ADVANCED CELL BIOLOGY//MOLECULAR BIOLOGY OF CELLS
Sept. 3, 2009 01-146:470 + 16-148:514

Course coordinator: Prof. David Denhardt (Nelson A301, denhardt@biology.rutgers.edu)
First period (8:40-10:00 AM) Monday and Thursday, Fall semester - SEC 118.

TEXT: MOLECULAR CELL BIOLOGY by Lodish et al. 624, WH Freeman & Co,
Course Website URL: http://lifesci.rutgers.edu/~denhardt/course/AdvCellBiol.2009.htm
(for Dr. Ron Hart’s lectures it is: http:/spine.rutgers.edu/cellbio/default.htm.)

Please note that for all lectures except Dr. Hart’s the PowerPoint slides can be accessed
by clicking on the highlighted title; homework questions are accessed similarly.

Before each lecture, students should submit to Dr. Denhardt (usually)
or the lecturer brief answers to questions on the subject of the lecture.

We attempt to make audiotapes of each lecture.
Dr. Hart will explain how this works next Thursday.

Please sign in on the circulating note pads.
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(Note the double membrane (two lipid bilayers) around the nucleus;
only a single lipid bilayer makes up the plasma membrane.)
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Size relationships among proteins, nucleic acids and lipids.

Differences may consist of permutations and combinations of subunits.
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Fig. 1-9. Three-dimensional shapes are the consequences
of macromolecular folding determined by the
constituent monomeric subunits.

Double-helical structure of DNA and an illustration
of the semi-conservative mechanism of replication.

Fig. 1-10. THE GENETIC MATERIAL




Simplified view of the decoding of the genetic information in a typical eukaryote.
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The formation of a lipid bilayer surrounding the cell was a
critical development in the evolution of living systems.
Incompatibility of hydrophobic and hydrophilic molecules.
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The three types of cytoskeletal filaments found in eukaryotic cells.
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A generic view of two mechanisms to activate cell signaling. The eukaryotic cell cycle.
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Fig. 1-17  Division is asymmetric in stem cells.

Apoptosis, or programmed cell death. Size relationships among biological objects.
Cell breaks up into numerous innocuous fragments (blebs).
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Fig. 1-19 Normal white cell (left). An apoptotic cell (right). Fig. 1-20




CHAPTER 2: CHEMICAL FOUNDATIONS
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Fig. 2-1a: Multiple weak interactions constitute a strong glue.

Chemical reactions are often readily reversible.
Equilibrium depends on the rate constants,
which are determined by the thermodynamics of the reaction.

Fig. 2-1c. Catalysts (enzymes) facilitate the attainment of equilibrium,
but do not affect the ratio of the reactants at equilibrium.

The source of energy for many biochemical reactions - ATP.
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Fig. 2-2: Covalent bonds form by the sharing of electrons,
which form pairs with opposite spins.




Fig. 2-3: The geometry of carbon-based chemical bonds.

(a) Methane
H H
H c|; H mg'ﬁ
| H Y
H H
(tetrahedron) .
(b) Formaldehyde (stereoisomers)
H
N\
/C=0
H
(double bonds)
Chemical Ball-and-stick Space-filling
structure model model

D isomer Lisomer

Figpare 14

s camion i 9. 2-4: Stereoisomers (chirality):
Mirror images — depends on an asymmetric atom.

LR R B Bonding Properties of Atoms Most
Abundant in Biomolecules

Atom

and Outer Usual Number

Electrons of Covalent Bonds Bond Geometry
H 1 M

) .
5 2,4, or6 /5\

N Jord -~ T-._
. ||
iR ] - II,\“‘
. |
C 4 (3or2also)

Resonance structure of phosphoric acid

H H
| |
Z(IJI :(IJ:
= G—H — WG
0. iQZ_

Dipole structures (asymmetric electron distribution)
are important in noncovalent interactions.




TABLE 2-2 Common Functional Groups and Linkages in Biomolecules

FUNCTIONAL GROUPS

The dipole nature of a water molecule.
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Fig. 2-6  Bond strength increases left to right.




Water-water

H-bonds facilitate the solubility of hydrophilic molecules in water.
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Fig. 2-10. Transient dipoles in the electron clouds of all atoms
give rise to weak attractive forces called van der Waals interactions.

Fig. 2-11: The hydrophobic effect: the consequence of a reduction in
entropy, the result of avoiding a less stable state.
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Fig. 2-12: The power of molecular complementarity.
Multiple weak interactions give rise to strong binding.

Fig. 2-13 (51 ed.): Biological macromolecules
are typically formed by dehydration reactions.
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Amino acids typically exist as a neutral zwitterion at pH 7.
-+
e
H— (|3 —COO
R

As the pH decreases, an H* ion will be added to the carboxylate;
as the pH increases the H* will be removed from the NH;*,
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Fig. 2-16: Constituents of nucleotides (ribo or deoxyribo).
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Fig 2-15: Structures of the “bases” in nucleic acids.
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(This is Table 2-3 in the 6™ edition.)
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Fig. 2-18: Chemical structures of hexoses (6-

carbon sugars).
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Geometric Isomers
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Fig. 2-20: Phosphoglyceride structure.
Phosphoglycerides typically consist of two fatty acids
and a “head group” linked to glycerol.
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Other head groups include ethanolamine, serine and inositol.
See Table 2-5 for the structures, which you should learn.
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Fig. 2-21: The effect of a double bond on the conformation of
a fatty acid. This determines how closely the lipids can pack
in the lipid bilayer and affects the fluidity of the membrane.
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