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Table 12-1 A Comparison of lon Concentrations Inside and Outside
a Typical Mammalian Cell

INTRACELLULAR EXTRACELLULAR
COMPOMNENT COMNCENTRATION (rmf) CONCENTRATION (mMv)

Cations
H5-15 145
140 5
0.5 1-:
104 1-

7

7 x 1072 (1072 MorpH 7.2) 4 x 1072 (10=7-4 M or pH 7.4)

Anions®
Cl— 51! 110

* The cell must contain equal quantities of positive and negative charges (that is, be
electrically neutral). Thus, in addition to CI—, the cell contains many other anions not listed in
this table; in fact, most cellular constituents are negatively charged (HCO4™, F’CI43___ proteins,
nucleic acids, metabolites carrying phosphate and carboxyl groups, etc.). The concentrations of
CaZ+ and MgZ+ given are for the free ions. There is a total of about 20 mM MgZ + and

1-2 mM Ca2+ in cells, but this is mostly bound to proteins and other substances and, for
Caz+__ stored within various organelles.
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Membrane Transport Proteins
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Exterior

Cytosol o m

ATP  ADP + P,

Closed

lon channel
(107 — 108 ions/s)

ATP-powered pump
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=rnall

uncharged
polar
molecules

Water H,O
Lirea NH;—#ﬁ—NH;
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Large
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polar
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Glucose

K+, MgZ*, Calt,
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HPFC,2

Charged Amino acids

polar ATF
malecules Glucoze 6-phosphate
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(—) BET&#4& (ionophore)

(b) Valinomycin (6-fold)
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Valinomycin

Hydrophobic

Whereas the interior of the valinomycin-K*
complex is polar, the surface of the complex is
hydrophobic. This allows valinomycin to enter
the lipid core of the bilayer, to solubilize K* within

this hydrophobic milieu. Crystal structure (at
Virtual Museum of Minerals & Molecules).



http://www.soils.wisc.edu/virtual_museum/valinomycin/index.html
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Gramicidin A an antibiotic that acts as an ion_
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lon Channels

Resting

membrane -> > ->
potential 2
Cytosol W | N
K' Na' Na" Na®
Resting Voltage-gated Ligand-gated Signal-gated
channel— channel—opens channel—opens channel—
always open (transiently) in response opensor
in response to to a specific closes in
change in the extracellular response to
membrane signal a specific
potential intracellular
molecule
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Nicotinic acetylcholine receptor

Acetylcholine binding site |
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occupied occupied
and closed and open

From The Art of MBoC? £ 1995 Garland Publizhing, Inc.
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Voltage gated K* channel
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K* channel
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A

rapid, high-volume water transport
large osmotic gradient

kidneys
> 1501 ¢!

aquaporins

B

sustained water transport

brain, lung, inner ear,
eye, secrefory glands,

etc.
, : :
small, near isosmolar gradient x mi ¢
C adipocytes, liver,
skin

glycerol diffusion
chemical gradient

aquaglyceroponns

Fig. 1. Physiological situations that require AQP water or glycerol facilitation
across cell membranes.

Eric Beitz, André Golldack, Monja Rothert, Julia von Bilow
Challenges and achievements in the therapeutic modulation of aquaporin functionality
Pharmacology & Therapeutics, Volume 155, 2015, 22—-35

http://dx.doi.org/10.1016/j.pharmthera.2015.08.002



Cell migration B Cell division
¥ e
glycerol
direction of migration | ° e / g
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extracellular matrix

Fig. 1. Roles of AQPs in cancer. A. Cell migration. AQP polarizes to the leading
end of the cell and facilitates formation of the lamellipodium. B. Cell proliferation.
Aquaglyceroporin facilitates glycerol entry into the cell, which is essential for

biosynthes...

Marios C. Papadopoulos, Samira Saadoun

Key roles of aquaporins in tumor biology ¥¢

Biochimica et Biophysica Acta (BBA) - Biomembranes, Volume 1848, Issue 10, Part B, 2015, 2576-2583

http://dx.doi.org/10.1016/j.bbamem.2014.09.001



With AQP Without AQP

Fig. 2. Proposed role of AQP in increasing directionality of migrating cell. A. AQP
polarizes to the leading end of the cell thus ensuring that the lamellipodium forms
in the direction of the chemotactic gradient. The cell migrates toward the
chemotactic gradi...

