XuMHUYeCKHH cocTaB BecesleHHO, 3¢eMHOM KOPBHI M OPraHU3MAa YeJI0BEKA

100,00C

Atomsf100,000 atoms

10,000

100C

100

10

0.1

1 2 3 4 5 6 7 & & 10 1 12 1 14 15 16
H He L Be B C N O F Ne Na Mg & S P S

Element and atomic number

Universe
Earth’s crust
Human hody

Less than .01
per 100 000

17 18 1€ 2C Al
A K Ca othe



He3aMeHUMbBbIe XUMHYECKHE 3JIeMEHThI )KUBOTHBIX

A Y€JI0BCKaA

1 |
H He
: 111 O Bulk elemente - Er
Li | Be | [ Trace elements BlC|N|O|F|N
11 | 1 |4 (15 |18 |17 |18
Mo | Mg Al Bi|P| 8 |Cl| A
1o |2 (2 |2 (8 (M % (¥ (I |18 (E ;M (B [H | M (3 |3
K |Ca| S |Ti Cr(Mn|FPe|Co|Ni |Co|fn|Gn|Ge| As | S| Br| Hr
o8 W |40 (4] (42 (48 |44 (& (48 47 (48 |48 (GO |El |GR [BE |Ad
Rb (G | Y [Zr |Nb (Mo Te |Ru(Bh | Fd[Ag | Cd| In|Sn| Sb|Te| I | Xe
b5 B8 m N Wo|T (T8 |7 ™ ™ |BD |B1 |BR (BB (M |E& |[E6
Cs | Ea X Hi |Ta | W |Re|Os|Ir | Fi |Au| Hg| T1 | Fb|{ Bi | Fo| At | En
“F ﬁh L E Lanthamnides

LR Aciidas

FIGURE 1-12 Blements essential o animal
life and health. Bulk elements (shaded
orangel are structural companents of cells
and tissues and are required in the diet in
gram quantities daily. For trace elements
(shaded bright yellow), the raquirements ar
miuch smaller: for humans, a few milligrams
per day of Fe, Cu, and Zn, even less of the
athers. The elemental requirements for
plants and microorganisms arz similar to
those shown here; the ways in which they
acquire thesa elements vary
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11 "'_‘l: = H. T é‘—H COO™ FIGURE 1-10 The organic compoumnds from which most cellular
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H2 Hz - (a) six of the 20 amine acids frem which all proteins are built (the
—MNE 'HZ sicde chains are shaded pink;; b the five nitrosenous bas=s, twao five-
& e = carbon sugars, and phaoasphoric acid from which all nucleic acids are
H \Nf"[ ~ : buile; (o) five compomnents of membrane lipids; and d) o-glucose, the
S= 8 . Cysteine parent sugar from which most carbohydrates are derived. MNots that
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Tyrrosine lipicl=.
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Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular  Macromolecules  Monomeric units
and its organelles complexes




Boaa kak pacrBopuresb

Note the ortentation
of the water molecules

g{\ﬂ Hydrated

jl Cl™ 1on

T

FIGURE 2-6 Water as solvent. Water dissalves many crystalline salts charges are partially neutralized, and the electrostatic attractions nec-
by hydrating their compaonent ions. The MaClcrystal lattice is disrupted essary for lattica formation are weakened.

as water molecules cluster about the CI7 and Na™ ions. The ionic



AMHUHOKHUCJIOTHI, BXOAALIME B CTPYKTYPY 0€JIKOBBIX MOJICKY.JI

ALIPHATIC AMING ACIDS cH cH CH;
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FIGURE 4-7 The 2 conformation of polypeptide chains. These top
and side views rewveal the R groups extending out firom the 2 shest
and emphasize the pleated shape described by the planes of the pep-
tide bonds. (An altermative name for this structurs is B-pleated sheat)
Hydrogen-bbond cross-links betweeaen adjacent chains are also shoaswno
(a) Antiparallel 2 she=t, in which the amino-terminal to carboooyl-
te=rmminal orientation of adjacent chains (arroavs) is invers=. (b)) Parall=l
B2 she=t
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Primary Secondary Tertiary Quaternary
strocture structure structure gtructure

i

Lys '

- a

Gly @

— R

Ay "

Leu g

Vi ¢ ’fq

- ¢ ;‘

Aln & 1Y

S )

