). This antigen fragmem-MHC 
complexx then causes selected clones of T cells to become activated 
throughh their T cell receptor. Even though antigen processing 
iss recognized as a necessary step for T cell activation, littl e is 
knownn about the intracellular factors that might favor the 
productionn of selected immunogenic fragments and allow their 
translocationn through the cytoplasm to the cell surface. This does 
nott appear to be a random process as demonstrated by binding 
experimentss with MHC Class II molecules and T-cell antigenic 
determinantss in vara (16.17). The affinity of peptides for purified 
MHCC Class II molecules in detergent solution is of the order of 
100 "(' M (16). However, this average equilibrium constant has 
veryy slow kinetics, i.e.. over a time scale of days at neutral pH. 
Inn contrast, antigen-presenting cells (APCs) in vivo are able to 
assemblee completes in 0,5 to 1 hour (17) Moreover, the 
concentrationn of peptide required for T-cell activation is much 
towerr in viva by at least 100 (o 1000 fold. These observations 
andd others suggest the existence of intermediate molecules that 
aree able to selectively bind processed antigens and concentrate 
themm (16 . Such a role has been suggested for some members 
off  the chaperone family of' proteins (19). 

Molecularr chaperones arc a ubiquitous family of intracellular 
proteinss which mediate the correct folding of polypeptides and 
preventt their degradation by cytosolic enzymes (20). Chaperones 
functionn by binding specifically and non-covalently to interactive 
proteinn surfaces that arc exposed transiently during cellular 
processess such as protein synthesis, protein transport across 
membraness and stress responses. Many chaperones are part of 
thee heat shock family of proteins, and are among the most highly 
conservedd and abundant proteins in nature. There is evidence 
too suggest that these proteins play a role in antigen presentation. 
Piercee and colleagues, for example, were able to isolate cell-
surfacee proteins of approximately 70 kDa from B-lymphoeytes 
whichh bind the major antigenic determinant of cytochrome c in 
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thee BIO.A mouse (21). Antibodies raised against this protein 

preventedd activation of a cytochrome (.'-specific T cell line In 

addition,, these molecules can demonstrate a certain degree of 

specificityy in their interactions with oligomeric peptides. BiP. 

aa member of the lisp 70 family of proteins, preferentially hinds 

7-merr oligopeptides and has both hydrophilic and hydrophobic 

bindingg /ones as determined by peptide substitution analysis (22). 

AA loose homology has also been noted between the C-temnnal 

regionn of a hsp 70 and the probable peptide-hind ing site on the 

Xenopuss class I major histocompatibility complex (23). 

Inn the present report, we examine the possibility that a similar 

proteinn exists within AFCs that is capable of binding to the major 

immunodominanii sequence of IRBP. a known ocular autoanligen. 

Materialss and methods 

Preparationn of splenic rat lymphocyte populations 

Splenicc lymphocytes were isolated from b to K week old Lewis 

ratss (Charles River Laboratories, Raleigh. N O . Contaminating 

redd blood cells ( R B O were removed by a 5 minute incuhation 

inn ACK I w n g butter. B cells from lymphocytes were purified 

byy panning on polystyrene tissue culture plates (Falcon ?3(H)3, 

Oxnard.. CA) coated with affinity purified goat anii-rat-lgG (kpl . 

Gaithersburg,, M D i . RBC-free splenic cells were incubated at 

37 r CC for one hr at a density of 4 x 10" cells per ISO mm plate. 

Non-adherentt cells were removed by repeated gentle washing 

off the plate with phosphate buffered saline (PBS). The adherent 

cellss were collected hy vigorous washing ot' the plate surface with 

PBS.. The purified B cells were cxtensivelv washed in Dulbccco's 

modifiedd Kagle's medium without cysteine or methionine 

( D M H M - C M )) (ICN biochemicals Inc.. Costa Mesa. CAi, The 

washedd cells were incubated for three hours at 37"C in 5/Ï C O ; 

inn D M H M - C M containing 5ci fetal calf serum (Hyclone, Logan. 

