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Abstract: An examination of the scientific literature shows a tendency to promote results rather than simply report them.
The difference is often subtle and yet important for the perceived scientific value. This is particularly true for publication
in journals with a high impact factor, where it is important to succinctly define novelty and immediate significance. The
marketing of scientific results is often justified as a necessity to obtain funding in a competitive climate. The ethical issue
surrounding the use of scientific language arises when the promotion of discovery blurs or masks accurate reporting. In
this study, we examine the use of scientific language that capitalizes on popularized ideas, discoveries or technologies to
enhance the perceived impact of published observations. A case study provides an example of how careful use of scien-
tific language might help maximize publication impact, yet result in misleading or inaccurate reporting of data that ad-
versely affects the publication as well as the research community.
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THE USE OF POPULAR LANGUAGE AND FAIR
SCIENTIFIC MARKETING

Most can agree that if a novel chemical transformation or
biological process is observed, then a clear description and
careful documentation should be sufficient for publication.
However, if the authors wish to impress upon the reader that
the result is not merely interesting but a process or finding
that has special attributes, then the authors might employ the
use of fashionable scientific buzzwords to enhance the per-
ceived value of their observation. Exaggerated use of buzz-
words in science often correlates with the emergence of a
popularized discovery, technology or idea in the scientific
community. Examples of words with this quality might in-
clude “evolutionary”, “genome-wide”, or the many words
with the prefix “nano”. Such words can be continually popu-
lar, like “evolutionary”, or newly minted to cater to funding
opportunities, such as “nano” (Fig. 1). Others correspond to
a clear advance in technology, as is the case for “genome-
wide”. Genome-wide was simply not in use before the ad-
vent of microarray hybridization technologies, which were
introduced on a practical scale in the late 1990s [1-3]. Within
the last few years deep sequencing technology, capable of
reading millions of nucleic acid fragments and mapping se-
quences back to the entire genome, has bolstered the use and
popularity of this word [4-6]. The use of words such as
“nanoparticle” in place of the older “colloid” coincided with
the advent of the National Nanotechnology Initiative, which
is a major funding directive in several federal agencies
[7]. The occurrence of a certain scientific buzzword in the
literature can grow at an unprecedented rate as scientists
adapt their research focus to stay current with hot topics
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(Fig. 1). The shift can be driven by the desire to remain
relevant in a research field and to obtain support in an often
unforgiving funding climate. Thus, a sharp increase in the
use of a popular scientific term in the literature could be
expected to reflect a combination of more research and more
reviews on related topics as well as some variable level of
inflated use.

The use of popular or well-recognized words to describe
or define results in publication does not appear to carry any
inherent ethical issues. Indeed, the ability to responsibly in-
corporate trendy scientific buzzwords into a manuscript
might be considered a desirable writing skill [8-10]. This is
simply scientific marketing in its most basic form, which
aims to present science in terms that are more readily appre-
ciated and understood by a broader audience. We use the
term marketing to mean promotion of the scientific idea and
its importance without a value judgment. Marketing does not
in itself compromise ethics. In fact, marketing may be
viewed as an important asset in the economy of scientific
research, where publications are the products or services
produced by laboratories while journals, funding agencies,
public media and pharmaceutical and industrial companies
are the distributors and consumers [11, 12]. The use of popu-
lar scientific language and terminology is an integral part of
communication and dissemination of research progress in
our modern society. However, as in any commercial enter-
prise, the integrity of the scientific process depends on truth
in advertising. How does one determine when marketing is
no longer honest?

