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A n  electron density map of the large ribosomal subunit ,from Bacillus stearothermophilus was 
obtained at 26 k resolution by single isomorphous replacement (SIR)from a derivative formed 
by spec& quantitative labeling with a dense undecagold cluster. For derivatization, a mono- 
functional reagent of this cluster was bound to a su~hydrylgroup q fa  purified ribosomalprotein, 
which was in turn reconstituted with core particles of a mutant lacking this protein. The native, 
mutated, and derivatized 50s ribosomal subunits crystallize under the same conditions in the 
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same space group. Under favorable conditions, crj~.ytals ofthe derivatized subunit proved to be 
isomorphous with the nulive ones, whereas the crystals o f  the mutant may have somewhat 
dijerent packing. 

After resolving the SIR phase ambiguity by solvent flattening, the electron density shows a 
pucking that is consistent with the noncrystallographic symmetry found by Patterson searches 
as well as with the mot fobserved in electron micrographs of thin sections of'the crystals. These 
studies established that phase infbrmation can be obtained from heavy metal clusters, even 
nlhen the crystals under investigation are unstable and weakly diffracting. These results encour- 
aged,further efort ut the construction of spec$cully derivatized crystals porn other ribosomal 
particles that diffract to higher resolution. 0 1995 John Wiley & Sons, Inc. 

INTRODUCTION 

Ribosomes provide the site for the translation of 
the genetic code into polypeptide chains in all liv- 
ing cells. They are built of two independent sub- 
units of unequal size that associate upon the initia- 
tion of protein biosynthesis. A typical bacterial ri- 
bosome (70s) has a molecular weight of 2.3 
million daltons and its large ( 50s) and small (30s) 
subunits have molecular weights of 1.45 and 0.85 
million daltons, respectively. About one third of its 
mass is comprised of 58-73 different proteins, de- 
pending on the source. The rest is composed of 
three rRNA chains with a total of about 4500 nu- 
cleotides. 

Crystals diffracting best to 2.9 A have been 
grown from active ribosomal particles from halo- 
philic and thermophilic bacteria.' X-ray crystallo- 
graphic data of reasonable quality are being col- 
lected with synchrotron radiation at cryo-tempera- 
ture from ribosomal particles of the wild type and 
mutated bacteria, chemically modified particles, 
and complexes of ribosomal particles with compo- 
nents of protein biosynthesis (mRNA, tRNA, 
and nascent protein chains). 

In this article we describe our attempts at low- 
resolution phasing of the diffraction data obtained 
from the monoclinic crystals of the large ribo- 
somal subunits from Bacillus stearothermophilus 
(BSOS). These particles were chosen although their 
crystals diffract to low resolution, because ( a )  their 
biochemistry and genetics are rather well charac- 
terized to allow the manipulations required for 
their specific derivatization; (b)  they possess an ex- 
posed -SH to which an undecagold cluster could 
be quantitatively bound2; and (c )  because a low 
resolution model, which may be exploited during 
the course of structure determination, has been re- 
constructed from tilt series of electron micrographs 
taken from their negatively stained two-dimen- 
sional  array^.^ 

PHASING IN MACROMOLECULAR 
CRYSTALLOGRAPHY 

In macromolecular crystallography, the assign- 
ment of phases to the observed structure factor am- 
plitude is the most crucial, albeit most complicated 
step in structure determination. Since the phases 
cannot be directly measured, their elucidation re- 
mains the most complicated and least predictable 
tasks in structure determination, even for average- 
size proteins, of molecular weights of 15-80 Kda. 
Clearly, for ribosomal crystals, the magnitude and 
the complexity of this step is greatly enhanced. 

The commonly used method for the determina- 
tion of the phases of new structures is isomorphous 
replucement. It is based on the changes in the struc- 
ture factor amplitudes that are caused by the addi- 
tion of heavy atoms to the native compound. It re- 
quires attachment of heavy atoms at a limited 
number of sites within the unit cell, while keeping 
the crystal structure isomorphous to that of the na- 
tive molecule. When only one derivative is avail- 
able. the single isomorphous replacement (SIR) 
procedure, which often yields ambiguous phasing, 
is used. When more than one such derivative can 
be obtained, multiple isomorphous replacement is 
used. In this procedure, the information from the 
different derivatives is combined, leading to more 
reliable phasing. 