Ut)) and 750 /(Ci i "S ) cysteine and (^S) methionine (1143 C i m 

mole:: IC i = 37mBq, ICN biochemicals Inc . i . The cells were 

thenn collected by low speed ccntrifugation and lysed. These 

investigationss were carried out in compliance with Public Health 

Servicee Policv on Humane Care and Use of Laboratory Animals 

II l.)HLW Publication N IH 80-23) in an accredited animal facility. 

Inn another series of experiments, the purified B cells were 

culturedd for 72 hr in the presence of 10 ; ig 'ml of lipopoly-

saccharidee (LPS) (D i t to . Detroit. Mi ) in RPM1-1641) medium 

withh HEPbS (GIBCO. Grand Island. NY) , supplemented with 

glulaminee (2mM), penicill in ( UK) units ni l) , streptomvein I 100 

^ g m l ) a n dd 10'v fetal calf serum (Hyclone. Logan. Ut) k 'RPMIi . 

Followingg this incubation, the cells were harvested and lysed. 

Preparationn of LBV-B Ivmphoblastoid cell lines 

Inn some experiments, a pure population of Fpstein-Barr virus 

(F.BV)-transformedd human B cells was used This LBV cell line 

wass derived from human mononuclear leukocytes ( P B M O 

obtainedd from a patient with Behcet's disease who consented to 

participatee in a protocol approved by the Institutional Review 

Boardd of the National Hye Institute, N I H . Briefly. PBMC were 

separatedd from hepannized whole blood on Isokmph gradients 

(Gallard-Schiesinger,, Carle Place. NY) and transformed with 

FBVV obtained from the B9S-8 marmoset hmphoblastoid ceil line 

l A T C C .. Rockville. MD) in the presence ot CD3 amibodv. 

Transformedd B cell lines were clearly evident bv the second week 

inn culture, as evidenced b> the presence of tight clumps of various 

si/css on phase-contrast microscopy The LBV cell line used in 

thiss study was maintained in continuous culture for over 4 months 

beforee being tested for the presence of the intracellular binding 

protein. . 

Antigenss and affinity columns 

Thee IRBP-derived peptide 1169-1141 (amino acids I 169-1191 

inn the bovine IRBP sequence) (2.S) used here was synthesized 

andd purified bv Applied Biosystems (Foster City. C A l using t-

BOCC chemistry on an Applied Biosweius model 4.30A peptide 

svnthesi/err Peptide 1169 - I 191 was coupled to cyanogen 

bromide-activatedd Sepharosc 4B I Pharmacia 1(1.5 mg of peptide 

1169-11911 per ml of gel) according to the manufacturers 

recommendedd procedure. 

AA similar peptide affinity column with amino acids 1135 - 1157 

inn the bovine IRBP sequence (25) was constructed. A cvanogen 

bromidee activated Sepharose 4B column without ativ peptide 

coupledd to it ibut put through the same procedure for coupling. 

minuss the peptide) was used as a control column. 

Isolationn of IRBP peptide 1169- 1191 binding protein 

Thee peptide binding protein was isolated from purified B cells 

orr KBV transformed cells after 72 hr of incubation with LPS 

1100 / j g n i l i . fol lowing the procedures published by l.akev a ul, 

(21)) Si\tv mil l ion cells were incubated with 750 <̂ci (Ï:*S)-

methioninee and CSl-cvsteine (1143 C i n i mole. IC i = 37mBq. 

