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Abstract: The Open Science movement focuses on the broad benefits to the scientific enterprise, but its success will depend on the actions of
individual scientists. Unless the short-term benefits to the researcher outweigh the costs, only the most altruistic will open up their research efforts
to the world. Arguments based on hypothetical future benefits don&€™t carry much weight, and calls for better tools appear to be mainly driven by
tool-designers, not potential users. 1&™I| start with two brief case histories (#arseniclife and Apple Academic Press), and then consider what the
immediate costs and benefits are and how we might shift the balance between them.
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1. The #arseniclife debacle: How open’ mattered

2. Apple Academic Press: Unintended consequences
of open access publishing

5. What’s in it for me? Balancing benefits and costs
for individual researchers
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20 slides, 15 seconds each.
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A Tragedy in 3 Acts
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Prologue. The Shadow Biosphere
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Act|l. Out of the Shadows
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NASA Discovers New Life! Arsenic Bacteria With DNA Completely Alien To What We Know

stocemne Daily News

Home Animals Ancient World Energy Environmen|

NASA Life Discovery: New Bacteria Makes DNA With Arsenic

meISciEnce News

NAC Sclence Commillee Researchers | Citizen Scientists | Educators | Students | Kids

“§clonce News Discovery ofF "ARseNic-BUG" ExpPanDs DEFINITION OF LIFE

Play Audio Download Audio Join Mailing List
W Sclenco( adiine News
2010
Dec. 2, 2010: NASA-supported researchers have discovered the first known microorganism on E
and reproduce using the toxic chemical arsenic. The microorganism, which lives in California’s Mc
substitutes arsenic for phosphorus In the backbone of its DNA and other cellular components.

"The definition of life has just expanded,” said Ed Weiler, NASA's
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By PAUL SUTHERLAND, Sun Spaceman : Dec. 2, 2010: NASA-supported researchers have discovered the first known microorganism on E
Published: 01 Dac 2010 Bl Lk and reproduce using the toxic chemical arsenic. The microorganism, which lives in California's Mc
substitutes arsenic for phosphorus In the backbone of its DNA and other cellular components
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"The definition of life has just expanded,” said Ed Weiler, NASA's

Toxic ... but there's life in California lake
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NASA's arsenic microbe science
Iate slammed

ponts [ 100 Recommend « T3
BRIEFING NEWS & POLITICS ARTS LIFE BUSINESS & TECH SCIENCE PODCASTS & VIDEO BLOGS .

HOME / SCIENCE . THE STATE OF THE UNIV

"This Paper Should Not Have Been

Scientists see fatal flaws in the NASA study of arse | EbeNew Jork Eimes

By Carl Zimmer

Science

WORLD s N.Y REGION BUSINESS TECHNOLOGY SCIENCE HEALTH

ENVIRONMENT
On Thursday, Dec

a new paper calle | Poisoned Debate Encircles a Microbe Study’s Resul

5 ;. g
Using Arsenic Ins JENNIS OVERBYE

SECTIONS BLOGS » REVIEWS > that NASA experimenters had found a_bacterium that seems
on arsenic in place of phosphorus — an element until now

rlife — set off a cascading storm of eriticism on the Internet,
rrors and sloppiness in the paper published in Science hy

Dou bts Brew Abo ut NASA’S New Arsen ic Life 1 and her colleagues, and then about their and NASA's refusal
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Flaws in
the research
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RRResearch

Not your typical science blog, but an 'open science' research blog. P it f
your typ i on oo 9 recipice 0

irreproducible
GFAJ-1 (no real progress to report) I'ESlll[S —

understanding how and why bacteria take up DNA, and getting dis!

Yes, that last experiment was grasping at
straws...

DNA! Lots and lots of lovely GFAJ-1 DNA!
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Absence of arsenate in
DNA from arsenate-
grown GFAJ-1 cells.

Marshall Louis Reaves, Sunita
Sinha, Joshua D. Rabinowitz,
Leonid Kruglyak, and
Rosemary J. Redfield.
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Some people changed their minds about openness...

