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Chemical modification has been used to map the residues 
essential for the antiviral activity of the recombinant human 
CIA- and 8-interferons. Modification of His residues with 

diethylpyrocarbonate and N o-tosyl-L-lysyl chloromethylketone 
does not inhibit both interferons, whereas Nn-tosyl-L- 
phenylalanyl chloromethylketone significantly suppressing the 
activity of P-interferon does not affect the activity of aA- 
interferon. After the modification of ?, 2 and 3 Lys residues 
from ?1 ones with 3-(2-pyridyldithio)propionic acid N-hydroxy- 
succinimide ester aA-interferon reveals 700%, 50% and 10% of 
the initial activity, respectively. Modification of Trp 
residues with H 0 
2-hydroxy-5-nitgo%' 

2-nitrobenzenesulfenyl chloride or 
enzylbromide inactivates nA- and j3-inter- 

ferons completely. Presumably Trp residue(s) is essential 
for the antiviral activity of 01- and 8-interferons, 0 1990 Academic 

Press, 1°C. 

Several biological activities have been attributed to IFNs. 
They include antiviral, antiproloferative and immunoregulatory 
effects. The chemical characterization of IFNs is necessary to 
understand their action at the molecular level and to identify 
the functionally important amino acid residues within the IFN 
polypeptide chain. Site-directed mutagenesis of the correspond- 
ing structural genes and chemical modification of the proteins 
revealed the functional importance of Cys residues for IFN-nA 
and IFM-p (q-3). The residues, which determine the species 
specificity of IFN-aA and IFN-nD, have been identified by (4>0 
Earlier it has been shown also that the modification of His 
residue inactivated @-IFN (5). The attempts of ;!etzel et al. (6) 
and Fantes (7) to identify a role of Trp residues in the 
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mechanism of IPN action have led to the controversial results, 
which await to be confirmed. The functional role of other 
residues within the polypeptide chains of IFN-a and IFN-fl 
remains still undefined. In the present study we have used the 
chemical modification of His, Lys and Trp residues to determine 
the functional role of these particular residues in the anti- 
viral action of IFN-&A and IFN-J. 

MATERIALS AND METHODS 

Electrophoretically pure IFN-&A (antiviral sp.act. 2x108 
IU/mg) and IFN-fi (antiviral sp.act. 5x207 IU/mg) have been 
isolated from recombinant Pseudomonas sp. and E.coli strains, 
respectively (8, 9). Monomeric form of IFN-4A was further 
separated from the S-S-oligomeric forms of the protein, as 
well as forms with non-reduced Cys residues by FPLC on a 
L10no Q c01Lumn and gel-exclusion HPLC (20, 12). The concentrat- 
ion of the proteins was determined by the method of Spector 
(221, using bovine serum albumin as a reference0 

IFN titers were determined by a cytopathic inhibition 
assay on human diploid fibroblast cell cultures using vesicular 
stomatitis virus, strain Indiana, as a challenge virus (13)., 
The titers were calibrated against the international human 
leukocyte IFN reference MRC B69/29. Solid-phase ELISA and RIA 
were also used to measure the IFN concentration and its 
ability to react with the specific antibodies after the 
chemical treatment, Murine monoclonal antibodies (Celltech), 
rabbit polyclonal antibodies (Toray) and goat anti-rabbit poly- 
clonal antibodies, conjugated with horseradish peroxidase, 
(Sigma) were applied for ELISA of IFN-fi, whereas for RIA of 
IFN-&A murine monoclonal antibodies NX2 (Celltech) and cq25I]- 
labelled rabbit pol clonal antibodies were utilized (14). 

SPDP (Pharmacia 3 was used for Lys residues modification 
according to (25). 100~1 of C,2 1 Ma-phosphate buffer, pH 7,2, 
containing ?0O-~g of IFN-&A monomeric form, was mixed with 
0,5-5 ~1 of 20 mM SPDP solution in ethanol, and after 40 min 
incubation at room temperature the reaction was terminated by 
the addition of the excess of lysine. Modified proteins were 
separated from the reagents by Sephadex G-25 gel-filtration* 
The number of modified Lys residues was estimated after the 
addition of 30 ~1 of 0,2 M dithiothreitol water solution 
(Sigma) to IFN solution and by measuring the A34ivalue. To 
plot a calibration curve SPDP samples withconcen rations 
from 40 to 4000~4M were treated with 5 mM dithiothreitol 
/molar extinction coefficient at 343 m = 8080 M-$x cm-q/('lT). 

