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Chemické sloZeni:
e Provéazané komplexy mezi [lipidy a proteinyl; uvédomte si:
- jejich vzajemny pomér (pf: myelinova pochva neuront 4:1; membrana bakterii 1:3)
- funkci proteini v membrané (pi: myelinova pochva — funkci membrany je izolace
pomoci lipida; bakterie — proteiny v nadbytku, jejich velka ¢ast je metabolicky
aktivni)
. — kovalentné¢ vazané (soucasnym sdilenim elektronli dvéma atomy)
na proteiny nebo lipidy; pfedevs§im z vné&jsi strany membrany, asymetricky
e [lonty — povrchovy naboj je negativni, vaze kationty
e Voda

Lipidy
- amfifilni charakter (polarni a nepolarni ¢ast) — monomer v roztku miiZe existovat jen
do jeho urcité koncentrace. Urcty stupen koncentrace je ,kritickd micelarni
koncentrace* (u fosfolipidl je extrémné nizkd) a nad ni se jiZ tvofi agregaty
(interakcemi nepolarnich casti).
Proteiny
- vazany elektrostatickymi silami (pomoci iontl1) na povrchu membrany (periferni
proteiny), ¢astecné uvnitt mebrany (zanotfené proteiny) nebo uvnitt vazané (integralni)
proteiny
- pohyb lateralni difuzi a flip-flopy

Mechanismy membranového transportu:

» Rozdil mezi koncentracemi latek na obou strandach membrany generuje rozdil
chemického potencidlu.

» Kdyz je koncentrace latky A vné¢ membrany vétsi nez uvnitt, ma rozdil
chemického potencidlu AGx pro pfenos A dovnitf negativni znaménko a
probihd spontanné.



» Pokud je koncentrace A uvnitf vétsi neZ vné, probiha proces vstupu latky A
dovnitt jen za socasné hydrolyzy napi. ATP

» Transmembranovy pfenos iontll vede ke zménam néboje na obou stranach
membrany. Generuje se rozdil elektrického potencialu definovany jako
membranovy potencial AY.

» nespecificka permeace

- prinik lipidickou ¢asti NIKOLI POMOCI BILKOVIN

- prochazi tak LIPOFILNI latky, které se v membrané rozpusti
- velikost toku zavisi pfimoumérné na koncentraénim spadu

- malinko a s malou rychlosti je propustnd i pro nabité latky (nepravidelnosti ve struktufe
oteviraji kanalky) (o) Corrier (6) Channetforming
Nasledujici dva priklady transportu — kanaly a nosi¢e — patii mezi Q : 00000 O
IONOFORY. Nosi¢ové ionofory — vazi na sebe iont a transportuji @
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pies membranu. Spole¢nou vlastnosti je rozpustnost iontovych @
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komplext v nepolarnich rozpoustédlech. o

‘ » prichod kandly — nezéavisi na koncentraci

a) prosté — stale oteviené valcové struktury s centralnim vodnim kanalem, neregulovany
(pf. u bakterii: poriny B vnéj$i membrany, selektivita az na CM; pi: maltoporin
umoznujici difuzi maltodextrini)

. C . Coum
Dimer Gramicidinu A P
tvorici kanalek — y
transport K

Na obrazku je struktura maltoporinu v %
komplexu s maltodextrinem (Sest 0
glukosovych jednotek). =
(A} wvoltage- (B) ligand-gated (o] Ii‘gand—glatied (D} st_ressrd b) hradlove B OteVrenOSt Je
gated Eex:;’;::!x;lar (mlh(::t'a‘ldu) ar activate regulovana; CaSt

polypeptidického fetézce je
uzaviratelnym hradlem; maji
specifityl - pomoci
vazebnych mist rozpoznavaji
ionty; hradlo je regulovdno
napétim = zmeénou
membranového  potencidlu,
dale chemicky reakci na
extracelularni chemické stimuly nebo mechanicky mistni deformaci lipidové vrstvy.
Specifické iontové kanaly slouzi pro rychly prichod iontl jako jsou Na', K'a CI
dalezity pro osmotickou rovnovahu a pienos signalt. Pi: draselné ionty pasivné
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difunduji z cytoplasmy do extracelularniho prostoru pfes transmembranové proteiny
znamé jako K+ kandly (tetramer fizeny el. polem, jeZ na segmenty plsobi). Difiize K+
je 10 000x rychlejsi nez difiize Na+.

