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I’ve taken to the editorial page in the past 
to discuss what is and is not allowed in the 
JCI vis-à-vis manipulation of images. Here, I 
want to discuss a grayer area of potential vio-
lations — those that concern ethics in writ-
ing. Specifically, is publishing the same set 
of data twice acceptable (clearly not), is using 
the same text in several articles plagiarism 
(perhaps), and is publishing newly obtained 
data after the fact acceptable (maybe)?

Let us start with the most blatant: a reader 
recently alerted us to a publication in a spe-
cialist journal that appeared to have repro-
duced, nearly verbatim, a recent JCI publica-
tion. The authors were the same, with the 
addition of two more authors on the other 
paper, and the data were iden-
tical. Based on the dates of 
submission, acceptance, and 
publication, it was clear that 
the JCI article was published 
before the other was even sub-
mitted. How could this be? 
One of the first rules most sci-
entists learn about publishing 
(whether or not they know the 
source) is the widely adopted 
Ingelfinger rule, named for a 
former editor of the New Eng-
land Journal of Medicine who in 
1969 declared that his journal 
would not consider a manu-
script for publication if it was 
submitted simultaneously 
elsewhere or previously pub-
lished in similar form. We all know that you 
can’t just reproduce a work in its entirety in 
another journal, especially not without attri-
bution or permission, and particularly when 
the original journal retains the copyright for 
the work, as the JCI does.

I polled the JCI editors for their opinions 
on how to best penalize this infraction, 
other than to alert the other journal about 
withdrawing the paper, which it has now 
consented to do. The editors’ reaction was 
mixed after the senior author explained 
the reason for the double publication: as 
a requirement for speaking at a particu-
lar symposium, the author had to publish 

the talk in the other journal. Some editors 
felt that this was outrageous and that we 
should report the authors to their insti-
tution and ban them from publishing for 
some period of time. Some felt that these 
sorts of requests (publishing a talk) are fre-
quent, and that demanding a simple retrac-
tion from the other journal was enough.

A puzzling polarization, I thought. Some 
of the editors said that in similar cases, they 
would have published a summary, or refused 
to comply (would the organizers really have 
rescinded the invitation?), or perhaps sent in 
data generated after the paper was accepted 
that would be otherwise unpublishable on 
its own. This last point raised a few hackles 

in our discussion. Is it ethical to send in a 
paper that shows new data from a published 
study? Alternatively, if the published paper 
had a figure that showed a single experiment 
that was representative of four independent 
experiments, is it ethical for a new paper to 
show a different one of the four? Some edi-
tors felt this was common practice, while 
others decried it as a misrepresentation that 
bordered on fraudulent.

We have also had a few cases wherein 
authors have recycled text from previous 
publications into their new submissions 
without attribution to or authorization 
from the original source. This happens 

more frequently with reviews than with 
original research articles, but is it any more 
acceptable in that format? While we under-
stand that sometimes there is only one 
way to express an idea or concept and that 
using the same or very similar language is 
tolerable, repeating the same passages ver-
batim is not. In the case of a review, if there 
is nothing new to say, then don’t agree to 
write the review — it wouldn’t be very time-
ly or much of an advance, and the referees 
will all note this in their comments.

Related to the case of double publica-
tion I noted earlier, it was rather easy to 
make the case to the editors of the other 
journal that they needed to retract their 
version of the article, given the clear vio-
lation of copyright law. Why do we retain 
copyright? Partly because it gives us the 
chance to monitor use of our content, how 
it is archived, and how it is used (and some-
times abused); partly because we gain some 

revenue from the licensing of 
our content. However, while 
we retain the copyright to all 
JCI content, we allow authors 
to reuse, republish, and dis-
tribute their articles for edu-
cational purposes and to 
include their articles in their 
institutional repositories. The 
authors’ (noncommercial) 
use of their own article is not 
restricted in any way, except 
that they need to cite the JCI 
when they reuse it.

We do our best to ensure 
that readers of the JCI can have 
confidence in the manuscripts 
we publish, but it is becoming 
impossible to establish a rule 

for every sort of questionable practice we see. 
Related to the case above, the editorial board 
decided to report the infraction to the prop-
er authorities at the author’s institution and 
allow them to determine whether further 
punitive action was necessary, but the out-
come might have been different had there 
not been a plausible reason for the author’s 
actions. Regardless, policing violations of 
ethics means keeping up with a moving 
target, and we welcome your feedback and 
responses to these issues. 

Ushma S. Neill 
Executive Editor

The academic scientific enterprise rewards those with the longest CVs and 
the most publications. Under pressure to generate voluminous output, 
scientists often fall prey to double publishing, self plagiarism, and sub-
mitting the “minimal publishable unit.” Are these ethical gray areas, or 
true transgressions?





¿Qué es una 
revista científica? 



¿Porqué es importante publicar? 



¿Porqué es importante 
publicar? 

   Se reportan descubrimientos 
y avances científicos 

   Se evalúan los resultados y se 
ponen en perspectiva a una 
base de conocimiento mayor 

   Se le da crédito a otros 
científicos que han 
contribuido en ideas con 
anterioridad al trabajo 
publicado 



Presión por publicar 

   Auto-plagio- publicaciones múltiples con el mismo 
contenido con títulos diferentes, en diferentes revistas y 
en diferentes idiomas (salami)  

   ¨ghost-writing¨- donde no se nombran todos los 
autores que contribuyeron; donde se nombran autores 
que no contribuyeron 

   ¨salami¨- datos son presentados por separados en lugar 
de forma unificada ¨the least publishable unit 

http://en.wikipedia.org/wiki/Scientific_misconduct 
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A Simple and Widely Applicable Method for Preparing
Homogeneous and Stable Quality Control

Samples in Water Microbiology
JACK F. SCHIJVEN,* ARIE H. HAVELAAR, AND MAHDIEH BAHAR

Laboratory of Water and Food Water Microbiology, National Institute of Environmental
Protection and Public Health, 3720 BA Bilthoven, The Netherlands

Received 13 June 1994/Accepted 7 September 1994

Test strains suspended in skim milk, quickly frozen in dry ice-ethanol, and stored at -70° C can be used as

quality control samples that are immediately available by quickly thawing at 37° C. The samples remain
homogeneous and stable for at least 1 year, except for Aeromonas hydrophila, which decreases 20 to 30% in 1
year.

In water microbiology, quantitative results are used to check
if water quality standards are met. A high-quality standard of
analysis is necessary which can only be achieved by implement-
ing a quality assurance scheme using easily accessible, homo-
geneous, and stable control samples (4). In our laboratory, we
have developed reference materials on the basis of spray-dried
milk contaminated with a suitable strain (5, 9-11). However,
preparation of spray-dried material from Aeromonas hy-
drophila, Pseudomonas aeruginosa, and Campylobacterjejuni is
not feasible and spray drying is not suitable for respiratory
pathogens such as Legionella pneumophila or certain bacterio-
phages such as Ti or MS2. We aimed to develop a comple-
mentary method of preparing homogeneous and stable test
samples which can be applied by workers in any microbiolog-
ical laboratory. Donnison et al. (2) proposed the use of
bacterial suspensions to be diluted at each use. Test method

TABLE 1. List of strains and culture methods used

Conditions for control
Prepa-

Strain(s) ration Incubation
brotha,b Mediuma time (h) and

temp (° C) range

Aeromonas hydrophila WA10, BPW ADA 24 + 2, 30 + 1
M800

Enterobacter aerogenes ATCC BPW TSA 24 + 2, 37 + 1
49701

Enterobacterfaecium WR78 THB KFA 48 ± 4, 37 + 1
Enterobacter faecium WR78 THB BEAA 48 ± 4, 44 + 0.5
Pseudomonas aeruginosa WP1 BPW MPA-B 24 + 2, 41.5 + 0.5

a BPW, buffered peptone water (Oxoid CM 509); THB, Todd-Hewitt broth
(Oxoid CM 1089, 10% [vol/vol] horse serum); ADA, ampicillin dextrin agar (3);
TSA, tryptic soy agar (Oxoid CM 131); KFA, Kenner fecal agar (Difco 0496);
BEAA, bile esculin azide agar (Difco 0525); MPA-B, see reference 1.

b A 25-ml volume of broth in a 300-ml flask on a rotary incubator at 150 rpm.

* Corresponding author. Mailing address: Laboratory of Water and
Food Water Microbiology, National Institute of Environmental Pro-
tection and Public Health, P.O. Box 1, 3720 BA Bilthoven, The
Netherlands. Phone: (31)30 742994. Fax: (31)30 283049. Electronic
mail address (UNIX): lwljack@lwlO2.rivm.nl.

performance was assessed by comparison of counts on selective
and nonselective media. We, however, are interested only in
direct comparison of recoveries based on the selective media
between successive experiments, avoiding the extra work of
dilution before use. Recently, Lee and Cole (7) described the
production of a bacteriological quality control system based on

a suspension of five strains in brain heart infusion broth with
glycerol that was quickly frozen under liquid nitrogen. All vials
of a preparation were used within 3 months, and homogeneity
and stability were not tested. Homogeneity and stability of test

samples are, however, necessary for construction of control
charts (12). In preliminary experiments, we obtained good
results with fast cooling in dry ice-ethanol, storage at -700C,
and fast thawing at 370C in a water bath with skim milk as the
medium containing the test strain. Skim milk contains cryo-

protectants like lactose and proteins and has a low salt
concentration. Rapid cooling and fast warming in the presence

of cryoprotectants allow water to vitrify, thus avoiding damage
to the cells caused by concentration of electrolytes or forma-
tion of ice crystals (6, 13). With all of the strains mentioned
below, small batches of samples were prepared at least twice,
which resulted in recoveries of 100% ± 10% just after and 1
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FIG. 1. Stability of E. faecium WR78 on Kenner fecal agar (O) and
bile esculin azide agar (-), P. aeruginosa VWP1 on MPA-B (2) (0), and
E. aerogenes ATCC 49701 on tryptic soy agar (0).
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TABLE 2. Analysis of test samples

Homogeneity" Regression analysis

Strain Medium % Recoverya Period No. of Slope
2 (days) tests Intercept (log N/yr)

Enterococcus faecium WR78 KFA 90 0/14 1/14 382 13 1.593 0.039 2.12
Enterococcus faecium WR78 BEAA 108 1/11 4/11 382 10 1.556 -0.020 -0.86
Pseudomonas aeruginosa WP1 MPA-B 98 0/11 0/11 355 11 1.953 -0.026 -1.84
Enterobacter aerogenes ATCC 49701 TSA 106 0/19 5/19 452 24 1.879 -0.024 -1.48
Aeromonas hydrophila WA10 ADA 98 -c 0/45 292 45 1.915 -0.152 -5.88d
Aeromonas hydrophila M800 ADA 92 0/9 1/11 257 10 1.610 -0.107 -4.10d

a Mean log N of 1 day after freezing/mean log N just before freezing.
bNumber of significant tests/total number of tests of T, and T2.
c-, T, values could not be calculated because tests were not performed in duplicate.
d Significant decrease (P < 0.05).

week after preparation. Next, we prepared large batches the
homogeneity and stability of which were tested for up to a year.

