Medicinal Chemistry/ CHEM
458/658

Chapter 7- Biological
Membranes

Bela Torok
Department of Chemistry

University of Massachusetts Boston
Boston, MA



| ntroduction ’,

BOSTOMN

The cell membrane separates the cell the intrzgaelfluid from
the surrounding medium (extracellular fluid).
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Nucleus: Tektoff-RM, CNRI/Photo Researchers; rough endoplasmic reticulum and Golgi apparatus: Secchi-Lecaque/Roussel-UCLAF/ CNRI/Photo Researchers; smooth
endoplasmic reticulum: David M. Phillips/Visuals Unlimited; mitochondrion: CNRI/Photo Researchers; lysosome: Biophoto Associates/Photo Researchers.
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 Fluid Mosaic model

Glycolipid Oligosaccharide Integral protein Hydrophobic
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Phospholipid  Cholesterol
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Lipid components - glycerophospholipids
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e Lipid components - sphingolipids
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e Lipid components - sphingolipids
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e Lipid components - glycosphingolipids
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Lipid components - cholesterol
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* Protein components - Integral proteins

e.g ion- or water-channels
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* Protein components - Integral proteins
e.g porins, aguaporins Inside cell
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 The carbohydrate component
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o Similarities and differences between plasma mendsa
In different cells
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» Bacterial cell walls - peptidoglycans

Plasma membrane Periplasmic space

Outer membrane,
consisting of:
proteins,
lipopolysaccharides
and phospholipids
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» Bacterial cell walls - peptidoglycans
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» Bacterial cell walls - peptidoglycans
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e Bacterial cell exterior surfaces — teichoic acids
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e Bacterial cell exterior surfaces
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 Animal cell exterior surfaces
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* Energetics of membrane transport

AG=RTIn(c,/c))+ZFAV
AG can predict whether a transport process musttnea
(AG>0) or passiveAG<O0).
e Osmosis
e Filtration

e Passive diffusion

21
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* Faclilitated diffusion/transport

(a) Carrier (b) Channel-forming

ionophore ionophore
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* Faclilitated diffusion/transpoftion Channels

TURRET . SELECTIVITY

FILTER

(a) (b)

Courtesy of Roderick MacKinnon, Rockefeller University

X-Ray structure of the KcsA Kchannel 23
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e Active Transport - N&a K*- ATPase

BOSTOMN

ATP ADP
M 2+ M 2+

E,-3Na™ Lg >E, -ATP-3Na* ) E,~P-.3Na"
1 1 ATPbinding 2 Formation of

“high-energy” aspartyl

phosphate intermediate
Inside

Outside
5 Phosphate \— 3Na* (out)
& hydrolysis 4 K*binding Cardiotonic  Carbohydrates
E,-2K N E,-P-2K* E,-P steroid
\ binding sites

2kt (out)  outside

© 2008 John Wiley & Sons, Inc. All rights reserved.

ATP-
binding sites

24



The Transfer of Speciesthrough Membranes m
UMASS

BOSTOMN

e Active Transport - Cd- ATPase
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: Active Transport ABC Transporter Mechanism
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* Active Transport

1 Zipping: As the vesicle
approaches its target
membrane, the SNAREs
begin zipping together &
(docking) from their
N-termeni, which draws

i the two membranes
.;,\.s\toward each other.
COEEOREROEDO ! S OOEEODECECEE J!)K_ S@SSEEI S B

[Beesedasss s f_"::r_ji3’35‘30:!:!IIC—'D—'.'.XL‘OC!Y_\}:LC“)D"J}.".::,(."=’I.‘Q—’_\

5 The fusion pore expands as the
now fused membrane relaxes.

© 2008 John Wiley & Sons, Inc. All rights reserved.

Endocytosis vs. Exocytosis

2 Hemifusion: As
docking proceeds, the
increased curvature and
lateral tension induce .
the approaching bilayer &
leaflets to fuse, thereby - © °
exposing the bilayer
interior.

were originally farthest apart
are brought together to form
a new bilayer. )

3 The two bilayer leaflets that 1

4 Fusion pore formation: The
continuing SNARE-induced lateral
tension causes membrane
breakdown, resulting in the
formation of a fusion pore.
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» Active Transport - Endocytosis vs. Exocytosis
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Courtesy of John Heuser, Washington University School of Medicine, St. Louis, Missouri
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e Action on enzymes and receptors or blockingabannels
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' OSPROIIPASE S mco-0-CH,

R'CO-0-CH,
Acts as a detergent
Disrupting the membrane/wall
- Inhibiting enzymes that produce compounds to naaithe
membrane

- Inhibiting processes involved in formulation oétmembrane/
cell wall

- forming channels and making the cell wall porous
29
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 Antifungal agents
-fungal infections rfyycoses)
superficial — external layer of skin/hair
(cutaneous/subcutaneous)
systemic — internal tissues/organs
(primary pathogens/opportunistic pathogens)

action — damage cell membrane — loss of essentialael

components T =
ljo CH,OH
Counter action — antifungal agents Q "
fungistatic r,
fungicidal action it

