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1. Introductica

The primary structure of the first ribosomal proteins
— the L7, L12 (*A-protein™) of the E. coli ribosome
30 S subparticle was recently published [1]. The pri-
mary stracinge of these two proteins is almost identica,
the onjy difference being that the N-terminal serine in the
L7 protein is acetylated. The present paper isdevoted to
aprediction of the secondary struciure of the L7, 112
protein by the theory of unfolded protein c¢hain heli-
gal struciure [2] and the theory of helical and SB-struc-
tures of compact protein globules {3] developed by
the anthors earlier. The theories predict in the unfold-
ed chain the presence of four fluctuating helical re-
giomns with the most likely end losations 7—42, 44—73,
80—88 and 91119 and in the compact globule five fix-
ed helical regions{(4—30, 3240, 6573, 3288, and
104—112). According to 2 theoretical evaluation the
degree of Lelicity of the 1.7, L12 protein in the un-
folded state is 42%, while in the compact giobuiar
state it is 33%; the B-structure is absent. Theoretical
evaluations of the degree of helicity are in satisfactory
agreement with cirgular dichroism studies of the L7,
112 protein in an agueous solotion [4—6].

2, Helical structure of the unfolded protein chain

_ The partition funetion of the unfolded protein
chain, of which sach of the n residues ¢an have either
a fixed helical or an unfixed (n»on-—.nehcal) conforma-
ﬁon is expressed as 12]
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o exp [-{AFF Y+ AF%})]J:T_@ (e is the Hehx—coﬂ
equilibrium constant for the i@ residue, 6 is the ini-
tiation constant of the helical region and AJF’H and
AF%, are supplementary free energiss c@mespsndmgiy
of the N-end of the hslical region beginning with the
i® residue znd the C-end of the he::cal region termi-
nating with the i residue). Eq. £1) does not take into
account interaciions betwesn side groups of amino
acid residues (in particular, electrostetic interactions
between charged side gronps).

From eqg {1) by nsnal me*hods{see [2,7, 8] it is
possible 1o obtain for each i'P residue of the given
amino acid sequence the probzbility w that it is in
the helical state as well es pro‘babﬂnmv- why and wh
that it is correspongingly at the N- or C-end of the
heiical region.

Or the basis of experimentzl daia on helix-cod
transitions in water-soluble synthetic polypeptides we
ascribed the following 5; constunt valnes 1o amino acrd
residues: “helix-forming” resicues {5 > 1): Glu {5 = 1.3);
Be, Len, Lys, Met, Phe, Val (5§ = 1.2); Ala, Arg, His
{F = 1.1), “helix-breaking™ residues {5 < 1}: Asn, Asp,
Cys, Ser, Thr, Tyt {5 = 0.75); Gly (§ — 0.60). The val-
ues of § = 1.0 were aseribed to Gln and Trp for whizh
experimental data are absent. “The values of § ard the
coniributions 10 AFjy have been ascribed 1o Pro en-
suring the advantages of its building-in into the first
position from the N-end of the helix (or the sscond
and third position after Gly) as well as ensuring the
bnpossibility of its building-in into all the other posi-
tions of the helix [9]. The contributicns to AFy and
AF of all the other residues were considered 1o be

‘equdl 1o zero. The o' value was assumead to be 5% 102,

‘The basis of this choice of thermoedynamic parametezs
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Fig. 1. The helical structure of the L7, 112 protein. The residue number {from the N-end of the c¢hain) is on the abscissa, the prob-
ability of the helical siate of the residue w) (1o the 1ef1) and probabilities of the residue being on the N- and C-ends of the helical

region sy, Wi {to the right) are on the ordinate. (

3w}, in the unfolded chain | 2];¢

) % in the compact globule {31;

{——-) wﬁ in the unfolced chain {2, (—-—-—) M\VE’ in the enfolded chain {2].

