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Crystallization of Recombinant Human Leukocyte Interferon A

Abstract. Crystals of recombinant human leukocyte interferon A (IFLrA) were
prepared, and their composition was characterized. These studies should provide the
Sfoundation for determination of the tertiary structure of IFLrA by x-ray crystallogra-

phy.

The interferons comprise a family of
proteins that activate an antiviral re-
sponse in animal cells. Apart from their
potential use as therapeutic agents, these
proteins are of interest because of their
multiple effects on cells. Progress has
been made in determining the primary
structure of both human leukocyte (/-5)
and fibroblast (6-9) interferons despite
the limited amounts available. Studies on
secondary and tertiary structure have
been limited because of the lack of suffi-
cient quantities of pure interferons.
Through recombinant DNA technology,
moderate amounts of material showing

vapor diffusion with PEG-4000 (50 mg/ml). Crystals appeared within 24 hours. The length of the white strip represents 0.1 mm.

high interferon activity are now available
10-12).

Little is known about the fidelity of
transcription and translation of mamma-
lian genes in bacteria, or about post-
translational modifications that may oc-
cur. It is not certain that bacteria faith-
fully transcribe and translate all mamma-
lian sequences, nor is it known whether
the proteins are substantially modified.
Purification of recombinant human leu-
kocyte interferon A revealed that it is
homogeneous by electrophoresis and
partial amino acid sequencing (/2); how-
ever, a substantial sequence heterogene-

—925K

—68K

—43K

Crystal

ity might go undetected. Furthermore,
heterogeneity in secondary and tertiary
structure remained a real possibility.

The ability of a substance to crystal-
lize in a uniform habit satisfies one of the
classical criteria of homogeneity. Crys-
tallization may also permit the removal
of trace impurities. Furthermore, when
large-ordered single crystals can be ob-
tained, the molecule’s tertiary structure
may be determined by x-ray crystallog-
raphy.

Numerous techniques have been de-
veloped for the crystallization of pro-
teins (/3); however, no generalized pro-
cedure has been discovered, and many
proteins remain uncrystallized. The most
widely used approach involves the addi-
tion to the protein solution of a crystal-
lizing agent, which is commonly a salt,
such as ammonium sulfate or ammonium
citrate, or an organic solvent, such as
ethanol or 2-methyl-2,4-pentanediol.

One of the most versatile crystallizing
agents is polyethylene glycol (PEG),
which combines some of the characteris-
tics of the salts and the organic solvents
(14, 15). Recombinant human leukocyte
interferon A (IFLrA) crystallizes readily
from PEG, occasionally in large crystal
masses.

At low concentrations of IFLrA (0.3 to
1 mg/ml) and high concentrations of
PEG-4000 (50 mg/ml) acicular crystals
commonly appeared in 1 to 3 days at 4°C
(Fig. 1). These crystals were centrifuged,
washed with 10 percent PEG-4000, and

Fig. 1 (left). Crystals of IFLrA, acicular form.
IFLrA prepared as previously described was
dialyzed against 10 mM Hepes (pH 7.1) buffer
(ammonium salt) and concentrated to 9 mg/ml by centrifugal evaporation. A 20-u! droplet
containing IFLrA (2 mg/ml), NH,-Hepes (50 mM, pH 7.1), PEG-4000 (30 mg/ml), and NaNj (0.5
mg/ml) was placed in the well of a siliconized spot plate and allowed to equilibrate at 4°C by

Fig. 2

(middle). Electrqphoretic analysis of crystalline IFLrA. Crystals from a mixture similar to that described in the legend to Fig. 1 were transferred
to a 1.5-ml centrifuge tube and washed twice with 100-pl portions of PEG-4000 (100 mg/ml). The crystals were dissolved in 50 ul of H,O and sub-

Jjected to polyacrylamide gel electrophoresis.

Fig. 3 (right). Crystals of IFLrA, prismatic form. A droplet containing 20 wl of IFLrA (5 mg/ml),

NH,-Hepes (50 mM, pH 7.1), PEG-4000 (20 mg/ml), and NaN; (0.5 mg/ml) was placed in a well of a siliconized spot plate. An amorphous
precipitate formed immediately, from which the crystals grew during the following week.
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analyzed by gel electrophoresis (Fig. 2).
On the basis of its electrophoretic mobil-
ity, the crystalline material was judged
identical to uncrystallized IFLrA. Bioas-
says showed that the crystals contained
interferon activity. Furthermore, in the
presence of PEG-4000 (100 mg/ml) virtu-
ally all of the active IFLrA added to the
solution could be recovered in the crys-
tals.