Press Release by NASA (Nov. 29):

Dwayne Brown, NASA Headquarters, Washington

WASHINGTON -- NASA will hold a news conference at 2 p.m. EST on
Thursday, Dec. 2, to discuss an astrobiology finding that will
impact the search for evidence of extraterrestrial life.
Astrobiology is the study of the origin, evolution, distribution
and future of life in the universe.

NASA spokesman Dwayne Brown (Dec. 6, quoted by CBC News):

Wolfe-Simon will not be responding to individual criticisms, as the
agency doesn't feel it is appropriate to debate the science using the
media and bloggers. Instead, it believes that should be done in
scientific publications.

Felisa Wolfe-Simon (Dec. 7, quoted by Carl Zimmer):

Any discourse will have to be peer-reviewed in the same manner
as our paper was, and go through a vetting process so that all
discussion is properly moderated.
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Sclence Magazine
AAAS.ORG FEEDBACK HELP LIBRARIANS

| \JV.VXY NEWS SCIENCEJOURNALS CAREERS BLOGS & COMMUNITIES MULTIMEDIA

Home > Scfence Magazine

Purchase Short-Term Access

A Bacterium That Can Grow by Using Arsenic Instead of Phosphorus

Felisa Wolfe-Simon, Jodi Switzer Blum, Thomas R. Kulp, Gwyneth W. Gordon, Shelley E. Hoeft,
Jennifer Pett-Ridge, John F. Stolz, Samuel M. Webb, Peter K. Weber, Paul C. W. Davies,

Ariel D. Anbar, and Ronald S. Oremland

Science 3 June 2011: 1163-1166. Published online 2 December 2010
[DOI:10.1126/science.1197258]

(») Purchase Access to this Article for 1 day for US$20.00

E-mail: required

Your receipt will be sent to this e-mail address. If you have pre»
address so we cal
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Research Article

A Bacterium That Can Grow by Using Arsenic Instead of Phosphorus

Felisa Wolfe-Simon,'" Jodi Switzer Blum,? Thomas R. Kul 2
Jennifer Pcn-[{idgc," John F, Stolz,s Samuel M. Webb,h P

Anbar,"** Ronald S, Oremland’

'NASA Astrobiology Institute, USA 'U S Geoloy
Arnzona State University, Tempe, AZ USA Law
Biological Sciences, Duquesne Umiversity, Pittsh
CA, USA. "TBEYOND: Center for Fun, LA
of Chemustry and Biochenustry, Anzona

*To whom correspondence gho;

Life is mostly col Qfllw elements carbon

nitrogen, oxygen, Sttfur and phosphorus. Altho
six elements make up nucleic acids, proteins an
and thus the bulk of living matter, it is theoretis
possible that some other elements in the periodi
could serve the same functions. Here we descril
bacterium, strain GFAJ-1 of the Halomonadac
isolated from Mono Lake, CA, which substitute
for phosphorus to sustain its growth. Our data

evidence for arsenate in macromolecules that

L)
£ clwr‘4 P

eth W. Gordon,* Shelley E. Hoeft ’
aul C. W, Davies, ’ Ariel D.

A Bacterium That Can Grow by Using

Arsenic Instead of Phosphorus

Felisa Wolfe-Simon,™** Jodi Switzer Blum,” Thomas R. Kulp,? Gwyneth W.
Shelley E. Hoeft,? Jenniter Pett Fllljl]n‘,l John F. Stolz,® Samuel M. Webb,5

Weber,*

Paul C. W. Davies, 7 Ariel D. Anbar,""® Ronald . Oremland?

. *
Life is mostly composed of the elements carbon, hydrogen, §§ xygen, sulfur, and
phosphorus. Although these six elements make up nusgi @ins, and lipids and thus

the bulk of Bving matter, it is theoretically possible
table could serve the same functions, Here, wa dei

