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FIGURE 2 Cycling of nitrogen in the biosphere. Gaseous nitrogen
(N;) makes up 80% of the earth’s atmosphere.
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DYHKIMU KJIETOYHOI0 MeTad0JIM3Ma

CHa0xeHHe KJIeTOK XUMHYeCKOH JHeprue (MCTOYHUK -
pacuienieHue MUaTaTreJbHbIX BellecTB, (DOTOCUHTE3)

IIpeBpainieHue MoJIeKyJ MUIIEBbIX BENIECTB B
MOJIEKYJIBI-CTPOUTEIbHBbIEC OJIOKHU 1JI OMOCHMHTE3a
OMOMaKPOMOJIEKY.JI

CoOopka omomaxkpomoJiekyJa (0eaxku, HK, yriieBoanbl,
JIAMMUAABI) K IPYTUX KJIETOYHBIX KOMIIOHEHTOB U3
MOJIEKYJI-CTPOUTEJIbHBIX 0JIOKOB

CuHTEe3 U paspylieHrne 0MOMOJIeKYJ J1JIsl BHINOJHECHUSA
KAKUX-JIU00 crienupuyeckux QyHKumn



MeTabdoiMyecKure NyTH — JINHENHbIE,
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ce
Glycogen ’ Glucose »-Pyruvate etyl-C - Acetoacetyl-CoA  Eicosanoids
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Isoleucine Fatty acids ’ Triacylglycerols
(a) Converging catabolism ” \ \
Citrate CDP-diacylglycerol » Phospholipids
Oxaloacetate ‘ (b) Diverging anabolism
’ CcO;
CO;
(c) Cyclic pathway

FIGURE 4 Three types of nonlinear metabolic pathways. (a) Con- the breakdown product of a variety of fuels (a), serves as the precur-
verging, catabolic; (b) diverging, anabolic; and (c) cyclic, in which sor for an array of products (b), and is consumed in the catabolic path-
one of the starting materials (oxaloacetate in this case) is regenerated way known as the citric acid cycle (c).

and reenters the pathway. Acetate, a key metabolic intermediate, is
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IIpoMe:XyTOUHBIA META00JIU3M CKJIAAbIBACTCS
U3 2-X COCTABJIAIOIIMX:

1) Karadoausm (paciienjieHue CJa0KHbIX

OpPraHuYeCcKHUX COeIMHEeHUH 10 00s1ee MPOCThIX
MOJICKYJI)

2) AHa00m3M (Impouecchl OMOCHHTE3A)

Kara0oiunuyeckue 1 aHa0OIMUYECKUE IYTH
IPOTEKAKT B KJETKe O/THOBPEMEHHO, HO UX
CKOPOCTH PEryJTMPYHOTCH HE3aBUCHUMO.
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e KaraGoinuyeckue nmpouecchbl pacnaabl
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CBOOOTHOM IHEPIUHU, KOTOPAsl 3a11aCA€TCHA B BUJIE
AT® n HAJ1D.

e AHA00/U3M (OMOCHHTE3 MAKPOMOJIEKYJI) TpedyeT
3aTrpar cCBOOOAHOU IHEePIruu
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Karabooansm

DepMEHTATUBHOE PaclIeIJICHHE MUTATEIbHBIX BEIEeCTB
COBEPUIACTCH MOCTEMEHHO, Yepe3 P/l MOCIeI0BATEIbHBIX
(bepMEHTATUBHBIX PEaAKIUU

B a3po0HOM KaTadom3Me pa3an4yarT 3 NIaBHbIE CTAUU:

MakpoMoJIeKYJIbl PacCaJalTCd HA OCHOBHbIE MOJIEKYJIbI-
CTPOUTEJbHBbIE OJIOKH

IIpoaykTsl pacienjienusi 1 craaum npeBpamarTcs B
0oJiee MPOCThIE COeIMHEHUA, YUCJI0 KOTOPBIX HEBEJIUKO

Pa3zjinuHble KATA00JIHYECKHE MMYTH CJIUBAIOTCHA B OAMH
001UHA MyTh (IIMKJ JJUMOHHOM KHMCJIOTHI), B pe3yJjbTare
BCeX NMpeBpalieHud 00pa3yroTCs TOJbKO 3 KOHEYHbIX
npoaykra pacnaaa — NH3, H20, CO2
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ag

Large biomolecules Proteins Polysaccharides

The various kinds of proteins, polysaccharides and
fats are broken down into their component
building blocks, which are relatively few in number.

