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When you hear the word microbes, what comes to your mind? Something

REVIEWED BY: ,
much too small to see and that makes you fall ill? Just because some
Wy CONNISTON microbes cause diseases that does not mean they are all evil. For example,
Sy MIDDLE in the marine (ocean) environment, the vast majority of microbes are good
SCHOOL

ones. They are the “driving engines” of the ocean and are essential for the
health of our whole planet. Unfortunately, most of the marine microbes and
their interactions with the marine environment are poorly understood. So, it
is important to get an idea of which microbes are helping us and how they
are doing this. These data will provide scientists with the knowledge to fight
against big global challenges, such as climate change and environmental
pollution. Unfortunately, it is very hard to study marine microbes due to their
microscopic size, huge diversity, and their big home — the ocean. Therefore,
we would like to engage “citizen scientists” in this project to help us to
sample marine microbes so that we can identify them.
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Image illustrating the
microbial diversity in the
ocean. It shows diverse
microbial cells located on
and around an algae. The
microbes have been
visualized using a colored
dye. Image provided by
Gomez-Perreira and
Fuchs. (Picture courtesy of
P. Gomez-Perreira and

B. Fuchs, Max Planck
Institute for Marine
Microbiology, Bremen,
Germany).
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When you hear the word microbes, what comes to your mind? Something that
we cannot see with the naked eye? Invisible organisms that can invade our
bodies and make us fall ill? Almost everyone has heard about bad things that
microbes can do, such as cause dental cavities — the breakdown of teeth caused
by bacteria. Pertussis, also known as whooping cough, is another well-known
bacterial disease. The dislike that humans generally feel toward microbes is
strong and in many cases understandable. However, this does not mean that
all microbes are all evil. It may sound strange, but most of the microbes that
exist are actually very helpful. Many of the “good” microbes can be found in
the ocean (Figure 1), among other places. These marine microbes are micro-
scopic single-celled organisms that include bacteria and archaea. Archaea
are bacteria look-alikes, but with some special features such as the ability to
live in extreme environments, for example, in extremely hot or extremely
cold places. Moreover, marine microbes also include single-celled organisms,
such as microscopic algae and even viruses. Marine microbes are tiny, but
they exist in very large numbers and can be found all throughout the ocean,
from the deepest parts up to the surface layers. It has been estimated that just
one drop of seawater contains millions of microbes! In other words, there are
more marine microbes in the oceans than there are people living on earth.
In addition to being the unseen majority in the ocean, which is the world’s
biggest ecosystem, marine microbes also form the basis of the marine food
web, are responsible for the recycling of nutrients, and are involved in all
types of important activities. For this reason, they are also called the “driving
engines” of the ocean, meaning that they are essential to functioning of the
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ocean and the ocean cannot survive without them. Because they are a part of
so many different processes, marine microbes have an important impact on our
daily life and well-being, no matter where we live. One example of a function
performed by marine microbes that influences humans is photosynthesis, a
process you might have heard of in connection with plants. Like plants, some
marine microbes, like Cyanobacteria, can use the light energy from the sun to
convert carbon dioxide (CO,) and water into sugar. During this process, oxygen
(O,) is produced and released into the environment. It has been estimated that
about half of the world’s oxygen production takes place in the ocean, while the
other half comes from terrestrial habitats. In other words, marine microbes are
responsible for the oxygen in every second breath you take. Another example
of the importance of microbes in the ocean is the ability of some microbes to
break down oil. Some marine microbes feed on oil, which can be very useful
for clean-up after an oil spill.

So, it is obvious from these examples that marine microbes are not just the
driving engines of the ocean, they are also essential for the health of humans
and the whole planet. The interaction between these microbes and the larger
organisms on the planet is in a delicate balance, and could be threatened by
factors, such as pollution and changing environmental conditions. In order to
protect and maintain a healthy environment, we need to gain deeper knowl-
edge about the kinds of microbes that exist, what are they doing, and how they
interact with each other and with the environment. Unfortunately, collecting
this information is not as easy as it sounds.