Halomonadaceae, isolated from Mono Lake,
phosphorus to sustain its growth, Our shi

her elements in the periodic
icterium, straln GFAJ-1 of the
hat i able 1o substitute arsenic for
dence for arsenate in macomolecules that
clds and proteins. Exchange of one of the

normally contain phosphate, mast n ucle!
major bio-elements may have pi iolutionary and geochemical importance,

tological deperfy e six major
nutrient elements gbon, hydro gen, nitro-
gen, oxygen, sulfur;and phosphoms (P)

is complemented by a selected wmy of other ele-
ments, usually metals or metalloids present in
trace quantities that serve crigeal cellular func-
tons, such o8 enzyme co-factors (/). There are
many cases of these roce elements substituting
for one another. A few examples include the suls-
stiution of ungsten for molybdenum and cad-
mium for zne m some enzyme families (2, 7) and
copper for iron as an oxy gen-carvier in some ar-
thropods and molhisks (4). In these examples and

be incorporated into some early steps m the path-
witys [(6) and references therein]. However, it is
thought that downstream metbolic processes are
generally not compatible with As-incorpomting
molecules because of differences m the rencov

ies of Poand As compounds (8). These down-

£

stream biochemical pathways may require the
re ghemically stable P-based metabolites; the

e of more casily hydrolyzed As-beanng

W lire thought to be too short. However,

v the similanities of As and P—and by anal-
agy with trace element substitufions—we hypoth
esized that AsOy' could specifically substitute
for F’UQ\ In an organism possessing mechansms
to cope with the inherent instability of AsO,"
compounds (6). Here, we experimentally tested
this hypothesis by using AsQ,*, combined with
no added PO, to select for and isolaw a mi
crube capable of accomplishing this substitution.
Geomicrobiology of GFAJ-1. Mono Lake,
located in eastem Califormaa, is a hypersaline and
alkaline witer body with high dissolved arsenic
concentraions [ 200 pM on average (9)]. We used
Inke sediments as nocula into an aerobic defined
artificial medium at pH 9.8 (10, 11) containing
10mM glucose, vitaming, and trace metals but no
added PO, or any addisonal complex onganic
supplements (such as yeast extmct or peptone),
with a regimen of ncreasing A0, " additions
initially spanning the mnge from 100 uM © 5 mM._
These enrichments were taken through many
decimal-dilution transters, greatly reducmg any
potential carryover of nwochthonous phosphorus

RE g™

rww.sciencemag.org on January 18, 2012
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Comment on “A Bacterium That Can
Grow by Using Arsenic Instead
of Phosphorus”
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. TECHNICAL COMMENT

h‘ ApAE Patricia L. Foster

Rosemaryl
James B. Cotner'* and Edward K. Hall’t

Wolfe-Simon et al. (Research Articles, 3 June 2011, p. 1163; published online 2 December 2010) !
reported that the bacterial strain GFA]-1 can grow by using arsenic (As) instead of phosphorus (P),
noting that_the P content in bacteria arown in +A</~P culture medium was far helow the auantity [
needed to | Istvan Csabai'?* and Edrs Szathmary>*
of environ

4 Wolfe-Simon et al. (Research Articles, 3 June 2011, p. 1163; published online 2 Decemt
Wolfe-5i reported that bacterial strain GFA)-1 can substitute arsenic for phosphorus in its biomol
’EPO’ttr including nucleic acids and proteins. Unfortunately, their study lacks crucial experimenta

.« » q
n Itsul 1 to support this claim and suffers from inadequate data and poor presentation and anal
David

Wolfe-Simon et al. (Research Articles, 3 June 2011, p. 1163; published online 2 Decemt
Wolfe-si that bacterium GFAJ-1 can substitute arsenic for phosphorus in its macromolecules,
reported and proteins. If such arseno-DNA exists, then much of the past century of work with a
of high phosphate chemistry, as well as much of what we think we know about metabolism,

2010) |
nce
n

appreciably Vary THe elemental compositon o1 1ts Tundamentalbiomolecules by Substtutiing arsenic

L
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M‘A . ... - e Patricia L. Foster

Response to Comments on “A
Bacterium That Can Grow Using
Arsenic Instead of Phosphorus”

Felisa Wolie-Simon,l’z*T Jodi Switzer Blum,’ Thomas R. I'(ulp,z Gwyneth W. Gordon,?
Shelley E. Hoeft,” Jennifer Pett-Ridge,’ John F. Stolz,> Samuel M. Webb,® Peter K. Weber,*
Paul C. W. Davies,”” Ariel D. Anbar,*® Ronald S. Oremland?