All of the strains used are listed in Table 1 and are from our
laboratory collection, except for A. hydrophila M800 (D. van
der Kooij, Kiwa Research and Consultancy, Nieuwegein, The
Netherlands) and Enterobacter aerogenes ATCC 49701. Table 1
also lists the media and culture methods used. Skim milk was
obtained from a local supermarket (factory sterilized; fat
content, 0.2% [vol/vol]).
An ampoule of the freeze-dried bacterial strain was sus-

pended in a tube with 10 ml of the broth as described in Table
1 and incubated for 24 ± 2 h at 37 ± 1° C. A 0.5-ml culture
volume was inoculated into 25 ml of broth in a 300-ml flask and
incubated the same way. The culture was diluted in skim milk.
We spread 0.1-ml volumes of the dilutions onto 9-cm-diameter
agar plates with the appropriate medium and incubated the
plates in accordance with the control conditions given in Table
1. Meanwhile, all dilutions in skim milk were kept on ice. After
incubation, colonies were counted and a suspension of 500 to
800 CFU/ml was prepared. The suspension was distributed in
aliquots of about 1.1 ml into polypropylene vials (Eppendorf
0030 120.086) while the suspension and the vials were kept on
ice. The vials were quickly (about 2 min) frozen in a container
with about 5 liters of 96% ethanol with dry ice. The frozen vials
were immediately stored at -70° C. Before use, vials were
quickly (about 2 min) thawed in a water bath at 37 ± 1° C and
used for membrane filtration within 10 min.
For testing the homogeneity and stability of a preparation,

0.1 ml from each of 10 randomly selected vials was examined
(usually in duplicate) and incubated in accordance with the
conditions described in Table 1. These tests were performed
just before freezing, 1 day after preparation, and then for a
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FIG. 2. Stability of A. hydrophila WA10 (O) and M800 (-) on

ampicillin dextrin agar.

period at weekly intervals and later at monthly intervals.
Within- and between-vial homogeneity was established by
making use of the T, and T2 statistics (4, 10). Stability was
evaluated by linear regression analysis of the mean values on a
logarithmic scale by using MINITAB (8). A significant t value
(P < 0.05) for the independent variable indicates instability of
the material.
The results of the homogeneity and stability tests are

presented in Table 2 and Fig. 1 and 2. Recoveries after freezing
were in the range of 90 to 108% after 1 day with all prepara-
tions, indicating that the cells had suffered little or no damage.
With a few exceptions, T1 and T2 values were not significant,
indicating good homogeneity of the test samples within and
between vials. The exceptions were the result of random
variation due to the large number of tests, whereas for the E.
faecium WR78 preparation analyzed on bile esculin azide agar,
the significant T2 values could be explained by the inferior
quality of the medium. E. aerogenes ATCC 49701 and P.
aeruginosa WP1 sometimes showed some unusual spreading.
In all cases, no significant change in recovery was found,
indicating stability in a period of at least 1 year, except for A.
hydrophila WA10 and M800, whose counts decreased signifi-
cantly (30 and 22% per year, respectively).
We successfully developed a method of preparing homoge-

neous test samples that remain stable for at least 1 year that
can be applied by workers in any microbiological laboratory by
using standard equipment including a -70° C freezer. The test
samples produced are immediately stable and can thus be used
directly. Only quick thawing in a water bath at 37° C is needed.
The only exception in terms of stability was A. hydrophila.
Further evaluation of cryoprotectants with this species is
necessary. We believe this method can be used to prepare test
samples from other strains as well and can also be applied in
other fields of microbiology. Of course, homogeneity and
stability must have been determined, which can be time-
consuming. Much time can be saved by exchanging experience
with other laboratories; also, stability tests can be performed
simultaneously with quality control. Mailing of these suspen-
sions frozen in skim milk to other laboratories was not
investigated.

We thank D. van der Kooij and K. P. Brenner for providing A.
hydrophila M800 and E. aerogenes ATCC 49701, respectively. We
thank C. W. van Ingen for expert advice on freezing of microorgan-
isms. We also thank E. T. Hamer, A. Scheijven, and H. ten Brink for
technical assistance and J. A. van Dommelen, B. Janning, and P. H. in
't Veld for fruitful discussions on statistical analyses.
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Preliminary Report of a New System for Typing
Salmonella typhimurium in the United States
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A new system is described for the bacteriophage typing of Salmonella typhimurium
cultures isolated in the United States. The system is based upon one phage adapted
to different S. typhimurium strains.

The most prevalent Salmonella serotype is
typhimurium. To date, we have not had a satis-
factory system for phage typing strains of this
serotype isolated in the United States. This paper
is a preliminary report of a new system developed
in the Enteric Unit of the Bacteriology Section,
Center for Disease Control, Atlanta, Ga.
We have been using and reporting the phage

types as typed by the original (and revised) thir-
teen S. typhimurium phages of Felix and Callow
(2) provided by the International Reference
Center for Enteric Phage Typing located in
Colindale, England. However, a great number of
the cultures sent to us for phage typing were
either not lysed by any of these phages or did not
give a pattern of lysis for a designated type.

This new system of phage typing is similar to
that for S. typhi devised by Craigie and Yen (1).
It is based upon the adaptation of one phage to a
number of S. typhimurium cultures.
The strains of S. typhimurium used were stock

cultures. The phage used for adaptation was one
isolated from a canal by R. Th. Scholtens of the
Netherlands. This phage was first grown on a
number of strains of S. typhimurium to select one
which would yield the highest titer yet lyse the
fewest cultures.
Only single colonies of the parent strains of S.

typhimurium grown on a nutrient agar slant were
used. Nutrient broth for cultivation ofS. typhi and
for dilution of phage consisted of nutrient broth
(Difco dehydrated), 15 g; sodium chloride, 7 g;
and distilled water, 1,000 ml. After a 2- to
3-hr growth period in phage broth, 0.5 ml was
pipetted into a 125-ml flask containing 20 ml of
Veal Infusion Broth (Difco). One milliliter of the
undiluted phage suspension was then added, and
the flask was incubated at 37.5 C overnight. The
following morning the material from the flask was

poured into a 50-ml centrifuge tube and centri-
fuged at about 8,000 X g for 20 min. The super-
natant was removed and placed in a 60 C water
bath for 2 hr to kill the S. typhimuriwn. Serial
passages were made, and a single plaque was
picked each time to insure a pure phage.
We now have 20 S. typhimurium phages that

give 26 distinct phage types (Table 1). The degree
of lysis and its pattern are also shown for each
phage type in the tables. Table 2 shows the reac-
tion of the Felix and Callow phage type strains
with the 20 new phages. As the work progresses, it
is quite probable that there will be more phages
added to the schema as a result of further adapta-
tions, thus giving more patterns of lysis. There is
also a possibility of obtaining different phage
patterns from a wider examination of cultures.
The Enteric Unit plans to train people inter-

ested in the phage typing of S. typhimurium and
to supply the necessary phages for use in their own
laboratory. In this way we hope that, through the
combined efforts of our laboratory and those
whom we train, we will be able to phage type S.
typhimurium cultures isolated from food, ani-
mals, feeds, and environment. This will give us an
overall picture of the S. typhimurium phage types
isolated in the United States and provide basic
information which will be useful in epidemiologi-
cal investigations of S. typhimurium outbreaks.

We express our appreciation of the criticism and suggestions
of A. Bernstein, Marquette University School of Medicine,
Milwaukee, Wis.
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SHORT COMMUNICATION

Symbiotic nitrogen fixation in the New Zealand dampwood termite 
(Stolotermes ruficeps)

Nicola M. Reid* and Gareth Lloyd-Jones
Scion, Private Bag 3020, Rotorua Mail Centre, Rotorua 3046, New Zealand
*Author for correspondence (Email: nicki.reid@scionresearch.com)

Published on-line: 18 February 2009

___________________________________________________________________________________________________________________________________

Abstract: This study investigates symbiotic microorganisms in the New Zealand dampwood termite Stolotermes 
ruficeps using culture-independent techniques to describe the diversity of nitrogen-fixing organisms within this 
termite. Phylogenetic analysis of a portion of the nifH gene (encoding dinitrogenase reductase) revealed 19 phylotypes 
(>98% sequence identity) with 77!86% similarity to published nucleotide sequences from uncultured microorganisms 
described from termite guts. The majority of sequences obtained in this study were most closely related to sequences 
obtained from basal families Kalotermitidae, Termopsidae and the closely related wood-feeding cockroach species 
Cryptocercus. This adds to the growing amount of evidence suggesting that the composition of nifH sequences is 
characteristic of a termite family. This study also identifies wood-dwelling termites as a potentially important source 
of nitrogen input into temperate forests, something previously neglected and warranting further investigation.___________________________________________________________________________________________________________________________________

Keywords: gut community; NifH; Termopsidae; wood decay; woody debris

Introduction

Termites thrive in tropical terrestrial ecosystems and play 
an important part in the bio-recycling of lignocellulose 
as the major decomposers of woody material. Due 
to the low nitrogen content of wood (approximately 
0.03!0.15%) a supply of useable nitrogen is essential 
for wood decomposition (Potrikus & Breznak 1981). A 
group of microorganisms living within the gut of termites 
fix atmospheric nitrogen and thus supply the nitrogen 
required by the termite and its symbionts to consume wood 
material. Nitrogen has also been shown to be extensively 
recycled through proctodeal trophallaxis by dampwood 
termites (Machida et al. 2001).

More than 2600 species of termites are recognised 
(Inward et al. 2007) and their distribution is predominantly 
tropical (Eggleton 2000). New Zealand with its temperate 
climate has three endemic termite species: Stolotermes 
ruficeps, S. inopinus and Kalotermes brouni. The role of 
these New Zealand termites in wood decomposition and 
the nitrogen-fixing microorganisms associated with them 
have not been well documented, most likely due to their low 
impact (neither mound builders nor house-demolishers) 
and minor economic importance to the timber industry 
(J. Bain, Scion, Rotorua New Zealand pers. comm.). 
Stolotermes ruficeps, the most common of the New Zealand 

termites, is widespread in forests, inhabiting only dead and 
decaying standing trees, branch stubs, logs and stumps 
of a wide variety of native hosts, and decaying wood of 
introduced Pinus species (Bain & Jenkin 1983; Milligan 
1984). S. ruficeps is a wood feeder only and exhibits a 
‘one-piece’ life type, nesting and feeding in the same piece 
of decayed wood (Milligan 1984). 

Stolotermes is a relict genus of modern termites within 
the basal clade of the Termopsidae. Termopsidae constitute 
a small family of termites containing 4!5 extant genera 
with 13!20 living species. The placement of Stolotermes 
in Termopsidae has been disputed recently on both genetic 
and morphological grounds (Klass et al. 2000; Inward et 
al. 2007; Sillam-Dussès et al. 2007). Stolotermes have 
retained many plesiomorphic characters such as a well-
developed, pigmented, compound eye (Thorne & Lenz 
2001) and very primitive worker/imago dentition (Emerson 
1942; Ahmad 1950). In comparison with other families, 
the Stolotermitinae have not been well examined, and 
taxonomic relationships are unclear.