The point at which responsible use of scientific language
and buzzwords devolves into unethical hype to improve im-
pact or exposure is often blurry, subjective and difficult to
define. Unqualified use of popular scientific jargon or buzz-
words is usually transparent to journal editors and reviewers.
It is detected early enough for correction since the words
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Fig. (1). The occurrence of certain popular buzzwords in the scientific literature.
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Publications retrieved from a PubMed

(http://www.ncbi.nIm.nih.gov/pubmed/) search with the designated keyword. Publications are plotted as % of total publications for that year
versus the publication year. The commonly occurring scientific keyword “determination” serves as a negative control for this analysis. The
word “determination” has no particular application to a field and is not expected to increase with time as a percentage of total citations since.
Indeed, this expectation is borne out in panel a, which shows fairly constant usage in about 30% of all articles from 1969 to the present.

carry with them the expectation of certain experiments or
results that warrant their use. Occasionally, however, careful
word choice can help propel a set of observations into a sci-
entific category where it might not have otherwise been rec-
ognized. If misuse does succeed, it can unfortunately become
propagated throughout the literature and research commu-
nity, further compounding the problem. Moreover, the sub-
tle, improper use of terms runs the risk of leading to false
statements if it continues unchecked. Recent examples of
gross fraudulence in the stem cell research field illustrate
how the pressure to generate influential discoveries can drive
researchers to become unscrupulous [13-15]. The topic of
ethics in scientific language is rarely discussed yet represents
an underdeveloped area in the ethics of science [9, 10, 16,
17]. The training that young scientists receive in writing pa-
pers is not standard [18] yet they are nonetheless expected to
uphold a uniform, largely unspoken code of ethics in writing
and publishing results.

Identifying what may denote irresponsible or inappropri-
ate use of scientific language is both subjective and circum-
stantial and is best illustrated by a case study. In this ap-
proach, we use historical context, our research expertise and

experience in writing and publishing science to analyze an
article that has remained reputable yet drawn questions con-
cerning acceptable use of scientific terminology and data
analysis. Our goal here is not to pass judgment on whether
the authors of the article have misused scientific marketing
or potentially breeched an ethical code in reporting and pub-
lishing their work. Rather, we call attention to the issue by
weighing their use of language against the actual data pre-
sented. This examination is inherently technical in nature.
We recognize that many readers may be unfamiliar with the
scientific issues involved, and we have made every effort to
translate the science and ethical concerns into common lan-
guage.

A CASE STUDY IN THE USE OF SCIENTIFIC
LANGUAGE TO MAXIMIZE IMPACT

The article chosen for a case study describes an artificial
method for facilitating carbon-carbon bond formation in a
reaction known as the Diels-Alder reaction (Scheme 1) [19].
The article is now quite dated and does not appear to be part
of any active research based on a recent assessment of the
scientific literature. The creation of new carbon-carbon
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bonds is an important process in chemical synthesis, which
has important implications for creation of new pharmaceuti-
cals and diagnostic molecules, among other applications. It
would be desirable to find new ways to create bonds using
catalysts, which are known as enzymes in biology. Catalysts
and enzymes accelerate chemical processes, which is an es-
sential feature of all living organisms, but also useful for
industrial chemical synthesis. Enzymes that act to accelerate
chemical processes in the cell are almost always given a
name ending in “ase”. For example, a “foldase” would mean
an enzyme (catalyst) that accelerates folding, as in protein
folding, which is essential for formation of protein struc-
tures. Prior to 1982, all known enzymes in biology were pro-
teins. The “central dogma of biology” held that information
was stored in deoxynucleic acid (DNA), transcribed to
ribonucleic acid (RNA), which was just a messenger, and
then the RNA translated into proteins, which were the active
components of the cell that carried out the tasks necessary
for life. RNA was discovered to have enzymatic activity, to
act as a catalyst, first in 1982 [20]. The word ribozyme was
coined shortly thereafter to distinguish catalysis by RNAs
(ribozymes) from proteins (enzymes). There is no known
natural enzyme or ribozyme that can carry out the chemical
transformation shown in Scheme 1, which is known as
the Diels-Alder reaction. Thus, any report of an artificial
ribozyme with such a capability would be both novel and
important.

A. Enzymatic, multiple turnover
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Scheme 1. lllustration of two kinds of transformations that involve
the Diels-Alder reaction between a diene, S,, and dienophile, S;. A)
In the enzymatic transformation the enzyme E is unchanged during
the course of the reaction. B) In the non-enzymatic transformation
the bimolecular reaction between S; and S, causes the enzyme to
become inactivated.