Until recently, scientist needed a pure culture of microbes to get an answer
to simple questions, such as what they are like and what functions they are
capable of. A pure culture means that a single microbe has to grow in the
lab in the absence of any other species. Since conditions in the lab are very
different from those in the oceans, it is extremely difficult to grow marine
microbes. It has been estimated that only around 1-10% of marine microbes
can be cultured in the laboratory [1]. We still do not know the exact reasons
for this difficulty, but luckily, over the past few years, new techniques have
been invented to allow the study of marine microbes without the need to grow
them in pure culture in the lab first. One of these techniques is called Next
Generation Sequencing (NGS).
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All the information about a microbe, or any kind of cell, exists in the cell's DNA.
DNA is the molecule that contains the genetic code of organisms and, thus,
can be described as the “blueprint” of the cell, since it tells the cell what to do
and when to do it. In can further be divided in small subsections called genes.
There are thousands of genes in the DNA of an organism and each gene has a
specific function. For example, the human DNA contains about 25,000-35,000
genes, but only a very few genes are responsible for the color of your eyes. The
NGS technology allows scientists to “read” the DNA from a whole microbial
community without the need for pure cultures of the microbes. This approach
is called “Metagenome sequencing” and it provides the scientist with a list of
the genes of all the microbes living in a particular area.

Some genes exist in all organisms on earth but have small differences between
organisms. One example of this type of gene is the one for “ribosomal RNA”
(rRNA). Because this gene is unique for each species, scientists can use it as
a kind of fingerprint of a microbial species. You might have heard of finger-
print analysis being used as part of a criminal investigation. Law enforcement
offices, such as the police, store all fingerprints in large databases for compari-
son with fingerprints taken at crime scenes. This allows the police to identify
people who commit crimes. Scientists do the same with the gene fingerprint
of microbes obtained through research. They use the rRNA gene to search in
a specific database, such as the SILVA [2] database, for a positive match. With
this approach, they can identify the microbes obtained in their samples and
find an answer to the question “What kind of marine microbes are out there?”

But the DNA contains so much more than just a fingerprint. As mentioned
above, it is the building plan of an organism and includes instructions for all
of that organism’ features and functions. If scientists are able to “read” the
data coded in the DNA, they can obtain a great deal of knowledge about that
organism. Unfortunately, deciphering the DNA data obtained from marine
microbes is like trying to understand an ancient language or to put together
a puzzle. It takes a while, and the scientists might need to gather some addi-
tional “pieces,” but sooner or later they are able to solve it. Every day scientists
discover a new piece of the puzzle and more and more information about
marine microbes is revealed. Although NGS is still a fairly new method, this
technology is clearly helping us to reach a new level of understanding of marine
microbes from all parts of the ocean. However, the knowledge we have gained
so far about marine microbes is just “a drop in the ocean” - there is so much
more to learn! The Ocean Sampling Day (OSD) project [3] aims to greatly
increase our knowledge of marine microbes by bringing people together to
study the microbes in ocean ecosystems all around the world.
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Researchers working on a project called Micro B3 (Marine Microbial
Biodiversity, Bioinformatics, Biotechnology)' organized an OSD [3] on June
21 inboth 2014 and 2015 with the aim of studying marine microbes worldwide
with the help of a large international group of scientists. June 21 is known
as the solstice, meaning that it is the longest day of the year in the northern
hemisphere and the shortest day of the year in the southern hemisphere. The
solstice was chosen for microbe collection to see if day length influences the
kind of microbes that are collected [4]. For the OSDs events in June 2014 and
2015, scientists around the world collected marine microbial samples. Each
team filtered sea water through a specific filter called Sterivex™ that contains
very tiny holes that are smaller than microbes, so the microbes get stuck on
the surface of the filter. This is how scientists capture microbes from the ocean
or any aquatic system. Next, the scientists removed the microbes from the
filter and used some chemicals to collect the DNA from all of the organisms
obtained. Then, the DNA information was analyzed with the NGS technology.