Building block
molecules
"

The various building blocks are degraded into a
common product, the acetyl groups of acetyl-CoA.

Pentoses,
hexoses

Glycerol, fatty acids

Glycolysis

Glyceraldehyde-3-phosphate

Common
degradation product
Stage II:

Catabolism converges via the citric acid cycle to
three principal end products: water, carbon dioxide,
and ammonia.

Citric acid
cycle

End Simple, small
products end products of NH; ~

catabolism
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OO01MH NPOAYKT pacilielJieHUusI MAKPOMOJIEKY.JI
HA 2 CTAAMM —alleTUWJIKOIH3UM A

Reactive
thiol group

/ H H Il'I ?Hg (l‘)f 0] ~ ”)\l\ll Adenine
[

= | | | A
IHb—CHQ—CHZ—-NT-(l_“,—CHZ—CHQ—N—C—(i“,—(IJ—CH2—O— O—-I|3| N
B-Mercapto- O O OHCH; (0] 0
ethylamine ) )
i Pantothenic acid
Ribose 3'-phosphate
()
CHs—C | ' - |
S-CoA ‘ 3’-Phosphoadenosine diphosphate
Acetyl-CoA Coenzyme A

FIGURE 16-1 Catabolism of proteins, fats, and carbohydrates in the
three stages of cellular respiration. Stage 1: oxidation of fatty acids,
glucose, and some amino acids yields acetyl-CoA. Stage 2: oxidation
of acetyl groups in the citric acid cycle includes four steps in which
electrons are abstracted. Stage 3: electrons carried by NADH and
FADH, are funneled into a chain of mitochondrial (or, in bacteria,
plasma membrane-bound) electron carriers—the respiratory chain—
ultimately reducing O, to H,O. This electron flow drives the produc-
tion of ATP.



3 craauy — IUKIJI JIAMOHHOM KHUCJIOTHI

Acetyl-CoA
trate
Oxaloacetate >atrat,e
— Citric NADH
acid = .
Malate cycle a-Ketoglutarate

Fumarate NADH

Succinyl-CoA

FADH, «
Ty Succinate ,{ o

FIGURE 16-13 Products of one turn of the citric add cycle. At each
turn of the cycle, three NADH, one FADH,, one GTP (or ATP), and
two CO, are released in oxidative decarboxylation reactions. Here
and in several following figures, all cycle reactions are shown as pro-
ceeding in one direction only, but keep in mind that most of the re-
actions are reversible (see Fig. 16-7).



FIGURE 16-7 Reactions of the citric acid cycle. The carbon atoms
shaded in pink are those derived from the acetate of acetyl-CoA in
the first turn of the cycle; these are not the carbons released as CO;
in the first turn. Note that in succinate and fumarate, the two-carbon
group derived from acetate can no longer be specifically denoted;
bem!mamm:mqmmmls,CIaml
(-2 are indistinguishable from C-4 and C-3. The number besid .

reaction step corresponds to a2 numbered heading on pages 608-612.
The red armows show where energy is conserved by electron transfer
to FAD or NAD*, forming FADH; or NADH + H*. Seps (), 3,
and (4) are essentially ireversible in the cell; all other steps are re-
versible. The product of step (5) may be either ATP or GTP, depend-
ing on which succinyl-CoA synthetase isozyme is the catalyst.




