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Fig. 2. Electronic phase diagram of
La,_,Sr,MnO,. PI, Paramagnetic insulator;
PM, paramagnetic metal; CNI, spin-canted
insulator; Fl, ferromagnetic insulator; FM, Ferro-
magnetic metal [from (6)].

and increases with the resistivity at this
temperature, it seems desirable to examine
materials that are magnetic insulators (with

reasonable resistivities) at room temperature
in order to exploit the property for techno-
logical applications. Quaternary oxides, such
as LnMn;_,Cr, O3, would be good candidates
for this purpose. Oxide spinels, the A;Mn3;Oq
family of oxides, as well as oxides with the
scheelite structure (with appropriate modifi-
cations), would be other suitable candidates.
Among nonoxide materials, magnetic sulfides,
rendered marginally metallic by appropriate
substitution, could be examined. There is also
need for good measurements on well-char-
acterized samples of the manganates and other
oxides exhibiting GMR. For example, struc-
tural studies in the presence of a magnetic
field would be of considerable interest.

References and Notes

1. P. M. Levy, Solid State Phys. 47, 367 (1994) and
references therein.

2. N. B. Brandt and V. V. Moschalkov, Adv. Phys.
33, 193 (1984).

3. K. Chahara et al., Appl. Phys. Lett. 63, 1990
(1993); R. von Helmolt et al., Phys. Rev. Lett. 71,
2331 (1993); M. McCormack et al., Appl. Phys.
Lett. 64, 3045 (1994).

4. P. Schiffer et al., Phys. Rev. Lett. 75, 3336 (1995);
P. G. Radaelli et al., ibid., p. 4488.

. R. Mahendiran et al., Phys. Rev. B53, 3348 (1996).

. A. Urishibara et al., ibid. 51, 14103 (1995).

. LaMnO; can be self-doped to create high per-
centages of Mn** by chemical or electrochemical
methods; Mn** is generated by vacancies in the
La and Mn sites as in La;_sMn;_sO3.

8. C. Zener, Phys. Rev. 82, 403 (1951); P. G. de
Gennes, ibid. 118, 141 (1960).

9. We define MR as [R(H) — R(0)]/R(0), where R(0)
and R(H) are the resistivities at zero field and at
field H, respectively. This means that MR can
never be greater than 100%. In the literature, co-
lossal values have been cited because the au-
thors use R(H) in the denominator or quote 100 x
R(0)/R(H) values.

10. V. Caignaert et al., Solid State Commun. 95, 357
(1995); G. C. Xiong et al., Appl. Phys. Lett. 66,
1427 (1995).

11. H.Y.Hwang et al., Phys. Rev. Lett. 75, 914 (1995).

12. R. Mahesh et al., J. Solid State Chem. 120, 204
(1995).

13. D. D. Sarma, in Metal-Insulator Transitions Revis-
ited, P. P. Edwards and C. N. R. Rao, Eds. (Taylor
and Francis, London, 1995); T. Saitoh et al., Phys.
Rev. B 51, 13942 (1995).

14. S.E. Lofland et al., Phys. Rev. B 52, 15058 (1995).

15. R. D. Sanchez et al., Appl. Phys. Lett. 68, 134
(1996). R. Mahesh et al., ibid., in press.

16. R. Von Helmolt et al., ibid., 67, 2093 (1995); G. C.
Xiong et al., ibid., p. 3031.

17. A. Asamitsu et al., Nature 373, 407 (1995).

18. H. Kuwahara, Y. Tomioka, A. Asamitsu, Y.
Moritomo, Y. Tokura, Science 270, 961 (1995).

19. G. Bricefio, H. Chang, X. Sun, P. G. Schultz, X.-D.
Xiang, ibid., p. 273.

20. Y. Shimakawa et al., Nature 379, 53 (1996).

~No o

Green Light for Steroid Hormones

David W. Russell

Since its founding in the 19th century,
endocrinology has been constantly inner-
vated by the contributions and method-
ologies of other fields. These innervations
came first from chemists who elucidated
the structures of steroid hormones, then
from biochemists who purified peptide
hormones and their receptors, and even-
tually from molecular biologists who iso-
lated the genes encoding these molecules.
These incursions have forced card-carrying
endocrinologists to constantly learn new
techniques, new literature, and new ap-
proaches, which in turn has allowed them
to shed more light on the mechanisms by
which tissues and cells communicate across
vast distances.