The derivatization reagents are chosen accord- 
ing to their potential ability to induce measurable 
signals. For proteins of average size (e.g., with mo- 
lecular weights of 15-80 Kda, useful heavy atom 
derivatives consist of one or two heavy-metal 
atoms. Because of the large size of the ribosome, 
ideal compounds for derivatization are compact 
and dense materials of a proportionally larger 
number of heavy atoms. Therefore multimetal 
compounds, such as polyheteroanions (e.g., 
K14NaP5W3001 or dense metal clusters, such as 
undecagold (Figure 1 )  are being used by us for 
soaking and for specific binding, respectively. 

Heavy-atom derivatives of crystals of biological 
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The monofunctional reagent of the undecagold cluster used for the derivatiza- 

macromolecules are routinely obtained by soaking 
crystals in solutions of the heavy-atom compounds 
or by cocrystallization of the macromolecule to- 
gether with the heavy atom. Using these equilib- 
rium procedures, productive derivatization in one 
or a few sites is largely a matter of chance, but the 
probability of obtaining a useful derivative for a 
typical macromolecule is sufficiently high that 
more sophisticated techniques are rarely needed. 

SPECIFIC LABELING BY AN 
UNDECAGOLD CLUSTER 

The undecagold cluster (GC) used for derivatiza- 
tion contains a core of 8.2 A diameter, consisting 
of eleven gold atoms linked directly to each other, 
surrounded by hydrophilic organic groups forming 
a unique, well-defined compound with an overall 
diameter of 22 A.4 This cluster, of a molecular 
weight of 6.2 Kda, combines high electron density 
with water solubility, and could be prepared as a 
monofunctional reagent, aiming first at binding to 
exposed free sulfhydryls. Since the gold cluster is 
rather bulky, accessibility was enhanced by attach- 
ing a maleimido or an iodoacetyl group to the clus- 
ter through a short aliphatic chain (Figure 1 ). The 
latter was designed to avoid the chirality, which 

may be introduced by the reaction ofthe sulfhydryl 
with the double bond of the maleimido 

Assuming reasonable isomorphism and a full 
single-site occupancy of the undecagold cluster, the 
average differences in diffraction intensities be- 
tween native and GC-bound 50s particles is ex- 
pected to be about 15%. Hence, provided these re- 
quirements are fulfilled, the undecagold cluster is 
likely to induce measurable differences between the 
intensities of the reflections of the native crystals 
and those of the derivatized ones. As the core of the 
undecagold cluster is about 8.2 A in diameter,4 it 
can be treated as a single scattering group at low to 
intermediate resolution. 

A mutant lacking one ribosomal protein, BL1 I ,  
was obtained by the addition of the antibiotic thi- 
ostrepton to the bacterial growth medium.6 In par- 
allel, protein BLI 1 was isolated from native parti- 
cles.’ The mere fact that the bacteria can grow with- 
out protein BL11, alongside our ability to 
crystallize the cores lacking this protein under the 
same conditions as used for the native particles, in- 
dicate that the removal of this protein does not 
cause gross conformational changes in the ribo- 
some, and that protein BLI I it is not likely to be 
involved in crystal packing. The monofunctional 
reagent of the undecagold cluster was bound to 
protein BL 1 1, by reacting with its only cysteine. Al- 
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though the binding of the cluster was carried out 
under denaturing conditions, and although the 
molecular weight of the undecagold cluster (6.2 
Kda) approaches half of that of the protein ( 15.5 
Kda) , the derivatized protein could be reconstitu- 
ted into cores of mutated ribosomes lacking BLl 1 , 
yielding fully derivatized particles. 

SIMULATION STUDIES ON THE 
PHASING POWER OF THE 
UNDECAGOLD CLUSTER 

In order to assess the phasing power of the gold 
cluster and the influence of various parameters on 
the phasing process, model calculations have been 
performed.' The envelope of the reconstructed im- 
age mentioned above was filled uniformly with a 
random distribution of about 1 15,000 nonhy- 
drogen atoms, according to the known chemical 
composition of the large ribosomal subunit of 
Escherichia coli. l o  

Assuming the existence of more than one parti- 
cle in the asymmetric unit, and still not knowing 
the correct number (which was found later), two 
such models were placed in the asymmetric unit, 
keeping the dimensions and space group of B50S. 
The solvent was modeled as a uniform density out- 
side the molecule convoluted with a Gaussian us- 
ing a temperature factor of 320 A'. The solvent 
density was set to its experimentally determined 
value of 0.36 electrons per cubic A. Structure fac- 
tors were calculated and an error model mimicking 
the experimental R-factor distributions was ap- 
plied to yield a native data set. A data set with sim- 
ulated lack of isomorphism was generated by 
changing the p angle of the unit cell by 0.5". Deriv- 
ative data sets were constructed by placing the gold 
cluster into the native structure in a nonoverlap- 
ping fashion. 