Concerns have been raised about our recent study suggesting that arsenic (As) substitutes for
phosphorus in major biomolecules of a bacterium that tolerates extreme As concentrations. We

welco
interg  We maintain that our interpretation of As substitution,

repdll ©"9" based on multiple congruent lines of evidence, is viable.”

ofhge -
appreciably Vary e elemental Compositon o1t Tundamental biomolecules by SUbSHTITng
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The manuscript was available on the arXiv server.

The paper was ‘in press’ at Science .

mit

arXiv.org I =

Absence of arsenate in
arXiv.org Search Results DNA from arsenate'

Back 1o Search form | Next 25 results

The URL for this search is bt/ /arxiv.org/find/all/1/all. + arsenate/0/1/0/all/0/ 1 grown GFAJ-1 CE"S.

Showing results 1 through 25 (of 241 total) for all:arsenate

1. arXivi1202,5576 [pdf)
Levy Flight of Holes in InP Semiconductor Scintillator

Serge Luryl, Arien Subashiev
oL at Weale- 2011

2 arXiv:1201.6641 [pdf) Marshall Louis ReaVeS, Sunita
Sinha, Joshua D. Rabinowitz,
Suvects Siomolacuies a-biadbh Leonid Kruglyak, and
3. arxivi1201 RosemaryJ. Redfield.

Experimental and theoretical study of structural properties and p
D. Errandonea, R, Kumar, ). Lopez-Solane, P. Rodriguez-Hernandez, A. Munoz,
Comments: 45 pages, 12 figures, G tables, 62 references

Jaurnal-ref. Physical Review B 83, 134109 (2011} .
Subjects: Materials Science icand-matmirl-sci), Chemical Physics (physics.chem-ph). Geaphysic: ‘ len '

4. arXiv:1201.2403 [pdf, other]
Intermediate-energy inverse-kinematics one-proton pickup reac
nuclei
5. McDanlel, A. Cade, |. A. Tostevin, T. Baugher, D. Bazin, B. A. Brown, J. M. Coo
D. Weisshaar
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The manuscript was available on the arXiv server.

The paper was ‘in press’ at Science
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The manuscript was available on the arXiv server.

The paper was ‘in press’ at Science

arXiv.org Search Results
Showing results 1 through 25 (of 241 tota'
XIvi1202.5576 [pdf)
Levy Flight of Holes in |I=
Serge Luryl, Arsen Sub

Ouis Reaves, Sunita
®, Joshua D. Rabinowitz,

Rosemary J. Redfield.

Science had embargoed it until July 26...
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Some journals use ‘press embargos’ to
control how research is publicized.

Journalists get advance copies of
iepganibssaiongis papers, on condition that they
Y, don’t publish anything until the

paper appears in the journal.

arxXiv.org

Authors are instructed /Y()ur cooperation protec.'ts\
not to speak to the you from problems that

aper s publication.

press except under this | may jeopardize your | " lllY 1
condition. p r REEL 1
AVAILABLE

AVAAAS L |
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Unintended consequences of ‘open’

Of an open internet:
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Unintended consequences of ‘open’

Of open-access publishing:
* Predatory open-access journals
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o Academe Research Journals 0 Sphinx Knowledge House

0 Southern Cross Publishing Grou

Unintended consequences of ‘open’

Academic Journals 0 Swiss Journals

Academic Joutgals Inc. .0 TEQ cal Journals Online
[ ]
Academic Jou foolp(e(l;‘ -a cce ss pu bI I>S ll'ngla'm-‘;
Academic Publications. Ltd o Thavan E ACT International Journals

rseme 2 2bEAALOry oOpen-aceessjournals

) o Trans Stellar (Transstellar
Academic Sciences or ( )
. . o Transnational Research Journals (formerly Universal Research
Academy & Industry Research Collaboration Center (AIRCC) - ( Y N ?
Journals)

Academy Journals . )
y 0 Universal Research Publications

Academy of Knowledge Process
’ Y 9 o Valleys International

Academy of Sclence and Engineering (ASE) o VBRI Press

Acader

Beall’s list of ‘predatory’ online publishers:
http://scholarlyoa.com/publishers/

o Advancements and Development in Technology International { o World Academy of Research and Publication

