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Mahidol University

BIOTECHNOLOGY

» a broad discipline in which biological processes, organisms, cells or
cellular components are exploited to develop new technologies. New
tools and products developed by biotechnologists are useful in research,

agriculture, industry and the clinic.
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Mahidol University BIOTECHNOLOGY

* Biotechnology is the use of biological processes, organisms, or systems to
manufacture products intended to improve the quality of human life.

* > 6000 years for using the microorganisms to make and preserve food

* Modern biotechnology
* > 250 biotechnology health care products and vaccines
e >13.3 million farmers use agricultural biotechnology

e > 50 biorefineries are being built across North USA
August 20, 2015 BT Seminar 2015 4
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Beer and wine

e Yeast as a secret
behind alcohol
fermentation

e Malt and hops

¢ Cell work on solar
energy

e Highly
concentrated

alcohol by
distillation

Coffee, cocoa,
YERILER
tobacco

e Ferment
ation for
enhanced
pleasure

e Pasteurization
e Sausages
e Vinegar

HISTORY
BIOTECHNOLOGY

Soy souce

e MSG

e Miso

e Tofu
Natto

e Angkak

e Tempeh




Year
1866
1868
1870
1871
1876
1878
1882
1886

Mahidol University Fermentation

BIOTECHNOLOGY

* Louis Pasteur (1822-1895)

* Father of modern biotechnology

* French biologist, microbiologist and
chemist

* principles of vaccination, microbial
fermentation and pasteurization

English Title
Studies on Wine
Studies on Vinegar
Studies on Silk Worm Disease
Some Reflections on Science in France
Studies on Beer
Microbes organized, their role in fermentation, putrefaction and the Contagion

Speech by Mr L. Pasteur on reception to the Académie francaise

Treatment of Rabies
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BIOTECHNOLOGY

Lazzaro Spallanzani (1729-1799) and Antoine Ferchault de Re’aumur (1683-1757)

Cofactors, coenzymes and complex

replication
(DNA -> DNA)

Lysozyme by Alexander Fleming (1881-1955: before penicillin discovery) DN@ Polymiiipse
DDA oNA
Extracellular hydrolases degrading polymers vanscinton
(DNA -> RNA)
(First industrial Takadiasterase by Jokichi Takamine 1854-1922) RNA Polymerase
LA RN

Amylases for brewing, baking, and desizing

translation
(RNA -> Protein)

Pectinases increase fruit and vegetable juice Ribosome
O-0-0-0-0O-0O-0 Protein

R471L/D472N

Proteases tenderize meat and tan leather
Immobilization: phytases managing phosphorus rush
Glucose isomerase and fructose syrup

Enzyme membrane reactors

Protein Engineering

Immobilized cells




A Mahidol University GENE

BIOTECHNOLOGY

 DNA and RNA: a power of polymerases
* Gregor Mendel (1822-1884): rule of heredity = Gene
* DNA structure by James D. Watson (1928) and Francis C. Crick (1916-2004)
* DNA polymerase by Arthur Kornberg (1918, NP1959)

R
* Ribosomes, genetic code and genome Z/\\/
* Recombination: genetic reshuffling of cards / \
* Plasmids: ideal vectors \'%/ /{*
* Watanabe in 1960 — plasmids and conjugation -

 Werner Arber, Hamilton D. Smith, Daniel Nathans — bacteriophage

* Endonucleases and ligases
e 1970, Herbert W. Boyer discovered “EcoRl” first restriction enzyme

e Somatostatin — first biosimilar from bacteria

* Eureka! The first genetically engineered insulin




GOLD

Bioinformatics,
Nanobiotechnology

WHITE

Industrial
Biotechnology

Patents, Publications,
Inventions

Bioterrorism,
Biowarfare

Mahidol University

Health, Medical,
Diagnostics

AREAS OF
BIOTECHNOLOGY

Desert
Biotechnology

BIOTECHNOLOGY

Agricultural, Environmental
Biotechnology

Aquaculture, Coastal
and Marine Biotech

YELLOW

Food Biotechnology,
MNutrition Science




Bacteria
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GHREEN Biotech

GREEN : Agriculture, Environmental Biotechnology

Bacillus thuringiensis (Bt) Solubilization Activation

Septicemia
Dead larvae_

Bt Cotton

Membrane
Toxin il insertion
oligomer  GPl-anchored

¥4 monomer protein

y P70 A0 A

Bt corn '

