












































































































































































































































































immunoblot with MIF306i and MIF3037, respectively. The higher inrensity of the 24

kDa band in Del¡22 than HuIFN-1 reflected the increased amount of Del122 cell extract

loaded in the gel to compesant for the lower level of expression. The differential binding

property of MIF3037 to HuIFN-"y and Del122 suggested that MIF3037 recognized an

epitope (E3) located within C{erminal 21 amino acid residues (from residues #123 to

#143) of HuIFN-y. In summary, functional epitope E3 is located from residue #123 to

#i43 of HuIFN-y.

9, Mapping of E3 Epitope rvith Synthetic Octapeptide of HuIFN-y

In order to map the precise location of E3 epitope, MIF3037 was tested for its

reaction to the set of octapeptide homologs of HuIFN-1 in ELISA. The specificity of the

antibody-octapeptide reaction in ELISA was confirmed by positive reaction of anti-

Peptide A mAb with octapeptide "T-L-N-P-T-I-A-G" (Peptide A) and negative reaction

of the same mAb with octapeptide "L-A-P-T-I-A-G-K" (peptide B), The results were

plotted as desc¡ibed (Material and Methods). MIF3037 reacted with 2 consecutive

peptides, #130 and #131 (Figure 16). The ODa¡5 of the peaks was more than four times

higher than background. These results were obtained at least in 3 contiunous experiments.

These 2 consecutive peptides represent the E3 epitope recognized by MIF3037. This

epitope contained 9 amino acid residues ranged from #130 to #138. The sequence was

"Lysl30-Arg-Ser-Gln-Met-Leu-Phe-Arg-Glyl38". This domain contained three charged
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Figure 16. Epitope mapping of mAb recognizing E3 epitope with synthetic

octapeptide. MIF3037 is a mAb (IgM gpe) that recognized E epitope. This mAb was diluted

1:500 in carrier buffer. The specific reactivity of rhis mAb ro octapeptide homologs of HuIFN-

garûna was detected by HRP-conjugated goat anti-mouse (anti-IgA, -IgG and -IgM) IgG. The

absorbance at 405 nm was plotted against the octapeptide numbers, which were arranged according

to the sequence of HulFN-gamma.
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basic amino acid residues (1 Lys and 2 Arg), which made this region highly hydrophilic.

In summary' the functional epitope E3 was mapped to amino acid residues #130-13g.

According to the sequence of epitope E3, an oligopeptide (pepetide C) was

synthesized' The sequence ofPeptide c was "cys-Lysr28-Arg-Lys-Arg-ser-Grn-Met-

Leu-Phe-Arg-Gly-Atgt"", in which the cystine was added for coupring purposes and was

not part of the natural sequence of HuIFN-y. The interaction of peptide c to MIF3037

was detected with an indi¡ect ELISA. The polyclonal anti-denatured HuIFN-y serum

(P1F3003) was used as a positive control. MIF3061 which was known to bind to E'

epitope (residue 84-94), served as negative control. The inte¡action of peptide c with

MIF3061 produced a low absorbency (oDa65 < 0.05) equivalent to background

absorbency, which indicated a lack ofspecific peptide-antibody reaction (Figure 17). The

anti-denatured HuIFN-y polyclonal serum (pIF3003) reacted with peptide c in a dose-

dependent pattern, which suggested that a specific antibody_peptide reaction was

detectable in ELISA. MIF3037 reacted with peptide c in a simila¡ dose-dependent

pattem' The dose-dependent pattern ofthe reaction demonstrated by MIF3037 suggested

that Peptide C (Cys-Lysr28-Arg-Lys-Arg-Ser-Gtn-Met-Leu-phe-Arg_Gty_Argr3e¡ was

specifi cally recognized by MIF303 7.

As described previously, MIF3037 was a neutralizing mAb against epitope E3 of

HuIFN-y. An experiment was carried out to test if peptide c containing E3 seQuence

(residues 128-139) could brock neutralizing activity of MIF3037 in antiviral



Figure 17' The binding activity of MIF3037 to peptide c in ELISA. The peptide c
was absorbed on ELISA plate at 4"c ovemighr. MIF3061, MIF3037 and ¡abbit polyclonal

antibody PIF3004 were twofold serially diluted into ELISA plate to react with the absorbed peptide

C. The mAbs'and rabbit polyclonal antibody that specifically bound to the octapeptides were

detected by HRP-conjugated goar anti-mouse (anti-IgA, -IgG, -IgM) IgG and HRp-conjugated

goat anti-rabbit IgG, respectively. Subsequent colour ¡eaction was detected at 405 nm. The Aoo,

was plotted against the dilution of antibodies.
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Figure 18. Blocking effect of Peptide c to the neutralizing antiviral activity of
MIF3037. The neutralizing antiviral activity of MIF3061 (bottom) and MIF3037 (rop) were tesred

in the presence or absence of Peptide C. Twofold serially diluted MIF3061 (bottom) and MIF3037

(top) were i¡cubated wirh constant amount of peptide c (50 ug/nr_l) or pBS at 4"c for t hour

followed by incubation with HulFN-gamma at 4"C for another hour. The antigen-antibody mixrure

from this reaction was then transferred into the cell culture plate containing Aro, cells and processed

as standard antiviral assay. Results were expressed as percentage of protection comparing to that of

HulFN-gamma treated alid EMCV infected culture in the absence of any mAb (10070 protection).
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neutralization assay. A constant amount of Peptide C (5 ng per well) was pre-incubated

with serially diluted MIF3037 for t hour prior to incubation with a constant amount of

HuIFN-y (4 working units, Figure 18). MIF3061 (which did not r ecognize peptide C) was

processed in the same way to serve as a control group. In this experiment, antiviral

activity of HuIFN-y was neutralized by MIF3061 and neutralizing effect was not affected

by addition of Peptide C (Figure 18, bottom). However, neutralizing effect of MIF3037

was completely blocked by Peptide C under similar conditions (Figure 18, top). In

conclusion, this experiment has demonstated that neuhalizing activity of MIF3037 was

dependent on its specific binding to epitope E3 which was sequence "l3olys-Arg-Ser-Gln-

Met-Leu-Phe-Arg-Glyr38'' of HuIFN-"y.