We now discuss how implying the discovery of a “Diels-
Alder ribozyme,” or Diels-Alderase (DAase), helped en-
hance perceived impact but was not qualified on the basis of
the data presented. We also suggest that the misuse of lan-
guage served to undermine both the quality of the data and
the progress of the research community. We endeavor to
present both sides of the argument, wherever possible, in
both a historical and scientific context. This evaluation is not
meant to determine the intent of the authors. However, any
effort to establish a standard by which to measure the ac-
ceptable use of language or buzzwords in reporting science
requires an assessment of the appropriateness of claims, as
they relate to key words aimed at maximizing impact versus
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actual experimental results. With this background, we dis-
cuss the outcomes of misusing scientific language on the
quality of research and the impact it has on the scientific
community.

In 1997 the article “RNA-catalysed carbon-carbon bond
formation” appeared in Nature, arguably the most revered
journal in science [19]. The article described an RNA se-
quence that was selected by a method known as systematic
evolution of ligands by exponential enrichment (SELEX) to
accelerate the formation of a carbon-carbon bond in a Diels-
Alder reaction. The use of ‘RNA-catalysed’ in the title, as
well as ‘DAase’ throughout, implied the discovery of a novel
ribonucleic acid (RNA) enzyme, or ribozyme. At the time of
publication, the popularity of SELEX and ribozymes in the
scientific literature were both on the rise (Fig. 1). SELEX
had been described only a few years earlier and appeared to
hold promise for evolution of high-affinity binding mole-
cules [21-24]. After the Nobel Prize in Chemistry was
awarded to Tom Cech and Sid Altman in 1989 for the para-
digm-changing discovery of ribozymes, characterization and
discovery of ribozymes as well as their general interest sky-
rocketed [25-27]. Thus, within a few years two new tech-
nologies had been discovered based on RNA. One was an
evolutionary method to discover new binding sequences and
the other was that RNAs could be catalytic, or enzymatic. In
addition to these high impact discoveries, a novel enzymatic
process to generate carbon-carbon bonds by the well-known
Diels-Alder reaction (Scheme 1) holds special interest due to
its potential for widespread use in synthetic chemistry [28-
30]. Adding further to the excitement was the claim that an
artificial chemical modification of pyridine on the uridine,
one of the four nucleotide building blocks of RNA, was es-
sential for the Diels-Alderase activity. The combination of
these features appeared to be more than fitting for publica-
tion in Nature at the time, which routinely publishes articles
of exceptional novelty and high impact.

CECH’S DILEMMA AND THE PROOF OF RNA
CATALYSIS

The primary issue in language usage arises from the word
‘catalysed’ in the article title. A catalyst is defined as “a sub-
stance, usually used in small amounts relative to the reac-
tants, that modifies and increases the rate of a reaction with-
out being consumed in the process” (www.thefree-
dictionary.com). In other words, a catalyst facilitates the
reaction but is essentially unchanged in the process so that it
can accelerate additional reactions. By the standard defini-
tion, the RNA described in the 1997 Nature paper is not a
catalyst since it is chemically altered (now covalently at-
tached to the dienophile substrate) and cannot be recovered
or reused to accelerate subsequent reactions (Fig. 2). The
counter-argument to this point is that this method is designed
only as a first step and that the principle of carbon-carbon
bond formation, once demonstrated, can be used to design a
catalyst by separating the diene substrate from the RNA. At
the time of publication, there was a historical precedent for
believing that this would indeed be the case, as well as a
prevailing optimism in the field that allowed this shortcom-
ing to be brushed aside.

