BIOL2107, Fall 23

Lecture 17




Term Paper:

1. "Evolution is a man-made myth"
2. "An understanding of Genetics is fundamental to our understanding of how an organism works."

3. "Virus are alive"

Choose one of the statements above, and provide two arguments for me; one for and one opposed to the statement
that you chose.

Minimally, each of your arguments should be half a page of 11pt, single-spaced writing (450 words).
Maximally, each of your arguments should be no more than one page of 11pt, single-spaced writing (900 words).

In addition: you will need to put down references for all the sources of information that you cite.

You will submit your paper as a typed document (E-MAIL)... by NOV 18th!!

When you do e-mail me your paper, please ensure that you give the title "BIO2107 Term Paper” in the subject line of
the email.



7.1 Chemical Bonds and Interactions

NAME BASIS OF INTERACTION STRUCTURE BOND ENERGY* (KCAL/MOL)
' Covalent bond Sharing of electron pairs | | 50-110
| —N—C—
H
Hydrogen bond Sharing of H atom JE e E| 3-7
—N—Hsss0s O=(C—
O
[onic interaction Attraction of opposite SR e O 3-7
charges I
H
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clouds
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substances H H H H

"Bond energy is the amount of energy needed to separate two bonded or interacting atoms under physiological conditions.



NAME BASIS OF INTERACTION STRUCTURE BOND ENERGY* (KCAL/MOL)
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"Bond energy is the amount of energy needed to separate two bonded or interacting atoms under physiological conditions.



Van der Waals and Hydrophobic Interactions

More Information Online WWW.DIFFERENCEBETWEEN.COM

Van der Waals Interactions Hydrophobic Interactions

Hydrophobic
DEFINITION van aer Waals Interactions are

interactions are chemical .
repulsion forces between
bonds between non-polar
water molecules and

molecules
other substances

MOLECULES Between non-polar Between water

molecules and non-
polar molecules

molecules

CHARGE One molecule gets an
SEPARATION iInduced positive charge
while other molecule
gets an induced
negative charge

No charge separation




Macromolecules: Giant Polymers

There are four major types of biological macromolecules:
Proteins, Carbohydrates, Lipids (?), and Nucleic acids.

These macromolecules are made the same waly in all living things, and they are present in all
organisms in roughly the same proportions.

Macromolecules are essentially giant polymers, which are formed by covalent linkages of smaller
units called monomers.

Molecules with molecular weights greater than 1,000 Daltons (atomic mass units) are usually
classified as “macromolecules”.

Some of the many roles of macromolecules include:

Energy source

Energy storage

Structural support

Catalysis

Transport

Protection and defense

Regulation of metabolic activities

Maintenance of homeostasis

Means for movement, growth, and development
Heredity
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(a) Condensation
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Acids, Bases, and the pH Scale

Acids donate H*; bases accept H*.

Amino acids: the very building blocks of proteins, contain both carboxyl

groups and amino groups, so they are simultaneously acids and
bases.

Amino acids

o ﬂ R group: a functional group
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Primary structure

Peptide linkage

Amino acids
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3. 2 Twenty Amino Acids Found in Proteins

D. Amino acids with hydrophobic side chains

Alanine Isoleucine Leucine
HiN —+-coo HyN —#—ooo
H— c CH, LH,
CH2 /cu
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A. Amino Acids with Electrically Charged Side Chains

Positive

Negative
A A
Y ~ N
Arginine Histidine Lysine Aspartic Acid Glutamic Acid
(are) () (His) () tys) (3 (asp) (0) Gl

@NH,

B. Amino Acids with Polar Uncharged Side Chains C. Special Cases
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D. Amino Acids with Hydrophobic Side Chains
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A. Amino Acids with Electrically Charged Side Chains

Positive Negative
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Primary structure

Peptide linkage




(b) o Helix (c) B Pleated sheet

{ Tertiary structure @l Quaternary structure

Subunit 1 Subunit 2

Hydrogen bond
Disulfide bond

(e) Subunit3 Subunit 4




(b) o Helix ¢) B Pleated sheet
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Carbohydrates: Sugars and Sugar Polymers

Carbohydrate monomers have molecular weights that approximates 100 Daltons.