AHA00JIN3M

 Kara0osuyeckue myTv CXOAATCH, a
aHA0O0JIMYEeCKHUe MYTH, HA000POT, PACXOAATCA: U3
He0O0JIBIIIOT0 YHMCJIA MPeAIeCTBEeHHUKOB
o0pa3syercsi, B KOHEYHOM CUYeTe, MHOXKECTBO
IPOAYKTOB.



buocuHTe3 YIiIeBOAOB

Blood Other
glucose Glycoproteins monosaccharides Sucrose
Glycogen Disaccharides Starch

R T =&

Glucose 6-phosphate

Animals Energy Plants

Phosphoenol-
pyruvate

é
acid
( cycle T

Pyruvate Glucogenic Glycerol 3-Phospho-
amino glycerate
acids T
Lactate Triacyl- COs
glycerols fixation

FIGURE 14-15 Carbohydrate synthesis from simple precursors. The
pathway from phosphoenolpyruvate to glucose 6-phosphate is com-
mon to the biosynthetic conversion of many different precursors of
carbohydrates in animals and plants. Plants and photosynthetic bac-
teria are uniquely able to convert CO, to carbohydrates.



PoJb IUKJI2a JUMOHHOM KHCJIOTHI B OMOCHMHTE3€
PA3JIMYHBIX KJIACCOB MOJICKYJI

Pyruvate

pyruvate
carboxylaso Acetyl-CoA

PEP carboxykimnaso

FIGURE 16-15 Role of the citric acid cyde in anabolism
Intermediates of the citric acid cycle are drawn off as
precursors in many biosynthetic pathways. Shown in red
are four anaplerotic reactions that replenish depleted cycle
intermediates (see Table 16-2).
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Crpoenue pepmenta H+-ATD-cuHTAa3BI

H+-AT®-cuHTa3bI 3yKAPHOT U 0aKkTepuii — cioxubie K1 - F0 memopannbie
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H+- AT®-cuHTa3b1 0AKTEPUH,

Puz. 4. BakTepHOpononcHiesn POTCCHHTES Co-
TENEAMBED SPEetarTepul, WoHd H' OTEAUHBAKITCA
W2 KNETEN GRKTEPMOPODONCHHOM - CEMITH, Coep-
KALUAM PETHHANE B KAHECTBE XPOMODapa, TO BCTk
FPYNMMPEKH, MOFNOILAKEN BALAMER CBET, HOHL
H’ BOSB{@ILAKITCA B KTETEY, DB A3k N Fopy® Ye-
pe He-ATehaaHE ioMnneks: FF, . TpH STOM OFadk-
BABTCA, YT H'- AT a3 KATANHINPYST OOpaTHY K pe-
AKLKD, TO SCTE CHATES AT, 8 HE &I THIPOMM3

PHC. 6. XNOpoPHNnbHEIl POTOCHHTES UMAHOCaKTS-
PMA. KBAHT CBSTA, NOMOLLEHHLI X A0 EHANCM o
TOCHCTEME! 1, BOGOYXOSST NSPEHOC INEKTPOHOE NO
USNK, YTO 33BSWIESTCA BOCCTAHOBNSHWEM HAOD "
00 HALDH. OKMCASHHEIA XNopaPunn PoTocHcTS-
Mbl 1 BOCCTaHIBNMESSTCA KOMMNSKCOM I, KOTopeI,
B CBOK OMSPeb, NONYUAET INSKTPOH OT POTCCHC TS
Mbl 2. JOHMPOBIHWE INeKTROHa PoTocHcTEMOoN 2
TReOyeT el OOQHOMND KBIHTA CBATA (NOFNOWEEMIro
XNOPSPUANSM ITOA PoToCHCTEeMBl). NoTepa ansk-
TROHA HAXNPOPUANE POTOCHCTEME! 2 KOMNEHCHY -
STCA 38 CUET CKMCNEHMA MONEXYNE BOOR 00 O, M H.
DECMEHTE, KAaTAUMEMVIOWME BCIO USNb PaakuMi
NepeHOca aNexTpoHa 0T H,0 a0 HAOD ., pacnonowe-
HEl B MEMOPGHS TAKMM 00PE30M, UTO MOHE H® oTKa-
UMB3KOTCA M3 CAKTELUANEHOA KNETEMW, UTOOLI 33TEM
BOATM EHYTPL uepaz F,F, U caanate ATD. B xnopo-
NNACTAX I2NEHEN PACTEHWA NPOMCOONAT T Ke Coel-
™M, HO CPMEHTAUMA BoEX PSEOMEHTOBR MXOTHBONO-
NOXHA TOM, KOTOPAA MMEST MECTO Y UMIHOCAKT2PHA
M NOKAZ3HA HA MC. 6. COOTBETCTBEHHD Y XNOPoNNa-
CTOB QOTOCHHTETHISCKAA USNb HAKAIMBIST MOHEI H*
BHYTG, 38 KOMMNeNc F,F, NSPeHOCHT MX Hapyxy

