1. Pick up Name Folder

 Pick up name folder and set it up at seat.

2. Sit with your lab group.

- laptops almost closed (avoid distracting)

3. Clicker Attendance

- Launch your Top Hat, and get ready to click.




_. Laptops closed (unless TopHat):
i (open if need 4 TopHat, don't distract others)
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1Q20: Based on your previous biology knowledge, can a pH gradient across membranes be used to produce new covalent bonds? (for example?)
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Chapter 4: Evolution and Origin of Cells
4.4 Can non-living objects harvest and store energy? X3

e Context: Life consumes energy, and the first cells would need an abiotic way to harvest and store energy.

e Major theme: The origin of living systems occurred by natural processes, and life continues to evolve
within a changing environment; organisms can be linked by lines of descent from common ancestry.

e Bottom line: Nonliving vesicles can accumulate energy in the form of a pH gradient.

Biology Learning Objectives
o Use evidence to support the scientific understanding that life evolved from abiotic forces and
phenomenon.
e Discuss how vesicles can grow, compete, and store energy.
o Illustrate how abiotic structures exhibit dynamic and competitive behaviors.

In Section 4.2, you saw RNA molecules function as RNA polymerases. In Section 4.3, you saw RNA
molecules become entrapped inside abiotic vesicles and produce osmotic pressure to out-compete relaxed
vesicles for lipids. Life also requires energy, and so far you have not seen any data indicating that these
primitive cells could harvest or store energy. Is it possible for primitive, abiotic cells to store energy in an
abiotic world? Could growing vesicles sequester energy that could be used to do work at a later time? You
will analyze published data that will help you determine if energy storage is possible in an abiotic world.
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Figure 4.16 Proposed mechanism for accumulation of a pH gradient
inside the vesicle lumen. The process proceeds from (A) through (D)
over time to gradually accumulate H” ions inside vesicles, which
lowers internal pH. Lipids can flip from one side of the bilayer to the

other. From Chen and Jack W. Szostak. 2004a. Figure 2. Irene A. Chen and Jack

W. Szostak. 2004a. Membrane growth can generate a transmembrane pH gradient
in fatty acid vesicles. PNAS. 101 (21): 7965 — 7970. Copyright (2004) National

Academy of Sciences, U.S.A.
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Figure 4.17 Vesicle pH after adding micelles. A, pH drops quickly at first, and then
slowly. B, Reduced pH immediately after adding micelles. C, Change of surface area
for vesicles in B. Three trials are shown with each line representing an exponential

curve fit. From Chen and Jack W. Szostak. 2004a. Figure 3. Irene A. Chen and Jack W. Szostak.

2004a. Membrane growth can generate a transmembrane pH gradient in fatty acid vesicles. PNAS.
101 (21): 7965 — 7970. Copyright (2004) National Academy of Sciences, U.S.A.
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Figure 4.16 Proposed mechanism for accumulation of a pH gradient
inside the vesicle lumen. The process proceeds from (A) through (D)
over time to gradually accumulate H™ ions inside vesicles, which
lowers internal pH. Lipids can flip from one side of the bilayer to the

other. From Chen and Jack W. Szostak. 2004a. Figure 2. Irene A. Chen and Jack
W. Szostak. 2004a. Membrane growth can generate a transmembrane pH gradient
in fatty acid vesicles. PNAS. 101 (21): 7965 — 7970. Copyright (2004) National
Academy of Sciences, U.S.A.
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Figure 4.17 Vesicle pH after adding micelles. A, pH drops quickly at first, and then
slowly. B, Reduced pH immediately after adding micelles. C, Change of surface area
for vesicles in B. Three trials are shown with each line representing an exponential

curve fit. From Chen and Jack W. Szostak. 2004a. Figure 3. Irene A. Chen and Jack W. Szostak.

2004a. Membrane growth can generate a transmembrane pH gradient in fatty acid vesicles. PNAS.
101 (21): 7965 — 7970. Copyright (2004) National Academy of Sciences, U.S.A.
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over time to gradually accumulate H™ ions inside vesicles, which
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Figure 4.17 Vesicle pH after adding micelles. A, pH drops quickly at first, and then
slowly. B, Reduced pH immediately after adding micelles. C, Change of surface area
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If 1t looks like a cell, and acts like a cell...?

e Lipids can form through abiotic mechanisms.

e Abiotic vesicles can form spontaneously.

e Abiotic vesicles can trap RNA inside them.

