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Figure 41
Photosynthetic prokaryote (Anabaena)
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FIGURE 1 The chemical =) o

bonding representation of the et L
DMPC (dimiristoylphosphatidyl- “*

M Se2=—c2
Membranous Dynamics choline) molecule. Carbon atom w5
labeling Is referenced TSR
throughout the text. The head S A
2421 Bloptyzicas Jouros! Velume 81 Novesnber 2601 2484-2454 group Zwitterion dipole is P ::):u .
Dynamical Properties of a Hydrated Lipid Bilayer from a Multinanosecond indicated by the P-N vector. N
Molecular Dynamics Simulation & e
Source: Preston B. Moore, Carlos F. Lopez, and Michael L. #nd, \m N‘;
Preston 8. Mooe, Carlos F. Lopez, and Michasi L. Kieln Klein (2001) Dynamical Properties of a Hydrated Lipid £ N,
[Cestter for Motecwsasr Madesing ant Department of Chemisiry, Untversity of Purnsyivarsia, PhissGeloiva, Farrsyvaria 19104 USA Bilayer from a Multi d Molecular Dy i N ,J
Simulation. Biophys I 81:2484-2494. 24 o fsna
cgu ::}.n
2 e
512: n::}m
N ohy on
)
con ¥

FIGURE 8 Ten superimposed structure snapshots for
different time intervals (left to right: 100 ps, 1 ns, and 10 ns).

Saurce: Preston B. Moore, Carlos F. Lopez, and Michael L. Klein (2001) Dynamical Propesties of a
ion. Biophys J 81:2484-2494.

Hydrated Lipid Bilayer from a Multi Molecufar Dynamics Si

FIGURE 1 Snapshotofa
fully equilibrated hydrated
POPC (palmitoyl-oleyl
phosphatidylcholine)
bilayer. Water molecules are
color-coded red (H) and white
{0). Lipid methyls and
methylenes are color-coded
gray. C==C atoms are color-
coded cyan. Headgroup P
atoms are yellow, and
headgroup N atoms are blue,

Source: 8. W. Chiu, Eric Jakobsson,

Shankar Subramaniam, and H. Larry
Scolt (1999) Combined Monte Cado g
and Molecular Dynamics Simulation of g% =
Fully Hydrated Dioleyl and Palinitoyl- T
oleyl Phosphatidyleholine Lipid Bigh :

Bilayers. Biophys J 77:2462-2469

Membranous Dynamics

Rapid flexing of the phospholipid acy!
chains churns the membrane, but the
hydrophobicity of the acyl chains maintains
the bilayer barrier between aqueous
compartments.

Membranous Cells

Organellar relationships in the Golgi region of the
pancreatic beta cell line, HIT-T15, visualized by
high resolution electron tomography

Bead §. Marsh#, David H. Mastronarde®, Karolyn F. Buttie, Kathiyn E. Rowell®, and 1. Richard Mcintosh*¥

“Roubder (abarmary for 30 ine Stekexure, Moreontar, Cafutar Inionrsity of Cakorsd, Eauisay, €0 BE3:
Regamiree o the g rglaxity, ¥samorth ‘Albory, 8Y 12201; and Degarunent of Celkoar snd Shusurs) Eogy,
nbersiy af Coborada Sehon s siadiine, Darvme, €0 80282

ar i augural Asudes Natonal fuxdemy of 2 2008

Contributed by J. Richand kv, Deember 29, 2000




Membranous Cells

Serial sectioning and tomoyraphy reveal
clearly that eucaryotic cells contain a three-
dimensional array of diverse membrane
compartments that function in cellular
mefabolism, growth and division.

Vesicle fusion experiment
a) Two vesicles, one containing reagent A
and the other containing reagent B, are
identified in the sample. b) The two
vesicles are lrapped in separate optical
tweezers and translated such that their .

membranes come into contact. ¢} Fusion is initiated by a pulsed UV laser, which
disrupts the membranes of both vesicles at the contact point. d) The membranes
repair spontaneously by forming one farger vesicle in which reagents A and B mix
and react.

source: http://physics.nist.gov/Divisions/Div842/Gp4/Tweezersiresearch. htrml




Spontaneous formation of ‘hyphal’ morphology
from hydrating phospholipids

The lipids were dried onto glass, then hydrated by
adding a buffered solution. Over 60 minutes,
spontaneous structures appear, from spherical to
cyclindrical in shape.

source: Dr. Natalia N. Levina, York-Biology, Toronto, Canada
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Cardiolipin (from E. coli, but a common lipid
in mitochondrial membranes of eukaryotes)
O
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—O—ﬁ—O~CH2—(I3H~COOe
o) NHE
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—O~ﬁ’~—O—CH2~CIB~(I3-—H

OH OH

OH

OH

Diacyl-

glycerol |~

Diacyl-
glycerol-

—O——ﬁ-—O—CHg

@

"””’PAf"’*f I

Phosphatidic acid

Phosphatidylethanolamine
PE

Phosphatidyicholine
(Lecithin) PC

Phosphatidylserine
PS :

