LARRY AND THE LEGEND OF THE LIGAND KEY

We're never going
to get past this ion
protein channell

The prophecy... But Larry
it said something doesn't have a

about Larry's ligand key! %
/.

Larry, we can't -
leave you here!

LY

e

kO

N
@‘, YO
N

Biosignaling &
metabolism



Signal transduction

Information ( ) 1s detected by
a specific and transformed @
Into a . It 1s always @ Y,
a chemical process. /
Types of signals include:
antigens
hormones Receptor
neurotransmitters
light l
touch Response

pheromones

Picture from Nelson&Cox



Specificity in signal transduction

3 factors:
High affinity
receptor-signal
Cooperativity ENZS@E SUBSTRATE

<]

in the ligand —
receptor
Interaction
Enzyme
cascades

6 features

10 basic types
of protein
components




Specificity in signal transduction

(a) Specificity

Signal molecule fits
binding site on its
complementary receptor;
other signals do not fit.

Figure 12-1 RespOﬂSe

Lehninger Principles of Riochemistry, Seventh Edition
’\

Affinity
receptor-signal

Substrate _ ,

It's the ulfimate enzyme-substrate hug



Specificity in signal transduction

Cooperativity:
Large changes 1n
receptor
activation with
small changes in
ligand
concentration

ENEIME SUBSTRATE

<]




Specificity in signal transduction

Enzyme cascade:
Enzyme activated by
a signal receptor

Activated enzyme (b) Amplification

When enzymes activate
Catalyzes the enzymes, the number of

activation of another EUESEEIHIENNEE

increases geometrically
enzyme, etc. in an enzyme cascade.

Can produce
amplification of
several orders of
magnitude 1n millisec
Response to signal
should be terminated,
effects proportional to
stimulus

Enzyme 2

Voo
Enzyme 5 alal
nzyme 3




Specificity in signal transduction

Modular response:

(c) Modularity

. ” 1 Proteins with multivalent
Slgnallpg prote.ms < affinities form diverse
recognize multiple other signaling complexes from

1 interchangeable parts.
proteins Phosphorylation provides

; : : reversible points of
S1gnal1pg proteins can be rraracRion,
“combined”

Many of the protein-protein
interactions sites are
disordered |
: . Figure 12-1
Scaff()ld protelns can brlng Lehninger Principles of Biochemistry, Seventh Edition
© 2017 W. H. Freeman and Company
several enzymes together

Response




Specificity in signal transduction

Signal
o= F (d) Desensitization/Adaptation ¢
Desensitization: Receptor activation triggers 7N
a feedback circuit that shuts R t
Prolonged off the receptor or removes ®ﬂ
presence Of the it from the cell surface.

Figure 121
"y i Py

signal 1nactivates L Y e A,
the response

Response

Can be

reactivated by
decreased =
concentrations ;:&:;

ot T SRR L,




Specificity in signal transduction

Integration:
Unified response to
multiple stimuli
Fundamental to
maintain complex
equilibria within the
cell and the organism

(e) Integration Signal1  Signal 2

When two signals have i
opposite effectson a é
metabolic characteristic Receptor Receptor
such as the concentration 1 2

of a second messenger X, | = | 2
or the membrane potential
V. the regulatory outcome
results from the integrated

tiXlor tV,, HXlor iV,

NetA[X]ordV,,

input from both receptors. |

Figure 12-1 Response

Lehninger Principles of Biochemistry, Seventh Edition




Specificity in signal transduction

Localization:
All components of the
signaling system are
confined to specific
structures
No effect on other cell
regions

(f) Localized response
When the enzyme that
destroys an intracellular
message is clustered with

e Message
Receptor A

message is degraded before :

it can diffuse to distant " /?
points, so the response is essage Mejsage
only local and brief. Response (local)

the message producer, the l

Figure 1241

Lehninger Principles of Riochemistry, Seventh Edition

2N TW H Freeman and Camnan

(e}

Mechanical
-~ Stress —

28

Caveola

Expanded surface

Caveolin dimer
(six fatty acyl,
eight cholesterol
moieties)



