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ENEPIEIAKH ATTOAOXH & PYOMIXH



2 Uvoyn: AvamveuaoTikh aAucida (HETapopdc NAEKTPOVIWY)
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H oUvBeon ATP wBceitar amoé pia Ppabuidwon ouykévrTpwong TpwToviwyv

ATtoTEAeopa TNG AcIToupyiag ThG avamveuoTIKAG aAuaidag cival n dnuioupyia piag
PpaBuidwonc ouykEVTpwong TTpwToviwy HeETAlU Twy U0 TTAEUPWY TG EOWT.
HIToXovOplakh¢ HepPppdvng

Aiapopd pH (ApH) = 1,4 (uikpoTepo e€wTepikd): Evépyeia xnpikoU duvauikou
Niapopd duvapikoU (Ag) = 0,14 V (BeTikd e€wTepikd): Evépyeia nAekTpikoU SuvapikoU

H evépyela ou amoBnkeveTal o auth Tn paBuidwaon ovopdleTal Kai
TTpwTOVIoKivnTn duvapn

H peTapopd Twv nAekTpoviwy péow TnG Pabuidwong Twv mpwToviwv
(TpwToviokivnTng dUvapng) civar oueuypévn pe Thv ouvBeon ATP:
XnUeiwopwTikh utoBeon (1961, P. Mitchell)

Protons are pumped across this
membrane as electrons flow

through the respiratory chain. Outer mitochondrial
/ membrane

Inner mitochondrial
membrane

Intermembrane space

Matrix




H ouvBeon Tou ATP

H oUvBeon Tou ATP kardAueTtar amé Tnv ouvBdon Tou ATP
(miToxovdpiakn ATPdon, F,F,ATPdon, cuumAoko V)

F, : (asp;yde) = ATPdon

Fo : (ab,cig.14) = diauAog TpwTOViwy

AakTUAI0C € + Hioxog ye : kKivoupevn povada, epitoTpogéac (rotor)

\\;

YTmoAoimo: oTaTikn Hovdda, otatopacg (stator)
i ' 20
X ) LAAANINS LXK IO KOOy Y ’r»--'fii
pe® B o~ 2y
(T C
A G e Intermembrane
=+ L | space
| B — G A ‘Iv hy + & p
. Q ) o )
‘L K L } _,”_ + + L
f.& ' 1 ~ D+, G0
Fumarate 5 0g + 2HT - 8 o @3
Succinate - = 7 + 5
ADP+ P~ 5 o e o8
NADH + H* NAD* TN 5‘% Fq /)
} {8
Matrix F ) 2 =
arp® 21 R, oo
H'G J
Chemical ATP Electrical & 8,
potential synthesis potential B 5's's o ©
ApH } driven by ‘ Ay =1
{inside proton-motive (inside
alkaline) force negative)
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H emaveiopon TpwToviwy 0To £0WTEPIKO Tou HiToxovdpiou (Kai n
EVEPYEIA TTOU ATTOPPEEI ATTO ThV KATApynon Tou NAEKTPoXNHIKOU
duvapikoU) xpnoigoTolgiTal yia Th ouvBeon ATP
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ADP P; Pentacovalent intermediate ATP

Awopepfpovikdg
XOPOG



H emaveiopon TpwToviwy 0To E0WTEPIKO Tou pIToxovdpiou (Kar n
EVEPYEIA TTOU ATTOPPEEI ATTO ThV KATApynon Tou NAEKTPoXNHIKOU
duvapikol) XpnoigoTolcital yia Th ouvBeon ATP
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ADP P; Pentacovalent intermediate ATP

H ouvBdon Tnc ATP kaTtaAUel Tnv ouvBeon TG
ATP (aAAd ka1 Thv udpodAucn TnC) XwpIC ThV
TTapouacia Th¢ TpwTOoVIoKivnhTnG OUvVAung.
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ATP ADP 180-labeled P;

AwopepPpovikdg
XOPOG



H emaveiopon TpwToviwy 0To E0WTEPIKO Tou pIToxovdpiou (Kar n
EVEPYEIA TTOVU ATToppEEl ATtd Thy KaTdpynon Tou hAEKTpoxnHiKkoU
duvapikol) XpnoigoTolcital yia Th ouvBeon ATP
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ADP P; Pentacovalent intermediate ATP