Phosphatidylglycerol
PG

Phosphatidylinositol
Pl

Diphosphatidy!-
glycerol
(Cardiolipin)
CL

Figure 15.5A Hydrophilic constituents of membrane lipids: phosphate and phosphate esters.
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* *—**'*Diacylgm*e#mr *’

MonogaIactosyldiacylglycerol

MGDG
CH,OH
HO O
OH Digalactosyldiacylglycerol
O—CH, DGDG
OH
HO O o0 Diacylglycerol
OH
OH
O@
|
O:ﬁ —CH, Sulfoquinovosyldiacylglycerol
SL
© O
HO OH O— Diacylglycerol
OH

Figure 15.5B Hydrophilic constituents of membrane lipids: hexoses,



Table 15.2 The composition of glycerolipids in various organelle membranes (after

—V'Hawtworod498or)w,ﬁ S —
% of total acyl lipid content
Glycerolipids® Chloroplast thylakoid Mitochondrial inner Plasma membrane
membrane membrane

MGDG 51 0

DGDG 26 0 0
SL 7 0 0
PC 3 27 32
PS 0 25 0
PE 0 29 46
PG 9 0
Pl 1 0 19
CL 0 20 0

 For explanation of abbreviations see Fig. 15.5.

Plant biochemistry

A R

Hans-Walter Heldt

Institute of Plant Biochemistry, Gottingen

with the collaboration of Fiona Heldt
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Figure 1. Chemical
structure of the
hydrophobic
backbones that can
be obtained by -
hydrolysis of
archaeal tetraether
lipids. The number of
cyclopentane rings
per chain may range
from zero to four.
R=R1 for GDGT
(glycerol-dialkyl-
glycerol tetraether),
while R=R2 for
GDNT (glycerol-
dialkyl-calditol-
tetraether).

' 1

HOCH, OH
The Archaea Kingdom of microorganisms is believed to be the oldest of the
three major clades (Prokarya and Eukarya are the other two clades). Archaea
live in extreme environments: from hydrothermal vents under the sea to
Antarctic ice fields. Consequently, their membrane composition must be
engineered to survive extremes well beyond those normally faced by
Prokarya and Eukarya. Their bipolar tetraether lipids span across the
membrane (24 to 30 Angstroms wide), with hydrophilic ‘heads’ at both
ends. The membranes formed by the bipolar tetraether lipids are very
impermeable to molecules and ions. They are stable over a wide range of
temperatures, adaptation to higher temperatures involves additional
cyclization of the biphytanyl chains (the cyclopentane rings shown above).

Depending upon preparation method, it is possible to form unilamellar
vesicles, highly stable, which may be useful in the development of liposome-
mediated drug delivery.

Source: Alessandra Gliozzi, Annalisa Relinia and Parkson Lee-Gau Chong 2002. Structure and
permeability properties of biomimetic membranes of bolaform archaeal tetraether lipids.
Journal of Membrane Science 206:131-147.
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NS

ag:B=H pd Km

Figure 1. Typical basic structures of caldcrchaeolfype (a-e) or calditoglycero-
caldarchaeoltype (a'-d') tetraethers 1 found in methanogenic, thermoacido-
philic and some psychrophilic archaeal membrane lipids.

Source: Thierry Benvegnu, Mickaélle Brard and Daniel Plusquellec 2004. Archaeabacteria
bipolar lipid analogues: structure, synthesis and lyotropic properties. Current Opmlon in
Colloid & Interface Science. 8:469-479
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HCOS + ATP  ADP +P

o) E f 0O
I Il
CH;—C—-S—CoA CI)HQ— C—-5—CoA Malonyl CoA

Acetyl CoA

e 0
~

o)
Il

» N ”
CH;—C—S—CoA (|3H2—C—S

CoQo®
H®

CoASH CO,

e

. 0
I I »

CH;—C—CH,—C-S

NADPH + H®

NADP ®

_I‘M

0
I
CH3-—CI)—CH2—C—S

OH

H,O

—Z‘_L

]
CH;—C=C-C-S8

NADPH + H®

NADP ®

Ao

O

I
CHy—CHy~CH,—C—S-{ACP]

Figure 15.8 Reaction sequence for the synthesis of fatty acids: activation, condensation, reduction,

CO0®°

/ﬁHS

CoASH

Malonyl-ACP -

f-Ketoacyl-ACP

B-Ketoacy-ACP.
B “redlctase

B-p-Hydroxyacyl-ACP

B-Hydroxyacyl-ACP
~ dehydratase

trans-A2-Enoyl-ACP

Enoyl-ACP
reductase

Acyl-ACP

release of water, and further reduction elongate a fatty acid by two carbon atoms.