Signal trasduction

Signal —receptor
interaction

Activated receptor
interacts with
cellular machinery

Transduction event
ends

New signal or
protein change

Metabolic change




Common membrane receptors

1. G protein-coupled receptor 2a. Receptor enzyme (tyrosine kinase) 3. Gated ion channel
External ligand (L) binding to receptor Ligand binding activates tyrosine Channel opens or closes in
(R) activates an intracellular kinase activity by response to concentration

GTP-binding protein (G), which regulates autophosphorylation. of signal ligand or
an enzyme (Enz) that generates an membrane potential.
intracellular second messenger (X).

Plasma

membrane = = /‘"_"' 7 (@ \ﬂ\
—

(,,,
(© \
— Enz
)= S
/a\
/I\\ Il\

2b. Kinase activates Kmase
transcription cascade
factor (T), altering l

gene expression.
®

4. Nuclear receptor
Protein Hormone binding allows Protein
the receptor toregulate <

"‘RNA the expression of C @ mRNA
‘\ (\\\_\\.\ DNA specific genes. \Tﬁ{\\\\\\\ DNA
Figure 12-2

Lehninger Principles of Biochemistry, Seventh Edition
£ 2017 W. H. Freeman and Company




Common membrane receptors
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Common membrane receptors

1. G protein-coupled receptor 3. Gatéd ion channel
External ligand (L) binding to rece annel opens or closes in
(R) activates an intracellular - response to concentration
GTP-binding protein (G), which re¢ ' of signal ligand or
an enzyme (Enz) that generates an membrane potential.
intracellular second messenger (X

Plasma
membrane o SR

\ \ \|| l@l \r'

LY *—(j")_ O‘"‘

2b. Kinase activates  Kinase
transcription cascade
factor (T), altering l
gene expression.

()

W,

4. Nuclear receptor

Protein
the receptor to regulate -

the expression of : , mRNA
specific genes. ANV ANAY DNA
Figure 12-2

Lehninger Principles of Biochemistry, Seventh Edition
£ 2017 W. H. Freeman and Company




Gated 10n channels

& Fundamental for The Sodium Potassium Pump

Extracellular

transmission of electrical
signal (muscle
contraction, nerve
conduction, etc.)

& The gate 1s
opened/closed through a
ligand

& The Na/K pump keeps
the charge imbalance
needed by the cell

Intracellular




Gated 10n channels

(@) The electrogenic NatKk*
ATPase establishes the
membrane potential. 3Na”®
@ ©

Membrgnepotent‘ila|= ® Na“K™ ATPase
) ! . ~50to —70 m
& The membrane potential is iR

the result of the types and
N° of 10n channels open in
that moment

& Opening/closing of these
channels regulates from
muscle contraction to
nervous transmission to
hormone release

lons tend to move [Na®] [Ca?®] [KT] [CI7]
down their electro- High High Low High
chemical gradient

across the polarized

membrane.

Figure 12-28
Lehni

ninger Principles of Biochemistry, Seventh Edition

2017 W. H. Freeman and Company



Gated 10n channels

& Neurons carry electrical
impulse from the cell body
through the axon, triggering the
release of neurotransmitters at
the synapse

& Voltage gated Na*, K* and Ca,*
channels essential for this. Na
opens in response to
neurotransmitter, K in response
to Na restoring the equilibrium,
Ca open when reached by this
wave and release the
neurotransmitter that will start
the process in the adjacent cell

Voltage-

~  presynaptic gated K*
S neuron , channel
Voltage- * - T Akt

gated Na* ' ~ -

Axon of

channel . € Depolarization © Repolarization

b,ﬁ

Na+t —5
Na*

Ca?* —~© Secretory

Voltage- bl vesicl.es.
gated Ca?* _J containing \
channel 7 acetylcholine \.
. Synaptic
cleft

Y‘p.
- Cell body of
postsynaptic

Acetylcholine o

receptorion
channels

Action K+
potential

Figure 12-29
Lehninger Principles of Biochemistry, Seventh Edition
12017 W. H. Freeman and Company




Nuclear hormone receptors

Serum binding protein Plasma
with bound hormone membrane

Hormone

o Cytosal o Hormone, carried to the target tissue on
serum binding proteins, diffuses across the
plasma membrane and binds to its specific
receptor protein in the nucleus.