When Cech first reported ‘catalytic’ properties of the
Tetrahymena thermophila self-splicing intron RNA in 1982
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Fig. (2). Schematic of the reaction for selection of an RNA with Diels-Alder catalytic potential [19]. PEG stands for the polyethylene
glycol linker. In this selection reaction, the pyridine-modified RNA becomes irreversibly bound to the dienophile substrate by a carbon-

carbon bond.

it was a single step reaction in which the RNA was perma-
nently modified, which is not truly catalytic according to the
definition [20]. Although his lab’s discovery was seminal, it
was received with skepticism from enzymologists and the
scientific community at large. Cech acknowledged this
shortcoming and after four long years finally quelled his
critics and redeemed his hypothesis by demonstrating that
the self-splicing RNA could indeed perform multiple rounds
of catalysis [26, 31]. Three years after this proof, he received
a phone call from the Nobel Prize committee. The independ-
ent work of both Cech and Altman, who shared the 1989
Nobel Prize by showing that the RNA component of RNase
P was the catalytic subunit [27, 32], revolutionized the field
of biology, ousting the long-held dogma that only proteins
could be enzymes. New ideas and disciplines developed
around these findings, including the “RNA world” hypothe-
sis and an era of discovering and characterizing new ri-
bozymes. Thus, with regard to the 1997 report by Tarasow et
al., it may have been believed that although the authors had
not outright demonstrated a catalytic ribozyme, they were
warranted in invoking RNA catalysis and the discovery of a
Diels-Alderase. Perhaps the optimism and spirit of the time
led to the assumption that it would only be a matter of time,
possibly their next publication, before the authors would
demonstrate enzymatic properties.

The push for discovery of catalysis by artificial RNAs
can be seen as an extension of Cech’s founding work and a
next step in the development of the general field of RNA
catalysis. By 1997 Cech’s original dilemma, suggesting ca-
talysis without demonstrating an unmodified catalyst or
turnover, was considered a paradigm for the future success
of a field of research. Indeed, a very early work also pub-
lished in Nature in 1990, where the authors mutated Cech’s
self-splicing intron and selected variants that could cleave
DNA, helped set this precedent [33]. They used the term

‘ribozyme’ to describe their new RNA despite the fact that
they did not demonstrate turnover or catalyst regeneration.
The RNA became fused to the DNA substrate during the
reaction, thereby inactivating it, but the authors, and appar-
ently the editors and reviewers as well, overlooked this in-
consistency. The assumption must have been that future
studies would reveal catalytic processes of the same type of
chemistry, analogous to Cech’s demonstration for the origi-
nal ribozyme [31]. However, the authors of the 1997 Nature
paper implied that they had discovered a new catalytic activ-
ity, carbon-carbon bond formation, which no ribozyme had
ever exhibited previously. However, in the intervening years,
no one has ever demonstrated true catalysis with the se-
quence and composition reported in Tarasow et al., or any of
the related sequences. Unlike Cech’s case, the dilemma was
never resolved for the DAase. In all of their subsequent pa-
pers in this field they repeated the same type of assay with a
tethered diene reactant, although they became more defini-
tive in their use of language, including referring to the RNA
as a Diels-Alderase ribozyme [34-36].

DEMONSTRATION OF RNA CATALYSIS OF THE
DIELS-ALDER REACTION

The discovery of novel catalysts in the field of RNA (ri-
bozymes) is based on a process known as SELEX. In SE-
LEX one starts with a library of a large number (hundreds of
billions) of RNAs. RNA has four different molecule building
blocks, known as nucleotides. A sequence consisting of 40
nucleotides has 4*°, or approximately 10%* different possible
sequences. In fact, this number is so large that all of the se-
quences cannot even be made in realistic experiments, and
the actual number of sequences is estimate to be 10'*. Thus,
the number of possible starting sequences is limited by syn-
thetic technology rather than statistics. Prior to 1994 SELEX
had been applied to discover RNA sequences that can bind
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other molecules, but not to catalysts. By 1997, research
groups had begun the search for new catalysts using SELEX.
As often occurs in scientific discovery, there were two
groups studying the acceleration of Diels-Alder reactions
with RNA at the time of the 1997 Nature publication. In
1999, two years after the publication of the Nature paper,
Jaschke and co-workers used SELEX to discover an RNA
catalyst of the Diels-Alder reaction [37]. This RNA catalyst
did not require the pyridine modification of uridine, or cop-
per ions, both of which were noted as essential for the RNA
described in the 1997 Nature paper. The RNA from the
Jaschke group also functioned enzymatically with Diels-
Alder substrates free in solution, and was later fully charac-
terized using enzyme kinetics, X-ray crystallography and
nuclear magnetic resonance (NMR), among other techniques
[38-42].