A(“S\ du:uq LbM'?u‘athﬂ a.m:\A ?ra?_z.m:‘cu.&,. S

Tg»e, c:a.u_sl_g.haxm S \Ju\:‘slmﬁzkcfﬁacxmc Tes tasSen
\h&\‘\\mant AS. _QLU-L&LQ, Lp,\')c\m \u\'aa)c L\.S’A_'L \en

CCL\.C’\DO &,Ao@lg \3on(_\s \ \X}\C\é;EAZM_, e\@.}k L\h \.\k'm
A &&Liﬁ&%—v—c& \(IML A.L\s\ (JM’,\AD.L e\uk\\n \ {' | C
\XF%MQ»S‘LS &L&smman‘k O@ MQVL_\DICUAJ—»

Q Lum:\ S/ . i}
\\(\ cg,r\e,m\ﬁ — Q'LO_\L\L \ ‘t' 'el ur +1 Joasie s mtu.\
\} Jc\z\e_, Lo,ncgr_L o@ 'u:se, &Ltb\ dranin N

\Owﬁ:‘}'\% Q\L}-LA&LL\:F -

\\\_Bne. presenda »oﬁ_,_,u.qsdcumuwlmnc&f;.;.,.,, S

- ,L,Lr\baXumki\om,,, U\C.Yﬁég‘:,l__‘.;_e \m\ACt e

. A,\,\LL:D‘_&..(_&&L\'QC\‘U.LA. \ ?%k&¥tk‘+\i_’ e

A _measuse ¢€ eh’“&‘t\ o Jt\«xe. ec»dv ‘\&mt& ..... ch\.:)\
C_\[\é\\q'j_ e_v.\ﬁl- v -\-wo &\b&;ﬁ()& 5\-&1& L?M%c'>3

\) \‘CV““L (.nsﬁc.\\m,a._ L@ \mc& «a&Cb.X

L\\) QFLbS\“C\\\\M., cha\ ::\-a"ce,\

\\xe, -\-mr\‘m'\-tbn \be_ls ween Jk—\u. %wo 5\-o.t;$ REYZATV XN o:\:‘

o s'?e,i,\e\c, ’%QMY_LSZJLL&L TMLMQ\{.B D\J\\L,\/\ >

well- aLo.em.a.A eér epa_c\gu_A 3NN ko.nc_b\'\xs C-LV\.C&
bagees o€ nnwokucakion_ .



o TThe bransibisn belueen Yoo tuoe ?\w.snbis_“, I
‘awwxnu\% m&aruymkmbﬁ

A, LT demersburel

OO B o Ao i

, ALS&T?L\GI\ S j w : e

e ,A...Cm.ss,.\-.al\t\.mef . __\rxc\m:.\_cu.gka\imf, B

S B W S
e ’Em?e,co.\n_..re.

Cwor o Slesplahduledarslasin®

—TN\ e _Floﬁ;b‘_“ . ,,,v,,__,._m.,,_;.fzif_,,,“u_._._m _ @f'""

v 4 .
e I i ge:/} T fﬁ?EvAus—K_\Sm\"\’:c-L ‘;m‘—:'_’ é!;%&:&&ﬁs \
PSP SN N e e l‘-@ nc ,MM:WW Q,U\A_,\jﬂb,.,&_lx A
e GE L ’T‘X' ) \%\AA.S'
.. V- X V¢ - T WSS

! ‘ benao G
e Dy e R S S S i . J . S _A,..,.‘;e‘,,l,,_,_,_,_
Chy I~ & 1% 2e z TR




T\nefu_, olv:ur ua.lnms _en. ok \ c,\zmn ?ms?,wl-ué
_oxe Sanad wpau - NQH'B SIMp h@\u& el -deRnad
S \w \L\A\Q%&L&A M\, CABLS Qu,r{ Ana . MR Lu.teb e
. ;oe_ MLS_L\AL\LA__\LQ%mh‘ — e e

Ao 1S i Lo AR RPN . - I < R

esbechandeid

. MLM\D@'/LV\_Q

G

I e e S B

50 g -x-ca.t\b L'\:xbus.s Q~(‘<:>tv\ QK\L\A 3::: %.\Qw{no}r
M.:ﬁ_,\l c\ Q\N\i(\ < /\le '?reﬁuu\k,x_x:\'_a\\ > e




o - SR 7 . B MM‘MM,& BT T e —

TRV W s

: ‘.JLT\,\C..‘:\,;.& - x*:é,v:\zn.méu.nu. DA M\DMV\LL&?\A

AN "rQu. - V\A_Q?M\Qmw ,,,,,, cgege,&s &5 . Qwvc,stsgp.\-;p c\c,k\uu\,h,\ e

- ,_Ac1.x,o;\1\1 R

A G Lenseru \
Havn, . : Hanee

Maua\srane M2wa \sren A -

Tku., e-\u\c&\t( a@ M AL NS T (FVTN PPN a-eeex.l\"

f—m\&&?b& .

