BUILDING BLOCKS OF LIFE

Introductions, then...

Tissues, Cells, Compartments, Organelles




Welcome to BIEN 5010!

- Course coordinator: Angela WU

* | am a pure-bred bioengineer...

* Joined HKUST in 2015

* Research Area: microfluidics, single cell genomics, development of novel molecular biology
assays/methods

* Fun Fact #1: 1 got my scuba diving certification in 2015, and then didn’t get to use it for four years!
2018 tried to go Okinawa but was ruined by typhoon Trami; this year finally got to go diving in
Taiwan!

* Fun Fact #2: Just two months ago | completed a |3-day, 000+ km biking trip, riding around Taiwan!

- Office hours: by appointment, via zoom until further notice
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Our teaching objectives

3. Course intended learning outcomes (CILOs)
- We have CILOs |-6:
1) Describe the central dogma of molecular biology, and be able to recall the various
+ CILO 1-4 are the knowledge

molecular participants (molecules, proteins/enzymes) involved in the components of

the central dogma. Describe their main physical features and select appropriate that you ShOU|d have b)’ the end
tools/techniques for characterizing them. of the course — details about

2) Explain the mechanisms and functions of basic molecular biology assays, including molecular bIO|Og)’ that you will
PCR, gqPCR, gel electrophoresis, molecular cloning, protein separation and learn in the class
purification; be able to analyze and interpret results of above assays. o C”_O 5 _ Be bO|C|; be creative;

3) Compare different types of imaging tools, and describe their usage and importance in be critical

+ CILO 6 —The human aspect of
any research

modern biotechnology/medicine.

4) Explain what a stem cell is, and compare differences between embryonic stem cells,
fetal stem cells, adult stem cells, and induced pluripotent cells; recall modern
applications of stem cell therapies, and explain the mechanism of action for these
therapies; describe current major challenges in using stem cell therapies in the clinic.

5) Explain and critique recent breakthroughs in molecular biology and bioengineering
fields, including those outside your research area; be able to suggest potential
applications of these new technologies to a relevant clinical challenge.

6) Present and discuss the taught ideas and concepts with peers with clarity and

evidence-based reasoning; collaborate with team mates with positive attitude and

strong work ethic in a group project setting.

W]
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4. Assessment Scheme

Midterm: 30%
O u r assess m e nt SC h e m e One (1) written exam will be given during class time on 31 March. The exam will

require recall of basic concepts taught in class in the form of a written exam.
Assesses CILOs 1-4

. o Class Participation: 20%
- Mid :30%
I term‘ (3] Active participation and in-class discussion with peers are critical to the

understanding of the concepts taught in class. Due to the special circumstances of

¢ One Wr'tten €Xam WI" be glven in Cla’ss on 3 I MarCh‘ this semester’s teaching format, when students are required to work in groups and
The exam w|" test Ccu mulative knowledge. discuss in-class exercises, one student will be asked to summarize the group’s

discussion points. Each student must represent the group in presenting the

° C I ass P artic i p ati o n : 2 0% discussion summary at least once during the semester in order to receive class

participation credit.

+ Active participation and in-class discussion. Assesses CILO 6

Final project: 40% (20% group oral presentation; 20% individual written assignment)

+ Each student must represent their discussion group in
. . . . . Final project consists of a presentation done as a group of four (4). Instructor will give
Presentlng thelr d|SCUSS|0n AT LEAST ONCE n the out a few choices of project topics, and students must choose their presentation topic
semester to receive non-zero PartiC|pation Cl"edit. from these options to perform comprehensive literature research on. The goal is to

understand in-depth the evolution of a current technology in bioengineering, and how
o L3 ° . . . " N . . .
. past scientific findings build the underlying foundation for the innovation/technology.
- Final project: 40% (e underyng fandal |
Students may propose their own topic, but it is subject to approval by the instructor.
Presentations will take place on 12 and 19 May. Each presentation will be 30 mins

+ Final project consists of a group presentation done in a

followed by 10 mins of Q&A. The presentations will be scored based on content

team, PI us an indiV|dua| ertten Paper clarity, completeness, organization, quality of the critical analysis, as well as quality of
. . . the presentation itself. Please refer to the grading rubric for more information on how
° Presentatlons WI" take place on I 2 and I 9 Ma)l’ via Zzoom the presentation will be graded. Each student must also write an individual paper.
or in class depending on the situation.We will update Assesses CILOs 1-6

you as soon as possible.

. o, Peer evaluation: 10%
: 10%
° Peer eval uatlon. (] Students will be asked to evaluate their peers’ final project presentations, with each

group being evaluated as a whole to give a “group score”. Within each group,

L3 L
© Exe rc‘ses: optlonal students will also receive evaluations on their contribution to the group from each of

their teammates, which will be averaged to give an “individual score” for each student. A

° Pl"ior’ tO examS, take'home exerCises and tutorlals W|" Overall, each student will receive a final peer evaluation score that is the 50-50
a|SO be PrOVIded These eer"CiseS W|" nOt be graded weighted average of the group score (given by the rest of the class) and the individual

score (given by their teammates).

