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Using self developed software, intended to assess the quality
of experimentally determined three-dimensional structures of
proteins, Bujnicki et al. spotted irregularities in the folds of a
few proteins in 1kc9, the original deposition of the coordi-
nates of the large ribosomal subunit from Deinococcus radio-
durans (D50S). Independently, we, the crystallographers that
determined this structure at 3.1 A5 resolution [1], discovered
about a week after the release of 1kc9 that this entry was
damaged and over 80% of its content (V65 000 coordinates)
was ruined. Within 10 days we ¢xed the coordinates ¢le and
re-deposited the coordinates (1kpj).
Re-deposition of coordinates to the data bank is rather

common in ribosomal crystallography. Most recently Rama-
krishnan’s group deposited a new entry of the coordinates of
the small ribosomal subunit from Thermus thermophilus
(T30S) (1j5e). That refers to their original, almost 2 years
old, article [2]. Preliminary analysis of 1j5e indicates new
placements of several RNA bases, including those involved
in decoding that were originally £ipped out as well as minor
shifts in a few proteins, most noticeable in S17.
The original entry of the coordinates of the large subunit

from Haloarcula marismortui (H50S), 1¡k, was deposited in
August 2000 [3]. A second deposition (1jj2) appeared in Au-
gust 2001. Although the H50S structure was determined at
rather high resolution, 2.4 A5 , the two H50S depositions
show several signi¢cant di¡erences. Nevertheless, Bujnicki et
al. did not detect any problems in either deposition. On the
contrary, they claim that ‘the scores of the polypeptide chains
in both entries (1jj2 and 1¡k) were generally high, indicating
satisfactory quality of both H50S structures’.
As an example of the problematic proteins in H50S we

chose protein L15e. The two depositions of this protein
show only 74% sequence identity, and the second contains
two additional residues. Within a total of 173 residues, there
are over two dozen substitutions. Among them are 10 argi-
nines that were replaced by dramatically di¡erent amino
acids, such as glycine, alanine, glutamic and aspartic acids,
serine, tryptophan, tyrosine, valine and proline. Additional
examples include K-Y, Q-Y, A-M, E-P, F-P, T-P, H-F,
S-W, C-A etc. Nevertheless, as mentioned above, Bujnicki’s
method found these two extremely di¡erent depositions to be
satisfactory.
Bujnicki et al. used 1kpj to create theoretical models for the

D50S proteins and to compare them with our experimental
results. This comparison revealed deviations between the
models and the structures of four (out of 31) proteins. One
of the four suspected proteins is L16. This is one of the most

important proteins in the large ribosomal subunit, since it
interacts with the A-site tRNA hence may moderate the bind-
ing of the tRNA molecule to the ribosome. In both H50S
depositions no protein was identi¢ed as being homologous
to the eubacterial L16. However, once we determined the
structure of D50S the similarity of L16 to L10e in their struc-
tures (Fig. 1) and in the relative locations in D50S and in
H50S became evident [1]. Consequently, Steitz and Moore,
the senior authors of the H50S depositions, recon¢rmed these
similarities (in a talk given at the Ribosome meeting, January
2002; and in a plenary lecture at the International Biophysics
Society Meeting in Buenos Aires, April 2002).
L10e is one of the proteins that show signi¢cant inconsis-

tencies between the two H50S entries, 1¡k and 1jj2. This
protein has 167 residues in the recent entry, but only 156 in
the original one. Among the additional adjacent 11 residues,
10 are of an unknown sequence. These were inserted in the
middle of the protein, around position 100, between two res-
idues that were connected in the original deposition. Addi-
tional modi¢cations include non-conventional substitutions,
such as K-G, K-Y, K-D (twice), E-F, N-G, N-A, N-V,
N-L, I-D, P-S, V-S, I-S, M-H and Y-F.
Ironically, the method of Bujnicki et al. found both of these

very di¡erent depositions (1jj2 and 1¡k) to be satisfactory,
and at the same time it identi¢ed so-called ‘errors’ in L16 of
D50S, the protein that led to the identi¢cation of its counter-
part in H50S (L10e) as having a prokaryotic origin, rather
than eukaryotic, as originally assigned.
L15 is a problematic protein. This observation was made by

Bujnicki et al. as well as by us. Parts of this protein are indeed
less well resolved in our electron density map. To partially
overcome this problem, we attempted its tracing based on
homologies, using several algorithms. However, none of
them led to fully satisfactory parameters, as judged in terms
of short contacts, packing geometry, and contacts with the
neighboring rRNA or solvent molecules. Unfortunately, Buj-
nicki et al. did not release their model ; hence we cannot com-
ment about its ¢t to the electron density map as well as to the
environment of this protein.
In fact, Bujnicki et al. have not provided any description of