H ouvBdon Tng ATP kataAUel Tnv auvBeon TG
ATP (aAAd ka1 Thv udpodAucn TnC) XwpIC ThV
TTapouacia Th¢ TpwTOoVIoKivnhTnG OUvVAung.
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ADP P; ATP N side
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ATP ADP '80-labeled P;

AAAG n pon H* gival amapaitnTtn yia Thv ,
ameAsuBépwon The ATP amé To evepyd Kévrpo: H+ ﬁ(})og(‘) z“ bpavikog
n TpwToVvioKivhTn OUvapn cupPpdAAel otnv aAAayn

TnC ouyyévelag mpoadeong pe Tnv ATP



‘H kKepaAn F; Tng ouvBdong Tou ATP ‘

(a)
H p uropovdda éxer Tnv kataAuTiki dpdon (ADP + Pi > ATP)

- Ava Ceuyn ap, Tpeig popwég: T (tight), L (loose),



e€apTdral amo Thv ETAPA HE TV UTTOHOVAddA Y

j

T (tight): ATP
L (loose):



H mepioTpopn TG utopovddac y TPoKAaAEi
d1adoXIKN aAAayn aThv aTepeodiapopwaon Twyv (euywy utopovadwy ap,
odnywvTac ae ahAayn Tng ouyyévelac mpoadeong Kail ameAsuBépwaon tng ATP

f’_

/;( | ﬁ N
“'P /'\L \ATP L .
'3 ADP
‘ﬁ +P; ‘T a
\ I_// : l“\\_ _/
\' |
A~ -\8
3 Hy
B-ATP AR
empty 3 H;
ﬁ-cmpw', ‘7 | 0 - '.'//af- _-\' i E,,/ RTP // a_ '| ,3
© \ SRS P ADI
/\T Y St X’Q"\-—\‘ o-II)—,- s |
) A0 o 4@ b .
’ ’ ’ ) R, N / b VIR R 5 '
H U1TO|JOVCI5G Y TTEPIOTPEPETAI OTAV \\-—f"L/ A[;)p - \,/T AT; -
amoé 1o kavdAl Fy mepvouv H* Na | g \o &)
(3H* = 1ATP) et T i S



H mtepioTpoh TnC umopovadacg y tpokaAei d1adoxikn aAAayn atnhv diapdéppwan
Twv (euywyv umtopovddwy ap kai emiTpémel Tn oUvOBeon ATP




H mtepioTpoh TnC umopovadacg y tpokaAei d1adoxikn aAAayn atnhv diapdéppwan
Twv (euywyv uttopovadwy ap kai emiTpéTel Tn ouvOeon ATP
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H mtepioTpoh TnC umopovadacg y tpokaAei d1adoxikn aAAayn atnhv diapdéppwan
Twv (euywyv uttopovadwy ap kai emiTpéTel Tn ouvOeon ATP
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H mtepioTpoh TnC umopovadacg y tpokaAei d1adoxikn aAAayn atnhv diapdéppwan
Twv (euywyv uttopovadwy ap kai emiTpéTel Tn ouvOeon ATP
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H mtepioTpoh TnC umopovadacg y tpokaAei d1adoxikn aAAayn atnhv diapdéppwan
Twv (euywyv uttopovadwy ap kai emiTpéTel Tn ouvOeon ATP
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H mtepioTpoh TnC umopovadacg y tpokaAei d1adoxikn aAAayn atnhv diapdéppwan
Twv (euywyv uttopovadwy ap kai emiTpéTel Tn ouvOeon ATP
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O TI0 HIKPOOKOTIIKOC Hoplako¢ (vdvo-) KivnThpdc




Iwv

’

O diauAog Fy Twv TpwTOV




TTwg n poh Twy pwToviwy péow TnG Fy wBei Tnv
TEPIOTPOPN TN UTTOHOVADdAC Y,

{ l Cytosolic half-channel

Matrix half-channel

Subit a .
Subunit ¢

-Tia va eivai ia vmrtopovada ¢ péoa otn pepppdvn TPETEN TO
AdoTapTIKO va PpiokeTal oThv TpwToviwpévn (apopTiaTh)
gopoh Tou: COO- + H* > COOH