PACTEHUH U 5KMBOTHBIX

PHE. T. MECAHEM QEATENEHOMD GO OEs-
HHA B A3P0OOHED SAKTEPRT. W MUTONCHAPKTL, dep-
MEHTHEES KOMIAEESH |, Il 0 IV KESTAMWBAPYIT Nepe-
HIZ ANRKTROHOB T HAOH K O, ¢ OOEa3oBaHWEM BO-
Ob. TBPEHOC SNSKTPOHOR CONPANEH © OTKAUKOH
WOHCE H', BB palleHe WOHOB H' uapes F,F, npuBc-
OWT K CHHTESY AT



Cunte3 AT® nporekaer Ha MeMOpaHaX MUTOXOHAPHIA U
XJIOPOILIACTOB JYKAPHOT, HA IIMUTOIJIA3MATHYECKOIM
MeMOpaHe NPOKAPUOT
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Glycogen,
starch, sucrose

storage
Glucose
oxidation via
pentose phosphate oxidation via
pathway glycolysis
Ribose 5-phosphate Pyruvate

FIGURE 14-1 Major pathways of glucose utilization. Although not
the only possible fates for glucose, these three pathways are the most
significant in terms of the amount of glucose that flows through them
in most cells.
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FIGURE 14-2
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13- Blsphosphoglycerate (2)
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Phosphoenolpyruvate (2)
second ATP-

2ADP
forming reaction /1
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phosphorylation)

Pyruvate (2)

The two phases of glycolysis. For each molecule of glu-
cose that passes through the preparatory phase (a), two molecules of
glyceraldehyde 3-phosphate are formed; both pass through the payoff
phase (b). Pyruvate is the end product of the second phase of glycol-
ysis. For each glucose molecule, two ATP are consumed in the prepara-

s 2NAD’
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Payoff phase

Oxidative conversion of
glyceraldehyde 3-phosphate to
pyruvate and the coupled
formation of ATP and NADH

(6) Glyceraldehyde
3-phosphate
dehydrogenase

-() Phospho-
glycerate
kinase

@ Phospho-
glycerate
mutase

C9) Enolase

v@ @ P.yruvate
kinase

net yield of two ATP per molecule of glucose converted to pyruvate.
The numbered reaction steps are catalyzed by the enzymes listed on
the right, and also correspond to the numbered headings in the text
discussion. Keep in mind that each phosphoryl group, represented
here as | P, , has two negative charges (—PO3 ).




FIGURE 14-3 Three possible catabolic fates of the pyruvate formed
in glycolysis. Pyruvate also serves as a precursor in many anabolic re-
actions, not shown here.
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3-phosphate and hexoses into the preparatory stage of glycolysis.
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FIGURE 17-7 Stages of fatty acid oxidation. Stage 1: A long-c
fatty acid is oxidized to yield acetyl residues in the form of ac
CoA. This process is called B oxidation. Stage 2: The acetyl group:
oxidized to CO; via the citric acid cycle. Stage 3: Electrons der
from the oxidations of stages 1 and 2 pass to O, via the mitoc
drial respiratory chain, providing the energy for ATP synthesi
oxidative phosphorylation.