_ .A’C‘um‘\’.j

—— N

2&;&‘7 WweE MEMB’RA&E (::uab T



e tetain nokanus o duae Sl
C amlosnas Quandity offecks  the ok \Jm £
e e0ZLMAS Xaasto.c&[_w:.._ Yo wmoplosang

e \"Qr Q*QM’\)LL "\)\I\L && ‘(V"\’ ATP&‘—)Q ‘ﬁ\mh D5

@\,\n(& t; \'\mx\(& 'ba_ MAA eu/L \h\n L\l\a«\a\u\cx,

e e keM x:c,.Luu_ \‘\'A? weuas o Lﬁa«w@ww& L./ AL
O &mc;k e_.eee_g_‘: DSV Moo -_f_nv.:Sa.q; o cumd

S VSO \m.szTbb'\‘é.\r\(.. Preooune oy wized e miﬁg

¢\L\.\A iﬁ,\ covxexr\v\k& L&_‘au\% Mmmmu¥h—¢§

A @\u&m‘aw\u_/ ?A\aw \ML.’A&V\ &8\ p\A 'praku.&

U\)\(AJV\CLT\DYL Tt

Wclu&axu:, e,nq,\.SA_L ALL\\ub = EE‘“EJU 5QQ|
o o U - v < S "‘U* V“%
There ase. aQ{,_a,r \n‘oxeﬁu\uLb ao\ese LQ/\L ;-es’\x.nu,
oﬁ AN (’.(\11:3«4.1 'L‘b w\bmy\,g__( ?tb%u:tru.b

v mM?\wL

o _T—\‘UL cbuu;u Ws?av - emm Qcﬁ%o«&&&g.
A% A we\\ ‘a\—wc\u.c& ‘Q)LO-M?\JL (ae,vum}\ Lcml\s;axmu\'s

. T\u..evcln_r ée \Mpa,rjmx\u., cﬁ . \D\\AL%V&Q\LM&S

sl A hpd haad agoup PSS TRA FPLSS P

2. C\LLD\ c.\ncun Lo.vxdb%\, C\$>C\g hd C—,;-a.fw e

mocks eu.c,l @«c»« i C&frmxr\uxs A‘ Z‘ DL Meldse \avl ‘V\—e»)

. \bx\a.c.\&r lx?\(l‘a aeeﬁb+ Mn.w\.\bmvx&— ‘?rb\'&\u\, aL,L\\S_\—b
TBS MIyy - 335, _

2



: MM\oraM, e‘k&\c\;&* ub\‘&\ow\— C.Lz\a. w«s %’Gwm\:w
s can o Lone o, \/\lbtlré‘h‘:t‘-

N M?msb,,,{ew C&.C-Lg AVRYS S

- —T; MO o MQ.M\@mM, Q—lu\c&»t«, \&‘ S oM pAI &o

M2 oo e\uove‘;u.ﬁf’ tespo.rﬁr ?Vc\z,o.

ebr Qﬁau—\?\.&. 3 ‘?,Q,VLB\LM,
excbhin

\lcb\ﬁ % /
i\_& \> N e\ucresc_u\'\'
| J (~1o 8o oflir erctabion)

\J

. 1 W e)ﬂ.(_;l'{q\.(s \\Cs\.«.l- > ?Q\O..m\u.c& R WP S P
eswene Wi\ olos oo polasired worees | Hue probes
c,\/\o.ha%fp \"("5 ox u,,n(r.o.k—..\on w\@:\»\n .l@'g <20

_I_;_

Cladty = L
I\l '\’B‘I_L
R

Clouresian e e\uoves.uu\ 7.

TR s g

boam



Experimentally fluorescence anisotropy is the difference between
fluorescence intensities emitted parallel to and perpendicular to the polarity
of the exciting light, divided by the total emitted fluorescence':

A=(,-1,)/,+2°)

where 2¢] | refers to the two perpendicular directions of emission
(perpendicular to the y-axis, as shown below, and perpendicular to the x-axis
(parallel to the y-axis).

A
z

FIG. 1. Schematic diagram for measurement of fluorescence anisotropy of a
cylindrically symmetrical emission field.

In the older literature, polarization was commonly used:

P=(,-1)/d,+1).

! Source: Bloomfield, VA (2000) Survey of biomolecular hydrodynamics. On-Line Biophysics Textbook
Volume: Separations and Hydrodynamics (Todd M. Schuster, editor) Chapter 1
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Fig. 2. Effect of pressure and temperature on (Na,K)-ATP-
ase and K-pNPPase activities. The rate of ATP or pNPP hydrol-
ysis by the dog kidney (Na,K)-ATPase was measured at the indicated
temperature and pressure as described under “Experimental Proce-
dures.” The data are plotted as the natural logarithm of the activity

normalized to that at 36 °C 1 atm: (Na,K)-ATPase, 13.8 pmol min™
mg~; K-pNPPase, 2 ymol min™ mg™.
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So far in this section we have considered energy per molecule, whereas in
many cases it is more convenient to consider energy per mole. To change the
Boltzmann distribution from a molecule to a mole basis, we multiply Boltzmann’s
constant k [energy/(molecule K)] by Avogadro’s number N (molecules/mole),
which gives us the gas constant R [energy/(mole K)J; i.e., R equals kN.1* If
n(E) and n,, are numbers of moles and E is energy per mole, we simply replace
k in the Boltzmann energy distribution (Eq. 3.21a) by R:

ME) = Nome T®T  mole basis (3.21b)