ICNN Biochemicals Inc.) in D M H M - C M containing 5 ^ fetal calf 

scrumm for 3 hr at 37 C. The cells were washed three times in 

DMF.M-CM.. followed by incubation in Lysis Buffer ( I *'/< 

Nonidett P 40 (proiein grade. Calbiochem-Behring) LSOmM 

NuCl/SmMM H D T A 0 . 0 2 f ; NaNVlm.M phenylsulfomllluoride 

(PMSF)) in S()mM of T n s - H C l . pH 7.2) tor 1 hr on ice. The 

Iyy sate was cenlnfuged at 100.000 j ; for 10 min ai 4 ' C (21). and 

thenn passed over the peptide I 169 - 1191 affinitv column that 

hadd been equilibrated in Wash Buffer (0.1 % Nonidet P-40/50mM 

NiiCl 'SniMM EDTA.O.2';; N a V I m M PMSF in SOmM T n s -

HCII pH 7.2). After extensive washing, bound material was eluted 

withh r.Iution Buffer (0. \ri Nonidet P-40;SOOniM NaCISmM 

KDTAO.2 ' ' ;; NaNr ImM PMSF in 0.2M acetic acid). Alternat-

ive!;,,, (he bound material was eluted with a solution of 360 ^ M 

peptidee in Wash Buffer. The eluate was collected in 5 ml 

tractions.. The radioactivity in each fraction was determined bv 

dilutingg 1(X) n\ o f each sample in 7 ml of Read) So lv I M HP 

countingg cocktail (Beekman. Palo Alto. CA) and measuring 

scintillationn in a Beekman I.S 3801 scintillation counter. Fractions 

containingg maximal radioactivity were pooled, dialv/ed and 

concentratedd by vacuum dialysis using a MicroProDicon 

apparatuss (Biomolecular Dynamics, Beaverton. OR). Since in 

earlierr studies protein hands could not he detected on a gel. the 

eluatee was further concentrated by TCA precipitation before 

electrophoresis.. In all subsequent experiments, the eluate fractions 

afterr vacuum dialvsis were further concentrated by TCA 
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FigureFigure I. Identification of specific peptide 1169 I I'll binding proteins (BPs) in rat H cells incubated with (35S]eysteine and ["SJmcthionine. 
VV Lanes I -3 are autoradiography Following SDS PAGE of fractions clutcd from peptide 1169 111) I affinity column: < 11 flow-through ( =2(1 

/igll  i2) cluate ( = 0.5 ng) (3) eluatc (TCA precipitated) ( = I /<g). B: Lanes I - 3 are autoradiography following SOS PAGE of: <11 original lysate 
(( =30 ng) (2) flow-through cluted with Wash Buffer i =20 ng) (3) Id's eluted with 360 /<M peptide 1169 -1191 in Wash Buffer ( = I fig). <': 
Laness I 3 are autoradiography following SDS PAGE of fractions eluted from peptide 1135 1157 affinity column: (I) original lysate ( = 30 
Hg)Hg) (2) flow-through ( =20 /<g) (3) eluate ( = I ,(g). 

precipitation.. In other experiments the cell lysate was passed over 
peptidee 1135 1157 affinity column or a cyanogen bromide-
activatedd Sepharose 4B column without the peptide. The eluatcs 
fromm both columns were collected as explained earlier, dialyzed 
andd concentrated. The concentrated (TCA precipitated) sample 
wass analyzed by SDS -PAGE using a Novex electrophoresis 
systemm (Novex, Encinitas. CA). The protein concentration of the 
sampless to be analyzed were determined prior to loading on the 
gel.. To aliquots of original lysate. flow-through and eluate, an 
equall  volume of Tris Glycine SDS sample buffer containing 
59?? mercaptoethanol was added. Samples were incubated at 
l()0°CC for 5 min. centrifuged. and then applied to X 16'.' 
Triss —Glycine gels (Novex). The gels were used for autoradio-
graphyy or immunoblotiing. The autoradiograms were scanned 
usingg an L'ltroscan XI. Laser Densitometer and the Gelscan XL 
softwaree package (Pharmacia LKB Biotechnology AIL Uppsala. 
Sweden). . 

Imimmoblol l 

Followingg SDS- PAGE, blotting onto nitrocellulose membrane 
wass carried out using a Novex Transfer apparatus for 3 hi'. 
Membraness were blocked with 555 (w/v) Carnation non fat dry 
milkk in TBS for I hr followed by overnight incubation at 4°C 
withh specific monoclonal antibodies. Monoclonal antibody 
(moAb)) a 70 was diluted 1:500 (Affinit y Bioreagents. Neshanic 
Station,, NJ); moAb a 72 and moAb << 72/73 were diluted 1:1000 
respectivelyy (Stressgen, Victoria. Canada); moAb <« 68. a rat 
IgMM antibody specific for HSP 68 was diluted 1:4 (a kind gift 
fromm Dr. E. Gunther, Gottingen. Germany). Membranes were 
furtherr incubated with affinity purified alkaline phosphatase-
conjugatcdd goat anti rat IgG or goat anti-mouse IgG respectively 

dilutedd 1:1000 in PBS for I hr at 37 C. Alter each incubation. 
thee membranes were washed with TBS three times for 10 min 
each.. Color development was carried out using Nitroblue 
lelra/oliumm Chloride (NBT) and 5-Bromo-4-Chloro-3-indolyl-
phosphalee p-Toluidine salt (BCIP). 

