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Overview: Life Is Work

* )XuBble opraHn3mMbl Hy>XOaloTCA B NOTOKE
9HEepPrnm n3 okpyxaroLlen cpeqbl
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» DHeprua 3axoguT B 9KOCUCTEMY, B BUAOE
CONMTHEYHOro cBeTa U BbIXOOUT U3 HEro B BUAE
Tenna

» doToCcHHTE3 00pasyeT O2 n opraHn4eckne
MOJTEKYIbI, KOTOPbIE NUCMOSIb3YIOTCA B
KIMETOYHOM AbIXaHUK

* KneTkn ncnonb3yrT XUMNYECKYHO SHEPTUIO,
3anaceHHyo B opraHn4ecknx mMmorekynax,
4TOObI BOCCTAHOBUTb AT®, KOTOpbIE paboTatoT
KaK NepeHOCHMNKN IHEPrnm
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Fig. 9-2
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Kara0oaudyeckue nytu u oopasopanue ATD

* PaspyLueHmne opraHn4eckmnx Monekyn aBndaeTcad
9K33ProHN4YecKkomn peakumeun

* bpoxeHue aBnaeTca YactM4HOW aerpagauunm
caxapa, Kotopble npoucxoant 6e3 O2

» A3pOOHbIe AgblXaHUsA NoTpednseT
opraHndeckue monekynbol 1 O2 n paet ATO

* AHa3pPOOHOro AbIXaHUSA MOXOX Ha adPOOHOIo
OblXaHns, HO He ncnosb3yet O2
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« KneTtoyHoe AblxaHue BKMYaeT B cebs Kak
a3pODOHbIX N aHA3POOHbIX AbIXaHWs, HO YacTo
ncnosb3yercs angd obosHayeHns asapobHoe
OblXaHue

« XOTS yrneBoAbl, XXUpbl 1 Oenku, Bce
noTpebnsaeTcs B Ka4ecTBe TonfnBa, MoresHo,
npocnegnTb KNeTo4YHOe AblXaHue C rMoKO3bil:

+ CH,,0,+60,—6CO,+6H,0O+ 3JHeprus

126
(ATCD + Tenno)
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OKuc/IeHue 1 BOCCTAHOBJICHHE MOJIEKYJI

* [lepeHOC aneKkTpoHOB NPU XUMUYECKUX
peakunsix BbICBODOXKOaeT SHEPrnto Kotopas
XPaHUTCA B OpraHN4YeCcKMUX Morsiekynax

* OTO BblAengemMasi 9Heprnss B KOHEYHOM CYeTeE,
ncrnonb3yetcsd ansg cuHtesa ATO
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Hpurmun OKUC/IUMEJ/IbHO-60cCcmMmAaHoOBUME/IbHbBLX
peaxkuuu

* XMMUN4yeckue peakuunmn, Kotopble nepeaatoT
9NEKTPOHbI MeXay peakTaHTaMu Ha3blBaKOTCHA
OKUCIUTENBbHO-BOCCTAHOBUTENBHbLIMU peaKkLnaMu

* B okucneHuun, BeLecTBO TepdeT ANNIEKTPOHbI, NI
OKNCINAETCHA

- B BoccTaHOBNEHUU, BELLECTBO NpnodpeTaeT
ANEKTPOHbI, NN YMeHbLUAeTCs (BENNYNHA
MONOXUTENBbHOIo 3apsaa YMeHbLLIAeTCcs)
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Fig. 9-UN1

OKUCNSeTCs
(TepsieT aNeKTPOH) l
Na + ClI — Nat + CI™
— BOCCTaHaanBaeTcﬂ—T
(npnobpeTtaeT
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Fig. 9-UN2

|— Okucnsiercs 1
Xe- + Y —> X + YAe‘
BoccTtaHaBnuBaeT
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» [ToHOpOM 3reKkTpoOHOB Ha3bIBAETCS-
BOCCTAHOBUTESb

e ONEKTPOHHbIN aKLIENTOP Ha3bIBAETCS
OKUCIUTENEM

* HekoTOpble OKUCIMUTENBHO-
BOCCTaHOBUTENbHbIE peakuuu, He
nepenaBaloT 3NEKTPOHbI, HO U3MEHAIOT OOMEH
9NIEeKTPOHOB B KOBaNEHTHLIX CBA3EU