The equations for the analysis of the enzymatic catalysis
of the Diels-Alder reaction by RNA were presented by the
Jaschke group [43]. The two substrates are known as the
dienophile, S, and the diene, S, (Part A of Scheme 1). Since
there are two substrates for the Diels-Alder reaction (Part A
of Scheme 1), the catalytic rate, v, is expressed using the
Michaelis-Menten equations for both S; and S;:

vapp[sl]

K1 +[S4]
o VmlS)] @
" Ky +[S,]

where Ky, and Ky are the Michaelis constants for sub-
strates 1 and 2, respectively. In a catalytic process, thousands
of substrate molecules of substrate, S; and S,, react to form
product in the presence of each molecule of catalyst. The rate
increases as the substrate concentrations, [S;] and [S;] in-
crease, but the rate levels off at high substrate concentration,
[Si] >> K1 and [S;] >> Ky 2. The reason for this behavior is
that the rate is limited by diffusion of molecules in solution
when the substrate concentrations are low. However, at high
concentration the substrates are essentially always bound to
the enzyme and the rate is limited by the intrinsic ability of
the enzyme to form the bonds and release the product. These
features of the kinetic model are essential for any description
of enzymatic catalysis by proteins, and the kinetic analysis is
equally valid for any true RNA catalyst.

In the experiments reported in the 1997 Nature paper and
in all of the subsequent work by these authors using the
modified RNAs [19, 34-36], the diene, S,, is chemically
attached to the RNA while only the concentration of the
dienophile, S;, can be varied (Part B of Scheme 1). There-
fore, it is not possible to independently vary both substrate
concentrations, S; and S,, and therefore not possible to
determine Michaelis-Menten kinetics of a two-substrate
reaction (Eqn. 1 and part A of Scheme 1). This means that
enzymatic turnover is not possible. The catalyst is not regen-
erated because the reaction is a second-order reaction with
suicide inhibition of the enzyme (part B of Scheme 1). It is
important to distinguish the work in the 1997 Nature paper
from studies too numerous to cite here that have demon-
strated the catalytic potential of RNA for the Diels-Alder
reaction [38-42] and a range of other chemical reactions.
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At issue here is not whether RNA can catalyze a range of
reactions, but whether an early account of RNA catalysis
was overstated and misleading.

The authors of the 1997 Nature paper employed ‘RNA-
catalysed’ as a key word in their title. In addition, the article
connected well with two other very popular topics, SELEX
and catalysis of carbon-carbon bond formation. SELEX was
still relatively new and identification of a novel RNA bind-
ing molecule alone could be rewarded with a respectable
publication [24, 44]. Likewise robust, stereo-controlled car-
bon-carbon bond formation has always been a need in syn-
thetic chemistry [28]. Any molecule that can catalyze such a
reaction is very attractive. The SELEX technique and dem-
onstration of carbon-carbon bond formation appear to be
sound experimental approaches. However, one might doubt
that this work alone would have been sufficient for publica-
tion in the prestigious Nature journal, if the authors had sim-
ply reported Diels-Alder carbon-carbon bond formation in a
bimolecular reaction aided by the presence of conjugated
RNA [10]. As we shall see, the article was implicitly built
around the assumption that the RNA was an enzyme, subtly
exploiting the exciting popularity of ribozymes. Unfortu-
nately, neither the data presented nor subsequent work sup-
port the statements made in the paper. In light of our obser-
vations we now discuss critical aspects of the paper that
break down under scrutiny for the root cause of improperly
treating the RNA as an enzyme. The following two sections
are a technical examination of the facts and may be skipped
by the more general reader.