To monitor the phasing power we chose the 
variable I F-2-P - F-2-PHI/FA2-P, where 
F-P is the native and F-PH the derivative struc- 
ture factor. Figure 2 shows the dependence of this 
variable on the Brag  resolution. A significant sig- 
nal appears at around 50 A, increases steadily until 
8 A, which is about the diameter of the gold cluster 
core,4 and decreases at higher resolution. This re- 
flects the fact that a group of atoms can only be 
considered as a single group scatterer up to a reso- 
lution close to its diameter.'' At resolutions higher 
than that, individual atoms rather than group 
properties determine the scattering behavior. 

Among the parameters checked, the occupancy 
and the mean displacement of the gold-cluster po- 

0 1 0 2 0 3 0 4 0 ~ 0 7 0 8 0 9 0 1 0 0  

Resolution [A] 
FIGURE 2 Dependence of the change in the average 
intensity on the mean displacement of the gold-cluster 
position. The solid line represents 1 A, the dashed 3 A, 
and the dotted 5 A mean displacement. Occupancy has 
been set to one in all cases. 

sition were found to be the most influential. The 
influence of the occupancy is practically linear. 
The influence of the mean displacement can be 
seen in Figure 2. As seen, mean displacement of 5 
A (roughly half the cluster diameter) generated a 
significant loss in signal. 

The analysis of the simulated difference Patter- 
son maps l 2  emphasized the importance of two ad- 
ditional parameters: experimental error and lack of 
isomorphism. Figure 3a shows a clear peak at the 
positions of the gold cluster in the Harker section at 
2x, 0,2z generated from error-free data assuming a 
mean displacement of the cluster of 3 A. Convolu- 
ting the data with a Gaussian error of 5% leads to a 
Patterson map in which the signal is threefold 
lower, but still quite clear. Figure 3b shows the 
same section, calculated from simulated data as- 
suming lack of isomorphism of 0.5" difference in p. 
It is evident that the noise level is rather high, and 
the correct peaks have a signal of only 2.4% of the 
origin peak. Still, the correct positions could be re- 
trieved using vector verification. 

These studies indicated that it should be possible 
to obtain useful phase information between 50 and 
8 A from the undecagold cluster, provided the 
mean displacement of the cluster position, the ex- 
perimental error and the lack of isomorphism 
could be kept relatively low. High occupancy has 
been ensured by the way the derivative was con- 
structed.2 

THE CRYSTALLOGRAPHIC DATA 

The crystals of native, mutated, and derivatized 
B50S were grown according to Ref. 8 with small 
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(a) (b) 

FIGURE 3 The influence of the lack of isomorphism (b) on the signal in the 2x, 0, 22 
Harker section of the simulated difference Patterson map. ( a )  shows the same section calcu- 
lated from error-free data. Occupancy has been set here to one and the mean displacement of 
the cluster position to 3 A. 

modifications. They appear as monoclinic needles 
with maximum dimensions of 0.8 X 0.2 X 0.04 
mm3. Their space group is C2, with unit cell di- 
mensions of 300 X 547 X 377 ( 2 1 % )  A and p 
= 1 1 1.9". Their extremely weak diffraction power 
and high sensitivity to the X-radiation dictate crys- 
tallographic data collection with intense synchro- 
tron radiation at cryotemperature.' 

Data sets of four native, four derivatized, and 
one mutated crystals have been evaluated (Table 
I ) .  Two of these sets (41 and 53) were collected 
from the same crystal in two measuring periods, 
separated by an interval of five months, during 
which the crystal was stored in a solid propane-liq- 
uid nitrogen dewar at 85 K. The maximum usable 
data available from some of the crystals extends to 
15 A, although occasionally the diffraction ex- 
tended to higher resolution ( 11  A) .  The crystals 
suffer from significant nonisotropic mosaicity, 
0.3"-1 .O", depending also on the resolution. In sev- 
eral cases, the variations in cell constants were over 
1 %, indicating lack of isomorphism, which was ver- 
ified in unsuccessful attempts to merge data from 
more than one crystal. Noteworthy is the deviation 
of the volume of the mutant from those of the na- 
tive and derivatized ones. 