For diffusion across a membrane, the appropriate Boltzmann energy distri-
bution indicates that the number of molecules with a kinetic energy of U or
greater per mole resulting from velocities in some particular direction is pro-
portional to V/Te~URT (see Davson and Danielli, 1952). A minimum kinetic
energy (Unmi) is often necessary to diffuse past some barrier or to cause some
specific reaction. In such circumstances, any molecule with a kinetic energy of
Unmin Or greater has sufficient energy for the particular process. For the Boltzmann
energy distribution appropriate to this case, the number of such molecules is
proportional to V/Te~Umin/RT_ (These expressions having the factor V7T actually
only apply to diffusion in one dimension, e.g.; for molecules diffusing across
a membrane.) At a temperature 10°C higher, the number is proportional to
V(T + 10)e™ Ymin/IRT+10F The ratio of these two quantities is called the C1o,
or temperature coefficient of the process'*:

O = rate of process at T + 10°C _ T +T 10 OVmin RTT+101 (3 9oy

rate of process at T

13. In this text we will use two analogous sets of expressions: (1) molecule, mass of molecule,
photon, electronic charge, k, k75 and (2) mole, molar mass, mole of photons, Faraday’s constant,
R, RT (see App. 1 for numerical values of k, R, kT, and RT). As indicated above, a quantity in the
second set, which is more appropriate for most of our applications, is Avogadro’s number N (6.022
X 107) times the corresponding quantity in the first set. We also note that 1 electron volt (eV), an
energy unit often used on atomic and molecular levels, equals 1.602 X 10%° J and that 1 eV
molecule’ = 96.55 kJ mol! = 23.06 keal mol* (see App. II).

14. To obtain the form of the exponential given in Equation 3.22, we note that

= Upin Unin _ —UnisT + Unin(T + 10) _ 10Uy
R(T + 10) RT RI(T + 10) " RI(T + 10)
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Electron density
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Figure 2.22. Electron density profile of a hydrated bilayer of egg phosphatidylc.holine aAnd
cholesterol derived from X-ray diffraction analysis. A molecular model consistent with
the data is also shown. Adapted from ref. 461.
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\Lure DPPC
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NS mol % cholesterol

Rate of heat flow
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T ——— -+ 20 mol% cholesterol
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290 320 350
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-

Figure 2.20 Cholesterol abolishes the endothermic lipid phase transition of
phospholipids. By increasing the cholesterol content of phospholipid bilayers the
endothermic lipid phase transition is gradually moved to lower temperatures,
progressively broadened and eventually completely smeared out. Concentrations above
10 mol per cent suffice to abolish the pre-transition of phosphatidyl cholines and
concentrations at or above 50 mol per cent completely abolish the endothermic event.
These data show the DSC curves for dipalmitoyl phosphatidyl choline—cholesterol
mixtures. Similar results can be observed using esr and other physical methods.
Increase in temperature, at high cholesterol concentrations, cause a change from a
‘relatively ordered’ state to a ‘relatively disordered’ state of the phospholipids.
(Reprinted with permission from Ladbroke, B. D., Williams, R. M., and Chapman, D.
(1968). Biochem. Biophys. Acta, 150, 333-340)
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OH O OH OH OH OH O
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NHz HO on
o Nystatin CH,
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OH O OH OH OH OH O
HOOC
CH
HO Ho 2
NHp HO o
o Amphotericin B CHs,
CH,

1 j

Figure 8.6. Chemical structures of nystatin and amphotericin B, along with a “barre] stave”
model of the channel which forms when these polyene antibiotics are in membranes. The
protuberance on the bottom represents the amino sugar and the shaded interior represenis
the hydrophilic polyhydroxyl portion of the molecule. The exterior surface of the channel

is completely nonpolar. Adapted from refs. 762 and 959a.
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o ) ) Table A.2. Two amino acid data bases used to
o e e e e determine hydrophobicity indices of membrane proteins — —— - mm e m e

Normalized
Hydropathy hydrophobicity
Side chain index® index®

Isoleucine 4.5 1.4
e — Valine 4.2 1.1 g VS
: Leucine 38 1.1

Cysteine/cystine 25 0.29
e Methionine 1.9 0.64 e e
Alanine 1.8 0.62
_ B . _ Glycine —04 0.48 e
Threonine —-0.7 —-0.05
o - Tryptophan -0.9 0.81 .
Serine —0.8 —0.18
5 B B Tyrosine —~1.3 0.26 ~ o
Proline —1.6 0.12
Histidine —-32 —-0.40
B T Glutamic acid -35 —~0.74 T )
Glutamine —-3.5 —0.85
- B Aspartic acid —35 —0.90 o o
Asparagine —3.5 —0.78
h Lysine -39 -~ 1.5 T
Arginine —4.5 —~25
* From Kyte and Doolittle (1982).
" From Eisenberg (1984). _
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Some structures of membrane proteins. (A) Bacteriorhodopsin, an a-helical transmembrane pro- -