THE DESIGN AND SELECTION OF A ‘CATALYTIC’
RNA

The RNA was designed to i) be 146 nucleotides long
with a variable central region and DNA ends of a fixed se-
quence, ii) contain uridine nucleotides modified at the 5-
position with a pyridine moiety, and iii) be covalently
bonded to a Diels-Alder substrate (the diene) through a
flexible linker (Fig. 2) [19]. The variable region was synthe-
sized chemically such that it consisted of a random sequence
of the four nucleotides A, G, C and U*, where U* represents
pyridine-modified uridine. The selection implemented re-
quired a chemical reaction, called the Diels-Alder reaction,
between the attached diene and a biotinylated dienophile in
solution. When the RNA-diene conjugate reacted with the
biotin-dienophile substrate it was detected by binding of
streptavidin, a protein that specifically recognizes biotin. The
streptavidin-RNA complex was then separated from unre-
acted components on a native polyacrylamide gel. The com-
plex of reacted RNA and streptavidin was excised from the
gel and the RNA sequence subjected to several more rounds
of amplification and selection. The selection process was not
unlike others described in the literature [24]. Indeed, the use
of conjugated and biotinylated substrates was a clever appli-
cation. Despite these innovations, the approach inherently
selected for a single chemical reaction to form a carbon-
carbon bond, not a multiple-turnover enzymatic process. To
actually demonstrate enzymatic catalysis, as implied
throughout the article, the initial lead RNAs from these se-
lections would need to undergo further optimization to show
turnover. The authors instead chose to focus on one of the
first generation RNAs, called DA22, that exhibited the best
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acceleration by using analyses designed for enzyme charac-
terization.

EMPLOYING THE MICHAELIS-MENTEN EQUA-
TION TO IMPLY ENZYME KINETICS

Although the actual word enzyme is never used in the
1997 Nature paper, subsequent papers by these authors on
the bimolecular reaction refer to DA22 as a Diels-Alderase
(DAase) and later call the sequence an enzyme [19, 34-36,
45]. Despite this fact, the authors treat the observed rate of
formation of a product using Michaelis-Menten enzyme Kki-
netics. Of course, the application of an enzyme Kkinetic
scheme to a bimolecular reaction is incorrect in the strict
sense, and therefore the enzyme kinetic analysis presented in
the Nature paper is erroneous. In order to understand why,
we examine how their analysis was done.

To contrive an estimate for the rate acceleration for the
reaction, as would be expected for any catalyst, the authors
needed to generate an apparent second-order rate constant
for the ‘catalyzed’ reaction, ke, and compare it to the sec-
ond-order rate constant they actually observed for the un-
catalyzed reaction, kyncat- In the Michaelis-Menten theory
Vmax = Keat[E], Which implies that one can vary the enzyme
concentration, [E], separately from the substrate concentra-
tion. Since that was not possible when one of their substrates
was chemically tethered to the “enzyme”, the authors of the
1997 Nature paper measured an observed pseudo-first order
rate constant k.ps, which has an apparent catalytic rate con-
stant k.,"*". This approach effectively eliminates the enzyme
from the analysis.

Instead of analyzing the Michaelis-Menten curve di-
rectly, the authors produced and analyzed a Lineweaver-
Burke plot and extracted separate values for ke, ™ and K. A
Lineweaver-Burke plot is a double reciprocal analysis used
to linearize the Michaelis-Menten equation.

1_ Ky 1, 1 @
V Vmax [S] Vmax

or using the pseudo-first order approximation symbols of the
1997 Nature paper,

1K11

=it ia 3
v k pp [S] kcaﬁp ( )

cat

where S is implicitly S;, the dienophile. In the Lineweaver-
Burke analysis in Eqn. 3 the ratio Ky/ke.™™ is the slope and
k™™ is the intercept of a line. The assumption of
Lineweaver-Burke is that the data extend to the point where
saturation occurs, where [S] > K. Before the advent of the
personal computer with programs for routine fitting using
non-linear least squares, the linearization of non-linear data
was a key step in analysis. However, in the present case, the
range of the data is sufficiently small that the data are linear
already (see Fig. 3 of the 1997 Nature paper and the inset of
Fig. 3 in this paper). Consequently, several problems arise in
the analysis based on their assumptions and improper use of
equations and data fitting.