Calculated values of probabilities wj,, wy and we
for the L7, L12 protein are given in fig. 1. 1t is seen in
the figure that in the unfolded chain of this protein
the theory predicis four flnctuating helical regions
with the most probable locations of the ends {corre-
sponding to the maxima wy, and wi) 7—42, 44—~ 73,
80—88 and 91--119. The predicted by the theory
average degree of helicity of the nnfolded chain of the
L7, L12 protein 4wy, is 42%. 1t should be noted that
the theory does not take into account other possible
types of secondary structure of the protein chain {the
B-struciure and bends). The probability of any of these
tynes of secondary structure can happen to be greater
for some regions of the chain than the probability of
the helical state which can somewhat reduce the @i-
mensions of the helical regions predicted by the theory.

3. Secondary strecture of a compaci protein globule

‘The stereochemical theory of helical and S-strucmral
compact protein globules developed by one of the
authors [3] is based on recognition of amino acid se-
quence which can build-in into the compact globule
with a tightly packed hydrophobic core and a polar
shell being in the a-helical or S-structural state. The
thzory proceeds from the suggestion that suchand .
only such sequences assume regular secondary struc-
ture (e or B) in a compact globule which form hydro-
phobic regions on the sutface of the helix or the
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B-structure capable of tightly building-in into the
hydrophobic core without the stimultaneous inclusion
into it of hydrophilic side groups. For the e-helix this
condition is primarily satisfied by the seguences which
have massive hydrophobic side gronps {Val, Leu, lle,
Phe, Tyr, Trp, Cys) in positions 1-2, 1—-4 and 1—5
{as well as 1--2—3 and 1—4-5) if the stereochemistry
of these groups allows their tight building-in into the
core. The hydrophilic groups must be located on the
given fragment of the chain in such a way thai they do
not build-in into the core but shisld it from contacs
with water; especially favourable in this respeet is the
localization of long hydrophilic side groups Gha, Gln,
Arg, Lys and His in positions 15 on the oppoesite to
hydrophobic groups side of the ehelix tur:. For the
B-strueture this condition is primarily satisfied by the
massive hydrophobic side groups in positions 1-3.
Besides this, long and short sequences consisting en-
tirely of massive hydrophobic amino acids, also will
have, correspcnéingly, the - and S-structure.
Application to the L7, 112 protein of the miles of
recognition of helical and B-struetural sequences in
globular proieins obtained in paper [3] leads to the
following five helical regions in the compart globule
of this protein: 4—30, 32—40, 6573, 8288 and
104—-112 {see fig. 1). B-Structural sequences in the
1.7, 112 protein, in accordance with the mentioned
Tules, are absent. Thus, according to this theory the
L7,1L12 protein in the compact globular state must
have a 53% helicity and not have the S-structure.
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4. Comparison with the experimeni and discussion

Secondary structure of the 1.7, L12 proteins was
studied by circular dich: pism in papers [4—6]; the
following evaluations of the degree of helicity were
obtained: 60 * 3% {from CD a1 208 nm) [4], ~50%
{from CD at 210 and 222nm) [5] and 45% {from CD
at 222 nm) [6]. The presence of ~20% of the B-struc-
ture was reported in paper {4] but, according to paper
151. the B-structure is practically absent in the 17, L12
protein as well as In oth 2 ripbstimal proteins. These
results are in satisfactors agreement with our theore-
tical evaluations.

1t is not known at present whether the 17, L2 pro-
tein {as well as other ribosomal proteins) has a globular
or unfolded structure in aguecns solution. However,
according to owr theoretical evaluations, the degree of
helicity of the prozein and localization of helical re-
gions in both cases do n7t greaily differ from each
other. It shouid be noted in this connection that the
L7, L12 protein differs from the overwhelming major-
ity of other proteins in nne respect: the theory predicis
for it a high degree of helicity not only in the compact
globular siate {53%:) but in the unfolded siate as well
{42%). 1t must be mentioned for comparison that even
such a high-helieal protein as sperm whale myoglobin
has in the unfolded state, according to theoretical eval-
wation, less than 30% helicity and other globuiar pro-
teins {ineluding hasmogiobins) only about 10% {2].
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This circumstance suggests the existence of some pe-
culiarities of self-organization or functioning of ths

L7, L12 protein.
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