FRANKEN-YEAST:

THE MAN MADE CHROMOSOME

THE MILESTONE IN SYNTHETIC DNA
COULD ‘REVOLUTIONIZE’ MEDICINE

n March 2014, an article published in sci-

ence magazine stated that scientists at

John Hopkins University created the first
synthetic chromosome for brewers yeast, a
remarkable step for Genomic Engineering.
With the use of dozens of undergraduate stu-
dents they successfully built a customized
‘designer’ yeast chromosome from scratch.
This landmark research has the potential to
revolutionize medicine.

Where Did It Start?

This story starts 10 years ago when Jef Boeke, a
geneticist at John

This led Boeke to the idea to enlist what he
called “an army of undergrads’ to follow a ‘Build-
A-Genome’ course. The 60 undergraduates un-
derwent painstaking work to construct long
strings of DNA that would eventually become
Chromosome III of their synthetic yeast in ex-
change for a great research opportunity and lec-
tures regarding genetic engineering. “You can
put it as a kind of milestone” says Jef Boeke,
“like sequencing the first human genome.”?

Why Yeast?

Brewers yeast is a primary ingredient in lots of
our basic foods such as bread and beer. The Sin-

Hopkins, and his “You can put it as a kind of milestone, like gle-celled yeast organ-

colleague Sriniva-
san Chandra-
segaran decide to
undertake the pro-
ject of their life-
time. And so they hatched a plan to build Syn-
thetic Yeast 2.0. They began with meticulously
building one arm of chromosome 9 of the hum-
ble bakers yeast (Saccharomycerevisiae). After
completing 90,000 pairs of letters that make up
the DNA, they realized that their effort proved
too slow and too expensive. “I realized I would be
dead long before the project could ever be com-
pleted” Boeke said.?

sequencing the first human genome”

—Jef Boeke, co-author and geneticist

ism was first used in
baking and fermenta-
tion by ancient Egyp-
tians 4,000 years ago.
Later, French microbi-
ologist Louis Pasteur was first to discover that
alcohol was a product of yeast fermentation. The
close relationship humans have had with yeast
makes it a true model organism. Today, we know
all the ins and outs when it comes to yeast. Yeast
was one of the first organisms that had its ge-
nome sequenced. Yeast cells and human cells
have a lot in common. They’re both eukaryotes,
have their DNA surrounded by a nucleus. Fur-
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thermore, yeast can reproduce sexually similar
to human cells. In terms of genes, yeast has 12
Million Base pairs. Therefore, using yeast for
this experiment provides the opportunity to
learn a lot about our own genome and how it

functions.?

Yeast has all in all 16 chromosomes. Chromo-
some III was selected for it’s short and conven-
ient length. This chromosome contains approx-
imately 6000 genes (functional units of chro-
mosomal DNA that encode for proteins), of
which a third are shared with humans. Further-
more genes on this chromosome also deter-
mine the reproductive type of yeast. 3

How Did They Do It?

The process of building the chromosome is
rather simple, but expensive and time consum-
ing. The undergraduates would start by writing
the DNA sequence on the computer. A DNA-
synthesis machine would then create these

short sequences. The next step was to stich up

Wustration by Lucy Reading-likkanda
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these bases into strands 750 base pairs long.
DNA is built up of letter-designated base mac-
romolecules that together form a code. ‘A’
stands for adenine, which is paired with ‘T” for
thymine; and ‘C’ represents cysteine, which is
paired with ‘g’ for guanine. Together they form
the double helix structure we are all familiar
with. The 750bp were weaved together into
chunks of 2,000 to 4,000bp long. Finally, these
chunks were recombined into the original
yeast chromosome until it was completely syn-
thesized.#

The Result

Naturally Chromosome III consists of 272,871
base pairs. The team was successful at synthe-
sizing the chromosome with approximately
50,000 base pairs deleted, inserted or changed.
The illustration bellow shows all of the changes
implemented. The areas shaded yellow are re-
gions deleted from the chromosome. The red

pins indicate stop codon base replacements

EDITS IMPLEMENTED ?
The pins below mark the location
of the edit on the chromosome

@ loxPsym insertion

@ Stop codon change

@ Synonymous codon change
@B (oxP insertion at deletion

{ PCR Tag
Deleted regions
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from TAG to TAA. This makes the TAG code
available for the researchers in the future. The
blue pins represent other synonymous base
changes. Instead of deleting nonessential
genes, because they didn't know what the
effect would be on the whole organism, they
inserted loxPsyms to border these regions
(indicated by the green pins). LoxPsym are
short sequences of DNA that can be chemical-
ly activated to delete or change these nones-
sential genes. This provides the researchers a
means to manipulate the yeast genome at will

and observe the effects.

Once inserted back into the cell, the team ex-
posed the cell to numerous surroundings to
see how it would function compared to the
original cell. Even with all the changes, the
synthetic yeast showed no alteration in fitness

or replication.!

Sounds Familiar

Although an impressive technical achieve-
ment, in 2010 geneticist J. Craig Venter from
the institute in Rockville, Maryland, had as-
sembled his own synthetic genome for the par-
asitic bacteria Mycoplasma mycides. However,
what took Venter 15 years and $40 million dol-
lars to accomplish, it took Boeke’s team 5 years

and a team of eager undergraduate students..

