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From the Editor-in-Chief

Over a year has passed since the beginning of the COVID-19 pandemic, and the emergence of effective
vaccines has given the world much-needed hope that the pandemic can soon be brought under control.
As the saying goes, within every crisis lies an opportunity. Amid this unprecedented turmoil, we have
seen the accelerated adoption of digitalization which has created significant impact in businesses and
our personal lives. For instance, following the valuable lessons drawn from full home-based learning
during the circuit breaker period, the Ministry of Education in Singapore has recently introduced a new
blended learning approach where students will be taught via a mix of online and offline methodologies.
In line with the global trend towards digital transformation, the Journal of Business, Sciences and
Technology will evolve to become a fully digital journal from 2021. In this issue, we are pleased to share
with you five interesting articles that cover topics in education and science.
The first article is a reflective essay that examines the learner characteristics and challenges faced by a
subgroup of foreign students in Singapore, along with key strategies to achieve effective learning. Using
United World Colleges as a case study, the second article discusses the implications and importance of
ensuring intercultural awareness within international schools. Intercultural competence is crucial in
fostering a harmonious learning environment.
Diabetes mellitus is a highly prevalent chronic disease for which lifestyle and dietary modifications
play an integral role as part of overall management in addition to conventional medical treatment. The
third article assesses anti-diabetic properties of some common food and spices via a series of laboratory
experiments using the larvae of fruit flies. According to the World Health Organization, obesity is viewed
as a global epidemic and a significant risk factor for many chronic diseases. The fourth article reviews the
latest research exploring the emerging links between gut microbiome and the development of obesity.
Wrapping up this issue, the fifth article highlights the evidence of microbial heterogeneity being present
in single-species clonal cultures, a phenomenon which improves the adaptation and survival of bacteria
in dynamically changing environments.
Together with the editorial team at MDIS, we sincerely thank our distinguished panel of editorial
advisors who have kindly reviewed the articles and trust you will find this issue a rewarding read.
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Learner characteristics
of foreign students in
Singapore and implications
for effective learning
by
Mr Joseph Tan Tee Meng

Abstract
This is a reflective essay that is based on a review of literature in the academic disciplines of education
and educational psychology on the topic of understanding learner characterisitics for effective learning.
It surveys established theoretical perspectives in learning and teaching to critically discuss how effective
learning can be enhanced in the classroom. Through a storyline based on actual events that describe a
class of teenage foreign students learning English as a second language in a private educational institution
in Singapore, this essay identifies key learning issues such as the lack of motivation and achievement
striving behaviour in some students, and challenges foreign students face in second language learning;
and discusses four key strategies to further develop effective learning.

Introduction
The economic growth and expansion of China in recent decades and the sheer size of her population
have led to a massive influx of foreign students into English speaking countries around the world to
learn the international language and pursue an internationally recognised education. Singapore, like
other nations, has played host to Chinese students. Like other host countries, the private educational
institutions in Singapore, which aspire to maintain a high standard of English-medium education, face
challenges of understanding and catering to their foreign students. The following story line describes a
typical English language lesson for a class consisting mainly of Chinese teenage students and a minority
of other Asian nationalities, and highlights some of the challenges and aspects of learner characteristics
that influence them. Some characteristics may be typical of that age group while others may be unique
due to their circumstances as foreign students.

A Typical Monday Morning Lesson
The first lesson on a Monday morning is usually the most challenging period. Students tend to arrive
late, some by as much as half an hour. Not wanting to disincentivize those who were on time, the teacher
would begin the lesson as scheduled. However, that would mean failing to engage a substantial portion
of the class as late-comers trickled in and missed part of the introduction. Ignoring late-comers would
be perceived as condoning lateness and would encourage the problem, while stopping to discipline one
student after another would disrupt the lesson and dampen the atmosphere of the class. It was a situation
that could not be adequately resolved by any course of action taken by the teacher in the classroom at
that point in time. The deeper issues of students’ motivation to attend classes have to be addressed and
the desirable behaviour of punctuality needs to be encouraged not simply by setting rules or making
clear the teacher’s expectations beforehand but by understanding the factors that influence motivation
and creating conditions that will help students sustain consistent positive learning behaviour. According
to Deci and Ryan (2002), students are motivated to persist in achievement striving behaviour when
they feel a sense of belonging, emotionally connected with others, competent about their abilities to be
effective, and that they have the autonomy to exercise their volition.
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Challenges of Learning a Second Language
Following the introduction was a brief 20-minute lecture, and direct questioning was used to activate
prior knowledge, create meaningfulness and evaluate students’ understanding. According to Flavell
(1985) as cited in McInerney (2014), new information is more efficiently processed when it is meaningful
in relation to existing knowledge. Knowing that listening to a lecture in the target language one is trying
to learn is taxing and tedious, the content of the lecture was simplified and kept to a minimum but there
were still some students who could not fully follow. A greater cause for concern is the diminishing level
of engagement. The longer the course runs, the less effective lectures become. Students tend to lose
interest in their academic progress over time and become preoccupied with other aspects of their lives.
Perhaps, if students are able to track their progress through a mobile app or personal device, it will help
them see the significance of any lesson in the bigger picture and encourage them to take ownership
of their academic progress. Maloy, Verock-O’Loughlin, Edwards and Park Woolf (2014) suggest that
technology can be used to help students manage short-term performance and long-term goals and
enhance their academic experience.
Students found the small group activity that followed the lecture more engaging, and they enjoyed
collaborating with peers. They felt comfortable expressing opinions but have a tendency to speak in their
native language. Cummins (2000) suggests that first language can be used to support second language
learning and bilingualism can be cognitively enriching. However, the lack of interaction with native
English speakers and the immersive experience of an English speaking environment is a disadvantage
(Brice, 2002; Woolfolk & Margetts, 2016). Outside the classroom, the students tend to form social groups
with people from their home country and avoid speaking English. As the explicit knowledge of grammar
rules taught in class has not been implicitly learned through unconscious acquisition and integration,
the students experience difficulty applying them in everyday speech and writing (Yang & Li, 2012).

Learner Characteristics
Aged between 16 and 18, the students can be characterized as mature and independent. Most of them
are in Singapore on their own residing at a hostel or homestay. Some stay connected with their parents
through social media and mobile communication apps for support and guidance, while others have too
much freedom from parental control and may feel emotionally disconnected. In the absence of parents,
teachers and guardians will have to play a more active role in the students’ social, emotional and moral
development. According to Bronfenbrenner (1979; 1989) and Woolfolk and Margetts (2016), teachers,
counsellors and other authority figures in school are an essential part of an individual’s microsystem as
Bronfenbrenner described in his bioecological model of human development.
Moreover, the students are in the adolescence developmental stage and need to be supported in their
exploration and formation of a positive self-identity or risk becoming apathetic and withdrawn (Archer
& Waterman, 1990; Kroger, 2000; Woolfolk & Margetts, 2016). Hence, the students’ social-emotional
and character development (SECD) is an important issue to address. Elias, DeFini and Bergmann’s
(2010) study has shown that there is a link between SECD and academic achievements.
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Key Learning Issues and Effective Learning
Purpose and Overview
The purpose of this part of the essay is to discuss comprehensively the learning issues identified, and
the aspects of learner characteristics described in the story about an English language lesson conducted
for a class of predominantly Chinese foreign students aged between 16 and 18 in a private educational
institution in Singapore. It focuses on the implications, teaching strategies employed and educational
practices based on literature on theories of learning that can be applied to further develop the
effectiveness of learning. The key learning issues identified are: (i) students were lacking in motivation
towards learning and achievement striving behaviour as evidenced by their unpunctuality; (ii) the
diminishing level of engagement over time; (iii) the ineffectiveness of explicit language learning; and
(iv) the importance of social-emotional and character development (SECD) to academic success.
The discussion on the aspects of learner characteristics and their implications are based on the following
established assumptions and beliefs. Firstly, the students are going through adolescence and are in the
process of forming a self-identity (Marcia, 1991, 1994, 1999; Kroger, Martinussen & Marcia, 2010;
Woolfolk & Margetts, 2016). Secondly, they have a need to feel emotionally connected to others and
the quality of their social interactions and social life has an effect on their motivation and academic
achievements (University of Rochester, 2013). Thirdly, they are autonomous individuals who need to
consent to learning before it can take place effectively (Deci & Ryan, 2002). Lastly, their beliefs and selfperceptions influence their level of self-efficacy and expectancy of success, and determine their effort
towards goal attainment (Bandura, 1997).
The four key teaching strategies identified that will further enhance learning are: (1) adopting a multipleperspective approach to motivation, goal setting and attainment; (2) using technology and gamification
in curriculum design and course administration to encourage self-management and sustain students’
engagement; (3) developing a multicultural education (Banks, 2001) that emphasizes students’ SECD;
and (4) becoming a twenty-first century teacher who espouses the effective reflective practices as
described by Loughran (2002).

Theorectical Perspectives on Learner Characteristics and the Implications
on Teaching Practices
Adolescence and Identity Formation
The learners are between the ages of 16 and 18. During this stage of adolescence, the sense of self they
have been developing since young is being negotiated and defined in relation to the social structure and
arrangement they find themselves a part of. The identity they choose to form influences their belief and
value system, drive and goals in life, and commitments to other people and their own ideals (Miller,
2011; Penuel & Wertsch, 1995; Woolfolk & Margetts, 2016). School is an important social environment
for adolescents to interact with peers, teachers, authority figures and other significant adults. Being
foreign students residing abroad and living far from their families and close friends, the school has a
greater responsibility as it becomes the primary social setting for interactions with others.
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On the other hand, modern technology such as mobile communication apps has made it much easier
to connect instantaneously and stay connected with people many miles away. Parents of the students
living abroad will not only be able to provide the emotional support and guidance their children need,
but also continue to exert their expectations and pressure on their children’s academic grades despite the
distance. The over-emphasis on academic grades typical of Chinese and other Asian parents may lead to
teenagers experiencing identity diffusion. According to Archer and Waterman (1990), identity diffusion
occurs when teenagers are not given the opportunity to explore the options before committing to goals
set by others such as their parents. Some students were observed to exhibit some degree of apathy and
withdrawal, which are symptomatic of identity diffusion (Archer & Waterman, 1990; Kroger, 2000).
What adolescents need is support for their identity formation. They need to explore realistic options
available to them, make choices and decisions before committing to pursue them. They should also be
supported to change course or direction if necessary as they learn more about themselves (Marcia, 1991,
1994, 1999; Kroger, Martinussen & Marcia, 2010; Woolfolk & Margetts, 2016). Hence, the implication
for schools and educators is to support identity formation with programmes that will provide models
for career choices, resources for personal development, helpful and realistic feedback from teachers, and
even a certain level of tolerance for teenage fad or identity exploration, as suggested by Woolfolk and
Margetts (2016).

Social Needs and Relatedness
According to Maslow (1970) and Woolfolk & Margetts (2016), humans have basic needs to fulfill, namely
food and shelter for biological needs, protection and security for safety needs, love and affection for
social needs, and approval and self-respect for esteem needs. He argued that the needs must be satisfied
in this order to avoid deficiencies in personal development resulting in disconnectedness and alienation.
Therefore, it is important to address the students’ social and esteem needs through their experiences
in school after their biological and safety needs have been met. Evidently, all the students in this case
come from well-to-do families who can afford private education abroad. Students need to feel a sense
of belonging and affiliation, develop affections and emotional attachments to teachers and peers, gain
approval and acceptance of others, and experience self-respect, independence and freedom. Students
with their social and esteem needs met are likely to have better attendance, achieve better academic
results, and develop a greater sense of well-being (Johnson, Crosnoe & Elder, 2001).
The desire to establish close emotional bonds with others is what Deci and Ryan (2002) term as relatedness,
which is one of the key components of intrinsic motivation. Ryan (2013) and quoted in University of
Rochester (2013) further suggests that feeling emotionally connected to others is not a one-way street
where teachers or others make the effort to be responsive and show concern to the students who are
merely at the receiving end. He argues that it is as important to give as it is to receive. Students given the
opportunity to make a difference in the lives of others and being appreciated for it will foster a stronger
sense of relatedness. As some students lack the social and emotional skills to proactively connect with
others to establish meaningful interpersonal relationships, it becomes necessary for schools to help
students develop sustainable skills of communication and emotional intelligence so that they can relate
to others more effectively and establish closer bonds (Bowman, 2015).