Polymers composed of monomers can have molecular weights of up to hundreds of

thousands of Daltons.
There are four major categories of carbohydrates:



Carbohydrates: Sugars and Sugar Polymers

Carbohydrate monomers have molecular weights that approximates 100 Daltons.

Polymers composed of monomers can have molecular weights of up to hundreds of
thousands of Daltons.
There are four major categories of carbohydrates:

Monosaccharides,
Disaccharides, which consist of 2 x monosaccharides and

Oligosaccharides, which consist of between 3 and 20 monosaccharides.



Carbohydrates: Sugars and Sugar Polymers

Carbohydrate monomers have molecular weights that approximates 100 Daltons.

Polymers composed of monomers can have molecular weights of up to hundreds of
thousands of Daltons.
There are four major categories of carbohydrates:

Monosaccharides,
Disaccharides, which consist of 2 x monosaccharides and

Oligosaccharides, which consist of between 3 and 20 monosaccharides.



Carbohydrates: Sugars and Sugar Polymers

glucose (CeH1206)

—{(@—OH
HO—

—?—OH

—o—OH =

H ?—OH

Stralght-cham Intermediate form o-Glucose B-Glucose
form

H OH H OH H OH



Carbohydrates: Sugars and Sugar Polymers

glucose (CeH1206)
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Carbohydrates: Sugars and Sugar Polymers
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Carbohydrates: Sugars and Sugar Polymers

glucose (CeH1206)

Aldehyde
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form



Carbohydrates: Sugars and Sugar Polymers

Six-carbon sugars

o-Galactose



Carbohydrates: Sugars and Sugar Polymers

glucose fructose
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Carbohydrates: Sugars and Sugar Polymers
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Carbohydrates: Sugars and Sugar Polymers
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Carbohydrates: Sugars and Sugar Polymers

glucose fructose
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Carbohydrates: Sugars and Sugar Polymers

glucose fructose

O

OH HO.

glucose | fructose
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Carbohydrates: Sugars and Sugar Polymers

Oligosaccharides,|which consist of between 3 and 20 monosaccharides.

H - antigen

A - antigen

B - antigen




Carbohydrates: Sugars and Sugar Polymers

Oligosaccharides, which consist of between 3 and 20 monosaccharides.

H - antigen

A - antigen
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B - antigen




Carbohydrates: Sugars and Sugar Polymers

Polysaccharides,|which are composed of hundreds to thousands of monosaccharides.

(@) Molecular structure

Starch and glycogen




Carbohydrates: Sugars and Sugar Polymers

Polysaccharides, which are composed of hundreds to thousands of monosaccharides.

(@) Molecular structure

Starch and glycogen

H OH O

CH,OH CH,OH CH,OH
O H O i H O ET Bl
OH H OH H OH H OH H

«Starch” is a polysaccharide comprising glucose monomers,
predominantly joined in a 1,4 linkages.




o-1,4 glycosidic linkage

CH,OH CH,0H CH,0H ' CH,OH
Formation
H O H H O OH foli H 0| H H 0. OH
H H B Oor o Ill]kﬂge H H B
‘Not v/ + 'NoH u/! > {ROH H Lo OH H
OH OH HO Kl OH O H
H OH H OH @ H OH H OH
o-Glucose B-Glucose o-Glucose B-Glucose
Maltose

B-1,4 glycosidic linkage
—>—  CH,OH

B-Glucose
L B-Glucose
B-Glucose b-Glucose  copiobiose
(a) Molecular structure
Cellulose
CH,OH OH CH,OH H OH
O O H
5 o TR ' o OH H
5 OH H H OH H H z
O HeE o E] O O H H O O



Carbohydrates: Sugars and Sugar Polymers
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Carbohydrates: Sugars and Sugar Polymers
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Carbohydrates: Sugars and Sugar Polymers
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Carbohydrates: Sugars and Sugar Polymers

CH.OH
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1. Glycogen is made up of only one molecule while starch is often made up of two.

2. While both are polymers of glucose, glycogen is produced by animals and is known as
“animal starch” while starch is produced by plants.

3. Glycogen has a branched structure while starch has both chain and branched components.



Carbohydrates: Sugars and Sugar Polymers

hydmgen@gﬁgg (a starch)

cellulose

1. Glycogen is made up of only one molecule while starch is often made up of two.

2. While both are polymers of glucose, glycogen is produced by animals and is known as
“animal starch” while starch is produced by plants.

