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steels. Knowledge-based process models
take the microstructure evolution into ac-
count explicitly. These models are gaining
increasing attention as a predictive tool
that allows the operational parameters of
an industrial process to be linked quantita-
tively with the properties of the steel prod-
uct. Current austenite decomposition mod-
els with predictive capabilities for industrial
conditions are empirical or semi-empirical
in nature (7) and there is a need to develop
fundamental model approaches.

Phase transformations in steels have been
investigated more extensively than those in
any other material. Any phase transformation
involves two stages: nucleation and growth.
The austenite decomposition usually follows
a sequential pattern. In low-carbon steels, it
starts with the formation of ferrite, followed
by the formation of other transformation
products including pearlite, bainite, and
martensite (7, 8). However, the mechanisms
of the entire transformation process are not
fully understood. For example, the role of al-
loying elements (such as Mn, Mo, Si, Cr, and
Al) is poorly understood.

Further understanding of the transfor-
mation mechanisms depends critically on
the available characterization techniques.
Classical phase transformation studies in
steels measure changes in specimen di-
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mension to record the volume change as-
sociated with the austenite decomposition
(9). The resulting microstructures are usu-
ally observed in an optical microscope.
Electron microscopy can be used to in-
crease resolution to the nanometer range.
However, the investigated area becomes so
small that it limits the statistical relevance
of the observations. A number of other
techniques can be used to study phase
transformations in steel, including neutron
and x-ray diffraction, magnetic, and ultra-
sonic measurements.

Offerman et al. have developed an inno-
vative technique to investigate phase trans-
formation in situ with x-ray diffraction at a
synchrotron source. By obtaining informa-
tion on the nucleation and growth of indi-
vidual ferrite grains in the bulk of the steel
specimen, the authors provide new insights
into nucleation and growth mechanisms.
Extending the limited nucleation data from
earlier microscopy studies (10, 11), the au-
thors reach new conclusions on the activa-
tion energy of ferrite nucleation. Further,
the results confirm classical diffusional
growth for a majority of grains, but also in-
dicate more complex growth regimes.

Experimental observations with state-of-
the-art techniques, such as that presented by
Offerman et al., are crucial for the develop-

ment of fundamental phase transformation
models. Better understanding of phase
transformation in steels should in turn help
to better control these transformations and
develop steels with superior properties.
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Molecular “"Ghosts”

Jonathan W. Steed

terials such as zeolites (/) in cataly-

sis and separation science has led
many solid-state chemists to believe that
nonporous equals noninteresting. Pores
and channels dramatically increase the ef-
fective surface area of a solid, facilitate
molecular diffusion, and provide sites for
attaching catalytically active species in an
unsolvated environment. A host of solid-
state designers are involved in the tailored
synthesis of porous frameworks (2, 3).

By comparison, research into the design
and synthesis of more conventional close-
packed solids is not very fashionable. But
this may change with the report by Atwood
et al. on page 1000 of this issue. The au-
thors show that a very common organic
compound, a calixarene, forms an entirely
nonporous solid-state structure yet allows
rapid bulk diffusion of small molecules
without losing its crystallinity (4).

The tremendous utility of porous ma-
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Calixarenes are well-
studied molecules, and
none more so than p-tert-
butylcalix[4]arene (see the

cial in itself. The two known x-ray crystal
structures (4, 7) of the guest-free cal-
ixarene show a close-packed solid much
like the vast majority of compounds report-
ed in the Cambridge Structural Database,
albeit with relatively low

densities (8).
The interesting step
taken by Atwood et al.
was to dip the ordered

figure) (3, 6). The molecule OH single crystal used in
adopts a bowl shape in both O OH HO their x-ray study into lig-
OH

solid and solution phases,
reminiscent of a Greek vase
called a calyx crater (hence
the name). The interior of
the bowl can include small-
molecule guest species such
as toluene. A bewildering
variety of calixarene host-
guest compounds have been
prepared (5, 6).

Atwood et al. have now
crystallized the calixarene
without anything inside
the molecular cavity, sim-
ply by subliming the com-
pound. The pure cal-
ixarene is difficult to ob-
tain because of its propen-
sity to include guest
species, but is nothing spe-

Well-studied yet full of surprises.
(Top) p-tert-Butylcalix[4]arene. (Bot-
tom) Space-filling plot of the cal-
ixarene's discrete molecular cavity.

uid vinyl bromide. The
solid calixarene is insolu-
ble in vinyl bromide, but
when the calixarene is
cocrystallized from a so-
lution in a different sol-
vent it typically forms
1:1 host-guest complexes
with a variety of guest
molecules. Atwood et al.
observed that this same
kind of host-guest com-
pound formed in a single
crystal-single crystal
phase transition over a
period of about 15 min
when the solid, guest-free
calixarene was immersed
without dissolution in the
liquid vinyl bromide.
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The authors then put their crystal back
on the x-ray diffractometer and obtained
the x-ray crystal structure of the 1:1 cal-
ixarene—vinyl bromide complex. It is
worth remarking on their clever choice of
vinyl bromide as the guest molecule: In x-
ray crystallographic terms, the electron-
rich bromine atom of the guest is easy to
resolve in the presence of only carbon, hy-
drogen, and oxygen, and vinyl bromide is
therefore easy to locate (9).