Trp residues were modified by the treatment of IFN-dA and 
IFN-P (O,O5-O,2 mg/ml in 0,7 ml 0,5 M Na-bicarbonate buffer, 
pH 8,4) with 7'7~1 of 20 mM H 0 in distilled dioxane (16) 
2O'C. After q-280 min the ali&&s were withdrawn from the 

at 

reaction mixture and the modification was stopped by the 
addition of 50 mM tryptophan in the same buffer. The reaction 
was monitored by measuring the UV spectra of IFNs with 
Shimadzu W-240 spectrophotometer. The number of modified Trp 
residues was determined by the decrease of A 
/molar ex in&ion 

fi 
coefficient of oxidized Tr$8atnm2%'g =3490 

M-2 x cm-'/. Trp residues in IFNs were also modified by the 
treatment with o-nitrophenylsulfenyl chloride and 2-hydroxy-5- 
nitrobenzyl bromide according to (27, 18). 
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For modification of His residues 5Oyg of IFN-LA or IFN-p 
in 0,7 ml of 0,2 M Na-phosphate buffer, pH 6,1, was treated 
with 1OOjfl of DEPC ($91, TLCK and TPCK (5) solutions in methanol 
or ethanol for 0,5-3 h at 20°C at a protein/reagent ratio 1:10- 
1:1000, mole/mole. The aliquots were withdrawn and the reaction 
was stopped by the addition of ?O,ul of 0.1 M histidine solution 
to the reaction mixture, and then IFM activity was estimated 
after an appropriate dilution, The amount of His residues modifi- 
ed with DEPC in IFN-&A was determined according to the increase 
of A~42 nm of the reaction mixture /molar extinction coefficient 
of His-ethozqcarbonyl complex at 242 nm = 3200 M-2 x cm'?/(qg). 

RESULTSAND DISCUSSION 

Lys residues of the monomeric SH-group free form of IFNaLA 
have been modified with a bifunctional reagent, SPDP. The insert- 
ion of one 3-(2-dithiopyridyl)-propionate moiety per IFNtiA 
molecule does not lead to any loss of antiviral activity, whereas 
the modification of 2 and 3 Lys residues suppresses the activity 
2- and 'lo-fold, respectively (Fig. 1). This indieates, that 3-4 
Lys residues from 11 ones within IFN-dA polypeptide chain are 
accessible for the reagent, being presumably located on the 
surface of protein globule. It should be noted that in the 
course of modification the ability of IFN-&A to react with 
specific monoclonal and polyclonal antibodies, as determined by 
RIA, decreases slowly in comparison with the loss of the 
antiviral activity of the protein. Presumably, some of the modifi- 
ed Lys residues are important for the binding of IFN-&A with cell 
surface receptor and displaying the antiviral activity of the 
protein. The results of RIA support this and show that the 
denaturation of IFN-&A does not occur in the course of the 
modification. 

It has been reported that Cysq7 is not essential for the 
antiviral activity of IFN-j (20). This feature of IFN-J3 as 
well as the ability of IFN%A with one modified Lys to display 
full activity allows constructionofthe mixed cross-linked dimer 
IFN+A(Lys)-SPDP-(Cys,,7)IFN-P , in which the second functional 
group of SPDP has been utilized for the binding with free SH- 
group of cys,7 of IFN-$. The dimer possesses high specific 
activity, as well as the ability to bind simultaneously mono- 
clonal antibodies raised against IFN-9 and polyclonal anti- 
bodies raised against IFN-&A (data not shown). This hybrid 
is of significant interest for studying and distinguishing the 
effects, characteristic for IFN-P and IFN-dA, and the correspond- 
ing research is in progress. 
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0 1 1 2 3 4 
LYS RESIDUES MODIFIED/MOLE PROTEIN 0 2 

1 2 

HIS RESIDUES MODIFIED/MOLE PROTEIN 

Fig. lo Modification of Lys residues in IFN-aA with SPDP. 
-e- ability of IFN-aA to bind mono- and polyclonal anti- 
bodies as determined by RIA, -o- antiviral activity. 

Fi,g. 2. Modification of His residues in IFN-aA with DEPC. 
'0' ability of IFN-aA to bind mono- and polyclonal anti- 
bodies as determined by RIA, -o- antiviral activity. 