3. Glycogen has a branched structure while starch has both chain and branched components.



(b) Amino sugars

CH,OH

OH
H on — Amino
group B

Glucosamine Galactosamine

H

Glucosamine




(b) Amino sugars

CH,OH

Glucosamine Galactosamine

Chitin
Chemical compound  :

Chitin , is a long-chain polymer of N-
acetylglucosamine, an amide derivative of glucose.

Chitin is probably the second most abundant GluCOS amine

polysaccharide in nature; an estimated 1 billion tons

of chitin are produced each year in the biosphere.




Three-carbon sugar
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Nucleic acids
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(a) Condensation
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Building larger molecules with carbon

H H 'l'l Fl*
| |
H—(|3—H -1 H—(ID—H = H—C—C—H
H H |l| Ili
Methane Methane Ethane



hydrogen
atom \

7 _ single
carbon | i covalent
atom -~ bond

\ . N
& \ \-\s
"'.f)".
109 ,s' |
degrees - /

2 2001 Brooks/Cole - Thomson Learning

methane(CH )

A closer look at
carbon

-atomic number of 6
( six protons)

- 2 1inner shell electrons

- +4 1n 1ts outer shell

- needs to share four
electrons with partner
atoms

- tetrahedral geometry



Building larger molecules with carbon

etc....

T I Bl - Tt vy T I BwAnTiw  Theee Labveny

carbon “backbone”

H
HH /
H H H H H H

- ........

H HHHHHHH

D 2001 Brooks/Cole - Thomean Learning

- a carbon chain



Lipids

Lipids are not "technically" polymers, because the different units and
subunits are not necessarily held together by covalent bonds, but by other
less well defined forces of association.

cell membranes (phospholipids),

capture of light energy (carotinoids),

hormones and vitamins (steroids and modified fatty acids),

thermal insulation,
electrical insulation of nerves etc,

and

water repellency (waxes and oil:

coronary
artery

atherosclerotic
plaque

- Thomson Leaming

cardiac [
muscle |
(heart y R
muscle) © 2001 Brookleob-Thomso.n\Lumug g
tissue Honeycomb in a beehive

© 2001 BrooksiCole

Cholesterol-rich atherosclerotic plaques



Lipids are in essence the "water-insoluble™ molecules of life.
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Phospholipids can be represented in a
\ variety of ways to emphasize overall 5
‘ kstructure, different domains, and 3D shape. !




Lipids are in essence the "water-insoluble™ molecules of life.
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Lipids are in essence the "water-insoluble™ molecules of life.

CH CH
Glycerol | | ™
OH OH OH
w oo
’ °_T B
CH, CH,
Fatty acnd
molecules

Triglyceride

3H0

\

HYDROPHILIC

Phospholipids

\“/

have hydrophilic

and hydrophobic
components.

HYDROPHOBIC

}_

Fatty acid chain

\—/

Phospholipids can be represented in a
variety of ways to emphasize overall

structure, different domains, and 3D shape

|




Lipids are in essence the "water-insoluble™ molecules of life.
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Lipids are in essence the "water-insoluble™ molecules of life.
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b. Bilayer
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Lipids

a. Stearic acid, CH;(CH,),,COOH

HO

H,C

ZETEN

CH,
H,C

7 =1 3 S P . S
N N \) N ¥
/n\ /h\ /h\ /h\ /h\ 77 5N
) 0 (@) (@) () ()
2 as ac o 2 oo
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I
w
(@)
B\

Saturated fatty acid chains
lack double bonds,
resulting in phospholipids
with a straight structure

that favors tight packing.

More Solid

OH
/

b. Oleic acid, CH5(CH,),CH = CH(CH,),COOH

T —

Unsaturated fatty acids have
one or more double bonds
that introduce kinks in the
phospholipids, reducing the
tightness of packing.

Less Solid
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Lipids

Extracellular . .
fluid Protein anchors Fatty acid
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Peripheral membrane
proteins are temporarily
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side of the membrane.
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(A) Cubes

Surface area

Volume

Surface area-
to-volume ratio

1-mm cube
6 sides x 12
=6 mm?

18=1 mm?

6:1

-

2-mm cube
6 sides x 22
=24 mm?