E‘ ---------- J—“x ot ’ =

Amino acid reaidues a Helix Polvpeptide cham Assembled subunita

FIGURE 3-16 Levels of structure in proteins. The primary structure lix 15 2 part of the tertiary structure of the folded polvpeptide, which

consists of a saquence of aming acids linked together by peptide bands s itsalf one of the subunits that make up the quatemary structure of
and includes any disulfide bonds. The resulting polypeptide can be the multisubunit protein, in this case hemoglchin,
colled into units of secondary structurs, such as an & helix The he-
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MexaHu3M aencTBUA (PEPMEHTOB

[ 4 § e [Semmep [ 4 P

Qe ¢y6cnoan annubhl gepdesn  polyem
KOMNARIC

B npotecce depMeHTITHEHON Peakiuy obpaiyercs
MPOMERYTOUHEN  JepMeHT-CVOCTPATHREIT  KOMITIRKLE.
CyDeTpar CBAIHIBARTCH © EPMEHTOM B GXMUGHOM
WeRmpe, KOTOPEA COTAETCHA ONPEIeeHHON NpOCTpaH-
CTEEHHOH KoH(OPMALMER MONMHMENTHIHON WenH (HIH
NOMUNENTHAHL  wened), cbamkawomed  GOKOBEE
TPYONE  HEKOTOPEX  amuHokscior  (ser, His, Tyr
H OpYyrux) aIpyr ¢ apyrod. CyGcTpar cRAILIBAETCH
C AKTHEHEM UEHTPOM B HECKOJIBKMX ToukKax, obpa-
IVIDIHACA TAKHM 0Opa30M KOMIIEKC OGEMHO HECTa-
GHIEH H pacnafacTed ¢ obpazoBaHHeM NPoIyETOR
H cRODOIHOMD EpMENTA MOCHE MPOTEKAHHA XHMHYE-
CEOM peakiIiy.

bokoBEE LM AMHHOKHCIOT, oDPaIyioLIMe ak-
THEHEI LHeHTP, 00LYHO CIOCOOHE K HOHM3AUHH |KHC-
NOTEL), OONANAT HYVEJEO(HIEHEMHE (31eKTPOHOI0-
HOPEL) HIH SAEKTPODHIEHEMHE (208 KTPOHOAKIENTOPE )
cROMcTRAMH. HykneopHILHER TPYOMEL MOrYT OLITE
CBAAHH ¢ HOHaMK MeTanaos (Mn™, Mg, Zn™),
EOTOPEE B HEKOTOPRIX CAVYAAX COCTARISIOT HEOThH-
MIEMYID YacTk depseHTop. Boe oTH Ipymnmel yua-
CTEYIOT B cOpOUMM cyGCTPaToOR M NpeBpalléHHH HX
B NPOIVETEL.
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Puc. 4.2 AKTHBHEIN neHTp hep-
MeHTa (cxema) (mo Manepy n
Kopnacy).

TeMHBE TOJOCK - VIACTEN TOTHIED-

THAHOM wemt depMenTa; R - amiHo-
KHCIOTHEI OCTATER W HX NOPATKORLIE

HoMepa (¢ N-KoHma).

| (Qromog

I
Iﬂ
|
|

Hg—ﬂ-lr:qﬁ |

s
CeAsuBaklUMA  Katanumn- |
LeHT YaCkniA i'

S e Al |

—m e, —

AKTHEHEIA LEHTP

Manekyna XMMCTPHNCHHR
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3aBucuUMOCTb V (pepMEHTATHBHOM pPeaKUUu OT [S]

Puc. 4.12. Teopetndeckut rpadbuk 3a-
BHCHMOCTH CEOPOCTH diepMeHTATHEHOH
PeaKIHN OT KOHUEHTPAUHH cvieTpaTa
NMpH NOCTOAHHOR KOHUSHTPALIHK  dep-
MEHT.

