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Proprietary science, open science and the role of
patent disclosure: the case of zinc-finger proteins

Subhashini Chandrasekharan, Sapna Kumar, Cory M Valley & Arti Rai

A closer look at the large patent estate now covering both the engineering and use of zinc-finger proteins.

R ecent advances in the ability to engineer
customized zinc-finger proteins (ZFPs),
which can bind virtually any DNA sequence
of interest, have generated excitement among
both academic and industrial researchers.
Engineered ZFPs can be used to alter chro-
matin structure, regulate endogenous gene
expression levels, and introduce targeted
modifications in genes. In one salient case, a
chimeric zinc finger—nuclease (ZFN) success-
fully stimulated homologous recombination
and thus repaired a mutant IL2Ry (IL2RG)
gene associated with X-linked severe combined
immune deficiency (SCID)!. ZFP-based thera-
peutics developed by Sangamo Biosciences for
diabetic neuropathy and peripheral arterial
disease are undergoing phase 1 and 2 clinical
trials?, and a ZFN-mediated approach for dis-
rupting the CCR5 receptor in patient T cells
as a strategy to increase resistance to HIV is in
preclinical development?. These advances have
given researchers hope that ZFP- and ZFN-
based approaches may help improve both the
efficiency and the precision of gene therapy.
Other potential commercial applications for
ZFPs include plant genetic engineering, the
production of biopharmaceutical molecules
such as growth factors and antibodies, and
the nascent field of synthetic biology. ZFN
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technology has also been used successfully to
make targeted gene modifications in several
model organisms such as Drosophila*?, C. ele-
gan56, plants7’8 and most recently zebrafish®10,
illustrating the range of uses for ZFNs in basic
research as powerful molecular biology tools.

As might be expected with any research
platform that has many potential commer-
cial uses, a large patent estate now covers
both the engineering and the use of ZFPs.
Notably, the patent estate was initially owned
by several different companies and academic
institutions, thereby creating the possibility
that subsequent users and developers would
face prohibitive costs in negotiating multi-
ple licenses—the classic scenario of a patent
“anticommons”!!, However, one company,
Sangamo, has now consolidated the major-
ity of this patent estate. The dominant pat-
ent position held by Sangamo has raised the
recurrent question of whether a company’s
monopoly control over an important and
versatile research platform will ultimately
help or hinder optimal development of that
platform. Because such development can
occur within both the private and public
sectors, there is also the subsidiary issue of
whether patents will be enforced against
academic researchers in the same manner as
they might be enforced against private-sector
competitors.

Previous studies'? suggest that academic
researchers do not seem concerned about
being sued by private-sector patentees.
For example, a survey of academic bio-
medical researchers found that only 5%
report checking for patents related to their
research!?. These studies further indicate
that private-sector patent owners prac-
tice “rational forbearance” and do not sue
academic researchers because of the dif-
ficulties and disadvantages of asserting
patent rights in such circumstances'®!>.

Currently, the conventional view is that aca-
demic biomedical research is more likely to
be impeded by lack of access to privately held
research inputs such as materials, data and
know-how than by patents!'>1316:17,

To explore the impact of ZFP patents, and
specifically Sangamo’s dominant patent posi-
tion, on academic and commercial research
and development, we systematically created
a map of existing patents in the ZFP arena,
presented here for the first time. We also con-
ducted interviews with academic researchers
in the field to develop a nuanced understand-
ing of the complex interactions between pri-
vate and public ZFP research endeavors. Our
findings are consistent with the view that, for
academics, lack of access to information and
materials is a greater problem than the threat
of patent lawsuits. However, because some of
the access problems would have been allevi-
ated if statutory obligations regarding patent
disclosure had been met, our research also sug-
gests the heretofore unrecognized possibility
of an overlap between patents and access to
information and research materials. More
complete patent disclosure might also have
obviated the need to generate various open-
science alternatives to the Sangamo platform.