- tein. Its seven « helices are viewed from within the plane of the membrane and shown without con-
necting loops. Residues facing the viewer are labeled in the single-letter code, with aromatic groups
shown in full. (B) Saturation of the hydrogen-bonding potential in peptides within membrane bound-
aries. At left is an o helix from bacteriorhodopsin. The hydrogen-bonding potential is saturated by
intrasegmental bonds (dotted lines). On the right, four B strands from porin show how all hydrogen
. bonds are saturated intersegmentally. (C and D) Two views of the porin monomer. Each monomer is
a highly regular B barrel with 16 antiparallel § strands. Panel C highlights the segregation of nonpo-
- lar and polar residues. Individual strands are connected to their nearest neighbors by short turns on
. the periplasmic side (bottom) and by longer loops (truncated here for clarity) on the extracellular
face of the protein (top). The surface exposed to lipids consists of short, aliphatic residues. Panel D
shows the opposite face of the barrel where residues are involved in interactions with neighboring
subunits (near the threefold molecular axis). In this representation, the external loops forming the
channel entrance are shown. One loop (in red) folds into the channel and forms the constriction. it
lies within the membrane boundaries but is not in contact with lipids. Diagrams were produced with
the programs “Molscript” and “O" (23).
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Table A.1.3 Physical Characteristics.of the Amino Acids i

Amino acid 3-letter 1-letter Mol. wt.  Accessible Hydro- Relative Surface
code  code  (g/mol) surfacearea® phobicity’ mutability’ probability?
Alanine Ala A 89.1 115 —0.40 100 62
Arginine Arg R 174.2 225 -0.59 65 99
Asparagine Asn N 132.1 160 -0.92 134 88
Aspartate Asp D 133.1 150 -131 106 85
Cysteine Cys C 1212 135 0.17 20 55
Glutamate Glu E 147.1 190 -1.22 102 82
Glutamine Gln Q 146.2 180 —091 93 93
Glycine Gly G 75.1 75 -0.67 49 64
Histidine His H 1552 195 -0.64 66 83
Isoleucine Ile I 131.2 175 1.25 96 40
Leucine Leu L 1312 170 122 40 55
Lysine Lys K 146.2 200 -0.67 56 97
Methionine Met M 149.2 185 1.02 94 60
Phenylalanine  Phe F 165.2 210 1.92 41 50
Proline Pro- P 115.1 145 -0.49 56 82
Serine Ser S 105.1 115 -0.55 120 78
Threonine Thr T 119.1 140 —0.28 - 97 71
Tryptophan Trp w 2042 255 0.50 18 73
Tyrosine Tyr Y 181.2 230 1.67 41 85
Valine Val v 117.1 155 091 74 46

@ Accessible surface area is in A2 and is for the amino acid as part of a polypeptide backbone (Chothia, 1976).

b Hydrophobicity is in arbitrary units and is based on the OMH scale of Sweet and Eisenberg (1983), which emphasizes the ability of !
amino acids to replace one another during the course of evolution. !
€ Relative mutability is also in arbitrary units (with alanine set to 100) and represeats the probability that an amino acid will mutate o
within a given time. Thus, as two dosely related proteins diverge, a given tryptophan residue is only 18% as likely as a given alanine !
residue to mutate (Dayhoff et al., 1978). k
4 Suface probability is the likelihood that 5% or more of the surface area of an amino acid will be exposed to the solution surrounding !
s protein (Chothiz, 1976). Thus, while some portion of almost all the arginines will help make up the surfsce of a protein, less than half
of the valines will be exposed to solution. To understand in more detail how amino acids are buried, see Rose et al., (1985; for example,
although tyrosine is often found exposed to the surface of a protein, a substantial proportion of its surface area is typically buried).

Figure A.1.2 The genetic code.
Names of amino acids and chain
termination codons are on the
periphery of the circle. The firstbase
ofthe codon is identified inthe center
ring; the second base of the codon
is in the middle ring; and the third
base(s) of the codon is in the outer
ring of the citcle.

Appendix 1

A.17
Current Protocols in Molecular Biology Supplement 12
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Table 1 lon pumps classified according to energy source

Transported
Energy source Pump ion Occurrence References
Light Bacteriorhodopsin H* Halobacteria 1
Light Halorhodopsin Ci~, Halobacteria 2
Redox energy Cytochrome H* Mitochondria, 3
oxidase bacteria
Redox energy NADH oxidase Na* Alkalophilic 4
bacteria
Decarboxylation lon-translocating Na* Bacteria 5
decarboxylases :
Hydrolysis of “H*-PPase H* Plant vacugles 6
pyrophosphate A /
ATP hydrolysis ~ Transport H*, Na*, Widely / 7

ATPases K+, Ca2* distributed

IStoeckenius and Bogon?olni (1982), Khorana (1988).

2Lanyi (1986), Oesterhelt and Tittor (1989), Lanyi (1990).

*Wikstrom et al. (1985), Gelles et al. (1986), Krab and Wikstrdm (1987).

*Tokuda and Unemoto (1984). :

*Dimroth (1987, 1990). ;
Rea and Sanders (1987), Hedrich et al. (1989). :
’Pedersen and Carafoli (1987a,b).

Table 2 Ion-motive ATPases

Subunit Transported Phosphorylated

Subclass structure . ion intermediate Inhibitors® Occurrence References
F-type complex’ H* . No DCCD,Ny Bacteria, o1

(F,F,) mitochondria,

: ‘ , chloroplasts
Metype - Complex H* No N3, NEM Cellular 2
(vacuolar) . organelles

P-type Soo aB, apf, "H*, Na*, K*, Ca2* Yes Vanadate Widely 3
(E\E;) i distributed

i

’]unge (198?), Schneider and Altendorf (1987), Senior (1988).