-AAMIWG, PpiokeTal g eTAPA HE ThV UTTOHOVADd @ h oTToid
olathpei UOPOWPIAEC OOUEC

- H umtopovada a ppiokeTtal oc emagn pe 0Uo umopovddeg ¢
Kdl kKdBe nuiIdiauAog ae eTragh He Hia uTtopdovadd ¢




+ g+ " H* + H

H* M H* H 4 H H* A H* . H*
H+ H+ H H’ H+ H H+ H
Intermembrane H* w+ HY
space H* H* —

Matrix Cannot rotate Can rotate
A H+ in either " H* L H+ clockwise
H direction H H

- H dopn Tn¢ uttodovadag a eival TETold TToU ETITPETEI TV TIPWTOViWoN
TOU doTtdpTikoU Th¢ uTtopovadacg c.

- To TpWTOVIO TTPOEPXETAI ATIO TV KUTTAPOTTAAOHATIKA HeEPIA AOYW TNG
diapopdg duvapikol kai pH

-ToTe, N ouyKeKpIUEVN uTtopovdda ¢ pttopei va €10€ABel oTn pepPppdvn Kai
dapa £XOUHE TTePIaTPOoP Tou OAKTUAIoU UuTTopovAdwy C.



- Mg TnVv TTEPIOTPOPR, EPXETAI HiId KAlvoUpyia uttopovdda ¢
(mpwToViwUéVn) o€ eTAPA HE TRV UTTOHOVAdA a

-To TpWTOVIO TOU AOTIAPTIKOU YeUYEl TTpoC TRV Hepid ThS HATpac (Adyw
diapopdg duvapikoU kai pH)

- Apa, TeAIKA, EXOUUE LETAKIVNON £VOC TTPWTOViOU ATtO Tov
diapepuPpavikoé Xwpo aTn PATPA yia KABe peTakivhon umopovddag ¢



H mepioTpopn TWv € 0dNnyei aTNV TTEPIOTPOPN TNC Y KAl dpd oTh
kaBaph ouvBeon ATP amo Tnv F,
10 umropovadec ¢ > 10 H*> 3 ATP
AtmtaiTeital poh mepimou 3 H* yia Tov oxnuartiopo 1 ATP




Videos: ATP synthase

ATP Synthase

Molecular

® Machines

>



ATP synthase.mov
ATP synthase.mov
ATP Synthase_ New Video Shows Intelligent Design of Molecular Machines in the Cell.mp4
ATP Synthase_ New Video Shows Intelligent Design of Molecular Machines in the Cell.mp4

2.UoTHUATA HETAPOPAC O1a HECOU TG ECWTEPIKAC HITOXOVOPIAKAC HeuPppavng

MiToxovdpiakoi petapopeic (popeic) HeTAPOAITWY: CUUHETAPOPEIC KAl AVTILETAPOPEIC

Mitochondria ATP Malate Citrate + H* OH- OH-
Inner

mitochondrial

membrane

Cytosol ADP Phosphate Malate Pyruvate Phosphate

ATP-ADP  Dicarboxylate Tricarboxylate  Pyruvate Phosphate
translocase carrier carrier carrier carrier

Inner membrane

Matrix



A. Eioodoc Twv nAekTpoviwv Tou kuToooAikou NADH

2 UoTnua petagopdc (shuttle) Tng 3-ewopopiKAC YAUKEPOANG

- Kupiwg¢ oTouc pug
- Ta nAekTpovia Tou kutTapoTAaopaTikoU NADH amodidouv AiyoTepn evépyeia

amo o1 Ta NADH tn¢ pitoxovdiakhg puntpacg (1,5 avriyia 2,5 ATP)

NADH + H™ + E-FAD
Cytoplasmic Mitochondrial

l NADH + H"  NAD®

Cytosolic
glycerol 3-phosphate

NAD* + E-FADH,

. dehydrogenase CH,OH
Cytoplasmic  Mitochondrial /CH20H
- HO—C—H
Glycerol 3-phosphate shuttle 0 c\
T Dihydroxyacetone Glycerol
phosphate o 3-phosphate

Mitochondrial
) glycerol 3-phosphate
dehydrogenase




2.0oThua HeTapopde pnAikoU-aoTtdpTIKoU

- 2Thv Kapdid Kai oTo ATtap
- Aev xdverai evépyeia

- Eivair avtiotpenth, dpa mpémel NADH/NAD* kutTapomAdoparog >
NADH/NAD* pitoxovépiou