* [lpmepomM MOXET CNYXUTb peakuna mexay
meTaHoM n O2
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Fig. 9-3

Reactants Products

r—becomes oxidized—;

CH, + 20, —>» CO, + Energy + 2H,0

H ;becomes reduced—’

H— +H O0—3—0 O3—C—30 H—30¢+—H

H
Methane Oxygen Carbon dioxide Water
(reducing (oxidizing

agent) agent)
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OKucnenue opzaHuuecKux MoJieKyi 60 8pems
ObIXAHUA

* Bo Bpems KneTo4yHoro gbixaHme, TonnBo
(Hanpumep, rmokKo3bl) okucnaetcs, n 02
BOCCTaHaBNMBAETCH:
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Fig. 9-UN3

|70KVICHF|QTCF|

-y
CGH1206 + 602 — 6C02 + 6H20 + Energy

L BoccranaBnuesae ——
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Fig. 9-UN4

derngporeHasa

|
H C OH + NAD% (I'::O + NADH + H*
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Ilepenocuuxku 3n1ekmponoes

* B kneTto4yHom gbiXxaHuu, rrnoKo3a u apyrme opraHn4yeckme
MOJ1EKYJIbl PpacCLlUernialnTCA B HECKOJIbKO 3TalloB

e ONEKTPOHbI N3 OPraHN4YeCcKnX coeanHeEHUN, Kak nNpaBumno, B
nepsyto ovepenb nepenatorca K HALL +, kogbepmeHTa

« B kadecTtBe akuentopa anekTtpoHos, HAL +
doYHKUMOHUPYET B Ka4eCTBE OKUCMNTENSA B npouecce
KINEeTOYHOro AblXaHus

« Kaxgbin HAQH (BoccTtaHoBneHHada goopma HAL +)
npeacTtaBnsaeT cobon NePEHOCHUK ANTEKTPOHOB, KOTOPbIN
ncnonb3yetca ans cuHresa ATo
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Fig. 9-4
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 HAIH nepepaeTt aneKkTpoHbl 3N1EKTPOH-
TPAHCMOPTHOMN Llenu

* B oTnnymne ot HEKOHTPONMMPYEMOTO peaKkLunu,
Lienb TpaHCcnopTa 3N1EKTPOHOB NnepeaaeT
ANEeKTPOHbl B HECKOMNbKO 3TarnoB BMECTO OHOW

B3PbIBHOWN peakuuu

e O2 TAHET aNeKTPOHbI MO LEenn B 3HEpreTmyecko
yCcTynatwoLemMy MexaHn3my

« ObpasoBaHHasA 3HepPrmnst Cronb3yeTcs ans
pereHepauun ATO
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Fig. 9-5
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JTanbl KJI€TOYHOI'0 ABIXaAHUA

» Kneto4yHoe AbiXaHWne COCTOUT U3 TpEX 3TAlOB.

— I'munkonus (pacwiunneHue rnwoKkosbl Ha aBe
MOJSIeKynbl NMpyBsaTa)

— Uwnkn Kpebca (nonHoe pacwunneHne
[MOKO3bl)

— OkucnutenbHoe docchopunupoBaHue
(MecTo roe obpasyetcsa ocHoBHas macca ATO)
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Fig. 9-6-1
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Fig. 9-6-2

Electrons JIEKTPOHBI

carried IIepeHOCATCH Yepe3
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Fig. 9-6-3
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* [lpouecc, KOTopbIN reHepUpyeT OONbLLYIO
yacTb AT® Ha3bIBalOT OKUCITUTESNBbHbLIM
doochopunnpoBaHNEM, TaK KaK 3TO
NPONCXOAUT B OKUCITUTENbHO-
BOCCTAHOBUTESIbHbIX peakUusix

