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sm: The Chou-Fasmn method for calculating the secondary structure of 
F and lk interferons from their amino acid sequences predicts several regions 
Zf hon&gous structure in the two interferons. Those areas tend to be lo- 
catedin themiddle andC-terminal ends of the rmlecules. Total predicted 
content of c1 helix is 55% for Le interferon and 36% for F interferon. Pre- 
dicted B-pleated sheet residue%-total 33% for F and 16% for Le - -* 

INTRODIETICN: Interfemns are inducible proteins synthesized by mmwtalian 

cells in response to stimulation by viruses, synthetic polyrikonucleotides, 

mitogens, anda varietyofothersubstances. Their biological actions are 

diverse. In vitro, interferons have been sham to prevent virus multiplica- -- 

tion, inhibit cell division, stimulate the activity of "natural killer" cyto- 

toxic lynphocytes, and enhance phagocytosis by macrophages (1,2). They have 

sham promising clinical potential as future antiviral and/or antitumr 

agents (3). 

In vivo trials have been limited by the necessity to use very high I- 

doses and by a shortage of purified material for administration. Production 

of large quantities of highly purified interfemns is physically difficult 

and exceedingly expensive. Only recently was it possible to obtain enough 

of the purified proteins for partial N-terminal amino acid sequence analysis 

(4,5). Consequently, no studies have been done on the physical conformation 

of interferon molecules. 

Of the three knmn types of human interfemns, F interferon, the pre- - 

dominant product of ply(I)-&y(C)-induced fibroblast cells in tissue cul- 

ture, has my prqerties in commn with Le interferon, the main species made - 
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by virus-stimulated lyqhoid cells. The third type, imnune (or T) interferon, - 

has been less well characterized and will not be analyzed in this study. 

g and Ie interferons are glycoproteins with molecular weights in the range of - 

20-25,000. They are stable to acid pH and are active at concentrations of 

10-Q - 10-13 p+J . Under the proper induction conditions, the genes for E 

and Le interferons can be activated in a single cell strain, where they are - 

transcribed and translated coordinately (6,7). 

F@cently, cDNAs for both z and Le interferons were cloned in E. coli - 

(8,9). Ccqlete DNA sequences of the cloned genes indicate that the two 

interferons have signal peptides and are each conposed of 166 amino acids 

(10,ll). They contain a considerable amount (29%) of amino acid sequence 

homology (12). Despite the close similarity in amino acid sequence, Le and - 

E interferons are coqletely unrelated antigenically (13). They also differ 

in their kinetics of develomt of the antiviral state, antiviral activity 

on heterologous cells, stability in vivo , -- and inmany of theirclinicalac- 

tions (3,14-16). 

Chou and Fassan have shown that it is possible to predict protein sec- 

ondary structure from an analysis of amino acid seqwmce (17-19). The thou- 

Fasman method has been used on over one hundred proteins (19). Computed per- 

centages of secondary structure agree verywellwith estimates basedon circu- 

lar dichroism (reviewed in ref. 19). The predictive accuracy for the deter- 

minationof cl-helical and B-pleated sheet residues in individualproteinsis 

generally in the range of 70-80% by cowarison with x-ray crystallographic 

data.. Hc~~er, the precisionof the mathodis somewhat reduced for ply- 

peptides with less than 10% helix or sheet content (19). Thus, the Chou- 

Fasman mathod may be presumed to be sufficiently accurate to allow scme pre- 

liminary generalizations as to the secondary structure ofFand La interferons. - 

A coqarisonof the secondary structureof Fandeinterferons might 

indicatetitparts of theaolecules are likely to be involved in their oomton 

biological activities. Since the &0 molecules are antigenically unrelated, 
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regionsof similaritymightbeexpected tobe on the interior of therfolecule 

and regions of difference on the exterior, indicating scnething akoutpos- 

sible three-dimensional conformation as well. This would provide a st..arting 

point for researchers interested in producing more active interferons or syn- 

thetic analogs with interferonpharmacologicalactivity. 

MWEFUXSAND~~OE: Aminoacid sequences Sequences forFand%inter- 
ferons ware obtained from analysis of the cloned cDNAs (10,ll). 

Prediction of protein conformation Amino acid sequences were analyzed 
for potential sites of secondary structure by determining single reside con- 
fonrational and positional preferences according to the Chou-Fasman ruethcd 
(17-19). Sequenceswereprocessedin am3000 coqM2erusinganodified ver- 
sion of a program written by Jeffrey Siegel, Ponrma College, CA. 

Ftlz3JLT.s: Chou-Fasman analysis enabled each amino acid residue of F and E 

interferons to be assigned one of the following secondary structural config- 

urations: a helix, f5 pleated sheet, random coil, or reverse turn. A sum 

mary of the results (Table 1) shows that r interferon has a predicted second- 

Table 1 

Comparison of c and Le interferons - 
according to predicted secondary structure 

-- 

Calculated values F Le - - 
-- 

Number of u. helical segments 
Amino acids in helixes 

8 total of amino acids 

Number of B sheet segments 

Amino acids in sheets 

% total amino acids 

Number of random coil segments 

Amino acids in random coils 
% of total amino acids 

Number of reverse turns 

Amino acids in reverse turns 

% of total amino acids 

6 8 
59 92 

36 55 

7 4 

54 26 

33 16 

8 10 

25 16 

15 10 

7 8 

28 32 

17 19 
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X39 @ X x 57 
38 

Fig. 1. Diagramatic sketches of predicted F and Le interferon secondary 
structures. Each s-1 represents one amim acia resize of c( helix (i), 
B -pleated sheet (A), or randm coil (+). Reverse turns are denoted by 
U-shaped regions of chain reversal CL, n, or-J. 

upper panel: E interferon lower panel: L.e interferon - 
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ary structurecontainingapproximatelyone-thirda helixandone-third fi 

pleated sheet, with the mining part of the mlecule made up equally of 

reverse turns and randm coil. In contrast, over one half of the Le inter- - 

feron rmlecule is predicted to be in the c1 helical conformation, with the 

rest of the amino acids participating (in decreasingorder) in reverse turns, 

6 pleated sheet, and random coil. 