NADH + NAD*
Cytoplasmic  Mitochondrial

NAD* + NADH

Cytoplasmic  Mitochondrial
Malate-aspartate shuttle

Wwnsndeed flgurs pg 420
Sonrrrbary L Same
-

S L

NAD*

i

NADH 7

Malate

Ay &

Malate

. Y ey
Cytoplasm PR
A

Oxaloacetate X Glutamate
a-Ketoglutarate Aspartate(ﬁ

626 X 2OAOOOOC

OO0

a-Ketoglutarate X Aspartate
> Oxaloacetate Glutamate

NAD* \
NADH

Figure 18-36
Biochemistry, Sixth Edition
© 2007 W.H, Freeman and Company



B. E€odoc ATP kai cicodoc ADP

-AvTideTagopéag: petartomdon (translocator) Cytosolic side

ATP/ADP (petatomdon voukAcoTidiwv
adevivng)

- Aev pyaiver ATP av dev pmter ADP
(epooov AsiToupyei n o eIdWTIKA
PWOoPopUAiwon TTPETTEI va UTTAPXEl
UTTOOTPWHA)

+

\ ‘ ADP, ADP T
l Eversion i3
i " el

Matrix side

4' ADP,,
ATP. <

ATP

Eversion
—
\

\

\
\
|

-2 UPHETAQOPEAC: HETATOTIACN YWAPOpPIKOU/TTpwTOViou
- EuvoouvTail amé Tn nAekTpoxnuikA Paduidwaon

- Meiwon Tou pepppavikoU duvapikou:
ATP4 gvih ADP-3 > £€0do¢ evdcg apv. gopTiou =
£i0000¢ pwoyopikoU Kai evog H*

Xpeialovral 4H* yia Thv Tapaywyh evog
«xphoigou» ATP

(3 yia Thv ATP ouvBdon kai 1 yia Thv €€odo amo To
HITOX6VEp10).

Intermembrane Matrix
space E E
Adenine 4. ;
nucleotide ATP" = ATPY
translocase ADP? -
{antiporter} . o ADP?™ \
|
g i | )
synthase 1
== S
== \
HoPO4
Phosphate HyPO; — S = d = A
translocase 4 ,,.;—:\
(symporter) H a—— H
% ®
z $




Evepyeiakh amodoon TG avamveuoTIKAC aAuaidag

2e” a6 to NADH
piToxovopiov = 10 H*
> 2,5 ATP

2e- amo6 1o FADH, > 6H*
> 15 ATP

2e” amé To NADH kutoooAiou
- 6H* (ueTagopa 3-P-
vAukepoAnc) n 10 H* (petagopd

HUNAIkoU-aoTtapayivikoU)
>15/r25 ATP

1H* A
(I A Cyt ¢
A | Intermembrane
'| » space
—1 +
| +
! +
'l ) e
=0 % ;
2 .? }
. -8 T
ADP + P; e ~
NADH + H* NAD' '\/ JL Fo )6
) /—‘—):4 A
3 ¥ = \+ L
Matrix K & 3 )(':
ATP S—2—4C <o)



H evepyeiakn amédoon Thg TARpoug o eidwang Thg YAuKAINng

ATP Yield from Complete Oxidation of Glucose

Process Direct product Final ATP
Glycolysis 2 NADH (cytosolic) 3 or B*
2 ATP 2
Pyruvate oxidation (two per 2 NADH (mitochondrial 5
glucose) matrix)
Acetyl-CoA oxidation in 6 NADH (mitochondrial 15
citric acid cycle matrix)
(two per glucose)
2 FADH. 3
2 ATP or 2 GTP 2
Total yield per glucose [3{] or 32 ]

*The number depends on which shuttle system transfers reducing equivalents into mitochondria.



