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How Cells Work
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“Bacteria” can refer to all
prokaryotes, but more
commonly refers to
eubacteria, a subclass.

DNA molecules are
sequences of four different
components, called
nucleotides. Proteins are
sequences of twenty different
components called amino
acids. Translation maps
triplets of nucleotides called
codons to single proteins:
famously, nearly the same
triplet-to-protein mapping is
used by all living organisms.

Messenger RNA, ribosomal
RNA, and transfer RNA are
abbreviated as mRNA, rRNA,
and tRNA, respectively.
Another type of RNA, small
nuclear RNA (snRNA), plays
a role in splicing. A gene
product is a generic term for
a molecule (RNA or protein)
that is coded for by a gene.
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Regulation

Replication
v
Transcription

272 N

DNA RNA

(Splicing)

*bases AT,C,G
« double-helical
« information storage

* bases A,U,C,G
« varying shapes
* (usually) transfers info

for cell from DNA

The “central dogma” of biology: DNA is
transcribed to RNA; mRNA is translated to
proteins; proteins carry out most cellular
activity, including control (regulation) of
transcription, translation, and replication of
DNA.
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Translation
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Proteins

* long sequence of 20
different amino acids

« widely varying shapes

« carries out most
functions of cells
including translation and
transcription

« regulates translation and
transcription

(In more detail, RNA performs a number of functional roles in the cell besides

acting as a “messenger” in mMRNA.)
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Membranes are composed of
two back-to-back layers of
fatty molecules called lipids,
hence biological membranes
are often called bilipid

membranes.

A covalent bond between
two atoms means that the
atoms share a pair of
electrons. Weaker, inter-
molecular forces include
ionic bonds (between
oppositely-charged atoms),
and hydrogen bonds (in
which a hydrogen atom is
shared).

A bacteriophage, or phage,
is a virus that infects bacteria.




E - + +
" + 0" ) + >
n - n n + n
+ 451 M " ) 451
" " 1 18 - " " +
+ )" + "
" "4
1 < 9 &
n n + )
" ( " + " M51
2518 ) " " "
( .
" " E< #
+ " " 1 = 0 6
& ¢g*= " " + " 451
" - " +
" - " ) 451 "
451 " " " - +
E ) ) 0 +451
. 4ot Most of the DNA in a cell is
# + 451E contained in chromosomes.
+ & + " E In prokaryotes, a
" + " chromosome is generally a
# single long loop of DNA.
" - " . Eukaryotic chromosomes
3 451 have a more complex
" " ) structure, and typical
451 + ) eukaryotes have several
" " 6 chromosomes.
- H"O+ ) 451
D " 451 " - + )
" - - 451 -
451 # -
)t D ! ’
- #" 451 + D " pM51 "




The genome is the “main”
component of the genetic
material for an organism—
e.g., the chromosomal DNA
for a eukaryote, or the
nuclear DNA for a bacterium.

Promoters are DNA
sequences that bind to the
machinery that initiates the
transcription of a gene.
Without a valid promoter, a
gene will not be expressed.
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101 —

meter

approximate range
of resolution of a light
microscope

approximate range of
resolution of an
electron microscope

most eukaryotic cells
most prokaryotes

_ I 107 -
most viruses

10-8 —

109 -

10-10

0 sperm whale
¢ human

¢ hamster

8 C. Elegans (nematode)

9 amoeba

0 S. cerevisiae (yeast)
. E .coli
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.
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" mitochondrion

? ribosome
¢ protein

0. . .
amino acid

’ hydrogen atom




l Smooth endoplasmic reticulum ‘

Nuclear
envelope

Bound ribosomes
|

l Rough endoplasmic reticulum ‘

Lysosomes
Microfilaments

Free ribosomes

Centrosome




The parts of a gene that are
“spliced out” are called
introns. The parts that are
retained are called exons.
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This theory of evolution is
called endosymbiosis. A
variety of modern
endosymbionts exist, e.g.,
types of blue-green algae that
live inside larger organisms.
Some endosymbionts even
contain a vestigial nucleus.
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wait

inactive

e | =

A voltage-gated ion channel with three states: closed,
which opens in response to voltage; open, which allows
ions to pass through; and inactive, which blocks ions, and
does not respond to voltage. The open and inactive states
are temporary.
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(i) (iii)
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How a voltage signal travels down a neuron like a wave. First, a
voltage signal hits channel (i), as shown in (A).

I seyege

Then channel (i) opens, and ions rush in, causing a voltage
spike that opens channel (ii), as shown in (B).

(€) J GJ’ gqﬂ:

Na+

'--
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Then channel (i) opens, sending voltage spikes to channels (i)
and (jii), as shown in (C).

