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SUkWRY: The environment of Trp reaidues of the recombinant 
human interferon8 has been studied by the analysis of the 
emission spectra of native and denatured proteins at pH 1,5- 
8,5 and temperature ‘lo-65’C in the presence and absence of 
the anionic, cationic and neutral to charge contact quenchers - 
RI, CsCl and acrylamide, respectively. The obtained data allow 
to suppose that in IFN*A and IFN-flZ Trp,,41 interacts with 
Argqd5 and one or several from the following residues - 
Phe124, Ile,27, T3rr730, Leyjl, whereas TrpT7 - with Argj3 
and Phe36, PheT8, LeugZ or Leu82 (Ileg,, or va182 for LFN-fl?). 

Recombinant hman leukocyte and fibroblast interferons 
(IFN-A and IFN-P?, respectively) belong to the group of 
proteins studied most intensively during the last decade (1, 
2). Nevertheless, the tertiary structure of IFNs is still un- 
known that complicates understanding of the mechanism of 
their immunoregulatcry, antiviral and antiproliferative activ- 
ity and interaction with cell surface receptors0 Certain amino 
acid residues of IFN polypeptide chain or rather short sequence 
regions of importance were identified within the protein 
molecule using site-directed mutagenasis (3, 4), protein 
chemical modification (5)* inmnanochemical mapping (6, 71, 
constructing of hybrid IFNs (8) etc. Recently we have reported 
that the modification of one or two Trp residues led to the 
complete inactivation of antiviral activity of XFN-CUA (IPPP~~ 
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and Trq4,) and IF'N-j31 (Trp77 and Trp,4,; reeiduea are aligned 
according to XFN-aA sequence) (9). It indicates, that Trp 
residues or the residues of their microenvironmemt might play 
an important role in the mechanism of IFN antiviral action. 

In the present paper we describe the study of intrinsic 
fluorescence of Trp reeiduee of IF%, that allows to predict 
more or less precisely the residues of Trp microenvironment. 

MATERIAIS &METHODS 
ifi ti it "B ectrophoretically pure IFN-tiA (antiviral 

y 2x30 IU/mg) and IFN-pl (antiviral sp.act. 
59:$7 I:/:) zere purified from recombinant Pseudomonae sp. and 
E.coli strains, respectively. Monomeric form of IFN-aA vae 
further isolated a8 described in (10).and contained no reduced 
or oligomeric forms detectable by SDS-PAGE. 

Protein concentration was determined spectrophotometrically, 
using the extinction coefficient at 280 nm=l,O and 2,75 for 
0.1% water solutions of IFN-d:A and IFN-~31, respectively. 

The fluorescence spectra of IFN+A and IFN-~1 (0,02-O,? 
mg/ml.) were measured on Shimadzu RF-540 spectrofluorometer 
with a thermostated cell holder using the excitation wave- 
length 290 nm with spectral bandwidth of 2 nm for both excitat- 
ion and emission monochromators. The quenching experiments were 
carried out at 25OC in the presence of 'lo-250 mM KI, CsCl and 
acrylamide as anionic, cationic and nonionic quenchers, 
respectively. The data analysis and the interpretation of the 
spectra were performed according to (11). 

RESULTS 
IFN-#A contains two Trp residues (NN77 and 141) per molecule, 

IFR-/'t - three Trp (an additional Trp residue is located at the 
position N20) (2). Fig. 1 shows the intrinsic fluorescence 
spectra of the electrophoretically pure IFN-dA (O,? mg/ml; 5.2 
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Fin- lc anieei0n spectra of IFN-a(A (1, 41, Il?N-fi1 (2, 5) and 
free Trp (3). The concentrations are 5,2, 5,2 an8 20,5pM, 
rqes~ectively. 2, 2, 3- 0,lM Na-phosphate buffer, pH 7‘2, 

- 0,1 M Na-phosphate buffer, pH 7,2, containing 7 M 
g&nidium hydrochloride. 
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/M) and IFN-p1 (0,a mg/ml; 5,2/M) in 0,1 M Na-phosphate 
buffer, pH 7,2, the emission maximum (Amax) values of these 
proteins being equalled to 334 and 338 nm, respectively. Under 
the same experimental conditions 10,5 mM solution of free Trp 
possesses the same emission intensity, theXmaxvalue being 
equalled to 351 nm. It shows that Trp residues within the IFN 
molecules are in highly hydrophobic environment. Moreover, 
when the temperature of protein solution is increased from 10' 
to 65'C the intensity of IFN-dA fluorescence monotonously 
decreases without any change ofXmax, equalled to 334 nm. 
These results suppose the presence of polar or charged micro- 
environment of Trp residues in IFN-4A. The treatment of IFN-&A 
and IFN-p'l with 7 M guanidium hydrochloride, causing the 
complete denaturation of proteins leads to shifting of the 

h max value to 349 and 352 nm, respectively, indicating that 
Trp residues in IFNs become accessible to solvent and more 
resemble free Trp (Fig. 1). 