PUBuion Tnc o€ e1dwWTIKAC pwaopopuAiwang

H petapopd nAekTtpoviwy oto O, eival amdéAuta culeuypévn e
Th Tapaywyn Tou ATP

Kupi6Tepoc mapdyovrac puBpiong n ouykévrpwaon Tou ADP:
avamveUOTIKOC EAEYXOC H EAEYXOC TOU OEKTNH

©

£

-

c \ Supply of ADP
S ADP added nearly exhausted
)

\

Time

H poh nAekTpoviwv mpo¢ To O, cupPaiver Hovo dTav anaiTeiTal
ouvBeon Tou ATP



AvaoToAR TNC o 1I0WTIKAC pwapopuAiwong

NADH
NADH-Q
oxidoreductase
i Blocked by
— rotenone and
amytal

QH;
e Blocked by
Y antimycin A

Cytochrome ¢;

Cytochrome ¢

Cytochrome ¢ oxidase

—— Blocked by
X CN~, N3, and CO

0,

OAIyopukivn

AIKUKAOEEUAO-
kKapBodipidio (DCCD)

2,4-AiviTpo@aivoAn (DNP) NO,

ATIOOUCEUKTNG: HETAPEPEI TTPWTOVIA
0ld HEOOU TNC €OWT. HITOX. HEHPPAVNG

ON—4, 0,

H evépyela TTou TapdyeTal amo Thv 2,4-Dinitrophenol (DNP)

pHeTapopd NAEKTpoviwy ameAeuBepwveTal
w¢ BeppoTnTa

ATpakTUAOCITNG

MTTOYKPEKIKO OCU
AvaoTéAAouv Tnv petatomtdon ATP-ADP kai
otapaToUv Thv o eIdWTIKA pwWapopuUAiwaon




ATtooUleuén TNC o I0WTIKAC PWAPopUAiwong

Intermembrane e Matrix
space .

Al

H o e1dwTikA pwopopuAiwon pmopei va
amoouleuxBei amod Thv avamveuaTikA aAuaida
yia va mapaxBei OepuoTnra.

2upupaiver ota piIToxovopla Tou Kaoravou 1
paiou Airou¢ kal ovoudleTal pn ToéLovoa
Bsplioyéveon.

: 1

AN

Al

H puBuiopévn amoouleuln viveTar amo Thv
mowreivn amolevéng (UCP-1) h Beprioyevivn.

Evepyomoicital amé Aimapd oféa oav amokpion |
0€ OPUOVEC Kdl XphoIHoTIoIEiTal H - I . — i’
- KATd Th XEleEpia vapkn o=
- o¢ veoyévvnta (wa
- OTh TTPOCGAPHOYA OTO YUXOG
- g€ KAmold YuTd

Uncoupling ~
protein
(thermogenin}
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Functional Brown Adipose Tissue
in Healthy Adults

Kirs| A, Virtanen, MO, Ph.0., Martm E. Lidell, Ph.D,, Janne Orava, 8.5,
Mikael Heglind, M.S. Rickard Westergren, M.S,, Tarja Niemi, M.D.,
Markku Taittonen, M.D_ Ph.D. Jukka Luine, M.D,, Ph.D,, Nina johanna Savista, M.S.
Sven Enacbick, MO, Ph D and Pirjo Nuoutils, MO, PhD

II ORIGINAL ARTICLE II

|| ORIGINAL ARTICLE I

Cold-Activated Brown Adipose Tissue
in Healthy Men

Wouter D. van Marken Lichtenbelt, Ph.D, Joost W, Vanhommeng M.S.,
Nanda M. Smulders, M., Jamie MAF.L, Drossaerts, BS,
Gerrit |, Kemerink, Ph, 0. Nicole D. Bouwy, M.D., Ph.D.,

Patrick Schrauwen, PhD,, and G J. Jaap Teule, M.D_ Ph.D.

SUMMARY

Using positran-emission tomography (PET), we found that cold-induced ghicose
uptake was mereased by a factor of 15 m paracervical and supraclavicular adipose
tissue in five healthy subiects. We obtained biopsy specimens of this tissue from
the first three consecutive subjects and documented messenger RNA (mRNA) and
protein levels of the brown-adipocyte marker, uncoupling protein 1 (UCP1)L Together
with morphologic assessment, which showed numerous mwultilocular, mtracellular
Tipid droplets, and with the results of biochemical analysis, these findings docu-
ment the presence of substantial amounts of metabolically active brown adipase
tissue in hiealthy adult humans,

