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( to copy another person’s ideas, words or
work and pretend that they are your own )

( Oxford Dictionary, 2014 ; Cambridge Dictionary Online, 2014 )
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ARTICLE

doi:10.1038/nature25979

Extensive impact of non-antibiotic drug
on human gut bacteria

Lisa Maier'*, Mihaela Pruteanu'{*, Michael Kuhn®*, Georg Zeller?, Anja Telzerow!, Exene Erin Anderson’, Ana Rita Broc}
{eith Conrad Fernandez!, Hitomi Dose?, Hirotada Mori®, Kiran Raosaheb Patil®, Peer Bork®*%¢ & Athanasios Typas™’

A few commonly used non-antibiotic drugs have recently been associated with changes in gut mic
but the extent of this phenomenon is unknown. Here, we screened more than 1,000 mark
representative gut bacterial strains, and found that 24°%, of the drugs with human targets, incl!
therapeutic classes, inhibited the growth of at least one strain in vitro. Particular classes, such ast
antipsychotics, were overrepresented in this group. The effects of human-targeted drugs on gut ba

on their antibiotic-like side effects in humans and are concordant with existing human cohort studies.
antibiotics and human- targeted drugs correlates across bacterial species, suggesting common resista
which we verified for some drugs. The potential risk of non-antibiotics promoting antibiotic resistanc
exploration. Our results provide a resource for future research on drug- microbiome interactions, op/
side effect control and drug repurposing, and broadening our view of antibiotic resistance.

?harmaceutical agents have both beneficial and undesirable effects.
studies on the mechanisms of action and off-target spectra of vari-
aus drugs aim to improve their efficacy and reduce their side effects.
Although many drugs have gastrointestinal side effects and the gut
nicrobiome itself is pivotal for human health', the role of the gut micro-
siota in these processes is rarely considered. Recently, consumption of
Irugs designed to target human cells and not microbes, such as anti-
diabetics (metformin’), proton pump inhibitors (PPIs)**, nonsteroi-
fal anti-inflammatory drugs® and atypical antipsychotics (AAPs)®, has
reen associated with changes in microbiome composition. A larger
sohort study suggested that medication can alter gut microbiome com-
sosition more generally”. As it is unclear whether such effects are direct
ind go beyond the few drug classes studied, we systematically profiled
nteractions between drugs and individual gut bacteria. We aimed to
senerate a comprehensive resource of drug actions on the microbiome,
which could facilitate more in-depth clinical and mechanistic studies,
altimately improving therapy and drug design.

A high-throughput drug screen on gut bacteria

l'o systematically map interactions between drugs and human gut
racteria, we monitored the growth of 40 representative isolates upon
‘reatment with 1,197 compounds in modified Gifu anaerobic medium
‘mGAM) broth, which partially recapitulates the species relative abun-
Jances in human gut microbiomes®, under anaerobic conditions at

All compounds were screene
what is commonly used in hi

For our screen to be represe
individuals, we selected a se
(Supplementary Table 2). Prevalen
and phylogenetic diversity, were ov
Data Fig. 1b), although we were oc
vailability or irreproducible grow
human gut isolates from 38 bact
coli and Bacteroides fragilis v
accounting together ©
dance of the humar
Extended Data F/
60 sequenced sp:
and prevalence o
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Deutsch, M. (2005). Cooperation and conflict: A personal perspective on the history of the social psychological study of conflict resolution. In M.A.
West, D. Tjosvold, & K.G., Smith. (Eds.), The essentials of teamworking: International perspectives (pp. 1-35). West Sussex, UK: Wiley.

ERRE | BEIRMRZE (2004 ) - American Psychological Association ( 2010 )
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The term ‘method’, defined by Edward Anthony (1963) as “an
overall plan for systematic presentation of language based upon a

selected approach” (as cited in Brown, 2001, p. 14), is still widely

used among language instructors nowadays.

Ko 3 ALY

3+ =
< 7 °

‘%f‘v >
The term ‘method’, defined by Edward Anthony (1963) as an

overall plan for systematic presentation of language based upon a
selected approach (as cited in Brown, 2001, p. 14), is still widely

used among language instructors nowaday .
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Brown, H.D. (2001). Teaching by principles: An interactive approach to language pedagogy (2nd ed.). White Plains, NY: Longman.
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Conflict, competition and cooperation, as proposed by
Deutsch (2005), are the three essential elements in a group
or a team. He gave his own explanation of how they are

interrelated:

Although competition produces conflict, not all instances of
conflict reflect competition.... Conflict can occur in a
cooperative or a competitive context, and the processes of
conflict resolution that are likely to be displayed will be
strongly influenced by the context within which the conflict
occurs (Deutsch, 2005, p.2).

SENR :

« FZRE-BRE (2007) -  ELPWEEATERNEOREBITRRMKIE 228 - thIBBH - 48 - 19-42 -
Deutsch, M. (2005). Cooperation and conflict: A personal perspective on the history of the social psychological study of conflict resolution. In M.A.
West, D. Tjosvold, & K.G., Smith. (Eds.), The essentials of teamworking: International perspectives (pp. 1-35). West Sussex, UK: Wiley.