Nucleus
Nuclear

i e Hormone binding changes the conformation
RNA of the receptor; it forms homo- or heterodimers
A:‘er::t‘:::" polymerase with other hormone-receptor
Ay \ complexes and binds to specific regulatory
/ ve&J regions called hormone response elements
New' Gené (HREs) in the DNA adjacent to specific genes.
protein

transcription e o Receptor attracts coactivator or corepressor
protein(s) and, with them, regulates
transcription of the adjacent gene(s), increasing

o MRNA or decreasing the rate of mRNA formation.

o Altered levels of the hormone-regulated gene
product produce the cellular response to the
hormone.

\/-ﬁl _r\’.\"ﬁ. 7_'4.—\/-/
translation
on ribosomes

Figure 12-30

Lehninger Principles of Biochemistry, Seventh Edition

2017 W. K. Freeman and Company



Bacterial chemotaxis

Receptor-His kinase

(component 1) Phosphorylated

form of component 2

Attractant 2 s
reverses direction

A of motor

Rotary motor
(controls flagellum)

Plasma

membrane
Response regulator (component 2)

Figure 12-31c¢
Lehninger Principles of Biochemistry, Seventh Edition
2017 W. H. Freeman and Company
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Plant biosignalling

/

Plant
Communication

\

(@ )

Interpretation
of mechanic
influences

Lightsensing,
gravisensing,
wiicrtransport and -
storing, wound
response to

mechanical dnmagy

@ 2

Metaorganismic
communication

Sign-mediated
intérachions with
viruses, bactena,
profoctiss fangs

insects, other animals

N %

e )

Interorganismic
communication

Sign-medinted
interactions with same
and related plant
Pecies

& 2

0 Y

Intraorganismic
communication

Interceilulor and
intracedlular sign-
medinted interactions
with “welf™ and *non-
self” agents

NS /

Picture from Witzany (2010)



https://link.springer.com/chapter/10.1007%2F978-90-481-3319-2_2

Cell cycle 1s signal regulated

@AmoebaSisters

6

o e

7/

The Cell Cycle

N



Cell cycle is signal regulated

G2 Phase

No DNA synthesis.
RNA and protein
synthesis continue.

G2
3-4h

S Phase
DNA synthesis doubles
the amount of DNA in
the cell. RNA and protein
also synthesized.

Figure 12-32

ger Principles of fiochermystry, Seventh Edition

JN7W H Freeman n

M Phase

Mitosis (nuclear
division) and
cytokinesis (cell
division) yield two
daughter cells.

GO Phase
Terminally
differentiated
cells withdraw
from cell cycle
indefinitely.

Reentry point
A cell returning
from GO

enters at early
G1 phase.

G1 Phase

RNA and protein
synthesis. No DNA
synthesis.

Restriction point

A cell that passes this
point is committed
to pass into S phase.

The Cell Cy
(Animal Cells)

Picture by Kelvinsong on Wikimedia



https://commons.wikimedia.org/wiki/File:Animal_cell_cycle_(editors_version).svg

Cell cycle is signal regulated by
cyclin-dependent kinases

G2 M
Cyclin B-CDK1

Cyclin A-CDK2
Cyclin E-CDK2

>
=
2
r)
(@)
4+
@
v
4}
=
x

G, Checkpoint
(restriction)

Picture by OpenStax on Wikimedia



https://commons.wikimedia.org/wiki/File:0332_Cell_Cycle_With_Cyclins_and_Checkpoints.jpg

Cell cycle is signal regulated

Amino-terminal helix

,_Glu%

CDK2 (inactive)

(<)
Phosphorylated

cy(lil‘t ~—r4 Thf‘so Afg‘so
subunit , y)

CDK2 (inactive) CDK2 (active)

Figure 12-34
Lehninger Principles of Biochemistry, Seventh Edition
) 2007 W, H. Freeman and Company




Cell cycle 1s signal regulated

(2]

Cyclin
synthesis

3]

Cyclin-CDK complex forms, but phosphorylated (4}

Tyr'S blocks ATP-binding site; still inactive.