CTIVE BROWN ADIPOSE TISSUE HELPS MAINTAIN NORMAL BODY TEMPER-

ature in newborn infants. It is belioved that this tissue regresses with in-

creasing age and is completely lost by the time 4 person reaches adulthood.!
However, the capacity to produce brown adlpose tissue in adulthood has been shown
in pationts with catecholamine-secreting tumaors such as pheochromocytomas and
paragangliomas. in whom distinct brown-adipose-tissue depots develop.** Whn
scanning with a combination of PET and computed tomography (CT) — with the
glucose analogue “*F-fuorodeoxyghicose (**F-FDG) as a tracer — is used in the diag-
nosis of neoplasms and their metastases, the results can be confounded by a high
glucose uptake in the supraclavicular tissue; this increased glucose uptake has been
thought to represent the presence of brown adipase tissue.* This view has been sup-
ported by the localization of the “FE-FDG n adipose tissue on CT images* and its
sensitivity to propranolol® and to environmental temperature before PET scanning’;
furthermaore, this phenomenon occars more often during the cold winter months
than in the summwertime.* However, to oar knowledge and as has been noted in a
recent review,” there are no direct data that clearly show that tissae from these areas
of cold-induced ""F-FDG uptake In healthy adult subjects indeed has histologic fea-
tures of brown adipose tissue and expresses mRNA and proteins that distinguish it
from white adipose tissue. This is an important point, since such data would be
necessary to identify bona fide brown adipose tissue in healthy adu'ts and to indicate
that such tissue is part of normal human physsology after infancy.
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The New England Jouenal of Modcsme

ABSTRACT

BACKGROUND
Studbes In animals indicare that brown adipose tissue is important in the regulation of
body weight, and it is possible that individual variation in adaptive thermogenesis
can be artribured to varfations in the amount or activity of brown adipose tissue.
Until recently, the p of brwn adipose tissuse was thought to be relevant only in
small mammals and infants, with negligible physiologic relevance in adult humans.
We performed 2 systematic examination of the presence, distribution, and activity of
brown adipose tissue in bean and obese men during exposure to cold temperature.
Wmmwmﬂwdmnlmmbodymmbnmdm

METHODS
We studied 24 healtly men — 10 who were lean (body-mass ndex [BMI] [the weight
in kilograms divided by the square of the height in meters], <25) and 14 who were
overweight oc obese (BML, 225) — under thermoneutra! conditions (22°C) and during
mild cold exposure (16°C). Putative brown-adipose-tissue actwvity was determined
with the use of Integrated “F-{luorodeoxyglucose positron-emission romography
and computed tomography. Body composition and energy expenditure were mea-
sured with the use of dual-energy x-ray absorptiometry and indirect calorimetry,

WESUATE

Erown-adipose-tissue actwvity was observed in 23 of the 24 subjects (9%%) during cold
exposure but not under thermoneutral conditions. The activity was siganificantly
Jower in the overweight or obese subjects than in the lean subjects (P=0.007), M1 and
percentage of body far both had significant negative correlations with brown adi-
pose tissue, wh resting bolic rate had a significant positive correlation.

CONCLUSIONS

The percentage of young men with brown adipose tissue s high, but its activity is
reduced in men who are overweight or obese. Brown adipose tissue may be meta-
balically important in men, and the fact that it is reduced yet present in most over-
weight or obese subjocts may make it a target for the treatment of obesity.
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Identification and Importance
of Brown Adipose Tissue in Adult Humans

Aaron M. Cypess, M.D, Ph.D, MM .Sc. Sanaz Lehman, M8, BS,,
Gethin Willlams, M8, 8.5 PhD. llan Tal, Ph.O., Dean Rodman, MO
Allson B. Goldline, M.D.,, Frank C Kuo, M.D_ Ph.D_ Edwin L Palmer, MO,
Yu-Huz Tseng, Ph.D., Alessandro Doria, M.D, Ph.O., M.P.H.,
Gernld M. Kolodry, M.D. and C Ronald Kahn, M.D

ABSTRACT

BACKGROUMND

Obesity results from an Imbalance beeween energy intake and expenditure. In rodents.
and pewborn humans, brown adipose tissue helps regulate energy expenditure by
thermogenesis medisted by the expression of uncoupling protein 1 (UCPT), but brown
adipose tissue has been considered to have no physiologic relevance in adulr bumans,