Marios C. Papadopoulos, Samira Saadoun
Key roles of aquaporins in tumor biology ¢
Biochimica et Biophysica Acta (BBA) - Biomembranes, Volume 1848, Issue 10, Part B, 2015, 2576—-2583

http://dx.doi.org/10.1016/j.bbamem.2014.09.001
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Fig. 3. AQP4-IgG linked to toxin as a potential treatment for glioblastoma (&
RJEIE). A. AQP4-IgG binds AQP4 on astrocyte foot processes and is not
internalized. Toxin remains linked to AQP4-1gG. B. AQP4-IgG binds AQP4 on
glioblastoma cell and becomes internalized. Toxi...

Marios C. Papadopoulos, Samira Saadoun
Key roles of aquaporins in tumor biology ¥¢
Biochimica et Biophysica Acta (BBA) - Biomembranes, Volume 1848, Issue 10, Part B, 2015, 2576-2583

http://dx.doi.org/10.1016/j.bbamem.2014.09.001
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Low-affinity High-affinity
Na+-K+ATP PU M P Ma™-binding sites K*-binding site
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Na*-K*ATP pump can catalyze the formation of
ATP under laboratory condition

Nat-K* ATPase

Na*

ADP+Pi
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Ca'* ATPase

Maintains low cytosolic [Ca**]
Present In Plasma and ER membranes

Low-affinity
Ca*-binding«,

sites

High-affinity,_
Cat-binding o<
sites L. )

Cytosol 5 ca2+ 9 &

Model for mode of action for Ca*t ATPase

Conformation change
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Four types of ATP-powered pumps

Exterior
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Cytosol
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P-class pump F- and V-class pump ABC superfamily




Cytoplasm

(A) (B)
'\./" )

Acid from Nucleus
glycolysis H* H H*

(C)
" . 2\/ . ‘
)

Apopt0515

e <~

Key:
H™ Protons/acidification . Cancer drug pH-dependent protease ‘ Protease pro-peptide

' V-ATPase \% Actin } Extracellular matrix proteins

Trends in Biochemical Sclences

Figure 4. Functions of V-ATPase in Cancer. (A) The V-ATPase aids cancer cell
survival, likely by its role in regulating cytoplasmic pH. Cancer cells experience
an increased acid load due to enhanced glycolysis that can induce apoptosis. By
transporting protons...

Kristina Cotter, Laura Stransky, Christina McGuire, Michael Forgac
Recent Insights into the Structure, Regulation, and Function of the V-ATPases
null, Volume 40, Issue 10, 2015, 611-622

http://dx.doi.org/10.1016/j.tibs.2015.08.005
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Mammalian MDR1 protein
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COOH
NBD, NBD,

NBD

Fig. 1. Secondary structure models of drug efflux transporters of the ATP-binding cassette
family. (A) P-gp/ABCB1, (B) MRP2/ABCC2, (C) BCRP/ABCG2. TMD - transmembrane
domain; NBD — nucleotide-binding domain; LO - loop O.

Zhaolin Chen, Tianlu Shi, Lei Zhang, Pengli Zhu, Mingying Deng, Cheng Huang, Tingting Hu, Ling Jiang, Jun Li
Mammalian drug efflux transporters of the ATP binding cassette (ABC) family in multidrug resistance: A review of the past
decade

Cancer Letters, Volume 370, Issue 1, 2016, 153—-164

http://dx.doi.org/10.1016/j.canlet.2015.10.010



Substrate

ATP
Hydrolysis

Fig. 2. Function of ABC transporters. ABC transporters are energy-dependent
transporters; they exhibit a conformational change upon substrate binding
and ATP hydrolysis which drives the transport process of the substrate.

Zhaolin Chen, Tianlu Shi, Lei Zhang, Pengli Zhu, Mingying Deng, Cheng Huang, Tingting Hu, Ling Jiang, Jun Li
Mammalian drug efflux transporters of the ATP binding cassette (ABC) family in multidrug resistance: A review of the past
decade

Cancer Letters, Volume 370, Issue 1, 2016, 153—-164

http://dx.doi.org/10.1016/j.canlet.2015.10.010
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Fig. 3. Overview of TKls as antagonists in the regulation of ABC transporters.
BRAF TKI, breakpoint cluster region-Abelson (BCR-ABL) TKIls, epidermal growth

factor receptor (EGFR) TKIs, vascular endothelial growth factor receptor
(VEGFR) TKIs, platelet-derived ...