The ZFP/ZFN intellectual property
landscape

Using a keyword-based search query (Fig. 1),
we determined that the number of ZFP-related
patents granted in the United States increased
steadily from 1997 to 2001, with four patents
granted in 1997 and 26 granted in 2001. Since
2001, the numbers of patents issued each year
has remained fairly constant, and to date the
largest number of patents (28) was granted
in 2006 (Fig. 1). The search query similarly
identified 189 pending US applications for the
same time period (data not shown). Sangamo
Biosciences is the single largest owner of issued
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Figure 1 US ZFP patents granted in 1993-2007. Using Delphion analysis tools, we queried the USPTO
database with the following search algorithm: (((zinc finger protein) <in> (TITLE,ABSTRACT,CLAIMS))
OR ((ZFP) <in> (TITLE,ABSTRACT,CLAIMS)) OR ((Zinc finger) <in> (TITLE,ABSTRACT,CLAIMS)) OR
((zinc finger binding protein) <in> (TITLE,ABSTRACT,CLAIMS))). The query was designed to capture
any patent containing one or more of the search terms in the “Title” or the “Abstract” or the “Claims”
fields. Search terms were selected from keywords specific to ZFPs that frequently appear in a subset

of relevant patents (for example, patents owned by Sangamo) and in published articles. Claims-based
searches are important to reduce noise, as they avoid terms found only in the description (specification)
section of the patent. The claims define the “metes and bounds” of the invention, whereas the
description often uses particular terms in the context of providing general background information. All
US patents issued on or before 31 December 2007 were included.

US patents on ZFPs (42 patents). But a number
of other institutions are also well represented;
for example, the Massachusetts Institute of
Technology (MIT) owns 13 patents and the
Scripps Institute owns 9 patents (Fig. 2).

From the pool of patents generated by our
search query, patents that directly pertain to the
engineering and use of engineered zinc-finger
proteins were identified through analysis of the
claims (Supplementary Table 1 online). The 42
patents owned by Sangamo include 8 patents
on rules and libraries for constructing sets of
‘two-zinc-finger’ domains, each of which can
bind to a specific sequence of six nucleotides.
These were previously owned by UK-based
Gendagq Ltd., which was acquired by Sangamo
in July 2001 (ref. 18).

Sangamo has also actively licensed intel-
lectual property (IP) from a number of
academic institutions. This IP includes five
patents from MIT, three from the Scripps
Institute, two from Harvard University and
six from Johns Hopkins University (JHU)!8,
The patents licensed from MIT, Scripps and
Harvard and two of the six patents licensed
from JHU are a subset of the patents listed in
Supplementary Table 1. An additional four
patents licensed from JHU relate to ZFN
technology (Supplementary Table 2 online).
Sangamo acquired these technologies from
MIT, Harvard, the California Institute of
Technology (Caltech) and JHU under world-
wide exclusive licenses for all fields of use,

including the rights to sublicense!8. The
only exception to this pattern is for patents
licensed from the Scripps Institute, where the
licenses exclude Sangamo from specific fields
of use, including diagnostics, therapeutics
and genetic engineering in plants'®. Thus,
although initial ownership of ZFP-related
patents was dispersed, creating the potential
for high transaction costs and anticommons
effects, Sangamo’s energetic acquisition and
licensing activity has consolidated many of
the requisite patent rights.

Four patents on the engineering and
design of the Fokl endonuclease, which is
used to generate designer ZFNs, have been
licensed from JHU (Supplementary Table
2). Sangamo Biosciences recently obtained
exclusive rights to related technologies for
genetic engineering and gene modification
using ZFNs from the University of Utah, US
Application no. US20050208489A1: Targeted
chromosomal mutagenesis using zinc finger
nucleases, and from Caltech, US Application
no. US20050026157A1: Use of chimeric nucle-
ases to stimulate gene targeting'8. Sangamo
also purchased ZFN-related IP from STELL
Inc. in 2004, US20030232410A1: Methods
and compositions for using zinc finger endonu-
cleases to enhance homologous recombination'®.
Assuming that these applications are granted,
Sangamo will have consolidated key IP sur-
rounding the use of ZFNs for gene correction
and gene repair in the United States.
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An analysis of the different categories of
patents (Supplementary Tables 1 and 2)
reveals that at least 24 of the 55 patents owned
by or licensed exclusively to Sangamo cover
technologies for the design, selection and
optimization of engineered ZFPs. Our analy-
sis also indicates that several patents owned by
Sangamo are foundational for the ZFP field,
with limited possibilities for a ‘workaround’.
Perhaps most salient is a trio of patents (US
Patent nos. 71777766, 6785613 and 6453242)
that broadly claim the dominant ‘modular’
strategy for ZFP design (at least with respect
to three-finger ZFPs that bind to sequences
containing nine nucleotides). This modular
strategy relies on assembling a multifinger
protein from individual zinc-finger modules
where each module has been determined to
bind specifically to a particular three-nucleo
tide subunit and, ideally, to the subunit as
further specified by its location within the
sequence of nine nucleotides. Also significant
is US Patent no. 6794136, which covers “itera-
tive optimization in the design of binding
proteins”: this patent broadly covers methods
for further improving binding specificity once
a ZFP candidate for a particular nucleotide
sequence has been identified.