Fungal microorganisms — eukaryotic cells with chae1|I wall
(targeting ergosterol biosynthesis) 320



Lotrimin

Drug Action on Cell Membranes and Walls

 Antifungal agents — Azoles (!)
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e Antifungal agents — Azoles

Action: inhibition of

cytochrome P-450 oxidases

(P-45Qy)

(detoxification)
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 Antifungal agents — Allylamines and related compaind

Action: inhibition of
sgqualene oxidase — squalene accumulation in membrarss -of
membrane intergrity
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CHy CH, CHy CHy
prh M N CHa 5““‘;-‘"”]/} _.CH,
seJlts o O
g - .
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 Antifungal agents — Phenols and related compounds

Action: disrupt cell membrane
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* Antibacterial antifungal agents

Action: disrupt cell membrane

O
Abelcet @) Hoj/\)\/OH © Natacyn (plus
cheese additive)

CHE O O m“:;

|
LI
CH,0 o
Cl OCH,

Panol Hoﬁm Gris-PEG (vet-
anolog ® 159 @ med too)

Figure 7.20 (a) Amphopterin B, first isolated from Streptomyces nodosus by Gold et al. (b) Nystatin,
first isolated from Streptomyces noursei by Hazen and Brown. (c) Natamycin, first isolated from
Streptomyces natalensis by Struyk et al. (d) Griseofulvin,first isolated from Penicillium griseofulvium
by Oxford et al. 35
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» Antibacterial agents — Antibiotics
Action:

- lonophoric antibiotic action

O A
W
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acid isovaleric Y /
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Figure 7.21 Examples of naturally occurring and synthetic ionophores
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» Antibacterial agents — Antibiotics

lonophoric antibiotic action usually for Gram-posdiv
- Channel formation — ion transport
- Carriers

|

s

I
WS e
g 5 M ninli A i mﬂ

: s
(@) o)

Figure 7.22 The general mode of action of ionophores in ion transport. (a) A channel formed by two
gramicidin A molecules, N-terminal to N-terminal. (b) The sequence of events in the operation of a carrier
ionophore such as valinomycin
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» Antibacterial agents — Antibiotics
Cell wall synthesis inhibition multiple types (3)

1. Drugs that inhibit the formation of starting eadls

Tetrapeptide chain L-alanine — p-glutamic — L-lysine — p-alanine

acid
N
CIDOO' ((|3H2)4 CH,
Lactic acid CHs - CONHCHCH, CH, CONHCHCONHCHCOO"
residue !
NH
\ |
cO
| CH,OH H  NHCOCH,
CH,—HC ]
H 5 O D M
o) H OH H
N o

HH o O
H NHCO¢H, TH,OH

NAM NAG
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» Antibacterial agents — Antibiotics
Cell wall synthesis inhibition

1. Drugs that inhibit the formation of staring nradés
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Figure 7.23 Cycloserine and fosfomucin
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Figure 7.24 An outline of the biosynthesis of the precursors of the peptidoglycan chain of the cell wall of

Stophylococeus aureus
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» Antibacterial agents — Antibiotics
Cell wall synthesis inhibition —

O
2. Drugs that inhibit o TGN
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» Antibacterial agents — Antibiotics
Cell wall synthesis inhibition —

2. Drugs that inhibit the synthesis of the peptlgogn chain

o-Asp
ey . CH,
— = COMH ;”"L‘HIE —+ L -Asp £ 'r’
: A
o-Phe ;—L'yﬂ +— L-||g = p-Glu+1-Léu—0C N""E CHy
\ L-llg =—p-Omn Bacitracin A NH,
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» Antibacterial agents — Antibiotics
Cell wall synthesis inhibition —

3. Drugs that inhibit the cross-linking of the pdpglycan chain

=

/Jr’" Hnﬂ
Y /%
/.-E\m NAQ D?u
//“"“G m’fm / ._-Trs —e Gily — o

; &
HJ:'HJ L-Lyg —=Gly —= Gly —+Gly —» Gh’—*ﬁﬁf“@‘ o-Ala
——

M

ete —=Gly—=Gly(NH} 3 o-Ala : nn.ﬂlla—_}
A = &
o-Ala '?
Peplidoglycan chain Peptidoghycan chain

Figure 7.26 Anschematic outline ofthe formation of the peptide cross-links in the formation of the cell wall
of Staphylcoccus aureus
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» Antibacterial agents — Antibiotics — Cell wall sya#is inhibition
3. Drugs that inhibit the cross-linking of the pdpglycan chain
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w 3
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Penicilling Cephalosporins
Penicillin R- Cephalosporins R- X-
. [
Benzylpenicillin @cu; Cephalothin Q\GHE— ~OCOCH,
(Penicillin G)