Gut microorganisms are specific symbionts that have 
co-evolved with termites. By examining the phylogeny of 
gut microorganisms in different termites the co-evolution 
of termites and their gut microorganisms can be determined 
(Hongoh et al. 2005). Nitrogen-fixing symbionts represent 
a physiologically distinct group of bacteria in the termite 
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gut. The amount of nitrogen supplied by the diet of solely 
wood-feeding termites such as Stolotermes is very low and 
for this reason nitrogen fixation should be more important 
to achieve a physiological C:N balance than for other life 
types that have a soil, plant litter or mixed-wood diet 
(Tayasu et al. 1997).

The microbial population in the termite gut is not 
easily cultured and so we used a culture-independent 
approach to phylogenetically identify the nitrogen-fixing 
microorganisms in S. ruficeps by analysing the nifH 
gene. The nifH gene encodes an essential iron-containing 
component of nitrogenase, and it is widely used as the basis 
for investigating the diversity of nitrogen-fixing organisms 
in a variety of natural samples (reviewed in Zehr et al. 
2003). The nitrogenase enzyme complex catalyses the 
fixation of atmospheric dinitrogen (N2), which is converted 
to ammonia. This approach has been used to examine 
nifH diversity in the gut of approximately 20 species 
of termites isolated mostly from one biogeographical 
region (Asia) (Ohkuma et al. 1996; 1999; Noda 1999; 
Yamada et al. 2007); in these studies, two species in the 
Termopsidae were examined, neither belonging to the 
genus Stolotermes. The NifH sequences were found to 
cluster in groups that corresponded to those from the guts 
of other closely related termites indicating a correlation 
between both host taxonomic position and lifestyle and 
NifH community phylogeny (Yamada et al. 2007).

This study describes the phylogenetic diversity 
of the nifH genes in the gut microbial community of  
S. ruficeps revealing the diversity of its nitrogen-fixing 
microorganisms. This study also highlights a valuable 
source of nitrogen input into temperate forests by nitrogen-
fixing symbionts hosted by non-tropical, wood-degrading 
termites and representing a basal lineage amongst extant 
termites.

Materials and methods

Termite nymphs were collected from a colony in a decaying 
Pinus radiata log from Whakarewarewa Forest at latitude 
38.5°13! S and longitude 176°00! E, in the Bay of Plenty 
region, North Island, New Zealand.

Five whole nymphs were thoroughly washed to 
remove surface cells and homogenised whole in 200 
!l of phosphate buffer (100 mM), 200 !l of SDS lysis 
buffer (3% SDS, 0.5-M Tris pH 8, 0.1-M NaCl), 200 
!l of chloroform-isoamyl alcohol (24:1; vol/vol), and 
a mixture of silica–zirconium beads (0.5 g of 0.1-mm 
beads and 0.5 g of 3.0-mm beads) and shaken in a 
FastPrep machine (Bio 101, Vista, CA) at 4.5 m s–1 for 
40 s. To this homogenate 200 !l of TE buffer (10-mM 
TrisCl, 1-mM EDTA, pH 8), 100 !l of 5-M NaCl, and 
80 !l of CTAB/NaCl (10% CTAB, 0.7-M NaCl) were 
added and mixed by vortexing, followed by incubation 
at 65°C for 60 min. The mixture was then extracted with 

an equal volume of phenol–chloroform–isoamyl alcohol 
(25:24:1; vol/vol/vol) and then with chloroform–isoamyl 
alcohol (24:1). Bulk nucleic acids were precipitated from 
solution with twice the volume of ethanol and collected by 
centrifugation, rinsed with 70% ethanol, and resuspended 
in 30 !l of sterile water. DNA was purified using the 
Wizard® DNA Clean-up System (Promega, Madison, WI, 
USA) according to the manufacturer’s instructions.

The nifH gene was amplified from the extracted DNA 
using the universal nifH PolF and PolR PCR primers, 
cloned, sequenced and analysed as described previously 
(Bowers et al. 2008) except the PCR products were ligated 
into pCR-TOPO and transformed into Escherichia coli 
One Shot TOP10 competent cells using the Topo TA 
Cloning Kit (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer’s instructions. Plasmids were prepared 
using the PureLink Hipure Plasmid Filter Midiprep 
Kit (Invitrogen). The sequences obtained in this study 
have been deposited in GenBank as accession numbers 
EU791899 to EU791917.

Results

A total of 29 nifH nucleotide sequences were obtained and 
compared with other previously described nifH sequences. 
Comparison with the GenBank database showed that the 
closest matches for the majority of clones (26/29) were with 
nifH gene sequences derived from other uncultured termite 
gut symbionts. In general the similarity of matches on the 
basis of nucleotide sequences was low (77"86%).

The nifH sequences were translated to the amino 
acid sequence and aligned using CLUSTAL_X (version 
1.81; Thompson et al. 1997) and analysed using PHYLIP 
(version 3.65; Felsenstein 1989) and the furthest neighbour 
method in DOTUR (Schloss & Handelsman 2005). 
A phylogenetic tree was inferred from the translated 
nucleotide sequences, with 19 phylotypes (defined with 
98% sequence identity) (Table 1). Rarefaction analysis 
revealed that diversity at phylotype definitions < D = 
0.57 sequence difference was undersampled. Rarefaction 
curves showed no tendency for the rate of accumulation 
of new phylotypes to level off until the 57% level (Fig. 
1). This implies that the sequencing of additional nifH 
amplicons would lead to the capture of additional NifH 
phylotypes from other S. ruficeps gut symbionts. This is 
consistent with a Chao1 richness estimator of 34 (95% 
CI = 25–77) for unique sequences and 31 (95% CI = 
20–72) for D = 0.08.

Discussion

The presence of nitrogen-fixation genes is accepted as 
a marker for nitrogen fixation, therefore it is likely that 
nitrogen fixation is occurring in the gut of S. ruficeps. 
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Table 1. Phylogenetic assignation of NifH clones found in the gut of New Zealand Stolotermes ruficeps.
___________________________________________________________________________________________________________________________________

Clonea GenBank  NifH Closest match 
 accession  phylogenetic  
 no. group
   AA Id Host Host family
   (%) 
___________________________________________________________________________________________________________________________________

c134, c4 EU791903 II  96e Zootermopsis  Termopsidae 
    nevadensis

c12 EU791904 III-3 98c Zootermopsis Termopsidae 
    angusticollis

c131 EU791905 III-3 100d Zootermopsis Termopsidae 
    angusticollis

c31, c17, EU791906 III-3 99c Zootermopsis  Termopsidae 
c151    angusticollis

c11, c23 EU791910 III-3 99b Cryptotermes  Cryptocercidae 
    punctulatus

c10 EU791909 III-3 97b Cryptotermes  Cryptocercidae 
    punctulatus

c9 EU791913 III-3 96b Cryptotermes  Cryptocercidae 
    punctulatus

c98, c111 EU791914 III-3 96b Cryptotermes  Cryptocercidae 
    punctulatus

c20 EU791912 III-3 97b Cryptotermes  Cryptocercidae 
    punctulatus

c152 EU791911 III-3 97b Cryptotermes  Cryptocercidae 
    punctulatus

c15 EU791907 II 97b Cryptotermes Cryptocercidae 
    punctulatus

c3 EU791908 II 96b Cryptotermes  Kalotermitidae 
    domesticus

c1, c2 EU791902 II 94b Glyptotermes  Kalotermitidae 
    fuscus

c133 EU791901 II 99e Zootermopsis  Termopsidae 
    angusticollis

c16 EU791915 III-2 90b Cryptotermes Cryptocercidae  
    punctulatus

c32 EU791916 III-2 90b Nasutitermes Nasutitermitinae  
    dimorphus

c65 EU791917  92b Mine spoilings -

c14, c27,  EU791899 I 94b Neotermes  Kalotermitidae 
c24    koshunensis

c21, c8,  EU791900 I 93b Neotermes  Kalotermitidae 
c28    koshunensis
___________________________________________________________________________________________________________________________________

a Clonal groupings based on ! 98% match
b Closest match was dinitrogenase reductase (uncultured nitrogen-fixing bacterium)
c Closest match was dinitrogenase reductase (Treponema primitia ZAS-2)
d Closest match was dinitrogenase reductase (Treponema azotonutricium ZAS-9)
e Closest match was dinitrogenase reductase (Treponema denticola ZAS-1)
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The majority of clones obtained (24/29) were related 
to the ‘KTC’ group, a group defined by Yamada et al. 
(2007) as containing microorganisms from the guts of 
termites belonging to the basal families (Kalotermitidae, 
Termopsidae as well as Cryptocercus). Termites and 
Cryptocercus species evolved from a common wood-
feeding cockroach ancestor (Inward et al. 2007). The 
placement of the New Zealand termite in this grouping 
is in agreement with the taxonomy and lifestyle of  
S. ruficeps. Recent research demonstrates a correlation 
between NifH phylogeny and termite taxonomic grouping 
suggesting co-evolution (Ohkuma et al. 1999; Hongoh et 
al. 2005; Yamada et al. 2007). Hongoh et al. (2005) states 
that ‘congeneric termites harbor very similar bacterial gut 
microbiota, irrespective of the individual, colony, location 
and host species’ and the symbiotic relationship between 
gut bacteria and their host termites is very stable and strong. 
In termites, proctodeal trophallaxis (shared feeding) allows 
for the transmission of gut microbiota between individual 
members. Gut symbionts are carried over from the mother 
nest to a newly founded termite colony by the alates (king 
and queen), ensuring the inheritance of a conserved gut 
microbial population (Machida et al. 2001).

Only three of the four widely accepted NifH 
clusters were represented: the proteo-cyano cluster (I), 
the alternative NifH (anf-methano) cluster (II), and the 
anaerobe cluster (III) (Chien & Zinder 1994; Ohkuma et 
al. 1999; Zehr et al. 2003). The anaerobe cluster (III) was 
divided into sub-clusters according to the classification 
of Ohkuma et al. (1999). No clones grouped within 
Cluster IV (consisting of ‘pseudo NifH’ sequences). The 
majority of clones (15/29), representing 11 phylotypes, 

were identified as belonging to Cluster III, the anaerobe 
NifH group. NifH sequences from the so called ‘lower 
termites’ have been shown to group mostly in Clusters II 
and III (Ohkuma et al. 1999). Six families (including the 
Termopsidae), comprising 40% of known termite species, 
are classified as ‘lower termites’.

Only the termites of ‘one-piece’ life type harbour 
Fe-only alternative nitrogenases (Cluster II) that, 
unlike ordinary nitrogenases, do not use a molybdenum 
metal cofactor (Yamada et al. 2007). Molybdenum 
concentrations are low in wood debris and the seven 
clones (five phylotypes) of Fe-only nitrogenases (encoded 
by the anf gene) found in this study may reflect the wood 
diet of S. ruficeps. EU791901 closely matched (99%) 
the dinitrogenase reductase of Treponema ZAS-1 within 
Cluster II. It is generally thought that Fe-nitrogenase is only 
expressed under molybdenum and vanadium starvation 
conditions; however, Noda et al. (1999) demonstrated that 
a termite Fe-nitrogenase was preferentially transcribed and 
was not regulated by molybdenum. The Fe-nitrogenases 
were critical for nitrogen fixation in the termite Neotermes 
koshunensis as they were expressed more often than 
Mo-containing nitrogenases (Noda et al. 1999). Fe-only 
nitrogenase sequences may be more ubiquitous than 
previously thought (Zehr et al. 2003) as anf genes have 
been recently isolated from soil, lignocellulosic wastewater 
treatment plants and wood chips (Betancourt et al. 2008; 
Bowers et al. 2008) as well as from estuary and rice root 
samples (reviewed in Zehr et al. 2003).