Autonomy and Self-determination
Another important aspect of learner characteristics is that the students are autonomous individuals
who need to feel that they have some choice and control over their behaviour and daily lives. External
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controls such as class schedules, deadlines, rules and homework tend to be viewed as threats to their
sense of autonomy and become constraints or pressure students feel the need or have a subconscious
reaction to struggle against. Ryan (2013), and as quoted in University of Rochester (2013) suggests that
if students are able to make self-initiated choices, especially with regard to external factors that do not
add any intrinsic pleasure, they will commit themselves more wholeheartedly to the tasks and goals. It
is obviously impossible for students to dictate class schedules or assignment deadlines. However, if they
have information in advance, a road map of the course they are taking, easily accessible and helpful
guidelines and support on completing assignments and achieving their desired grades, they will feel a
greater sense of control as they will be able to make personal plans and be mentally prepared for the
lessons and tasks ahead.
Furthermore, the learners need to perceive that the teacher and the classroom environment are
autonomy-supporting, not controlling. Based on Deci and Ryan’s (2002) cognitive evaluation theory,
events that happen in the classroom, such as being complimented or criticised, lectured about deadlines
or rules, and graded fairly or unfairly, will enhance or undermine their sense of autonomy and selfdetermination, and as a result affect their level of intrinsic motivation. The way a teacher communicates
determines how the event is perceived— either as being controlling or informational—which has an
impact on students’ motivation. A teacher who comes across as informing students about choices and
offering objective appraisals, suggestions and guidance to achieve a goal or target will be motivating,
while one who comes across as attempting to control behaviour will be demotivating. In addition, Marsh
and Pittaway (2014) suggest that a student-centred approach where students are given the opportunity
to reflect on their learning and encouraged to evaluate their progress after each lesson, and involved in
planning and determining objectives for the next lesson, will increase their sense of autonomy and selfdetermination leading to greater intrinsic motivation.

Beliefs and Self-perception
How the students perceive themselves and the beliefs they hold about their abilities are also important
aspects of learner characteristics. Their beliefs and self-preception greatly influence their sense of
competence, self-efficacy and the expectation of success, which determine the amount of effort they
will put into goal striving. Unfortunately, as teenagers mature, they tend to experience deteriorating
perceptions of their academic abilities (Anderman, Maehr & Midgley, 1999). Many of the students
believe that they have become more realistic compared to when they were younger and had too
optimistic and naive views of themselves. However, Phillips and Zimmerman (1990) and as cited in
Woolfolk & Margetts (2016) suggest that they may underestimate their own abilities and suffer from
illusions of incompetence. Similar to the findings of Yeung, Lau and Nie’s (2011) research, both the boys
and the girls in this class seemed to experience deteriorating motivations and self-perceptions, while the
boys were generally less engaged or interested in learning English and had a higher tendency of effortwithdrawal than the girls.
However, according to Weiner’s (2010) attribution theory, how students attribute the outcomes they
experience in class influences their beliefs and future behaviour. If students attribute a positive outcome
to personal effort which is an internal, controllable and changeable cause, they are more likely to persist
in their effort in the future as the positive outcome has rewarded them with pleasurable emotions.
Whereas, if students experience failure and attribute it to unchangeable internal factors like their lack of
talent or uncontrollable external factors like teacher’s biasedness or an unfair grading system, they are
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likely to give up or withdraw their efforts. Hence, the implication is that teaching strategies that focus
on helping to shape students’ beliefs and self-perceptions will empower them to persist in achievement
striving behaviour; and as they experience the rewarding emotions that come with positive outcomes, it
will create a virtuous circle for success.

Four Key Strategies to Further Develop Learning
1. A Multiple-perspective Approach
In the storyline, the students were described to be lacking in intrinsic motivation to persist in achievement
striving behaviour. The aspects of learner characteristics that influence their motivation and behaviour
were their need for identity formation, relatedness, autonomy and self-efficacy. Hence, adopting a
multiple-perspective approach will be an effective way to address these deep-seated issues. From a
humanistic perspective, the students need to be supported in the development of their self-identity and
have their social needs of connecting with others met. To do so, the school can organise activities such
as leadership camps, enrichment programs, career workshops and community involvement projects.
According to Maslow (1970) and as cited in Woolfolk & Margetts (2016), when the students’ basic needs
such as social and esteem needs are met, they will strive towards self-actualisation or mastery goals
that lead to long term academic success. The students also need to experience a high degree of selfdetermination in the classroom, which can be achieved by giving students choices and communicating
them in a timely and informational rather than controlling manner, and involving students in planning
and managing learning tasks and assignments. Deci and Ryan (2002) suggest that self-motivated and
self-determined behaviour leads to personal growth, well-being and happiness.
From a socio-cognitive perspective, students need to expect success in their efforts and value their goals
in order to be motivated (Bandura, 1976). The students in this case were clearly aware of the value of an
internationally recognised education, but they needed help to boost their self-efficacy and expectancy of
success in learning a new language and becoming proficient in English, which is the medium of learning
in all their other academic subjects. This can be done by creating short term goals and tasks with a
manageable level of difficulty so that students can experience incremental success and be motivated by
it (Graham & Weiner, 1996; Bandura, 1997 and Woolfolk & Margetts, 2016). Students should also be
guided to evaluate and attribute their success or failure to controllable and changeable causes, and not
hold on to limiting beliefs about their abilities so that they will be motivated to persist in achievement
striving efforts (Weiner, 2010).

2. Technology, Gamification and Online Social Networks
With the prevalence of digital technology in Singapore and the students’ accessibility to the internet,
personal devices and mobile apps, the students can be characterized as digital learners who like to
stay connected, expect immediacy of information, and prefer to learn by exploring, as evidenced by
Lai and Hong’s (2015) findings. Hence, technology can be used to encourage students to keep track of
and manage their attendance and academic progress. Reminders sent via technology for attendance
requirements or assignment deadlines will be perceived as informational and impersonal rather than
controlling. Students will experience greater autonomy and self-determination as they see their actions
such as being punctual for classes produce a positive and desirable visual feedback on their mobile apps.
Technology can also be used to deliver instructional content like lecture notes, reading lists, lesson
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objectives, assignments and grading criteria. The classroom face-to-face lesson can be a flipped learning
experience that encourages active learning where students engage with the information they have
gathered prior to the lesson and deepen their understanding and knowledge through discussion and
collaborative problem-solving activities (King, 1993).
Gamification of vocabulary learning and grammar practice drills using technology can make language
learning more fun and interesting. Online gamified language learning and other role playing video games
are readily available on the internet for students to practice English in a virtual world that mimics reallife situations and conversations (Ray, 2019). According to Gee and Hayes (2010) and Maloy, VerockO’Loughlin, Edwards & Park Woolf (2014), online educational games and interactive simulations can
provide deep, lasting and immersive experiences that enhance information processing and long term
memory. Furthermore, an online group or a virtual community can be created on a secure school website
or other social networking websites for the students to connect, interact and share learning experiences.
Cheung, Chiu and Lee’s (2011) research supports the fact that students use online social networks to
enhance their sense of belonging and social identity.

3. Multicultural Education and Social-emotional and Character Development
Although the culture in Singapore is similar to those of its Asian neighbours, there are differences and
students may experience culture shock with regard to education. For instance, Chinese students who are
accustomed to an authoritarian school culture may find themselves having to learn to exercise greater
self-discipline and responsibility in the more liberal and democratic culture in Singapore. As all cultures
have their advantages, the school should value cultural diversity and strive for multiculturalism, where
teachers and students make an effort to be sensitive, empathetic and accepting of the differences in
value systems and beliefs, and all individuals feel included and are treated fairly and equitably (La Belle
& Ward, 1994). According to Banks’ (2001) five dimensions of multicultural education, the school can
promote multiculturalism through the curriculum, teaching methods, social structures in schools,
influencing students’ attitudes and beliefs, and identifying and reducing prejudice. The foreign students
should not feel that their cultural identity is being threatened but be encouraged to blend it with what
Singaporean culture has to offer.
Helping students to feel that they are a part of the local community in Singapore will also enhance their
SECD. According to Elias, DeFini and Bergmann (2010), helping students to see the relevance and
meaningfulness of their education for the good of the society will motivate them to want to learn and
better themselves to make a difference in the world. Hence, the school should focus on informing and
educating students of the importance of a positive character for academic learning, and the satisfaction
and self-respect they get from helping others and contributing to the school and community. Koh’s
(2012) study on community involvement and service learning programmes in character and moral
education in Singapore schools shows that they encourage students to develop moral values, judgement
and sensitivity. These programmes should be extended to the foreign students and could involve
collaborating with the local public schools.

4. Be a Reflective Twenty-first Century Teacher
Churchill (2013) suggests that the most important skill a twenty-first century teacher needs is the
ability to establish and maintain high quality positive relationships with learners. Learning relationships
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where students consent and make an effort to learn, and develop a positive human identity at school
because of the teacher’s care, encouragement and investment in them, are intrinsically motivating
(Bernstein-Yamashiro, 2004). Yildirim’s (2012) study concurs that perceived teacher support
influences students’ motivational beliefs and learning strategies. Hence, it is important to create a
classroom social environment that enhances students’ motivational beliefs, engagement in learning
and achievement through the teacher’s supportive behaviour and attitudes towards them. Moreover,
the teacher’s interpersonal communication skills, which involve verbal and non-verbal behaviour, must
demonstrate that the teacher is approachable and understanding, firm and fair, and respect and value
others (Groundwater-Smith, Cornu & Ewing, 2011). Such visible teaching skills, as Hattie (2010) also
argues, are important contributing factors of learning, and a visible teacher is always in control and is
the activator and director of learning.
To put these into conscious practice, a teacher needs to be a reflective practitioner. Larrivee (2009)
suggests that teachers reflect critically about the moral and ethical implications and consequences
of their classroom practices, self-reflect on their own beliefs and values, be authentic in their selfidentity and behaviour, and be aware of their personal filtering system. Loughan (2002) argues that
it is important to see things from different perspectives and one can do so by keeping a journal, and
framing and reframing a teaching incident to learn from the experience. Being a reflective twenty-first
century teacher, one will be able to respond with wisdom in their actions, articulate and accumulated
professional knowledge which can be shared and transferred.

Conclusion
In summary, several deep, interlinked and overlapping issues regarding the students’ profile,
circumstances, learning characteristics and the implications on teaching practices have been discussed.
Some of the teaching strategies described in the storyline were well-intentioned, for instance, trying to
engage the students in a discussion to create meaningfulness by activating prior knowledge. However,
due to the limitation of the students’ language ability, their lack of motivation and achievement striving
behaviour, and their growing sense of disconnectedness and withdrawal, the effort seemed isolated and
futile in the long run, like fighting a forest fire with one bucket of water at a time, and it seemed to be
merely treating the symptoms without getting to the root causes. Hence, looking at the learning issues
from multiple perspectives allows one to identify and understand the factors that influence students’
beliefs, attitudes and behaviour, which determine their motivation and effort towards educational goals
and academic success. The factors discussed include students’ basic needs as social beings, where they
need to feel a sense of belonging, relatedness, competence, autonomy and self-determination; and their
need to grow and develop socially, emotionally and morally so as to be able to form a positive selfidentity, and find meaning and relevance in their educational pursuit in their present life, and realise
their future role in society.
Based on established theories of learning, the teaching strategies suggested to improve the effectiveness of
learning have gone beyond classroom practices—to making use of personal technology in everyday life
to help students enjoy learning English, motivate them to take control of their academic life and enhance
their social experience as students; promoting multiculturalism in school to value diversity and make
students feel accepted and included; fostering students’ social-emotional and character development
through personal development programs and active community involvement; and espousing the
effective reflective practices of a twenty-first teacher to gain renewed consciousness of their practices,
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assumptions, beliefs and values. Ultimately, these strategies will contribute not only to more effective
learning and better academic performance, but also to the students’ holistic development and have a
positive impact on their lives and the society in the future.
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Ensuring Intercultural
Awareness within
International Schools:
A Study of the United World
Colleges
by
Dr Alby Anand Kurian

Introduction
Aspirations towards intercultural awareness and competence pose both exciting possibilities and
complex challenges for education. In order to critically reflect on the impact of one school system, this
essay studies the United World Colleges (UWCs). It demonstrates that these schools present a rich case
study for scholars and educators as their efforts to promote intercultural understanding and harmony on
a global scale are both constructive and contestable. First, the origin and ethos of the UWCs is explored,
situating these schools within their wider historical, geopolitical and ideological significance. Then,
drawing on theories of intercultural competence, international education, social identity, prejudice,
third spaces and elite schooling, it is argued that UWCs’ efforts to promote intercultural awareness and
competence seem transformative in some ways and flawed in others. The implications for international
education are also discussed more broadly. Following the guidelines for this assignment, key factors
affecting intercultural competence based on research are evaluated, with a focus on one element in
detail (intercultural understanding through education) in relation to key issues and interrelated factors,
drawing on theory both within and beyond the modules; the arguments are situated within larger
questions for intercultural education.