Binding to
reoepIO( .

o
R > »
& 0/0/0
Pores lead to
Insect midgut cells
nsect midgut ce! osmotic cell lysis Cell death
|[‘ ATP Mg
Jurat-Fuentes Laboratory w \ Activation of
(hitp://iweb. utk.edu/~jurat/) cell death pathway
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FESH MEAL AND FISH OX
made from oily fish, such as
anchovies and mackrel HERBICIDES
controls Agae growth
on netpens

FISH SEWAGE
contains uneatened food, waste products, disease, and pathogens




YELLOW : Food Biotechnology, Nutrition Science

GMO Foods

Tomato Rice

Tomatoes have been
genetically modified, but
they are not being grown GMO rice has
commerically at thia time been approved
but is not yet
being used

Alfa [fa commercially

GMO alfalfa Is

contaminating non Wheat

GMO alfalfa crops at
arapid rate

Cotton

» M

¢ Unapproved
8 GMO has
contaminated

wheat fields, and
we don't yet

At least half of Know the extent
ott

cotton grown in the
world is GMO

Sweet Corn

More than 70 percent of
corn grown in the United
States has been genetically
engineered

Sugar Beets

Y=

90% of Sugar Beets (used to
make 50% of our sugar) are GMO

Summer Squash

L2 4

Farmers don't like
GMO squash but some
experts say GM
squash have blended
with wild squash

Salmon

s

-

GMO salmon has not been

approved by the FDA, but it
will be very soon

Soy

4 0N
4

More than 93% of

soybeans the United
States produces are
genetically moditied

For more information go to
olmag.co/gmo-foods

Canola Oil Yeast

GMO yeast for wine has

87% of canola grown bectioppsoved
commercially, and 80%
of wild canlola is GMO
Hawaiian

Peas
Papaya

Peas have been
genetically modified & r

but are not approved
or availlable
Most Hawalian papaya is
GMO, even many organic

organic lifestyle =
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WHITE Biotech
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~  BIOPROCESS
" Cultivation Processes -
Process Characterisation
Segmented-Flow-Technique
“O9% process Adaption

Techmndcal Process
Prototypes Results
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GOLD Biotech
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\\ (el . e ‘ GOLD Biotech

Integration of:

Molecular recognition technologies Nanofabrication
Self-assembly Nanomanipulation
Bottom-up Top-down —~
nanobiotechnology nanobiotechnology

Technologies for observation, measurement and
manipulation at the nanoscale



MICROBIOME

The Importance of the

MICROBIOME
by the Numlbers

o 90%

Up to 90% of all
disease can be raced
in some way back to
the gut and heaith of

the microbiome

10-100 trillion

Number of symbiotic microbial
cells harbored by each person,
primarily bacteria in the gut, thal
make up the human microbiota

10X ®)

>10,000‘

Number of different microbe
pecies researchers have identified

‘ living in the human body

T
100to1

The genes in our microbiome
outnumber the genes in our
genome by about 100 to 1

There are 10 times
as many outside
organisms as there
are human cells in
the human body

NS

22,000

Approximate number
genes in the human gene
catalog

...

Percentage individual humans
are different from one another
in terms of the microbiome

3.3 million

Number of non-redundant
genes in the human gut
microbiome

H

Percentage individual hurmans
are identical to one another in
terms of host genome

99.9%

Intestinal Flora Affects Your Health

The microbes that live inside your intestines influence your health in
beneficial and harmful ways

Immunity

Providing a physical barrier to
invasive microbes, our gut flora
enhances the functionality of
the immune system.

Vitamins

Bacteria in the gut plays a
direct role in the synthesis of
vitamins B and K as well as the
absorption of calcium and iron.

Metabolism

Metabolic activity of the gut
flora allows our body to utilize
food that would otherwise
not be digested.

Obesity

In 2009, Dr. Krajmalnic-Brown
discovered gut bacteria of obese
patients differs significantly from
normal individuals.

Inflammation

Gut flora likely plays a major
role in the development of
various inflammatory diseases
including IBD and colitis.