Results s 

Purificationn and specificity of binding proteins (BPs) obtained 
fromm rat B cells 

Inn an initial series of experiments, proteins that bound to peptide 
1169-- 1191 were released from purified B cells obtained from 
ratt spleen labelled with ('5S)-methionine and (,5S)-cysteine by 
Inn potonicallyy Iv sing the cells using a Lysis Buffer containing I '< 
nonidett P-40. After lysis, the cell membranes were removed by 
centrifugationn and the soluble supernatant was applied to the 
peptidee 1169 1191 affinity column. After extensive washing, 
thee bound material was eluted and subjected to SDS - PAGE and 
autoradiography.. The predominant bands visible after elution 
weree at approximately 70 kDa and 40 kDa (Figure I A. lane 3). 
Thesee initial experiments indicated that the proteins were 
producedd in very low amounts which was confirmed by scanning 
thee autoradiograms using the Densitometer. If the binding proleins 
weree part of the chaperone family, mitogenic stimulation might 
enhancee their synthesis (25.26). For this reason, we decided to 
examinee the effect of LPS. a potent activator of B cells (27). 
LPSS preferentially induced two major newly synthesized protein 
bands,, with molecular weights of approximately 70 kDa and 40 
kDa.. It is very clear that LPS stimulation resulted in a 45 fold 
increasee in the expression of these BPs in human LBV trans-
formedd B cells when compared to BPs obtained from non-

71 1 
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FigureFigure 2. Autoradiography following SDS PAGE from human EBV 
transformedd B cells stimulated with LPS following incubation with 
I^Slcysteincc and [J-\S]methionine; (1) ciuale (from ceils stimulated with 
LPS—300 ul) (2) eluate (from cells not stimulated with LPS-30 id). 

1 22 3 4 5 6 7 

11 2 3 S 

FigureFigure 3. SDS PAGE and silver Main of human EBV transformed 
BB cell lysate on a bovine IKBP peptide 1169 I I'll column: (l)eluate 
ii = 140 ng> i2) flow-through I - 4 pg) (3) original lysate i ~l< /xg) (Si 
molecularr weight standards < =2 fig). 

stimulatedd cells (Figure 2. lanes I and 2). Similar enhancement 
off BPs was also observed in rat B cells. Ten itg/ml of LPS was 
foundd to be the optimal dose for stimulation by performing dose 
kineticss studies (results not shown) Protein synthesis appears 
too progressively increase fol lowing stimulation since there was 
lessless protein obtained from cells incubated with LPS tor 18 hr 
ass compared to 72 hr (results nol shown). 

Next,, we tried to determine i f the affinity of the 71) kDa protein 
handd was specific for peptide 1169—1191. I f the binding is 
specific,, the protein should be eluted by peptide I 169 1 I ' l l in 
Washh Buffer. The addition of 360 ;<M peptide 1 169- 111) I to 
thee Wash Butter led to the recovery of the 70 kDa band whereas 
thee 40 kDa hand was not observed in this eluate (Figure IB. lane 
3).. Another band with an approximate molecular weight o( 120 
kDaa which was seen as a minor band with acetic acid elution 
wass much more prominent when elution was performed with 
peptidee 1 169 - 1191 in Wash Buffer, l i is possible that the peptide 
promotess aggregation of either the 70 kDa or the 40 kDa proteins 

FigureFigure 4. Autoradiography following SDS —PAGE of proteins from 
humann EBV transformed B cell lysate incubated with f \S (cysteine and 
[,5S]methionine.. Lanes 1-4 are SDS PAGE patterns of fractions 
eluledd from cyanogen bromide activated-Sepharose 4B column withoul 
anyy peptide coupled to it: ( I ) original lysate ( = 30 (<g) (2) & (3) How 
throughh fractions with highest absorbance. OD at 280nm ( =20 i<g each) 
i4)) eluate ( = I /<g) (5) no sample. The flow-through fractions of the 
abovee column were passed through peptide 1169- 1191 affinity column. 
Laness 6 8 are SDS PAGE patterns of the fractions eluted from peptide 
1169-- 1191 column: (6) & (7) flow-through fractions ( =2(1 II% each) 
(8)) eluate ( = I jtg). 

orr both. It is also possible that the 120 kDa protein is a different 
proteinn which is more efficiently eluted in the presence of added 
peptide. . 