Throughout this history, endocrinolo-
gists have assumed that at least one research
field could be safely ignored: the field of
botany. For although we may have learned
as undergraduates that plants have hor-
mones, so-called phytohormones—auxins,
abscisic acid, and gibberellin—it was
widely held in advanced training that the
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mechanisms green plants use to send inter-
cellular signals are radically different from
those of higher mammals, which have
complex circulatory systems and rights of
passage such as puberty.

The work described by Li and co-work-
ers in this issue renders these notions anti-
quated (1). They have isolated by positional
cloning an Arabidopsis gene (DET2) that
markedly affects light-regulated develop-
ment (2) (Fig. 1), and they determined the
molecular basis of seven defects in this gene.
Database searches reveal that the protein
encoded by DET?2 is almost certainly a plant
ortholog of the mammalian steroid 5o-reduc-
tases, a group of enzymes involved in male
hormone (androgen) biosynthesis (3). This
sequence identity in turn led the authors
to test the hypothesis that plants lacking
an active DET2 protein might be defective
in the biosynthesis of a phytohormone,
specifically one that possessed or was de-
rived from a cyclopentanoperhydrophen-
anthrene skeleton. Proof of principle was
obtained when the plant steroid bras-
sinolide, a bizarre steroid with 28 carbon
atoms, successfully reversed the growth de-
fects associated with a genetic deficiency
(null allele) in the DET2 protein. Together,
the sequence identity and the rescue experi-
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Fig.1. Wild-type and det2 Arabidopsis thaliana.
The wild-type plant is on the left. The det2
plant on the right exhibits dwarfism, infertility,
reduced apical dominance, and a darker
green color due to delayed leaf and chloro-
plast senescence. DET2 encodes a steroid
5a-reductase and its mutation eliminates the
biosynthesis of brassinolide, a plant steroid
hormone required for development and light-
regulated gene expression. [Reprinted from (7)
with permission]

ments indicate that the product of the
DET2 gene is involved in the biosynthetic
pathway leading to brassinolide (Fig. 2), a
member of a large class of ubiquitous plant
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Fig. 2. The biosynthetic pathway of brassinolide. Genetic evidence in Arabidopsis suggests that the DET2 and CPD gene products catalyze the

indicated reactions in the multistep pathway leading to brassinolide. [Courtesy J. Chory, Salk Institute]

steroids termed brassinosteroids, and that
these steroids may play a role in the regula-
tion of gene expression by light.

A conclusive demonstration of this role
is provided by Szekeres et al. (4). These au-
thors show that a pleiotropic phenotype
arising from mutation of the Arabidopsis
CPD gene, which includes disregulation
of light-responsive genes, dwarfism, male
sterility, and activation of stress-response
genes, can also be traced to a defect in
brassinolide synthesis. The DNA sequence
of the CPD gene reveals it to be a member
of the cytochrome P450 class of enzymes,
with distinct sequence identity to P450s
involved in mammalian steroid hormone
biosynthesis. Because steroid intermediates
in the brassinolide pathway with a 23-hy-
droxyl group successfully reverse the pheno-
types arising from mutation of the CPD
gene, whereas those that lack this modifi-
cation do not, it seems likely that the CPD
enzyme catalyzes the 23-hydroxylation of
cathasterone to form teasterone, which is
thereafter converted into brassinolide.
Szekeres et al. (4) go on to show that
brassinolide will overcome the pathologies
associated with at least five other
Arabidopsis mutations (detl, copl, several
fus mutations, diml, and axr2), each of
which lead to disruptions in light-medi-
ated development. These results implicate
brassinolide as a major player in the growth
and differentiation of Arabidopsis.