10. Site-Directed Mutagenesis in E1 Epitope

Epitope E1 was mapped to ¡esidue 84-94 of HuIFN-y polypeptide. The sequence

of this domain was "Se¡8a-Asn-Lys-Lys-Lys-Arg-Asp-Asp-phe-Gln-Lyse4". In order to

characterize the functional roles of the E¡ epitope, modifications in the El epitope were

made by site-directed mutagenesis. Because all of the 8 anti-HulFN-y mAbs in the E¡

reacting group recognized the common sequence of ,'Lys86-Lys-Lys-Arg-Asp-Aspel',

experiments were designed to modiff each amino acid fiom ¡esidue #86 to #91.

The E¡ epitope was located between two unique restriction enzyme sites (Kpn I

and Csp45 l) in the recombinant HuIFN-y oDNA and the oDNA of Del122. Since E3
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epitope was functionally associated with E¡ epitope, Del¡22 was used as the parental

molecule in order to exclude any possible effect from the E3 epitope. Site-directed

mutagenesis at the designed amino acids were made by using random nucleotide

substitutions in the first nucleotide ofeach codon for amino acid residues #86-91. Thus,

mutations were introduced by the oligonucleotide prime in the primer extension reaction

using Del¡22 as a template (Figure 7).

10,1. Primer Extension and Restriction Digestion

Single stranded DNA (ssDNA) from recombinant phage clone of M¡3mp8/plaIFN

was extracted and the sequence of HuIFN-y oDNA was confirmed by DNA sequencing.

Single stranded DNA (ssDNA) of M13mp8/PlaIFN was used as a template and the

oligonucleotide that carried the mutations in codons for residues #86-91 was used as

primer in DNA primer extension reaction. The gJ2P-ATp was added into the reaction as

a tracer fot in vifto syntheses of dsDNA. Following the primer extension reaction,

synthesized dsDNA was digested by specific restriction en4lmes and then

electrophoresed on agarose gel for analyses. DNA molecula¡ weight markers (DNA 123

ladders in lane 2 and lamda Hind III in lane 6, Figure 19) which were endlabelled with 1-

32P-ATP were electrophoresed in parallel to serve as indicators for the migration of DNA

fragments (Figure 19). It was shown that synthesized dsDNA after primer extension (lane

1, Figure l9) had two major fragments, about 14 Kb and 8 Kb. After ¡estriction digestion

L04



Figure 19, Agarose ger erectrophoresis of DNA from primer extension.
Radiolabelled DNA materials were visualized by autoradiography. DNA from primer extension

(lane 1) was labelled by the incorporation of a-3zp-dATp during primer extension reaction. The

DNA synthesized ilurìng primer extension was subsequently digested by Kpn I (lane 4), csp45 I
(lane 5) o. kpn vcsp45 I (rane 3). sampres were roaded onto l.gzo agarose gel for
electrophoresis. Radiolabelled DNA molecular. weight markers (lane 2 for DNA ladder r23 anð.

lane 6 fo¡ lamda Hind III fragments) were run in parallel to serve as indicator fo¡ the migration rate

of DNA samples.
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with either Kpn I or Csp45 I, only one major band was shown (8 Kb in lane 4 and 5,

Figure 19). It was approximately the same size as M¡3mp8/P¡aIFN dsDNA (8.4 kb).

Since M¡3mp8/Pr4IFN DNA had only one restriction enzyme site for either Kpn I or

Csp45 I, the 8 Kb fragment must be the linea¡ DNA form after prime¡ chain extension and

14 Kb DNA band (lane 1, Figure 19) must represent the ci¡cular form of synthesized

dsDNA. After Kpn I and Csp45 I restriction digestion, another band appeared on the

agarose gel (lane 3, Figure 19). The size ofthis fragment was about 196 bp, which was the

Kpn I/Csp45 I fragment (196 bp) of HuIFN-y gene that canied mutations as designed.

10.2, Recovery ofthe 196 bp Kpn I/Csp45 I Fragment

Following restriction enzyme digestion with Kpn I and Csp45 I and subsequent

separation by agarose gel electrophoresis, the 196 bp Kpn I/CSp45 I fragrnent was

¡ecovered from agarose gel by electroelution with DEAE cellulose (type 52) column.

After purifring DNA by phenol/chJoroform/isoamyl extraction, DNA was

dephosphorylated by calf intestinal alkaline phosphatase (CIAp). The recovered DNA

was loaded again on agarose gel for electrophoresis and DNA bands were visualized by

autoradiography. Molecular weight markers (lamda Hind III) labelled with y-32p-ATp

were electrophoresed in parallel for estimation of DNA Íìagment size. The recovered

DNA was a single band of 196 bp (lane 2, Figure 20). Therefore, the 196 bp Kpn l/CSp45

I fiagment was recovered from agarose gel. This recovered Kpn I/Csp45 I fragment



Figure 20. Agarose gel electrophoresis of the 196 bp Kpn vcsp45 I fragment. The

196 bp Kpn vcsp45 I DNA fragment was labelled by incorporation of a-32p-dATp during primer

extension reaction and subsequently recovered from agarose gel. The ¡ecovered materia.l from

agarose gel was then loaded onto l.8va agarcse gel for electrophoresis and visualized by

autoradiography. R'adiolabelled DNA molecular weight marker of lamda Hind Itr fragment (lane 1)

was run in parâllel fo¡ the determination of DNA molecular weight.
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(196 bp) which carried mutations was subsequently used as the insert.for DNA ligation

reaction (Figure 20).

10.3. Enryme Digestion of Del122 and Recovery of Kpn I/Csp45 I Fragment

The Del¡22 dsDNA was extracted and digested with Kpn I and Csp45 I. DNA

samples after restriction enzyme digestion were loaded onto agarose gel for

electrophoresis. The molecular weight marker (lamda Hind III fragments) was run in

parallel for estimation of DNA molecular weight. Restriction digestion of Del122 with Kpn

I resulted in a single band of 4.6 kb, representing the linear form of Del¡22 plasmid (lane 1,

Figure 2l). When Del¡22 plasmid DNA was digested by Kpn I and Csp45 I, the DNA

band was slightly smaller than the linear form of the Del¡22 plasmid (comparing lane 2 to

lane 1, Figure 21), which indicated that a small Kpn I/Csp45 I ffagrnent (196 bp) was

removed from the plasmid. The large Kpn I/csp45 I fragment of Del¡22 had molecular

weight about 4.58 kb. This fragment contained the pJraRe vector and N- and c-termini of

the Del¡22 coding sequence.