A Global Movement
The UWCs describe themselves as a “global education movement that makes education a force to unite
people, nations and cultures for peace and a sustainable future” and have 18 schools on 4 continents
and in over 150 countries (UWC International, 2020). The UWCs list “international and intercultural
understanding” as their first core value, followed by other values such as “celebration of difference”
(UWC International, 2020). This ethos embodies the vision of the UWC founder, Kurt Hahn, who
sought to build an educational movement for peace building following the two World Wars (Sutcliffe,
2012). Thus, the UWCs can be said to represent the kind of international education associated with
“an ideology of international understanding and peace, responsible world citizenship and service”
(Cambridge & Thompson, 2004); or what political scientist Kjell Goldman describes as the “ideology of
internationalism”; an orientation towards a peaceful “society of states” that share a common vision of
human rights and global cooperation (Goldman, 1994).
This orientation towards intercultural education might help UWC challenge pre-existing patterns of
cultural discrimination or intergroup hostility. Scholarship on intercultural competence frequently
refers to theories of identity formation (e.g. Wiegand, 1992); one of the most well-known theories is
Social Identity Theory (Tajfel & Turner, 1979), which explains how social identity evolves through a
process of social categorisation. Individuals begin to identify distinctive social groups as in-groups
(“we”) and out-groups (“them”). Satisfied social identities are facilitated through intergroup comparison
when an individual sees the traits of his/her “in-group” as favourable compared to those of the outgroup (Tajfel & Turner, 1979). This can lead to in-group favouritism and intergroup discrimination. In
order to tackle these biases, Allport (1954) developed the “contact hypothesis”. The basis for much work
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in intercultural education, the contact hypothesis proposes that negative stereotyping and prejudice
against an out-group can be countered through sustained contact between different groups and the
cultivation of positive experiences (Allport, 1954).

Allport’s Contact Hypothesis
Keeping in mind this theoretical framework, the UWCs might serve to promote intercultural competence
by disrupting biases and prejudices. UWC students are pushed towards the high-contact, sustained
intergroup engagement that Allport’s (1954) contact hypothesis recommends. They live, study and work
alongside teachers and peers, the majority living in boarding facilities full-time for two years, which, as
Van Oord and Brok (2014) point out, encourages the creation of not just an international school but also
an international community. Research findings indicate that this sustained engagement, encouraged
by a school ethos of inclusion, might encourage intercultural competence. For instance, Hayden and
Thompson’s (2010) study showed that in the context of ethnic tensions between Serbians, Croats and
Bosniaks, UWC-Mostar helped students overcome prejudices against the “Other”. Stereotypes of one
community being inferior to another were discussed and deconstructed in the classroom. Students
ultimately became motivated to build positive, reconciliatory relationships between the three conflicting
communities. The vast majority of students also reported in questionnaires that they were now more
open-minded, ready to revise their opinion about different issues and more likely to mingle with people
from different cultures than before.
Other literature also suggests that UWC pedagogies positively impact students’ intercultural
competence. For example, one UWC teacher has written about guiding students to discuss historical
conflicts concerning their own family histories; the teacher notes, “There is something profoundly
hopeful about watching two students talk through the conflicts of their great-grandparents and then
head out to eat lunch together” (Tymms, 2017). Such dialogue, which cultivates self-reflexivity about
one’s own positionality, has been recognised as crucial (Bajaj & Hantzopoulos, 2016) and fosters the
empathy recommended by scholars of prejudice and social identities (Allport, 1954; Tajfel & Turner,
1979). Empathetic, dialogic education might also develop openness, curiosity and awareness about
the relative nature of values and cultures, attitudinal factors highlighted in Byram’s (1977) model of
intercultural competence.

“The Third Culture”
Moreover, the demographic composition of UWC as a school with “third-culture kids” might guide
students towards more complex forms of intercultural competence. Normative definitions of “intercultural
communication” rest on dyadic assumptions of distinct cultures; for example, “communication between
people from two different cultures” (Chen & Starosta, 1998, p. 28) or a process of “people from different
cultures creating shared meanings” (Lustig & Koester, 2007, p. 46). Indeed, scholarship on intercultural
competence has traditionally relied on binaries (such as “East-West” and “here-there”). By contrast,
theorisations of “third spaces” from cultural studies and human geography have sought to change these
binary notions of distinct cultures and emphasise the continual hybridity of culture instead (Bhabha,
1990, 1994; Crang, 1998; Soja, 1996). “Third space” theorisations seem particularly appropriate for UWC
schools given that many students come from mobile, expatriate and mixed-race families, locating their
identity in multiple ethnicities and diverse countries rather than a single culture (UWC International,
2020). Hence, social interaction in the UWCs can extend the traditional definitions of intercultural
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communication, pushing learners to communicate with peers who come not from a singular culture
but from multiple and interconnected spheres of difference. In this way, UWC transcends binaries to
become a “lived zone of trans-culture” (Feng, 2009, p. 74).

A Critical Reflection
Having discussed the possibilities UWC offers for intercultural competence, a more critical reflection
can be done on curricular and pedagogical flaws or constraints and the limitations of research evidence.
Two barriers or challenges to intercultural competence within international education systems such as
UWC may be identified. The first is what Cambridge and Thompson (2004) name as the “pragmatic”
pressures on progressive educational movements. The second is the danger of surface-level approaches
to intercultural understanding that do not engage sufficiently with societal-level structures of exclusion
and discrimination.
To begin with the first constraint: the research findings highlighted above regarding the positive impacts
of UWC upon intercultural competence (Hayden & Thompson, 2010; Wilkinson & Hayden, 2010)
cannot be accepted uncritically. These studies relied upon UWC students’ self-reports of internal changes
in attitudes towards other cultures. However, self-reports are not necessarily accurate and might also
need to be seen in light of the potential commodification of values such as “intercultural competence”.
Cambridge and Thompson (2004) speak of the dilemma about idealism versus pragmatism faced by
international education systems such as UWC. On the one hand, such schools espouse a progressive
ethos of global citizenship, intercultural understanding and peace; they aim to nurture students’ moral
development beyond the academic curriculum. On the other hand, such schools are still caught up in
“the pragmatic globalist current of international education” which must meet the ever-growing need for
credentials and qualifications that can be seen as high-quality and transferred between countries and
systems (Cambridge & Thompson, 2004, p. 164).

Idealism and Pragmatism
This tension between idealism and pragmatism might mean that UWC’s values of intercultural
understanding and harmony become entangled with economic pressures. Rizvi (2014, 2000) points
out that international schools’ discourses of intercultural understanding and global citizenship are also
a way to “brand themselves with distinctive markers to strategically position themselves within the
global market”. By promoting intercultural competence, UWC also performs, as Ball (2003) describes,
“an economic function: creating, a specific prestigious educational package that appeals to consumers”.
Hence, its efforts are situated within the “moral economy” of elite schooling (Kenway & Fahey, 2015).
Students, in turn, may also face the commodification of such values; Sriprakash, Qi & Singh’s (2016)
study found that students at an international school viewed working towards intercultural understanding
as curriculum vitae assets for their university admissions or their employability. The pressures of
credentialism and commodification in the modern educational marketplace thus risk diluting efforts
to genuinely engage with cultural diversity and inclusion. This suggests a potential tension within the
UWC system that reflects a broader contradiction in international schools’ efforts towards intercultural
competence. As Cambridge and Thomas (2004, p. 172) note, such schools might promote positive
attitudes to global citizenship but these attitudes might also be “used as a means of enhancing positional
competition and personal economic advancement”.
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The second critique that could be made of UWC schools’ efforts towards intercultural competence is to
question whether they critically interrogate historical, political and socio-cultural legacies of injustice
and exclusion; the “problem may be that international education enhances and celebrates cultural
diversity only in its exotic and peripheral ‘sari, samosas and steel bands’ components” (Cambridge
& Thompson, 2004, p. 171). In his well-known analysis of the theory and practice of intercultural
education, David Coulby argued that intercultural education needs to engage more deeply with “less
familiar topics” (p. 255) such as inclusion, exclusion, colonialism and identity politics. Perhaps, Coulby’s
critique could be integrated with Byram’s (1977) conceptualisation of “critical cultural awareness” as a
criterion for intercultural competence. In a time of ever-increasing attention to social justice, critical
cultural awareness - or the ability to critically evaluate the practices and products of different cultures might mean reflecting on internal disparities of power and exclusionary structures within purportedly
transformative schooling.
Wilkinson and Hayden’s (2010) study showed that students in UWC-Mahindra in India supported values
such as understanding different cultures and tackling global problems. However, critical sociological
literature on international schooling has pointed out that the emphasis placed on global issues to a
predominantly wealthy student population can unintentionally reify hierarchies of privilege, by risking
paternalism or condescension in charitable efforts for under-represented cultural groups (Sriprakash,
Qi & Singh, 2016) and nudging students to perceive themselves as a ‘moral aristocracy’ that alone is
equipped to debate and resolve global problems (Kenway & Fahey, 2015).

‘Critical Cultural Awareness’
Perhaps a way forward might be to prioritise Byram’s (1977) criterion of ‘critical cultural awareness’ in
the form of self-criticality about power, positionality and social justice. On 3rd June 2020, the Executive
Director of UWC International and two Chairs of the UWC International Board and Council wrote
an open-access letter on behalf of the UWC movement, now available on its website. Significantly, the
letter not only affirmed UWC’s support of the Black Lives Matter movement and its commitment to
intercultural understanding, but also the movement’s own needs for greater competence and awareness:
“We acknowledge and appreciate those voices in the UWC community that are pointing out manifestations
of racism within our own institutions...The UWC values call on us to work towards peace and justice for
all people. We pledge our commitment to safeguarding those whose race makes them vulnerable in our
institutions. We pledge to create more opportunities for conversations - across the UWC movement and
including at UWC schools and colleges, national committees and within the UWC International Board
and Council - to help us understand and address our own blind spots that enable racism….” (Kanyoro,
Bassat & Waltermann, 2020)
Committing to a self-critical approach to intercultural competence might help the UWCs to avert
the danger of tokenistic, surface-level “sari, samosas and steel bands” approaches (Modood & May,
2001; Moodley, 1983; Troyna, 1987). Indeed, this UWC letter’s promise to “understand and address
our own blind spots” invokes a self-criticality that is core to literature on intercultural competence; for
example, Cushner (1994) considers the confronting of one’s own prejudices a key affective component
of intercultural competence, while Byram (1977) similarly stresses the need to examine one’s own biases.
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Conclusion
This essay has sought to examine both the possibilities and the challenges of education for intercultural
awareness, competence and understanding. Through a study of the UWC movement and drawing on
theories of social identity, prejudice reduction and intercultural communicative competence, it explored
how UWC schools may help to tackle prejudices and inter-group conflict through long-term, sustained
forms of engagement and an ethos of inclusion and empathetic dialogue. Then, in order to flag constraints
or limitation in approaches to intercultural competence, the “pragmatic” pressures on progressive
educational movements, was discussed – this can risk commodifying “intercultural competence” as
marketing strategies for elite international schools - tools for employability or CV assets for university
admissions. The danger of surface-level approaches to intercultural understanding that do not engage
sufficiently with societal-level structures of exclusion and discrimination was highlighted. A positive as
well as a critical lens have been adopted to help illustrate the innately “ambiguous and contradictory”
nature of international and intercultural education (Cambridge & Thomas, 2004, p. 172).
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Abstract
The prevalence of diabetes, one of the leading causes of death, has been rapidly increasing over the
years. Available treatment options have adverse side effects. Some common food and spices used in
everyday life and known to possess anti-diabetic properties such as bitter melon (Momordica charantia),
cinnamon, fenugreek seeds, ginger, etc. have been traditionally used for the treatment of hyperglycaemia.
Studies done in animal models such as mice and rats have also shown the antidiabetic properties of these
compounds. However, using vertebrate model systems is ethically and financially demanding. In our
study, fruit fly Drosophila melanogaster L3 larvae were used to evaluate the antidiabetic properties of bitter
melon, cinnamon bark powder and fenugreek seed powder at various concentrations by incorporating
them into the diets of high sugar diet induced hyperglycaemic Drosophila L3 larvae. Both low and high
sugar diet mixed with various concentrations of these natural compounds showed a significant decrease
in the glucose and trehalose concentrations in the larval haemolymph.