Eight clones, representing five phylotypes, had close 
homology with NifH amino acid sequences obtained from 
ZAS-1, ZAS-2 and ZAS-9 (Lilburn et al. 2001). The 
amino acid sequence from EU791905 matched 100% 
with the nitrogenase of the strict anaerobe Treponema 
azotonutricium ZAS-9. Treponema strains ZAS-1, 
ZAS-2 and ZAS-9 were isolated from the dampwood 
termite Zootermopsis angusticollis (Family Termopsidae) 
(Leadbetter et al. 1999). Treponema species have been 
shown to exhibit nitrogen-fixing activity, with ZAS-9 
exhibiting the greatest specific activity, about 100-fold 
greater than that of ZAS-1 and ZAS-2 (Lilburn et al. 
2001). In one case their contribution to nitrogen fixation 
was calculated to be as much as 5 ng of N2 per hour 
(Lilburn et al. 2001).

Apart from EU791905, none of the amino acid 
sequences for the NifH protein identified in this study were 
identical to published sequences and 14 phylotypes had 
an uncultured nitrogen-fixing bacterium as their closest 
phylogenetic relative, emphasising the uniqueness of this 
environment and lack of cultured representatives.

This is the first time the NifH gut community of a 
termite belonging to this genus has been investigated 
(Nurse 1945) and the third species amongst the 
Termopsidae (Yamada et al. 2007). Tighter phylogenetic 
groupings may be revealed as more species are examined. 
The rarefaction results indicate that only a portion of the 

Figure 1. Rarefaction curves of the observed number of 
NifH phylotypes in New Zealand Stolotermes ruficeps at 
various evolutionary distances. Rarefaction curves were 
constructed based on analyses performed in DOTUR (Schloss 
& Handelsman 2005).
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richness in the nifH community (at the  98% sequence 
similarity level) was surveyed within the clone libraries. 
As with other studies of termite guts, the nifH sequences 
that were retrieved showed a low level of homology to 
published nifH sequences. This initial characterisation 
of the gut microbial community of S. ruficeps provides 
a basis for addressing further questions related to the 
translocation of nitrogen into decomposing wood, as 
well as host phylogeny, biogeography and co-evolution 
of symbionts.

The termite contribution to biologically fixed nitrogen 
can be estimated by comparing the difference between the 
nitrogen content of the wood and the nitrogen content of 
the termite. S. ruficeps has an average weight of 2.7 mg 
dry weight and inhabits colonies of c. 365 ± 175 members 
(Thorne & Lenz 2001). With body nitrogen contents of 
8!13% dry weight (Higashi et al. 1992) a colony of 365 
termites must obtain 80!130 mg of nitrogen to support 
its own biomass in addition to that lost through excretion. 
A colony of S. ruficeps inhabiting Pinus radiata wood 
(which has a nitrogen content of 0.08% and a carbon 
content of 48.5%) would need to consume over 100 times 
its body mass of wood to obtain the necessary nitrogen. 
This is clearly improbable and a symbiotic relationship 
with nitrogen-fixing bacteria is required to overcome 
this shortfall. It is believed that 60% of termite biomass 
nitrogen is obtained from nitrogen fixation (Lilburn et 
al. 2001).

Extrapolation to ecosystem scales is possible if we are 
able to estimate the density of S. ruficeps colonies within 
the forest ecosystem. Colonies of S. ruficeps are widespread 
and are found in a range of host wood species (Bain & 
Jenkin 1983); 50 colonies of S. ruficeps were detected at 
0.5-km intervals along a 3.5-km transect near Muriwai 
Beach (Thorne & Lenz 2001). Based on these reports, and 
our field observations of the ease of discovery of colonies, 
it is not unreasonable to assume the presence of c. 50 
colonies per hectare of S. ruficeps in forest ecosystems. By 
using a range of 1–100 colonies per hectare, we estimate 
that New Zealand’s forest resource of 6.4 million hectares 
of indigenous forest and 1.8 million hectares of planted 
forest potentially receives 0.7–110 Mg of nitrogen from 
S. ruficeps. This estimate pays no account of the loss of 
nitrogen from the termite by excretion. Excreted nitrogen 
incorporated via the termite frass to the decaying wood 
may well contribute an additional nitrogen input such as 
that observed with decay in a New Zealand Pinus radiata 
forest (Garrett et al. 2008). Accordingly it is likely that the 
recycling of nitrogen through proctodeal trophallaxis in  
S. ruficeps colonies is inefficient. The input of nitrogen by 
S. ruficeps to the nutrient budget of the forest ecosystem 
probably contributes part of the ‘missing nitrogen’ input 
attributed to nitrogen fixation (Chestnut et al. 1999). Since 
both managed and indigenous forests in New Zealand 
contain large quantities of standing dead or fallen logs 
(wood debris), the retention of wood debris may be an 

important source of nitrogen for sustaining long-term 
soil productivity.
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SCIENTIFIC PUBLISHING:Genomics Researchers Upset by 
Rivals' Publicity 

Last week, announcements by rival teams upstaged two current 
projects by Pennsylvania State University genomicist Stephan 
Schuster. On 15 September, the U.S. Department of Agriculture 
and the chocolate giant Mars Inc. announced that they had 
sequenced the cacao tree, whose seeds are the source for chocolate. 
The very next day, Elizabeth Murchison of the Sanger Institute 
announced that her group has sequenced the genome of the 
Tasmanian devil. For Schuster, the back-to-back announcements 
were devastating. He is part of separate groups sequencing both 
genomes. One group has already submitted a paper on the cacao 
genome, and the other is currently analyzing the Tasmanian devil 
sequence. 

¿Cuál es el problema? 

Dr. Stephan Schuster 
Penn State Univ. 



¿Cómo es el 
proceso de 
publicar datos 
científicos 



Pasos principales del proceso 

   1-Recoger los datos “crudos” 
   Requiere un proceso previo de 

formulación y planteamiento del 
problema a estudiar. 

   Precisa de un diseño experimental y de 
los controles apropiados. 

 - Representan las medidas reales del          
experimento realizado. 



Pasos principales del proceso 

  2-Procesar los datos 
experimentales 
  Examinar los resultados obtenidos

  Expresarlos en gráficas y tablas. 
  Preparar explicaciones de esos 

resultados. 



Pasos principales del proceso 
   3-Escribir el borrador inicial del trabajo.  

   El formato más común: 
   Título. 
   Autores 
   Resumen. 
   Introducción. 
   Materiales y métodos. 
   Resultados 
   Discusión. 
   Referencias. 
   Reconocimientos. 



Pasos principales del proceso 

   ¿Cuál de los pasos anteriores es el más importante? 

   Explica y documenta tus comentarios sobre el paso más 
importante 



El título debe ser: 

   Llamativo 

   La “atracción y captura inicial” 

   Escrito de tal manera que refleje lo mejor posible lo 
más importante del trabajo. 

   De tal naturaleza que evite frases como “estudio de”… 



Los autores 
   Deben ser los que aportaron al trabajo. 

   Usualmente es un equipo de trabajo. 

   La importancia del órden: autor principal y los otros 
colaboradores. 

   El factor de reconocimiento. “Dime con quién andas…” 

   El derecho de los autores… 

   Deben seguir las instrucciones de la revista donde publican. 



El resumen (“abstract”) 

   El “enamoramiento” para seguir leyendo el trabajo. 

   Su importancia en la época de la explosión de la 
información. 



La introducción 

   Es una perspectiva de la situación que se estudia. 
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Abstract:Genotyping and gene-expression monitoring is critical to the study of the association between genetics

and drug response (pharmacogenomics) and the association of sequence variation with heritable phenotypes.

Recently, we developed an entirely electronic method for the detection of DNA hybridization events by the

site-specific incorporation of ferrocenyl derivatives into DNA oligonucleotides. To perform rapid and accurate

point mutation detection employing this methodology, two types of metal-containing signaling probes with

varying redox potentials are required. In this report we describe a new ferrocene-containing phosphoramidite

9 that provides a range of detectable redox potentials. Using automated DNA/RNA synthesis techniques the

two ferrocenyl complexes were inserted at various positions along oligonucleotide probes. Thermal stability

analysis of these metal-containing DNA oligonucleotides indicates that incorporation of 9 resulted in no

destabilization of the duplex. A mixture of oligonucleotides containing compounds 9 and I was analyzed by

alternating current voltammetry (ACV) monitored at the 1st harmonic. The data demonstrate that the two

ferrocenyl oligonucleotide derivatives can be distinguished electrochemically. A CMS-DNA array was prepared

on an array of gold electrodes on a printed circuit board substrate with a self-assembled mixed monolayer,

coupled to an electronic detection system. Experiments for the detection of a single-base match utilizing two

signaling probes were carried out. The results demonstrate that rapid and accurate detection of a single-base

mismatch can be achieved by using these dual-signaling probes on CMS-DNA chips.

Introduction

A key element in genetics research is the study of the

association between genetics and drug response (pharmacoge-

nomics) and the association of sequence variation with heritable

phenotypes. Variations in sequence are known as single nucle-

otide polymorphisms (SNPs) and therefore SNP detection is an

area of intense research.1 A primary goal of this work is to

construct a map of the molecular “circuitry” of cells and cell

signaling and ultimately the genotyping of large numbers of

patients so that treatment can be tailored to individuals. Chip-

based DNA diagnostics are revolutionizing the way the genome

is being sequenced and examined.2 For example, DNA arrays

have been developed to profile gene expression in cells that

are exposed to test compounds in an approach known as

toxicogenomics.3

As part of our research efforts to develop DNA arrays for

electronically detecting nucleic acids we have focused on the

site-specific incorporation of ferrocenyl derivatives into DNA

oligonucleotides that function as electrochemical probes.1a,4 We

have reported the preparation and characterization of deoxyuri-

dine nucleosides and nucleotides where ferrocene was conju-

gated to the nucleobase through unsaturated bonds5 and the

preparation of adenosine and cytidine modified with ferrocene

at the 2!-positon through butoxy linkers.6 The ferrocene-modified

DNA oligonucleotides prepared from phosphoramidites I and

II (E1/2 of 0.120 V vs Ag/AgCl) have proven to be excellent

signaling probes for the electronic detection of nucleic acids

employing CMS-DNA chips.1a,7,8* Corresponding author. E-mail address: yucjyu@aol.com.
† Motorola Clinical Micro Sensors.
‡ California Institute of Technology.
(1) (a) Umek, R. M.; Lin, S. W.; Vielmetter, J.; Terbrueggen, R. H.;

Irvine, B.; Yu, C. J.; Kayyem, J. F.; Yowanto, H.; Blackburn, G. F.; Farkas,
D. H.; Chen, Y. P. J. Mol. Diag. 2001, 3, 74-84. (b) Schork N. J.; Fallin
D.; Lanchbury J. S. Clini. Genet. 2000, 58, 250-264.
(2) (a) Taton, T. A.; Lu, G.; Mirkin, C. A. J. Am. Chem. Soc. 2001, 123,

5164-5165. (b) Wang, J. Nucleic Acid Res. 2000, 28, 3011-3016. (c)
Abramowitz, S. Trends Biotechnol. 1996, 14, 397-401.
(3) (a) Lovett, R. A. Science, 2000, 289, 536-537. (b) March, R. Yeast

2000, 17, 16-21.