how they tested various crucial parameters, in terms of energy
and stereochemistry, nor did they address the chemical or
biological meaning of their models. The ribosome is extremely
crowded, and it is conceivable that Bujnicki’s theoretical mod-
els are placed in otherwise occupied space. On the other hand,
the proteins must interact with their neighborhood. In addi-
tion, Bujnicki et al. did not optimize their models in terms of
secondary structure hydrogen bonds, or those created between
the ribosome and the solvent or the metal ions. They also did
not supply crucial de¢nitions concerning the reliability or the
resolution of their method.
A few additional proteins of D50S su¡er from shortcomings

similar to those of L15. Among them is the £exible protein
L27. Bujnicki et al. did not mention this protein, presumably
because there is no H50S counterpart to L27, hence a struc-
tural homologue that could supply the basis for Bujnicki’s
prediction is not available. Using known structures for pre-
dicting three-dimensional structures of proteins may some-
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times yield approximately correct results, but it may also be
very dangerous. In cases when a single structure is the sole
source for the prediction, even reasonable homology does not
assure correct prediction, since the predicted structure is
bound to carry all the shortcomings of the one used as the
‘structural base’.
The remaining suspected proteins in Bujnicki’s list are L2

and L24. We see no obvious problems with protein L2,
although it is one of the longest chains of the large subunit.
Protein L24 was, until recently, incomplete. In both D50S
depositions, as well as in many additional PDB entries, seg-
ments of several proteins are missing since they are not visible
in the electron density maps. Supplement S1 [1] shows the
exact numbers of traced vs. expected amino acids for each
of the D50S proteins. Discrepancies between the actual traced
and the expected DNA sequences may stem from structure
£exibility, ambiguous regions in the electron density map

due to proximity to ordered solvent or metal ions, or simply
because some codons are not being expressed.
Di⁄culties in tracing portions of protein chains are not

unique to D50S. Signi¢cant portions of proteins were not
traced in the 3^3.2 A5 electron density maps of the small sub-
unit, T30S [2,4,5]. Furthermore, in contrast to the general
belief, this problem cannot be simply correlated with the res-
olution, as it was found to be more prominent at higher res-
olution. Thus, four proteins could not be seen in the 2.4 A5

map of the large ribosomal subunit from H50S [3] and do not
even appear in 1¡k (3.75 proteins in 1jj2). In addition, large
portions of other H50S proteins were not traced. An interest-
ing example is the entire domain of protein L5 that creates an
intersubunit bridge, which is missing in both H50S deposi-
tions, 1¡k and 1jj2.
Protein L24 was problematic during the initial tracing. Only

recently, when we extended the resolution of the D50S struc-
ture to 3 A5 (PDB deposition 1lnr), could we trace L24 with
con¢dence. Interestingly, the 3 A5 structure of L24 di¡ers
somewhat from the original one, but shows only partial con-
sistency with Bujnicki’s suggested alterations.
Bujnicki et al. claim that structure factors should provide

‘the ultimate testing of their models vis-a-vis the experimental
data’. It is not clear how Bujnicki et al. intend to use the
structure factors for calculating the reliability of their predic-
tions. Inspection of electron density maps should provide the
required information. However, we doubt whether such stud-
ies ¢t the aims of bioinformatics, namely to con¢rm or raise
doubts about experimental results within the shortest possible
time-frame.
We therefore assume that Bujnicki et al. plan to use the

experimental observations for checking the reliability of their
predictions, exploiting measures such as the R factor. How-
ever, according to our experience, such criteria are bound to
fail in such tasks due to the low sensitivity of the factor to
changes in single proteins. In addition, ‘blind’ re¢nement of
biological structures (i.e. re¢nement of R or similar factors
without referring to maps or chemical properties) was proven
extremely dangerous even for very small proteins that di¡ract
to very high resolution. Three decades ago Scheraga and col-
leagues showed that the least-squares re¢ned 1.55 A5 structure
of Rubridoxin [6], that was determined with the impressive
R factor of 6 20%, contained wrong bond lengths, bad dihe-
dral angles and unacceptable inter-atomic distances [7]. When
energy re¢ned, the R factor was raised to 37%, but the chem-
ical nature of the molecule made sense. Consequently, re-
straining and constraining the re¢nement became a general
procedure (e.g. [8]), and currently the correctness of the ster-
eochemistry and similar parameters are routinely being veri-
¢ed when coordinates are deposited in the data bank. We
assume that Bujnicki et al. aim at developing a useful tool
to be incorporated in the veri¢cations required by the PDB
during deposition. We believe that in the future they may
achieve this aim. However, in view of its failure to recognize
the problems in the H50S depositions, and the overestimation
of the irregularities in the structures of the D50S proteins, it is
clear that in its current state, Bujnicki’s method is far from
being suitable for this aim and needs to be signi¢cantly im-
proved. Meanwhile it is important to stress that the studies of
Bujnicki et al. show, at most, discrepancies between theoret-
ical predictions and experimental observations. So far there is
no reason to refer to these discrepancies as ‘errors’.

Fig. 1. Superposition of the H50S protein L10e (black) on its D50S
counterpart L16 (gray).
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