- PEAKLINA MEpROTe nopaaks (mpu [8] < K
CKOPOCTE PEAKLIH NPOMNOPLUHOHATEHD KOH-
LEHTPALMK cyGeTpaTa); §- peakund CMelaH-
HOTO NOPAAKL; B- PeAKUHS HYTEROID TOpI-
ka, Korna ve=V__ W CKOpOCTE PEaklMH He
JARHCHT OT KOHUEHTPALHH cyGeTpara,

CEOPDOCTh eakKLLMK W

mis

MarcuManeHas crapocTe V

KoHUeHTpauna cybcTpata [9]
Ko
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HOMEHKJIATYPA U KITACCUOUKAIIUA PEPMEHTOB

| el g =

Moo oy nns

E O Tarm12ea 0y Srace [Ossss KLU

AL RO O LI R T e

M A o S TS 153
L ) LS O OO M= H BT =3 L1

I

B
&

—aCEl ——aO
N
i

S ——— |

— Rl ——
|
— A TR
|
— B L
A EL, MNATPE

=2 TiIamrcoha s

Moo O R L O ST = e [l = " |

=L M e ogoeouriEn=e

D40 DhpRe

iR NN

D O [ O H s T ST R

LN | S TR B Pl IO e Y e B P W B B =y mite] B ] 5 P e B o feme o N, pp | o | SN}
W I TR Wy =

I narccocapamca

S IR e O D ™ T}
=T T B Ty TS S Pl vy I ot s o, s U g [ SN )
SO O T TS O S S L s B TSR TNl

S e PO S OGRS L S T TR T
W o o N, O R L e g e N o T [ 5N ]

L= AT L) LI

I O o OB T S R (o T | B TR R |

=}, FMAase=ed

YL

T

COrmeOcsc D S e o =

T e 2 e

| | e i i S et w ] B T Lo ] =
=" g T W = Dot =1

e Wy B SR L o e = =T e |
SSH MO OO = Lo By Ll g Ly oy

L (= S = e TR T RPN BT T RN o P SO O T O cEsa=L1

ET Py =Tt 0 P e b ) B

<. n

-

—e =

L= O s O TS S

. NMrarsa=ea

P saras=aied 1 S ea i 1 o= kd
e —T s -l ornaappa e

E Dy T IR TS EO T B O =S (O T e o Sy
=== |

B T B s B M e - s
T S e S

WD o O R T TR - IS O =2 O EEa H T e
T

I W ———
S S —

T —
—_—— T —

14



TepMHUHBI SGH3UMOJIOTHH

o Mo HoBa ETHHHI QepMEHTATHRHON AKTHBHOCTH (k-
Sk A T2 weeHd B 19730 W MOTYYIIG HEMIEME Koma)
MHH

(KT}, QM COOTBETCTBYET KOMHYECTRY KaATATHIATOp,
Kommecrso Qepeama,  CTIOCOOHOTO TIPEBpalliaTh | MoMb CyGeTpara B mpo-

Mexgypomas e _ “m{“,fﬁ’ﬂ';%m‘“‘““‘ IVET 30 CERYHAY. MERIYHAPOTHAR eIMHAIA depyen-

temeaocry (ME) an TampHoil akmowoct ME ceAsama  karuioM oe-
IVIGIIMH - PABEHCTBANN:

Y ReTEHa8 BETHBEOCT = —— k1o karanop [ kar= | MoTbCyleTpara * ¢ = Mol * M =

Koo wmmoro e 0+ = g0+ oo™ = 6+ 10 ME

Yicno xarance | ME= 1 Moo * M = | /60 MEMOTE * (=

Momp T— = =1/
O/RPHA AKTHBHOCT Tt oetinen |/BOMEKAT= 16,67 HEAT.
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KoHKypeHTHOe HHTrMOUpOBaHue

Puc. 4.20. [dewctene  KoHky-
PEHTHOrD HHTUOMTOPA (CXeMa
no B Kpetopmay),

E- qepmenr; 5- cyberpar; P w
P, - mpoaykTe peakumm;, I- HHIH-
GHTOp.

E+l Komnnaks: El
(HEAKTMEHLIA |
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Kiaaccndpukanusa pepMeHTOB

TABLE 6-3  Intematlonal Classification of Enzymes

oo Class Tyne of reaction catalyzed

| ONdorecuctases ——— Tiansfer of electrons (hydride fons or H atoms)

! Transferases (roup transfer reacliong

3 dlases Hydrolyss reactions (ransfer of functional goups to water)

J 58 Acdtion of groups to double bands, or fomation of double bands by remaval of groups

d SB35 Transfer of goups within molectles to yield somenc forms

i gases Faimation of C—C, C—5, C—0, and C—N bonds by candensation reactions coupled to
ATP cleavage
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Kara06osm3m 0eJIKOB, ;KHPOB U YIJIEBOAOB B TPEX
CTAAMAX KJIETOYHOIO AbIXaHUS