P)-{Tyi)
»  CDK

Phosphorylation of Thr'®% in
T loop and dephosphorylation
f Tyr'® activates cyclin-CDK

leads to its
accumulation.

Cyclin —

o

No cyclin
present;
CDK is

inactive.

SN
8

Cyclinis

(5]

CDK phosphorylates
phosphatase, which
activates more CDK.

CDK phosphorylates
DBRP, activating it.

o
\nanyfold.

il The)-(P

DBRP triggers
addition of ubiquitin
molecules to cyclin
by ubiquitin ligase.

degraded

by proteasome,
leaving CDK
inactive.

Figure 12-35

Lehninger Principles of Blochemistry, Seventh Edition

2017 W, H. Freeman and Company




Paramecivwm Parlor

" CELLCHECKPOINT

All violators must fix their mistakes
..or face apoptosis.

The cell checkpoints were always a site of intense scrutiny.






Metabolism

NUTRIENTS

METABOLIC
WASTE




Autotrophs vs. Heterotrophs

03 Autotroph
%

5 1
.3 & etrOtTODh
k @

BN




Autotrophs vs. Heterotrophs

Plant produces
oxygen

Plant uses
carbon to
make sugar
molecules

Animal
takes in
oxygen

Plant takes

' ‘ ‘ " incarbon
ar W dioxide

A0S Animal releases .

\r. >
Anlmal bre aks down carbon dioxide

sugar molecules




Stored Other

nutrients cellular work
° Ingested Complex
Catabolism vs =
{
Solar Mechanical
° photons work
Anabolism
work
NAD(P)*
ADP
@ @ + energy Catabolic Anabolic
‘ . reaction reaction
A pathways pathways
(exergonic) (endergonic)
Catabolism: large Anabolism: small ATP
molecules are broken METABOLISM molecules are
down into smaller assembled into larger
ones, releasing energy ones, using energy NAD(P)H
0808 —

Picture from Lumenl.earning

CO,
NH3
S, H,0

<>
"ple Products, P'e‘“ﬁo

Figure 1-30

Lehninger Principles of Biochemistry, Seventh Edition
12017 W. H. Freeman and Company



https://courses.lumenlearning.com/microbiology/chapter/energy-matter-and-enzymes/

Paramecium Parlor

And can | get a name
for this order?

Sure!
[t's Adenosine

Ade...adeno...uh
Adenosine... -

riphospha te.

BhmcabaSestars

You know what...
just put ATP.




ATP

@ 00

Adenosine

Chemical
energy for
cellular
processes
and work

Simple
compounds

/

Anabolism
(Chemical energy
used to build large
molecules from
smaller molecules)

ADP

®-@-®

Chemical
energy

for ATP
production

Catabolism

(Chemical energy
released by breaking
down large molecules
into smaller molecules)

Complex
compounds

0" o
(o)
o
o—||>—0H
&

©

o—

$~0—P—0 6—|H*

resonance
stabilization

—3—

ATP*~

& hydrolysis,
with relief
of charge
repulsion

HO—P—0— FI' O—| RleAdenme

I
&

o ADP2-

ionization

H 4+ 0O—P—0— l-'l’ 0—| RleAdenme

ATP*~ + H,0 —— ADP3~ + HPO;~

Figure 13-11

|
e

o ADP3~

+ H*

AG'° = —30.5 kJ/mol

Lehninger Principles of Biochemistry, Seventh Edition
© 2017 W. H. Freeman and Company



Pictures from Nelson&Cox

Other phosphate releasing molecules

0

0
Vi
“0—C 0
N——t \_ 7
tautomerization C

|
CH,

Pyruvate Pyruvate
(enol form) (keto form)