(4) (a) Nucleic Acid Mediated Electron Transfer. U.S. Patent No.
5,591,578, Filed 1993. (b) Wilson, E. K. Chem. Eng. News 1998, 76, 47-
49. (c) Yu, C. J.; Chong, Y.; Kayyem, J. F.; Gozin, M. J. Org. Chem. 1999,
64, 2070-2079. (d) Creager, S. E.; Yu, C. J.; Bamdad, C.; O’Connor, S.
D.; Maclean, T.; Lam, E.; Chong, Y.; Olsen, G. T.; Luo, J. Y.; Gozin, M.;
Kayyem, J. F. J. Am. Chem. Soc. 1999, 121, 1059-1064. (e) Giese, B.;
Wessely, S. Angew. Chem., Int. Ed. 2000, 39, 3490-3491.
(5) Yu, C. J.; Yowanto, H.; Wan, J.; Meade, T. J.; Chong, Y.; Strong,

M. N.; Donilon, L. H.; Kayyem, J. F.; Gozin, M.; Blackburn, G. F. J. Am.
Chem. Soc. 2000, 122, 6767-6768.
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However, to achieve rapid and accurate detection of single-

base mismatches for genotyping and gene-expression analysis,

two different metal-containing signaling probes with different

redox potentials must be developed. To this end, we report the

design and synthesis of a new phosphoramidite 9 with a

dimthylcarbamyl group attached to the ferrocenyl moiety

(Scheme 2). Employing phosphoramidite9 and automated DNA/

RNA synthesis techniques, the ferrocenyl derivatives can be

incorporated into any position of a DNA sequence. In addition,

the thermal stability and electrochemical properties of the

resulting metal-containing DNA oligonucleotides were inves-

tigated. Finally, we describe the detection of a point mutation

using dual-signaling probes on CMS-DNA arrays coupled to

an electrochemical reader.

Results and Discussion

Preparation of Ferrocenyl Moiety. The redox potentials of

the ferrocenyl derivatives can be tuned by substituting functional

groups into the cylopentadienyl rings.9 Electron-donating groups,

such as alkyls, shift the E1/2 value of ferrocenyl derivatives to

lower potential relative to ferrocene,6,10 while electron-

withdrawing groups such as carbamyls shift the redox potential

to higher values.11-13 To alter the redox potential of the

ferrocenyl complex originating from phosphoramidite I or II,6

we chose to introduce a dimethylcarbamyl group that is both

electron-withdrawing and free of an acidic proton. Dimethyl-

carbamyl ferrocene, 1, was prepared from literature procedures14

and reacted with 4-bromobutyryl chloride in the presence of

aluminum chloride to yield 4-bromobutyryl dimethylcarbamyl

ferrocene. Following Clemmensen reduction, the 4-bromobutyl

dimethylcarbamyl ferrocene, 2, was isolated in 62% yield

(Scheme 1). The singly isolated product from the Friedel-Crafts
acylation of compound 1 can be attributed to the ring deactiva-

tion by the dimethylcarbamyl group.

Preparation of Ferrocene-Containing Phosphoramidite.

Deprotonation of adenosine was achieved by using sodium

hydride followed by reaction with 2 to give 3 and 4 as an

inseparable mixture (Scheme 2).6 After protection of the exocylic

amino group with benzoyl chloride, products 5 and 6 were

isolated as a mixture. Following protection of the 5!-hydroxyl

group with DMT, the 2!-isomer 8 and the 3!-isomer 7 were

separated by silica gel chromatography in excellent yield. The

acidic nature of the 2!-OH is responsible for the preferential

formation of the isomer 8 (8/7 ) 2.7). The structures of 7 and

8 were assigned on the basis of 1H NMR in DMSO-d6 (Scheme

2). The 1H NMR spectra of 7 show that the splitting pattern of

the 2!-H is a quartet centered at 4.95 ppm with a coupling

constant of 4.8 Hz indicating that no substitution of the 2!-OH

(5.63 ppm) had occurred. In contrast, the 2!-H of 8 shows a

triplet centered at 4.67 ppm with a coupling constant of 4.5 Hz

and corresponds to the 2!-substituted isomer. Further, the

chemical shift of the 3!-OH is shifted upfield to 5.28 ppm

compared to that of the 2!-OH of compound 7. Utilizing

diisopropylamino cyanoethyl chlorophosphine as a phosphity-

lating reagent, 8 was converted to the corresponding phosphor-

amidite 9 in excellent yield.

Preparation of Ferrocene-Containing DNA Oligonucle-

otides. By using automated DNA/RNA synthesis techniques,

phosphoramidite 9 was incorporated into DNA oligonucleotides

with average coupling efficiency greater than 96% (DMT

reading). Standard protocols were employed except for the

prolonged coupling time (15 min). All DNA oligonucleotides

were purified by HPLC on either a C6 reversed-phase column

or an Oligo R3 (polystyrene-based column). Table 1 lists the

sequences and numberings of the DNA oligonucleotides. The

metal-containing DNA oligonucleotides D3 (containing double

9; calcd MS 5253.0, found 5255.0), D5 (containing triple I,

calcd MS 6563.1, found 6565), and D6 (containing triple 9,

calcd MS 6760.2, found 6763) were characterized by MALDI-

TOF mass spectral analyses, showing the successful incorpora-

tion of the ferroceneyl moiety into the DNA oligonucleotides.

Thermal Stability Study. A random 15 base-pair sequence

[46.7% (G+ C)] was designed to determine the thermal stability
of the ferroceneyl-modified oligonucleotides. The thermal

denaturation curves of two pairs of DNA hybridsD1:D2 (perfect

match) and D1:D3 (9 at the 12th and 14th positions) were

obtained (Figure 1). Upon close examination of Figure 1 it can

be seen that the melting curve of D1:D3 duplex (ferrocence-

containing DNA) is sharper than that of D1:D2 duplex (non-

modified DNA). Data from Figure 1 clearly indicate that the

two modifications in D3 did not result in a decrease of the

observed Tm value (D1:D3, 50.5 °C) as compared to that of

nonmodified DNA duplex (D1:D2, 51.2 °C). The remarkably

similar thermal stability of the modified-ferrocene DNA oligo-

nucleotides and nonmodified ferrocene DNA oligonucleotides

(D1:D4, 51.3 °C)6 indicates that the dimethylcarbamyl ferro-

cence does not alter the hybridization properties of the corre-

sponding DNA duplexes.

Detection of a Single-Base Mismatch. To test the ability of

the ferrocene-modified oligonucleotides as signaling probes for

the detection of nucleic acids, the electrochemical behavior of

D3 and D6 was investigated by cyclic voltammetry (CV). The

CV of D3 in aqueous buffer is shown in Figure 2. A reversible

wave associated with the oxidation and reduction of the pendant

ferrocenyl complex was obtained with E1/2 (0.324 V vs Ag/

AgCl) and is very similar to that of nonmodified oligonucle-

otides in the shape of the CV response. A potential difference

(6) Yu, C. J.; Wang, H.; Wan, J.; Yowanto, H.; Kim, J. C.; Donilon, L.
H.; Tao, C.; Strong, M. N.; Chong, Y. J. Org. Chem. 2001, 66, 2937-
2942.
(7) Terbruggen, R. H.; Vielmetter, J.; Cheng, Y. P.; Millan, K. M.; Mucic,

R. C.; Olsen, G. T.; Swami, N.; Umek, R. M.; Wang, H.; Welch, T. W.;
Yowanto, H.; Yu, C. J.; Blackburn, G. F.; Kayyem, J. F. In preparation.
(8) CMS-DNA chips are manufactured by Motorola Clinical Micro

Sensors (Pasadena, CA) and sold under the eSensor trade mark.
(9) Gorton, J. E.; Lentzner, H. L.; Watts, W. E. Tetrahedron 1971, 27,

4353-4360.
(10) Mucic, R. C.; Herrlein, M. K.; Mirkin, C. A.; Letsinger, R. L.Chem.

Commun. 1996, 555-557.
(11) Ihara, T.; Nakayama, M.; Murata, M.; Nakano, K.; Maeda, M.Chem.

Commun. 1997, 1609-1610.
(12) Ihara, T.; Maruo, Y.; Takenaka, S.; Takagi, M. Nucleic Acids Res.

1996, 24, 4273-4280.
(13) Takenaka, S.; Uto, Y.; Kondo, H.; Ihara, T.; Takagi, M. Anal.

Biochem. 1994, 218, 436-443.
(14) Little, W. F.; Eisenthal, R. J. Am. Chem. Soc. 1960, 82, 1577-

1580.
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of +0.166 V vs Ag/AgCl for the signaling probes containing 9
and I under identical conditions was observed.6

To determine if the two ferrocenyl complexes could be

electrochemically differentiated, a mixture of D3 and D4 in

similar concentrations (100 µM) in aqueous buffer was analyzed
by using alternating current voltammetry (ACV)4d,7,15 and

monitored at the 1st harmonic (100 Hz) (Figure 3). Two clearly

distinguishable peaks with similar heights were observed

yielding Ep values of 0.350 and 0.180 V vs Ag/AgCl for 9 and

I, respectively. These data demonstrate that the potential

difference between the new ferrocenyl derivative 9 and I can

be resolved and therefore used as electrochemical (dual)

signaling probes.

The dual-signaling probes were incorporated into CMS-DNA

chips8 to facilitate single-base mismatch detection. A low

potential ferrocenyl complex (containing I) and a high potential

ferrocenyl complex (containing 9) were inserted into signaling

probes D5 and D6, respectively. The CMS-DNA arrays were

prepared on gold electrode surfaces by using self-assembled

mixed monolayers coupled to an electronic detection system.1a,7

The assay format (sandwich) used in this array is shown in

Scheme 3. The single-base mismatches under investigation were

located where the signaling probe hybridizes to the target.

The CMS-DNA chip design (16 electrodes/chip) is shown

in Figure 4. Six of the electrodes were coated withD9 to capture

the target mimics D7 and D8 (this sequence is associated with

the p53 gene). Six electrodes were coated withD10 as a negative

control, and 4 electrodes were coated with the linker fragment

terminated with three glycol units as the second negative control.

The mismatch in the two target mimics is at position 20, where

T in D7 is mutated to dC in D8 and vice versa. Finally, D5 is(15) Nahir, T. M.; Bowden, E. F. J. Electroanal. Chem. 1996, 410, 9-13.

Scheme 2

Table 1. DNA Sequences and Their Numberings

Figure 1. Thermal denaturation curves of D1:D2 duplex (9, Tm )
51.2 °C) and D1:D3 duplex (2, Tm ) 50.5 °C).
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designed to hybridize perfectly to D7, while D6 is designed to

hybridize perfectly to D8.

Three experiments were performed to test this system. In the

first experiment a 1000 µL cocktail containing D5 (250 nM)
and D6 (250 nM) in a hybridization buffer solution7 was added

to 4.24 µL of D7 (11.78 µM, final concentration ) 50 nM,

wild-type). After thorough mixing, the resulting solution (85

µL) was injected into the chamber of two different CMS-DNA
chips. After hybridization at 40 °C for 4 h the chips were

interrogated on an electrochemical reader monitored at 1st

harmonics (result not shown) and 4th harmonics (100 Hz

fundamental).15,16 Both 1st and 4th harmonics gave identical

results; however, the ACV spectra have different appearances.