The 4.58 kb Kpn I/Csp45 I band (lane 3, Figure 2i) was sliced out from agarose

gel and DNA was recovered from agarose gel using "Geneclean" kit from BRL. The

recove¡ed 4.58 kb Kpn l/csp 45 I fragment was used as vector for DNA ligation reaction.

10.4, Ligation of 196 bp Kpn I/Csp45 I Fragment into Del122 Vector

The I 96 bp Kpn l/csp45 I fragment from primer extension ¡eaction was labelled
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Figure 21. Agarose gel electrophoresis of Del,r, DNA digested rvith Kpn I &

csp45 I. Del,r, DNA was digested by Kpn I (lane 1) or Kpn vcsp45 r (rane 2 and 3) and

subsequently loaded onto l%o agatose gel for electropho¡esis. Molecula¡ weight marker (lamda

Hind III fragments) was run in parallel for the estimation of DNA molecular weight.
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by the incorporation of cr-32P-dATP during DNA syntheses. This ÍÌagment which ca¡ried

nucleotide substitutions was ligated to 4.58 kb Kpn I/Csp45 I vector fragment of Del¡22.

Since both fragments had Kpn I and Csp45 I cohesive ends, the 196 bp ftagment should

be ligated into vector (4.58 kb fragment) in only one orientation. The amount of DNA

insert to vector was adjusted to achieve molar ratio of one in the ligation reaction and the

reaction was catalyzedby Ta phage ligase. After the ligation reaction, an aliquot of DNA

(one tenth) was electrophoresed on agarose gel and the results were visualized by

autoradiograghy (Figure 22). The molecula¡ weight marker (lamda Hind III fragments) 5'

end-labelled with Y-32P-ATP and run on the gel as the marker in ligation reaction (Figure

22). Only the labelled DNA fragments could be visualized on the film. Two major bands

appeared on the autoradiograghy in Figxe 22. The first band had a molecula¡ weight of

4'6 Kb (same molecular weight as linear molecule of Del122 plasmid). The second band had

a migration rate between 13 to 15 Kb, which was the ci¡cula¡ form of the ligated plasmid

DNA.

10.5. Transfection of Ligated DNA into llost Cells

The ligated DNA was transfected into host E. coli strain H8101. The transfected

E. coli was grown on LB plates containing tehacycline to select clones containing

recombinant plasmid. About 500 clones were obtained in this transfection. In each

transfected clone, there were 2 types of plasmid, a wild type derived from the template



Figure 22. Agarose gel electrophoresis of DNA after rigation reaction. The amount

of 196 bp Kpn vcsp45 I fragment from primer extension reaction and 4.6 kb Kpn vcsp45 I
fragment from Del,r, were adjusted to equal molar. onry the 196 bp Kpn vcsp45 I fragment was

radiolabelled. Ligated DNA sampre (Ìane i) was loaded onto lvo agarose ger for erectrophoresis.

The labelled DNA molecular weight marker (tamda Hind III fragmenr) was run in parallel for the

determination Òf DNA morecura¡ weight. DNA bands were visuaìized by autoradiography.





and a variant type from the primer extension of the oligonucleotide primer. In o¡der to

separate these two types of plasmids, all clones were collected and pooled. DNA

extracted from pooled E. coli was transfected again into E. coli strain H8101 and the

transfected cells with recombinant plasmid were selected by growing on LB plate

containing tetracycline. These clones were collected and stored. subsequently, each clone

was growrl from this stock and DNA of the clones was sequenced to screen for

mutations.

10.6. DNA Sequencing of Selected Clones

The clones were grown from the frozen stocks on LB plate medium. Each clone

was picked up from the plate and grew in TB medium overnight. DNA was extracted and

sequenced by using dsDNA cycle sequencing system (BRL).

Based on the sequencing results, three clones were found to have mutations at the

designed sites. The sequences of the parental DNA and 3 variant clones were showed in

Figtxe 23-26, respectively. The DNA sequence showing the specific nucleotide

substitutions a¡rd the corresponding changes in the polypeptide sequence were

diagrammatically shown in Figure 27. The 3 variant clones were named Kg6e, Kg7E,

K88Q according to sequence changes in the polypeptide. In K86e, the first nucleotide A

of codon AAA for Lys86 was substituted by c to form the new codon cAA for amino

acid Gln86 (Figure 24 ønd 27).In clone K878, the first nucleotide A of codon AAG fo¡

Lys87 was substituted by G to form the new codon for amino acid GluEi (Figure 26 and

L1-2



Figure 23 Nucleotide sequence of Del,rr. DNA was sequenced with the dsDNA cycle

sequencing system (BRL). The lane A, c, G, and r represent the chain termination of the

sequencing reaction at base A, c, G and r, respectively. The DNA sequence encoding for amino

acid ¡esidues #85-93 are shown in the f,rgure.
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Figure 24. Nucleotide sequence of KB6e. DNA was sequenced with rhe dsDNA cycle

sequencing system (BRL). The la¡re A, c, G, and r represent the chain termination of the

sequencing reaction at base A, c, G and r, respectively. The DNA sequence encoding fo¡ amino

acid residues #85-93 are shown in the figure. The substituted nucleotide was underlined in the

sequence.
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Figure 25. Nucleotide sequence of KB7E. DNA was sequenced with the dsDNA cycle

sequencing system (BRL). The la¡re A, c, G, and r represent the chain termination of the

sequencing reaction at base A, c, G and r, respectively. The DNA sequence encoding for amino

acid residues #85-93 are shown in the figure. The substituted nucleotide was underlined in the

sequence.
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Figure 26. Nucleotide sequence of K8Be. DNA was sequenced with the dsDNA cycle

sequencing system (BRL). The lane A, c, G, and r represent the chain termination of the

sequencing reaction at base A, c, G and r, respectively. The DNA sequence encoding for amino

acid residues #85-93 a¡e shown in the figure. The substituted nucleotide was underlined in the

sequence.
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Figure 27. Amino acid residue substitutions in clone Kg6e, K8TE and Kgge. The

substitutions in the nucleotide and amino acid sequences of Kg6e, KSTE and Kgge are

underlined.



Del-122 84 85 86 87 88 89 90 9L 92 93 94
AÀ sequence: S N K K K R D D F E K
(+) strand: 5'- AGC eeC eee aeC eea CCt Car GAC TTC GAA ÀÀG

Csp45 I

K86Q:
SNQKKRDDFEK

5'- ÀGC AAC C.AÀ ÀAG AAA CGT GÀT GAC TTC GA.A AAG

K87E:
SNKEKRDDFEK

5'_ ÀGC AÀC AÀA GAG ÃÀA CGT GAT GAC TTC GAA AAG

K88Q:
SNKRQRDDFEK

5.- AGC AÀC AÀÀ ÀAG CAA CGT GAT GÀC TTC GAÀ AÃG



27).In clone K88Q, the first nucleotide of codon A,d{ for Lys88 was substituted by C to

form the new codon CAA for GInEE (Figure 25 and 27).