Ve spodni ¢asti je K+ obklopen molekulami vody- cca 50. C terminalni
konce helixt stabilizuji K+ iont elektrostaticky jako dipol. Systém poéru
je uspofadan tak, ze vaze jen ionty K+ coz vyzaduje méné energie nez
vazba malych Na+. Struktura proteint obklopujicich selekénti filtr
vytvafi rigidni rozmér poéru. Ten vaze pouze dehydratované K+ ionty a
ne mens$i Na+ ionty. Pf. kanal ze Streptomyces lividans oznaCovany
KcsA.Turret — otocna vézicka

| » pienaSece — pruchod je na koncentraci zavisly ‘

- konformac¢ni zména pienasece je mald, zavira jednu stranu pienaSecového kanalku a druha
se otevira. Nasleduje navrat do ptivodni konformace. g
[ ]
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[ T—— Dissociation

a) pasivni = zprostfedkovana difuze — netieba energie, nevede k zakoncentrovani prenaSené
latky maximalné se mize koncentrace vyrovnat

b) aktivni — vede ke kumulaci latky, transport proti koncentracnimu spadu za spotieby ATP
a) primarni — zdroj energie nesouvisi s dal§im priabéhem ptenosu (fotony,
redoxni reakce, hydrolyza ATP, dekarboxylace
ATPazy — prendsi ionty; fosforylovany enzym vznikd jako meziprodukt pii hydrolyze

ATP ADP ©./0‘§'/r?/‘}f’lace ,
o . -+ o o probiha na zbytku ®© Inhibovano
I I I I 6 e
— - Iia vé Janadicitanem —
enzym - C - OH enzym - C- 0 - P -0 ¢=o o € xanac'ilfllancm ,
— - ¢H—cH, —C—0po; zapojuje se namisto
H2Oo P ik Josforu

Aspartyl phosphate
residue

IP¥: ABC transportéry| — motivy vazici ATP a §tépici jej pii piijmu latky; u bakterii stovky
typil pro transport zivin, vitaminil (E. coli tak ptijima vit. B, z prosttedi), export toxint
P: Fo Fi ATP4za — podjednotka Fy dava enzymu citlivost, kruh z 12ti C kanalem pro H'
F, katalytick4 fce stfidajicich se podjednotek a a f3; syntéza
nebo hydrolyza ATP
© hydrolyzuje ATP i po izolaci z membrany
-u E. coli je z osmi podjednotek (3x a, 3x B, v, ), kddovano
operonem unc
- Mitchellova chemiosmoticka teorie
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Elektrony prochazi fetézcem a @)
protony jsou  pumpovany
membranou. Vysledkem je pH a
elektricky gradient. Protony se
navraci dovnitt F, poéry ATP
syntetazy syntetizujici ATP diky
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b) sekundarni — proces je spojen se zménou koncentrace na membrang; volna
energie generovana jinym procesem (ATPasa pumpujici
protony) vyuzita pro transport neutralnich molekul proti
koncentra¢nimu spadu.

uniport — jednosmérny pohyb pohanény elektrickou slozkou gradientu
symport — energii doda soucasné prenaSena latka
antiport

Laktosa permeasa.

+ Gram negativni bakterie jako E. coli obsahuji n¢kolik systémti cukerné¢ho aktivniho
transportu.

*  Systém laktosa permeasy (také galaktosid permeasa) vyuziva protonovy gradient pies
bakteridlni bunécnou membranu k kotransportu H+ a laktosy.

* Protonovy gradient je tvofen oxidativnim metabolismem (podobné jako v
mitochondrii).

+ Laktosa permeasa (417 aminokyselin), monomer,
12 transmembranovych helixa.

+ Laktosa permeasa m4, stejn¢ jako sodnodraselnd ATPasa, dva konformacni stavy.

+ Stavy E-1 a E-2 se vzdjemn¢ pievadi jen v téch situacich, kdy jsou vazebna mista
obsazena H+ a laktosou. To zabraiiuje situaci, kdyby H+ prochézely a ztracel se tak
gradient bez vstupu laktosy.

Model povrchu laktosa permeasy —
modra barva pozitivni naboj, cervena barva negativni, bila neutralni. Uprostied laktosovy
analog.

Figure 10-26b Fundamentals of Biochemisiry, 3/e

Schéma kotransportu H+ alaktosy laktosovou permeasou E. coli.
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- méng¢ Castd; pii transportu je substrat chemicky modifikovan
pi: fosfotransferdzovy systém u bakterii — fosforylace substratu; akumulace PEP

Dobre odpoledne,
vazeny pane doktore, velmi Vam dekuji za podrobne informace, jste laskavy. Mela
jsem problem s pristupem na novou adresu, jiz je to v poradku.