2% =8 mm®

3:1

4-mm cube

6 sides x 42
= 96 mm?

43 = 64 mm?®

1.5:1



Surface area- 6:1

to-volume ratio
(A) Cubes
1-mm cube
6 sides x 12

Volume 13=1mm?

3:1 1.5:1

2-mm cube 4-mm cube
6 sides x 22 6 sides x 42
=24 mm? = 96 mm?

2% =8 mm® 43 = 64 mm?®



So, aside from anomalies like Thiomargarita sp. Prokaryotes
stay small to allow for sufficient SA [V ratios to allow for
diffusion in and out of the cell

How do Eukaryotes handle this problem of decreased SA/V ratios ?
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140 pm

In bright-field microscopy, light passes

directly through these human cells. Unless
natural pigments are present, there is little
contrast and details are not distinguished.

30 pm

In stained bright-field microscopy, a stain
enhances contrast and reveals details not
otherwise visible. Stains differ greatly in their
chemistry and their capacity to bind to cell
materials, so many choices are available.

In phase-contrast microscopy, contrast in
the image is increased by emphasizing
differences in refractive index (the capacity to
bend light), thereby enhancing light and dark
regions in the cell.

| S

20 pm

In fluorescence microscopy, a natural
substance in the cell or a fluorescent dye that
binds to a specific cell material is stimulated
by a beam of light, and the longer-wavelength
fluorescent light is observed coming directly
from the dye.

30 um

Differential interference-contrast
microscopy uses two beams of polarized
light. The combined images look as if the cell
is casting a shadow on one side.

Confocal microscopy uses fluorescent
materials but adds a system of focusing both
the stimulating and emitted light so that a
single plane through the cell is seen. The
result is a sharper two-dimensional image
than with standard fluorescence microscopy.
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The nucleus contains most of the cell's genetic material (DNA).

The mitochondrion is the power plant and industrial park of the cell in
that it is the major source of for the storage and conversion of energy.

The chloroplast performs photosynthesis in bacterial and plant cells.
As you know,


http://bcs.whfreeman.com/thelifewire9e/default.asp?s=&n=&i=&v=&o=&ns=0&uid=0&rau=0#542578__591834__

5.8 The Nucleus Is Enclosed by a Double Membrane The nucear envelope (made up
of two membranes), nucleolus, nuclear lamina, and nuclear pores are common features of al
cell nuclei. The pores are the gateways through which proteins from the cytoplasm enter the
nucleus, and genetic materal [MRNA} exits the nucleus into the cytoplasm,
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5.8 The Nucleus Is Enclosed by a Double Membrane The nuciear enve'ope (made up
of two membranes), nucleolus, nuclear lamina, and nuclear pores are common features of al
cell nuclel. The pores are the gateways through which proteins from the cytoplasm enter the
nucleus, and genetic materal [MRNA} exits the nucleus into the cytoplasm,
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Cellwall{ Outer membrane
(absent in some
bacteria)

5.4 A Prokaryotic Cell The bacterium Pseudomonas asruginosa illustrates the typcal structures
shared by all prokaryotc cells. This bacterium also has a protective outer membrane that not all prokary-
otes have. The flagefum and capsule are also structures found in some, but not all, prokaryotic ce's.

Mitochondria have a
double membrane,
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and outer membrane

and an aqueous
compartment in between.
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The nucleus contains most of the cell's genetic material (DNA).

The mitochondrion is the power plant and industrial park of the cell in
that it is the major source of for the storage and conversion of energy.

The chloroplast performs photosynthesis in bacterial and plant cells.
As you know,

The endoplasmic reticulum and Golgi apparatus make up distinct
compartments where proteins are packaged and sent to appropriate
locations in the cell.

The lysosome and vacuole are cellular digestive systems, where large
molecules are hydrolyzed into usable monomers.

Eukaryotic cells tend to be larger than prokaryotic cells, and as such with
all the volume changes and Volume/Surface Area ratio changes they
have had to adapt a far more sophisticated network of support
structures comprising the cytoskeleton, that provides shape and
structure to cells, among other functions.
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Cytoskeleton Protein Fibers
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Tubulin dimer 13 protofilaments
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2 The Inner Life of the Cell 0 ~»

Watch later

http://www.youtube.com/watch?v=wJyUtbn005Y