NH,
Cefadroxil L

Phenoxymethylpenicillin @—DCHE-"
{Penicillin V) =

Ampicillin (X =H) " @_l“i Ceftazidime
Amaoxicillin {X=0H) B
H?N}_N
e L +J'.f_?‘\

Piperacilin . Nf“:,i " W\\r ol

_ P o -,

o 2 O—C—cooH
CH,

Flucloxacillin O _CH, e

/ f i
_cn\_<_< CEANTETG L \,/L\n,l A0 H/m.
{r‘ Wi N\DC:H o]
— a

Figure 7.27 Examples of the range of penicillins and cephalosporins. The R residues of ampicillin,
amaxicillin and ceftaridime have o configurations 44
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» Antibacterial agents — Antibiotics — Cell wall sya#is inhibition
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B-lactame antibiotics — sensitive
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Figure 7.28 Some of the decomposition routes of the fi-lactam ring of benzylpenicillin
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Figure 7.29 A schematic outline of the chemistry proposed for the action of penicillins
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Figure7.30 A possible mechanism for the enhancement of the reactivity of the carbonyl group of the lactam
by a neighbouring group
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Figure 7.31 (a) It is believed that the electron withdrawing effect of the R group reduces the ability of the
electrons of the carbonyl group of the amide link to influence those of the carbonyl group of the lactam. (b)
Examples of penicillins in clinical use with an electron withdrawing R group
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Figure 7.32 Examples of B-lactam antibiotics that do not contain a thio-ring system
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extra additives B-Iactamase Inhibitors
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Clavuianic acid Sulbactam Tazolactam

Figure 7.33 Examples of [-lactamase inhibitors used in penicillin dosage formes

Table 7.2 Examples of dosage forms containing f-lactamase inhibitors

Prepart sun Penicillin - Lactamase Inhibitor
Co-amoxiclay Amoxicilhin Clavalanic acid
Tazrodin Piperacillin Tazubaciom
Unasyn Ampecillin Sulbactam
Timentin Ticarcillin Clavulinic acid
Aupmentin Amoxicillin Clavulane acid

50



Drug Action on Cell Membranesand Walls m

BOSTOMN

» Antibacterial agents — Antibiotics — Cell wall sya#is inhibition
3. Drugs that inhibit the cross-linking of the pdpglycan chain

alternative approachp-lactamase resistant drugs

I

OCH,

H
[f;jcmm Tfs Hy
: 7>\EH
X
Ciokeclin  A=H, R=Cl

Methicillin Dicloxaciliin R=C1, R=C

KWETQ‘;

H COOH

5
Hz N H,N H H
2 ‘(%( O 2 hﬁlD\KGONH : S =
|
\EQ\/ N IE\‘;\/N+/
OCH 0 OCH, O coo"

Cefepime Cefpirome

ol



Drug Action on Cell Membranesand Walls m

» Antibacterial agents — Antibiotics — Cell wall sya#is inhibition
Polypeptide antibiotics Surfactants
HOCHZf\D ? \-‘ fjﬁ_GHp{GH?}1¢EH3 ci

fq ¢/ CHOH  NHGH, Cetylpyridinium chloride
hH CDGHNHGOCHNHCOCHNHCOCHNHCDC{I

NH_ K CH,LCONMH, CH,CHICH,);
& CH; CHy
- o GHDH 2 Hocz\ﬁ ‘ Hacw;?@iﬂ_tEchHzoj gH
| - 7& GH, CH,
§h L (Kf/l\ I i
H
il U t\l
GH, GONH r

CO NHCJC'C.‘HNI-H:-‘[:l'.'-‘HNHCC!'CHNH!Jl:l'l.'IHl'\ll-lt:GCHMl-lE

m%(f; O

HO
&, )

Figure 7.34 (a) Yancomycin and some related compounds. Vancomycin, X = (LY = Cl, Ry = a-vanco-

saminyl, R, = H; Decaplanin, X = H,Y = CL Ry = wo-rhamnosyl, R = a-epivancosaminyland Orienticin

AX =LY = H RyandR; = n-epivancosaminyl. (b) Teicoplanin: Az 4, R = CH3{CH;),(H=CHCH,CHz-;

Aa_3, R = ([H3)CH(CH)sCHo-; Ag_3, R = CH3(CH)7CHz-; Ay, R = CH3CHZCH{CH3)(CH;)sCHz=; Az s, 52
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e Local anaesthetics
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Figure 7.36 A schematic representation of a section of a nerve fibre. Nerve fibres consist of chains of cells
known as neurons {(a) where the axon of ene neuron is separated from the end of either a dendrite or the cell
body of a second neuran by the synaptic cleft or gap. The synaptic vesicles contain the chemical messengers
(neurotransmitters) that transmit the nerve impulse by diffusing across the synaptic cleft to the receptors.

vesicles
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Figure 7.37 Examples of ester- and amide-based local anaesthetic agents in clinical use

mode of action: blocking the Nahannels rnr, + v+ = rRNH(ER'),
- blocks external entry
- enters channel and acts as a stopper in the nmelglien
- binds to the (channel) proteins and distort them
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Figure 7.38 A schematic representation of the binding of ester-type local anaesthetic agents to a receptor site 54
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Figure 7.39 A representation of the hydrophobic and hydrophilic routes for blocking both open and closed
ion Na* channels
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