PLAY BioFlix: Cellular Respiration
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» OkmcnutenbHOro docgopunmpoBaHus
npuxoauTtcs nodutn 90% ot ATD, nopoXaeHHbIe
B rnpoLecce KNeTo4YHOoro AblxaHus

* MeHbLiee konnyectBo AT® obpasyeTcs B
rmmkonunse n ymkne Kpebca Ha ypoBHe
cybcTpaTHOro pocdopunmpoBaHus
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Fig. 9-7
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* [nMnkonus ("paclienneHmne caxapa")
pacLUMnIeHNE rmMoKo3bl HA 2 MONEKYIbl
nupyBara

* [ Nnkonmnsa npomcxoauT B UMUTonnasme u UMeeT
1Ba OCHOBHbIX 3Tana:

* VIHBeCTMLUMOHHAaA dba3a 3Heprmu

« dasa BbInnaTbl 3Heprun
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Fig. 9-8
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Fig. 9-9-4
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Fig. 9-9-9

6
®)
®—o—¢f—o
HOH

CH,—0—@®
1, 3-Bucdocdornuuepar

e
CHOH

CH,—0—®
3-®occornuuepar

o-
¢—o
H—¢—0—®
H20H
2-®ocdornuuepar

Mupysat

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



IHuka Kpeoca

* B npucytcteun O, nnpyBaT 3axoauT B
MUTOXOHOPUIO

* [lepen Havanom uukoa Kpebca nmpysar
OoJmKeH npeBpaTtutbeda B Auetun KoA
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Fig. 9-10

LinTonnasma MuTtoxoHapus
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* Llnkn kpebca npoTekaeT B MaTpUKCe
MUTOXOHOPUN

* [1pn okncrneHnm ogHoro nupyBaTa B npouecce
uukna Kpebca obpasyetca 1 ATO, 3 HAIH n 1
OALH,
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Fig. 9-11
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Fig. 9-12-8
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Fig. 9-13
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» OnekTpoHbl nepepatorca ot HAOH nnn FADH2
B 9NIEKTPOH-TPAHCMOPTHYIO LIEMNb

* OIEKTPOHbI NPOXOAAT Yepes psaa 0enkos,
BKIOYasa LIUTOXPOMOB (KaXAblh C aTOMOM
Xenesa) kK 02

« ONEeKTPOH-TPAHCMOPTHOW LIENN HE reHepupyeT
ATO

* QyHKUMA uenun aBnsaeTca pasbutb bonbLUIYLO
cnag cBobogHom aHeprm n3 nuwm B O2 Ha
bonee Merkue waru, KoTopble BbICBOOOXAAIOT
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XeM0O0CMOTHYECKASI TEOpH s

* [lepeHocC aneKkTpoHa B Lenn TpaHcnopTa 3fIEKTPOHOB
3acTtaBnsaeTt 6enku BblkadnsaTtb H + 13
MWUTOXOHAOPWNANbHONO MaTpukca B MeXxmemopaHHoe
NpoCTpaHCTBa

* H +, Bo3BpaLllaeTcs Yepes membpaHy B MaTtpuKc, Npoxoas
yepes KaHanbl B AT®-cuHTa3b!

* ATD-cuHTasa UCMosib3yeT 3K33ProHNYECKMX NOTOK H + un
3anyckaet pocopunuposaHns AT

« OTO ABMAETCA NPUMEPOM XeMMUOCMOCaA, UCMNOoNb30BaHNe
9Hepruu B H + rpagneHTa anga ynpasneHusa paboTtomn
KNEeTKU
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Fig. 9-14

......

| {0000%

i

""""

BHyTpeHHAA
nasioyka

KaTanutuyeckas
4yacTb

MaTpUKC

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.