Next, channel (iii) opens, as shown in (D). Because (i) is
inactive, it cannot open. lon-produced voltage spikes are now

sent to the inactive channel (ii) and the closed channel (iv).
Channel (iv) will open next.
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An example of a transmitter-gated ion channel. (A) shows the initial state. A
substance used for signaling (for neurons, this is called a neurotransmitter) is
held in vesicles by the sender cell. (B) In response to some internal change, the
neurotransmitter is released. (C) Some of the neurotransmitter binds to ion
channels on the receiver cell, and causes the channels to open. Most of the
remainder of the neurotransmitter is re-absorbed by the sender cell, in a process
called re-uptake.

A common neurotransmitter is serotonin (which is chemically related to the
amino acid tryptophan). Many widely-used antidepressants (Prozac, Zoloft, and
others) inhibit the reuptake step for serotonin, and are thus called selective
serotonin re-uptake inhibitors (SSRIs). They cause serotonin to accumulate in

the synaptic cleft, making it more likely that signals will propagate from cell to cell.
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G-protein coupled receptor
/

(A) A G-protein complex is bound to the G-protein coupled receptor on the
inside of the cell. (There are many different types of G-proteins, and many types
of receptors.)

N conformational

/ change

(B) When the receptor binds to the ligand molecule, then the entire receptor
changes shape. As a consequence, the G-protein complex is altered: part of it
is released, to propagate the signal elsewhere in the cell.




A ligand is a molecule that
binds to specific place on
another molecule. The shape
of a protein is called its
conformation.
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Cell division in eukaryotes is
called mitosis.
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A kinase is a protein that
modifies another protein by
adding a phosphate group.
This process is called
phosphorylation.
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(A) A diploid cell, with
one pair of homologous
chromosomes.

(B) After DNA replication
the cell has a two pairs of
sister chromatids.

(C) The homologous
chromatids pair to form a
bivalent containing four
chromatids.

(D) DNA
fragments
recombine.

(E) Bivalents are
separated in preparation
for division I.

{ )

(F) The cell divides.
Each daughter has two
copies of a single
parent’s chromosome.

(G) The sister chromatids in each
daughter cell separate from each
other in preparation for division Il.

(H) The daughter cells divide, producing four
haploid cells, each of which contains a single
representative of each chromosome pair from
the original diploid cell.

() In sexual reproduction, two haploids fuse
to form a diploid cell with two homologous
copies of each chromosome — one from
each parent. Shown here is a cell formed
from one of the daughter cells in (H), and a
second haploid cell from another parent.
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4 ) ) _# N An organism with two copies
+ of the same allele for a gene
" B R I - is homozygous for that
" _— ) #" gene. An organism with two
" " ) different alleles for a gene is
heterozygous for the gene.
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The Complexity of Living
Things
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1 "o # A flagellum is a whip-like
) o+ X" # " 1 appendage that certain
" ; bacteria have. It functions as
a sort of propeller to help
t "++ them move. An E.coli
0 flagellum rotates at 100Hz,
" ) allowing the E.coli to cover
) + 35 times its own diameter in a
A " second.
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MotB proteins

Structure of a bacterial flagellum (simplified). About 40 different proteins form
this complex. The MS ring is made up of about 30 FliG subunits, and about
11 MotA/MotB protein pairs surround the MS ring. It is believed that these
pairs, together with FliG, form an ion channel. As ions pass through the
channel, conformational changes cause the MS ring to rotate, much like a
waterwheel.

A similar “molecular motor” is used in ATP synthesis in a mitochondrion:
rotation, driven by ions flowing through a channel, is the energy used to
convert ADP to ATP. (See the section below, “Energy and Pathways”).
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The lacZ gene is transcribed only when CAP binds to the CAP

binding site, and when the /ac repressor protein does not bind to
the lac operator site.

N

CAP binding ~romoies 1acZ gene
site
inhibifs bindsTo expresses
© indsTo MM
CAF? ¢ lac repressor
protein !

protein RNA proteins
polymerase needed
recruits

to import
i lactose
i bindsTo
allactose . — - — external lactose
N /S
"= increases
inhibits external glucose
bindsTo ’ .
\"‘ cAMP ! increases
...... 5 /
inhibits ==========""" -

This network presents simplified view of why E.coli produces

lactose-importing proteins only when lactose is present, and
glucose is not.