Thee specificity of the binding proteins with respect to peptide 
11699 -1191 was further confirmed using another synthetic 
peptidee of the bovine IRBP sequence. I 135 - 1157. This peptide 
whichh is also 23 amino acids in length is a proven nonuveilogenic 
peptidee in Lewis rats (29). Interestingly the 70 kDa and 40 kDa 
bindingg proteins were not observed in the eluate obtained from 
thee peptide 1135 1157 affinity column (Figure IC . lane 3). The 
700 kDa and 40 kDa binding proteins are clearly seen in the flow 
throughh obtained from this column (Figure IC . lane 2). In the 
flow-throughh other bands are not very prominent. This may be 
becausee peptide 1135-1157 hinds other proteins very tightly 
whichh are not eluted by the concentration of acetic acid used in 
thiss experiment. 

Identif icationn of BPs in human B cells 

Wee decided to also test a transformed human B cell line to see 
i ff the binding proteins could be identified in these cells. EBV 
transformedd B cells are a population of pure B cells that can easily 
bee grown in large numbers. The cell lysate was passed through 
thee peptide 1169- 1191 affinity column as explained earlier. The 
bindingg proteins were present in the EBV transformed B cells 
(Figuree 3. lane 11. Their isolation was more efficient since the 
BB cell population was pure. In these experiments, (he intensities 
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FigureFigure 5. SDS - PAGE and immunoblotting follow ing affinity chromatography of human f:.BV transformed B cell lysalc on a bovine IKIi l ' peptide 
II \M 1191 column: A: (S) molecular weight standards ( = 10 jig) ( I ) Gold-staining profile of BIN ( = 1(1 /<g) from fcBV cells. B: western blot 
analysiss ofeluicd proteins probed with different monoclonal antibodies: ( i t 70 kDa lisp ( = 10/ig) (Stressgen) probed with moAb or72/73 (constitutive 
andd inducible form N27) (2) BPs ( = 1? /<g) probed with moAb ((72/73 (constitutive and inducible form N27) (3) BPs ( = 15 ;<g) probed with 
moAbb a70 (constitutive and inducible form 7.10) (4) BPs ( = 15 ,tgi probed with moAb «72 (inducible form NI5) (5| BPs ( = 15 jig) probed 
withh moAb a:68 (antibody specific for hsp 68). 

off individual bands were measured by scanning the autoradio-
gramss as mentioned above. 

Nonn specific binding to Sepharose 4B was ruled out by the 
followingg experiment. Cell lysatc was passed through a cyanogen 
bromidee activated-Sepharose 4B column that was put through the 
samee binding procedure, but no peptide was added. The 70 kDa 
andd 40 kDa BPs were not observed in the eluate obtained from 
thiss column (Figure 4. lane 4). The flow-through fractions with 
thee highest absorbance values and radioactivity obtained from 
thiss column were passed through a peptide 1169 1191 column. 
Thee eluate obtained from this column clearly showed the 70 kDa 
andd 40 kDa proteins (Figure 4. lane 8). 

Characterizat ionn o f 70 kDa protein band 

Too test the putative relationship between the 70 kDa protein band 
andd the hsp 70 family of proteins, western blotting was performed 
withh antibodies specific to this family, i.e., moAb N27. moAb 
N155 and moAb 7.10 (Figure 5B, lanes 2. 3 and 4). The 
predominantt proteins observed on SDS- PAGE and gold-staining 
followingg elution from the column were at approximately 74 kDa. 
722 kDa and 40 kDa (Figure 5A. lane 1). MoAb N27 and moAb 
7.10.. which are specific for both the constitutively expressed and 
thee inducible 72/74 hsp 70 proteins, bound strongly to 74 kDa 
andd 72 kDa proteins transferred onto nitrocellulose I Figure 5B. 
laness 2 and 3). In autoradiography of radiolabeled proteins 
(figuress 1. 2 and 4) the 72 and 74 kDa proteins appear as a single 
bandd at = 7 0 kDa because this technique cannot resolve protein 
handss of such similar molecular size. With moAb N27 the doublet 
( = 7 22 and 74 kDa) is clearly observed. Monoclonal antibody 
N15,, specific for the inducible form of hsp 70 and moAb 8F7. 
aa rat Ig.M antibody specific for inducible 68 kDa lisp protein 
showedd no binding (Figure 5B. lanes 4 and ?). The commercial 
700 kDa heat shock protein from Stressgen probed with moAb 

