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Prediction for Secondary Structures of Ten
Proteins From the 50S Subunit of the
Escherichia coli Ribosome
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Predictions of the secondary structures of the following 10 proteins from the large
subunit of the E. coli ribosome were made using their known amino acid sequences:
L6, L16,L19,1L27, L28, L30, L31, L32, L33, and L34. The predictions were made
according to 4 different methods and the results for each protein are presented as
diagrams indicating the conformational states, helix, extended structure, turn, and
random coil, of each residue. From these diagrams, regions of highly probable
secondary structure for the proteins are calculated. Estimates are made of the maxi-
mum possible lengths of the proteins in order to correlate these with the results ob-
tained from antibody binding sites in the 50S subunit as determined by electron
microscopy.
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In previous publications, we presented predictions for the secondary structures of 11
proteins from the small subunit (1, 2) and 6 proteins from the large subunit (3) of the E.
coli ribosome. In this papér, we present predictions for the secondary structures of 10
further proteins from the large ribosomal subunit whose sequences are known. In addition,
we summarize the results of this series of studies on the ribosomal protein secondary
structures.

In the absence of detailed x-ray analyses of these proteins, predictive methods were
used in order to provide structural information which can be related to other findings on
the topography of the ribosomal subunits, especially those obtained by immunoelectron
microscopy (see 4). In this context, predictions offer a means of assigning highly probable
conformations to proteins of known primary structure. These may be used as a starting
point for energy minimization calculations and as guidelines to the complex interactions
of proteins with each other and with the ribosomal RNA.

A more reliable picture of predicted protein conformations should be obtainable
when the results of several predictive methods are taken together. In this study, we have
used 4 different predictive methods to calculate the 4 conformational states, helix, turn
or bend, extended structure, and random coil of the individual amino acids in the ribosomal
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proteins of known sequence. Histograms were constructed for each of these states and
regions of highly probable structure were derived from these histograms when 3 predictive
models agreed about the conformational state of a residue (2).

METHODS

The secondary structures of the ribosomal proteins were predicted according to the
methods of Burgess et al. (5), of Chou and Fasman (6, 7) and Chou et al. (8), of Nagano
(9), and of Robson and Suzuki (10). FORTRAN programs for the calculation of the pre-
dictive algorithms were supplied by Drs. H.A. Scheraga, K. Nagano, and B. Robson. The
results of the calculations were treated as described in Refs. 1 and 2, where more detailed
information is given. However, in this study helices predicted for less than 4 adjacent
residues were neglected in the results of Robson’s and Nagano’s programs. To these
residues the state “random coil” was assigned.

Where modified amino acids were encountered in the sequences (e.g., in L12, L16,
and L33), they were treated as their nearest common amino acid, as indicated in the
figures.

RESULTS

The secondary structures predicted by 4 methods for the ribosomal proteins L6, L16,
L19, 127,128, L30, L31, L32, L33, and L34 are shown in Fig. 1—10. In these figures,
the predicted conformational states of the residues are represented symbolically, as indi-
cated. The definitions of helix, turn or bend, extended structure, or 8 sheet have been
interpreted in their most general sense, in order to overcome differences in definitions
given by the authors of the programs.

With the exception of protein L30, the predictions of the different models generally
corresponded well. The most probable secondary structure, obtained when 3 predictions
are in agreement, is given in the figures in the line “PRE.” The information so derived
serves as a guideline to an expected structural feature and its position. It may involve
further residues in either direction in the native folded-protein chain.

Protein L6

The predictions are based on the sequence determined by Chen et al. (11) and are
illustrated in Fig. 1. The secondary structure of protein L6 is quite distinctive in appearance.
Most outstanding are the following structural features: 1) The sequence of almost exclusive-
ly extended residues in the N-terminal end of the protein chain (positions, 7—10, 14—18/
20, and 21-25). 2) The 2 elongated regions of turns in positions 51—-60 and in the C-
terminus (positions 152—160), each located between 2 helices. 3) The frequency of
numerous other short turns along the protein chain. 4) The extensive region between the
residues 88 and 141 for which a variety of secondary structures is predicted.

