eHHO-UHXXeHepHble U OesIKoBble TeEXHOSNOrnMm B
cdmnsmonornmn pacteHnm n cenbCKOM X03ANCTBE

CTPYKTYPHO-(hyHKLMOHaNbHaA opraHu3auuns reHoB "
OenkoB. dKcnpeccus reHoB U bMoOCUHTE3 berka,
KFIeTOYHbIU KOHTPOJSIb 3TUX NpoueccoB. [eHbl
NPOAYKTUBHOCTU paCTeHUMN.
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YpoBHM opraHusauum (MexgyHapogHas
knaccudgpukauusa, 2011 ron):

Atoms
Molecules
Assemblies
Cells
Tissue

Organ

Organ system

Organism

Population

ACHIEVABLE COOLING RATE




PacTtutenbHble KneTku (bonbliasa 4yacte bMomMacchbl Ha nriaHeTe)
nuwia, TONIMBO, MaTepuarnbl, BATaMUHbI U T.A.

Ribosomes Endoplasmic Golgi

Reticulum Apparatus

Endoplasmic
Reticulum

o

vitochondri

NucleusE-

M:';sbr:ne 9 \\

0
Golgi / ;
iofahie °O.-/

Centriole

Animal Cell Plant Cell

Chloroplast
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COCTaB
TUNMNYHOM
KINeTKU

bacterial
cell

ﬁ

30%
chemicals

=\

70%
H,0

ions, small
molecules (4%)

phospholipids (2%}
__| DNA {1%)

,f RNA {6%)

proteins (15%)

polysaccharides (2% _|

(adeanwurouong)

1auriaronwodie



Ooowmun npnHUMN

HO— NIl — 2 — e — H HO — —H
obpa3oBaHuA U pacnaga
Short polymer 'ww monomer oviononu MepoB
Dehydration removes a water H,0

molecule, forming a new bond

Thee . = . W . W . WY CUHTesS.........

Longer polymer
(a) Dehydration reaction in the synthesis of a polymer

/_.--— H,0
Y acna
HO— IS e a— H P A
Hydrolysis adds a water
molecule, breaking a bond
Y
HO I a— H HO — —H

(b) Hydrolysis of a polymer

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings



Bcero 20 aMMHOKUCIOT y4acTBYeT B oOpa3oBaHUn GenikoB U Apyrux
peakumax
(MexxpyHapoaHble Ha3BaHUA U Knaccudgukauuma):

{ \ | \ i .‘,. f
AMINO ACII CHA

Asparticacid Asp D negative Alanine Ala A nonpolar
Glutamic acid Glu E  negative Glycine Gly G nonpolar
Arginine Arg R  positive Valine Val 'V  nonpolar
Lysine Lys K positive Leucine Leu L nonpolar
Histidine His H positive Isoleucine lle | nonpolar
Asparagine Asn N uncharged polar Proline Pro P nonpolar
Glutamine Gin Q uncharged polar Phenylalanine Phe F  nonpolar
Serine Ser S uncharged polar Methionine Met M nonpolar
Threonine Thr T uncharged polar Tryptophan Trp W nonpolar
Tyrosine Tyr Y uncharged polar Cysteine Cys C nonpolar
— - POLAR AMINO ACIDS e e NONPOLAR AMINO ACIDS —

Figure 4-3 Twenty different amino acids
are found in proteins. Both three-letter and
one-letter abbreviations are presenled. As
shown, there are an equal number of polat
and nonpolar side chains. For atomic
structures, see Panel 2-5 (pp. 74-75).



ApeHo3uHTpudocdogar - ATO

{B)

e AT® - HyKneoTuna

° npeAawecrBeHHUK onocuHTesa
HYKJIEMHOBbLIX KUCJIOT

®* ACTOYHUK SHEpPrmum

* MegMnaTop, HeMpPoTpPaHCMUTTEP,
perynsitop

Figure 2-23 Adenosine triphosphate
(ATP) is a nucleotide whose reactivity
resides in its terminal phosphate groups.
(A) Structural formula. (B) Space-filling
model. In (B) the colors of the atoms are
C, black; H, white; N, blue; O, red: and
P. green. The deoxyribonucleotide version
of adenosine triphosphate (dATP) differs
only in that a hydrogen atom replaces the
hydroxyl group shaded in yellow in (A).

Adenine NH2

c

N
o o NN

P "
10 —=P—O0 P 0P
| | |
(o (0 (o
Phosphate groups

CH



CTpOQH e HYKJ1IeMHOBbIX KUCIOT.