» transport s lokdlni piestavbou membrany

- pfes membranu transportovany i velké molekuly, pfestavbou membrany vznika vacek; malo
Casté, neprostudovang; pt: transport NK

@ -

C - uhlik

Glu - glukéza

NK — nukleové kyseliny
PEP — fosfoenolpyruvat

- které jsou membranove vdzané enzymy??
Zdroje: Wiley J. and Sons (2006): Fundamentals of Biochemistry
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(P¥: Na+K ATPaza — symport Na" a Glu, zarove antiport Na"a K"
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. Proton pumping creates an

Electron carriers of the inner imbalanes Batween the

mitochondrial membrane

pump protons (H*) frowm the
matrix (o the space between
inner and outer membranes;

intermembrane space and the
matrix. This imbalance |s

analogous 1o the electric AP e
charge on a battery, ' f %

o Becawse of the imbalance, protons retum to the
mafrix by passing through an ATP synthase in
the inmer membrane. This “relasation” of the
proton imbalance is coupled with the formation
of ATP in the complex,

British chemist who won the 1978 Nobel Prize for Chemistry for helping to clarify how
ADP (adenosine diphosphate) is converted into the energy-carrying compound ATP
(adenosine triphosphate) in the mitochondria of living cells. His theory is a fundament of
modern bioenergetics and bioelectrochemistry. It connects electrical effects on
biomembranes and synthesis of energetically rich biomolecules.

Peter Mitchell was born in Mitcham, in the County of Surrey, England, on September 29,
1920. His parents, Christopher Gibbs Mitchell and Kate Beatrice Dorothy (née) Taplin, were
very different from each other temperamentally. His mother was a shy and gentle person of
very independent thought and action, with strong artistic perceptiveness. Being a rationalist
and an atheist, she taught him that he must accept responsibility for his own destiny, and
especially for his failings in life. That early influence may well have led him to adopt the
religious atheistic personal philosophy to which he has adhered since the age of about fifteen.
His father was a much more conventional person than his mother, and was awarded the
O.B.E. for his success as a Civil Servant.

Peter Mitchell was educated at Queens College, Taunton, and at Jesus college, Cambridge. At
Queens he benefited particularly from the influence of the Headmaster, C. L. Wiseman, who
was an excellent mathematics teacher and an accomplished amateur musician. The result of
the scholarship examination that he took to enter Jesus College Cambridge was so dismally
bad that he was only admitted to the University at all on the strength of a personal letter
written by C. L. Wiseman. He entered Jesus College just after the commencement of war with
Germany in 1939. In Part I of the Natural Sciences Tripos he studied physics, chemistry,
physiology, mathematics and biochemistry, and obtained a Class III result. In part II, he
studied biochemistry, and obtained a II-I result for his Honours Degree.



He accepted a research post in the Department of Biochemistry, Cambridge, in 1942 at the
invitation of J. F. Danielli. He was very fortunate to be Danielli's only Ph.D. student at that
time, and greatly enjoyed and benefited from Danielli's friendly and unauthoritarian style of
research supervision. Danielli introduced him to David Keilin, whom he came to love and
respect more than any other scientist of his acquaintance.

He received the degree of Ph.D. in early 1951 for work on the mode of action of penicillin,
and held the post of Demonstrator at the Department of Biochemistry, Cambridge, from 1950
to 1955. In 1955 he was invited by Professor Michael Swann to set up and direct a
biochemical research unit, called the Chemical Biology Unit, in the Department of Zoology,
Edinburgh University, where he was appointed to a Senior Lectureship in 1961, to a
Readership in 1962, and where he remained until acute gastric ulcers led to his resignation
after a period of leave in 1963.

From 1963 to 1965, he withdrew completely from scientific research, and acted as architect
and master of works, directly supervising the restoration of an attractive Regency-fronted
Mansion, known as Glynn House, in the beautiful wooded Glynn Valley, near Bodmin,
Cornwall - adapting and furnishing a major part of it for use as a research labotatory. In this,
he was lucky to receive the enthusiastic support of his fornler research colleague Jennifer
Moyle. He and Jennifer Moyle founded a charitable company, known as Glynn Research Ltd.,
to promote fundamental biological research and finance the work of the Glynn Research
Laboratories at Glynn House. The original endowment of about £250,000 was donated about
equally by Peter Mitchell and his elder brother Christopher John Mitchell.

In 1965, Peter Mitchell and Jennifer Moyle, with the practical help of one technician, Roy
Mitchell (unrelated to Peter Mitchell), and with the administrative help of their company
secretary, embarked on the programme of research on chemiosmotic reactions and reaction
systems for which the Glynn Research Institute has become known. Since its inception, the
Glynn Research Institute has not had sufficient financial resources to employ more than three
research workers, including the Research Director, on its permanent staff. He has continued to
act as Director of Research at the Glynn Research Institute up to the present time. An acute
lack of funds has recently led to the possibility that the Glynn Research Institute may have to
close.