Figuresla a&b are schemtic diagrams of the secondary structureso~ 

taihed for c and Le interferons by the Chou-Fasman method of analysis. The - 

mkculeshavebeendrawn in suchawayas to mximize areas of apparent 

homlogybetweenthe twoproteins. Xoattenpthasbeenrrtadetodenote 3- 

dimensional conformation. 

It is inmediately clear that there are several regions of corresponding 

secondary stmcturein~andLei.nterferons. lvbst striking is the B pleated - 

sheet at positions 60-68 in L-e interferon and 62-70 in F interferon. Table 2 - - 

lists amino acid positions predicted to be in the sane conformation in the 

two rrolecules after adjusting for the observed two amino acid shift in 

sequence between hmmlog-ous residues in the two proteins (12). Wst strongly 

conserved between the two proteins are the areas of c1 helix, in which 45 posi- 

Table 2 

Regions of homologous secondary structure 

Structure Residue No. of residues 
(% of 2O structure) 

a Helix 38-42, 47-51, 79-87, 98-106, 45 (76% F, 49% Le) - 
108-111, 114-122, 147-150 

f3 Sheet 60-68, 127-131 14 (26% F, 54% Le) - 

Coil 36, 58-59, 94 4 (16% r, 25% Le) - 

Reverse turn 10-12, 25-26, 32-33, 70-72, 11 (39% 41, 34% I&) 
136-137 

Total 74 (45% of F and Le) - 
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tions have the sane conformation in the twa molecules. Amino acid residues 

with homlogous secondary structure are more likely to be found in the middle 

third or C-termina lendof the polypeptide chains than 

A total of 74 amino acids, or 45% of the mlecule, are predicted to ass- 

corresponding confom-etions in F and Le interferons. - - 

Recently it was shcmn that 48 positions in the 166 amino acid interferon 

polypeptides contain the sane amino acid residue in F and L.e interferons (12). - - 

These positions are marked by "x" in Figs. la and b. Of these residues, 28 

(57%) are predicted to be in an equivalent secondary structure conformation 

in the two interferons, indicated by "5" in Figs. la and b. 

The positions of cysteine residues are marked with an arrow in the dia- 

grams. It is interesting to note that cys 31 of F interferon and cys 29 of - 

I..e interferon are predicted to assume different conformations, despite being - 

found in homlogous positions in the amino acid sequence. The sam is true 

of cys 141 of F and cys 139 of Le interferon. It is not knmn at present - - 

whether these cysteines are involved in the active site of the TV inter- 

ferons. Hawever, the presence of an odd nu&er of cysteine residues in both 

interferon might have suggested the possibility of an enzymatic function 

involving a sulfhydryl group. 

DISCUSSION: Analysis of the amino acid sequence of Fand Le interfemns by 

the Chou-Fasmn method of determining secondary structure indicates b&h dif- 

ferences and similarities in the predicted two-dimnsional conformations for 

the twoproteinmlecules. x interferon contains an approximately equal 

amunt of 6 pleated sheet and N helical residues, while Le interferon has - 

significantly rmre Q helix. F interferon is predicted to have mre than - 

twice as my amino acids in sheet conformation than Le interferon. Since - 

B pleated sheets are usually ccqmsed of hydrophobic residues and tend to 

associate with one am&her via hydrophobic interactions, perhaps this ex- 

plains the experimental observation that F interferon appears to be mre - 

hydrophobic than Le interferon (20). - 
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The two proteins share many regions with hortologous secondary struc- 

ture. These areas tend to be located in the middle and C-terminal end of 

theproteinmlecule. It is interesting to speculate on the possible signi- 

ficance of these areas of hcmlogy. For instance, the polypeptide stretch 

from positions 58 to 72 (La nmbering) has 14 out of 15 residues with the - 

sam predicted seoondary structure inFandLeinterferon.s andislocated - 

near a reverse turn, a structure often found at the protein surface (21). A 

similar situation is found with residues 127-131, which could possibly par- 

ticipate in a 3-dimensional sheet structure with residues 60-68. These re- 

gions are gcod. candidates for involvenent in the interferon active site. 

Segmnt 98-122, with 22 out of 35 amino acids predicted to be in the sane 

conformation in F and Ie interferons, might form part of the interferon - - 

molecular backbone. The highly conserved residues 47-51 are also likely to 

play an important role in interferon function. 

Since the two interferons are antigenically dissimilar, it is likely 

that areas of large differences such as the N-teminal ends are found on the 

exterior of the molecules. As the N texmini contain a fairly large anount 

of hydrophilic resides (10,111, they could be exposed favorably to the sol- 

vent. Alternatively, antigenic differences could be primrily detemined by 

differential glycosylation of the two interferons. 
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