Introduction
Diabetes Mellitus (DM), one of the oldest disease affecting humans has been mentioned in the Egyptian
manuscripts about 3000 years ago (Baynest, 2015). Diabetes (Greek- to pass through) and Mellitus
(Latin- honey or sweet) represent excess sugar in blood and urine. Today diabetes is one of the major
health concerns worldwide as cases of diabetes are on the rise from 108 million people in 1980 to 422
million people in 2014, which is an increase from 4.7% of the global population in 1980 to 8.5% of
the global population in 2014. Diabetes caused around 1.6 million deaths in 2015 and is projected to
be ranked the seventh leading cause of mortality by 2030 (WHO, 2020). The prevalence of diabetes
in Singapore has risen from 8.2% of the population in 2004 to 13.7% of the adult population in 2017
(International Diabetes Federeation, 2017). Diabetes is a common, non-communicable, chronic,
metabolic disease characterized by elevated levels of circulating blood sugar or hyperglycaemia and
impaired metabolism of carbohydrates, lipids, and proteins. This condition is caused by the abnormality
in insulin signalling (Type 2 Diabetes or T2DM) or lack of insulin secretion (Type 1 Diabetes or T1DM)
or a combination of both. The symptoms of diabetes include polyuria, polydipsia, and weight loss
(American Diabetes Association, 2010) and may lead to retinopathy, renal failure, foot ulcers, sexual
dysfunction, hypertension, macro- and micro-vascular complications (Borhade & Hughes, 2018; Huang
et al., 2018; Peloso, et al., 2018).
T1DM or juvenile onset diabetes is an insulin dependent autoimmune disorder caused by the destruction
of pancreatic beta cells resulting in the deficiency of insulin secretion which affects 5% to 10% of adult
patients and accounts for 80% to 90% of juvenile diabetes cases (Kharroubi & Darwish, 2015). T2DM
or adult onset diabetes is non-insulin dependent and the most common form of diabetes, constituting
90% to 95% of patients (American Diabetes Association, 2010; Wu, Ding, Tanaka, & Zhang, 2014).
Most T2DM patients suffer from obesity, and show symptoms of nephropathy, hypertension, and
dyslipidaemia (Dean & McEntyre, 2004; American Diabetes Association, 2010).
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Among the causes of diabetes, lifestyle factors such as high dietary fat content, obesity and physical
inactivity are important risk factors leading to diabetes (Chen, Magliano and Zimmet, 2012). Besides,
T2DM has stronger genetic predispositions than T1DM, though the genes associated with T1DM are
well defined compared to the genes associated with T2DM which are more complex and less defined
(Kharroubi & Darwish, 2015).
Insulin is an anabolic peptide hormone secreted by the islets of Langerhans in pancreatic β-cells.The
active insulin is exocytosed into the circulation by glucose stimulation and binds to trans-membrane
insulin receptors with intrinsic tyrosine kinase activity in target tissues (Álvarez-Rendón, Salceda
and Riesgo-Escovar, 2018; Dean & McEntyre, 2004). Phosphorylation of receptor tyrosine kinase
residues activates insulin receptor substrate (IRS) adaptor proteins IRS1 and IRS2, which recruit
class I phosphoinositide 3-kinase (PI3K) to the receptor complex to phosphorylate its substrate
phosphatidylinositol 4,5-bisphosphate (PIP2) to PIP3 and thus activate downstream targets, protein
dependent kinase (PDK1) and Akt (protein kinase B)(Figure1) (Frojdo, Vidal, & Pirola, 2009; Boucher,
Kleinridders, & Kahn, 2014; Mackenzie & Elliott, 2014; Eichler, et al., 2016). Akt is the major downstream
effector of PI3K, which mediates the insulin-stimulated translocation of GLUT4 transporters to increase
glucose uptake in skeletal muscles and adipose tissue. Thus insulin signalling increases glucose usage and
reduces gluconeogenesis, increases lipid deposition and reduces circulating free fatty acids, maintains
homeostasis of lipid and glucose metabolism, increases insulin production, and reduces appetite (Huang
et al., 2018).

Figure1. The schematic illustration of insulin signalling pathway in humans. Binding of insulin to its
receptor on target tissues initiates a regulated intracellular signal transduction cascade. The signalling
steps altered in insulin resistant and type 2 diabetic subjects have been marked with red crosses
(SaraFröjdö,HubertVidal and LucianoPirola, (2009).
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In T2DM patients the insulin resistance can be caused by genetic mutations in the genes for insulin
receptor, IRS proteins, PI3K, and AKT or by the dysfunction of IRS-PI3K signalling (Boucher, et al.,
2014; Frojdo, et al., 2009). The chances of developing T2DM are greatly increased by being obese as
excessive lipid production with insufficient disposal impairs the insulin-PI3K-Akt pathway, and leads to
insulin resistance and thus T2DM (Huang et al., 2018).
T2DM can be effectively controlled by anti-diabetic drugs such as biguanides, sulfonylureas, and insulin
injections (Olokoba, Obateru, & Olokoba, 2012; Wu et al., 2014). However most of the antidiabetic drugs
have side effects that can increase the risk of secondary complications of cardiovascular diseases, renal
failure, liver damage, mental disorders, and skin diseases (Coman, Rugina, & Socaciu, 2012; Moukette,
et al., 2017; Gothai, et al., 2016).
Besides, T2DM can be managed through changed lifestyle such as diet modifications, by quitting
smoking, and by limiting alcohol consumption. Plant derived antidiabetic compounds also provide
attractive alternatives for managing and treating T2DM with less or no side effects. Over 1200 plants have
been known to be remedies for diabetes worldwide and around 400 plants and their active compounds
have been scientifically proven to treat T2DM (Marles and Farnsworth, 1995; Habeck, 2003; Singh et al.,
2011). Many common herbs and spices such as Aloe vera, Cinnamon zeylaniucm, Citrullus colocynthis,
Eucalyptus globulus, Ginkgo biloba, Momordica charantia (bittermelon), Trigonella foenum-graecum
(fenugreek) etc. are used extensively worldwide as effective antidiabetic compounds (Patel et al., 2012).
The active antidiabetic compounds derived from plants include various alkaloids, anthranoids,
flavonoids, carbohydrates, glycosides, saponins, and polyphenols and show multiple effects on insulin
production and insulin signaling or both. (Bharti et al., 2018; Munhoz & Frode, 2018). Polyherbal
formulations have also been used to induce higher anti-diabetic therapeutic efficacy (Moukette, et al.,
2017; Kaur et al., 2012). (Figure 2)
In this paper we evaluated the anti-diabetic properties of three such plant derived products, namely,
skin and fruits of Momordica charantia or bitter melon, Cinnamon bark and fenugreek seeds (Trigonella
foenum-graecum), using hyperglycemic larvae of wild type fruit fly (Drosophila melanogaster) as model
organism. Drosophila melanogaster in the past few years has emerged as a useful invertebrate diabetic
model due to significant similarities with human insulin secretion and signalling (Figure 3) (Patel &
Hardy, 2012; Mensah, et al., 2015; Vinayagam, et al., 2016; Kijak & Pyza, 2017; Alvarez-Rendon, et
al., 2018). Besides, humans and adult fruit fly have similar structures involved in energy metabolism
and targets of diabetic complications. (Palanker Musselman et al., 2011). The added advantage is that
the fly genome has been sequenced and annotated which encodes for more than 14,000 genes on four
chromosomes and approximately 75% of human disease related genes are functionally homologous in
fly (Reiter, 2001; Lloyd and Taylor, 2010).
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Figure 2. Mechanisms underlying anti-diabetic therapies using plants and phytocompounds. (a)
Different types of medicinal herbs can be classified based on their modes of action such as insulin
resistance (type 1 herbs), β cell function (type 2 herbs), GLP-1 (type 3 herbs) and glucose (re)absorption
(type 4 herbs). (b) The selected plants and compounds exert their anti-hyperglycaemic effect through
single mechanism (insulin resistance – type 1 herbs), β cell function (type 2 herbs), GLP-1 (type 3 herbs)
or glucose (re)absorption (type 4 herbs) or through multiple mechanisms (Chang et al., 2013).
Momordica charantia, (bitter melon/ gourd, karela, balsam pear) has antidiabetic, anti-inflammatory,
and cholesterol-lowering properties and is extensively utilized in Asia, India, South America, and East
Africa (Yoon, et al., 2017). Charantin, a triterpenoid, polypeptide-p, an insulin-like protein, and vicine,
a glycol alkaloid, are the major hypoglycaemic agents of bitter melon which increase insulin secretion
(Bharti,et al., 2018).
Cinnamon (Cinnamon cassia) obtained from the inner bark of cinnamon tree has anti-tumour, antimicrobial, anti-inflammatory, antioxidant and anti-diabetic properties and is also used for lowering
blood pressure. It is one of the traditional herbal remedy used in Russia, India, China and Korea for
treatment of DM due to its anti-hyperglycaemic activity (Mollazadeh & Hosseinzadeh, 2016). Cinnamon
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has biologically active substances Procyanidins (Cinnamatannin B1) and cinnamaldeyde with insulinmimetic properties.

Figure 3. The insulin signalling pathway in Drosophila melanogaster and the similarities with human
insulin signalling pathway (Alvarez-Rendon, Salceda, & Riesgo-Escovar, 2018).
Leaves and seeds of Fenugreek (Trigonella foenum-graecum), an annual herb grown in India, Middle
Eastern countries and Egypt are consumed as food additives in the form of spices, and known to be
of medicinal value (Alarcon-Aguilara et al., 1998). Antidiabetic compounds found in fenugreek seeds
are diosgenin, galactomannan, GII, trigoneosides and 4-hydro isoleucine which have been tested in
vertebrates and invertebrate model systems (Srinivasan, 2006; Losso et al., 2009; Baquer et al., 2011).
The rationale behind testing these three well established anti-diabetic compounds was to evaluate if
these compounds exhibit similar anti-hyperglycemic effects in Drosophila as well. Since such studies
are not available in Drosophila especially with bittermelon and fenugreek till date, any positive results
can help to establish Drosophila as a useful model for evaluating plant products for T2DM treatment
effectiveness.
We aim to create high sugar diet induced hyperglycemic Drosophila larvae where high sugar diet
will influence the circulating glucose and trehalose levels in the haemolymph. The effect of various
concentrations of natural compounds added to fly diet will be evaluated by measuring and analyzing
glucose and trehalose levels in haemolymph.
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Materials and Methods
In this experiment, diet-induced hyperglycaemic L3 larvae of wildtype mixed genotype Drosophila
melanogaster were used to study the antidiabetic effects of natural compounds.

Culture Media Preparation
The high sugar diet media (HSD) with 171.15g of sucrose/ 500mL of media and low sugar diet media
(LSD) with 25.67g of sucrose/ 500mL of media was prepared using the recipe from Harvard Biolabs
(bdsc.indiana.edu/information/recipes/harvardfood.html) with some modifications.
Bitter melon, cinnamon bark powder and fenugreek seed powder were obtained from the local market.
The air dried bitter melon skin peel and fruit were grounded into powder and used as bitter melon skin
powder (BMS), and bitter melon fruit powder (BMF).
Since there was no published data available on the concentration of these compounds for the fly food,
concentrations from mouse experiments were extrapolated and tested on fly survival and reproduction.
Those compound concentrations where the larvae could survive and metamorphose into adult flies were
used for the experiments.
High sugar diet control media (HSD-CM) and low sugar diet control media (LSD-CM) were used in
each experiment. Besides 1g, 3g, and 5g of BMS or BMF per 100 ml of LSD or HSD media (LSD+BMS/
BMF 1%, 3%, 5% and HSD+BMS/BMF 1%, 3%, and 5%), 1 and 2 mg/ml cinnamon powder in LSD
and HSD media (0.1% and 0.2%) and 2 and 5 g/100 ml (2% and 5%) fenugreek powder were added
to fly food. Flies were anesthetized by cooling the vials at 0-20C for 8 to 12 minutes. The unconscious
Drosophila flies were transferred onto a chilled petri dish and then to culture vials with LSD-CM, HSDCM and LSD and HSD media with various compounds, by using a small brush. The flies were fed on this
food till larvae emerged and reached L3 stage in around 8-10 days.
Drosophila L3 Larvae Haemolymph Extraction, Glucose and Trehalose Estimation
L3 larvae were collected from each vial and haemolymph extraction was performed as per protocol
given in Tennessen et al., 2014, and glucose concentration in haemolymph was checked by adding 2ul
of diluted haemolymph (1:5 diluted with 1X PBS) to 198µl of glucose oxidase reagent (GO) in a 96
well plate, incubated in dark for 30 minutes and optical density was measured at 500nm wavelength.
Trehalose is the main sugar in the fly haemolymph. To measure trehalose concentrations, 1μl of 1:10
diluted haemolymph was mixed with 500µl of trehalase enzyme in trehalose buffer (5mM Tris HCL, pH
6.8,137 mM NaCl, 2.7mM KCL in 50 ml distilled water) and incubated at 37ºC overnight for trehalase
to breakdown trehalose into glucose. The incubated haemolymph mixture was centrifuged for 3 minutes
at 15,000 rpm and 2µl of this mixture was added to wells containing 198 µl of glucose oxidase. This was
incubated in the dark for 30 minutes and the OD obtained at 500 nm.
A Glucose standard curve, prepared by using serially diluted known glucose concentrations and GO
peroxidase reagent was used to extrapolate the glucose concentrations in the larval haemolymph.
Statistical Analysis
IBM SPSS program was used to calculate means, standard deviation, standard errors of mean and p
values using t test for independent samples.
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Results
Glucose and Trehalose Concentrations in Haemolymph of Drosophila L3 Larvae under Various Media
Conditions:

Figure 4: Glucose standard curve prepared from known concentrations of glucose by using Glucose
Oxidase method.
Haemolymph Glucose and Trehalose Concentrations for Hyperglycaemic Drosophila L3 Larvae Fed on
LSD+BMS and LSD+BMF
The glucose and trehalose concentrations of Drosophila L3 larvae fed on HSD-CM were higher (0.655mg/
ml and 0.789 mg/ml respectively), while those fed on LSD-CM were lower (0.194 mg/ml and 0.389 mg/
ml respectively), which corresponded with the amount of sucrose present in both media (Figure 5).
The glucose concentrations of hyperglycaemic Drosophila fed on HSD-CM, followed by different
concentrations of LSD+BMS and LSD+BMF were significantly lower than HSD-CM, but higher than
LSD-CM (p-values when compared to HSD-CM: LSD+BMS 1% = 0.001, LSD+BMS 3% = <0.001,
LSD+BMS 5% = <0.001, LSD+BMF 1% = 0.004, LSD+BMF 3% = <0.001, LSD+BMF 5% = <0.001).
LSD+BMS and LSD+BMF showed similar trends as both 1% BMS/BMF in fly diet showed the higher
haemolymph glucose values, followed by 5% BMS/BMF, whereas the 3% BMS/BMF had the lowest
glucose concentration. (Figure 6)
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Figure 5: Concentration of glucose and trehalose in haemolymph of L3 larvae cultured on low sugar
diet-control media (LSD-CM) were significantly lower than the glucose and trehalose concentration
of larvae cultured on high sugar diet-control media (HSD-CM) (p values for glucose, 0.009 and for
trehalose, 0.0113).