11. Analyses of Variant Clones rvith Western Blot

The expression of the variant HuIFN-1 polypeptides in K86Q, K878, KSBe

clones was examined by Westem blot analyses. The expressed polypeptides were

detected by immunoblotting with polyclonal antibodies PIF3003 against denatured

HuIFN-1. This antibody (P1F3003) was absorbed with E. coli host cell proteins prior to

the reaction,

The specific reactions of these polypeptides with anti-HulFN-y antibody were

shown in Figure 28. The protein extracts of pJ¡aRe host cell which did not carry the

HuIFN-y cDNA were not recognized by PIF3003 (lane 5, Figure 28). A 14.4 kDa

polypeptide (same molecular weight as predicted fiom the sequence of Del¡22) was

detected by anti-HulFN-y antibody PIF3003 in K86Q, K87E, KSSe as well as Del¡22. In

conclusion, this experiment has demonstrated that each of the variant clones (Kg6e,

K87E and K88Q) expressed a polypeptide similar in size as that of Delrzz.

12. Specific Antiviral Activity of K86Q, K87E and K88Q.

Polypeptides of K86Q, K87E and K88Q were purified by immunoaffinity

chromatography. Del122 polypeptide was also pur.ified for comparison of the specific



Figure 28. Western blot analyses of HuIFN-g variants K86e, KBTE and K88e.

Whole cell lysate from Del,r, (lane 1), K86Q (lane 2), K87E (lane 3), K88e (la¡e 4) and the hosr

cell without ¡ecombinant HuIFN-g gene (lane 5) were dissoived in 1 x sample buffer and loaded

on líVo SDS poljacrylamide gel for electrophoresis. The proteins on the gel were tra¡rsfened

electrophoreticãlly to the nitrocellulose membra¡e and blotted with polyclonal rabbit antibody

PIF3003 (1:500 diluted). The specific anrigen-antibody binding was detecred by HRp-conjugared

goat anti-rabbit IgG (i: 1000 diluted).





Figure 29, SDS-PAGE analyses of purified proteins from K86Q, K87E, K88Q

and Del,r, clones. Purified polypeptides of Del,r, (lane 4), K86Q (lane 3), K87E (lane 2) and

K88Q Gane 1) were precipitated by 107o TCA and run on 15 7o SDA polyacrylamide gel. The

molecular weight markers (lane 5) were run in parallel for the estimation of molecular weight of the

purified proteins.





activity. The purity of the proteins was estimated by SDS-PAGE and subsequent

staining ofproteins, In Figure 29, each samples from K86Q, K87E and K88Q clones (lane

3, 4 and 5, Figure 29) showed a I4.4 l<Ða band with the same molecular weight as

thepolypeptide of Del¡22 (comparing lane 2 to lane 3, 4,5) on the gel. Although there

were some other proteins shown on the SDS-PAGE, the 14.4 kDa band represented at

Ieast 90%o of the total proteins.

The concentration of the purified proteins was estimated by 4nt16og1¿

adsorption micro-assay (Schaffrrer & Weissmarur, 1973). The antiviral activities were

determined by standard antiviral assay as described. The specific antiviral activity was

then calculated based on the amount of antiviral activity yielded by one mg ofthe purified

proteins (Table 5).

In summary, three HuIFN-y variants, K86Q, K87E and K88e were cloned and

the expression of these variant polypeptides were confìrmed by Westem blot. All three

mutant molecules had antiviral activity. since the va¡iation of ærtiviral assay was usually

2 times ofthe detected activity, the specific activity ofK86Q (2.1 x 107) and K87E (2.9 x

107) were not significantly different than that of Del¡22 (z.g x 101). The specific antivi¡al

activity of K88Q was about 4 time lower than that of Del¡22.

L21



Table 5. Comparsion of antiviral specific activities of Del¡22, K86Q, K87E and K88Q,

clones De1r22 K86e K8?E KSBQ

specific
activity (IU,/mg) 2.9 x 10? 2-1, x aO? 2.9 x L01 ?.0 x 106

The respective HuIFN-y variant molecules were purified by immunoaffinity chromatography and
the antiviral sþecific activity were expressed as NIH reference unilmg protein.
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CHAPTER IV

DISCUSSION



HuIFN-y is secreted by lymphocytes when they are stimulated by antigens or

mitogens. it has multiple biological functions such as antiviral, cell growth inhibitory and

immunomodulatory activities (Pestka, et al., 1987). The functional form of HuIFN-y is a

homodimer under physiological conditions. Each monomer is a polypeptide containing

143 amino acid residues. The activities of HuIFN-y a¡e elicited through the specific

binding of HuIFN-1to cell surface receptors (Farrar et al., 1993). Although the structure

and the functions of HuIFN-y have been extensively studied, tlte structure-functional

relationships of HuIFN-y have not been fully characterized and the functional domains of

HuIFN-y have not yet been identified. The purpose ofthe present study is to localize and

characfenze the functional site(s) of HuIFN-y. This study may have the following

biological and medical ituplications: i.) it may help to understand the biological process of

HuIFN-y mediated effects and 2.) it may offer valuable information for the modification

ofHuIFN-l which is a potential therapeutic agent for viral infection and cancer.

The fi.uctional sites of a protein are defured as parts of the molecule that are

involved directly in the biological functions. The biological functions of a protein are

usually dependent on its tertiary structure. Generally, hydrophobic portions of a

polypeptide are folded inside the molecule to form the core of a protein, while

hydrophilic portions of the polypeptide are exposed on the sutface. The amino acid

residues in the core of a protein are often critical in maintaining the tertiary structure,
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while the residues on the surface are important for interaction with other moìecules

(Geysen et al., 1987). Therefore, functional sites are usually located on protein surface.