Furthermore, the yeast organism, a eukaryote,
is far more complex than Venter’s parasite, a
prokaryote. Venter's group synthesized short
strands of DNA mostly identical to that of the
original cell, with only a few coded watermarks
coded into the genome sequence, which would
spell out the members of the
team that conducted the experi-
ment. In contrast Boeke’s team
altered many features of the ge-
nome; stripping the chromo-
some from many of its genes to
test their importance. Boeke’s
experiment can justify the enor-

mous cost and effort because it

yeast ———————»

can provide so much more information about
the way genes function in both yeast and hu-

mans.®

Its Potential

In addition to serving as a genome that re-
searchers can learn a lot about, brewers yeast
is commonly used to make foods such as
bread and beer, and also used in other areas of
industry as well, such as biofuel. What is less
known is that yeast is playing a growing role

in making and manufacturing medicines.
Malaria

Almost half a billion people in the world suffer
from malaria, of which 2.7 million die a year.
Therefore there is still an urgent need to find
new antimalarial drugs for treatment and
prophylaxis. The commonly used antimalarial
drug artemisinin is normally a byproduct of
natural sweet wormwood plant. Unfortunately
to produce such a drug is time consuming and
seasonal because of the plants involved and
thus also expensive. Recently scientists have
genetically engineered bakers yeast to come
up with a short cut to produce artemisinin.
The engineered cells are able to produce high
concentrations of artemisinic acid, which
through a chemical process can be turned into
artemisinin.. This process in affect makes mak-
ing the drug on demand and cheap, revolu-
tionizing how we combat malaria. With the
research done by Boeke’s team it is expected
to improve and enhance this process even

more.?

artemisinic acid artemisinin

Artemisinic acid produced by yeast and turned into artemisinin’
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Hepatitis B

Hepatitis B virus is a serious infection affect-
ing the liver. In 2009, almost 40,000 people
were infected with hepatitis B. A chronic in-
fection can even lead to liver cancer or
death. Thanks to yeast, there is now a vac-
cine available. Brewers yeast was genetically
engineered to produce the same surface pro-
teins as that of the virus. The yeast cell can-
not infect the individual but can reproduce
these surface proteins. Subsequently these
proteins are used to make a vaccine, build-
ing the immune response and thus making
people immune to the hepatitis B virus. Vac-
cines are a great potential of yeast now that
we have the knowledge and the means to
genetically modify it even more.®

Premenstrual Syndrome

Another fascinating use of brewer’s yeast is
to reduce the symptoms of premenstrual
syndrome. Participants of a randomized clin-
ical trial were either given a placebo or a
brewer’s yeast based supplement. After 6
months of monitoring the participants did a
Menstrual — Dis-

tress  Question-

“Our goal is to use it [synthetic
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Cancer

Probably one of the most interesting re-
search done on the potential of yeast cells, is
in treatment of cancer. Researchers explored
how the invitro use of brewer’s yeast when
incorporated into breast cancer cultures
showed escalated rates of apoptosis (self-
induced cell death). These metastatic breast
cancer cells are known to be extremely phag-
ocytic, engulfing and breaking down sur-
rounding cells including the added yeast
cells. After only 30 minutes, already 13% of
the cells had died. This rate was increased to
38% after four hours. All in all, the breast-
cancer cells that were actively metastatic
were most vulnerable to the yeast cells. They
showed a 629% increase in apoptosis com-
pared with the normal cells. The nonmet-
astic breast cancer cells showed a 178% in-
crease in apoptosis. Although far from actual
application, the brewer’s yeast is showing
means of a healthier way of combating
breast cancer, instead of damaging and life-
threatening chemo- and radiotherapy.

Synthetic Biology

Boeke’s research truly

naire, measuring yeast] to produce new antibioties as is groundbreaking; it

the  symptoms
they experienced.

resistance arises to existing ones” Pushes the boundaries

of synthetic biology.

Interestingly the —Dy. Tom E].].IS, geneticist at Imperi- According to Dr. Tom

yeast treatment
group showed a
significant  82%
reduction in symptoms compared to those
taking the placebo. Although more research
is required, brewer’s yeast has the potential
to be genetically engineered to show en-
hanced features and products that were asso-

ciated with reducing symptoms of Premen-

strual Syndrome.®

al College London

Ellis, a professor in
synthetic Biology at
Imperial College Lon-
don, “A synthetic genome will allow us to
reprogram yeast and our goal is to use it to
produce new antibiotics as resistance arises
to existing ones.” The Yeast cells can also be
genetically engineered to model human dis-
ease and defective molecular pathways. This
could teach us more about how these diseas-

es work and how we should combat them3

Furthermore, the synthetic biology devel-
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oped in this research can be applied to a di- chromosome

verse number of situations. One of which is the
production of human antibodies from animals.
Certain animal cells can be genetically modi-
fied to also produce human antibodies specific
for certain disease. A repertoire of human anti-
body genes can be transferred to these ani-
mals. Subsequently the antibodies produced
here can be given to individuals with immune
deficiency or be used to produce prophylactic
vaccines against deadly diseases. ™

The Future

Research laboratories all around the world
have currently come together to completely
build all but one of the 16 yeast chromosomes
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. . tatus of Synthetic Yeast 2
from scratch. This would lead genetic research St of Synthetic Yeast Genome

one step closer to constructing an entire ge-
nome and would also provide an entire ge-
nome to tinker with. They are also planning
studies on chromosome III where they scram-
ble it, removing and duplicating certain genes
and their order. Truly, this growing field in syn-
thesizing genes is yielding endless possibili-

ties.'?
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