Figure 6: Bar chart showing comparison between Glucose and Trehalose concentrations in
haemolymph of Drosophila L3 larvae that were fed on LSD-CM, and then transferred to HSD-CM to
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develop hyperglycaemia. The hyperglycaemic Drosophila adult flies were then transferred to various
concentrations of LSD+BMS (Bitter-melon skin), and also LSD+BMF (Bitter-melon fruit) to lay eggs
and the larvae that fed on this media were used for haemolymph extraction (n=3).
Similarly the trehalose concentration of Drosophila L3 larvae that were fed on HSD-CM was the highest,
while hyperglycaemic Drosophila treated with different concentrations of LSD+BMS and LSD+BMF
showed lower trehalose concentrations (p-value when compared to HSD-CM: LSD+BMS 1% = 0.004,
LSD+BMS 3% = 0.005, LSD+BMS 5% = 0.004, LSD+BMF 1% = 0.004, LSD+BMF 3% = 0.004, LSD+BMF
5% = 0.005), (Figure 6).
Haemolymph Glucose Concentrations for Hyperglycaemic Drosophila L3 Larvae Fed on HSD+BMS
and HSD+BMF
The glucose and trehalose concentrations of hyperglycaemic Drosophila L3 larvae fed on HSD+BMS and
HSD+BMF showed similar trends as in LSD+BMS/BMF. (p-value when compared to HSD vs HSD+BMS
1%=0.004, HSD+BMS 3% = <0.001, HSD+BMS 5%= 0.001, HSD+BMF 1% = 0.005, HSD+BMF 3% =
<0.001, HSD+BMF 5% = 0.006), (Figure 7).

Figure 7: Bar chart showing comparison between Glucose and Trehalose concentrations in
haemolymph of Drosophila L3 larvae that were fed on LSD-CM, and then transferred to HSD-CM to
develop hyperglycaemia. The hyperglycaemic Drosophila adult flies were then transferred to various
concentrations of HSD+BMS (Bitter-melon skin), and also HSD+BMF (Bitter-melon fruit) containing
medias to lay eggs and the larvae that fed on this media were used for haemolymph extraction (n=3).
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Haemolymph Glucose Concentrations for Hyperglycaemic Drosophila L3 Larvae Fed on LSD+Cinnamon
Flies were cultured on LSD-CM, transferred to HSD-CM and then to LSD with cinnamon bark
powder (0.1% and 0.2%) or HSD with cinnamon (0.1% and 0.2%) media and the glucose and trehalose
concentrations were measured in haemolymph of L3 larvae upon emergence. The trehalose concentration
of haemymph from LSD with cinnamon (0.1%) showed slightly lower values than those fed on LSD
with cinnamon (0.2%), (Figure 8). p values for HSD vs LSD+0.1% and LSD+0.2% Cin. were highly
significant for both glucose and trehalose concentrations, (0.000 for glucose levels in both cinnamon
concentrations, for trehalose levels, LSD+0.1%Cin=0.000 and LSD+0.2%Cin=0.002).
Haemolymph Glucose Concentrations for Hyperglycaemic Drosophila L3 Larvae Fed on HSD+Cinnamon
Haemolymph glucose concentrations for HSD with cinnamon (0.1%) were slightly higher than that
of the HSD with cinnamon (0.2%). However both showed highly significant differences with glucose
and trehalose levels of flies fed on HSD-CM (p values 0.000 and 0.001 respectively). The trehalose
concentrations from L3 larvae fed on HSD with cinnamon (0.2%) were significantly lower than HSD
with cinnamon (0.1%), (p values 0.003 vs 0.000) showing better effect on trehalose concentrations with
higher cinnamon amounts (Figure 9).

Figure 8. Bar chart showing comparison between Glucose and Trehalose concentrations in
haemolymph of Drosophila L3 larvae that were fed on LSD-CM, and then transferred to HSD-CM to
develop hyperglycaemia. The hyperglycaemic Drosophila adult flies were then transferred to LSD+0.1%
cinnamon and LSD+0.2% cinnamon to lay eggs and the larvae that fed on this media were used for
haemolymph extraction (n=3).
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Haemolymph Glucose and Trehalose Concentrations for Hyperglycaemic Drosophila L3 Larvae Fed on
LSD+Fenugreek
WT flies reared on LSD-CM media initially were transferred to HSD-CM media to make them
hyperglycaemic and then transferred onto LSD media with two different concentrations of fenugreek
powder (2% and 5%) to observe the changes in their glucose and trehalose levels.

Figure 9. Bar chart showing comparison between Glucose and Trehalose concentrations in haemolymph
of Drosophila L3 larvae that were fed on LSD-CM, and then transferred to HSD-CM to develop
hyperglycaemia. The hyperglycaemic Drosophila adult flies were then transferred to HSD+0.1%
cinnamon and HSD+0.2% cinnamon to lay eggs and the larvae that fed on this media were used for
haemolymph extraction (n=3).
Glucose and trehalose haemolymph concentrations were compared between L3 larvae fed on HSDCM, LSD-CM, LSD + 2% and LSD+5% fenugreek seed powder containing media. Treatment with both
concentrations of fenugreek decreased the glucose as well as trehalose concentrations in haemolymph
compared to that of flies fed on HSD-CM media (p values <0.0001). However, the haemolymph glucose
levels with LSD+fenugreek diet were higher than the glucose levels in LSD-CM media (Figure10).
Moreover, the effect of 5% of fenugreek powder showed very significant effect in reducing trehalose
levels compared to that of glucose levels (p value <0.0001) (Figure10).
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Haemolymph Glucose and Trehalose Concentrations for Hyperglycaemic Drosophila L3 Larvae Fed on
HSD+Fenugreek
Glucose and trehalose haemolymph concentrations were also compared across LSD-CM, HSD-CM,
HSD + 2% and HSD+5% fenugreek seed powder media. The haemolymph from the L3 larvae fed on
both fenugreek media showed decreased concentrations of glucose compared to HSD media alone but
5% fenugreek powder showed significant sugar lowering effect in the hyperglycaemic flies.(p value
0.00044) (Figure 11).
Trehalose concentration of HSD media with 2% fenugreek showed a highly significant reduction in
trehalose concentration compared to the glucose concentration (p value 0.0000118). Hence, both
treatment with fenugreek at both concentrations of 2% and 5% reduced the sugar levels in the larvae and
the reduction was lower than the glucose concentration obtained from the LSD-CM media (Figure 11).

Figure 10. Bar chart showing comparison between Glucose and Trehalose concentrations in haemolymph
of Drosophila L3 larvae that were fed on LSD-CM, and then transferred to HSD-CM to develop
hyperglycaemia.The hyperglycaemic Drosophila adult flies were then transferred to LSD+2% fenugreek
and LSD+5% fenugreek to lay eggs and the larvae that fed on this media were used for haemolymph
extraction (n=3).
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Figure 11. Bar chart showing comparison between Glucose and Trehalose concentrations in
haemolymph of Drosophila L3 larvae that were fed on LSD-CM, and then transferred to HSD-CM to
develop hyperglycaemia. The hyperglycaemic Drosophila adult flies were then transferred to HSD+2%
fenugreek and HSD+5% fenugreek media to lay eggs and the larvae that fed on this media were used for
haemolymph extraction (n=3).

Discussion
As all the three natural compounds tested in this study are commonly used as anti-diabetic remedies,
many studies have been conducted using them in human clinical trials and other animal experiments.
However, not much research has been done on diabetic Drosophila models. Studies have proven that
3rd instar fly larvae fed on high sugar diet result in hyperinsulinemia and hyperglycaemia, showing
reduced response to ILPs. Insulin resistance mechanisms are evolutionarily conserved in Drosophila and
other organisms and the transcriptional effects of high sugar diet involve pathways common in insulin
resistance in mouse, humans and Caenorhabditis elegans (Palanker Musselman et al., 2011). Glucose
disposal through impaired glycolysis has been suggested in Randle hypothesis which states that high
sugar diet resulted in the downregulation of T2D susceptibility gene hexokinase C and increased level of
β oxidation of fatty acids leading to decreased level of glucose oxidation and insulin resistance (Randle
et al., 1963).
Our studies also showed a link between the dietary sugar intake and hyperglycaemia as the glucose and
trehalose levels in the WT fly larval haemolymph increased from 0.193 mg/ml and 0.389 mg/ml to 0.655
mg/ml and 0.789 mg/ml respectively after feeding them in the HSD media. Possibly high-sugar rearing
led to transcriptional changes predicted to increase β-oxidation suggesting that the Randle hypothesis
might also be true in flies.
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The objective of this study was to evaluate the antidiabetic effects of bitter melon skin (BMS) and fruit
(BMF), cinnamon bark and fenugreek seeds on Drosophila L3 larvae. Different concentrations of these
natural compounds were used to determine the optimum concentration that demonstrated the best
antidiabetic properties on Drosophila L3 larvae without affecting fly survival and reproduction.
Bitter-melon
Bitter-melon skin (BMS) and bitter melon fruit (BMF) were tested separately as generally bitter melon
is consumed without the skin as the food. We wanted to evaluate whether BMS also shows strong antidiabetic properties, as compared to BMF.
In our experiment, all hyperglycemic Drosophila L3 larvae that were fed on the various concentrations
of LSD+BMS/BMF and HSD+BMS/BMF showed a glucose concentration significantly lower than that
of HSD alone, indicating that BM lowered glucose concentration in haemolymph and thus reduced
hyperglycemia, with 3% BM showing the max effect (p-value <0.001). However, amongst different
concentrations of HSD+BMS, no significant difference was noted, meaning that even a lower BM
concentration is capable of showing anti-hyperglycemic effect, whereas HSD+BMF showed significant
difference between 1% and 3% concentration (p-value 0.041). The comparison between different
concentrations of BMS or BMF mixed with LSD however, showed no significant difference on trehalose
concentrations (Figures 6 and 7). These results indicate that consuming bitter melon with skin will
further enhance its anti-diabetic effects.
Our results obtained after treatment with BM were similar, compared to other studies done on rat diabetic
models (Joseph & Jini, 2013; Efird, et al., 2014; Alam, et al., 2015; Mahwish, et al., 2017). In human
studies, bitter melon aqueous extracts have been shown to significantly reduce blood sugar levels and
increase insulin levels in diabetic patients, but a weaker effect was reported when dried powder forms
were used (Singh & Gupta, 2007; Efird, et al., 2014; Alam, et al., 2015). Efird et al., 2014, also showed an
increase in secreted insulin levels in diabetic patients after taking BM extracts. The antidiabetic effect
shown by BM is likely due to its various bioactive compounds such as charantin, polypeptide-p, and
vicine (Bao, et al., 2013; Joseph & Jini, 2013). However, studies done in humans using BM are limited
by poor study design and low statistical power due to small cohorts (Alam, et al., 2015). Any studies
showing the effect of BM on haemolymph sugars in Drosophila are not available so far.
Cinnamon
Cinnamon is another well-known anti-diabetic natural compound which has been tested in clinical trials
using Cinnamomum cassia in aqueous or powder form in doses ranging from 500 mg to 6 g per day for a
40 days to 4 months duration an improvement in glycaemic control was noted in patients who received
Cinnamon as the sole therapy for diabetes, those with pre-diabetes (IFG or IGT) and in those with
high pre-treatment HbA1c (Medagama A.B., 2015). Also in another study where streptozotocin induced
non-obese type 2 diabetic rats were used to explore the possible mechanism(s) of anti-diabetic activity
of cinnamic acid, oral administration of cinnamic acid with 5 and 10 mg/kg doses improved glucose
tolerance and showed decreased blood glucose levels in a time and dose dependent manner (Hafizur
RM et al, 2015). In another study by Chen L.et al., 2012, 8-week-old diabetic (db/db) mice gavaged with
Cinnamomum cassia extract (CC-E )and Cinnamomum tamala extract (CT-E), both at a concentration
of 200 mg/kg body weight, per day, for 4 weeks exhibited antidiabetic effects. Histopathological studies
demonstrated that CC-E promoted lipid accumulation in the adipose tissue and liver, whereas CT-E
mainly improved the insulin concentration in the blood and pancreas.
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Due to lack of published reports on flies for the anti-diabetic effect of cinnamon, we used two different
concentrations of cinnamon bark powder mixed with LSD or HSD media.There was a significant
decrease in glucose concentration of haemolymph for the larvae fed on LSD with 0.2% cinnamon (0.206
mg/ml) compared to the that of HSD media only (0.655 mg/ml, p value <0.05) (Figure 8). Similarly in
haemolymph of larvae fed on HSD-CM and HSD with 0.2% cinnamon, there was a decrease in glucose
concentrations from 0.655 mg/ml to 0.366 mg/ml (p value <0.05) (Figure 9). These results clearly indicate
that cinnamon has good antidiabetic effect on haemolymph of hyperglycaemic fly larvae.
There was a significant decrease in haemolymph trehalose levels as well from 0.789 mg/ml (HSD) to
0.192 mg/ml (LSD+0.2% cinnamon, p value <0.05) and 0.121 mg/ml of HSD with 0.2% cinnamon (p
value <0.05).
Though the mechanisms by which cinnamon exerts its anti-diabetic activity are not very clear, it is most
likely due to its action at different levels of the insulin-signaling pathway. The suggested modes of action
include insulin receptor auto-phosphorylation and de-phosphorylation, glucose transporter 4 (GLUT4) receptor synthesis and translocation, modulation of hepatic glucose metabolism through changes
in Pyruvate kinase (PK) and Phosphenol Pyruvate Carboxikinase (PEPCK), altering the expression of
PPAR (γ) and inhibition of intestinal glucosidases (Medagama A.B., 2015).
Fenugreek
Animal and human clinical trials have shown the efficacy of fenugreek seed extracts in lowering
blood sugar levels. Fenugreek seeds contain furostanolic saponins which exhibit potent antioxidant,
hypoglycaemic, and nephroprotective activities (Swaroop A et al, 2014). Verma N et al, 2016,
demonstrated the broad spectrum safety and efficacy of Fenfuro, a novel T. foenum-graecum seed extract
enriched in furostanolic saponins, in type 2 diabetic (T2D) rats. They further conducted a multicentre,
randomized, placebo-controlled, double-blinded add-on clinical study which evaluated the efficacy of a
daily dose of 500 mg Fenfuro in 108 males and 46 females with T2D. Fasting and post-prandial plasma
sugar (mg/dL), glycosylated haemoglobin (HbA1c), and fasting and post-prandial C-peptide levels were
monitored. Results showed a significant reduction in both fasting plasma and post-prandial blood sugar
levels of 83% of the subjects. HbA1c levels were reduced in both placebo and treatment groups. Also the
effect of diosgenin (15, 30 and 60 mg/kg body weight), the active compound of fenugreek on changes
in carbohydrate metabolic enzymes and glycogen content in muscle and kidneys of streptozotocininduced diabetes rats was evaluated by Sarvanan G.et al, 2014. The 45 days long treatment showed
significant (p value<0.05) decline in blood glucose level and a significant increase in plasma insulin
level. The obtained results were compared with glibenclamide, a standard oral hypoglycaemia drug.
In our study, similar anti-diabetic effects of the fenugreek seed powder were observed as the LSD or HSD
diet mixed with 2% and 5% of the fenugreek seed powder significantly reduced the hyperglycaemic levels
in the larval haemolymph. However the 5% fenugreek showed more significant effect on the trehalose
levels rather than on the glucose levels. There was a significant decrease in glucose concentration of L3
larvae fed on LSD with 2% fenugreek (0.291mg/ml) compared to the that of HSD-CM media only (0.655
mg/ml, p-value <0.05) (Figure10). Similarly in haemolymph of larvae fed on HSD-CM and HSD with 2%
fenugreek, there was a sharp decrease in glucose concentrations from 0.655 mg/ml to 0.476 mg/ml (Figure
11). These results clearly indicated that fenugreek shows an antidiabetic effect on hyperglycaemic fly larvae.
There was a significant decrease in haemolymph trehalose levels as well from 0.789 mg/ml (HSD) to
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0.229 mg/ml (LSD with 2% fenugreek, p value <0.05) and 0.176 mg/ml of HSD with 2% fenugreek
concentration (p value <0.05).
In all our results, trehalose concentrations showed a more consistent dose-dependent decrease upon
treatment with anti-diabetic natural compounds than that of glucose. Since trehalose is the main sugar
present in larval haemolymph, our results show a significant sugar lowering effect of these natural
compounds in flies.
This study however had a few limitations, main being the use of wild type Drosophila flies which
represent a pool of mixed genotypes and therefore may vary the insulin signalling pathway response.
Also more experiments to explore molecular mechanisms were required. Since there is lack of published
data on effects of anti-diabetic natural compounds in flies, the main strength of this study was thus to
use Drosophila as an effective model to evaluate the anti-diabetic effects of these compounds.