ERRIE . BEIRMRZE (2004 ) - American Psychological Association ( 2010)
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Conflict, competition and cooperation, as proposed by Deutsch
(2005), are the three essential elements in a group or a team. He gave his

own explanation of how they are interrelated:

Although competition produces conflict, not all instances of
conflict reflect competition.... Conflict can occur in a cooperative or a
competitive context, and the processes of conflict resolution that are
likely to be displayed will be strongly influenced by the context within

which the conflict occurs (Deutsch, 2005, p.2).

References: Deutsch, M. (2005). Cooperation and conflict: A personal perspective
on the history of the social psychological study of conflict resolution. In M.A. West,
D. Tjosvold, & K.G., Smith. (Eds.), The essentials of teamworking: International
perspectives (pp. 1-35). West Sussex, UK: Wiley.
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The English education system in Taiwan has placed considerable emphasis
on students’ memorization of vocabulary, grammar, and other test-related content.
Many students who study English exhibit low levels of motivation and some of them

consider English a boring subject at school. A language-teaching expert commented

on the situation:

The education system is a little outdated so there are still many old
ways of learning English. If most students are aware of the cultural meaning
behind the language, they will certainly be more motivated. If they are more

motivated, they will definitely learn more. (Expert 1)

e (2006) ° B¢ 22 RRWHEBRY M FT FER T HTE (XD
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Studies concerning the language-teaching profession have long
been looking for methods that would successfully involve students in
learning as well as apply to language-learning classrooms around the
world. The term ‘method’, defined by Edward Anthony (1963) as “an
overall plan for systematic presentation of language based upon a
selected approach” (as cited in Brown, 2001, p. 14), is still widely used

among language instructors nowadays.

SZNR

Brown, H.D. (2001). Teaching by principles: An interactive approach to language
pedagogy (2nd ed.). White Plains, NY: Longman.

Anthony, E.M. (1963). Approach, method, and technique. English Language
Teaching, 17(2), 63-67.
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As the cost of portable wireless access to the Internet becomes
affordable for everyone, the concern will be about the educational digital
divide that separates those students who are taught by technology-savvy
teachers from those who are not. The development of these ubiquitous
computing environments for students presents exciting challenges for
teacher education programmes. It seems reasonable to provide
programmes or training that focuses on both competencies and visions for
both pre-service and in-service teachers (Peng, Su, Chou, & Tsai, 2009,

p.177).

Reference: Peng, H., Su, Y-J., Chou, C., & C-C, Tsai. (2009). Ubiquitous knowledge construction: mobile
learning re-defined and a conceptual framework. Innovations in Education and Teaching International, 46(2),
171-183.



As the cost of portable wireless access to the Internet becomes
affordable for everyone, the concern will be about the educational
digital divide that separates those students who are taught by

technology-savvy teachers from those who are not.

P

As the price of Internet portable wireless access becomes
reasonable for everyone, the issue will be the educational digital divide
that separates learners who are taught by technology-savvy

instructors from those who are not.



As the cost of portable wireless access to the Internet becomes
affordable for everyone, the concern will be about the educational
digital divide that separates those students who are taught by

technology-savvy teachers from those who are not.
ETE,

Teacher-education programs can significantly benefit from
advances in ubiquitous-computing learning environments. Once the
price of wireless Internet hookups—especially for portable use of the
web—becomes more budget-friendly to the public, an emerging issue

will be the academic gaps concerning the competence of technology-

related instruction:
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7 The definition of
Delphi study

The aim of Delphi The di'sadvant_age
study is to achieve a of Delphi study is very
consensus of opinion time-consuming

Typically, a Delphi study is conducted in a number of rounds, In the first round, a
questionnaire is created, sent to panel members to complete and return, and the
responses are analyzed. In the next round, a new questionnaire is developed from

the previous responses, and then sent to panel members, The aim of the series of
questionnaires is to achieve a consensus of opinion by allowing members to reconsider
and re-rate their opinions regarding the items in the questionnaire, Delphi studies

relying on traditional mailing systems require relatively long periods of time to

construct questionnaires and collect panel members’ opinions. In addition, during the

course of execution, some members may not complete or return the questionnaires for

each round; therefore, valuable member contributions may be lost (Chou, 2002, p.233).

T EwES|BChou, C. (2002). Developing the e-Delphi system: a web-based forecas
"

for educational research. British Journal of Educational Technology, 33(2)
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As stated in Chou (2002), the Delphi method uses mailing systems
to identify consensus among experts regarding research questions. After
the responses are analyzed and synthesized, a researcher develops a
new questionnaire, sends it to experts, and modifies the research
questions. However, opinion collection and questionnaire revision are
time-consuming which may result in the fragmentary of the expert-

response procedure.

£ &t : Chou, C. (2002). Developing the e-Delphi system: a web-based forecasting tool for
educational research. British Journal of Educational Technology, 33(2), 233-236.
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