Using slope and intercept of the Lineweaver-Burke plot
(Egn. 3), the authors of the 1997 Nature paper obtained
Michaelis-Menten parameters, assumed that K™ = K, and
concluded that the ratio of Kea/Kyncat COrresponded to an 800-
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fold acceleration of the reaction. To properly determine Ky,
the authors would have needed to fit their data to a Micha-
elis-Menten plot of reaction rate versus substrate concentra-
tion, kea™P vs. [S] up to the point where the curve begins to
saturate at least for the dienophile that is free in solution (i.e.
S = S;). However, the substrate, S;, is sufficiently insoluble
that the data never surpass the linear range and cannot be
accurately fit to a Michaelis-Menten plot (Fig. 3). Ky, is de-
fined as the substrate concentration at which 1/2 Vi iS
reached, which is shown in the relevant form as 1/2 kg™ in
Fig. (3). The statistical inaccuracy of the method becomes
large when [S]max << K, Which is certainly the case here as
shown in the inset to Fig. (3). Despite the limited range of
data and erroneous nature of the analysis, one can use non-
linear regression using the program lgorPro5.0 (Wavemet-
rics) to fit the data to the Michaelis- Menten kinetic model to
obtain parameters k™ = 0.064 s*and K, = 16 mM (see
Appendix). A range of acceptable fits is given by the esti-
mate of the standard deviation for the non-linear squares
regression shown by the calculated lower and upper bound
curves given by the dashed lines in Fig. (3).

The data in Fig. (3) of the 1997 Nature paper [19] were
fit to a linear function (kqs vs. [S]). Hence, there is no basis
for unique determination of separate values for ke, and K,
using a Lineweaver-Burke analysis, which involves taking
the reciprocal of the data and fitting 1/k0bs vs. 1/[S]. Conse-
quently, the values of k™ = 0.011 s* and K, = 2.3 mM
reported in the 1997 Nature paper would be in error by a
factor of ~7 and ~6 in k™™ and Ky, respectively. The com-
parison serves to illustrate complications that arise when data
do not conform to the assumptions of the model used for
fitting. Ky, has no interpretation here since there is no re-
versible enzyme-substrate complex and the catalytic rate
constant has no meaning since the experiment irreversibly
alters the “catalyst”. For example, at the highest substrate
concentration of 500 uM, at most only 0.1% of the “sub-
strate” could possibly react since its reaction partner, the
“enzyme” tethered to the diene shown in Fig. (2), is present
at 1000-fold lower concentration. The quantitative values
presented have no significance and the fit in Fig. (3) simply
serves to illustrate the inconsistency in the model as applied.

REPERCUSSIONS OF MAXIMIZING IMPACT BY
DISTORTION OF SCIENTIFIC PHRASES

In the case of the 1997 Nature paper, the authors discov-
ered an RNA that had “catalytic potential.” The application
of a scientific description only appropriate for enzymes gives
the reader the impression that the catalytic potential of this
system was realized in their work. However, the Michaelis-
Menten formalism and the Lineweaver-Burke treatment were
applied incorrectly. The system is not catalytic and there is
no evidence for specificity of the binding interactions of the
substrate or product. The catalytic potential of this system
was never realized in further work, perhaps because of the
insolubility of the reagents. The language choice in the 1997
Nature paper served to appeal to fields of research in RNA
catalysis, the origin of life in an RNA world, and a biotech-
nology community that seeks to design practical enzymes
capable of useful synthetic transformations. Certain aspects
of the report, such as the obligatory requirement for pyridine
and Cu®*, are in doubt based on subsequent work [37, 46].
The writing style in this and subsequent publications leads
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Fig. (3). Fit of the data from Fig. (3) of the 1997 Nature paper combined with a model for Michaelis-Menten kinetics. The data are shown as
red squares. The inset has approximately the limits shown in the 1997 Nature paper. The full plot shows how poorly the data sample the full
Michaelis-Menten curve. The data can indeed be fit to a linear model (red line) and the Michaelis-Menten curve is also linear over the range
of the data. The dashed lines indicate 10% deviations of the ratio Kes™™*/Kpm.