Mitchell studied the mitochondrion, the organelle that produces energy for the cell. ATP is
made within the mitochondrion by adding a phosphate group to ADP in a process known as
oxidative phosphorylation. Mitchell was able to determine how the different enzymes
involved in the conversion of ADP to ATP are distributed within the membranes that partition
the interior of the mitochondrion. He showed how these enzymes' arrangement facilitates their
use of hydrogen ions as an energy source in the conversion of ADP to ATP.

Peter Mitchell's 1961 paper introducing the chemiosmotic hypothesis started a revolution
which has echoed beyond bioenergetics to all biology, and shaped our understanding of the
fundamental mechanisms of biological energy conservation, ion and metabolite transport,
bacterial motility, organelle structure and biosynthesis, membrane structure and function,
homeostasis, the evolution of the eukaryote cell, and indeed every aspect of life in which
these processes play a role. The Nobel Prize for Chemistry in 1978, awarded to Peter
Mitchell as the sole recipient, recognized his predominant contribution towards establishing



the validity of the chemiosmotic hypothesis, and ipso facto, the long struggle to convince an
initially hostile establishment.

The seeds of the chemiosmotic hypothesis, which lay in Peter's attempts to understand
bacterial transport and homeostasis, were pollinated by the earlier ideas of H. Lundergard,
Robert Robertson, and Robert Davies and A.G. Ogston, on the coupling of electron transport
and ATP synthesis to proton gradients. Mitchell's 1961 paper outlined the hypothesis in the
form of several postulates which could be subjected to test. In retrospect, it was a great
strength of this first paper that Peter did not go into too much detail; the ideas were new and
strange, and were introduced to a field dominated by a few major laboratories with their own
different ideas about how the coupling between electron transport and phosphorylation
occurred. It is interesting to look back and remember how sparse the clues were on which the
hypothesis was based. At the time, the chemical hypothesis, based on analogy with Ephraim
Racker's mechanism of substrate level phosphorylation linked to triose phosphate oxidation,
seemed secure. A few niggling difficulties were apparent. Why did so many different reagents
act as uncouplers? Why were the enzymes of oxidative phosphorylation associated with the
mitochondrial membrane? Why did coupling seem so dependent on the maintenance of
structure? How did mitochondria maintain their osmotic balance? How did substrates get in
and out? But these must have seemed second-order problems to the main protagonists. It was
these niggles that Mitchell's hypothesis addressed.

The bones of the chemiosmotic hypothesis were fleshed out by Mitchell in subsequent
publications, most notably the two slim volumes published by Glynn Research Ltd. in 1966
and 1968, known affectionately in the laboratory as the Little Grey Books of Chairman M.
Mitchell's views were discussed in detail in an important review, "A Scrutiny of the
Chemiosmotic Hypothesis" by Guy Greville, published in 1969, which established the
seriousness of the challenge. The field was evolving rapidly, and to those of us on the
chemiosmotic side, the body of evidence favoring that point of view looked overwhelming.
The hypothesis found early favor among the photosynthetic community, perhaps because of
the elegance of the early demonstrations from Jagendorf's lab, the explanation of amine
uncoupling, the utility of the electrochromic "membrane voltmeters", perhaps also because of
the more physico-chemical bent of the field. The eventual acceptance by the biochemical
community came with the demonstration of reconstituted proton pumping activities for the
isolated and purified enzymes of respiratory and photosynthetic chains in liposomes, mainly
from Racker's group, and the demonstration of coupled phosphorylation in the chimeric
bacteriorhodopsin-ATP-ase liposome system by Walter Stoeckenius and Racker. Another
important element was the growing physico-chemical sophistication of the bioenergetics
community, especially among the younger research workers.

Beside his interest in communication between molecules, Peter Mitchell has become more
and more interested in the problems of communication between individual people in civilised
societies, especially in the context of the spread of violence in the increasingly collectivist
societies in most parts of the world. His own experience of small and large organisations in
the scientific world has led him to regard the small organisations as being, not only more alive
and congenial, but also more effective, for many (although perhaps not all) purposes. He
would therefore like to have the opportunity to become more deeply involved in studies of the
ways in which sympathetic communication and cooperative activity between free and
potentially independent people may be improved.



One of his specific interests in this field of knowledge is the use of money as an instrument of
personal responsibility and of choice in free societies, and the flagrant abuse and basically
dishonest manipulation of the system of monetary units of value practised by the governments
of most nations.

Peter Mitchell died in 1992.