The decrease of the pH of protein solution from 8,5 to 3,2 
doe8 not practically effect the emission spectra of IFNsp since 
within the pH 3,2-2,7 IFN-,(A in contrast to IFN-~1 is character- 
ized with 40-45s increase of the fluorescence intensity (Fig. 2), 

LX being shifted from 334 to 336 nm. Evidently, carboxy group 
with the pK value about 3 (presumably, from Asp residue) is 
located nearby one or both Trp residues in IFNacA, 

Further the microenvironment of Trp residues was studied in 
water solutions at pH 2,0, 7,2 and 8,5 with XI, CsCl and acryl- 
amide as anionic, cationic and neutral to charge contact 
quenchers, respectively, in the presence and absence of organic 
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Fiat pH dependence of intrinsic fluoresaence of IFWU (-I), 
IFW-84 (2) and free !l'rp (3). 
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solvent, 20% dioxane (72, 23). Fig. 3A demonstrates that acryl- 
amide at pH 7,2 significantly suppresses the fluorescence 
intensity of IFN-arA, whereas KI and CsCl have no effect* It 
seems, that both Trp are located at or near to the surface of 
the protein, contacting with positively and negatively charged 
residueBe On the other hand, in the presence of 10% dioxane 
the effect of KI is similar to that of acrylamide - 200 mM XI 
suppresses the fluorescence intensity about 4-fold (data not 
shown), C&l also having no effect. This might be explained 
by the conformational changes induced by dioxane and leading to 
the removal of charged Asp or/and Glu residues out of the Trp 
environment. The same effects of quenchers are revealed for 
IFN-4A at pH ?,5-2,5. The obtained data allow to suppose that 
positively charged groupa form more tight contacts with Trp 
residues in IFN-,sA in comparison with negatively charged ones. 

The analogous data were obtained for IFN-gl. At pH 7,2-8,5 
acrylamide significantly suppresses the fluorescence intensity 
of IFN-)l. It shows that at least two from three Trp residues 
of IFN-81 are located at or near to the surface of the protein 
and accessible to solvent (presumably, the residues at the same 
positions NIi77 and 141 as in IFN-tiA). These results correlate 
well with the data of Raman spectroscopy of IFN-f1 ('14). The 
quenching characteristic for KI is more pronounced at pH 2,0, 
then at pH 7,2-8,5 (Fig. 3B). Presumably, negatively charged 
Asp or Glu residues are lacking within the envirinment of one 
or two Trp residues in IFN-PA. As in case of IFN-dA 250 mM CsCl 
does not practically effect the emission spectra of IFN-fl. 
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DISCUSSION 
The obtained results might be summerized as followed, the 

residues of interest being shown on Fig. 4. At pH 8,5, that is 
comparatively close to the pK value of E-amino group of Lys, 
CsCl does not influence on the emission spectra of both IFNs. 
It shows that Trp residues (presumably, sequence conserved 
TrPT7 aa Trpq4,,) contact with Arg (presumably, sequence 
conserved Arg residues), which are more basic then Lys ones* 
The lack of CsCl-fnduced fluorescence quenching at pH 2,0, 
that was common for both IFNs, as well as at alkaline pH in 
the presence of lO% dioxane allowed to predict that Trp-Arg 
interaction in both IFNs was rather tight. Conserved Arg 
positions in IFNs are NN 33, 126, 145, 150 and 763. According 
to the predicted model of IFN structure (15) it is most 
probably that Arg33 contacts with TrpY7 and Arg,,45 - with 

Trpl4? 
in IFN-dA and IFN-,91 molecules. Maybe the third Trp20 

of IFN-f1 interacts with Arg.,50 and/or ArglG3 (Fig. 5). The 
negligible shift in the Lx value of both native IFNs at pH 
from 1,5 to 8,5 support also that Trp-Arg contact is rather 
tight, aa well as indicates homology of hydrophobic residues 
within the spatial environment of TrpT7 and T~P,,~,,. According 
to the amino acid sequence and predicted structure for TrpT7 
these residues might be Phe36 and Phe7g, which are conserved 
in IFNs. The other hydrophobic residues, which might be also 
located in tertiary structure adjacent to TrpT7 are LeuS,, or 

Leua2 for IFN-otA and IleS,, or Valg2 for IFN-gl. 
It has been recently reported that in IFN-dD LYS,~,,, Arg,,25 

and Thr,,, located within the d-helix N'Nll5-132 /according to 

N 

1 

phe124, 

Ile.- 

Pia, The positiona of amino acid residues 
microenvironment 
residuea shown In 
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l?i&~, 5. The predicted models of IFN tertiary structure according 
t&Zavyalov and Denesiuk ('E) /A/ and Sternberg and Cohen (16) 

. 

the model shown on Fig. 5A (15), the d-helix includes also 
conserved hydrophobic residues of Phe,,24, Ile127, Ty~?,,3~ and 

Leu?31’ on the protein surface are able to bind specific cell 
receptors (3). According to the same model, this d-helical 
region coinsides with the a-helix NN'I35-148, carrying T~P,,~,,o 
Presumably certain residues from the following ones - Phe,,24, 

'le127* T?30 and -93% might contact with Trp,4,* Accord- 
ing to the alternative model (Fig. 5B) (76),it is most probab- 
ly that Trpq4,, contacts with Phe,,24 or Ile,27. The study of 
Trp fluorescence quenching of IFMs in the presence and absence 
of dioxane, as well as distinct effects of KI at pH 2.0 and pH 
7,2 (Fig. 3) indicates that the residues with the pK around 3 
(most probably Asp) contact with Trp77 and Trp,4,., in IFM-aA and 
maybe Il?M-p'l , but this type of interaction is not tight enough 
to predict the positions of negatively charged residues. 

Thus, the obtained data allow to auppoae that in IFM-dA and 
IFM-gZ Trp242 interacts with Arg,45 and one or several from the 
following residues - Phe124, Ile,27, TY~,,~~, Leu13,, and Trp77 - 
with Arg33 and Phe36, Phe78, LeuS, or Leug2 (Ilea or valS2 for 
IFN-B~)~ These data allow to speculate that the model of IFN 
structure designed by Zavyalov and Denesiuk (15) more resembles 
the real tertiary structure of these proteins, than the model of 
Sternberg and Cohen (16). 
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