The accumulation of extended structure predicted in the N-terminal region of pro-
tein L6 is unique among the ribosomal proteins studied to date. This may indicate a quite
specific function for this part of the molecule. There is evidence for only one further ex-
tended region in this protein, i.e., in positions 75/77--79. In total, L6 is predicted to con-
tain approximately 14% extended structure. This value is significantly above the average
of calculated extended structure in the ribosomal proteins. Other proteins with a high
content of predicted extended structure are proteins 128 (see below and Table I) and S12
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(1). In the case of protein S12 the extended structures are more uniformly distributed
throughout the protein chain. The occurrence of turns among these suggests that pleated-
sheet formation in protein S12 is more likely than in protein L6.

Protein L6 is identified with the aminoacyl-tRNA bindingsite of the E. coli ribosome
(reviewed in Ref. 12). Furthermore, it is located on the lip of the *“seat’ area of the 508
subunit and has been shown to have an elongated conformation in situ (reviewed in Ref.
4). Hydrodynamic studies, on the other hand, indicate that the isolated protein L6 is only
slightly elongated (13). With a maximum length of 488 A (Table I), protein L6 can be
readily accommodated within the 200-A distance separating the individual sites of antibody
attachment in the 508 subunit. Further, it may be speculated that the 2 prominent regions
of turns, 51—-60 and 151/152—160, and their adjacent helices are situated at or near the
observed antibody-binding sites (cf. Ref. 1). At present, investigations with antibodies
raised to specific fragments of L6 are in progress to assist in its orientation in the large
subunit and to test this hypothesis.

Protein .16

The predictions are based on the sequence determined by Brosius and Chen (14) and
are presented in Fig. 2. In the N-terminal region of the protein chain, several turns are in-
dicated (positions 5/6, 13/14--19, 2224, 28--32, and 37-40). Besides these structures,
2 models predict short helices in this region (see Fig. 2). The central part of the molecule
is characterized by 1 helix of some 13—18 residues in length (positions 45—57) and by an
extended region (positions 63—67) which is followed by a strongly predicted turn centred
on residue 70. The C-terminal part of the molecule is predicted to have a variety of struc-
tures. Of these, the turns in positions 83—88, 98—99, and 106—107 are predominant. At
the C-terminus of protein L16, a long helix (positions 110—-124)and extended structure
(129-135/136) are given. These 2 regions may be separated by a turn at about position
126. This secondary structure at the C-terminus (110~136) seems to repeat that of the
central part (45--67) of the molecule.

Protein L16 has been identified as a 23S RNA-binding protein (15) and is located at
the peptidyltransferase center of the ribosome (reviewed in Ref. 12). Corresponding with
this function, one antibody-binding site has been located for protein L16 in the upper
region of the “seat” of the 508 subunit (4).

Protein L19

The predictions are based on the sequence determined by Brosius and Arfsten (16)
and are shown in Fig. 3. In the N-terminal third of the protein chain a helix of some 10
residues and 2 turns at about positions 17 and 21 are given. The following stretch (24—-36)
is not reliably predicted and is designated as random coil. The models indicate that ex-
tended structure is possible for this region. The central part of the molecule is predicted to
have a short helix (positions 37—43, extended structure (44—47) and a turn in position
50--53. Further extended structure is given for residues 57/59—-62/64. It is possible that
the 2 regions of extended structure are involved in pleated-sheet formation with each
other. The protein chain passes through another turn in position 65—66. Various conforma-
tions are predicted for the region 67—88, among which is again extended structure. The
C-terminal third of the molecule is indicated to contain 2 short helices (positions 90—95/
96 and 106—111) connected by a turn in positions 103—104.
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Tig. 3. Predicted secondary structure of protein L19. Abbreviations as for Fig. 1.