Ada Lo

o AENSI o World Academy of Sclence, Engineering and Technology (WASET)
0 Akademik Plus Publication o World Science Publisher
o0 American Academic & Scholarly Research Center (AASRC) 0 World Scientific and Engineering Academy and Society (WSEAS)

o American V-King Scientific Publishing o Wudpecker Research Journals
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Unintended consequences of ‘open’

Of open-access publishing:
* Predatory open-access journals

* For-profit republication of open-access
articles
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RATEAY Y
GRS o desi

FALL 2011 / WINTER 2012

APPLE ACADEMIC PRESS =

Academic & Professional Books
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. _ app
Business model: mp a(‘a(lonu(‘
» Polished collections of research articles press

* Sold through Amazon and scientific pub- Taylor & Francis Group
lishers, as e-books and print-on-demand an informa business

» Jobbers bundle and sell to academic libraries @ CRC Press

Contents: Taylor & Francis Group
* Some are edited collections of purpose-written articles.

* Others are collections of open-access articles harvested from
PLOS, BioMed Central and ‘gold’ OA journals:

* Open-access source is not made clear.
» Some articles are mildly edited (e.g. title simplified).

» Authors (“contributors”) are not informed.

* Editors have little or no expertise in the field.
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EPIGENETICS
and PATHOLOGY

Eeglenng Convectinns Bstaeen Ganedic
Wachanisrs and Dissase Expressian

Lapadgmre P

Published. Available now.
Pub Date: November 2013
Hardback Price: $169.95 US
Hard ISBN: 9781926895789
E-Book ISBN: 9781482224825
Pages: 424pp

Binding Type: hardbound

2015

Environmental Toxins

i
L
L}

R
R

Published. Available now.

Pub Date: March 2015

Hardback Price: $149.95 US
Hard ISBN: 9781771881012
E-Book ISBN: 978-1-4987-1815-8
Pages: 352 pp+index

Binding Type: hardback

2016

_-

Clinical
NUTRITION
and Aging

Published. Available now.
Pub Date: March 2016
Hardback Price: $149.95 US
Hard ISBN: 9781771883702
E-Book ISBN: 9781771883719
Pages: 306 pp with index
Binding Type: hardback
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The survey preamble:

Consider this situation (a recent experience of some researchers):

Several years ago you published a paper in an open-access journal published by
PLO S or BioMed Central. Now you discover that, without your knowledge, your
paper has been included as a chapter in a multi author book. The author list is
correct but the paper's title and text have been lightly reedited. You and your co-
authors are prominently listed as 'contributors' to the volume, but the original
journal citation for the paper is not given or is buried in an 'Authors' Notes
appendix. The book looks like a typical multi-author work; the Introduction does
not mention that some or all of the 'chapters' have been previously published as
journal papers. The book is being sold for about $150 through Amazon.

On checking with the original journal you discover that this re-publication is legal
because you agreed to the required Creative Commons-Attribution (CC-BY)
copyright license when you published the paper.
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Level of agreement Survey statement (N =710)

| would be happy to have the quality of my paper recognized.
| would be happy that my scientific contribution is being widely disseminated.
| would welcome this as another entry in my publication list.
B | would want to have received a share of the profits.
B | vould want the collection to be freely available.

| would want the collection to be a high quality contribution to the field.

B | would want the paper's original publication to be conspicuously credited.
| would want the paper to be unaltered.

B | would worry about editing errors.
B | would worry that the editing has changed my interpretations.

| would worry that the book's goals may conflict with mine.
| would worry that my citation record will be confused.

- | would worry that colleagues will think I've self-plagiarized by publishing the
same article twice.

B | would want to learn more about copyright options.
I | vould not have accepted the CC BY license if I'd known this could happen.

In future | would not publish in journals that require the CC BY license.
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Level of agreement Survey statement (N =710)

| would be happy to have the quality of my paper recognized.
| would be happy that my scientific contribution is being widely disseminated.
| would welcome this as another entry in my publication list.
B | would want to have received a share of the profits.
Authors were particularly worried about their reputations:
| would want the collection to be a high quality contribution to the field.

B | would want the paper's original publication to be conspicuously credited.
| would want the paper to be unaltered.