Certain types of functional sites or functional domains, such as "zinc fingers', for DNA

binding (Pabo & Sauer, 1984), "SH2, SH3 " phosphorylation domains for ryrosine kinase

(Waksnran et al, 1992) and "Arg-Gly-Asp" domain for the binding of cell matrix adhesion

proteins (Pierschbacher, 1987) are shared by many proteins. These structural motifs a¡e

easily recognized because they exist in many proteins with similar functions. The

structure-functional relationships of these functional domains have been well

characterized. However, many proteins (such as HuIFN-y) do not have an identifiable

functional domain in the polypeptide sequences. In such a case, searching fo¡ functional

sites requires an experimental approach.

In our laboratory, 2l neutralizing anti-HuIFN-1 mAbs were previously developed

and cha¡acterized (Alfa & Jay, 1988). All of these mAbs could neuüalize the antiviral

activity of HuINF-y. According to the degee of cross-reactivities in their binding to

HuIFN-y, these mAbs were classified into three reacting groups, 81, E2 and E¡Æ2 reacting

groups. Eight mAbs recognized the E1 epitope specifically, while another g mAbs

recognized the E2 epitope (Alfa et al., 1988). Thus, HuINF-1 had at least two functional

epitopes (E¡ and E2 ). Because mAbs in either E¡ or E2 reacting group were able to

neutralize the a¡rtiviral activity of HuIFN-1, E¡ and E2 epitopes must be functional

epitopes. All of the 21 neutralizing mAbs developed in ou¡ laboratory have also been
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tested for their capacify to block the binding of HuIFN-1 to cell su¡face receptor. None

was found to be able to block the binding of HuIFN-y to its receptor (Alfa & Jay, 1988).

Therefore, E¡ and E2 fi¡rctional epitopes were not involved in receptor binding.

Although E¡ and E2 epitopes were identified, the location and sequence of E1 and

E2 epitopes were not localized and characterized. In order to map the functional epitopes

ol HuIFN-y, a series of overlapping octapeptides were chemically synthesized to

represent the polypeptide sequence of HuIFN-y. Each of the octapeptides contained 8

amino acid residues with one amino acid shifting for each consecutive octapeptides.

HuIFN-y polypeptide (143 amino acid residues) was represented by a set of i36

overlapping octapeptides. Any specific interaction between octapeptides and anti-

HUIFN-1mAbs would represent the special interaction between conesponding sequences

of HuIFN-y with the mAbs. Thus, epitopes recognized by mAbs could be mapped wiwth

an accuÍacy of a single amino acid.

The E¡ functional epitope was mapped by measuring the reactivity of 8 mAbs in

E¡ reacting group to the octapeptide homologs of HuIFN-y. The mAb-octapeptide

interaction was quantitated by a modified ELISA as described in Materials and Methods.

Among 8 mAbs in the E1 reacting group, MIF3009, 3015, 306I,3074,3075 a¡d

MIF3I52 all recognized four consecutive octapeptides #84-88 (Figure 9). MIF308i

reacted with one octapeptide #84 and MIF3169 recognized five consecutive octapeptides

#84-89 (Figure 9). The sequence deduced fiom the peptides #84-89 represented E¡
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epitope. Therefore, E1 functional epitope was mapped to amino acid residues #84-94 of

HuIFN-y (Figure 9).

It was previously sliown that nAbs 698.J, 1138.i and 220Af2J developed by

Kelde et al. (1986) could neutralize antiviral activities of HuIFN-"y. The cross competitive

binding analyses of 698.J, 1138.J and 220A12.J with MIF3009 (Er mAb) from our

laboratory revealed that these mAbs recognized the same epitope as MIF3009 (Kwok et

al., 1993). Thus, mAbs 698.J, l13B.J and 220A12.1 also belong to the E¡ reacting group

of mAbs (Table 4). The sequences recognized by 69B.J, 1i3B.J and 220A12.J must be

within E¡ domain or at least, overlapped with E1 domain (residue 84-94) of HuIFN-1. The

sequence ofthe E1 epitope was "Ser8a-Asn-Lys-Lys-Lys-Arg-Asp-Asp-Phe-Glu-Ly.no".

This domain contained a basic tetrapeptide element "Lys86-Lys-Lys-Arg8e" ' the middle

of the sequence followed by two acidic amino acid "Aspe0-Aspet" and a basic residue

"Lyse4" at the end. Other residues Sere, Asn8s and Glue3 have noncharged polar side

chains. These amino acid residues with charged and noncharged polar side chains make the

E¡ domain very hydrophillic. Thus, E¡ epitope should be exposed on the surface of

HuIFN-1. According to the x-ray crystallographic structure, HuIFN-1 consisted of 6 cr-

helices (from A to F) and 5loops between these helices (Figure 3). The fìrst th¡ee amino

acids "Ser8a-Asn-Lys86" in the E1 domain was part of the loop between helices D and E.

Other ¡esidues in E1 domain "Lys87-Lys-Arg-Asp-Asp-Phe-Glu-Lysea" were within s-

helix E (Figure 3). It was shown that E¡ domain was su¡face exposed in the x-ray



crystallographic structure nodel of HuIFN-y @igure 3). None of the residues in E¡

domain was shown to be involved in the dimerization of HuIFN-y (Ealick et al., 1991).

According to previous studies in our laboratory, the E2 functional epitope was a

tertiary structure dependent epitope of HuIFN-1 because all of the mAbs in the E2

reacting group were unable to react with the SDS denatured HuIFN-y (Alfa & Jay, 19gg).

Two mAbs (MIF3055 and MIF3070) in the E2 reacting group were chosen to represent

this group of mAbs in the reaction to octapeptide of HuIFN-y. No specific antibody-

peptide binding was detected when MIF3055 or MIF3070 was incubated with the

peptides homologs of HuIFN-y. Therefore, our result confirmed that the E2 fi.rnctional

epitope was a teftiary structure-dependent domain and could not be detected with the

epitope mapping method used in this study. Similarly, the epitope recognized by the

mAbs of E1lE2 reacting groups was also shown to be tertiary-structure dependent because

all of the mAbs in E1Æ2 reacting group were unable to react with SDS denatured HuIFN-"y

(Alfa &, Jay, 1988). Our experiment showed that MIF3094 (a mAb in E1þ reacÍng

group) did not have any specific reactions with the synthetic octapeptides, which also

confirmed that epitope recognized by mAbs in E¡Æ2 reacting group was tertiary-structure

dependent (Figure 11). Thus, the epitope recognized by the E¡Æ2 reacting group ì¡r'as not

localized with this epitope mapping method.