Conclusion
Our results not only showed the anti-diabetic properties of bitter-melon, cinnamon and fenugreek
seeds, but also indicated that Drosophila can be used as an effective model to study the effect of natural
antidiabetic compounds, besides the ease of culturing the flies and the shorter treatment protocols.
However the molecular analysis on Drosophila insulin signalling pathway will possibly reveal the modes
of action of these and other natural compounds. We wish to study more compounds with anti-diabetic
properties singly or in poly-herbal formulations and their effects on fly insulin resistance.
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Host Microbiome
Interactions and its
Modulation in Obesity
by
Ms Krishani Dave

Abstract
Recently, obesity has been linked to gut microbiome and has aroused interest in finding potential
mechanisms of communication between host organs and microbes. Dietary intervention is considered
an important perspective in this area of research. The role of these mechanisms and bacterial metabolites
involved in the process of obesity development has been discussed in this review. Certain modulation
mechanisms have also been taken into consideration. Inconsistent findings and contradictions amongst
scientists have been mentioned as well. This review also acknowledges the potential role of faecal
transplant and exercise in modulating the microbiome and discusses future approaches in targeting the
gut microbiome to treat obesity.

Introduction
Obesity is a major health issue causing a world-wide epidemiologic syndrome (KarinaAl-Assal, et
al., 2018). It’s usually caused by excess consumption of food and reduced physical activity. However,
other genetic and environmental factors also affect this syndrome. Obesity has been linked to many
cardiovascular diseases, type 2 diabetes and may also be linked to cancer hence it is important to find a
solution to this problem (Stone, et al., 2018).
Current research focuses on the association of the gut microbiome with obesity. The gut microbiota refers
to the complex and dynamic composition of microorganisms that influence the host during homeostasis
and diseases. Pathogenesis of many infectious and inflammatory diseases has been linked to dysbiosis
which refers to microbial disbalance in the body. About 2,172 species have been identified and isolated
from the human gut divided into 12 different phyla, 93.5% belonging to Firmicutes, Proteobacteria,
Actinobacteria and Bacteroidetes (Thursby & Juge, 2017).
The genes encoded by gut microbiota are 100 times greater in number as compared to its host (Bull &
Plummer, 2014). They are involved in performing various functions which humans will not be able to
perform without their presence. These microbes are involved in metabolic activities, such as, production
of B-group vitamins and amino acids, host protection and immune development and in the Gut-brain
microbiome axis (Bull & Plummer, 2014). Due to these functions the gut microbiota can be referred to
as an organ able to perform various complex functions (Rastelli, et al., 2018).

Association between Gut Microbiome and Obesity
A study by Finucane and colleagues suggests that there is no significant correlation between this metabolic
profile and obesity/BMI. Even though this association is not completely proven, a large amount of data
supports this link.
Studies by (Ley, et al., 2005) performed on mice that were genetically obese lacking the leptin receptor
(ob/ob) showed a 50% reduction in the Bacteroidetes to Firmicutes ratio as compared to the lean mice.
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The validation of this association was done in 2006 by (Turnbaugh, et al., 2006) by transferring cecal
microbiota from ob/ob mice and lean mice to germ free (GF) wild type mice. A gain in weight and body
mass in the GF mice transferred with the ob/ob microbiota was observed.
Multiple investigations involving lean and obese individuals have found an association between the
Bacteroidetes and Firmicutes ratio and obesity where this ratio was found to be low in obese individuals
compared to their leaner counterparts (Kotzampassi, et al., 2013).
As all of the studies mention a significant association between the gut microbiome diversity and obesity,
(Finucane, et al., 2014) possibly found no association due to their data being limited to individuals with
a high diversity of microbes in the gut. Some studies point out low diversity in the microbiota causing
obesity (Turnbaugh, 2017). Number of obese individuals (n=24) were less as compared to their lean
counterparts (n=125). Some other important factors could be their failure to monitor their participants’
diet and caloric intake. Hence their findings cannot be accounted as reliable unless they have taken diet
and equal number of participants in their studies.

Role of Diet
It was important to review the role of diet for which enzyme composition (EC) of the faecal microbiomes
was compared using population of different countries. The people having a high western diet had an EC that
could easily catabolize glutamine, simple sugars, and their substitutes as well as host glycans. People with a
corn-dominant diet have an EC that could degrade starch at a high level. The participants who consumed
starch-rich bread and natural products, had high levels of Firmicutes and Actinobacteria(Chen, et al., 2014).
Experiments involving effects of western diet (high fat, high sugar) and a (low fat, plant polysaccharide
rich (LFPP) diet on germ free C57BL/6J mice were performed by (Turnbaugh, 2017). This was done in
order to determine what kind of diet causes obesity.
The western diet fed mice showed an increase in firmicutes to Bacteroidetes ratio. They found that
this shift in the metabolic profile was purely diet induced and had no effect of the immune system as
when immunity deficient MyD88−/− and Rag1−/− mice were fed the same diet, the findings in microbial
response to diet were consistent (Turnbaugh, 2017). Hence, as this study used different animal models to
validate the results, the possibility of the type of model being a confounding variable is highly reduced.
After 12 weeks of western diet, a decrease in Akkermansia muciniphila, a bacterium having a beneficial
role in the gut, was observed (He, et al., 2018). Certain other bacteria like Streptococcus, Enterococcus,
and a member of Enterobacteriaceae (unclassified) increased. Enterobacteriaceae increased the levels
of endotoxins further accelerating obesity through a chronic inflammation. It is also speculated that a
high fat diet (HFD) can promote the production of gastrin, increasing gastric acid secretion which can
contribute to dysbiosis by promoting growth of harmful bacteria and reducing the beneficial ones. An
observation after a 24-week HFD revealed a decrease in Bifidobacterium and Lactobacillus which are
considered beneficial and are generally administered as probiotics. Bacteria associated with increase
in epidydimal adipose tissue weight like Rikenellaceae and Lachnospiraceae were enriched along with
Desulfovibrio which is known to be involved in metabolic endotoxemia (He, et al., 2018).
Hence, some of the key factors that affect the microbial composition leading to obesity could be
insulinogenic foods or toxins affecting the proteins like glycation and lipoxidation molecules, gluten,
zein, and a reduced fiber intake(Ley, et al., 2005).
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Communication Mechanisms
The mechanisms by which the microbes communicate with the host organs to bring about these metabolic
changes are still unclear but (Rastelli, et al., 2018) have proposed a few mechanisms of communication.
Enteric nervous system (ENS) and Enteric glial cells (EGCs): A study by (Stenkamp-Strahm, et al.,
2015) suggests that alteration of ENS might be involved in development of obesity as alteration in the
myenteric neuron plasticity was observed in mice along with increased sensitivity of these neurons. This
can result in dysfunction of the gut and hyperglycemia which is commonly observed in obese patients.
In addition to this, some studies suggest the involvement of the EGCs in obesity (Rastelli, et al., 2018).

Figure 1: Communication Mechanisms between EGCs and the Microbiota.
A) Expressing appropriate pattern receptors to recognise microbiota and respond to its microbial metabolites
such as short chain fatty acids. B) Intestinal epithelium can respond to the microbes and their metabolic products
to produce mediators that act upon EGCs. C) The immune cells in the lamina propria recognise and respond to
microbiota and produce factors to attract the EGCs. D) Activation of immune cells due to a breach in the intestinal
barrier causing production of EGC attractants. Figure reproduced from (Kabouridis, et al., 2015).

AMPK and Fiaf: In gut, microbiota inhibits Angioprotein-like protein 4 (Angptl4) which is the inhibitor
of lipoprotein lipase. Overexpression of Angptl4 or fasting induced adipose factor (Fiaf) has shown to
improve the triglyceride metabolism and hence reduction of adipose tissue. As this is inhibited, the
result is an accumulation of adipose triglycerides. In addition, the gut microbiota also inhibits AMPactivated protein kinase (AMPK) whose role is to activate acetyl-coA carboxylase (ACC) and carnitinepalmitoyltransferase1 (CTP1), the enzymes involved in fatty acid oxidation (Kobyliak, et al., 2016).
Inhibition of AMPK causes inhibition of beta oxidation (causing increased fat accumulation) further
contributing to obesity (Chen, et al., 2014).
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Figure 2: The Factors Leading to Alteration of the Gut Microbiome are Genes, Age and Diet.
An altered gut microbiome is a disbalance in the taxonomic composition of bacteria where the diversity of the
bacteria is lowered. This sort of dysbiosis can lead to an increased amount of SCFA which act as an energy source but
also act via Gpr41 to increase peptide YY and GLP1. Increase in PYY causes increase in the gut transit time which
can make the person more susceptible to constipation, nausea etc., as well cause increased absorption leading to
obesity. Increase in GLP1 decreases appetite leading to decreased metabolism affecting the gut transit time. SCFAs
can act via Gp343 and decrease the ANGPTL4 to increase the adipose tissue. An increase in firmicutes population
has shown to decrease AMPK which further reduces beta oxidation causing accumulation of fats (Dahiya, et al.,
2017). They can decrease GLP2 and increase LPS which can increase the gut permeability and cause leakage of
these microbes into the gut. Decrease in the Intestinal alkaline phosphatase by the bacteria can cause increase in
TLR 4 again leading to increased permeability further causing increase in the LPS. The combined effects of all
these pathways are obesogenic and can predispose the person to develop serious conditions like diabetes. Figure
reproduced from (Chen, et al., 2014).

