er the incorporation of '*C-labeled amino
acid lysine into newly synthesized
immunoglobulin. Since the murine lines
secrete 10 to 50 pg of immunoglobulin
per milliliter (9), it is reasonable to as-
sume that our human myeloma cells se-
crete similar quantities (10).

An intensive effort has been made to
develop human myeloma cell lines for
the production of monoclonal antibod-
ies. Although the availability of mouse
myeloma cell lines enabled the develop-
ment of monoclonal antibodies against a
wide range of antigens, the use of rodent
antibodies for human immunotherapy is
limited. It is probably impossible to ob-
tain stable interspecies hybridomas,
such as mouse-human, that secrete hu-
man antibodies, because the human
chromosomes are lost in such hybrido-
mas (11).

One group of investigators reported
the development of human monoclonal
antibodies (to dinitrochlorobenzene) us-
ing the IgE A myeloma cell line U266
(12); the failure to reproduce these re-
sults has been blamed on a latent infec-
tion of these myeloma cells by mycoplas-
ma (I3). Another group reported the
production of human monoclonal anti-
bodies by use of the GM1500 line, which
had been derived from a patient with
multiple myeloma (/4); these results
have not been reproduced, probably be-
cause the cell line, rather than being a
myeloma, is a lymphoblastoid line that is
EBNA-positive (15). Like other EBNA-
positive B lymphoblast cell lines, they
probably produce only small amounts of
immunoglobulin. Furthermore because
of their latent infection with EBV, such
lines may be unstable. Therefore, it ap-
pears that so far a human counterpart to
the mouse and rat (16) myeloma cell lines
does not exist. Cells of our unique line
should provide an opportunity for de-
tailed study of the cytogenetics of myelo-
ma, as well as'an ideal fusion partner for
the production of human monoclonal
antibodies.
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Ribosomal Crystalline Arrays of Large Subunits from

Escherichia coli

Abstract. Crystalline sheets of the 508 ribosomal subunits of Escherichia coli have
been formed in vitro. Electron micrographs of these arrays diffract to 35-angstrom
resolution. The lattice parameters of the crystals are a = 330 = 20 angstroms,
b = 330 = 30 angstroms, and o = 123° = 5°, and the space group is most likely p21.
These arrays of ribosomal subunits are sufficiently ordered to resolve such known
features of the large ribosomal subunit as the L7/L12 stalk and the central

protuberance.

One of the principal requirements for
understanding the molecular events that
occur during protein synthesis is the
determination of the three-dimensional
structure of the ribosome. In this report,
we describe conditions for the growth in
vitro of crystalline arrays of large ribo-
somal subunits from Escherichia coli.
These microcrystals of ribosomes are
sufficiently well ordered to allow the
calculation of a density map with 40-A
resolution by three-dimensional recon-
struction from electron micrographs.
Crystalline arrays formed in vivo in eu-
karyotes have been isolated and ana-
lyzed by three-dimensional reconstruc-
tion (I, 2) and crystalline arrays of pro-
karyotic ribosomes have been grown in
vitro (3-5). However, the microcrystals
we grew diffract to a considerably higher
resolution than any previously reported.
Their symmetry and unit cell dimensions
have been characterized. Since they are
grown in vitro from E. coli subunits, they
offer the optimal opportunities for corre-
lating biochemical and functional infor-
mation with structural studies. The ar-
rays are nearly ideal for analysis by
three-dimensional reconstruction.

When solutions of 50§ ribosomal sub-
units are maintained in vapor diffusion
wells in the presence of ethanol (see
legend to Fig. 1 for buffer conditions), a
particulate suspension forms at the bot-
tom of the wells within 2 weeks. After 1
to 2 months, the suspension, when ex-

amined by electron microscopy, con-
tains closed tubes (Fig. 1A) and crystal-
line sheets one or more layers thick (Fig.
1B). Optical and computer-calculated
diffraction patterns indicate that the unit
cell dimensions, symmetry, and packing
are the same in the sheets and the tubes.

Tubes, when negatively stained, flat-
ten on the carbon support films used for
electron microscopy to produce ‘‘two-
sided’’ images [for example, see (6)].
The flattened tubes are 1750 A in diame-
ter and of variable length (4000 to 40,000
A). In the approximately meridionally
symmetric optical diffraction pattern
shown in Fig. 1C, reflections from one
side of the tube have been circled. These
reflections index on a primitive lattice
with parameters a = 330 = 20 ‘Z\, b=
330 = 30 A, and o = 123° = 5°. Optical
and computer-filtered images of tubes
(Fig. 1E) suggest that the symmetry, in
projection, is p2, corresponding to space
group p2l (7). The projected structure
can also be referred to a centered lattice
with approximate symmetry cmm corre-
sponding to space group c¢222. Analysis
of the calculated three-dimensional Fou-
rier transform, however, favors a three-
dimensional symmetry of p21, but does
not completely exclude c222 (Fig. 2). In
addition, by using the lower symmetry
space group (p21), we do not rule out the
additional symmetry elements contained
in ¢222.