FIGURE 17-14 Triacylglycerols as glucose source in seeds. B Oxi-
dation is one stage in a pathway that converts stored triacylglycerols
to glucose in germinating seeds. For more detail, see Figure 16-22.
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FIGURE 17-15 neuzylnudﬁm&mnherearemmf-
ferent subunit structures of the enzymes of B oxidation in gram-positive
and gram-negative bacteria, mitochondria, and plant peroxisomes and
glyoxysomes. Enz, is acyl-CoA dehydrogenase; Enzz, enoyl-CoA hy-
dratase; Enzs, 1-B-hydroxyacyl-CoA dehydrogenase; Enz,, thiolase;
Enzs, D-3-hydroxyacyl-CoA epimerase, and Enzg, A% A%-enoyl-CoA iso-
merase. (a) The four enzymes of B oxidation in gram-positive bacteria
are separate, soluble entities, as are those of the short-chain-specific
system of mitochondria. (b) In gram-negative bacteria, the four enzyme

9.

activities reside in three polypeptides; enzymes 2 and 3 are parts of a
single polypeptide chain. (c) The very-long-chain-specific system of
mitochondria is also composed of three polypeptides, one of which
includes the activities of enzymes 2 and 3; in this case, the system is
bound to the inner mitochondrial membrane. (d) In the peroxisomal
and glyoxysomal B-oxidation systems of plants, enzymes 1 and 4 are
separate polypeptides, but enzymes 2 and 3, as well as two auxiliary
enzymes, are part of a single polypeptide chain, the multifunctional pro-
tein, MFP.
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FIGURE 18-3 Part of the human digestive
(gastrointestinal) tract. (a) The parietal cells
and chief cells of the gastric glands secrete
their products in response to the hormone
gastrin. Pepsin begins the process of protein
degradation in the stomach. (b) The cytoplasm
of exocrine cells is completely filled with
rough endoplasmic reticulum, the site of
synthesis of the zymogens of many digestive
enzymes. The zymogens are concentrated in
membrane-enclosed transport particles called
zymogen granules. When an exocrine cell is
stimulated, its plasma membrane fuses with
the zymogen granule membrane and
zymogens are released into the lumen of the
collecting duct by exocytosis. The collecting
ducts ultimately lead to the pancreatic duct
and thence to the small intestine. () Amino
acids are absorbed through the epithelial cell
layer (intestinal mucosa) of the villi and enter
the capillaries. Recall that the products of
lipid hydrolysis in the small intestine enter
the lymphatic system after their absorption by
the intestinal mucosa (see Fig. 17-1).
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FIGURE 18-15 Summary of amino acid
catabolism. Amino acids are grouped
according to their major degradative end
product. Some amino acids are listed more
than once because different parts of their
carbon skeletons are degraded to different
end products. The figure shows the most
important catabolic pathways in vertebrates,
but there are minor variations among
vertebrate species. Threonine, for instance, is
degraded via at least two different pathways
(see Figs 18-19, 18-27), and the importance
of a given pathway can vary with the
organism and its metabolic conditions. The
glucogenic and ketogenic amino acids are
also delineated in the figure, by color
shading. Notice that five of the amino acids
are both glucogenic and ketogenic. The
amino acids degraded to pyruvate are also
potentially ketogenic. Only two amino acids,
leucine and lysine, are exclusively ketogenic.
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FIGURE 3 Energy relationships between catabolic and anabolic
pathways. Catabolic pathways deliver chemical energy in the form
of ATP, NADH, NADPH, and FADH,. These energy carriers are used
in anabolic pathways to convert small precursor molecules into cell
macromolecules.