LPS as a Stimulator for Inflammatory Pathways (Metabolic Endotoxemia): A high fat diet and a
genetic predisposition can cause increased levels of LPS (a component of gram-negative bacteria)
(Chakraborti, 2015). The gram-negative bacteria have shown to downregulate the expression of occludin
and Zonna occludens-1 (ZO-1) which are genes coding for intestinal tight junction proteins. This leads
to increased intestinal permeability allowing absorption of bacteria and their metabolites. Increased
levels of LPS can induce an inflammatory response through cluster of differentiation (CD)14 which is a
member of the innate immune system and is a marker of inflammation. It has been observed that during
LPS stimulation, there is a direct interaction between CD14 and toll like receptor 4 (TLR-4). TLR4
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gets activated on recognizing LPS and causes upregulation of inflammatory pathways such as c-jun
and nuclear factor kappa B in adipocytes and macrophages. Gastrointestinal inflammation can lead to
hyperphagia further contributing to obesity. Prevotellaceae (a subgroup of Bacteroidetes), (Chakraborti,
2015) and Desulfovibrionaceae (phylum: Proteobacteria), an important group of endotoxin producers
(He, et al., 2018) are good sources of LPS in obese individuals.
Endocannabinoids (eCBs): These are lipids having a role
in appetite regulation and regulation of metabolism. In
obesity associated microbiota, a high anandamide (gate
opener in context of modulating intestinal mucosa), is
found indicating that the gut microbiota can modulate
intestinal eCBs (Rastelli, et al., 2018).
The endocannabinoid system has also shown to play a role
in modulating the composition of microbiota and some
studies also show that the microbes themselves possess
the capability to mimic human eCBs and modulate
metabolism (Rastelli, et al., 2018). GPCR called CB1
is assumed to be involved in alteration of tight junction
proteins and transepithelial electrical resistance as shown
in figure 3 (Nehra, et al., 2016).
Certain theories state that CB1R signalling in the jejunum
is crucial for intake of dietary fats. Experiments on mice
suggest that when they were orally exposed to dietary
fats, levels of two-arachidonoylglycerol and anandamides
doubled as compared to controlled mice. This effect was
nutrient and organ specific indicating role of CB1R in
obesity (DiPatrizio, 2016).
Figure 3: Role of CB1 Receptor in Increasing LPS Levels.
In the large intestine, eCBs interact with the gut bacteria through CB1 receptor (CB1R). The activation of this
receptor has shown to increase the LPS levels in circulation by increasing the gut permeability through down
regulation of tight junction proteins like occludin and ZO-1. Figure reproduced from (DiPatrizio, 2016).

Short Chain Fatty Acids (SCFAs): Acetate, butyrate and propionate are the three main SCFAs
produced through sacchrolytic fermentation of carbohydrates. These bacteria can also ferment dietary
polysaccharides that are not digested by humans to produce SCFA further inducing lipogenesis by
activating carbohydrate responsive element-binding protein (ChREBP) and Sterol regulatory elementbinding transcription factor 1 (SREBP1), (KarinaAl-Assal, et al., 2018), the two major transcription
factors involved in induction of lipogenic and glycolytic genes leading to increased lipogenesis and
gluconeogenesis (Linden, et al., 2018).
In the proximal part of the colon, sacchrolytic bacteria like Bacteroidetes which are the predominant
species, primarily ferment non-digestible carbohydrates producing SCFA along with CO2 and H2. The
production of SCFA is pH dependent. In areas of pH 5.5, there is butyrate production by firmicutes
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whereas in areas of pH 6.5 there is production of acetate and propionate by Bacteroidetes. Acetate
and propionate are involved in cholesterol synthesis and gluconeogenesis. Also, they upregulate the
expression of Interferon γ (IFNγ) and hence they are considered obesogenic. Butyrate is utilised as an
energy source for the colonocytes and it is anti-inflammatory as it supresses IFNγ so it is considered
anti-obesogenic (Chakraborti, 2015).
(Nehra, et al., 2016) observed that Butyrate producing bacteria like Clostridials, including Roseburia
and Faecalibacterium prausnitzii were present in less quantities in obese phenotypes. (Chakraborti,
2015) suggests that the absorption of SCFAs by the epithelial cells can alter the pH and increase the
concentration of acetate and propionate producing bacteria (obesogenic).

Modulation of the Host Microbiome
Bile acids (BAs): These are found to have anti-inflammatory effects on the host. BAs can activate the
cytoplasmic G-protein-coupled BA receptor TGR5 and stimulate the production of GLP-1 by acting
on the enteroendocrine cells. This improves glucose metabolism and satiety. TGR5 activation is also
linked to browning of adipose tissue and activating thyroid hormones though cAMP-dependent type 2
iodothyronine deiodinase which ultimately improves energy expenditure (Nehra, et al., 2016).
BAs can also activate nuclear farnesoid X receptor (FXR) to initiate release of FGF19 and FGF21
(fibroblast growth factors) which have hypolipidemic and insulin sensitising effects. FXRs also have antiinflammatory effects as they are involved in modulating TLRs on the intestinal cells (Nehra, et al., 2016).
However, these primary BAs are converted to secondary bile acids by the high fat diet induced altered gut
microbiome. Studies show that a high amount of primary BAs can improve the FXR function favouring
the host but at the same time decrease the proportion of anti-obesogenic bacteria by converting into
hydrophobic secondary bile acids through dihydroxylation by the microbes. These are considered strong
anti-microbials and hence increase in their level can supress the growth of beneficial bacteria which
can be bile intolerant (Actinobacter spp.) and favour the growth of other bacteria that are bile tolerant
(Bacteroides spp). The use of FXR agonists has shown to regulate BA levels and decrease the proportion
of obesogenic bacteria (Zheng, et al., 2017).
The ECB System: As mentioned above, this system can be modulated by the gut microbiome leading to
aggravation of obesogenic effects. CB1 antagonists can be used to treat obesity as when experimented
with leptin deficient genetically obese mice, these antagonists decreased metabolic endotoxemia and
adipose tissue mass and also improved the intestinal barrier function (Nehra, et al., 2016). Experiments
show that when Akkermansia muciniphila was administered daily in obese individuals, the ECB system
was modulated reversing the diet induced obesity (Rastelli, et al., 2018).
Prebiotics: These are non-digestible compounds which provide physiological benefits by modulating
gut microbe composition and metabolic activity, upon undergoing metabolism. Addition of insulin to
the diet can improve the composition of butyrate producing bacteria leading to decrease LPS levels.
Moreover, prebiotic fiber has shown to decrease CB1 expression in the colon compared with genetically
obese mice fed control diets improving the intestinal barrier function (Nehra, et al., 2016). Diets high
in resistant starch and non-starch polysaccharides can increase the microbial fermentative activity
resulting in enhanced insulin sensitivity and phytochemical release respectively (Chen, et al., 2014).
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Probiotics: These are live microbial strains which can improve the host physiology by modulating the
gut microbiota. The two main strains used as probiotics include Lactobacillus spp., Bifidobacterium spp.
Research on lactobacillus species shows that its combination with Bifidobacterium spp i.e. the combination
of L. rhamnosus, L. acidophilus, and Bifidobacterium bifidum can increase insulin sensitivity. L. casei, L.
delbrueckii subsp. bulgaricus, and B. animalis can decrease the composition of microscopic fungi (Azad,
et al., 2018). Lactobacillus spp. can inhibit proliferation of certain harmful bacteria hence improving
the intestinal barrier function. They can improve the permeability by increasing Occludin. They also
decrease pattern recognition receptors like CD-14 and NOD1 leading to decrease in the LPS and increase
in GLP-1. They play a role in immune homeostasis decreasing inflammation. L. acidophilus can reduce
proinflammatory cytokine expression.
Bifidobacterium spp can also inhibit proliferation of unfavourable bacteria such as E.coli, Salmonella and
Helicobacter pylori and mediate suppression of proinflammatory cytokines. This species of bacteria can
use a cross feeding mechanism to increase the proportion of beneficial bacteria and increase metabolic
capacity. For instance, when Bifidobacterium bifidum is co-cultured with Bifidobacterium breve, the
metabolic activity is increased (Azad, et al., 2018).
Roux-en-Y Gastric Bypass: This treatment has shown effective results in both mouse and human
models. Following this treatment, Gamma Proteobacteria increase (mainly contributed by Enterobacter
hormaechei (Li, et al., 2011) ) and Firmicutes decrease (Nehra, et al., 2016). Another alteration involves
increase in Faecalibacterium prausnitzii which reduces inflammatory markers and increases insulin
sensitivity through increasing butyrate producing bacteria. RYGB can improve the bile flow increasing
release of GLP-1 and FGF19 (Nehra, et al., 2016).
Dietary Modulation: A shift in the gut microbiome involving increase in bacteria that produce beneficial
products by fermenting carbohydrates was observed when a non-digestible carbohydrate rich dietary
intervention was made. With this intervention, the level of bacteria that ferment fats and proteins to
produce potentially harmful metabolites decreased (Zhang, et al., 2015).
Some researchers have also shown that in certain obese individuals, there is a 35% population of
Enterobacter species (Enterobacter cloacae). Increase in this species has shown increased release of
endotoxins which can mediate a low-grade inflammatory response. When put on a WTP (Whole grain,
traditional Chinese medicinal foods and prebiotic) diet, a significant weight loss was observed with
tremendous decrease in the Enterobacter species to 1.8% (Fei & Zhao, 2013).
When put on this diet for 30 days, the participants showed improved liver function and glucose
homeostasis was restored. The level of an anti-inflammatory adipokine called adiponectin increased
and leptin level decreased. The gut microbiome was modulated at a structural as well as functional level
favouring the host metabolism in reversing obesity (Zhang, et al., 2015)
Exercise: Certain experimental findings in mouse models by (CC, et al., 2014) suggest that following
exercise, there is a decrease in Erysipelotrichaceae and Turicibacteraceae which have the ability to mediate
gut inflammation and regulate bile acids, contributing to obesity. The results with exercise (using a wheel
and odometers) were observed both alone as well as in combination with western diet. Future research is
required to understand the mechanisms of exercise mediated microbiome modulation.
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Contradications
The researchers have come across many paradoxical findings which make it difficult to understand the
involvement of microbes in obesity. The role of SCFA in maintaining the host metabolism is complex.
Acetate and propionate which have been considered as obesogenic also have many beneficial effects
on the host and are involved in important processes such as lipid metabolism, immune function and
appetite regulation (Morrison & Preston, 2016).
Increase in firmicutes phylum as a whole cannot be considered harmful as many findings have shown an
increase in the bacterium Faecalibacterium prausnitzii following RYGB and has beneficial effects on the
host even though it is a part of the firmicutes phylum.
A lower proportion of gram-negative bacteria (Bacteroidetes) contradict with a high amount of LPS in
obese individuals. The reason for this may be lysis of gram-negative bacteria leading to increased LPS
absorption into blood stream through breached intestinal barrier and increased permeability (RadillaVázquez, et al., 2016). Prevotellaceae (phylum: Bacteroidetes) was increased despite decrease in the
Bacteroidetes, which could contribute to the increase in LPS levels.
Enterobacter cloacae produce endotoxins contributing to obesity however, following RYGB, the
proportion of Enterobacter hormaechei (Enterobacter clocae) increases.

Conclusion and Future Directions
The involvement of the gut microbiome in the development of obesity, which is a major health issue these
days, is discussed in the review, highlighting some probable mechanisms involved. Modulation of the
gut microbiome can be of great importance in managing obesity. However, due to many contradictory
findings, it is crucial to bring advances in the metagenomic analysis to reveal a clear and detailed
structural and functional composition of the microbiome. This can help to understand the bacterial
crosstalk mechanisms and help in the administration of specific bacteria to target a specific metabolic
process to favor the host in reversing or preventing obesity.
Faecal microbial transplant (FMT) is not yet in use to treat obesity but an experimental transplant of
faecal matter from lean people to obese people has shown improved insulin sensitivity and an increase
in Eubacterium hallii which is a butyrate producing bacteria. This can be potentially effective to manage
obesity (Nehra, et al., 2016). FMT can be done by administration of oral faecal pills containing a
microbiome capable of modulating the host metabolism to reverse the obesity effects. These pills can be
given for a specific period to observe changes in the microbiome.
One of the most promising way to prevent or reduce obesity, currently, is the modulation of diet. In
future studies, understanding the microbiome at a species-specific level will help to develop personalised
diet plans for obese individuals. Presently, it might be difficult to exactly classify the bacteria into
“obesogenic” or “anti-obesogenic” categories as the current research has used genetically modified (ob/
ob leptin receptor deficient and germ free) mouse models and only few humans. All the findings in
mouse models may not hold true for humans making it crucial to perform these studies on humans for
accurate understanding of the human microbiome (Nguyen, et al., 2015).
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Microbial heterogeneity
by
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Abstract
Microbiologists believed that the clonal axenic culture cultivated in the laboratory contained
phenotypically identical bacteria. We now know this to be false and more recent studies have demonstrated
subpopulations existing within clonal cultures. By diversifying their metabolic capabilities, genetically
identical microbes are able to fulfill different roles within their community by increasing their adaptive
flexibility for survival.