Zhaolin Chen, Tianlu Shi, Lei Zhang, Pengli Zhu, Mingying Deng, Cheng Huang, Tingting Hu, Ling Jiang, Jun Li

Mammalian drug efflux transporters of the ATP binding cassette (ABC) family in multidrug resistance: A review of the past
decade

Cancer Letters, Volume 370, Issue 1, 2016, 153-164

http://dx.doi.org/10.1016/j.canlet.2015.10.010
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Fig. 5. Selected natural drugs as potential reversing agents of MDR. Black solid
arrow indicates a reduction on the efflux of various anticancer drugs. Red solid
arrow indicates a reduction on the expression of P-gp/ABCB1. Orange solid
arrows indicate a reduct...

Zhaolin Chen, Tianlu Shi, Lei Zhang, Pengli Zhu, Mingying Deng, Cheng Huang, Tingting Hu, Ling Jiang, Jun Li
Mammalian drug efflux transporters of the ATP binding cassette (ABC) family in multidrug resistance: A review of the past
decade

Cancer Letters, Volume 370, Issue 1, 2016, 153-164

http://dx.doi.org/10.1016/j.canlet.2015.10.010
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Fig. 1. Scheme of copper(l) trafficking pathways in mammals.

Henryk Kozlowski, Anna Janicka-Klos, Justyna Brasun, Elena Gaggelli, Daniela Valensin, Gianni Valensin
Copper, iron, and zinc ions homeostasis and their role in neurodegenerative disorders (metal uptake, transport,
distribution and regulation)

Coordination Chemistry Reviews, Volume 253, Issues 21-22, 2009, 2665-2685

http://dx.doi.org/10.1016/j.ccr.2009.05.011
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Fig. 2. Proposed mechanism for yeast model of copper transfer from Atx1 to
Ccc2.

Henryk Kozlowski, Anna Janicka-Klos, Justyna Brasun, Elena Gaggelli, Daniela Valensin, Gianni Valensin

Copper, iron, and zinc ions homeostasis and their role in neurodegenerative disorders (metal uptake, transport,
distribution and regulation)

Coordination Chemistry Reviews, Volume 253, Issues 21-22, 2009, 2665-2685

http://dx.doi.org/10.1016/j.ccr.2009.05.011
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Fig. 4. Schematic model of intestinal copper absorption and its peripheral
distribution.

Henryk Kozlowski, Anna Janicka-Klos, Justyna Brasun, Elena Gaggelli, Daniela Valensin, Gianni Valensin

Copper, iron, and zinc ions homeostasis and their role in neurodegenerative disorders (metal uptake, transport,
distribution and regulation)

Coordination Chemistry Reviews, Volume 253, Issues 21-22, 2009, 2665-2685

http://dx.doi.org/10.1016/j.ccr.2009.05.011



Cisplatin and its relatives are composed of a doubly charged platinum ion (in grey) surrounded
by four ligands.

cisplatin

carboplatin

oxaliplatin

David S. Goodsell The Oncologist 2006;11:316-317

The .
©2006 by AlphaMed Press * OnCOIOgISI



Cisplatin forms crosslinks in DNA. On the left, cisplatin has formed a crosslink between two
neighboring guanine bases, causing the DNA double helix to bend around the site of damage.

David S. Goodsell The Oncologist 2006;11:316-317

The v
©2006 by AlphaMed Press . OﬂCOlogISI
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‘ PGSH orGsH Pt Pt
Inactivation

Pt

nucleus

Pt-GSH Pt

L. = .

Pt

imp3 ATP7A/
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Pt-GSH Export !t

Fig. 2. Cellular fate of cisplatin (Pt,lii5& 2 4). Cisplatin crosses the cell
membrane by passive diffusion or by transmembrane transporters. CTR1,
CTR2, and OCT2 have been identified as transporters that import cisplatin
into the cell. Once inside the cell, cisplatin b...

Lauren Amable
Cisplatin resistance and opportunities for precision medicine
Pharmacological Research, Volume 106, 2016, 27-36

http://dx.doi.org/10.1016/j.phrs.2016.01.001
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Piezo1 and Piezo2 Are Essential

Components of Distinct Mechanically
Activated Cation Channels
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