More than three-quarters of the patents
owned by or licensed to Sangamo (44 of
55) concern inventions that could be cat-
egorized as research methods and tools,
with 24 patents covering methods for the
design and selection of ZFPs and another
20 patents covering methods to regulate or
modify endogenous gene expression using
engineered ZFPs and/or ZFP transcription
factors. The earliest issued patent in this set
will not expire until 2018, making it unlikely
that academic or commercial researchers will
be able to wait for the technologies to pass
into the public domain.

Impact on commercial R&D

The ZFP patent landscape that we have cre-
ated confirms Sangamo’s dominant position
in ownership of patents covering relevant
research tools and methods, including foun-
dational patents on enabling technologies.
This position could have at least two benefits.
First, a dominant patent position facilitates
Sangamo’s ability to attract private capi-
tal?%, Given Sangamo’s considerable R&D
expenses?! and lack of marketable prod-
ucts, this private capital is necessary even
though Sangamo has also received some fed-
eral funding, including two grants totaling
nearly $4 million from National Institute of
Standards and Technology. Not surprisingly,
Sangamo executives have repeatedly stated
that a strong patent portfolio has been vital
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to the company’s success?>?3. Second, as
mentioned earlier, Sangamo’s consolidation
of relevant IP rights may ease negotiation
cost burdens for commercial entities that
want to work in this area, as they will have to
negotiate licenses with only one institution
instead of several. Such licensing negotia-
tions may be an option that Sangamo actively
seeks. Economic theory would suggest that a
rational, profit-maximizing monopolist that
cannot develop a platform by itself in certain
areas of application will often be inclined
to license, so as to promote development
in those areas by others?»2>. Collaboration
and licensing might be particularly desir-
able for a small company such as Sangamo
that has limited capacity to pursue in-house
development for all possible applications of
its technology.

However, economic theory has also
identified a variety of situations in which
increased negotiation costs in conclud-
ing licensing deals, as well as other distor-
tions, could impede a monopolist’s optimal
deployment of a research platform?%. As an
empirical matter, the historical record shows
that patents that conferred monopoly con-
trol over foundational technologies in the
aircraft and automobile industries impeded
development?®,

Sangamo’s out-licensing strategies pro-
vide support for both the optimistic and the
pessimistic views of monopoly control. For
application areas outside Sangamo’s main
focus on ZFP-based medical therapeutics,
the company has granted several compa-
nies access to its IP. For example, through its
“Enabling Technology Program,” Sangamo
has longstanding collaborations with Pfizer,
Amgen and NovoNordisk for more efficient
pharmaceutical production of proteins'®.
More recently, Sangamo granted Dow
AgroSciences exclusive rights (including
sublicensing rights) to ZFP and ZFN tech-
nologies for modifying plant genomes and
altering plant gene expression?.

In contrast, several reports indicate that
the inability to conclude a licensing arrange-
ment with Sangamo played a crucial role
in the failure of the plant biotechnology
start-up Phytodyne, founded by researchers
at Iowa State University. Phytodyne received
significant venture capital investment and
financial support from the state of lowa and
was developing plant genetic engineering
applications viewed as highly promising by
the industry. It is difficult to ascertain the
long-term impact of this failure on innova-
tion in plant genetic engineering, particu-
larly because Dow is now actively engaged
in similar R&D. However, to the extent that

142

45

40 -

35 A

n N w
o (6] o
1 1 1

Number of patents

Y
o
L

10 A

Institution

@ Sangamo (+ Gendaq)
BEMIT

[ Assorted inventors

O Scripps

B US DHHS

O General Hospital Corp.
W Rockefeller University

O ARCH Development Corp.
(University of Chicago)

B Johns Hopkins University
E CalTech

O University of North
Carolina at Chapel Hill

[ Pioneer Hi-Bred
International, Inc.

W Dana-Farber
Cancer Institute

W Harvard College

-

W University of Massachusetts

Figure 2 Ownership (assignees) of US ZFP patents by institution, 1993-2007. Institutions with three
or more US ZFP patents are shown. Data are complete as of 31 December 2007.

small enterprises such as Phytodyne may be
better positioned to pursue breakthrough
innovation than larger firms like Dow?723,
this example illustrates the potential negative
effects of patent monopolies.