Microbes in Perspective
Depending on its target audience, microorganisms have a plethora of identities. To the layman, they
are usually viewed as enemies that need to be eradicated at all costs – for example, antibiotics are
prescribed for food borne pathogens such as the diarrhoea-causing Salmonella spp. To environmental
engineers, microbes are saviours for the bio-remediation of toxic industrial and other categories of
wastes – for example, the nitrogen-fixing bacterium Azotobactor vinelandii has the ability to remove
cyanide from waste water (Oliver et al. 2007; Kaewkannetra et al. 2009). To biotechnologists, they are
guinea pigs which are amenable to diverse genetic modifications – the versatile bacterium Escherichia
coli is widely used in research as a host for recombinant DNA and gene cloning (Hakkila et al. 2003;
Miao et al. 2009). To ecologists, microorganisms are part of our delicate nature to be appreciated – for
example, the pigmented Serratia marcescens, form beautiful colours on rock surfaces (Cuzman et al.
2010; Yarwood et al. 2010). To nutritionists, they are supplements that provide health benefits – for
example, Lactobacilli and Bifidobacterium spp are dispensed to repopulate the intestinal microbiota
after the usage of strong oral antibiotics (Bunthof and Abee 2002; Sonnenburg et al. 2006). To terrorists,
microbes are miniaturised weapons of mass destruction – in the early 2000s, letters laced with Bacillus
anthracis spores were mailed to numerous media offices in the United States leading to the death of
two people and infecting numerous others (Bhattacharjee 2010). However thought of, it is evident that
this heterogeneity in perspectives pales in contrast to the existent heterogeneity. The heterogeneity
of microorganisms, are orders of magnitude greater than previously thought, ranging from species
diversity, metabolic complexity, to even phase variations within an axenic culture.

Biofilm and Planktonic Growth Modes - Separate Entities?
Appreciation for the existence of heterogeneity in pure culture started off with the acknowledgement
that bacteria in their natural settings exist as biofilms (Costerton et al. 1995). Biofilms are defined as
“microbially derived sessile communities characterised by bacteria that are irreversibly attached to a
substratum or interface or to each other, are embedded in a matrix of extracellular polymeric substances
(EPS) that they have produced, and exhibit altered phenotypes with respect to growth rate and gene
transcription” (Donlan and Costerton 2002). Bacteria which form biofilm include various Staphylococcus
spp which not only colonise various sites in the human body but are also frequently found in medical
devices such as catheters and orthopaedic implants (Yong YY et. al. 2019). Schematics of the bacterial
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biofilm lifecycle, along with the population’s developing heterogeneity are illustrated in Figure 1. This
starts with free swimming bacteria, described as “planktonic” – coming into contact with a surface.
Irreversible attachment of planktonic bacteria to a surface is the first step in the development of a biofilm
(Kierek-Pearson and Karatan 2005). In the initial growth as a monolayer, each bacterium has sufficient
access to oxygen and nutrients (Fig 1 blue zone) (Monds and O’Toole 2009). As the bacteria continue
to grow and divide on top of one another, microcolonies form. Bacteria metabolising at the surface of
a microcolony impede diffusion of oxygen and nutrients to bacteria at the bottom of the microcolony
(Fig 1, red zone) causing adaptation of bacteria at the bottom of the microcolony to local changes in the
surroundings (Monds and O’Toole 2009). This creates metabolic heterogeneity within the microcolony.
Production of EPS by a subpopulation of bacteria in the microcolony promotes vertical growth and
the establishment of macrocolonies. Bacteria at the top surface of macrocolonies are exposed to high
shear forces (Fig 1, green zone) which they become adapted to (Monds and O’Toole 2009), generating
further heterogeneity. The merging of macrocolonies results in the formation of mature biofilm which
are typically characterised by mushroom-shaped structures with intervening water channels (Lawrence
et al. 1991). When conditions become unfavourable for the sustenance of the biofilm, bacteria detach
from the biofilm through a genetically programmed process, and the planktonic bacteria disperse in
search of more abundant resources to sustain their growth (Stoodley et al. 2002; Kierek-Pearson and
Karatan 2005). Thus, rather than viewing the planktonic and biofilm modes of growth as separate
entities, it is more relevant to perceive planktonic bacteria as part of the biofilm lifecycle, the form which
predominates during the colonisation and dispersal phases (Kierek-Pearson and Karatan 2005).

Figure 1. Simplified schematics of the development of heterogeneity in the biofilm lifecycle. Following
the irreversible attachment of planktonic bacteria to a surface, the bacteria form a monolayer in which
all bacteria have sufficient access to oxygen and nutrients (blue zone). Further bacterial replications give
rise to microcolonies that result in a bottom layer of bacteria that do not have ready access to oxygen and
nutrients (red zone). As the bacteria continue to grow and divide, a subpopulation of bacteria produces
extracellular polymeric substances (EPS) which aid in the upward growth of the microcolonies. This
upward growth results in the formation of mushroom-shaped macrocolonies in which the bacteria on
the surface are exposed to high shear forces (green zone). Under unfavourable conditions, bacteria
detach from the biofilm and disperse, as planktonic bacteria, to colonise new sites. Adapted from
(Monds and O’Toole 2009) and (Stoodley et al. 2002) with modifications.
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“The Homogeneous Clonal Culture” – an Oxymoron?
That biofilms contain heterogeneous subpopulations of spatially distributed bacteria in different states
of metabolic growth (Werner et al. 2004; Monds and O’Toole 2009) (Highly simplified in Figure 1 which
depicts zones in the biofilm that have different levels of exposure to oxygen, nutrients and shear forces).
Visualisations of the subpopulations were made possible with fluorescent dyes and the use of a confocal
laser scanning microscope (Lawrence et al. 1991). Populations at the biofilm surface, with an easy access
to oxygen and nutrients are believed to be most metabolically active, while those deep within the biofilm
are nearly dormant (Werner et al. 2004). As such, much research on microbial heterogeneity (be it
spatial or metabolic) had focused on single-species biofilms (Werner et al. 2004; Lewis 2008).
On the other hand, research studies touted as “homogeneous” classically focused on the single-species
“clonal” planktonic culture grown in the laboratory. Research in the last decade however had begun
to challenge the notion of a “homogeneous clonal” culture. For example, Lewis’ group found a small
subpopulation of bacteria in planktonic culture that was tolerant to antibiotics that had killed the
rest of the population (Lewis 2007). Further study and analysis revealed that this subpopulation was
dormant, and correspondingly there were no bacterial molecular targets presented to the antibiotics.
In the absence of antibiotics, these persister subpopulations reactivated ( Lewis 2007; Lewis 2008) and
replicated to repopulate the culture. In addition to dormancy of a small subpopulation of bacteria,
bistable gene expression had also been observed in homogenous cultures. Ozbudak et. al. (Ozbudak et
al. 2004) demonstrated that at a given concentration of glucose, the lactose (lac) operon of E. coli is fully
induced at high concentrations of a gratuitous inducer and vice versa. However, between these switching
thresholds, a bimodal distribution was observed, resulting in two subpopulations each undergoing either
one of the two induction states (bistable expression). Another example of heterogeneity in an apparently
clonal culture was claimed by Elowitz and his co-workers (Elowitz et al. 2002) who reported “noise” in
gene expression. By integrating two different genes for fluorescent proteins (FPs) into the E. coli nucleoid,
fused to identical promoters equidistance from the origin of replication, they could investigate the
contribution of intrinsic noise (fluctuations in the biochemical processes of gene expression, calculated
by the mean difference in relative fluorescence intensities between the 2 FPs in the same bacterium) and
extrinsic noise (variations in other cellular components, calculated by the mean difference in relative
fluorescence intensities between the total population and the individual bacterium) on gene expression.
Both intrinsic noise (which peaked at low transcription levels) and extrinsic noise (which peaked at
intermediate levels of transcription) contributed to phenotypic variation of the “clonal” culture (Elowitz
et al. 2002). Phase variable expression is another phenomenon contributing to heterogeneity observed
in “axenic” cultures. More commonly witnessed in bacterial pathogens (Metruccio et al. 2009; Power
et al. 2009), phase variation – the reversible on-off switching of gene expression (usually due to the
presence of simple sequence repeats on open reading frames or promoters of genes whose functions
are associated with virulence (Hallet 2001), results in expression variation of bacterial surface antigens,
which are responsible for interactions with the host (Hallet 2001). This heterogeneous expression
within a population allows adaptation of pathogenic bacteria to changing environments and evade host
immune responses. Another event which contributes to the diversity of bacterial cultures is spontaneous
mutation, due to loss of DNA proof-reading capabilities, low-fidelity DNA polymerases or starvation
(Sundin and Weigand 2007). However the frequencies of such mutations are relatively low in bacteria
as compared to viruses and eukaryotes (Drake et al. 1998). Nevertheless, spontaneous mutations are
a source of heterogeneity in bacterial cultures and facilitate the adaptation of bacteria to dynamic

65

environmental pressures. More examples of heterogeneity in single-species cultures can be found in the
review “Individuality in bacteria” by Davidson and Surette (Davidson and Surette 2008). In addition to
mutations, Davidson and Surette had also described bacterial individuality in chemotaxis and ageing.
Due to research elucidating the phenomenon of persister bacteria (Lewis 2007), the occurrence of bistable
gene expression (Ozbudak et al. 2004) and the demonstration of “noise” in gene expression (Elowitz et
al. 2002), which all occur in the purportedly homogeneous planktonic populations, the misconception
of a “clonal” planktonic culture is slowly being dispelled.

Conclusion
In single-species cultures, intra-species interactions is one of the factors that contribute to heterogeneity,
in addition to the “noise” as presented above (Elowitz et al. 2002). However, in natural environments,
bacteria are hardly found in isolation as pure cultures. Instead, they are found living together with
numerous other species (Oliver et al. 2007; Cuzman et al. 2010). In these multi-species cultures,
simultaneous existence of intra- and inter-species interactions are expected to result in higher levels
of heterogeneity, with each type of interaction exerting a multitude of influences on the other. Hence,
microbial heterogeneity predominates in biofilm formation and the concept of axenic clonal culture
shall be dismissed as erroneous.
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Management Development
Institute of Singapore
Founded in 1956, the Management Development Institute of Singapore (MDIS) is Singapore’s oldest
not-for-profit professional institute for lifelong learning. MDIS has two main subsidiaries: Management
Development Institute of Singapore Pte Ltd which oversees its Singapore academic operations, and
MDIS International Pte Ltd which focuses on MDIS’ globalisation strategy.
MDIS offers internationally-accredited courses in Business and Management, Education, Engineering,
Fashion and Design, Health and Nursing, Information Technology, Languages and Education, Life
Sciences, Media and Communications, Psychology, Tourism and Hospitality Management, and Safety
and Environmental Management. These programmes are offered in collaboration with renowned
universities in the United Kingdom.
MDIS is EduTrust certified, attesting to its exemplary education and business excellence standards. The
institute was first awarded the certification in 2010 – subsequently renewed for four years in 2014 and
2018. MDIS was also one of the first Private Education Institutions (PEIs) to be registered under the
Enhanced Registration Framework.
The institute achieved a double win at the Singapore Prestige Brand Award (SPBA); it was one of four
winners as well as the overall winner of the SPBA - Heritage Brands 2018. In 2017, MDIS was ranked 4th
for the Enterprise 50 Award for its contributions in spurring Singapore’s economy. In 2019, MDIS had
successfully transited from Singapore Service Class to Singapore Quality Class (Service) and is honoured
to be one of the winners for the Corporate Merit Award at the Biennial Singapore Health Award.
Continuing with its long-standing tradition of giving back to society, the MDIS Education Trust Fund
(inaugurated in 1999) supports deserving students facing financial difficulties in pursuing their education
in Singapore. To date, MDIS has awarded more than 8,000 scholarships and bursaries totalling over S$6
million. The institute also actively supports several charities and provides community assistance, in
reaching out to the young, elderly, and disabled.
Equally vested in corporate-level training, MDIS’ corporate training arm, the Management Development
and Consultancy, was set up in 1995 to cater to the training needs of the workforce. In 2014, MDIS
acquired the Service Quality Centre to diversify its offerings in training solutions – in its endeavour to
be a premium provider of training solutions in the region.
Apart from the main Singapore campus, MDIS has international campuses in Tashkent, Uzbekistan, as
well as in Johor, Malaysia. MDIS also has representative offices in India, and Indonesia, as well as agents
throughout Southeast Asia.
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