This simple experiment with well-known
materials has tremendous implications for
solid-state dynamics. Protein crystallogra-
phers have of course been using a similar
methodology for years. The method of iso-
morphous replacement involves soaking
protein crystals in solutions containing
heavy metal ions. The metals diffuse into
the protein crystal and help crystallogra-
phers to solve the crystal structure of the
original metal-free protein.

But protein crystals are not close-
packed solids. They are as porous as inor-
ganic zeolites. Crystals of biomolecules are
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usually awash with large water-filled chan-
nels, which facilitate the diffusion of the
metal ions. In contrast, diffusion of a
molecule as large as vinyl bromide through
a nonporous, close-packed solid without
disrupting the regular crystalline structure
is difficult to picture. Sulfur dioxide can
accomplish a similar feat, but it binds to its
platinum-containing host by a strong coor-
dination interaction (/0). In the study of
Atwood et al., the binding only involves
van der Waals forces. If nonporous solid-
state diffusion can happen with cal-
ixarenes, the implication is that it can hap-
pen with many other materials. The beauty
of the calixarene is that its ability to form
complexes with the diffusing guest enables
researchers to readily observe the process.
Atwood et al. propose a mechanism for
this apparent tunneling of the guest involv-
ing “a highly synchronized process where-
by neighboring host molecules at the ad-
vancing phase boundary cooperate with
one another, not only to relay the guest
through the lattice, but also to maintain

continuity of the material such that the
crystal does not fracture.” This explanation
must still be considered speculative, but it
seems much more plausible than thinking
of the vinyl bromide as a molecular
“ghost” that can glide like an ethereal
specter through the calixarene walls.
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Versatile Defensins

Tomas Ganz

ly of antimicrobial peptides abun-

dant in immune cells—white blood
cells (specifically neutrophils), intestinal
Paneth cells, and barrier epithelial cells—
that engage in host defense. There is in-
creasing evidence that in these settings de-
fensins (and other antimicrobial sub-
stances) directly contribute to the killing
of microbes (). Now, two reports in this
issue, by Zhang et al. (page 995) and Bi-
ragyn et al. (page 1025), implicate de-
fensins in a new set of specific activities
(2, 3). These investigators show that de-
fensins are important for the anti-HIV ac-
tivity of human CD8* T lymphocytes (2)
and for the induction of cell-mediated an-
titumor immunity in mice (3).

Zhang et al. (2) propose that defensins are
the solution to a puzzle that has challenged
AIDS researchers since the early days of the
epidemic. CD8" T lymphocytes from some
HIV-infected patients secrete a substance
(CD8 antiviral factor or CAF) that interferes
with the ability of HIV to infect cells (4).
This factor is particularly abundant in AIDS
patients who are doing well clinically and in
those HIV-infected patients (nonprogressors)

D efensins (see the figure) are a fami-
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who do not develop the symptoms of the dis-
ease for many years after the initial infection
(9). Zhang et al. now show that CD8" T cells
from long-term nonprogressor HIV patients
secrete o-defensins-1, -2, and -3 when stimu-
lated. These a-defensins account for much of
the antiviral activity of CAF. The authors
used neutralizing antibodies to human o-
defensins-1, -2, and -3, and to the B-
chemokines MIP-1c, MIP-1f, and RANTES
in order to calculate the specific contri-

The activity of defensins as a compo-
nent of CAF has important implications.
The most optimistic interpretation is that
o~defensins and B-chemokines are causally
involved in slowing the progression of HIV
infection in patients favored by specific en-
vironmental or genetic factors. If so, im-
proved understanding of the regulation of
defensin production in CD8" T lympho-
cytes could potentially extend these bene-
fits to other HIV patients, and eventually a
pharmacological substitute for these natural
defensins could be developed. Alternative-
ly, defensins may be markers of nonpro-
gression, perhaps by indicating that despite
HIV infection of the host, CD8" T cells

butions of o-defensins and B-
chemokines to CAF activity. These ex-
periments demonstrate that HIV
strains using the CXCR4 chemokine
receptor for entry into host target cells
are predominantly blocked by the o~
defensins in CAF. In contrast, HIV
strains that use the CCRS5 chemokine
receptor are only partially inhibited by
0o~defensins, with most of the remain-
ing CAF activity attributable to B-
chemokines. Both purified and syn-
thetic a-defensins inhibited HIV repli-

cation in vitro. The authors show that
unstimulated human CD8* T cells con-
tain little defensin, whereas, after stim-
ulation for 2 days with antibodies
against their CD3 and CD28 receptors,
o-defensin-1, -2, and -3 were readily
detected in the cytoplasmic granules of
these cells by immunostaining,

Defensins to the rescue. Human neutrophils secrete
the antimicrobial peptides a-defensin-1, -2, and -3 in
response to bacterial infection. These peptides form
dimeric structures that contain a total of six B-strands
(purple arrows). The positively charged side chains of
o-defensin-3 are shown in blue, negative charges in
red, and disulfide bonds in orange. [Protein structure
coordinates from (72)]

1 NOVEMBER 2002

977