the reader to believe that the processes described are appli-
cable in their current form, not that there are significant
technical hurdles that must still be overcome. The use of
enzyme kinetic analysis disguises the fact that the process
they describe is a second-order cycloaddition reaction on the
picomolar scale isolated from a gel, not a scalable catalytic
process. Focusing undue attention on the assumption that the
RNA was a “ribozyme” only served to further obscure any
quality work in the 1997 Nature paper.

Science has become a business and as such requires sci-
entists, the small business owners, to promote their research
and compete for resources in a free-market economy. The
promotion of research is generally secondary, as it should be,
to honest research and reporting. Yet the drive to be noticed
in science and obtain prestige and funding, or more often
simply to survive, can constantly tempt even the most moral
and resolute scientist. Few scientists would admit the occa-
sional temptation to improve impact by catering their data to
tell a story that capitalizes on a vogue topic or well-crafted
manuscript title [9, 10]. lronically, these are the stories jour-
nals seem most eager to publish, raising the question of who
is really to blame [10]. To ensure a simple ethics code is
maintained we recommend that authors i) evaluate the im-
pact of their research based solely on the merits of the re-
sults, ii) use precise and conservative scientific language to
tell their story of discovery and iii) make sure their use of
language is qualified based upon the results of their experi-
ments, not current trends in the literature, scientific commu-
nity or popular media. We believe that promoting discovery
within these guidelines will help avoid most ethical issues
surrounding scientific language.

Scientists are expected to uphold the highest standards of
moral conduct. This not only includes performing experi-
ments and handling of patient data, but also in the reporting

of results. Abusing scientific publication with buzzwords or
chic phrases to improve impact can inflate the value of re-
search, much like the inflation of currency in an economy. It
also degrades trust among colleagues, who may seek to rep-
licate or build upon the results of poorly presented publica-
tions. Progress in a field can be slowed by the misallocation
of resources. Repeated violations do not go unnoticed by the
research community and, if flagrant or often enough, can
attract the attention of the media and general public, rein-
forcing a mistrust of science. Although the publication we
chose as a case study did not previously raise ethical con-
cerns, it serves as an excellent example for precisely that
reason. Because the issue of responsible use of scientific
language in publication is not well-understood [10], most
publications that abuse scientific language in these subtle
ways fall below the radar of falsification, fabrication, plagia-
rism, and redundant or duplicate publication, the most dis-
concerting ethical concerns in scientific publication [16, 17].

In the modern scientific era of biotechnology and
nanotechnology, and all the -omics that follow with it, inter-
disciplinary research is becoming the norm. For example, the
work described in the 1997 Nature paper spans molecular
biology, chemical biology, enzymology and synthetic chem-
istry. Thus, it is difficult for any single reviewer to have
mastery of all of the experimental methods. For this reason it
is all the more imperative that the writing style be a clear
narrative that seeks to explain observations rather than ad-
vertise results that have the most impact.

ACKNOWLEDGEMENTS

This study was supported by an NIH Kirschstein
Fellowship to K.T.G. (F32HD060377) and the W.M. Keck
Foundation.



8 The Open Ethics Journal, 2010, Volume 4

Franzen and Gagnon

APPENDIX: SUBROUTINE FOR CALCULATION OF MICHAELIS-MENTEN PARAMETERS

The application of a subroutine of this type involves pasting the text into the Procedure Window of the Wavemetrics pro-
gram. The program recognizes this as a fitting function and it automatically appears on the pull-down Analysis menu item.
Similar implementation is possible in a range of commonly used software.

Function michaelis_menten(w,s)

Wave w; Variable s

Variable vmax, km, s

vmax = w[0]

km = w[1]

v = vmax*s/(km+s)

return v

End
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