Impact on academic research
Academia provides an important venue for
improvement of research platforms, in addi-
tion to the commercial sector. As noted earlier,
survey research indicates that, with respect to
such platforms, academic scientists routinely
ignore patents, and private-sector patentees
correspondingly refrain from enforcing their
patents'21617 To determine whether Sangamo
patents were impeding academic research and,
if so, to what extent, we interviewed a num-
ber of prominent ZFP researchers, including
researchers who have licensed patents to and
collaborate with Sangamo. Academic scientists
indicated that they routinely used patented
technologies owned by Sangamo without
securing a license. Thus, consistent with prior
work, we found that ZFP researchers engage
in infringement under the expectation that
Sangamo will refrain from suing academics.
Several scientists did, however, express con-
cern about lack of access to Sangamo’s ZFPs and
ZFNs. Researchers would like to collaborate

with Sangamo because it possesses a platform
capable of engineering ZFPs for many triplet
nucleotide sequences as well as the information
necessary for performing further optimization
that is sometimes required to obtain high-
specificity ZFPs and ZFNs. Sangamo does not
disclose detailed information about this propri-
etary platform. Additionally, although Sangamo
has signed material transfer agreements with
several academic research groups to provide
ZFPs and/or ZFNs, it appears to be highly selec-
tive in its choice of collaborators?2.

Sangamo recently entered an agreement with
Sigma-Aldrich under which Sigma will use
Sangamo’s technology platform to provide ZFP
and ZFN reagents that bind any DNA sequence
in which a researcher is interested>?!. Although
this agreement is likely to improve academic
researchers’ access to Sangamo’s highly specific
ZFPs (at least to the extent that researchers can
afford to pay Sigma’s $25,000 fee), researchers
will still be unable to access Sangamo’s plat-
form directly.

The role of patent disclosure

Sangamo’s unwillingness to disclose pro-
prietary know-how about its platform is
not unusual—secrecy is a routine competi-
tive strategy in the commercial sector. More
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problematic is the strong possibility that at
least part of this proprietary information
should, under standard doctrines of pat-
ent disclosure, be disclosed in the Sangamo
patents themselves. Patent law requires that
a patent teach a “person having ordinary
skill in the art” how to practice the claimed
invention. According to several ZFP scien-
tists with whom we spoke, actually practicing
the trio of foundational patents that cover
the design of “specific” three-finger proteins
would require access to Sangamo’s propri-
etary database or ‘rule set’ on matching ZFP
modules with particular three-base DNA
subunits. These Sangamo patents do not,
however, disclose any such database or rule
set. Thus, in this case, even though these pat-
ents are not being asserted against scientists,
they confer ‘practical excludability’ because
they do not meet the statutory obligation of
enabling scientists to practice the inventions
that the patents cover!3.

The Sangamo case study also highlights the
fact that patents and access to tangible mate-
rials and know-how, which are thought of as
two distinct problems, might actually overlap
in interesting ways. If the ‘patent bargain’ of
exclusivity in exchange for disclosure were
being satisfied, problems encountered by aca-
demics over access to physical materials and
data might be alleviated. The patent disclosure
would provide at least some of the informa-
tion not disclosed by scientific publication that
is necessary to make such materials indepen-
dently. This is especially salient because aca-
demic researchers report that a major reason
for not making research materials indepen-
dently is “inability” to do so, due to lack of
equipment, information or expertise!21317,
Improving patent disclosure would not resolve
the problem that, absent a formal research
exemption from infringement liability in pat-
ent law, using the statutorily required patent
disclosure to make or practice the invention
for academic research would technically con-
stitute willful infringement. However, given
the reluctance of companies to sue academic
researchers, concerns about infringement may
be more hypothetical than real.