Only electrodes coated withD9 on both chips yielded electronic

signals with similar peak heights (Figure 5).

In the second experiment, 4.90 µL of D8 (10.21 µM, final
concentration ) 50 nM, mutant) was added to 1000 µL of the
cocktail. Following the procedure described above, the same

electrodes in both chips were observed to have signals with

similar currents (Figure 6). Finally, 4.24 µL of D7 and 4.90 µL
of D8 were added to 1000 µL of the cocktail. This experiment
serves as a model of a heterozygous test sample (Figure 7). In

all experiments the ratio of the total concentration of signaling

probes to target was 5- to 10-fold.

The results show that none of the negative control electrodes

(with or without DNA probes) generate any detectable signal

associated with nonspecific interactions. Examination of the data

in Figures 5-7 reveals that only D5 generated a signal (Ep !
180 mV vs Ag/AgCl). There is no detectable signal from D6;

however, the presence of target D7 (wild-type) was indicated.

In the second experiment, only D6 generated a signal (Ep !
(16) The 4th harmonic is the 4th multiple of the primary excitation

frequency. The 4th harmonic is used for background suppression and
significantly enhances the signal-to-noise ratio. In the case of targets or
target mimics at very low concentrations, the application of the 4th harmonic
is clearly advantageous. Details are provided in the Experimental Section.

Scheme 3

Figure 2. Cyclic voltammogram of D3 in aqueous buffer solution.

Figure 3. Alternating current voltammogram (ACV) of a mixture of

D3 and D4 in aqueous buffer solution.

Figure 4. DNA chip design.
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360 mV vs Ag/AgCl) with no detectable signal from D5. This

result detects the presence of the target D8 (mutant). It is

important to note that in contrast to fluorescent DNA detection

systems, no washing steps are required for this analysis.

The results shown in Figures 5 and 6 demonstrate that single-

base mismatches are cleanly distinguished. An explanation for

these results is that the Tm of the perfect DNA duplex on the

chip surface (monitored by P32 labeled target mimics) is more

than 14 deg lower than when measured in solution.17 It is

expected that a DNA duplex with a mismatch located in the

middle of the sequence would be further destabilized. At an

elevated temperature of 40 °C (where hybridization and scanning

occur) the mismatched signaling probe will be more unstable.

Under these conditions the perfectly matched signaling probe

will completely replace the mismatched probe. This explanation

is consistent with room-temperature data where a small amount

of signal from the mismatched signaling probe can be detected

(results not shown). Further experiments are underway to

elucidate this mechanism.

In the third experiment, both D5 and D6 produced a signal.

When partial overlap of the two peaks was observed we

employed a software routine to deconvolute the data.18 This

revealed the presence of two signals of approximately equal

magnitude centered at 180 and 360 mV (vs Ag/AgCl). The

asymmetry of the voltammogram for the combined D7 and D8

is likely due to different heterogeneous electron transfer rate

constants for the two ferrocenyl species at the modified electrode

and may be attributable to their different hydrophobicities. These

data clearly demonstrate that our approach of using dual

electrochemical signaling probes efficiently detects the single-

base mismatch (GT), and accurately genotypes the correct

sequence. The application of detecting SNPs with the dual

signaling probes for genotyping of human blood samples is the

subject of a future publication.

In summary, we have designed and synthesized a new

ferrocene-modified phosphoramidite 9 for the electronic detec-

tion of single-base mismatches in an array format. By employing

automated DNA/RNA synthesis techniques the ferrocenyl

complexes have been inserted into oligonucleotides at various

positions. The thermal stability of the metal-containing DNA

oligonucleotides has been investigated and indicates that the

incorporation of 9 into DNA oligonucleotides causes little or

no destabilization of the duplex. Electrochemical analysis of

oligonucleotides containing 9 reveals that the derivative can

function as a signaling probe for the electronic detection of

nucleic acids. When incorporated into a CMS-DNA chip, results

clearly show that dual-signaling oligonucleotide probes contain-

ing 9 and I detect single-base mismatches.

Experimental Section

Materials. Sodium hydride, N,N-dimethylaminopyridine (DMAP),

triethylamine (TEA), trimethylchlorosilane (TMSCl), benzoyl chloride,

ferrocene, diisopropylethylamine (DIPEA), aluminum trichloride (AlCl3),

dimethyl carbamyl chloride, and 4-bromobutyryl chloride were pur-

chased from Aldrich and used as received. DMF (anhydrous), pyridine

(anhydrous), dichloromethane, silica gel (240-400 mesh), acetonitrile
(MeCN, HPLC grade), ethyl acetate, sodium bicarbonate, hexane, and

methanol were purchased from EM Science and used as received.

Acetonitrile (DNA synthesis grade) and dichloromethane (DNA

synthesis grade) were purchased from Burdick & Jackson. 2-Cyanoethyl

N,N-diisopropyl chlorophosphane, 4,4!-dimethoxytrityl chloride (DMT

Cl), and andenosine were purchased from Chemgenes and used as

received. All standard phosphoramidites and ancillary reagents were

purchased from Glen Research and used as received.

Instrumentation. 1H and 31P NMR spectra were acquired on a 300

MHz (GE) and UV-vis spectra on a model HP 845X. Oligo. R3 HPLC

(17) The measurement of Tm of a DNA duplex on the chip surface was
measured by attaching a 15 mer (5!-ACC ATG GAC TCA GCT-3!) to the
chip via the 3!-end, and by labeling (32P) the complementary strand (5!-
AGC TGA GTC CAT GGT-3!) at the 5!-position. By measuring counts
per minute (CPM) of the chip and the supernatant while incubating the
chip at the appropriate temperatures, the melting curve was obtained and
the Tm value extracted. The Tm of this duplex on the chip surface is 44 °C.
However, in solution the Tm is 58.5 °C.
(18) The software was developed by Motorola Clinical Micro Sensors

(Pasadena, CA).

Figure 5. ACV spectrum for wild-type target mimic (D7).

Figure 6. ACV spectrum for mutant target mimic (D8).

Figure 7. ACV spectra for a mixture of target mimics (D7 and D8).
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columns were purchased from PerSeptive Biosystems, and C6 columns

were acquired from Keystone Scientific. Mass spectra for organic

compounds were obtained from Mass Consortium at San Diego with

HP 1100 MSD for electrospray and high-resolution FAB Mass Spec

were obtained from the Mass Spectrometry Laboratory for Biotech-

nology at North Carolina State University. MALDI-TOF mass spectra

for DNA oligonucleotides,D3, D5, and D6, were obtained from Caltech

Protein/Peptide Micro Analysis Lab.

All DNA oligonucleotides were synthesized with either an ABI 394

or an ABI 392 RNA/DNA synthesizer. HPLC analyses were performed

on Hitachi D7000 systems equipped with a diode array, with a Betasil

C6 reversed-phase column (25 cm ! 4.6 mm I.D.) and an Oligo R3

polystyrene column (10 cm ! 4.6 mm I.D.). For the modified DNA

oligonucleotides containing compounds 9 and I with a Betasil C6
reversed-phase column, the gradient system is 10% to 35% MeCN over

32 min and 35% to 100% MeCN over 10 min in 100 mM TEAA (pH

6.5). For nonmodified DNA oligonucleotides with an Oligo R3 column,

the gradient system is 0 to 25% MeCN over 32 min and 25% to 100%

MeCN over 8 min in 100 mM TEAA (pH 10.0).

Tm values of DNA duplexes were measured under the following

conditions: [DNA strand] ) 2.0 µM; buffer, 1X SSC, with a

temperature ramp from 20 to 80 °C at a rate of 1 °C per min.

CV data were acquired by using a computer-based CHI instrument

(model 660) electrochemical workstation with a scan rate ) 10 mV/s,

and the following conditions: [D3] ) 1.0 mM; buffer, 50 mM NaCl,

50 mM MgCl2, 50 mM TRIS-HCl, pH 7.0; working electrode, gold

wire; reference electrode, Ag/AgCl. ACV data were acquired by using

the same instruments, the same buffer solutions, and the same electrodes

with an amplitude of 25 mV and a frequency of 100 Hz, along with

concentrations of [D3] ) [D4] ) 100 µM.
DNA chip analysis and ACV experiments were performed on an

in-house electrochemical reader, which consists of a 500 MHz Pentium

PC computer with a 16-bit, 100 kHz PCI-MIO-16XE-10 data acquisition

(DAQ) card with an onboard digital-to-analog converter from National

Instruments, a lock-in amplifier (Stanford Research Systems, SR830),

and a custom summing amplifier/variable gain (104-107 V/A) current-
to-voltage converter. The system is controlled via LABVIEW software

(National Instruments). The reader is typically operated in the following

fashion: A dc voltage is applied to the cell and ramped from -100 to
+ 500 mV (vs Ag/AgCl) at 50 mV/s. An ac voltage of 200 mV (peak

to peak) is applied at a typical frequency of 100 or 1000 Hz in

conjunction with the dc bias. For a fourth harmonic measurement, the

400 or 4000 Hz component of the output signal from the electrochemical

cell is plotted as a function of DC voltage. DNA chips were

manufactured by Motorola Clinical Micro Sensors.

Synthesis of Dimethylcarbamyl Ferrocene (1). To a solution of

ferrocene (40.0 g, 0.22 mol) in 1,2-dichloroethane (250 mL) was added

dimethylcarbamyl chloride (20 mL, 0.22 mol), followed by AlCl3 (31.0

g, 0.24 mol) at room temperature. The reaction mixture was refluxed

at 80 °C for 4 h. TLC revealed completion of the reaction (AcOEt:

hexane) 70:30). The reaction mixture was cooled to room temperature
and poured into ice-water with vigorous stirring. The organic layer
was separated and the aqueous phase extracted once with CH2Cl2. The

combined organic layers were washed with diluted sodium bicarbonate

aqueous solution, then brine and dried over sodium sulfate and

concentrated. The residue was purified by a 600 g silica gel column

that was packed with 3% TEA/hexane and eluted with 3% TEA/20-
60% ethyl acetate/hexane. The desired fractions were identified by TLC,

pooled, and concentrated to give 30.0 g (54%) of the title compound

as a brown solid. 1H NMR (300 MHz, CDCl3) ! 3.17 [br s, 6H,

N(CH3)2], 4.27 (s, 5H, Fc), 4.35 (s, 2H, Fc), 4.66 (s, 2H, Fc). Anal.

Calcd for (C13H15NOFe + Na)+: 280.03. Found: 280.

Synthesis of 4-Bromobutyl Dimethylcarbamyl Ferrocene (2). To

a solution of 1 (30.0 g, 0.11 mole) and 4-bromobutylryl chloride (13.5

mL, 0.11 mol) in dichloromethane (280 mL) was added AlCl3 (37.0 g,

0.29 mol) in two portions. After being stirred for 2 h, the reaction

mixture was poured into ice-water with vigorous stirring. The organic
layer was separated and the aqueous phase was extracted with

dichloromethane. The combined organic layer was washed with diluted

sodium bicarbonate aqueous solution and brine, dried over sodium

sulfate, and concentrated. The crude product was used for the next step

of the reaction without further purification.