W4 Y "' E. coli
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EP E

A cartoon showing how an enzyme catalyzes a change
from S to P. (A) Initially, the enzyme E and “substrate” S
are separate. (B) They then collide, and bind to form a
“‘complex” ES. (C) While bound to E, forces on the
substrate S cause it to change to form the “product” P.
(D). The product is released, and the enzyme is ready to
interact with another substrate molecule S. A chemist
would summarize this as: E+S> ES > EP > E+P
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4

saturation

linear growth

MSN

Reaction velocity with a fixed quantity of an enzyme
E, and varying amounts of substrate S. When little
substrate is present, an enzyme E to catalyze the
reaction is quickly found, so reaction velocity V grows
linearly in substrate quantity [S]. For large amounts
of substrate, availability of enzymes E becomes a
bottleneck.
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Possible reactions are:

C E+S—>ES s e
C. ES>E+S . p= N "Bi=ESES
C. ES—>P - g,= A" g " Bj= — *

'

©r = p,-ps-q

Notice that pzsdepends on the
_ . amount of ES, which changes over
. = Pps 9 time. To simplify, assume ES has a
_ . “steady state” at which the amount of
P _P} g~ ES is constant.
Pg = Pr— Pes AB V YE np=nptnps
r A*B 0
pyme— L D T #o4rd KB
q +4g. i J
-t D Pes
q
" Wil " p
k,=LF% y_yESN.q. vV, =NE+ESN-q.
q
Vo, -MSN
e ) +A,B) g,
key, +NSN

See next figure for how to interpret Equation (4)....
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Notation:

C E+S—>ES 1= MB+ j= - *

C. ES>E+S p= K "Bi=ESES

C. ES—>P q;= A " G " Bj= -7
i N " p,

ky =4y —\ESK.q,

V ,=NE+ESNgq,
q

Following the derivation in the previous figure...

®) \j

V_ V #MSN Michaelis-Menten
— k M SN @ saturation kinetics
M +
Now derive some limits... V

The first limit shows that V, the velocity at which P is produced, will
asymptote at V..

The second limit shows that for small concentrations of S, the velocity V
will grow linearly with [S], at a rate of V,_ /k,,
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A molecule that is composed

of two identical subunits is a

dimer; three identical

subunits compose a trimer;
and N identical subunits
compose a polymer. An
enzyme in which binding sites

do not behave independently
is an allosteric enzyme; in
the example here, the
enzyme exhibits cooperative

*/

binding.
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faSt .,......nmm..

Allosteric enzymes switch from a slow-binding
state to a fast-binding state, and tend to remain in
the fast-binding state when the substrate S is
common. Their kinetics follows a sigmoid curve.

empty non-empty
fast- .
binding — B
" |
slow-
binding .' ' .

A typical allosteric enzyme: when one half is
being used, the whole molecule tends to shift to
the fast-binding state.
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1 &I L]
3 " ." More properly, ATP is
2 * combined with water to
: — + produce ADP plus inorganic
) " " phosphate, yielding energy:
0 " ;| ATP+H20 > ADP + Pi.
" This reaction is called
' 8 hydrolysis.
- n n ) + -
" & & C 7 0 +
& & C -7m8 =0 + 3
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....... . isocitrate

isocitrate dehydrogenase

v

a-ketoglutamarate + CoA-SH NADH
a-ketoglutamarate dehydrogenase
3 Y NAD+
succinyl-CoA + Pi
GTP
i succinyl-coA synthetase
GDP ™ 4
succinate
! » E-FADH,
succinate dehydrogenase
e ./ E-FAD
fumarate

Part of the TCA cycle (also called the citric acid cycle or the Krebs cycle)
in action. A high-energy molecule of isocitrate has been converted to a
lower-energy molecule called a-ketoglutamarate and then to a still lower-
energy molecule, succinyl-CoA (as shown by the path taken by the
hashed circle). In the process two low-energy NAD+ molecules have been
converted to high-energy NADH molecules. Each “see-saw” is an
enzyme (named in italics) that couples the two reactions. The next steps
in the cycle will convert the succinyl-CoA to succinate and then fumarate,
producing two more high-energy molecules, GTP and E-FADH,,
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The “fuel” used in a cell is
chemically related to the
bases of DNA and RNA.
There are four nucleobases
(aka bases) that form DNA:
adenosine, thymine,
cytosine, and guanine,
abbreviated A, T, C, and G.
(In RNA uracil replaces
thymine.) A nucleoside is a
base attached to a sugar:
either ribose (for RNA) or
deoxyribose (for DNA). A
nucleotide is a nucleoside
attached to a phosphate
group: either mono-, di-, or
triphosphate. These are
abbreviated with 3- and 4-
letter codes: e.g., ATP is
adenosine triphosphate, and
cAMP is cyclic adenosine
monophosphate.

PDE*
CGMP ——, G+Pj

l opens

ion channel
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