5" end

Phosphate
group

(b) Nucleotide

3'end

(a) Polynucleotide, or
nucleic acid

(c) Nucleoside components
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Panel 2-4 Fatty acids and other lipids

/
FATTY ACIDS

Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated

\ [ |
(‘iH_, ?H_, cle

' 4
TRIACYLGLYCEROLS

stearic oleic i

acid acid
(€l {Cral J i

All fatty acids have carboxyl groups “0 0 o
with long hydrocarbon tails. p \(_/ \c/
COOH (l()(m COOM |
|
Cle (I:H: Cle
?H_' (le.' ?"'J This double bond
CH, CH, CH, is rjgiq and crea'fes
| |- | /2 kink in the chain.
CH, CH, CH, The rest of the chain stearic
| | | is free to rotate Ras
‘[-‘H: Cle (lfH.v about the other C-C
%m (lez H, bonds.
(IIH. ?H_, (I‘H_,
(’TH ) (iZH_. l(il'l
?’h (l:HJ ?H space-filling model carbon skeleton
CH,¢  CH, CH, UNSATURATED ~ SATURATED
P e e
CIHZ clHI cle -7
CH, CH, CH, -

(I-Hz CH, CH, o glycerol to form triacylglycerols. HC—0H
i i |
C‘Hz CH, ?"'z _— B Y N S vt atat JC—Ol
CH, g;l(rlmti«- CH, (“) 1,C—Ol
C‘H (Cye) (l‘H ‘ A N e NN SN NN
3 3 HC —0) .
| )

Fatty acids are stored as an energy reserve
(fats and oils) through an ester linkage to

p
| CARBOXYL GROUP

If free, the carboxyl group of a
fatty acid will be ionized.

R |

But more often it is linked to
other groups to form either esters

or amides.

Phospholipids are the major constituents
of cell membranes.

PHOSPHOLIPIDS

__. hydrophobic
T fatty acid tails

. ' phosphatidylcholine

In phospholipids two of the -OH groups in
glycerol are linked to fatty acids, while the third
-OH group is linked to phosphoric acid. The
phosphate is further linked to one of a variety
of small polar groups (alcohols).

general structure of
a phospholipid

LIPID AGGREGATES

Fatty acids have a hydrophilic head """
and a hydrophobic tail. —-

‘——\» micelle

In water they can form a surface film
or form small micelles.

Their derivatives can form larger aggregates held together by hydrophobic forces:

Triglycerides form large spherical fat Phospholipids and glycolipids form self-sealing lipid

droplets in the cell cytoplasm.

! 200 nm
B or more

o

testosterone—male steroid hormone

HO

cholesterol—found in many membranes

GLYCOLIPIDS
Like phospholipids, these compounds are composed of a hydrophobic

region, containing two long hydrocarbon tails, and a polar region,
which, however, contains one or more sugar residues and no phosphate.

| alactose
H OH @
(I' c| T CIH E‘ga’
NN N T residue
I H
H
P G G e U T e W e P
C=NH asimple
L o glycolipid
0 c

T
hydrocarbon tails

bilayers that are the basis for all cellular membranes.

OTHER LIPIDS Lipids are defined as the water-insoluble iy
molecules in cells that are soluble in organic N\
solvents. Two other common types of lipids /C —CH=CH,
are steroids and polyisoprenoids. Both are CH,y isoprane
made from isoprene units.

STEROIDS Steroids have a common multiple-ring structure.

POLYISOPRENOIDS

long-chain polymers
of isoprene

O

dolichol phosphate—used
1o carry activated sugars

in the membrane-associated
synthesis of glycoproteins
and some polysaccharides

-
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Panel 2-3 An outline of some of the types of sugars

7
MONOSACCHARIDES
Monosaccharides usually have the general fgrmula (CH,0),, where ncan be 3, 4, 5, or 6, and have two or more hydroxyl groups.
They either contain an aldehyde group (-C<H ) and are called aldoses or a ketone group ( >C=0) and are called ketoses.
3-carbon (TRIOSES) 5-carbon (PENTOSES) 8-carbon (HEXOSES)
-
H—(lf—OH
2 HO—C—H
3 I
g H—C—OH
H—(IZ—OH H—C—OH
H—(‘:—OH H—?—()II
H H H
glyceraldehyde ribose glucose
0
w
:
¥
H—C—OH
L .
H
dihydroxyacetone ribulose fructose
(.
RING FORMATION ISOMERS
In aqueous solution, the aldehyde or ketone group of a sugar Many monosaccharides differ only in the spatial arrangement
molecule tends to react with a hydroxyl group of the same of atoms—that is, they are isomers. For example, glucose,
molecule, thereby closing the molecule into a ring. galactose, and mannose have the same formula (CgH;,0g) but
Ho O differ in the arrangement of groups around one or two carbon
ol CH0H atoms. ciisa
H= (I‘ —OH :
H()fcl‘-H glucose
H=-C-0OH
H=C—OH CH,OH H  OH
CH,OH H / ] OH galactose
Hie @
‘\(I// HO
H=C-0H ribose H OH
il glucose
gl
H=C-0H These small differences make only minor changes in the
éH,()H chemical properties of the sugars. But they are recognized by
enzymes and other proteins and therefore can have important
biological effects.

kNme that each carbon atom has a number.