Present in the backgrounds of electron
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micrographs are symmetric clusters of
subunits (morphological units). Several
of these are indicated by arrowheads in
the central field in Fig. 1A, and enlarge-
ments of them are shown in Fig. 1D.
Individual morphological units preferen-
tially orient on the carbon support film
with their dyad axis perpendicular to the
plane of the film; their profiles closely
resemble those seen in the filtered im-
ages (Fig. 1E). Crystallization might pro-
ceed from these morphological units,
since they are commonly found in asso-
ciation with the crystals. Consideration
of the size of a ribosomal subunit sug-
gests that if the symmetry is p21, the

asymmetric unit is most likely composed
of two 50S subunits. Together, two sym-
metry-related asymmetric units (contain-
ing four subunits in all) form a morpho-
logical unit.

The integrity of the 50S ribosomal
subunits, as characterized by sedimenta-
tion through sucrose gradients and by
electron microscopy, was preserved af-
ter crystallization [same conditions as in
(3)]. When the mother liquor was re-
moved from the well and the remaining
microcrystals were redissolved in the
gradient buffer (or when the suspension
was taken, pelleted from the mother k-
quor, and redissolved in gradient buffer)

i

the redissolved microcrystals gave sedi-
mentation profiles indistinguishable from
those of control 50S ribosomes and were
calculated to contain less than 3 percent
(measured by absorbance at 256 nm) 305
or other contaminants. They also were
functional in polyphenylalanine synthe-
sis [for conditions, see (8)]. In addition,
508 ribosomes from vapor diffusion
wells appear normal when examined by
electron. microscopy. Hence, the mor-
phology and function of subunits is not
significantly altered during the relatively
long periods in the vapor diffusion wells.

These microcrystals of E. coli 508
ribosomes formed in vitro should be use-
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Fig. 1 (left). (A and B) Electron micrographs of microcrystalline arrays of E. coli
large ribosomal subunits (scale bar, 1000
units are indicated by arrowheads. Microcrystals were prepared from ribosomal
subunits washed twice in 0.5M NH,Cl and purified by ultracentrifugation
methods (3). The purified large ribosomal subunits were precipitated with
ethanol and resuspended in 20 mM tris-HCI (pH 7.5, at 0°C), 10 mM magnesium
acetate, 100 mM NH,Cl, 1 mM dithiothreitol, and 0.5 mM EDTA, just before
being placed in the crystallization wells. Large subunits were placed in vapor
diffusion well setups similar to those in (3). The final buffer conditions for the
wells were 20 mM tris-HCI (pH 7.5, 0°C), 12 mM magnesium acetate, 100 mM
NH,Cl, 1 mM dithiothreitol, 0.5 mM EDTA, and 2 mM spermine, with the
ribosome concentration at 10 mg/ml. Ethanol (9 percent) was used as the
precipitant, and the temperature was maintained at 4°C. After 2 to 4 months the
contents of wells were negatively stained for electron microscopy by the droplet

). A few individual morphological

method. (C) Optical diffraction pattern of the central electron micrograph shown

in (A). Reflections from one side of the pattern are circled. In addition, the a* and b* axes (a* is perpendicular to b and b* is perpendicular to a)
have been labeled. Scale bar, 1/100 A~'. (D) A gallery of electron micrographs of morphological units containing four subunits. The units are
oriented as in (B). (E) An optically filtered image of the electron micrograph in (A). The edges a and b of a unit cell are marked, with the origin
taken as the center of a morphological unit. Fig. 2 (right). The three-dimensional Fourier transform was calculated from a tilt series from
several crystals in order to investigate the three-dimensional crystal symmetry. Computer-calculated amplitudes and phases (A) for the (4,—3)
reflection and (B) for the (1,3) reflection. Z* is the difection perpendicular to the plane of the array. The three-dimensional transform was
calculated from a tilt series obtained from two different arrays. Each phase (O) and magnitude (@) represents a reflection calculated from a
different image. Phases are referenced to a common three-dimensional origin [for example, see (1, 7)] located on a twofold axis, but are otherwise
independent measurements. The transform along each Z* line has the property F,(Z*) = Fy *(—Z%*), confirming the presence of a twofold axis
perpendicular to the plane of the array. The transform does not have c222 symmetry, however. If a twofold aixs existed in the a* direction, then
Fy 1 (Z*) should equal F, _; (—Z*) (similar relations should also hold for the other pairs of mirror-related reflections). This was not observed for
approximately ten pairs and, in particular, was not found for the pair shown in (A) and (B). Hence we conclude that the true three-dimensional
symmetry is probably p21 rather than ¢222.