DIRECT OBSERVATION OF 
CRYSTAL PACKING 

The large size of the ribosomal particles enables 
their observation by electron microscopy. There- 
fore, direct information about packing motifs of 
the ribosomal crystals can be derived by electron 

microscopy. Three-dimensional crystals are em- 
bedded in epon, sectioned at preferred orientations 
in extremely thin slices, of a width similar to that 
of a single unit cell, and positively stained with ura- 
nyl-acetate. Visual inspection and symmetry con- 
siderations, were then used for the determination 
of the packing motifs of the particles in the unit 
cells and revealed internal arrangement in triplets 
(Figure 4 ) .  This provided a valuable hint, since 
previous attempts at measuring or calculating the 
density of the B50S crystals, indicated only that the 
asymmetric unit contains 2-4 particles, but could 
not lead to conclusive determination of the actual 
number. 

SELF-ROTATION SEARCHES 

The existence of three particles in the asymmetric 
unit was demonstrated conclusively by a self-rota- 
tion search that was used for locating the noncrys- 
tallographic symmetry elements in the crystallo- 
graphic asymmetric unit. These searches were per- 
formed using data collected from native (46), 
mutant lacking protein L11 ( 8 3 ) ,  and gold cluster 
derivative (41 ) (Table I) .  At resolution range 50- 
20 A, with a Patterson cutoff of 150 A, a clear peak 
(52% of the origin) was found in the K = 120" sec- 
tion, denoting a threefold noncrystallographic axis 
at the spherical polar angles ( 168, 90, 120). This 
threefold axis persists in other resolution ranges 
(i.e., 50-30, 70-30, and 40-20 A) and with differ- 
ent Patterson cutoff radii ( 140-180 A). Besides, a 
clear (50% of the origin) twofold noncrystallo- 
graphic peak was found in the K = 180" section of 
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Table I The Quality of the Data Sets Collected from Crystals of the Large Ribosomal Subunit from Bacillus 
steauothermophilus (BSOS)8 

N 21 
A 16 
T 19 

46 

D 48 
E 41 
R 53 

39 

M 83 

14.9 91.3 5561 
14.4 88.5 5226 
18.0 176.0 489 I 
21.0 93.0 2945 

14.0 97.0 4535 
12.8 124.7 833 1 
15.7 62.2 4808 
22.0 245.0 1416 

16.0 49.0 5 104 

6.9 297.6 
7.8 302.9 
7.2 300.0 
7.3 297.3 

14.2 302.9 
7.4 300.0 
9.5 300.0 
7.4 300.0 

10.4 293.1 

547 383.3 
547 374.4 
547 377.0 
547 376.0 

547 374.4 
547 377.0 
547 377.0 
547 382.0 

547 372.8 

111.6 +1.068 
112.2 +0.057 
11 1.9 0.000 
11 1.1 +0.6 18 

112.2 +0.057 
11 1.9 +O.OOO 
11 1.9 0.000 
111.9 f1 .326  

111.4 -3.053 

a S A T :  native: DER: deribative: M: mutant. D(v) = the change in crystal volume (compared to crystal 41). 
The cell axes w>ere scaled to a common b axis (dolo = 547 A). 

the map at the spherical angles (80,60, 180). Thus, 
the threefold noncrystallographic axis is almost 
parallel to the crystallographic c axis (in the ac 
plane, 12" away from the c axis) The twofold axis 
is found in a plane containing the crystallographic 
b axis. perpendicular to the threefold axis, 30" away 
from the ac plane and 120" from the twofold along 
b and from its symmetry image. 

Such a combination of noncrystallographic 
threefold and twofold axes suggests that there are 
three particles in the asymmetric unit. The self-ro- 
tation results can be related to electron micro- 
graphs of sections through three-dimensional crys- 
tals of B50S. According to these, one expects that a 
section parallel to the ab plane will show approxi- 

FIGURE 4 Two perpendicular electron micrographs 
of positively stained sections of thickness of approxi- 
mately 400 A, of a B50S crystal. Several particles are de- 
picted. 

mate noncrystallographic threefold symmetry in 
the asymmetric unit. 