L

i N
« AND B LINKS

The hydroxyl group on the carbon that carries the

aldehyde or ketone can rapidly change from one

position to the other. These two positions are called

aand B.

The hydroxy! groups of

groups. For example,

| s hydroxyl

i« hydroxyl

QH
As soon as one sugar is linked to another, the o or

B form is frozen. glucuronic acid

7. N

SUGAR DERIVATIVES

a simple monosaccharide
can be replaced by other

CH,OH

glucosamine

N-acetylglucosamine

, S

-

DISACCHARIDES

The carbon that carries the aldehyde
or the ketone can react with any
hydroxyl group on a second sugar
molecule to form a disaccharide.
Three common disaccharides are

CH,OH

o glucose

maltose (glucose + glucose)
lactose (galactose = glucose)
sucrose (glucose = fructose)

The reaction forming sucrose is
shown here.

\

SUCrose

3 fructose

-~
OLIGOSACCHARIDES AND POLYSACCHARIDES

Large linear and branched molecules can be made from simple repeating units.
Short chains are called oligosaccharidas, while long chains are called
polysaccharides. Glycogen, for example, is a polysaccharide made entirely of
glucose units joined together.

glycogen

branch points —

\.

i~
COMPLEX OLIGOSACCHARIDES

In many cases a sugar sequence

is nonrepetitive. Many different
molecules are possible. Such
complex oligosaccharides are
usually linked to proteins or to lipids,
as is this oligosaccharide, which is
part of a cell-surface molecule

that defines a particular blood group.




MONOSACCHARIDES

Monosaccharides usually have the general formula (CH,0),, where ncan be 3, 4, 5, or 6, and have two or more hydroxyl groups.
They either contain an aldehyde group (—c\H ) and are called aldoses or a ketone group ( c=0) and are called ketoses.

—C—0H
(I: —OH
I
glyceraldehyde ribose
H
H H (IZ—OH
H—(II —OH
H HO—C
H—=<—0H H=C—0DH H—('Z-—OH
H—C—OH l-l—(lf—OH
H—C —OH H—C—0OH H—C—O0H
b ! h

dihydroxyacetone ribulose fructose




/RING FORMATION

In aqueous solution, the aldehyde or ketone group of a sugar
molecule tends to react with a hydroxyl group of the same
molecule, thereby closing the molecule into a ring.

Ho 0
o CH,OH

mfé—OH

HO=C—H
H=C—OH
H—C—OH

|
CH,OH

(lucose

rioss

Ty o OH  OH
CH,0H

Note that each carbon atom has a number. )
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OLIGOSACCHARIDES AND POLYSACCHARIDES

Large linear and branched molecules can be made from simple repeating units.
Short chains are called oligosaccharidas, while long chains are called
polysaceharides. Glycogen, for example, is a polysaccharide made entirely of
glucose units joined together.

o

branch points — glycogen

\

rCOMPLEX OLIGOSACCHARIDES CHOH

In many cases a sugar sequence

is nonrepetitive. Many different
molecules are possible. Such
complex oligosaccharides are
usually linked to proteins or to lipids,
as is this oligosaccharide, which is
part of a cell-surface molecule

that defines a particular blood group.

\.




Chloroplast Starch

['Yon | %“A =
ylopectin
Teo
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(a) Starch: a plant polysaccharide

Mitochondria Glycogen granules
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(b) Glycogen: an animal polysaccharide



Large Biological Molecules

Concept 5.2
Carbohydrates serve as fuel and
building material

Concept 5.3

Lipids are a diverse group
of hydrophobic molecules
and are not macromolecules

Concept 5.4

Proteins have many structures,
resulting in a wide range of
functions

Concept 5.5
Nucleic acids store and transmit
hereditary information

Components

CH,OH

Monosaccharide monomer

Glycerol

|
i i }3 fatty acids
[——]

¢ Head

{ with(®
J=—>2 fatty
) (\ acids

(0]

Steroid backbone

Amino acid monomer (20 types)

Nitrogenous base

Phosphate
group

@®—cCH;

Nucleotide monomer

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

Examples

Monosaccharides: glucose,
fructose

Disaccharides: lactose, sucrose

Polysaccharides:

« Cellulose (plants)

« Starch (plants)

+ Glycogen (animals)