The aim of OSD is to answer several questions: “what kind of microbes are
out there?” (biodiversity analysis based on the DNA “fingerprint”); “what
are those microbes doing?” (functional analysis based on metagenomics);
and “how do those microbes interact with each other and the environment?”
(Figure 2). Scientists are still analyzing the OSD data, so there are no reliable
results to show yet. Hopefully, the data we obtain from OSD will help us to

'www.microb3.eu
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Map showing registered
sites for OSD 2014. These
sites are typically located
in coastal regions. The red
stars mark the locations at
which scientists went out
to collect seawater
samples during Ocean
Sampling Day.
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understand things such as how microbes differ between tropical and polar
environments and how microbes can survive in contaminated environments,
such as after oil spills.

Humans have a very close and important relationship with the ocean. Not only
does around half of the world’s population live within 200 km of the coastline
[5], but the ocean is also important to the economy as a place for tourism,
recreation, fishing, and other activities. All of these human actions affect and
change coastal regions. As the majority of the OSD sampling sites are located
in coastal areas (Figure 3), we want to study the ways in which human activi-
ties and lifestyles influence marine microbial communities. For example, we
can study the way that various types of pollution (heavy metals, antibiotics,
and fertilizers) affect the health of marine microbes.

Did you know that more than 70% of the earth surface is covered by the ocean
[6]? As we move forward, we will continue expand the scope of OSD to explore
more of the ocean. OSD 2014 and 2015 already involved more than 150 sci-
entific teams from all continents, collecting samples from subtropical waters
in Hawaii to polar environments, such as the Fram Strait in the Arctic Ocean.
However, there are still many unexplored areas on the OSD map (Figure 3).
To increase our efforts, we also invite “citizen scientists,” like you, to join our
citizen science project called MyOSD. We developed a MyOSD Sampling Kit
and an OSD Citizen Smartphone App, which allows citizen scientists to make
areal contribution to science. The kit contains all the equipment anyone would
need to collect marine microbes, as well as other material to measure additional
important data, such as water temperature and salinity (saltiness) (Figure 4).
Each kit comes with clear directions describing each step in detail. The con-
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FIGURE 4

Contents of the MyOSD
sampling kit. The materials
provided in the kit include
all of the necessary
supplies a citizen scientist
needs to collect samples
of ocean water that can
then be sent back to
headquarters and
analyzed by OSD.
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cept is easy and straightforward, meaning that everyone can join MyOSD.
Sampling kits are available for free through registration with MyOSD, and
are distributed by MyOSD “hubs” or centers, to citizen scientists in their area
or country. A list of all hubs can be found on the MyOSD homepage.* After
collecting samples, the citizen scientists need to return their samples to the
MyOSD hub, which will send them all back to the OSD headquarters at the
Max Planck Institute for Marine Microbiology® in Bremen, Germany. Here,
all the samples are processed and data analysis is coordinated. If there is no
MyOSD hub in your area, you can still participate by measuring environmental
parameters, such as water temperature and/or salinity. All data can be submit-
ted via the OSD Citizen Smartphone App or the online form available on the
website. Every data point counts! For example, if your data help to identify
a unique temperature profile for a certain marine area, which might get the
attention of scientists who will then design follow-up studies. In the end, all
data will be freely available for everyone on the Internet, so that the OSD data
can help generations of researchers and citizens. OSD 2014 and 2015 marked
just the beginning of this project, and we hope to engage even more people
for the upcoming event in June 2016!

http://www.my-osd.org
Shttp://www.mpi-bremen.de
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Take 28 bright young minds, give them the tools to excel, then get out of the way, and watch
them shine! That is Experimental Science Honors at Conniston. Our class is focused on
analyzing the many fields of science and reviewing the experimental process, specifically the
design or construct of experiments. We also work on problem-based learning pieces to
create solutions, including our IB service project: Water for India, where we are working with
Water for People to build sustainable infrastructure on the ground in rural parts of India to
provide clean drinking water and sanitation. We are excited to join forces with Frontiers for
Young Minds and learn the publishing side of science.
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