MIF3037 is an anti-HulFN-y mAb of IgM type. It has been previously shown

that MIF3037 did not have any cross-reactivity with mAbs which recognized the E¡ and
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E2 epitopes (Kowk et al., 1993). Hence, the epitope recognized by MIF3037 must be

different from E1 and E2 epitopes (Kowk et al., 1993). The present study demonstrated

that MIF3037 neutralized the antivi¡al activity of HuIFN-y in a dose dependent mamer

(Figure 12). Therefore, another functional epitope recognized by MIF3037 was identified

and was named E3 epitiope. MIF3037 was shown to react with SDS denatured HuIFN-y

in Western blot, but did not react with Del¡22 which was a HuIFN-1 mutant without the

C-terminal 21 amino acid residues (Figure 15). Thus, the Western blot analyses suggested

that E3 epitope recognized by MIF3037 was a linear epitope located in C{erminal 21

amino acid residues of HuIFN-1. Based on its reactivity with synthetic octapeptides,

MIF3037 specif,rcally recognized two consecutive octapeptides #130 and #131, which

represented residues #130-138 of HuIFN-y (Figure 16). It was found that MIF3037

recognized the soluble peptide (residue 128-139) which contained the E3 sequence @igure

17). This soluble peptide (residue 128-139) was shown to inhibit the neutralizing activity

of MIF3037 in an antiviral assay @igure 18). Thus, the E3 epitope was mapped to

residue #130 to #138 of HuIFN-y. The sequence of E3 epitope was ',Lysr30-Arg-Ser-Gln-

Met-Leu-Phe-Arg-Gly138". According to x-ray crystallographic structure of HuIFN-"y, E3

epitope was a random coiled structure following a-helix F and was exposed on the surface

of HuIFN-1 @igure 3). None of the amino acid residues in E3 epitope was involved in

maintaining the tertiary shucture of HuIFN-1or formation of the homodimer of HuIFN-1



(Elick et al., 1991)

Based on the fact that MIF3037 was a neutralizing mAb, we concluded that the E3

epitope (residue #130-138) was a fìnctional epitope. However, Del¡22 (a HuIFN-y

mutant lacking C-te¡minal 21 amino acids) was functional, although its antiviral activity

was 3-10 times lower than that of wild type HuIFN-y. Thus, E3 epitope was not essential

but yet required for the full antiviral activity. This unique characteristic of being a

functional but nonessential epitope suggested that E3 epitope was a redundant functional

domain. The redundancy of E3 epitope was also supported by the kinetic studies of the

neutralization activity of MIF3037. MiF3037 (E3 mAb) neutralized antiviral activity of

HuIFN-y in a dose dependent manner similar to other mAbs, such as MIF3061 (Er mAb)

a¡d MIF3055 (82 mAb) (Figure 13). However, MIF3037 was not able to completely

neutralize the antiviral activity of HuIFN-1 even at the vast excess of mAbs. Using 4

woking units of HuIFN-y, about 25-35%o residual activiþ'of HuIFN-y was detected when

the binding of MIF3037 to HuIFN-y was saturated (Figure 13). However, as the

concentlation of HuIFN-y increased, the residual antiviarl activity at excess amount of

MIF3037 increased proportionally. This was not obse¡ved with other mAbs in E¡ and E2

groups. This observations is consistant with the fact that E3 epitope is a redundant signal.

Because the E3 functional epitope was redundant, there may be another domain in

the sequence of HuIFN'y which could replace or compensate the function of the E3

epitope. We found that both E1 and E3 epitopes contained several basic amino acid
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residues in their sequences. There was a basic tetrapeptide element "Lys86-Lys-Lys-

Arg8e" within E¡ domain. The first two amino acid residues in E3 domain were "Lysl3o-

Argl3l". Together with two basic amino residues 'rlysl28-Argl29" immediately upstream

fi'om E3 domain, it also formed a basic tetrapeptide element "Lysl28-Arg-Lys-Argr3r ".

Based on sequence similarity and redundancy ofthe E3 epitope, we hypothesized that E¡

and E3 epitopes had similar effects on the function of HuIFN-y.

In order to test this hypothesis, neutralizing activities of MIF3061 @r mAb),

MIF3055 (82 mAb) and MIF3037 (E3 mAb) were analyzed in various combinations. It

was shown that the E¡ and E2 mAbs combination (MIF3061 and MIF3055) or the E2 and

E3 mAbs combination (MIF3055 and MIF3037) had additive neutralizing activity (Figue

14). However, combination of the E¡ and E3 mAbs (MIF3061 and MIF3037)

demonstrated an 100 fold increase in the neutralizing antiviral activity when compared to

the that of each mAb alone (MIF306i or MIF3037) (Figure 14). The synergistic effect of

E¡ and E3 mAb suggested a functional association ofE¡ and E3 epitopes and supported

our speculation that the E¡ and E3 epitopes had similar functions.

In our search for similar sequences in other proteins, we found that the sequence

"Lys86-Lys-Lys-ArgEe" and "Lysr28-Arg-Lys-Argl3l " resembled 2 types of functional

domains. The first type was "Lys/Arg-X-Lys/Arg-Arg/Lys" (X represents any amino

acid other than Lys and Arg), which was a consensus cleavage site for the subtilisin

protease farnily (Rawlings and Banett, 1994). The subtilisin protease family is a group of

serine endopeptidases that exist in both eucaryotic and prokaryotic cells (Rawlings and
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Banett, 1994). In mammalian cells, subtilisin proteases (PC1, PC2 and fi.uin convertases)

were shown to function as the pro-p¡otein and prohormone convertases which cleaved

pro-protein or pre-hormone at peptide bond after two basic amino acid to release the

functional protein or hormone. Seidah and Chretien (1994) showed that PCl and PC2

proteases could cleave pro-renin, pro-enkephalin and pro-insulin to release the hormones.

The cleavage site in all cases was found to be the peptide bond after a pair of basic amino

acids (Lys and Arg). The recognition site of mammalian convertases was "Lys/Arg-X-

Lys/Arg-Arg/Lys" (consensus sequence of subtilisin proteases) for furin convertase or

just a pair of basic amino acids, such as "Lys-Lys", "Lys-Arg", "Arg-Lys" and "Arg-Arg"

for PCl or PC2 (Seidah and Chretien, 1994). The basic elements in E¡ and E3 epitopes of

HuIFN-y is also resembled the consensus cleavage sequences of subtilisin protease. It has

been demonstrated that\ mouse IFN-1 was cleaved by proteases intracellularly after

intemalization of the ligand-receptor complex. However, the nature of the specific

proteases and the cleavage site on HuIFN-y were not identified (Fanar et al., i991). it is

not clear the cleavage of HuIFN-y was also a necessary step for the dissociation of

HuiFN-1from its receptor as in the case for the mouse system (Farrff et al., i991). Thus,

sequences "Lys86-Lys-Lys-Arg8e" and "Lysl28-Arg-Lys-Argl3l " could serve as the

protease cleavage sites ofintracellular digestion and activation of HuiFN-"y. Based on this

hypothesis, the E1 and E3 mAb mediated neutralizing activity could be related to the

interference with protease binding to the cleavage sites on HuIFN-y which could prevent
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the putative activation of HuIFN-1.