Fig. 9-16
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Fig. 9-17
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Concept 9.5: Fermentation and anaerobic
respiration enable cells to produce ATP without
the use of oxygen

* Most cellular respiration requires O, to produce
ATP

* Glycolysis can produce ATP with or without O,
(in aerobic or anaerobic conditions)

* In the absence of O,, glycolysis couples with
fermentation or anaerobic respiration to
produce ATP
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* Anaerobic respiration uses an electron
transport chain with an electron acceptor other
than O,, for example sulfate

* Fermentation uses phosphorylation instead of
an electron transport chain to generate ATP
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Types of Fermentation

* Fermentation consists of glycolysis plus
reactions that regenerate NAD", which can be

reused by glycolysis

* Two common types are alcohol fermentation
and lactic acid fermentation
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* In alcohol fermentation, pyruvate is converted

to ethanol in two steps, with the first releasing
CO

2

 Alcohol fermentation by yeast is used Iin
brewing, winemaking, and baking

PLAY Animation: Fermentation Overview
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Fig. 9-18
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Fig. 9-18a

2 ADP + 2@

Glucose Glycol sis
/ y\ 2 Pyruvate
2 NAD* 2 NADH 2@
+2 H*
| 0
H—(|:—OH < ?ZO
CH, CH,
2 Ethanol 2 Acetaldehyde

(a) AIcohoI fermentatlon

yright © 2008 Pearson c., publishing a on Benjamin Cummings.



* In lactic acid fermentation, pyruvate is
reduced to NADH, forming lactate as an end
product, with no release of CO,

» Lactic acid fermentation by some fungi and
bacteria is used to make cheese and yogurt

* Human muscle cells use lactic acid
fermentation to generate ATP when O, is
scarce
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Fig. 9-18b
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Fermentation and Aerobic Respiration Compared

» Both processes use glycolysis to oxidize
glucose and other organic fuels to pyruvate

* The processes have different final electron
acceptors: an organic molecule (such as
pyruvate or acetaldehyde) in fermentation and
O, in cellular respiration

 Cellular respiration produces 38 ATP per
glucose molecule; fermentation produces 2
ATP per glucose molecule
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* Obligate anaerobes carry out fermentation or
anaerobic respiration and cannot survive in the
presence of O,

* Yeast and many bacteria are facultative
anaerobes, meaning that they can survive
using either fermentation or cellular respiration

* In a facultative anaerobe, pyruvate is a fork in
the metabolic road that leads to two alternative
catabolic routes
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Fig. 9-19
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The Evolutionary Significance of Glycolysis

 Glycolysis occurs in nearly all organisms

» Glycolysis probably evolved in ancient
prokaryotes before there was oxygen in the
atmosphere
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Concept 9.6: Glycolysis and the citric acid cycle
connect to many other metabolic pathways

» Gycolysis and the citric acid cycle are major
Intersections to various catabolic and anabolic
pathways
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The Versatility of Catabolism

» Catabolic pathways funnel electrons from many
kinds of organic molecules into cellular
respiration

» Glycolysis accepts a wide range of
carbohydrates

* Proteins must be digested to amino acids;
amino groups can feed glycolysis or the citric
acid cycle
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 Fats are digested to glycerol (used in
glycolysis) and fatty acids (used in generating
acetyl CoA)

 Fatty acids are broken down by beta oxidation
and yield acetyl CoA

* An oxidized gram of fat produces more than
twice as much ATP as an oxidized gram of
carbohydrate
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Fig. 9-20
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Biosynthesis (Anabolic Pathways)

* The body uses small molecules to build other
substances

* These small molecules may come directly from
food, from glycolysis, or from the citric acid
cycle
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Regulation of Cellular Respiration via Feedback
Mechanisms

 Feedback inhibition is the most common
mechanism for control

* If ATP concentration begins to drop, respiration
speeds up; when there is plenty of ATP,
respiration slows down

 Control of catabolism is based mainly on
regulating the activity of enzymes at strategic
points in the catabolic pathway
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Fig. 9-21
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