The studies of Li et al. (1) and Szekeres
et al. (4) reveal the tip of an iceberg that
will affect disciplines ranging from botany to
biochemistry to endocrinology. We can look
forward to the elucidation of several pro-
cesses including the mechanism of intra-
cellular signaling through which brassino-
steroids work, the role of steroid reductases
and P450 monooxygenases in the biosyn-
thesis of this widely distributed class of com-
pounds, and the cross-talk that must occur
between light-activated regulatory systems
and those that respond to steroid hormones,
and perhaps we will also gain insight into
nonreceptor-based actions of steroid hor-
mones, as it is rumored that plants lack DNA
sequences common to mammalian steroid
hormone receptors (5). Finally, the devel-
opment of therapeutic inhibitors of steroid

5a-reductase is a thriving area in the phar-
maceutical industry (3). At least some of
these inhibitors come from plant sources
(6), and it is conceivable that by acting on
DET2-like enzymes, or other enzymes in
the pathway, they serve as endogenous
regulators of brassinosteroid synthesis. The
seeds of the Arabidopsis findings will sprout
much future research!

References

1. J. L. Li, P. Nagpal, V. Vitart, T. C. McMorris, J.
Chory, Science 272, 398 (1996).

. J. Chory, Trends Genet. 9, 167 (1993).

. D. W. Russell and J. D. Wilson, Annu. Rev.
Biochem. 63, 25 (1994).

. M. Szekeres et al., Cell (19 April 1996).

. D. Mangelsdorf, personal communication.

. S. Liao and R. A. Hiipakka, Biochem. Biophys.
Res. Commun. 214, 833 (1995).

. J. Chory et al., Plant Cell 3, 445 (1991).

[ X6 N W N

~

Histone Deacetylase:
A Regulator of Transcription

Alan P. Wolffe

Histones, nuclear proteins that interact
with DNA to form nucleosomes, are essen-
tial for both the regulation of transcription
and the packaging of DNA within chromo-
somes. The stability and positioning of chro-
matin structures determine whether nucleo-
somes repress (1) or activate transcription
(2). Mutation of individual histones in vivo
alters the general organization of chromatin
throughout the eukaryotic nucleus, yet the
concomitant changes in gene expression are
highly selective (3). This selectivity appears
to depend on the assembly of specific nucle-
oprotein architectures. Within these struc-
tures, transcriptional regulators make direct
contact with specific domains of individual
core histones (4, 5). Targeting of these
“chromatin organizers” to particular genes,
through protein-protein or protein-DNA
interactions, can account for the selective
impact of histone mutations on gene ex-
pression. This conceptual framework only
provides a static image of gene regulation.
In reality, events are much more dynamic,
as highlighted in a report in this week’s is-
sue of Science (6) describing the cloning of
one of these organizers, histone deacetylase.
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A major source of dynamic variation in
chromatin structure in vivo is histone
acetylation. Acetylated lysine residues in
the NH,-terminal tail domains of nucleoso-
mal histones serve as landmarks for tran-
scriptionally active chromatin within the
chromosome (7). Hyperacetylation of the
histones reduces their ability to constrain the
path of DNA within chromatin, resulting in
allosteric changes in nucleosomal conforma-
tion (see figure, part A) (8), destabilization of
internucleosomal contacts (9), and an in-
crease in the accessibility of nucleosomal
DNA to transcription factors (10). The elimi-
nation of histone acetylation is correlated
with transcriptional silencing (I11). The
amount of histone acetylation is determined
by an equilibrium between histone acetyl-
transferases and deacetylases. Thus, chroma-
tin structure could be reversibly modulated
to activate or silence transcription by target-
ing histone acetyltransferases or deacetylases
to a particular gene. This model now re-
ceives strong support from the recent purifi-
cation and molecular characterization of a
human deacetylase with remarkable identity
(~60%) to the Saccharomyces cerevisiae tran-
scriptional regulator Rpd3p (6).

Rpd3p is a global transcriptional regula-
tor required for target genes to achieve
maximal transcriptional efficiency (12).
Without Rpd3p, both the activation and
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