NMiTHODS

We analyzed 2640 “Efluorodencyglucose (“*F-FDG) positron-emission
tomographic and computed tomographic (PEF-CT) scans performed for varioos
diagnostic reasons in 1972 pathents for the presence of substantial depots of put-
tive brown adipose tissue. Such depots were defined as collections of tissue that were
more than 4 mm in di had the density of adipose tissne fing to CT,
and had maximal standardizod uptake values of "P-FDG of at least 2.0 g per mill»
lizer, mdicating high metabolic activity, Clinical indexes were recorded and compared
with those of datesmatched controls. Immunastaining for UCPL was performed on
biopsy specimens from the neck and supraclavicular reglons in patients undergoing
surgery.

RESULTY

Substantial depots of brown adipose tissue were dentitied by PET-CT in a region
extending from the anterior neck to the thorax. Tissue from this region had UCP1-
Immupopositive, maltilocular adipocytes indicating brown sdipose tissue. Positive
scans were seen in 76 of 1013 wonsen (7.5%) and 30 of 959 men (3.1%), corresponding
1o a femalezmale ratio greater than 2:1 (ReD.001). Women also had a greater mass
of brown adipose tissue and higher “F-FDG uptake activity. The probability of the
detection of brown adipose tissue was inversely correlated with years of age (1<0,001),
outdoor temperature at the time of the scan (P=0.02), beta-blocker use (Pe0.001), and
among older patients, body-mass index (P=0.007).

CONELUSIONS
Defined reglons of functionally active brown adlpose tissue are present in adult bu-
mans, are more frequent in women than in men, and may be quantified noninva
srvely with the use of “F-FDG PEF-CI. Moast important, the amount of brown adk
posc tissue is imversely correlated with body-mass index, especially in okder people,
suggesting a potential role of brown adipose tissue ln adult human metabollam.

NOEMCLY WED BB MEM.OSC AL §, 2004
Te New Engiaad Journal of Medicme



Ewkova 18.42 O kaotavog Mnmwdng
10TOC amokaAUTITETal HE TV ékBeon oTo
Kpuo. Ta anoteAéopata ouvduacpévng
Topoypapiag ekmounrc molitpoviwy

kat afovikr¢ Topoypagiag (PET-

CT) Selxvouv v npdéoAnyn Kai v
katravoun tn¢ '*F-pBopodeofuylukolng
("*F-FDG) otov Mmwdn 1076. To oxripa
npéoAnync "*F-FDG oto idio datopo sival
EVTUNTWOIaKA S1a@pOopPETIKO O CUVBNKES
BeppoouvdetepdTnrac (aplotepd) oe
oUyKpLon pe TNV £€kBeon oto kplo (Se§1a).
[Evyevikr) npoogopd Wouter van Marken
Lichtenbelt. Copyright, 2009, Massachusetts
Medical Society. All rights reserved.]
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«.. the authors speculated that an estimated 63 g of hBAT,
found in one of the subjects examined, could—if activated for 1 year—
combust energy equivalent to the energy content of 4.1 kg of WAT. »

Sven Enerback, Cell Metabolism 11, April 7, 2010
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Evepyomoinon Tou @aioU Aimtwdn 10ToU:
TO PAPHAKO KATA TG TrAxXUodpKidg;



O1 HiToxovoplakéG vOool

MeTaAAdeic oTo piToxovdpiako yovidiwpa (KUKAIKG dikAwvo DNA
pe 37 yovidia) mpokaAoUv voonpata yvwaoTtd we y/raxova'p/aksg

LUoTrdOeIEC N EyKEParoTTdOeIeg.

KAnpovopoUvTal Tdvta amé Tnv pnTépa. P

KAnpovoLukri onrTirn veypomdB@eia Leber (LHON):
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Meiwpévn apaywyn ATP
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O1 HiToxovoplakéG vOool

MeTaAAdeic oTo piToxovdpiako yovidiwpa (KUKAIKG dikAwvo DNA
pe 37 yovidia) mpokaAoUv voonpata yvwaoTtd we y/raxova'p/akeg
LUoTrdOeIEC N EyKEParoTTdOeIeg.