Unfortunately, problems associated with
inadequate patent disclosure in biotechnology
are likely to get worse rather than better. Even if
it is enforced incompletely?’, the high standard
of disclosure for DNA sequence patents has
historically made disclosure in biotechnology
better than in other areas. However, as biotech-
nology begins to look more like information
technology, with the ZFP databases and design
rule sets providing one illustration of this trend,
the notoriously poor disclosure standards asso-
ciated with information technology may be

poised to infiltrate biotechnology®’. Notably,
as many commentators have pointed out, the
case law that governs information technology
patents often allows broad, vague claims that
are unsupported by adequate disclosure®1-32,

Policing the patent bargain of exclusivity in
exchange for appropriate disclosure should be
the function of the US Patent & Trademark
Office (USPTO). But given the high volume
of pending patent applications and the rap-
idly changing state of the art, especially in
biotechnology, developing mechanisms by
which experts outside the USPTO could help
flag problems of underdisclosure (either dur-
ing the examination process or post-grant)
would be a welcome improvement. Whether
academic researchers would be inclined to
participate in such mechanisms is not clear.
Because academic scientists largely rely on
peer-reviewed publications rather than patent
disclosures for know-how, and rarely experi-
ence patents as threatening or impeding their
research activities, there may be little incentive
for the academic community to engage in such
an outside review process.

Open-science alternatives

The Zinc Finger Consortium, a prominent aca-
demic program founded by ZFP researchers J.
Keith Joung and Dan Voytas, was created in
part to address concerns about access to mate-
rials and Sangamo’s proprietary databases’?.
Two web-based tools for identifying potential
ZFP target sites in DNA sequences are also
freely available, Zinc Finger Tools**, developed
by Carlos Barbas’s team at the Scripps Research
Institute, and a second program, Zinc Finger
Targeter (ZiFiT), designed by members of the
Consortium?®. The Consortium has also gen-
erated an archive of plasmids encoding over
140 zinc-finger modules (derived from publicly
available archives of zinc fingers) that bind spe-
cific nucleotide triplets. The plasmids are made
available to all interested academic research-
ers via the nonprofit distribution service
AddGene. These various finger modules have
been reported to bind to many ANN and GNN
triplets and to CNN and TNN triplets to a lesser
degree. These zinc-finger modules appear to
infringe various Sangamo patents, but never-
theless Sangamo has not blocked their distribu-
tion for research purposes. Reagent availability
through the Consortium is subject to a vaguely
worded licensing agreement stating that cer-
tain uses of the zinc-finger modules requires
a license from Sangamo?®®. But the extent to
which Sangamo attempts to enforce this clause
is unclear. Recent work from Consortium
labs®” has furthermore demonstrated that the
efficacy rate for engineering ZFPs using these
modules is significantly lower than the more
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robust rates originally reported in the literature
by other groups®®*. Thus, it may be that actual
enforcement against academic or commercial
users of Consortium modules is unnecessary
because most commercial applications would
be likely to require the higher-efficiency ZFPs
produced by Sangamo.

In July 2008, Keith Joung and his colleagues
improved on prior Consortium technology by
reporting a novel and robust method for gen-
erating custom ZFNs with activities superior
to those produced by the previously standard
modular design approach and with activi-
ties and toxicities comparable to those of an
optimized ZFN produced by the proprietary
Sangamo method*>40, The presence of roughly
comparable proprietary and open-science
alternatives may produce a productive ten-
sion resembling the competition between the
public and private human genome sequenc-
ing endeavors*!. Alternately, it may result in
peaceful coexistence of the two platforms,
as illustrated by the diffusion of microarray
technologies. Open approaches for dissemi-
nating ‘spotted glass’ microarray technology
pioneered by Pat Brown and colleagues in the
early 1990s aimed to offer academic researchers
a lower-price alternative to Affymetrix’s costly
microarrays*>#3, Although Affymetrix sued
commercial developers of spotted microar-
ray technology, it never asserted its IP rights
against academic users*>*4, A decade later,
both platforms continue to be widely used
in academic research. An early response from
Sangamo suggests that it does not perceive
OPEN as a major challenge. Indeed, Sangamo
has indicated that the coexistence of the open-
science alternative may even be favorable to its
position, as having more academic scientists
performing ZFP-based research may enhance
the value of the company?!. With Sangamo’s
patents broadly covering uses such as regula-
tion of gene expression in different organisms,
commercial development of downstream
applications would almost always require
rights to use IP controlled by Sangamo.

The reagents associated with the OPEN
platform will be made publicly available to
academic researchers at a price of approxi-
mately $5,000 a set>"*>, Not only will this
be more affordable to academic research-
ers than the $25,000 charged by Sangamo/
Sigma, but the availability of OPEN reagents
may eventually provide sufficient competi-
tion to cause a reduction in the price of the
Sangamo/Sigma reagents.