Assesses CILO 6
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About Zoom...

» It sucks — | dislike it as much as you do (if not more)

- Let’s all try to make it as effective as possible

- TURN ONYOURVIDEO so | can feel less silly

- TURN OFF YOUR SOUND unless you are asking or answering a question, so that others can
hear my lecture

* Use your REAL NAME and Student ID, so | can see who you are and give participation credit!

- “Raise your hand” if you have questions; you can also use chat to ask questions during the Q&A
periods when | will open up the chat room (Anyone doesn’t know how to raise hand in zoom?)

* You can see both my face and the slide if you use “PinVideo”, or just use Speaker View, so that | am
on top when | am speaking

- DO ASK QUESTIONS if there’s something you don’t understand!

- Be kind to each other (especially me...) — this is my first time teaching in zoom, and I’'m sure
it will not be perfect, but | hope that you will be understanding and patient if something goes wrong.

A—g—.

U



Any questions?

- About the logistics of the course, or basic zoom function?

@



Organisms

Organelles
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Lysosome

Where digestion of cell
nufrients takes place.

Angela Wu

Cells!

Nucleus

Mitochondrion
Cell’s control center

Produces energy for cells to use
by breaking down substances
during oxidative mefabolism.

DNA

Conlains coded information
that passes on every single
inherited characteristic.

Colgi complex
Collects, packages and
distributes molecules
made in the cell.

Endoplasmic reficulum
Smooth and rough tubes that
move and store materials
made by the cell.

Ribosome

Tiny profein
roducing factories.
rofeins produce

chemical messages

that run a cell.

Vacuole

Cytoplasm
Jellylike fluid between cell
membrane and the nucleus.
This is where all the organelles
(litlle organs) are found.

Cell membrane /

Made up of a double layer of fatty material. It
allows some materials to pass into and out the cell at
thousands of places across the surface. It allows foods
to pass info the cell and waste to pass out of the cell.

Peroxisome

Vesicle that contains
enzymes that carry out
particular reactions, such
as defoxifying potentially
harmful molecules.

Centriole

Tiny organs that help the cell divide.

Eukaryotes:
~10-40 um in diameter

Storage area from fats
and other substances.

Capsule
Cell wall
Plasma membrane

Plasmid
Pili

Bacterial Flagellum
Nucleoid (circular DNA)

Prokaryotes:
~|-2 um in diameter
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So how many cells are in the human body?




Nucleus

- Command center of the cell
- Has a membrane
+ The DNA is in here (chromatin — chromosomes, etc)

- Contains the nucleolus — ribosomal DNA; make rRNA; make
ribosomes

» Pores control travel into/out of the nucleus

Endoplasmic
reticulum

+ Question:What is the advantage of having a nucleus?
Nucleolus
Chromatin

Nucleoplasm

Nuclear pore

Nuclear envelope

W]
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Cell Membrane

The Fluid Mosaic Model for Cell Membranes
Outside of Cell

T e
Bilayer) | et - T Tt .

Inside of Cell

— Phospholipid
bilayer

Hydrophabic tail

Hydrophilic head




Mitochondrion

DNA  Ribosomes Matrix Outer Inner

« Metabolism and energy PrOdUCtion [ Membrane Membrane

* Respiration! Generating ATP!
« Maternal lineage
+ Mitochondrial disease, and aging

FO,F1 Cristae Junction Intermembrane
Complexes Space
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Ribosome

« It makes proteins!
Rough
- Needs help from other things in the Endoplasric

Ce" Ilke tRNA Reticulum

recycling
O
)
start stop \
O

Animated Gif By Bensaccount at en.wikipedia, CC BY 3.0, https://commons.wikimedia.org/wl/index.php?curid=8287100

protein
ribosome \

\

mRNA
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Endoplasmic Reticulum

* Protein production and transport

* Rough ER — has ribosomes on it
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Randy Moore, Dennis Clark, and Darrell Vodopich, Botany Visual Resource Library & 1988 The McGraw-Hill Companies, Inc. All rights reserved.

Three-Dimensional
Endoplasmic
Reticulum

Nuclear envelope

Rough endoplasmic
reticulum




So many cells...

TYPES OF CELLS

NERVE CELL

MUSCLE CELLS

BLOOD CELLS

5,

Neutrophil

ardiac

White blood cells

y

Eosinophil

BONE CELL

REPRODUCTIVE CELLS

https:/Iwikis.engrade.com/aéthgradescience2/body
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A Unified View of Biology

Genomics

Genetics _
Recombinant

DNA

Molecular biology

Polymerase chain reaction - PCR
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Concept borrowed from Eric Lander’s course at MITx: 7.00x Introduction to Biology - The Secret of Life
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