*Sze (1985) :Al-Awqati (1986), Rudnick (1986), Bowman and Bowman (1986), Schneider, (1987), Forgac (1989).
*Stayman (}987), Jorgensen and Andersen (1988), Serrano (1989).

"Abbreviat‘_;bns: DCCD, dicyclohexylcarbodiimide; NEM, N-ethylmaleimide.

*For example, a3Byydeabyc;y. .

N,

AN

;
4
7

%



ATP | ATR . ATRY e ATR H* ATP Na*
K H . .
H* K K

Ancestral pump

3 Evolutionary tree for the family of cation-pumping ATPases with phospho-
rylated intermediate (P-type ATPases). (After Serrano, 1988.)
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Na K-ATPase

63%
H.K-ATPase

Hydropathic index

17%
K-ATPase
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100 300 500 700 900 1100

Amino acid number

2 Hydropathy plots for P-type ATPases. Positive values of the hydropathic
index correspond to apolar stretches in the sequence, negative values to polar
stretches. M1-M8 indicate positions of putative transmembrane helices. P is the

phosphorylation site and F the ATP-binding site. (From Jergensen and Ander-
sen, 1988, with kind permission.)
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General: A photosynthetic reaction center, in whicl; an exdibdd electron
is t}rénsferred across the membrane via the porphyrin molecules

Features: One. alpha~helical transmembrane segments, hydrophobic il:l
nature dominate the structure, Two. The distri’butior'l of charged amino
acids 1s assypetric. Three. Charged structures are isolated in hydro-
phobic regions - energetically highly unfavourable.

Li4

i [Ty L340
i ..
L1368 !
BT/ ki
g/l iy

niny

1\|{|\z:e4 L2%0 \n\y /)
My

Fig. 13. Column model for the core of the reaction center from Rps. viridis.
Only helices that are presumably conserved in photosystem II reaction
centers are shown. The connections of the helices are only indicated
schematically. The transmembrane helices of the L (M) subunit are labeled
by LA-LE (MA-ME) and the major helices in the connections by LCD
(MCD) and LDE (MDE). P’s are at the interface of the L and M sibnnits
between the D and E helices, and the BP’s are near the L helices, The binding
site for Q4 is between the LDE and LD helices. The location of the amino
acids conserved between all L and M subunits and the D1 and D2 proteins,
as well as those forming the quinone binding sites, is indicated by their
sequence numbers (42).
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(B) FACE VIEW

3 ACETYLCHOLINE RECEPTOR MOLECULE

Two reconstructions of the vertebrate nicotinic AChR, based on a com-
bination of electron microscopy and x-ray diffraction. (A) Receptor mol-
ecule in lipid bilayer showing extensive protrusion into the extracellular
space. Cylinders indicate dimensions of presumed a-helical portions of
the peptide chains. (B) The five subunits are tentatively identified with
a pore formed between them. [From Kistler et al., 1982.]
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4 GAP JUNCTION CHANNELS

Connexons in the closely apposed lipid bilayers of two cells. Six connexin
subunits from each cell join to make a wide aqueous pore connecting
their cytoplasmic compartments. Reconstructed from electron micro-
scope and x-ray diffraction images. [From Makowski et al., 1977.]



R 7 SPACE-FILLING MODEL

—

SKELETON OF =(L,D) HELIX

7 HELICAL STRUCTURE OF GRAMICIDIN A PORE

Proposed m(L,D) helix of gramicidin A in a membrane viewed down the
axis of the helical pore. With an alternating r,p peptide, this helical
structure permits hydrogen bonds between C—O and NH; groups six
residues apart, with these polar groups lining a central pore of 4 A
diameter and the side-chain groups pointing away from the pore into
the membrane. In gramicidin A none of the side chains are polar. [From
Urry, 1971.]
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Three rotations of the SERCA1la crystal structure

consérv.ed links
to. P domain

A domain

,

A6 N.domain

Source:

Kathleen J. SWEADNER and Claudia DONNET (2001)

Structural similarities of Na,K-ATPase and SERCA, the Ca**-ATPase of the
sarcoplasmic reticulum. Biochem. J. 356:685-704. (review)
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Examples of ion transporters on the plasma membrane

B vireicheactivated plasma memhrane

calcium chonnels Y proton ATPase
H* Ca® ca* u
proton-motive force:
RT = a
= - . oul.
Apg. =AW In _a G

in

Three dimensional structure of a P-type active pump

“The strecture of the SERCAT from rabbit has
beea solved. The structure was published i
Natore: Toyoshima, C., Nakasako, M., Nomura,
H., and Ogawa, H. (2000} Crystal structuve of the
calcium pump of sarcoplasmic reticulum at 2.6
resolution. Nature 405:647-655. The structure
can also be found at the PDB databank with the
accession pumber JEUL.

The siructure seen here was made with Swiss
PDB-viewer which can be downtoaded from the
ExPASy site.

TM regions are red, conserved segmenis are
yellow, universally conserved residues are violet,
and calcium coordinating residues are green The
two calcium fons are scen as violel spheres.