Autism

New research by

Dr. Krajmalnic-Brown suggests a
link between autism and
decreased gut bacterial diversity.
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2. In the laboratory,

1. Cells are removed
from patient. a wirus is altered
=0 that it cannot
reproduce.

(> i
;/' ‘4,. ‘,f ° Y /
. 7. The genetically ¥

altered cells produce .
the deszired protein ﬂ 3 ﬁfi:tifintn

or hormone. < L the wirus.
a7
e [ 555 6. The altered cells are ",
@ injected into the patient.

] ‘ % 4. The altered virus is

i
/j*—" mixed with cells from

the patient.
5. The cells from the patient
becorne genetically altered.

L

Drug toxic but

' :' \Patint oup/

Drug toxic but

beneficial . NOT beneficial
| f ’ » s ﬁ
@% /Same diagnosis, ..
same prescription %~
Drug NOT toxic and Drug NOT toxic 1‘

NOT beneficial and beneficial 4



genetic enginee

new horizons in medicine

S0 (urese engneomg (Ao known as

recombinant DNA techvology 1 genatic saelplo
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Gene therapy
Vaccines

Xenotransplantation

L)

healthy pancreas

Isalate insulin
gene

e.coli bacteria (’Jrvhnmng
plasmid with insulin gene
inserted (cloned insulin
gene)

A

Direct delivery-based in vivo editing

P

CRISPR/Cas9
+ HR template

Non-viral delivery

Cell culture-based ex vivo editing

Adult SCs

CRISPR/Cas9

correcho'n/

;.;;ma \.

Expansion

_—

nonfunctioning
islets of
langerhan

diabetic
pancreas

islets of langerhan (insulin
producing cells)

Genetic engineering
working to treat and
eventually cure diabetes

insulin injected

regularly for glucose

insulin balance
production

iPSCs
Fibroblast LB a8
/ Sonsy
———
—=——0 | /Reprogramming CRISPR/Cas9
— ) correction
Blood/skin Repaired S a8
=
\
Clonal
l selection

Differentiation &%ﬁ?ﬁ)

Expansion



First discovery of
interspaced short

repetitive sequences

The term “CRISPR”
for the first time

B

Genomic
sgRNA
Target Genomic Protospacer o e
Locus Adjacent Motif | '

(PAM)

5 Aabhi
Ll - Cas9 NI Cas9
>Q 08' SmartNuclease™
;lan,:etsequente "iﬁﬁmﬁ””“ lﬁ R All-in-one
S olille (11l % ) Vector
\CUATUGCCUGAUCGGANUARAAITY. CGAUA "X B xcatsCASH00A-1, CAG cateCAS920A1
Your & : CMV:CatECASO40A-1, MSCVE Cat CASOE0A,
guide RNA i . GRECASSBOAT
sequence W
tracrRNA promo!
builtinto

vectors

CRISPR mediates
adaptive immunity

DSBs

Template DNA

— 10T T

tracRNA E
5! ! Cas locus

First human
CRISPR/Cas9 trial

First application of the CRISPR-
mediated genome editing in
mammalian cells

T[T indels

Precise modification

Plasmid DNA
cleaved

".;é‘

2>
A v e (PR

1. Acquisition \ l

CRISPR array

Target DNA

3. Interference.

1 ~8

==

; ==

Virus DNA
cleaved

| |

Pre-crRNA

' !
trE\'A cﬁ{mem % .8) —=p

2. Expression

iracrRNA-crRNA

4 oRNA) —
iracRNA:crRNA:Cas chimera (sgRNA) 3
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new
insights

Al

BIOLOGY

new
hypotheses

EXPLORE
FUNCTION'®
IN MICROBIAL
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RISE OF SYNTHETIC BIOLOGY INNOVATIONS

/4 - ol
@ pintels f\/ VajraSoft Inc.

Synthetic Biology

: PathwayDes:gn EnzymeDes:gn Producer Construction
401 38.7 billion 1| M-path S
iy -path _A' 9
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201 Synthetic Biology Innovations : Key Application Segments 2
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10+ )
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An upper estimate of the number of

possible molecules

Estimated number of atoms in the

universe
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small organic molecules
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https://chemintelligence.com/ai-for-chemistry
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SCBT201 Biotechnology

History and Development of for Beginners

Biotechnology

With a foreword by Tom A Rapoport
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