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Determining the 3D Structure
of HIV-1 Protease

In his News article “When Pharma merges,
R&D is the dowry” (special issue on Drug
Discovery, 17 Mar., p. 1952), Bruce Agnew
writes that “Merck researchers were the
first to determine the three-dimensional
structure of the HIV-1 protease enzyme in
1989, and Roger Perlmutter is quoted as
saying, “we published that structure so that
everybody else could work on it, too.”
However, these statements do not accurate-
ly reflect the course of events.

The human immunodeficiency virus—
type 1 (HIV-1) protease structure deter-
mined crystallographically by Merck re-
searchers using recombinantly expressed
HIV-1 protease was published in Nature in
early 1989 (7). This structure was of the
unliganded (empty active site) enzyme and
was seriously flawed because the low reso-
lution of the data led to an incorrect tracing
of the polypeptide chain at the dimer inter-
face. In any event, only the coordinates of
the carbon alpha atoms of the main chain
were deposited with the Protein Data Bank
(PDB). Such limited data for the unligand-
ed enzyme were of little, if any, use to
researchers undertaking structure-based
drug design.

The first complete and correct structure
of the HIV-1 protease was determined
crystallographically at the National Cancer
Institute (NCI) using enzyme prepared by
total chemical synthesis in Kent’s laborato-
ry at the California Institute of Technolo-
gy, and the structure was published in Au-
gust 1989 (2). The more important struc-
ture of an HIV-1 protease-ligand complex
was also determined at NCI, again using
enzyme prepared by total chemical synthe-
sis in Kent’s laboratory at Caltech with a
substrate-derived inhibitor prepared by
Marshall’s laboratory at Washington Uni-
versity at St. Louis. That structure was
published in December 1989 (3). These
structures of the synthetic enzyme were of
high resolution and of good quality, pro-
viding an appropriate target for structure-
based drug design. The full coordinates for
both structures were immediately deposit-
ed in the PDB and were made freely avail-
able to researchers.
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Response
As Kent, Marshall, and Wlodawer make
plain, numerous groups (including their
own) made contributions to the determina-
tion of the structure of the HIV-1 protease.
There appear to be no serious issues of con-
tention between us. Merck Research Labo-
ratories made public a structural analysis of
the HIV-1 protease and deposited the data
in the PDB in early 1989. The structure was
not “seriously flawed,” although we readily
acknowledge that it was incomplete. It pro-
vided the best, and at the time the only, rep-
resentation of the structure of the HIV-1
protease. Resolution of the alpha chain
backbone was a fundamental first step.
Crystallographic analysis is typically it-
erative, and subsequent work by Kent,
Marshall, and Wlodawer clearly provided
substantive and more detailed information.
The important point, as I indicated in Ag-
new’s article, is that the initial publication
of structural data by Navia et al. accelerat-
ed the development of protease inhibitors
by several pharmaceutical companies, to
the general benefit of patients suffering
from HIV infection.
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Annotation of the
Human Genome

The News article “Are sequencers ready to
‘annotate’ the hurnan genome?” by Elizabeth
Pennisi (special issue on the Drosophila
Genome, 24 Mar., p. 2183) is especially time-
ly and provocative. Pennisi mentions two
ideas: a small group gathering at a centralized
annotation jamboree, or a distributed, Web-
based system that would allow anyone to con-
tribute annotations with a “smart browser”
that would merge all efforts. I favor the
essence of the second proposal because it pro-
vides a more democratic and more “biologi-
cal” approach to an all-important problem.
There is, however, a third approach for an-
notating the human genome (providing at least
the putative start, stop, and structure of each
gene) that is, in a sense, already extant: extend
the capabilities of the biological science litera-
ture. The current journal system is decentral-
ized, yet most research articles adhere to com-
mon standards that make them ideal for anno-
tation: (i) Each article associates a bit of anno-
tation with a distinct time and place and with
specific, responsible parties. (ii) Attentive
scholarly referencing and footnoting provide a
way to connect bits of annotation and allow for

continuous “updates.” (iii) Peer review and
editing provide a proven quality-control
mechanism. (iv) Publication is an established
indicator of scientific productivity; conse-
quently, scientists already have an incentive to
provide the information, whereas database
submissions are often regarded as a chore.

The main drawback of current journal ar-
ticle formats is that they are not very “com-
puter-parseable,” or suitable for bulk annota-
tion of thousands of genes. However, by
adding sections of highly structured text to
each article (that is, extended keywords and
using a controlled vocabulary) and linking
subparts of an article to relevant database
identifiers, one can envision how a “litera-
ture annotation standard” could readily be
interpreted by computers. Furthermore, if an
article could be linked to a large “supple-
mentary materials” data file with simple an-
notations for many genes (for example, lists
of all the membrane proteins in the
Caenorhabditis elegans genome), one would
have a mechanism for bulk annotation. Fur-
ther standardization could be achieved if the
article described defined ways in which the
data file might be updated over time and if
the supplementary materials were refereed
and evaluated with the text of the article.
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Window on the Early Earth

Carl Zimmer’s News Focus article “Ancient
continent opens window on the early Earth”
(17 Dec., p. 2254) highlights interpretations
of a very old fragment of Canadian continen-
tal crust by a team headed by Wouter Bleeker
and Richard Stern. This team has substantially
advanced understanding of the early geologic
evolution of the Slave Province, but Zimmer
attributes solely to these scientists the model
of an ancient protocontinent overlain by a
shallow-water sedimentary sequence in the
western Slave Province, and collision of this
protocontinent with a younger arc terrane 2.7
to 2.6 billion years ago. Virtually the same
model was conceived 15 years before and
published in reputable journals, which is
nowhere mentioned in the article.

The model attributed to Bleeker and Stern
stems from years of work, including more
than 9 months in the field, mapping the distri-
bution of and determining basic geological re-
lationships between ancient basement rocks
and surrounding units (/). The boundaries of
this old crustal fragment were defined on the
basis of field relationships and a limited num-
ber of uranium-lead (U-Pb) dates, and the
name “Anton terrane” was proposed along
with its interpretation as an ancient continent
(2). The boundaries of the old continent have
only been slightly modified on the map pre-
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