The crude product was dissolved in toluene (1.1 L). To this solution

was added zinc dust (165.0 g, 2.5 mol), mercury chloride (16.0 g, 57

mmol), and water (300 mL), followed by dropwise addition of

concentrated HCl (300 mL). After the mixture was stirred for 2 h, the

toluene layer was separated and the aqueous phase was extracted twice

with CH2Cl2. The combined organic layers were washed with 5%

NaHCO3 aqueous solution and brine, dried over Na2SO4, and concen-

trated. The crude product was purified on a 800 g silica gel column

that was packed with hexane 1% TEA/hexane and eluted with 30-
50% ethyl acetate/hexane. The desired fractions were pooled and

concentrated to give 28.0 g (62% overall yield) of the title compound

as a brown solid. 1H NMR (300 MHz, CDCl3) ! 1.64-1.71 (m, 2H,
CH2CH2), 1.86-1.95 (m, 2H, CH2CH2), 2.40 (t, J ) 7.5 Hz, 2H,

BrCH2), 3.14 [br s, 6H, N(CH3)2], 3.45 (t, J ) 6.0 Hz, 2H, FcCH2),

4.14-4.20 (m, 5H, Fc), 4.29 (s, 2H, Fc), 4.60 (s, 2H, Fc). Anal. Calcd
for (C17H22BrFeNO - Br)+: 311.12. Found: 311.

Synthesis of 3 and 4. A suspension of adenosine (95.0 g, 0.36 mol)

in dried DMF (5 L) was heated until it became clear. To this suspension

was added NaH (60% in mineral oil) (13.0 g, 0.33 mol) portion by

portion. After the mixture was stirred for 4 h at room temperature, a

solution of compound 2 (54.0 g, 0.14 mol) in 500 mL of DMF was

added. Upon completing addition, the temperature of the reaction

mixture was raised to 35 °C and the reaction mixture was stirred at

this temperature for 48 h. The reaction was quenched by adding ice

water (200 mL). After removing solvents in vacuo, the residue was

dissolved in a mixture of ethyl acetate and water. The organic layer

was separated and the aqueous layer was extracted once with ethyl

acetate. The combined organic extracts were washed with 5% NaHSO3
aqueous solution and brine, dried over Na2SO4, and concentrated. The

crude product was purified on a 1400 g silica gel column which was

packed with 2% TEA/50% of ethyl acetate/hexane and eluted with 80%

of ethyl acetate/hexane and then 10% methanol/ethyl acetate. The

desired fractions were pooled and concentrated to afford 32.0 g (40%

total yield) of the title product as a brown solid, which contains both

2!- and 3!-isomers.

Synthesis of 5 and 6. To a solution of 3 and 4 (26.0 g, 45 mmol)

in pyridine (210 mL) was added TMS Cl (28.0 mL, 0.22 mol) dropwise.

After the mixture was stirred for 1 h at room temperature, benzoyl

chloride (26.0 mL, 0.22 mol) was added dropwise. The reaction mixture

was stirred for another 2 h and cooled in an ice-water bath. To this
mixture was added 25 mL of water and after 30 min of stirring

concentrated ammonia (50 mL) was added and the mixture was warmed

to room temperature for 0.5 h. The reaction mixture was diluted by

adding methylene chloride (1 L), and the reaction mixture was washed

with water, 5% citric acid aqueous solution, and brine. The organic

solution was dried over Na2SO4 and concentrated. The crude product

was purified on a 700 g silica gel column which was packed with 2%

TEA/50% ethyl acetate/hexane and eluted with 0-7% methanol/ethyl

acetate. The desired fractions were pooled and concentrated to give

20.0 g (80% yield based on the consumption of starting materials) of

the title product as an inseparable mixture, along with 3.2 g of the

recovered starting materials. 1H NMR (300 MHz, DMSO-d6) ! 1.30-
1.36 (m, 4H, CH2CH2), 2.16 (t, J ) 7.5 Hz, 2H, FcCH2), 3.07 [br s,

6H, N(CH3)2], 3.40-3.78 (m, 4H, OCH2 + 5!-H), 4.00-4.10 (m, 5H,
4!-H + 4 Fc), 4.25 (s, 2H, 2Fc), 4.32-4.37 (m, 1H, 3!-H), 4.52-4.58
(m, 3H, 2Fc + 2!-H), 5.15-5.25 (m, 1H, 2!- and 3!-OH), 6.17 (d, J )
6.0 Hz, 1H, 1!-H), 7.55-7.70 (m, 3H, aromatic), 8.08 (d, J ) 7.8 Hz,

2H, aromatic), 8.77 (s, 2H, 2-H + 8-H), 11.25 (s, 1H, amide). Anal.

Calcd for (C34H38FeN6O6 + Na)+ and (C34H38FeN6O6 - H)-: 705.54

and 681.55. Found: 705 and 681.

Synthesis of 7 and 8. To a solution of 5 and 6 (20.0 g, 29 mmol),

DMAP (70.0 mg), and DIPEA (25.0 mL, 0.15 mol) in dried dichlo-

romethane (240 mL) cooled into an ice-water bath was added DMT
Cl (20.0 g, 58.6 mmol) in one portion. The reaction mixture was

warmed to room temperature and stirred for 1 h, followed by adding

dichloromethane (200 mL) and methanol (20 mL). This mixture was

washed with 5% NaHCO3 aqueous solution and brine, dried over Na2-

SO4, and concentrated. The crude product was purified on a 700 g silica

gel column which was packed with 1% TEA/30% ethyl acetate/hexane
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and eluted with 1% TEA/30-100% ethyl acetate/hexane and then 1%

TEA/1-2% methanol/ethyl acetate. The desired fractions were pooled

and concentrated to give 19.0 g (67%) of the pure 8 (2!-isomer) and

7.0 g (25%) of the pure compound 7 (3!-isomer). 7: 1H NMR (300

MHz, DMSO-d6) ! 1.43-1.53 (m, 4H, CH2CH2), 2.25 (t, J ) 7.5 Hz,

2H, FcCH2), 3.02 [br s, 6H, N(CH3)2], 3.22-3.65 (m, 4H, OCH2 +
5!-H), 3.70 (s, 6H, 2! OCH3), 3.87-4.05 (m, 5H, 4Fc+ 4!-H), 4.13-
4.19 (m, 1H, 3!-H), 4.25 (t, J ) 2.4 Hz, 2H, 2Fc), 4.53 (t, J ) 1.8 Hz,

2H, 2Fc), 4.95 (q, J ) 4.8 Hz, 1H, 2!-H), 5.63 (d, J ) 6.0 Hz, 1H,

2!-OH), 6.05 (d, J ) 4.8 Hz, 1H, 1!-H), 6.81-6.84 (m, 4H, aromatic),
7.18-7.62 (m, 10H, aromatic), 8.05 (d, J ) 6.9 Hz, 2H, aromatic),

8.62 (s, 1H, 8-H), 8.68 (s, 1H, 2-H), 11.24 (s, 1H, amide). Anal. Calcd

for (C55H56FeN6O8 + Na)+: 1007.34. Found: 1007.

Compound 8: 1H NMR (300 MHz, DMSO-d6) ! 1.37-1.53 (m,
4H, CH2CH2), 2.18 (t, J ) 6.0 Hz, 2H, FcCH2), 3.02 [br s, 6H,

N(CH3)2], 3.25-3.66 (m, 4H, OCH2 +5!-H), 3.73 (s, 6H, 2 x OCH3),
4.02 (br.s, 2H, 2Fc), 4.05 (br.s, 2H, 2Fc), 4.12-4.15 (m, 1H, 4!-H),
4.26 (s, 2H, 2Fc), 4.42-4.44 (m, 1H, 3!-H), 4.53 (s, 2H, 2Fc), 4.67 (t,
J ) 4.5 Hz, 1H, 2!-H), 5.28 (d, J ) 5.7 Hz, 1H, 3!-OH), 6.17 (d, J )
4.8 Hz, 1H, 1!-H), 6.83-6.87 (m, 4H, aromatic), 7.18-7.69 (m, 10H,
aromatic), 8.05 (d, J ) 7.5 Hz, 2H, aromatic), 8.63 (s, 1H, 8-H), 8.69

(s, 1H, 2-H), 11.25 (s, 1H, amide). Anal. Calcd for (C55H56FeN6O8
+Na)+: 1007.34. Found: 1007.

Synthesis of Phosphoramidite 9. To a solution of 8 (19.0 g, 19.3

mmol) and DMAP (100 mg) in dichloromethane (350 mL) was added

DIPEA (27.0 mL, 0.15 mol), followed by 2-cyanoethylN,N-diisopropyl

chlorophosphane (8.6 mL, 38.6 mmol) at 0 °C. The reaction mixture

was warmed to room temperature and stirred for 3 h. After addition of

dichloromethane (200 mL), the mixture was washed with 5% NaHCO3
and brine, dried over Na2SO4, and concentrated. The crude product

was purified on a 450 g silica gel column which was packed with 1%

TEA/10% ethyl acetate/hexane and eluted with 1% TEA/50-90% ethyl
acetate/hexane. The desired fractions were pooled and concentrated.

After precipitating twice from hexane, 19.0 g (83%) of the title product

as golden foam was obtained. 31P NMR (121 MHz, DMSO-d6) !
150.01, 150.28. HRMS calcd for (C64H73FeN8O9P): 1184.4588.

Found: 1184.4602.
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SCOPE

Applied and Environmental Microbiology (AEM) pub-
lishes descriptions of all aspects of applied microbial
research, basic research on microbial ecology, and
research of a genetic and molecular nature that fo-
cuses on microbial topics of practical value. Research
must address salient microbiological principles, fun-
damental microbial processes, or basic questions in
applied or environmental microbiology. Topics that
are considered include microbiology in relation to
foods, agriculture, industry, biotechnology, public
health, plants, and invertebrates and basic biological
properties of bacteria, fungi, algae, protozoa, and
other simple eukaryotic organisms as related to mi-
crobial ecology. Manuscripts should report new and
significant findings that advance the understanding of
microbiology and upon which other scientists may
build. To best serve its readership, the journal must
accept only those papers that are most significant to
the field of applied and environmental microbiology.
Thus, the editors will reject manuscripts that, while
scientifically sound, represent only incremental exten-
sions of other studies, are mainly confirmatory, or do
not pursue a question in sufficient depth.

The biodegradation section describes novel microbial
processes for alteration, removal, or utilization of envi-
ronmental or anthropogenic chemicals.

Papers in the biotechnology section describe the use
and modification of organisms in order to achieve so-
cially beneficial objectives.

The environmental microbiology section covers
manuscripts that focus on research related to microor-
ganisms in the environment. This is distinct from the
microbial ecology section, which focuses on ecological
relationships, such as interactions among organisms,
their structure and functional role in an ecosystem, and
community level studies. Thus, the environmental mi-
crobiology section features articles that focus on specific
organisms in the environment, rather than a whole com-
munity, as well as those in which the study is not focused
on implied or stated underlying ecological relationships.

The enzymology and protein engineering section cov-
ers the structure and function of environmentally or
industrially significant proteins and how they can be
modified to achieve practical catalytic objectives.