Self-rotation searches performed with the data 
collected from the crystals of mutated particles 
( 8 3 )  showed an additional peak at K = 60°, suggest- 
ing 622 pseudo-symmetry. This result, together 
with the somewhat smaller unit cell obtained for 
this crystal, indicates that the packing in the crystal 
of the mutated particles may be different from that 
of the native and the derivatized crystals. Although 
this conclusion is based on the analysis of only one 
crystal of mutated particles, it is likely to be correct, 
as none of the other B50S crystals have shown this 
behavior. 

THE LOCATION OF THE GOLD 
CLUSTER BY DIFFERENCE 
PATTERSON SYNTHESIS 

Because of the observed lack of isomorphism, each 
data set of the native and the derivative was han- 
dled individually. Difference Patterson maps were 
calculated for every possible combination of native 
and derivatives at various resolution ranges. It was 
found that for obtaining consistent results, the res- 
olution had to be limited, as including weak data at 
resolution higher than 20 A increased the apparent 
lack of isomorphism and the experimental error, 
whereas the terms with resolution lower than 50 A 
did not contribute to the phasing. as expected from 
the simulation studies. 

In no case were we able to locate the goldcluster 
positions in the Harker sections by visual inspec- 
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FIGURE 5 Harker section 2x, 0, 22 of the difference 
Patterson map of the native (46) and undecagold deriv- 
ative ( 4  1 ) crystals, in the resolution range 26-45 A. The 
verified maxima are circled. 

tion combined by employing symmetry opera- 
tions, the conventional crystallographic approach. 
Therefore, the first 20 maxima of every difference 
Patterson synthesis were systematically subjected 
to cross-vector searches.13 

The only usable results evolved from the combi- 
nation of data sets 46 (native) and 4 1 (derivative) 
(Table I ) .  Their difference Patterson map showed 
highly correlated peaks, consistent with the exis- 
tence of three undecagold clusters in the asymmet- 
ric unit (Figure 5 ) ,  in accord with the results from 
the self-rotation searches and the motifs seen be 
electron microscopy in thin sections of the crystals 
(Figure 5 ) .  As in space group C2 only the a and z 
coordinates are fixed. Therefore the highest Patter- 
son maximum was set to y = 0, and the y coordi- 
nates of the other two positions were fixed relative 
to it. 

THE INITIAL SIR PHASE SET 
AND ITS REFINEMENT 

The positions of the clusters, their occupancies and 
the overall temperature factor were refined in the 
resolution range 26-60 A. Since there were too few 
centric reflections to allow refinement based solely 
on them, all reflections were included. The iso- 
tropic temperature factor was set to 60 A 2 ,  as it was 
found that in this resolution range the B factor can- 
not be reliably refined. 

The average phasing power was found to be 1.2. 
As expected from the simulation studies, within the 
range of resolution used for these studies, the phas- 

ing power increases with the resolution. The RCullis 
value for the first SIR phase calculation was 64% 
with a figure of merit was 0.42. To assist in resolv- 
ing the phase ambiguity and to improve the quality 
of the Fourier map, solvent flattening l 4  assuming 
6 1% solvent, followed by phase combination, was 
applied. Convergence was reached after two cycles. 
The figure of merit was increased to 0.64, and the 
R factor decreased to 44.3%. An attempt to add the 
lower resolution terms (69-90 A) showed that the 
phases of this range have no meaning (Table 11). 
The resulting electron density map has large con- 
nected density regions (Figure 6), consistent in size 
to three 50s subunits. However, so far it has not 
been possible to distinguish between the individual 
particles. 

FUTURE PROSPECTS 

As seen, the solution of the structure of the B50S 
subunit is still at an early stage. However, the non- 
crystallographic threefold axis may be exploited to 
improve the phases by noncrystallographic averag- 
ing. The molecular replacement method may pro- 
vide the base for these studies. This method is 
based on positioning a known model in the unit 
cell of the unknown s t r~c tu re . ' ~  As this method 
was developed for studies at high resolution, and 
as in our case both the model, obtained by image 
reconstruction and the crystallographic data are 
of low resolution (20-28 A), its suitability was 
tested. The calculated structure factors from a 50s 
model placed in a cubic box of a length of 225 A, 
chosen to match the longest dimension of the par- 
ticle, were used as input data. The model was filled 
with randomly and uniformly distributed scatter- 
ers and rotated by Euler angles, and cross-rotation 
searches at different resolution ranges and with 
different Patterson vector cutoffs, were run. This 
test was not complicated by the experimental error, 
allowed the choice of suitable resolution ranges and 
assessed the sensitivity of the cross-rotation results 
to the Patterson cutoff length and the size of the 
model cell. 