1000 SCIENCE, VOL. 216



ful for study by three-dimensional recon-
struction. They have sufficient order for
tilting studies and have relatively strong
diffraction to resolutions of 35 to 40 A
They are composed of E. coli compo-
nents and hence the immunological and
biochemical approaches developed for
them can be applied to the crystals. For
example, specific regions of ribosomes
may be labeled by Fab antibody tags
against proteins and RNA [for a review,
see (9)] to determine their positions - di-
rectly by diffraction techniques. With a
three-dimensional map at 50-A resolu-
tion, our preliminary experiments sug-
gest that it is possible to investigate the
shapes and mutual orientations of such
features as the L7/1.12 stalk (10), the
central protuberance [the likely site. of
peptidyl transfer (4)] and the L1 ridge
un. Moreover, the E. coli rlbosome
offers optimal opportunities for correlat-
ing results from structural studies with
other information. From the degree of
order found in these electron micro-
graphs, it also seems possible that single
crystals suitable for x-ray diffraction
might be obtained. '
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Spectral Character of Sunlight Modulates Photosynthesis of

Previtamin D3 and Its Photoisomers in Human Skin

Abstract. The photosynthesis of previtamin Dj from 7-dehydrocholesterol in
human skin was determined after exposure to narrow-band radiation or simulated
solar radiation. The optimum wavelengths for the production of previtamin Dz were
determined to be between 295 and 300 nanometers. When human skin was exposed to
295-nanometer radiation, up to 65 percent of the original 7-dehydrocholesterol
content was converted to previtamin Ds. In comparison, when adjacent skin was
exposed to simulated solar radiation, the maximum formation of previtamin D; was
about 20 percent. Major differences in the formation of lumisterol; and tachysterol;
from previtamin D3 were also observed. It is concluded that the spectral character of
natural sunlight has a profound effect on the photochemistry of 7-dehydrocholesterol

in human skin.

Man, evolving in an environment
bathed in sunlight, developed a variety
of physiological responses to solar radia-
tion. One of the best characterized sun-
light-mediated cutaneous events in man
is the photosynthesis of vitamin D3, Ex-
posure to sunlight causes the photo-
chemical transformation of 7-dehydro-
cholesterol (7-DHC) to previtamin D;
(preD;) in human skin (I). The preDs
isomerizes by heat to vitamin D; or by
ultraviolet (UV) radiation to lumisterols
and tachysterol; (Fig. 1A). The isomer-
izations of preDs, lumisterol;, and ta-
chysterol; are photoreversible reactions
and therefore determine in part the yield
of preD; and, ultimately, of vitamin D;
that is produced in the skin. Equipped
with the capability of carefully monitor-
ing this well-defined photochemical
event in human skin, we investigated the
effect’ of monochromatic radiation on
this photochemical reaction and com-
pared it with that resulting from expo-
sure to simulated sunlight. We observed
that there were major differences in both
the conversion of 7-DHC to preD; and
the photoisomerization of preD; to lu-
misterol; and tachysterol; in human epi-
dermis exposed to narrow-band (295-nm)
radiation compared with epidermis ex-
posed to simulated or natural solar radia-
tion. We report that the spectral charac-
ter of natural sunlight is an important
factor that modulates the photosynthesis
of preDs;, lumisterol;, and tachysterol3
in human skin.

Surgically obtained type III human
skin was separated by heat (I, 2) and
then exposed at room temperature to
narrow-band radiation, obtained from a
5-kW xenon arc lamp and a monochro-
mator system (Jobin-Yvon HL300), with
a half-band width of either 5 or 3 nm.
Immediately after irradiation, epidermal
lipids were extracted and chromato-
graphed to determine the amount of 7-
DHC and its photoproducts (/-3). Figure
IB illustrates an action spectrum thus
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obtained for the production of preDs;
from 7-DHC in human epidermis. The
optimum wavelengths for the production
of preéD; are between 295 and 300 nm,
with an apparent maximum near 297 nm,
results similar to those obtained in the
rat and in organic solvents (4-7).
Having established that narrow-band,
295- to 300-nm radiation optimally pro-
duces preD; in human skin, we exposed
adjacent, paired samples of human skin
to increasing doses of either monochro-
matic radiation (295 = 5 nm) or simulat-
ed solar UV radiation comparable to that
striking the earth at 0° latitude in June at
noon (2). With exposure to 295-nm radia-
tion, the maximum possible conversion
of 7-DHC to preD; in human epidermis
was approximately 60 * 5 percent of the
original concentration-of 7-DHC (Fig.
2A). At this time, a quasi-photostation-
ary state was established with tachyster-
olz, lumisterol;, and 7-DHC representing
25 to 30, 5 to 10, and 2 to 5 percent,
respectively (Fig. 2B). In comparison,
when the adjacent skin samples were
exposed to an equivalent of 15 to 30
minutes of simulated equatorial solar ra-
diation, the maximum preD; produced
was only 15 to 20 percent of the original
7-DHC levels (Fig. 2A), and a quasi-
photostationary state was established
with tachysterol;, lumisterol;, and 7-
DHC representing 3 to 6, 50 to 60, and
10 to 20 percent, respectively (Fig. 2).
Thus, in comparison with narrow-band
295-nm radiation, exposure to simulated
equatorial solar UV radiation significant-
ly diminished the maximum formation of
preD; in the epidermis and enhanced its
conversion to lumisterol;. To determine
whether human epidermis itself was
responsible for the major differences
in photoisomer ‘yield between these
sources, crystalline 7-DHC was dis-
solved in tetrahydrofiiran at various con-
centrations (1 nM to 1 mM) and exposed
to radiation of 295 = 5 nm or to simulat-
ed solar radiation. The difference in the
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