Protein L27

The predictions are based on the sequence determined by Chen et al. (17) and are
shown in Fig. 4. The N-terminal 5 residues are equivocally predicted, both helix and random
structure being equally possible. From positions 6—14 a region of turns is indicated. This
is succeeded by a short helix of some 3—8 residues and a turn at about position 26.
Extended structure is given for the sequence, Gly-Ser-1le-Ile-Val-Arg in the middle of the L27
protein chain. The C-terminal half of the molecule contains 4 regions of turns (40—42,
51--54, 63—65, and 71-75). Another very short helix is indicated, centered at about
position 60. The helix content of this L protein is predicted to be very low (Table I).

One site of antibody attachment has been found for protein L27 in the “seat” region
of the 508 subunit (4). By affinity labeling experiments it was found that protein L27
belongs to the group of proteins which are very close to the peptidyl-tRNA-binding site
(reviewed in Ref. 12).

Protein L28

The predictions are based on the sequence determined by Wittmann-Liebold and
Marzinzig (18) and are presented in Fig 5. Three to 6 residues at the N-terminus are ex-
pected to be in extended structure. Between residues 7 and 17 is a region of 1 or 2 turns.
Three short helices (positions 19-23, 39—44,and 67-72) are predicted to be separated
by an approximately equal number of residues. A single and quite pronounced turn is
found at position 30, where a proline residue occurs in the sequence. High probabilities
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Tig. 4. Predicted secondary structure of protein L27. Abbreviations as for Fig. 1.

for extended structure are given for positions 46--50 and 56—58. These 2 regions are
separated by a strongly predicted turn at about position 53 which could allow them to
form pleated-sheet structure. Protein L28 has an above average content of extended struc-
ture for the ribosomal proteins so far investigated (Table I and see Refs., 1-3).

Protein L30

The predictions are based on the sequence determined by Ritter and Wittmann-
Liebold (19) and are shown in Fig. 6. For protein L30, the different predictive methods
give a variety of secondary structures which agree very poorly and in this case the deriva-
tion of a highly probable secondary structure may be misleading. Only 1 region of extended
structure (positions 3—7) and a turn at about position 32 can be assigned on the basis of
at least 3 models in agreement. Helix structure is weakly and ambiguously predicted for
3 regions (see Fig. 6) but the correspondence between the models is not sufficient for an
assignment of any confidence. Hence, protein L30 seems to contain little or no helical
structure (Table ). Similarly, other regions of structure are not well emphasized.

Protein L31

The predictions are based on the sequence determined by Brosius (20) and are
shown in Fig. 7. This protein contains 4 cysteine residues at positions 16, 18, 37, and 40.
Apparently, protein L31 contains no helical structures; short regions of helix are given by
only 1 model (see Fig. 7). The N-terminal region up to residue 20 is given essentially as
coil structure with turns predicted for positions 7—8 and about residue 17. The sequence
Cys-Ser-Cys is found in the second of these turns. Similarly, the sequence of the other
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Fig. 5. Predicted secondary structure of protein L28. Abbreviations as for Fig. 1.

cysteine residues, Cys-Ser-Lys-Cys, is also predicted to occur in a turn. Further turns are

given in positions 41—42 and in the C-terminus of the molecule (53—56 and 58-—61).
Extended structure is given by the different models in the region 12—37 and is pre-

dicted for positions 21 —24. Pleated-sheet formation may be possible in this protein.

Protein L32

The predictions for protein L32 are based on the sequence determined by Wittmann-
Liebold et al. (21) and are shown in Fig. 8. The N-terminus is marked by a region of 2
turns, 6—7 and 9—13, followed by a short, poorly developed helix, 17/18—21/25. Extended
structure is given by 2 models for the stretch of residues 23/24—29/30. A turn in positions
30—34, a helix of some 6—10 residues, and another series of turns (45—51) are obtained
for the C-terminal region of protein L32. This protein has the highest content of turns
(34%) calculated for all the ribosomal proteins so far studied. A similarly high turn content
is shown only by protein L27 (30%, see Table I).

