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Abstract

A simple evaporative method in sealed capillaries was used to produce X-ray diffraction quality crystals of a
monoclonal human Bence—Jones protein (Sea) in microgravity and at unit gravity. The 4 isotypic Bence-Jones protein
was purified from the urine of a multiple myeloma patient using ammonium sulfate precipitation, dialysis and cation
exchange, followed by gel filtration. Crystals were produced in glass capillaries where water evaporated from the protein
solution was absorbed by one or two suitable absorbents. A crystal grown during the 9-day Space Shuttle STS-95 flight
measured 8 x 1.6 x 1 mm. It was subjected to X-ray diffraction and was found to be orthorhombic (P2,2,2;), with unit-
cell dimensions of 48.9, 85.2 and 114.0 A. X-ray data were collected at room temperature and were 98.3% complete to
2.3 A resolution. Crystals of the same Bence—Jones protein measuring 1.2-2 mm in length were grown in ground-based
controls using a high evaporation rate for the first 12 h, followed by a slower evaporation rate for the remainder of the
19-day growth period. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

In multiple myeloma monoclonal antibodies
consisting of two light (L) and two heavy (H)
chains are produced by malignant plasma cells and
then secreted into the bloodstream. L chains (k or
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A isotypes) with amino acid sequences identical to
those in the intact antibodies are overexpressed in
relation to the H chains in about one-third of the
myeloma patients. After secretion into the blood-
stream as monomers or disulfide-linked homodi-
mers, these L chains are usually cleared or
destroyed by the kidney within 5h. When excreted
into the urine, the L chains are called Bence-Jones
proteins after the British physician, Henry Bence—
Jones, who first described them as pathognomonic
of “myelomatosis™ in 1848 [1].
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In about 10% of the cases, the L chains pass
through the endoplasmic lining of the blood
vessels into the periplasmic space and precipitate
as pathological amyloid deposits. Participation in
amyloid fibril formation favors A over k chains by
a 3:2 margin in human subjects [2]. Amyloidosis
of L chain origin (AL) is morphologically similar
to the fibrillar amyloid deposits found in 18 or
more diseases, like diabetes and Alzheimer’s
disease. Irrespective of their sources, amyloid
deposits appear to contain unbranched fibrils 80—
110 A across and of variable length, with f-pleated
sheets as their principal underlying structures [3].

The covalent Bence—Jones dimer, produced in
vivo by a patient (Sea) with multiple myeloma and
amyloidosis, was previously shown by an in vitro
assay to form fibrillar amyloid deposits in fibro-
blast monolayer cell cultures [4]. Fine filaments
interspersed with nascent collagen could be de-
tected after 48h. In 72h, the deposition of L
chains culminated in the appearance of dense
amyloid fibrils. Formation of these fibrils was
accompanied by interference with the maturation
of the collagen synthesized by the fibroblasts.
Fibrils of the Sea Bence-Jones protein deposited
between collagen fibers, expanded them laterally
and led to their partial disintegration. This process
prevented the collagen from maturing. In a control
experiment, collagen developed normally in cul-
tures exposed to a non-amyloidogenic Bence—
Jones protein (Hud). The amyloidogenic Sea
Bence-Jones protein was demonstrated to dec-
orate nascent collagen strands by immunochemical
techniques with fluorescein- and gold-labeled anti-
L chain antibodies.

Duplication of these results with three other
amyloidogenic Bence—Jones proteins (Mcg, Bla
and Jen) supported the conclusion that these
pathological L chains are concentrated in the
extracellular matrix by monovalent antigen—anti-
body type reactions. Participation in such interac-
tions is self-destructive. Amyloidogenic L chains
subsequently lose their binding capabilities for
collagen-derived peptides and by a still undefined
mechanism are irreversibly converted to amyloid
fibrils. We found that all of these dire events could
be prevented by prior treatment of the amyloido-
genic L chains with ligands that effectively blocked

their active sites [4]. In crystals of the Mcg dimer,
the most effective of these active site blockers was
a collagenase substrate [5], PZ-Pro—Leu-Gly-Pro-
D-Arg, where PZ is a 4-phenylazobenzyloxycar-
bonyl moiety.

In the present article we describe the crystal-
lization of an amyloidogenic Bence-Jones protein
(Sea) by vapor diffusion in capillaries. Under
microgravity conditions, crystals formed in profu-
sion within a single capillary. Sequestered within
the shower of crystals was a very large single
crystal of the Bence-Jones protein. In ground-
based experiments, the technique was modified to
allow the operator to control the rate of nucleation
and crystal growth. The laboratory experiments
repeatedly produced large single crystals of the
Bence—Jones protein.

2. Experimental procedure

2.1. Preparation and purification of the
Sea Bence-Jones protein

Urine samples were obtained from a patient
(Sea) with multiple myeloma and amyloidosis. The
Bence-Jones protein was precipitated from the
urine by adding solid ammonium sulfate to 75%
saturation and the precipitate was recovered by
centrifugation at 5000 RPM for 20min. This
precipitate was washed three times with the 75%
ammonium sulfate solution and collected each
time by centrifugation. The ammonium sulfate-
protein paste was stored at —10°C until needed.
Purification for subsequent crystallization trials
began by dissolving paste samples containing
50-100mg of protein in 15mM TRIS, pH 9.2,
containing 0.05% sodium azide, and dialyzing
against the same buffer overnight at 4°C.

This protein solution was loaded onto a column
prepared with 20g of Whatman DE52 (DEAE-
cellulose) that had been equilibrated thoroughly
with the starting buffer (15mM TRIS, pH 9.2).
If the column was overloaded with protein, a
large component emerged without significant
retardation. By polyacrylamide gel electropho-
resis (PAGE) in sodium dodecyl sulfate (SDS),
this large fraction was found to be composed


