N277 displayed multiple bands (Figure 5B, lane I ) , probably due 

too some degradation of the protein. 

Discussion n 

Antigenn processing and presentation requires a series of poorly 
understoodd events involving the internalization o f antigen into 
intracellularr acidic vesicles where proteolytic cleavage occurs, 
andd the transport of the resulting peptide fragments to the APC 
surfacee where they are recognized by the specific T cells along 
withh class II MHC. The exact mechanisms involved in preventing 
completee protein degradation and transport of peptide fragments 
too the cell surface are also not known. Evidence has been 
mountingg to suggest that intracellular proteins exist that can bind 
too processed antigen and facilitate its association with MHC class 
III molecules (21.30,31). To identify potential candidate proteins, 
ann approach was devised to isolate intracellular peptide-binding 
proteinss capable of recognizing and binding to a specific antigen 
(21).. Candidate proteins were first affinity purified f rom 
detergent-solubilizedd mononuclear cells onto columns that contain 
thee target antigen: then the bound proteins were isolated under 
strictt chromatographic conditions including extensive washing 
inn high salt and detergent buffers. Since Lakey a al. (21) 
demonstratedd the presence of a mouse intracellular binding protein 
thatt bound to a fragment of pigeon cytochrome c, we decided 
too investigate the possibility that similar intracellular binding 
proteinss might also exist for a uveitopathogenic peptide. Peptide 
1169-- 1191 of bovine IRBP was chosen because it contains the 
immunodominantt and major immunopathological site of IRBP 
inn the Lewis rat and because it induces a T cell proliferative 
responsee in patients with uveitis (24.32). These features would 
alloww us to look for the presence of this intracellular binding 
proteinn in rat as well as human APCs. Using this approach, we 
weree able to isolate two bands of == 72 and 74 kDa and another 
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aroundd 40 kDa. The binding proteins proved to he present in 
bothh rai and human APCs. However. onlv the 72 and 74 kDa 
proteinss were eiuted from the column using peptide I 169 UlJ! 
dissolvedd in Wash Butter and did not require the addition of acetic 
acidd to the Llution Butter. A doublet with similar properties v̂ as 
foundd for cytochrome c in mouse APC (21). Another prutein 
nl'' approximate!) 4? kDa was also observed, which was onl> 
partiallyy eluted using a peptide ot pigeon cytochrome c. Complete 
elutionn of this protein was possible only using aeid-denattirmg 
conditionss (21). The 40 KDa protein observed by us binds more 
tightlyy to the peptide 1169 - 1191 affinity column (since it could 
bee eluted only with Llution Buffer containing acetic acidl hut 
itt neither binds to the column without peptide I 169- 119! nor 
too the peptide 1 135- 1 157 affinity column. In previous work 
(30.33).. the 70 KDa cytochrome c- binding protein was shown 
too be pan of the heat shock family ol proteins This was shown 
byy using monoclonal antibody 7 10 which binds to hoth the 
constitutivelyy expressed and the inducible hsp 70 proteins. In our 
study,, we found that the 72 and 74 kDa proteins hound to 
monoclonall  antibodies 7.10 as well as N27. demonstrating that 
thesee proteins also are part of the hsp 70 family of proteins. 
However,, the BPs do not bind to moAb 8F7. Monoclonal 
antibodyy 8F7 detects the inducible 68 kDa hsp in man. mouse. 
rat,, pig and cattle (34). Monoclonal antibody N27 reach with 
hspp 6K. and the constitutive form of hsp 70 (35). Monoclonal 
antibodyy N27 and moAb 8F7 react to different epitopes of hsp 
688 (36). The BPs do not bind to Mab NI5. Thus. 72 and 74 
kDaa BPs appear to have unique properties as they do not bind 
too antibodies N15 and 8F7. The appearance of multiple bands 
whenn the commercial 70 kDa heat shock protein (Stressgen) is 
probedd with Mab N27 may be due to protein breakdown. 