Stage 1 FIGURE 16-1 Catabolism of proteins, fats, and carbohydrates in the

e o Glucose e i e three stages of cellular respiration. Stage 1: oxidation of fatty acids,

glucose, and some amino acids yields acetyl-CoA. Stage 2: oxidation

| G1rcorysa= | of acetyl groups in the citric acid cycle includes four steps in which

electrons are abstracted. Stage 3: electrons carried by NADH and

<:'i P"“‘"i‘tent FADH, are funneled into a chain of mitochondrial (or, in bacteria,

s SN B s i plasma membrane-bound) electron carriers—the respiratory chain—

7, il co. ultimately reducing Oz to Hz0. This electron flow drives the produc-
LL_i\.g, i tion of ATP.

Stage =2
AAacetyi-Co A
oxidation

< ate

Oxaloacetate

-‘/
.-/_/___ -
COz
..\
FADH. -
freduced <« carriers) Stage S
Flectryon tramsfer
and oxidative
S 5= rprhosphoryiation
~ 253" + Too
Respiratory
(electron-transfer )
chain H_O
/-— \
ADEY + ¥P; ATE
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HapyxHan MexmaembpaHHoe BHyTpeHHAR
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KIIACCUDOUKANIUA YIVIEBOJAOB

HOI[pﬂ3I[€JIHIOTCH Ha 3 OCHOBHBIX I'pynnsbl: MOHO-, OJIMI'O- U ITOJIMCAXAPUIBI.

Yrnesoabl
MoHocaxapuabl Onurocaxapwibl NMonucaxapwvnbl
(Auncaxapuabl, Tpwu-
caxapuagbl W1 T.4.)
AnbOoosbl KeTo3abl Frlomononn- MNeTepononu-
caxapuibl caxapuipbl
Monocaxapnmﬂ - IPOU3BOAHBIC MHOI'OATOMHBLIX CIIMPTOB, COJACPKAIIIUC

KAPOOHMWJIBHYIO (@/160€2UOHYI0 U KeMmOHHYI0) TPYIIILY: €CJIA 3Ta TPyIIia B
KOHIIE LIEMHA - MOHOCAXapu/l ABJISICTCS AJIbJAETHA0M U HA3bIBACTCA AJIbJA0301M.
[Ipu mr000M APYromM MOJOKEHUW ATOW TPYHIbI - SIBIAETCS KETOHOM U

Ha3bIBAECTCSA KETO30M.
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BasxxHenime rexco3nl

- IJII0K033, PPYKTO3a, rajIaKkT03a, MAHHO03a

CH,OH

J
.

H QH H H H OH oH H

B-0-Glucopyranase B-o-Mannopyranoss B-o-Galactopyranose B-o-Fructofurancse

docharbl rekco3 M MNeHT03 - (pykTo30-1,6-gucdocdar
(pecynamop memabonuzma yeneso0os), Kero3 (pubynozo- u
Kcunynozogocgham), TENTO3 (cedocenmynoso-7-chocgham),
TeTpOo3 (apumpozo-4-chocham).

Je3okcucaxapa - onHa u3 OH-rpynm 3amemiena Ha atrom H —
ae3okcupu0o3a, ammHocaxapa — OH-rpynma 3amenieHa
amuHoOTpymmon —NH.,,.
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OJIMTOCAXAPUJIBI

- comepxar 2-10 ocTrarkOB MOHOCAxXapuJIOB, COCANHECHHBIX
[JINKO3UJHBIMH ~ CBA3SIMM - JW-, TpUCaxapuiabl © T.JI.
Jucaxapuost — 2 MOJEKyJIbl MOHOCAXapuJ0B COECIUHECHBI
[JINKO3UJIHOM CBSI3BIO - OCHOBHBIE MCTOYHHUKM YIJIEBOJOB ITHIIU
— MaJbTOo3a (2110K03a + 211Ko3a), J1aKTo3a (2r1wkoza +
¢dpykmo3za) u caxaposa (21roko3a + zanakmosa):

CHyOH

NakToza

ManeToza
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Pacnmag riimkorena

Monreducing
ands
o 1—50
L 1

Glyvoogsen

glycogen
phozphorylase

o o @ o @ O—(D—C}—%
4 & 4 & J a o & g L o

Glhacose 1-phoaphate
maolecules

transferase
activity of
debranching

enzyme FIGURE 15-4 Glycogen breakdown near an (a1—6) branch point.
Following sequential removal of terminal glucose residues by glveo-
—  gen phosphorylase (see Fig. 15-3), glucose residues near a branch are
removed in a two-step process that requires a bifunctional “de-