¢ RNA ribozymes can polymerize RNA molecules.

e Abiotic vesicles can grow by consuming additional lipids.

e Abiotic vesicles can compete against each other for lipids.

e Abiotic vesicles can divide and leak their RNA cargo with each division.

e Abiotic vesicles with RNA inside can outcompete vesicles lacking RNA inside.
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What is our next question of EvolLife?



How did mitochondria and

chloroplasts originate?

Biology Learning Objective

* Assemble evidence that demonstrates the
evolutionary origin of mitochondria and
chloroplasts.
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What eukaryotic cell has that prok. doesn’t?

Nucleus

Plasma membrane

Rough endoplasmic
reticulum

Chloroplast

Golgi apparatus

Bacteria \
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Cell wall | Mitochondria



Intermembrane space

Outer
membrane

Free ribosomes
in the

mitochondrial
matrix

Inner

membrane &

Cristae /%@
Matrix
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Leaves contain millions of chloroplasts.

Outer membrane

-----

Inner membrane
Thylakoids

Granum

Stroma
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What does endosymbiosis suggest 1s the
evolutionary origin of the chloroplast?

a. nuclear envelope

D. invagination of membrane
C. golg1 apparatus

d. endocytosis of bacterium
e. infection of virus

Lynn Margulis as a young woman
Source.

hitp./'"www.bu.edu/cas/oio 100/bio-histo
ry/faculty/; accessed May 15, 2006.
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How to test the endosymbiosis hypothesis...
What evidence could you look for?
(that might support or refute the hypothesis)

Nuclear envelope
Endoplasmic
ticulum Nucleus
\ _ / Mitochondrion
Infolding = = Ancestral
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Design an experiment
to test the endosymbiosis hypothesis...

e Maybe using PCR
e Maybe using Microscopy

e Perhaps using streptomycin, erythromycin,
or tetracycline

e What’s the Trifecta of your experiment:
purpose, methods and predicted results?




Evidence for Endosymbiosis

Mitochondria/Chloroplasts « Bacteria

Morphology/Behavior: They swim around 1n your cells,
divide, look like cyanobacteria etc

Anatomy: Have 2 membranes, inner like bacteria & outer
like plasma membrane.

Molecular: Their own genes & ribosomes, that function-
sequences of genes, ribosomes, same as bacteria,
antibiotic, circular no histones

Pathogens: Undigested prey or parasites via endo



How do chloroplasts function?

(a deep dive into one organelle)

Biology Learning Objective

* Build knowledge of the processes used by
chloroplasts when functioning (photosynthesis).

 How do photons that depart the sun and strike

the earth get converted to chemical energy
(ATP, CHO) that 1s the source of all life.




5. Photosynthesis

The Light-Dependent Reactions of Photosynthesis

Summary: By the end of this section, you will be able to:

e Explain how plants absorb energy from sunlight
e Describe short and long wavelengths of light
e Describe how and where photosynthesis takes place within a plant

How can light be used to make food? When a person turns on a lamp, electrical energy becomes light
energy. Like all other forms of kinetic energy, light can travel, change form, and be harnessed to do work.
In the case of photosynthesis, light energy is converted into chemical energy, which photoautotrophs use to
build carbohydrate molecules (Figure 1). However, autotrophs only use a few specific components of
sunlight.



(d) (€)

Figure 1: Photoautotrophs including (a) plants, (b) algae, and (c) cyanobacteria synthesize their organic compounds via photosynthesis
using sunlight as an energy source. Cyanobacteria and planktonic algae can grow over enormous areas in water, at times completely
covering the surface. In a (d) deep sea vent, chemoautotrophs, such as these (e) thermophilic bacteria, capture energy from inorganic
compounds to produce organic compounds. The ecosystem surrounding the vents has a diverse array of animals, such as tubeworms,
crustaceans, and octopi that derive energy from the bacteria. (credit a: modification of work by Steve Hillebrand, U.S. Fish and Wildlife
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When Light Is Absorbed, Electrons
Enter an Excited State

o i, C@ Blue photpns excite electrons to
an even higher energy state

e. = Red photons excite electrons
to a high-energy state

Photons

0 1 2
Energy state of electrons in chlorophyill

Figure 10-9 Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.



Time to capture photons (photosystem football)