Preliminary searches with the test data as well 
as the experimental structure factors were carried 
out using the program MERLOT with some 
modifications (Z. Otwinowski and J. Freedman, 
Yale University, and M. Eisenstein, Weizmann 
Institute). In the best runs, the difference between 
the height of the expected peak and the background 
(second peak) was taken as the criterion for the 
quality of the results. These tests showed that the 
meaningful results are obtained even at low resolu- 
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Table I1 The Figure of Merit, Phase Difference and Rvalue of the SIR Phase Sets Before and After Two Cycles 
of Solvent Flattening with Phase Combination" 

SIR SIR + I Cycle SIR + 2 Cycles 

Res. (A) FOM N, FOM Ad Rvalue NT FOM Ad Rvalue N, 

90.0-62.1 0.17 0.796 67 0.25 0.7 18 67 

50.3-43.4 0.37 95 0.53 28 0.559 I13 0.62 33 0.420 I13 
43.4-38.8 0.38 110 0.54 24 0.578 124 0.6 1 31 0.439 124 

35.3-32.7 0.45 I12 0.6 1 25 0.495 127 0.70 28 0.374 127 
32.7-30.5 0.43 I08 0.6 1 20 0.466 1 I7 0.67 24 0.391 117 
30.5-28.8 0.39 131 0.58 30 0.496 I38 0.67 36 0.396 138 

27.3-26.0 0.5 I 94 0.57 18 0.550 104 0.65 25 0.435 104 

90.0-26.0 0.42 943 0.56 26 0.546 1 I28 0.64 31 0.443 1128 

62.1-50.3 0.34 68 0.53 42 0.499 93 0.57 43 0.441 93 

38.8-35.3 0.4 1 I13 0.6 1 35 0.466 125 0.69 42 0.362 125 

28.8-27.3 0.47 112 0.64 17 0.483 120 0.72 21 0.389 120 

a FOM: figure of merit: N,: number of reflections. A$: the difference between the values of the phases before and after the phase 
combination (from the solvent-flattened map). 

tion (30-80 A). Inclusion of the very low resolu- 
tion terms (below 80 A) obscured the results, 
whereas the higher resolution terms led only to 
negligible improvement. Thus, the basic require- 
ments for a successful application of the molecular 
replacement method can be fulfilled in our case. 
Furthermore, it may be possible to use the noncrys- 
tallographic symmetry to extend the phases to 
higher resolution. 

In addition, the application of multichannel 
maximum entropy techniques aided by likelihood 
calculations ~ 3 ' '  was predicted to yield consider- 
able improvement in phases at higher resolution. 
The position of the gold clusters in conjunction 
with the structure factor differences between native 
and derivative crystals, as well as the noncrystallo- 
graphic symmetry in conjunction with the existing 

solvent mask, should act as powerful constraints on 
the maximum entropy equations. 

As has been described above, several lines of ev- 
idence support the validity of the current electron 
density map. Nevertheless, the rather low degree of 
isomorphism of the crystals of B50S directed our 
attention to an alternative phasing procedure, 
multiple-wavelength anomalous dispersion, which 
requires data collected from a single crystal at 
different wavelengths. For obtaining measurable 
anomalous signals, binding the gold or similar clus- 
ters in more than one site may be needed. 

The suitability of the undecagold cluster for 
phasing data collected from crystals of the 50s sub- 
units from B. stearothermophilus has encouraged 
us to use the undecagold cluster for phasing data 
collected from crystals of a much higher quality, 

FIGURE 6 A stereo plot of the whole unit cell, down the z direction, of the electron density 
map after two cycles of solvent flattening and phase combination (resolution range 26-60 A). 
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those of the large ribosomal subunits of Hulourculu 
rnarismorlui, which diffract to 2.9 However, 
while attempting at the extension of the procedures 
developed for B50S to the halophilic ribosomes, we 
found that a straightforward approach was not pos- 
sible, as there are no naturally exposed sulfhydrils 
on the surface of the halophilic large ribosomal 
subunit suitable for derivatization. Therefore site- 
directed mutagenesis for the insertions of exposed - 
SH groups has been initiated.s%19 

The studies presented here have been initiated under the 
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mann and carried out with enthusiasm together with the 
late Dr. K. von Bohlen. We would like to warmly thank 
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ter and its monofunctional reagent, and Drs. T. Leighton 
and J. Schnier for producing the mutant. 
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