(ol —s60 . - , g . T
glucosidase branching enzyme.” First, the transferase activity of the enzyme shifts

activity of 2
debranching a block of three glucose residues from the branch to a nearby nonre-
enzyine C}' Grincose . . ' . |} .

ducing end, to which they are reattached in (a1 —4) linkage. The sin-

' —  gle glucose residue remaining at the branch paint, in (a1-6) linkage,
R — is then released as free glucose by the enzyme’s (@l—6) glucosidase

substrate for further activity. The glucose residues are shown in shorthand form, which
phozphoryvlasa action Y , .
omits the —H, —0OH, and —CH,OH groups from the pyranose rings.




BaxHedInue myTH YTHIM3AMUM [VIIOKO3bI

Glycogen,
starch, sucrose

storage
Glucose
oxidation via
pentose phosphate oxidation via
pathway glrcolysis
Riboze 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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IocaeaoBaTeJIbHOCTH PeaKIUH ITIMKOJIA3A
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ENERGY INVESTMENT PHASE

CH_OH
H o H Reactions @ — ©
oH i > Glucose Activation by phosphaorylation
HO OH 2 ATPs invested
I oH <D

Reactions €9 and ©
Cleavags of 1 sik-carbon sugar
I Fructose- I phosphata to 2 three-sugar

1.6-bisphosphate phosphates
P'S ) H,C —©O ®
- ? —H Glyceraldehyde- _ Dihydroxyacetone (!.' —r

2-phosphate rphosphate 1
HC —OH HC — OH
H,C —O @
ENERGY GENERATION PHASE o Reaction &
(l:l] Z NADH Genaeration of 2 NADH and &
super-high-ener compound
5. L o 4—® E 2 Zh =
| 1.2-Bisphospho-
HCI: — OH glycerate
HC— O @
= 7 Reaction @
2 W Substrate-levael phosphorylation
2 (|;oo— 2 ATPs generated
2-FPhospho-
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FIGURE 14-3 Three possible catabolic fates of the pyruvate formed

im glycelysis. Pyruvate also serves as a precursor in many anabolic re-
actions, mot showven here.
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FIGURE 15-15 Glycolysis and gluconeogenesis. Opposing path- (the “bypass reactions™) and glycolysis: seven steps are catalyzed
ways of glycolysis (pink) and gluconeogenesis (blue) in rat liver. by the same enzymes in the two pathways. Cofactors have been
Three steps are catalyzed by different enzymes in gluconeogenesis omitted for simplicity.
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and resnters the pathveay, Acetats, a key metabolic intemmediats, is
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CTPYKTYPA HYKIEHHOBBIX KHCIOT

B ocHOBE CTPYKTYPH HYKIEMHOBHX KHCIOT TEXHT
kapkac, obpasopauuui docdopHol KHLIOTON, CBAIIH-
Hol ANSGHPHEME CBAAMH ¢ MONEKYIANH JE30KCHPH-
boakl (THK) wmn pubods (PHK) Takus ofipasom,
(ochophas KAcoTa chavada ¢ C* npenmectTeyomed
puboant 1 ¢ -OH mpn C coenynmed prbor. Oc-
HOBAHHE Bera chaaro ¢ €' N-TIHKOIMIHOH cBtibio
[TOCKOMERY HYKTEHHOBLEE KMCTOTE! COCTOAT M3 TIOCTE-
TOBATENRHO CAZAHHBIX HYKJICOTHAOB, HX HARLIBAKT
MOTHAYEAEOTHAGNH, Ha CYEME NOKIMME PATHYHEE
CnocodH HA0GPIXENNT CTOYKTYPA HYKTEHHOBHY KHC-
10T, HyK1eoTiiHas MOCTEI0BATENEHOCTE COKpAILGET-
C4 € HCMOMLIOBANHEM OfHOOYKBEHHL CHMBOTOR (A,
G, T, C, Uy nng wykneorwnon Wop-10d docdarrof
TpYIEL 10 0TCROPEHHOCTH 3-KOHEL MOTHHYKIEOTHI-
Hol 1emH MHIYT clemd, a J-Konen-copasa. [TpHuep
pTpCpl e pUpG.
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