Nuclea¡ localization signal Q.ILS) was the second type of functional dornain

similar to the basic elements of E¡ and E3 epitopes. A Nuclear localization signal is

usually a short stretch of basic amino acids that directs transportation of protein from

cytoplasm into the cell nucleus. A comparison of the NLS from different proteins is

shown in Table 6. A typical NLS consists of a series of basic amino acid residues (Lys

and Arg). The NLS of SV40 T antigen " Pro-Lys-Lys-Lys-Arg-Val,' have been

extensively studied (Kalderon et al., 1984a). It was found that the NLS could function

autonomously (tertiary structure independent) because it directed nuclear localization

when it was translocated to other parts of SVa¡ T antigen or cloned into cytoplasmic

proteins (pyruvate kinase and bacteriai p-galactósidase) (Kalderon et al., 19g4b).

substitution of the amino acids in NLS of sv40 T antigen suggested that all residues

except lysine in the second position could be substituted independently without losing

the nuclear localization function (Kalderon et al., 1984a). Some proteins, such as steroid

hormone receptors had 2 or more nuclear localization signals elollenberg et al., 1985). It

was shown that one NLS was essential for nuclear localization, but two or more NLS

usually had higher efficiency (Guiochon et al., 1989). Based onthe known NLS sequences,

a consensus sequence for the NLS was deduced (Table 6). The NLS usually has two

consecutive basic residues at position 1 and,2 (second was always lysine). It was

followed by at least 1 and up to 3 basic residues in position 3-5 with no more than one
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Table 6. The comparison of amino acid sequences of NLS in various proteins and the
putative NLS in lFN-gamma of different species.

PROTEIN SPECIES LOCÀTION SEQUENCE REFENCE

progesLeron Human 637-642 R K F K K Misrahi, 1987
receptors Rabbit 638-643 R K F K K Guiochon, 1989

' Chicken L59-f64 R { L K---X conneely, 198?

Àndrogien ' Human 256-26L R K D R R chang, 1988
receptor Rat 261-266 R K D R R Chang, 1988

Glucocorticoid
receptor Human 497-499 B__K T K KKIS Hollenberg, 1985
1985

Rat 498-506 B_---( T K KKIK Picard, 1987
Mouse 510-519 B_-K T K KKIK Danielsen, 1986

Mineralocort icoid
receptor Hunan 673-6'78 R K S K K Arríza, 1,98'1

Thyroid Hormone
receptor , Huran 130-133 K RK Benbrook, 1987

vitamin D

receptor Human 102-105 K R K Baker, 1988

SV-40 T-antigen Virus f21-1-32 R K Kalderon, 1984

Poll¡merase basic
protein 2 Virus 736-'140 K RK B MukaigawaL, 1991

CONSENSUS SEOUENCE K/R K K/R K/R K/R

IFN-ganma Human 86-89 K KK R

128_131 GK RK R

Bovine 1,21-f3f RK RK R

Rat L21-f3f RK RK R

Mouse L2'1-!3L RK RK R

single letter amino acid codes are used, lysine and arginine are underlined.

135



nonbasic residue separating them from the first two basic residues (Table 6). Based on the

consensus sequence for NLS, the sequence "Lys86-Lys-Lys-Arg89" in E1 epitope and

"Lysr28-Arg-Lys-Argl3l" in E, epitope meet the criteria as nuclear localization signals.

It was not clea¡ whether the sequences "Lys86-Lys-Lys-Arg89" and "Lysl28-Arg-

Lys-Argl3r" of HuIFN-1were protease cleavage sites or NLS sequences. In order to test

these 2 hypotheses and to determine the critical residues for HuIFN-y function, we

substituted some amino acid residues in the E1 domain by using site-directed mutagenesis.

The sequence modifications were made in Del¡22 molecule to exclude any posssible effect

from E3 domain. In the E¡ epitope, the sequence "Lys86-Lys-Lys-Arg-Aspe0" was a

common binding site for all of the eight mAbs in the E¡ reacting group and contained basic

amino acid residue "Lys86-Lys-Lys-Arg8e". Our Experiment was designed to substitute

amino acids from residue #86 to #90. Three clones (K86Q, K87E and K88Q), each

containing single amino acid substitution in E¡ sequence were made (Figure 28). The

ami¡o acid residue Lys86, Lys87 and Lys88 were substituted by Gln, Glu and Gln in the

respective clones. The side chains of glutamate and glutamine were both hydrophillic,

although the glutamine did not carry a negative charge. In each mutant clone (K86Q, K87E

or K88Q), a positive charged side chain of Lys was changed into a neuúal or negative

charged side chain (Figure 24-26 and Figrue 30). According to the model of x-ray

crystallographic structure, the residue Lys86, Lys8? and Lys88 were part of B-loop
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structure exposed on the surface of HuIFN-y @lick et al., 1992). The substitutions i¡

Lys86, Lys8i and Lys88 were unlikely to cause a significant change in the tertiary structure

of HuIFN-y because these th¡ee residues were not involved in maintaining the tertiary

structure. All of the mutant clones (K86Q, K87E and K88Q) were shown to express the

specific polypeptides detected by anti-HulFN-y antibodies in Westem blot (Figure 2B).

The polypeptides expressed by the three mutant clones were subsequently purified by

immunoaffinity column coupled with MIF3052 (E2 mAb). Since MIF3052 recognized a

tertiary structure-dependent epitope (E2), its ability to bind the nutant proteins suggest

that the 3 mutant proteins (K86Q, K87E and K88Q) did not have major changes in the

tertiary structure. All of the 3 variant clones, K86Q, K87E and K88e had antiviral

activity (Table 5), indicated that Lys86, Lys87 and Lys88 when replaced singly were

insuffrcient to abolish the antivi¡al activity of HuIFN-y.