PEP3>~ + H,0 —— pyruvate + HPO2™
AG'° = —61.9 kJ/mol

H,0
hydrolysis

1,3-Bisphosphoglycerate 3-Phosphoglyceric acid

. ,O resonance
N -/  stabilization

3-Phosphoglycerate

1,3-Bisphosphoglycerate®™ + H,0 —— 3-phosphoglycerate®™ + HPO; + H™
AG'® = —49.3 kJ/mol




Energy transfer

& Generally summarised as
hydrolysis, it’s a 2-steps
group transfer covalent
reaction (Sy2 enzyme
mediated)

® Products more stable than
reactants

o Bond strain relieved by
charge separation

o Stabilised by 10nization
o Stabilised by 1somerization

o Stabilised by resonance

TABLE 13-6 = Standard Free Energies of Hydrolysis of
Some Phosphorylated Compounds and

Acetyl-CoA (a Thioester)

A GIO
(kJ/mol) (kcal/mol)

Phosphoenolpyruvate

1,3-Bisphosphoglycerate
(— 3-phosphoglycerate + P)

Phosphocreatine
ADP (— AMP +P)
ATP (— ADP + P)

ATP (— AMP + PP)
AMP (— adenosine + P)
PP (—2P)

Glucose 3-phosphate
Fructose 6-phosphate
Glucose 6-phosphate
Glycerol 3-phosphate
Acetyl-CoA

Sources: Data mostly from W. P. Jencks, in Handbook of Biochemistry and
Molecular Biology, 3rd edn (G. D. Fasman, ed.), Physical and Chemical Data,
Vol. 1, p. 296, CRC Press, 1976. Value for the free energy of hydrolysis of PP,
from P. A. Frey and A. Arabshahi, Biochemistry 34:11,307, 1995.

Table 13-6

Lehninger Principles of Biochemistry, Seventh Edition
2017 W, H. Freeman and Company




®-®

ADP

Adenosine ~® ~®
Chemical
Chemical energy
energy for for ATP
cellular production
processes

Three positions on ATP for attack by the nucleophile R—'20

Y B o and work
o 0o o Se
" " " [ compounds
"0 P—0—P—0—P-0—{Rib I Adenine| /
(o (o O Anabolism Catabolism

oo oo oo (Chemical energy (Cihemizaéert;ergi.
8 = = | ) released by breaking
R OR O R O useld tolbmfld large down large molecules
Z‘rg;f:: ;Solze(::rzles) into smaller molecules)

Complex
compounds

R—'""0—P—0~ R—""0—P—0—P—0~ R—'®0—P—0— Rib}—Adenine

(0 0o 0o (o
+ + +
ADP AMP PP,
Phosphoryl Pyrophosphoryl Adenylyl
transfer transfer transfer
(a) (b) (c)

Figure 13-20
Lehininger Principles of Blochemistry, Seventh Edition

2017 W H, Freeman and Comgany



Redox reactions

% Electron transfer in redox
reactions is as important
as phosphoryl groups

Paramecium Purlor' @AmoebaSisters

& Electron flow 1s
responsible for all work
done by organisms

% Electron sources are food
(heterotroph) or a
chemical species excited
by light (autotroph)

> ot 4
S =od
o
e L e
I U -



Redox reactions
START CYouRr E’NGINES

& Electron flow 1n cells goes
from glucose to O,

& The intermediate steps of

this process are what LW YL @‘ﬁ (i

makes biological work

possible |

& Often oxidation /9;?\\\\)
synonymous of \\QE;T ) )
dehydrogenation. -

Dehydrogenases enzymes
as catalists




Redox reactions

Electrons are transfered from
an electron donor to an
electron acceptor

Paramecium Purlor' @AmoebaSisters

& Directly as electrons
& As hydrogen atoms
& As hydride 1on (:H")

& Through combination
with oxygen (e.g. alchool

formation) WITH Au*’ HECEELE




Redox reactions

In cellular metabolism electrons are often transferred through
electron carriers (coenzymes)

© NAD
& NADP

& FMN
@ FAD — (reduced)

OH OH

H
NAD™T
(oxidized) Ok on! '\

In NADP" this hydroxyl group
is esterified with phosphate.