When lime permits it is my plan to incorporate
as much as possible of the structural information
in the alignments of the different subfamilies of
P-type ATPases.

Last updated the : 4-8-2000 by Kristiaa B.
Axelsen.”

SOURCE:
bitp://biobase.dk/ % 7Eaxe/structis e.htm?

Three dimensional
structure of a P-type
active pump:
schematic view

In the patch clamp technique, a
small micropipette is appressed to
the cell membrane. A high
resistance seal forms between the
membrane and the micropipette
glass. With appropriate electronics
(a current to voltage converter §
operating at very high j
amplification), it is possible to 3 ;
visualize the opening and closing g
of individual channels in the
membrane. The CUrrents from “fiow i from sover of the March 1992 Seienifc
individual Channe[s are in the American issue in which the 1991 Nobel Prize

N Laureates Erwin Neher and Bert Sakmana
range of pICOAmperesm‘ described the patch clamp technique.

o
e

™ Hamilt OP, ME Neher, B Sakmann, FJ Sigworth (1981)Improved patch clamp techniques for high-
resolution recording rom celfs and celf-free membrane patches. Pllugers Archiv 391:85-100.

An example of patch clamp
measurements on a protoplast.

/"vi\‘m_

e
The micropipette is appressed against -, MWJMW&WMW

the protoplast membrane, With a high % W o 4
gain current-voltage amplifier, it is il [LARE 1y
possible to observe channel opening S 1

and closing events. g,tm‘uwﬁf' W&WNM’M

e, vt

Here is one example of

patch clamp experiments: &= D
. L e e
stretch-activated Ca2* = o

channels. The channels can - -

bo inhibited by gadolinium. 7 o T e
In ‘fungal cells’, if the N
stretch-activated Ca2* 'Pt‘f' .
gt ronth stops, e 5

pha stops: s 1 v

irreversibly in Saprolegnia "_m%m l

ferax!, transiently in

Neurosporg crassal?),  Example of stretch-activated {SA) Ca?* channel
activity in Saprolegnia ferax®.

5T

UGarilt A, SL Jackson, RR Lew, I8 Heath (1993) Ton chaanel activity and p growth: tip-locallized strerchoactivated
chanoels generale ab esscatis] Ca* gradicotin the oomycete Saprolegria ferar. Eur. 1, Cell Biol. 60:358.365.

M Leyina, NN, RR Lew, GJ Hyde, IB Reath (1995) The roles of calcium fons and plasma membran fon cannels in hypha)
1ip growth of Neurospora enassa. 1. Cell Sci. 108:34053417,

MLevina, NN, RR Lew, B Heath (1999) 1. Cell Sei. 107:127-134.




Science 280: 69-77 (1998) [98192802)

The structure of the potassitim channel: molecular basls of
K+ conductlon and selectivity.

DA Doyle, ] Morais Cabral, RA Pfuetzaer, A Kuo, I M Gulbis;.
S L Cohen, BT Chait & R MacKiunon :

The potassivm chaanel from Streptomyees lividans is an integs
menmbrane protein with sequence similarity to all koows K+ .~
channels, particularly in the pore region. X-ray analysis with
data 10 3.2 angstroms reveals that four identical subunits ereats. -
an faverted teepee, or cone, cradling the selectivity filter of the<
poreia it outr end, The natiow slectiviy il is only 12 =

ic amino acids. A large -
igo]es are positioned so as Lo ovescome electrostatic destabilization
‘of an ion in the pore at the center of the bilayer. Main chain carbonyl
*ygen atoms from the K+ channe! signature sequence line the
Seléctivity filter, which is beld open by structural consiraints to
+ coordinate K+ icns but not smaller Na+ ioas, The selectivity filter
‘Gniains two K+ fons about 7.5 angstroms apart. This coufiguration
motes fon conduction by exploiting electrostatic repulsive forces
& avercome attfaclive fosces between K+ fons and the selectivity
Tiltér. The archisecture of the pore establishes the physical principles
underlying selective K+ conduction.

Three dimensional structure of a chloride channel

hpetedbucsd i a4
Transport Proteln Database

The Sajer Laboratory Biolnformatics Group
2.4 The Cotiou Dffusion Prciator (COF) Purly
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References:
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- Bioessays 22: 227-234 (2000) [20148385]

)

Common structural features in gramicidin and other ion channels.

B. A. Wallace

Department of Crystallography, Birkbeck College, University of London, London WCIE 7HX, UK.
ubcg91c@ccs.bbk.ac.uk

This review compares and contrasts the structures of several different types of ion channels with known three-
dimensional structures, including gramicidin and the family of peptaibol channels, as well as the Streptomyces
lividans potassium channel, to reveal common features in their structures that relate to their functional roles in ion
binding and transport across membranes. Specifically, the locations of aromatic amino acids, the dimensions of the
molecules, the multimeric nature of the channels and the roles of hydrogen bonds in stabilising such structures, the
means by which the channels open and close, and the chemical nature of the groups which make up the channel
lumen are discussed. The emphasis is on the commonality of features found in model channels, which may
ultimately be found in other biological channel structures. Copyright 2000 John Wiley & Sons, Inc.
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