125 rRNA

KAnpovopouvTal tavra amé Thv pntépa. U,

KAnpovopuikti orrtirh veypormdBeia Leber (LHON): |
MeTdAAaln oe TpwTeivee Twv oupTAdkwy I A IIT
Meiwpévn mapaywyn ATP
AppoTepdTAcUpn TUPAWON

NADH [ & 13 protein-ancoding regions

Dehydrogenase

ATP Sy

YmoOeon popiakng pdong Tng vapavong:

O1 peTaAAd€ eic Tou cugowpelovTal aTa HiToxovdplakd yovidia kaTtd Tnv Tdpodo
TnG hAIkiag ocupPdAAouv oTa eKQUAIOTIKA VOORUATA KAl OTOV KAPKIVO

MiToxovdpia kal amoTTWOon:

Ta itoxovdpia mailouv oAU onpavTike poAo aThv Evapin Tng amoTTwaong h
TPOYPAUUATIOUEVOU KUTTAPIKOU BavdTou.

H diavoi&n mépwyv oTn HiToX. HeUPPAvn KAl N ameAeuBEpwaon TOU KUT. C OTO
KUTTApOTTAAOA TTPOKAAOUV €VEPYOTTOINON TWV KAOTIAOWY, TTPWTEOAUTIKWY
ev{Upwy Tou amoikodopoUv Pacikd ocuoTaTIKA TOU KUTTAPOU.

NADH
»ahyar nase



PHOTOSYNTHESIS

NADP* NADPH ADP ATP

Lo 4

H olcidwTikn
PWoPopuAiwaon
AEITOUpYEI
TTapopold He Th
PWTOOUVOEDN



O1 paBpiIdwoeic oUYKEVTPWONG TTpWTOViwY gival éva aAANAOHETATPETTOHEVO
vopiopa eAeUBepNC evépyEIac Kal TAPEXOUV evEPYEId o€ TTOAAEC dlepyaaieg

AE

Active Heat
transport l production

[PROTON GRADIENT}

[Electron potential}

Ap

e l o

Flagellar
rotation

NADPH
synthesis




> Uvoyn: O€ei1dwTikR PwopopuAiwon

acids

OXIDATIVE
CITRIC ACID CYCLE PHOSPHORYLATION
( N[ )
> Acetyl CoA i
/ ADP A ATP
/ +PiN ]l 7
1GTP 2c0, (|29 4H0
8e” > Proton

chain

Electron-transport gradient

(~36 HY)

Matrix

Inner
mitochondrial
membrane
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> Uvoyn: O€e1dwTikR PwopopuAiwon

MiToxovdplakoi HeTapopeic
Eigodoc Twv nAekTpoviwv Tou KuToooAikou NADH
2 UoThua petapopdc (shuttle) Tne 3-pwaopopikAG YAUKEPOANG
2.UoThua peTagopdc HnhAikoU-aoTtapTikoU
AvTipgeTapopéac: petatomdon ATP/ADP
2 UUHETAWOPpEAC: HETATOTIAON PWOPOPIKOU/TTpWTOViou

Evepyelakn amodoon TNC avamveuaTIKAC aAuaidac
NADH pitoxovdpiovu > 10 H*> 2,5 ATP
FADH, > 6H*> 15 ATP
NADH kutoooAiou 215 Hh 25 ATP
FAukoln = 30 n 32 ATP

PUBuHion Tn¢ o e1dwWTIKAC pwapopuAiwong

AvaoToAn TG o eIdWTIKAC pwawopuAiwang
AttooUleuln TnC o e1Id0WTIKAC pWapopuAiwong

®a16¢ Aimwodng 10To¢

TTpwreivn amoleuéng (UCP-1) n Beppoyevivn.
MiToxovdplakéc voool



Karta tnv o 1dwTIkA pwaopopuAiwon

A. Katavahwvetar ATP

B. MeTagépovral nAektpovia amé 1o O, oto NADH

. Aaupdvouv xwpa avTidpdoeiC oTnv eEWTEPIKA HePPpdAvn Twy
HITOXOoVOpiwy

A. AvTAoUvTal TpwTOVIA ATTO Th HITOXOVIPIAKA HATPA OTO
KUTTapOTTAaopda

E. MeTatpémeTal n YAUKOLh oc akéTuho-CoA
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A.15 pépia ATP

B. 32 pyopia ATP

. 2,5 yopia ATP

A. 10 pépia ATP

E. 4 pépia ATP
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