His residues of both IFNs have been treated with DEPC at 
a protein/reagent ratio from 1:10 to 1:2000. Under the experiment- 
al conditions only 2 Hiis residues from 3 ones occurring in IFN- 
&A polypeptide chain at the positions KN 7, 34, 57 have been 
modified. This did not affect the antiviral activity of the 
protein 01" its ability to bind mono- and polyclonal antibodies 
in RIA (Fig. 2). The analogous results have been obtained for 
IFIB-J,though the number and positions of His in this protein 
ON 91, 95, 129, 139) differ from those of IFlV-c4 (21). When two 
other His-specific reagents, TLCK and TPCK, had been used at the 
same protein/reagent ratio, no inhibition of the antiviral 
activity of IFN-&A was noticed, but IFN-j3 lost its activity when 

Table 1. Modification of His residues with DEPC, TLCK and TPCK 

Concentration of Residual antiviral activity of 
reagents, pM IFN-UA IFN-R 

100 10% 10% 

TPCK 400 10% 800 15% :g 0 
300 100% 30% 

TLCK 400 lg; 200& 
800 0 80% 
300 100% IOOB 

DEPC 400 300% qoog 
800 80% 80% 

In these experiments the concentration of IFN-nA and IFN-P 
l72?9 5 /&Is 
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treated with high amount of TPCK (Table 9). Thia supports the 
earlier finding and assumption of M&ray & Weil (5) that the 
interaction of tosyl-phenylalanyl moiety of TPCK with the 
surrounding6 of the modified His residue might lead to the 
inhibition of IF?+-J3. 

According to the known sequence of IFN genes, IFN-&A contains 
2 Trp residues at the positions KIY 77 and 147; for IFK-P the 
positions of 3 Trp residues are KH 20, 77 and ‘I41 (21). Trp,41 is 
invariant for all leukocyte IFNs. To investigate the functional 
role of Trp we have used the selective oxidation of IFNs with 
Ii202 in 10% dioxane at pH 8,4 (26). Fig. 3 shows the changes in 
protein spectra in the course of modification of Trp residues of 
IFNs, as the method allows the spectrophotometric monitoring of 
the modification process. The oxidation of 2 Trp residues is 
accompanied with the alteration of the spectra curves, for which 
two isobestic points at 273 and 293 nm are characteristic, as 
well as with the decrease in the absorbance value at 282 nm of 
the modified proteins. This indicates the selective character 
of Trp modification. IFM-&L with 2 Trp per molecule being 

240 273 293 310 240 268 310 

WAVELENGTH (NM) WAVELENGTH (NM) 

Fig0 3. Absorption spectra of 0,2 mg/ml Il?WaA (A) and O,? 
mg/ml IFX-D (B) in the course of modification of Trp residues 

with 1 mM Hz02 in 10% dioxane. 2, 2, 3, 4, 5, 6, 7 - 0, 25 
50, 75, 100, 225, 150 min after the start of the modificatjon 
reaction, respectively. 
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1 2 
TRP RESIDUES MODIFIED/MOLE PROTEIN 

Fig. 4. Modification of Trp residues of IFN-UA with Hz0 in 
lO$% dioxane. -e- ability of IFN-UA to bind mono- and po y- 1 
clonal antibodies as determined by RIA, -o- antiviral activity. 

modified, retained less than 1% of its initial antiviral 
activity, while its ability to bind mono- and polyclonal anti- 
bodies, as shown by RIA, was suppressed only 'lo-fold (Fig. 4>. 
IFR-4A with both modified Trp residues shows less than 
0,02-0,05$ of its initial activity. These data show that the 
first modified Trp plays a significant role in the mechanism 
of antiviral activity of IFNQA, probably being directly 
involved in the binding of the protein with cell surface 
receptor. nevertheless, it is impossible to exclude that this 
Trp is also essential for maintaining correct protein fold- 
ing and conformation. The second oxidized Trp residue might be 
also important for IFN binding with the receptor or for 
correct protein folding. The analogous data have been obtained 
when IFN-thA had been treated with o-nitrophenylsulfenyl chloride 
and 2-hydroxy-5'nitrobenzyl bromide. The same approach has been 
used to mlodify Trp residues of IFN-P. When 1 and 2 Trp residues 
from 3 ones of IFN-p had been oxidized, the antiviral activity 
of the protein was reduced IOO- and 400-fold, respectively. The 
alterations of the spectra in the course of modification of 
IFN-p was similar tothoseof IFN-dA and is shown in Fig. 4. 
This indicates the similar functional role and spatial location 
of one Trp residue,at least,in IFN-iA and IFM-p. The spatial 
location ,and surroundings of Trp residues have been studied 
recently 'by analyzing the self-fluorescence spectra of IFMs 
(manuscript in preparation). 
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