According to the previous studies of NLS, Lys in the second position of NLS

sequence was essential for the function of NLS. In the clone K87E, Lys87 was in the

second position of the putative NLS "Lys86-Lys-Lys-Arg8e,, in E1 epitope. However,

antiviral activity of the K87E clone was not different from that of the parental Dei¡22

molecule, suggesting that function of HuIFN-y was not disrupted in mutant clone K87E.

Thus, the cha¡acteriz¿tion of K87E did not support the "NLS,, hypothesis of E¡

functional epitope.

As mentioned previously, sequences ,'Lys86-Lys-Lys-Argte" of the E1 epitope



and "Lysl28-Arg-Lys-Argl3l" in E3 epitope fit into the consensus cleavage sequence of

protease ofthe subtilisin family. It has also been shorvn that protease cleavage of HuIFN-

1 intracellularly was required for the dissociation of HuIFN-y from its receptor and

subsequent inÍacellular recycling of receptor (Fanar et al., i99l). Although the specific

cleavage site(s) have not been identified, sequences "Lys86-Lys-Lys-Arg8e" in the E,

epitope and "Lysr28-Arg-Lys-Argl3l" in the E3 epitope were potential sites for

intracellular protease cleavage of HuIFN-y. The recognition site for subtilisin proteases

was not disrupted in mutant molecules of K86Q, K87E and K88Q. The sequence ',Lys86-

Lys-Lys-Arg8e" after substitution in Lys86, Lys87 and Lys88 still have a paired basic

amino acid residues. These paired basic amino acids could be recognized by PCl, pC2 or

other memebers of convertase in mammalian ce1ls. Substitutions of Lys86, Lys87 and Lys88

in this project were not sufficiently different f¡om the consensus sequence to determine if

the sequence "Lys86-Lys-Lys-Arg8e" in E, functional epitope may function as a protease

cleavage site for the intracellular digestion of HuIFN-1.

In summary, a study in the structu¡e-functional relationship of HuIFN-y was

carefully designed and ca¡ried out. The E¡ functional epitope recognized by 8 anti-

HuIFN-y mAbs was rnapped to sequence "Ser8a-Asn-Lys-Lys-Lys-Arg-Asp-Asp-phe-

Glu-Lysea" of HuIFN-y. A novel functional epitope E3 was identified by MIF3037. The

E3 epitope was also mapped to sequence "Lysr30-Arg-Ser-Gln-Met-Leu-phe-Arg-Glyl38".

The sequences of functionai epitope E¡ and E3 \,vere both highty hydrophilic and were
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exposed on the surface of HuIFN-y, according to the x-ray crystar structure. comparison

ofthe kinetics ofthe neutralizing effect mediated by different mAbs indicated that the E¡

mAb (MIF3061) induced a complete inactivation to the antiviral activity of HurFN-y,

while E3 mAb (MIF3037) induced an incomplete inactivation. Since Del¡22 which did not

have the sequence ofE3 epitope had 3-10 ford rower antivirar activity than that of wild

type HuIFN-1, E3 epitope appears to be a functional but nonessential domain. Analyses

ofthe functional relationship ofthe E¡, E2 and E3 epitopes indicate that the combinations

of E¡Æ3 had synergistic neutrarization activity, wlúre E1/E2 mAbs or E2lE3mAbs had onry

additive neutralizing activity. This synergistic effect indicated that there was functional

association between E¡ and E3 epitopes. A basic element "Lyss6_Lys_Lys_Arg8e,, was

found in E¡ epitope' A similar element "Lyst28-Arg-Lys-Argr3l', was also present on the

N-terminal junction of E3 epitope. Based on the the sequence comparsion to other we

defined functional in other proteins, it is hypothesized that E¡ and E3 epitopes may

functions as nuclea¡ locarization signals. in an attenpt to test these hypotheses, amino

acid ¡esidues Lys86, Lys87 and Lys88 (within E¡ epitope) were substituted by amino acids

Gln, Glu and Gln, respectively. All three variant clones Kg6e, K8TE and Kgge,

respectively, expressed the specific polypeptides and had antiviral activity. The specific

antiviral activity of K86e and KSTE were not significantly different (within the limit of

the sensitivity of the assay) ûom that of parental morecule Del¡22. The specific antiviral

activity of K88Q was about 4 times rowe¡ than that of Del¡22. Thus, each individuar



residue ofLys86, LysET and Lys88 was not critical fo¡ the antiviral activity of HuIFN-y.

Baed on the studies of Kalderon et al. (1984) on the Íì¡nctional contribution of ecah of the

basic residue within the SVa6 T antigen NLS, the second basic residue of the NLS

sequence is essential for the nuclear translocation function. In our study, the substitution

in Lys67 (second position of the putattive NLS in E1 epitope) with Gln did not affect the

specific antiviral activity. This result suggested that E1 epitope is unlikely to function as

NLS. In examining the second hypotheses that the E¡ functioned as protease cleavage site,

we found that the sequence of "Lys86-Lys-Lys-Arg86" after substitution in either Lys86,

Lys87, or Lys88 still had a paired basic amino acid (Lys-Lys or Lys-Arg) which could be

recognized by intracellular proteases such as PCl, and PC2 convertases or other similar

proteases. Since i¡tracellular cleavage of HuIFN-1 was a required process for eliciting the

activity of HuIFN-y, sequences "Lys86-Lys-Lys-Argt0" ' El epitope and ,,Lysl28-Arg-

Lys-Argr3r" in E3 epitope may serve as cleavage sites for the intracellula¡ digestion of

HuIFN-y.

Based on our investigation, fur'ther studies for the structure-functional relationship

of HuIFN-y should be concent¡ated on the following aspects. The fi¡st is to search and

map the receptor binding site of HuIFN-1, which is essential for the activity of HuIFN-1.

The second is to identif, the critical residues for HuIFN-1 function. Our study showed

that substitutions in residues Lys86, Lys87 and Lys88 did not result in the i¡activation of

HuIFN-y. Modifications of other amino acids in E¡ epitope may be necessary to
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determine the critical residues for HuIFN-y function. Alternatively, substitutions of 2 or 3

amino acids simultaneously in E¡ epitope might be required. The third is to test whether

the fi,mctional epitope E1 a:rd E3 serve as protease cleavage sites for the intracellular

digestion of HuIFN-1. This could be achieved by modiSing the putative cleavage

sequence in E1 or E3 epitopes and by studying the function of the modified HuIFN-y

molecules in the presence or absence ofspecific proteases inhibitors.
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