HSPP 70 is a heterogeneous group of proteins consisting of five 
distinct,, but structurally and immunological!; -related proteins: 
(1)) a constitutive 73 kDa pi 5.5 protein, (2) a stress inducible 
722 kDa'pi 5.6 protein, (3) a stress inducible 73 kDa'pl 6.3 
protein.. (4) a constitutive 74- 78 kDa protein present in the 
endoplasmicc reticulum (glucose- regulated protein) and (5i a 75 
kDaa member present in mitochondria. Inducible hsp 70 proteins 
aree synthesized in response to a range of different stresses 
includingg heal shock, nutrient deprivation, exposure to mitogens 
andd oxygen radicals, metabolic disruption, and viral infection 
(I4J5.26.27.37--39).. The exact nature of the hsp 70 that is 
synthesizedd depends on the nature of the cellular stress, with some 
off  the hsps 70 being maximally synthesized after stimulation with 
lectinss (39). The 72 and 74 kDa proteins specific tor bovine IRBP 
peptidee 1169-1191 could he significantly enhanced in hoth rat 
andd human B cells following activation with LPS. l.PS is a potent 
stimulatorr of B cells and LPS-strmulated B cells have been shown 
too be highly efficient antigen-presenting cells (28). The induction 
off  binding proteins from the hsp 70 family ot' proteins may in 
factt contribute in part to this increased antigen-presenting ability. 

Thee faei that the BPs fail to bind to the noii-uveitopaihogcnic 
peptidee 1135 - 1157 with 23 amino acids but bind to 1169- 1 191 
(233 amino acid length), shows the specificity of binding of these 
BPss to the uveitopathogenic epitope 1 169- I 191. 

Thatt the binding of the 72 kDa. 74 kDa and 40 kDa proteins 
too the peptide I 169- 1191 affinity column is not the result of 
nonn specific binding to the Sepharose 4B column is demonstrated 

bvv our negative observations obtained hv passing the cell Ivsate 
throughh an activated Sepharose 4B column lacking peptide 
1169-- 1191 (Figure 4. lane 4). Specificity of binding is shown 
bvv passing the flow-through obtained from this column thiough 
aa peptide I 169 - 1 191 column and observation ot the protein 
bandss on the gel (Figure 4. lane H). 

Soo far. the role of hsps in autoimmune disease has heen thought 
too he restricted to their potent antigenic characteristics (37.40), 
However,, the present study suggests an active role for these 
proteinss in the induction of the immune response to auioanligens 
Thee abilnv of fragments trom autoantigens io bind to available 
hspp 70 proteins might make a given peptide sequence more or 
lesss immunopathogenic. Its abilit\ to be expressed on the cell 
surfacee and its abititv to interact with class II MHC may. in fact, 
bee critically dependent on the interaction with an hsp 70 
intermediatee huiding protein. The ease with which members of 
thee hsp 70 familv are induced under conditions ot cellular 
activationn might further influence the intensity of the immune 
responsee to an antigenic challenge. 

Futuree studies will include scaled-up experiment in order to 
isolatee the 72 kDa, 74 kDa and 40 kDa proteins in sufficient 
quantitiess for partial amino acid sequencing which will identilv 
thee familv or families of hsp proteins to which these proteins 
belongg and to determine the identity of the 40 kDa protein. 
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Abbreviations s 

HSP-heatt shock protein. IRBP—interphotoreceptor retinoid 
bindingg protein, LPS lipopolysaccharide. RAH—experimental 
autoimmunee uveitis, PBS—phosphate buffered saline, DMF.M-
CM—Dulbecco'ss modified eagle medium-complete medium, 
LBVV —Rpstein Barr virus, PBMC— peripheral blood mononuclear 
cells.. PMSF-phenyl sull'unyl fluoride. SDS-PAGF-sodium 
dodecyll  sulfate pol y aery lam idc gel electrophoresis. 
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