Protein L33

The predictions are based on the sequence determined by Wittmann-Liebold and
Pannenbecker (22) and are presented in Fig. 9. Three helices, each comprising 6 residues
are given for positions 5—10 in the N-terminal region, for 31—36 in the middle part, and/
or in 49—54, Protein L33 is predicted to have a moderate content of helix (Table I). Turns
in positions 13—15 and 2427 appear to be separated by 3—6 residues in an extended
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conformation. The helix in the middle part of the protein chain is terminated by a turn at
position 40. Two models predict this to be followed by further extended structure (see
Fig. 9).

Protein L34

Predictions for the secondary structures of protein L34 are based on the sequence
determined by Chen and Ehrke (23) and Chen (24). They are shown in Fig. 10. Various
structures are indicated for the first 12 residues. A region of turns is given for positions
13--17/19 followed by a helix of about 4 residues. In the center of the protein chain a
strongly predicted turn is given at about position 26. The C-terminal region contains
another short helix (32—36) and a pronounced turn in positions 37—38. As for the N-
terminus, various structures are predicted for the last 8 residues. In both cases, at least 2
models suggest that these regions could be in an extended conformation. However, on the
basis of 3 agreeing predictions protein L34 seems to lack any developed extended structure
(Table 1).

CONCLUSIONS

In general, the secondary structure predicted by the 4 different methods agreed well.
This result encouraged us to study all the ribosomal proteins of known primary structure
(1—3). There is no evidence so far for homologous sequences among the E. coli ribosomal
proteins contributing to homologous regions of secondary structure.

In this paper, we have focused our interest on the ribosomal L proteins which were
predicted to have low to moderate helical content (up to 30%; see Table I). Seven of these
proteins are comparatively short in sequence and, in these, structural features appear to be
less well developed. Helices exceeding 6—8 residues are infrequently predicted. This may
be compared with other small proteins whose crystal structures are known, e.g., insulin,
bovine pancreatic trypsin inhibitor, and ribonuclease S, in which helices of more than 10
residues are seldom found. In some proteins, for example L27, L30, and L31, the helical
content is predicted as extremely low. In particular, for protein L30 this may be unrepre-
sentative because the predictions are in each case rather individual and themselves ambig-
uous.

The ribosomal proteins have, as a special class of proteins, been predicted to contain
relatively little extended structure (see Refs. 1-3) and this may be attributed to under-
prediction. However, experimental observations of intact ribosomes with infrared spec-
troscopy indicate that in fact the proteins have little extended structure (25).

Maximum lengths, based on the most probable secondary structure, were calculated
for all the ribosomal proteins studied. These are especially useful in testing an elongated
conformation proposed when multiple antibody-binding sites have been found for a small
protein in the ribosome. For these proteins, only a rather stretched conformation would
most satisfactorily explain their accommodation, assuming they are present in unimolecu-
lar stoichiometry. Therefore, it may be expected that they have a high proportion of coil
or elongated structure in nature. This is as predicted, e.g., for S15 and S18 (1). In con-
nection with specific antibody-binding studies to protein fragments, such information
may indicate not only the orientation of a protein but also its manner of spatial accommoda-
tion. Further, a high proportion of helical as well as turn structure was predicted for
certain proteins whose globular shape has been determined experimentally, e.g., S8
(13, 26).
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Fig. 10. Predicted secondary structure ot protein L34. Abbreviations as for Fig. 1.

As has been discussed for mutant proteins of the 308 ribosomal particle (1), it will
be worthwhile to examine the predicted structural changes induced in mutants of the L
proteins as soon as the alterations in the mutant proteins become available.
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