Included in the evolutionary and genomic microbiol-
ogy section are papers detailing newly described evolu-
tionary processes and evolutionary relationships among
microorganisms. Topics include genomic analysis of es-

tablished microorganisms and metagenomic investiga-
tion of microbial populations in the environment.

The food microbiology section covers manuscripts
dealing with all aspects of food microbiology, including
microbial food safety, microbial ecology of foods, pre-
dictive food microbiology, probiotics, food fermenta-
tions, and food spoilage.

The genetics and molecular biology section includes
papers describing genetic organization, expression, mu-
tation, and repair in organisms with environmental or
practical significance.

Manuscripts for the geomicrobiology section must em-
phasize the role of microorganisms in geobiochemical
processes in terrestrial or aquatic ecosystems, including
subsurface, aquifer, and oceanic environments. Topics
include mineralization, the use of inorganic ions in en-
ergy metabolism, and growth in extreme environments.
Manuscripts focused on geological processes with only
marginal links to microbiology will not qualify for AEM.

Invertebrate microbiology manuscripts should address
interactions between invertebrates and microorganisms,
ranging from commensalism and mutualism to parasit-
ism and pathogenicity. Manuscripts describing work
dealing with the metabolites or toxins from animal,
plant, or insect cells or the physiology of such cells are
not suitable for AEM unless the work concerns a micro-
bial community or individual microorganisms.

New microbiological methods must provide novel
avenues to address fundamental biological questions
and will be considered for publication in AEM when
accompanied by a demonstrated application. Descrip-
tions of the application of previously described technol-
ogies, including the cloning, amplification, and expres-
sion of “foreign” genes, to a new genus or species of
microbe will generally not be considered for indepen-
dent publication. Manuscripts that describe the con-
struction of engineered strains for innovative process
application, development, or enhancement must present
results to authenticate the utility, superiority, and
uniqueness of such strains.

The microbial ecology section covers a wide range of
topics on the ecology of microorganisms, including cul-
ture-independent molecular assessments that provide
new insights into (i) the structure-function relationships
of microorganisms, (ii) the impact of in situ conditions
on community structure, or (iii) the effect of changes in
microbial community composition on ecosystem func-
tion. Archival phylogenetic snapshots that do not pro-
vide such insights are not acceptable for publication
in AEM.

Manuscripts submitted to the mycology section should
be clearly of a microbiological nature and may deal with
basic biology, biochemistry, genetics, or physiology of
fungi, molds, yeasts, or algae. Papers dealing purely with
taxonomy or phylogeny, with fungal or algal structure, or
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Revisión por pares 

Fraud and misconduct in science: the stem
cell seduction

Implications for the peer-review process

Scientific misconduct and fraud occur in science.
The (anonymous) peer review process serves as
goalkeeper of scientific quality rather than scientific
integrity. In this brief paper we describe some
limitations of the peer-review process. We describe
the catastrophic facts of the ‘Woo-Suk Hwang
fraud case’ and raise some ethical concerns about
the issue. Finally, we pay attention to plagiarism,
autoplagiarism and double publications. (Neth
Heart J 2009;17:25-9.)

Keywords: double publications, fraud, scientific mis-
conduct, peer review; plagiarism, stem cell research

Unfortunately, fraud exists in science and several
examples and degrees in terms of severity have

been described.1 Fraud should not be confused with
publication bias, which concerns both the tendency
to overpublication of studies with a positive outcome
and the opposite for studies with a negative outcome,
including the unconscious incentives of the researchers
involved. The theoretical aspects of the latter have
been addressed2 and in a more practical analysis it has
been demonstrated that of highly cited clinical research
studies (i.e. cited more than 1000 times in the period
between 1990 and 2003), only 44% were replicated
with similar results.3 Incredible as this may sound, this
still does not refer to fraud, which is intentional

fabrication of data or manipulation of their analysis or,
as we shall see, inappropriate acquisition of data.

Peer review
The Royal Society of London obtained the fiscal
responsibility for the Philosophical Transactions in 1752
and this may be regarded as the origin of ‘peer review’.4,5

Reports on the editorial process of Radiology,6 Journal
of Clinical Investigation7 and Cardiovascular Research8

have indicated that there is little concordance between
the opinion of different reviewers on identical manu-
scripts. Editors can –  with the help of reviewers –
discriminate between low- and high-quality papers in
a reasonable way, which follows from the fact that
manuscripts rejected by the Journal of Clinical
Investigation9 and by Cardiovascular Research10 were
cited at a lower frequency, even when published in
journals with a higher impact factor than the journal
that had rejected the paper previously.10 However, in
the higher quality range there are many more manu-
scripts suitable for publication than the number that
can be published.11 Reviewers and editors cannot make
the distinction between good or excellent papers. Their
à priori priority ratings have almost no predicative
power for future citation.10 This is even true for à
posteriori peer ratings when citation data are known.12,13

This means that the distinction between good and
excellent papers, important for an editor’s decision to
publish or not, cannot be made with sufficient trust in
objective criteria. It is within this particular context
that the problem of recognising scientific fraud has to
be appreciated. We will give attention to the recent
devastating fraud case in the field of embryonic stem
cells under the responsibility of Woo-Suk Hwang in a
paper published by the highly esteemed journal Science. 

The Woo-Suk Hwang fraud case
At the end of 2005, the scientific community was
shocked by one of the greatest cases of misconduct in
the history of science. Two breakthrough articles about
stem cell technology from a Korean laboratory headed
by Woo-Suk Hwang, published in Science, appeared
to be almost completely fabricated and were therefore
retracted.14 The original source papers were published
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Caso Hwang y revisión por 
pares 

   Duplicación de 4 fotografías microscópicas en paneles 
diferentes y designadas como  lineas ESC (embryonic 
stem cell) diferentes 

   Línea celular NT-1 no se derivó del donante designado 

   No hay evidencia para verificar las conclusiones de las 
11 líneas ESC celulares 



as follows: Hwang W-S, et al. Evidence of a pluripotent
human embryonic stem cell line derived from a cloned
blastocyst. Science 2004;303:1669-74 and Hwang 
W-S, et al. Patient-specific embryonic stem cells derived
from human SCNT blastocysts. Science 2005;308:
1777-83. The reason why we refer to these source
items in the text and not in the list of references is that
retracted papers tend to be cited even more frequently
after retraction than prior to it. Pressing questions arose
about the fabrication process itself and whether
publication of the two fraudulent articles could have
been prevented. By studying this particular case, lessons
have to be learned about the status of current review
procedures regarding fraud and data manipulation.
What can individuals, in their quality as author and
reviewer, and editors do to prevent occurrences such
as in the stem cell debacle.

The two fraudulent papers concentrated on the
concept of therapeutic cloning in humans. In this
somatic cell nuclear transfer (SCNT) technology, a
nucleus from a patient’s somatic cell is transplanted
into an enucleated donor oocyte. The resulting
blastocyst embryo is used for the isolation of embryonic
stem cell (ESC) lines that possess virtually all the
patient’s characteristics and thus will minimise immune
rejection upon transplantation. Until the publication
of the fraudulent papers, therapeutic cloning was a
cumbersome and inefficient technique and successful
therapeutic cloning in humans had not been reported
before. In their 2004 paper, Hwang and his associates

claimed to have isolated the first human ESC line
derived from SCNT and in their second paper they
reported to have improved the efficiency to such an
extent that clinical application became within reach.

Two months following the first paper (table 1),
criticism arose on the ethics of obtaining the human
oocytes used in the study. After initial denial it became
clear that egg donors had been paid and two lab
members had provided oocytes. This forced Hwang to
admit these unethical practices.15 Subsequently, the
scientific content itself raised questions. Duplications
of four microscopic photographs in different panels, and
designated as different ESC lines, in the publication
of 2005 were uncovered,16 but these were parried as an
accidental mistake by Hwang and the Science editorial
board.17 Furthermore, DNA fingerprint comparison of
presumed donor and derived ESC lines showed no
inter-experimental variety and were in fact performed
on the same fingerprint profile.16 Hwang agreed to
an independent investigation by Seoul National
University.18 His three most important recent works
were investigated: the retracted 2004 and 2005 Science
papers and a publication in Nature about a cloned
dog.19 The conclusions were clear.20 The claim of being
the first laboratory to create a pluripotent human ESC
line through SCNT was reported to be false. Verifi-
cation of the DNA fingerprints of cell lines, teratomas
and donors showed that the NT-1 cell line was not
derived from the designated donor. Second, no
evidence was found to verify the conclusions of the
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Table 1. Timeline of occurrences.

12 February 2004 1st report of human ESC lines derived from cloned blastocysts by Hwang and colleagues in Science
6 May 2004 First publication of doubts about ethical practices in oocytes obtainment
19 May 2005 2nd report in Science about 11 cloned human ESC lines
3 August 2005 Korean team claims to have cloned the first dog in Nature
12 November 2005 Gerald P. Schatten suspends collaboration with Hwang because of doubt about oocyte sources
24 November 2005 Hwang admits unethical behaviour
6 December 2005 Duplicated panels in 2nd Science publication are noticed
12 December 2005 Seoul National University starts the investigation on the Hwang papers
14 December 2005 Schatten asks Science to remove him as author
16 December 2005 Hwang requests retraction of 2nd publication in Science
10 January 2006 Seoul National University releases investigation report 
9 February 2006 Seoul National University suspends Hwang as professor
3 March 2006 Hwang submits a manuscript on SCNT as senior author carrying his Seoul National University affiliation28

20 March 2006 Seoul National University announces dismissal of Hwang
12 May 2006 Hwang submits a manuscript as senior author carrying his Seoul National University affiliation29

12 May 2006 Hwang is officially charged for fraud by Korean prosecutors
31 July 2006 Hwang submits a manuscript on SCNT as co-author carrying his Seoul National University affiliation30

30 March 2007 Hwang publishes on SCNT in bovine embryos as senior author in Animal Reproduction Science
6 April 2007 Hwang submits a manuscript on porcine oocyte maturation as co-author carrying his Seoul National

University affiliation31
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¿Cuál es el problema? 



Problemas con la investigación 
del fraude 

   Disponibilidad de la investigación del fraude 
restringida a la Univ Nacional de Seoul, Science y Univ 
de Pittsburg 

   Limitado acceso a los informes de los 
¨reviewers¨(anónimos) por parte de Science 

   Reacción de los editores de Science al problema fúe 
tímida 



¿Que significa para un estudiante 
de post grado las publicaciones y 

con quién? 

1-Credibilidad como científico 

2-Prestigio  universitario para sus investigaciones. 
Conseguir subvenciones (“grants”). 



¿Que significa para un estudiante 
de post grado las publicaciones y 

con quién? 

3-Recocimiento a nivel local e internacional. 

 *asegura invitaciones a convenciones y otras actividades 
profesionales importantes. 

4-Rango universitario 

  *una plaza probatoria, permanencia.  



¿Que significa para un estudiante 
de post grado las publicaciones y 

con quién? 

5-Expediente previo de su trabajo. 

  * Oportunidad para reclutar estudiantes que 
trabajen con usted. 

  * Le abre puertas para estudios post doctorales. 



Conclusiones  

   Ser sabio(a) al seleccionar la revista científica donde voy 
a publicar mis trabajos. 

  La meta: publicar en un 
journal arbitrado(“peer 
review”). 
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