At high IFLrA concentrations (4 to 5
mg/ml) and low PEG-4000 concentra-
tions (1.0 to 2.0 mg/ml), masses of large
prismatic crystals appeared after about §
days (Fig. 3).

We conclude that interferon synthe-
sized by bacteria is sufficiently homoge-
neous to crystallize quantitatively. Crys-
tals large enough for an x-ray crystallo-
graphic structure determination can be
obtained. Whether these crystals give
suitable x-ray diffraction patterns has not
yet been demonstrated.
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Thermal Insulating Capabilities of Outdoor Clothing Materials

Abstract. A single heat transfer measurement technique was used to determine the
thermal insulating capabilities of four materials used in outdoor clothing—goose
down, wool, polyester, and polyolefin. It was found that all provide very similar

degrees of insulation.

The increased interest in outdoor win-
ter activities has produced a striking
increase in the market for insulated out-
erwear. Although the down of northern
geese has long been the filler material of
choice, the growing market and the ris-
ing price of goose down have stimulated
industrial chemists to search for synthet-
ic substitutes for natural fibers. Periodi-
cally, new materials are put on the mar-
ket which are claimed to have thermal
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Fig. 1. Thermal insulation of various clothing
materials, plotted against swatch loft as mea-
sured on the heat transfer apparatus. The
shaded area delineates the 95 percent confi-
dence limits and the asterisks indicate swatch-
es that had multiple layers.

insulating capabilities superior to those
of goose down.

Using a modified guarded hot-plate
technique, we measured the thermal in-
sulation of goose down, wool, and poly-
ester and polyolefin fibers. Our results
show no superiority of any of the syn-
thetic materials over the natural fibers as
thermal insulators, although down has a
marked advantage in weight per unit loft
(thickness).

We prepared the materials as they
would be prepared for use in the manu-
facture of jackets, vests, and other outer-
wear garments. The filler material was
encased in a nylon shell. The shell was
quilted with 13-cm squares and its edges
were bound to form a swatch with an
area of about 1 m?. Initial loft was deter-
mined by making 12 measurements at
planned points at a pressure of 0.7 g/cm®.
The weight of the swatch was deter-
mined to within 0.1 g on a top-loading
balance (Mettler P2010). ‘‘Density’’ was
calculated from measured area, loft, and
weight.

Each swatch was placed horizontally
over a 50 by 50 cm constant heat source.
A heat sink in the form of a copper plate
equal in area to the heat source was
placed on top of the material. The heat
sink produced a pressure of 1.2 g/cm?;
each material was examined at the same
force of compression. The temperature
gradient across the swatch was mea-
sured by a thermistor and the rate of heat

Table 1. Physical properties of thermal insulating materials used in clothing.

Loft (cm) Insulation
Density
Material Measured Measured (g/m?
aterta on flat during per centi- clo clo/cm
surface at experiment meter)
0.7 g/cm?® at 1.2 g/lem? '
Down,* 1.2 0.6 179 0.73 1.22
Down,t 2.1 1.5 170 1.64 1.09
Down,# 2.8 2.0 179 2.68 1.34
Wool§ 1.9 1.3 271 1.52 1.17
Poly, I 1.7 1.2 229 1.20 1.00
Poly, 3.6 2.6 229 2.82 1.03
Poly," 1.7 1.2 224 1.11 0.93
Poly, 3.4 2.2 224 2.71 1.23
Poly,** 1.1 0.9 368 1.02 1.13
Polyolefin 0.6 0.4 424 0.45 1.13
Polyolefin 1.0 0.8 415 0.83 1.04
Polyolefin 1.2 1.0 310 1.14 1.14

*Prime 80/20 goose down (80 percent down, 20 percent feathers) at 76.4 g/m?.
152.8 g/m?.  +Prime 80/20 goose down at 229.2 g/m?.
One hundred percent polyester continuous filament fiber.

polyester staple (Dacron II).
hundred percent polyester staple (Dacron 66).
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+Prime 80/20 goose down at
11One hundred percent
**One

§Wool fiber batting.

SCIENCE, VOL. 215, S FEBRUARY 1982