B [ would worry about editing errors.
B | would worry that the editing has changed my interpretations.

| would worry that the book's goals may conflict with mine.
| would worry that my citation record will be confused.

- | would worry that colleagues will think I've self-plagiarized by publishing the
same article twice.

I | would want to learn more about copyright options.
I | vwould not have accepted the CC BY license if I'd known this could happen.

In future I would not publish in journals that require the CC BY license.
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Some of the authors’ comments:

I would be surprised
and annoyed. I was never told
that my work would be re-published
somewhere else (I should have the
option to decline).

I would be angry
that others are making a
profit of my work while I

paid extra to have it

FREELY available

Editing of
published manuscripts
should be illegal.

Is there
a different license,
still making freely available,

but restricting this kind of
republishing?

I would be
infuriated that I was
not notified that they
stole my work.
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OA-supporters’ comments: A

should be happy
their research was

selected, not
Authors are concerned.

supposed to read the
license agreements

they sign, and CC-BY is
quite explicit about
allowing commercial _ You are doing

use. /  massive harm to the
OA cause by trying
to scare the
children.
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BioMed Central

The Open Access Publisher

You retain copyright, licensing the article
under a Creative Commons license (CC-BY)

This means that articles can be freely redistributed and
reused as long as the article is correctly attributed. For
example, a published article can be posted on a
personal or institutional homepage, emailed to friends
and colleagues, printed and sent to people, archived in
a collection, distributed on CD-ROM,, included in
course-packs, quoted in the press, translated and
further distributed as often and widely as possible.
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The principle of informed consent in medical research:

Researchers are asking the participants to participate
in a clinical trial for the common good.

* The researchers must design the trial to minimize the
potential harm to the participants.

* The participants must be told about the possible harm
as well as the possible benefit.

* The onus is on the researchers to make sure the
participants are aware of the potential for harm as well
as for benefit, before they join the trial.

* Ethical behaviour is enforced by Institutional Review
Boards
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Applying informed consent to open access:

The journal is asking the authors to accept the
CC-BY license for the common good.

* The journal’s practices should minimize the potential
harm to the authors.

* The authors should be told about the possible harm
as well as the potential benefits.

* The onus is on the journal to make sure the authors
understand the potential for harm as well as for
benefit.
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 BiolVled Central

The Open Access Publisher

True informed consent would include*:

“You must accept the least-protective of the Creative Commons
licenses, CC-BY.”

“Your article can be repackaged and sold commercially without
your knowledge.”

“Since you own the copyright, we will not help you protect

your rights.” F
*at the start of the submission

process, not after final acceptance
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 BiolVled Central

The Open Access Publisher

True informed consent would include*:

“The default is the least-protective of the Creative Commons
licenses, CC-BY.”

“Your article can be repackaged and sold commercially without
your knowledge. To prevent this choose CC-SA instead.”

“Since you own the copyright, check this box to authorize
us to help you protect your rights.”
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Evolution teaches us

* Cooperation is not easy to evolve
* Immediate self-interest trumps altruism

* |f we want scientists to act cooperatively, we
need to build structures that:

—Make it easy
—Reward it
—Reduce its costs and risks
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Kinds of problems/obstacles:

* What should | post (this is a big issue)? What’s optional and
what’s required by journals or funding agencies, or just
expected of responsible scientists? How has this changed since
the last time | did this?

* Where should | post each type of information?
* What format does each type of information need to be useful?

* How much work will gathering and formatting the information
be? How many complicated decisions will | need to make?

* Should/must what | post be copyrighted in some way?

* Who might find the posted information useful?
* What’s the probability that nobody ever finds it useful?

* Might the information be used in ways that harm my reputation
or the field? Who can | trust to tell me this?
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Open access publishing succeeded because:

1. What we wanted was clear: Research
papers free for all to read; copyrights held
by authors, not journals.

2. A way to get this was clear: Start new
journals whose expenses are supported
by publication charges, not reader
subscriptions.

3. The cost to authors seemed clear.
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The goals of open science are worthy ...

“... doing science on a public platform that
facilitates collaboration, feedback, and the
spread of ideas ...”

... but not specific enough to guide action.
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