Conclusions

Sangamo’s strategic acquisition of patents
has given the company a powerful monopoly
over an important platform technology. As
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economic theory would predict, Sangamo
has often (but not always) licensed its plat-
form technology in a manner that is both
profit maximizing and likely to enhance social
benefit. To date, Sangamo has also tolerated
an open-science alternative to its proprietary
platform. The coexistence of open and pro-
prietary alternatives may be productive or, at
a minimum, peaceful.

Two features of the ZFP/ZFN case are par-
ticularly noteworthy. First, because of problems
with patent disclosure, patents may effectively
be posing a barrier to academic research in
this field. Second, resolving deficiencies in
patent disclosure could mitigate the problem
of academic access to physical materials and
know-how, perhaps even obviating the need
to develop open-science alternatives. Thus
our study raises the possibility that even when
academics are not defendants in patent suits,
and enjoy a de facto (if not de jure) exemption
from patent infringement liability, the patent
system may nonetheless be failing to fulfill the
constitutional mandate that patents “promote
the progress of...the useful Arts.”

Note: Supplementary information is available on the
Nature Biotechnology website.
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CORRIGENDA & ERRATA

Corrigendum: Highly efficient neural conversion of human ES and iPS cells
by dual inhibition of SMAD signaling

Stuart M Chambers, Christopher A Fasano, Eirini P Papapetrou, Mark Tomishima, Michel Sadelain & Lorenz Studer
Nat. Biotechnol. 27,275-280 (2009); published online 1 March 2009; corrected after print 16 March 2009

In the version of this article initially published, the unit (nM) for the amount of TGF-b inhibitor (Tocris) reported in the Methods section “Neural
induction” was incorrect. The correct unit is UM. The error has been corrected in the HTML and PDF versions of the article.

Corrigendum: Targeted and genome-scale strategies reveal gene-body

methylation signatures in human cells

Madeleine P Ball, Jin Billy Li, Yuan Gao, Je-Hyuk Lee, Emily M LeProust, In-Hyun Park, Bin Xie, George Q Daley & George M Church
Nat. Biotechnol. 27,361-368 (2009); published online 29 March 2009; corrected after print 8 May 2009

In the version of this article initially published, the second affiliation for Yuan Gao was omitted: Department of Computer Science, Virginia
Commonwealth University, Richmond, Virginia, USA. The affiliation has been added to the HTML and PDF versions of the article.

Erratum: Biotech patents—business as usual?

Stacy Lawrence
Nat. Biotechnol. 26, 1326 (2008); published online 6 December 2008; corrected after print 8 May 2009

In the version of this article initially published, the Table listing the top 20 organizations with the most US biotech patents issued in 2007 is incor-
rect. Pioneer Hi-Bred should be listed in 3rd place, with 123 patents. The error has been corrected in the HTML and PDF versions of the article.

Erratum: Proprietary science, open science and the role of patent disclosure:

the case of zinc-finger proteins

Subhashini Chandrasekharan, Sapna Kumar, Cory M Valley & Arti Rai
Nat. Biotechnol. 27, 140-144 (2009); published online 9 February 2009; corrected after print 9 February 2009

In the version of this article published in print, the second affiliation for Arti Rai was inadvertently inserted into the middle of the affiliation for
Sapna Kumar. The two affiliations should have read as follows: “Arti Rai is also at Duke University School of Law, Durham, North Carolina 27708,
USA; Sapna Kumar is at the Chambers of the Hon. Kenneth Ripple, US Court of Appeals for the Seventh Circuit, Chicago, Illinois 60604, USA;”.
The error has been corrected in the HTML and PDF versions of the article.

Erratum: Biotech scientists bank on big pharma’s biologics push

Grace Wong
Nat. Biotechnol. 27,293-295 (2009); published online 7 March 2009; corrected after print 8 May 2009

In the version of this article initially published, Joe Jimenez’s title was listed as CEO of Novartis. He is CEO of the Novartis Pharmaceuticals divi-
sion. The error has been corrected in the HTML and PDF versions of the article.

Erratum: Identification of selective inhibitors of uncharacterized enzymes by
high-throughput screening with fluorescent activity-based probes

Daniel A Bachovchin, Steven ] Brown, Hugh Rosen & Benjamin F Cravatt
Nat. Biotechnol. 27,387-394 (2009); published online 29 March 2009; corrected after print 8 May 2009.

In the version of the article initially published, the ICs, value of cephaeline is given as 2.7 uM in Figure 3d. The correct value is 27 uM. The error
has been corrected in the HTML and PDF versions of the article.
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