« Chitin (animals and fungi)

Triacylglycerols (fats or oils):
glycerol + 3 fatty acids

Phospholipids: phosphate group
+ 2 fatty acids

Steroids: four fused rings with
attached chemical groups

« Enzymes

« Structural proteins
« Storage proteins

« Transport proteins
» Hormones

» Receptor proteins
« Motor proteins

+ Defensive proteins

DNA: WA NN
« Sugar = deoxyribose

« Nitrogenous bases = C, G, A, T
« Usually double-stranded

RNA: 7N N\

+ Sugar = ribose

« Nitrogenous bases = C, G, A, U
+ Usually single-stranded

Functions

Fuel; carbon sources that can be
converted to other molecules or
combined into polymers

« Strengthens plant cell walls
« Stores glucose for energy
« Stores glucose for energy

« Strengthens exoskeletons and
fungal cell walls

Important energy source
>

Lipid bilayers of membranes

Hydrophobic
tails

Hydrophilic
heads

« Component of cell membranes
(cholesterol)

« Signals that travel through the
body (hormones)

« Catalyze chemical reactions

« Provide structural support

« Store amino acids

« Transport substances

« Coordinate organismal responses
« Receive signals from outside cell
« Function in cell movement

« Protect against disease

Stores all hereditary information

Carries protein-coding
instructions from DNA to protein-
synthesizing machinery



Large Biological Molecules

Concept 5.2
Carbohydrates serve as fuel and
building material

Concept 5.3

Lipids are a diverse group
of hydrophobic molecules
and are not macromolecules

Components

H OH

Monosaccharide monomer

Glycerol
’ } 3 fatty acids
J

Steroid backbone

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

Examples

Monosaccharides: glucose,
fructose

Disaccharides: lactose, sucrose

Polysaccharides:

+ Cellulose (plants)

» Starch (plants)

+ Glycogen (animals)

+ Chitin (animals and fungi)

Triacylglycerols (fats or oils):
glycerol + 3 fatty acids

Phospholipids: phosphate group
+ 2 fatty acids

Steroids: four fused rings with
attached chemical groups

Functions

Fuel; carbon sources that can be
converted to other molecules or
combined into polymers

+ Strengthens plant cell walls
+ Stores glucose for energy
+ Stores glucose for energy

+ Strengthens exoskeletons and
fungal cell walls

Important energy source
7 =

Lipid bilayers of membranes

aaaaaaa ~ Hydrophobic
Hl’ | fﬂy tails
Hydrophilic £ LI

heads

+ Component of cell membranes
(cholesterol)

+ Signals that travel through the
body (hormones)



Large Biological Molecules

Concept 5.4

Proteins have many structures,
resulting in a wide range of
functions

Concept 5.5
Nucleic acids store and transmit
hereditary information

Components
R R
Hy 0
. |
N c 7
H OH

Amino acid monomer (20 types)

Nitrogenous base

Phosphate
group

@—c g

Nucleotide monomer

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

Examples

+ Enzymes

« Structural proteins
+ Storage proteins

+ Transport proteins
+ Hormones

+ Receptor proteins
+ Motor proteins

+ Defensive proteins

DNA: W\
+ Sugar = deoxyribose

+ Nitrogenous bases = C, G, A, T
+ Usually double-stranded

+ Sugar = ribose
« Nitrogenous bases = C, G, A, U
+ Usually single-stranded

Functions

+ Catalyze chemical reactions

+ Provide structural support

+ Store amino acids

+ Transport substances

+ Coordinate organismal responses
+ Receive signals from outside cell
+ Function in cell movement

+ Protect against disease

Stores all hereditary information

Carries protein-coding
instructions from DNA to protein-
synthesizing machinery



Pa3HoobOpa3ne KoMOUHaUMM Tpex NonMmMmepoB onpenensieT pasHoobpasue
XXMBOroO Ha nnaHete. PacTteHus, XX MBOTHbIE N FPUObLI UMEIOT OA4NHAKOBbLIE
«MOHOMEPbI» U MPUHLUUNbI UX COeANHEHUA B MaKPOMOSEKYrbl, HO
Onarogaps OTNMYUAM B MONEKYNAPHOMU CTPYKTYpE U opraHnsaumm, oHu
MOFYT CUNbHO OTNINYaTbLCA Ha KNeTOYHOMN N OPraHN3MeHHOM YpOBHe.




CeMb pyHKUMOHANbHbLIX FPYMM, KOTOPbIe
Hanobonee BaXHbl B OMOXMMUYECKUX
npoueccax:

— 'mapokcunbHas

— Kap6oHunbHan

— KapbokcunbHas

— AMUHO

— CynbdrmapunbHas
— PochaTHan

— MeTunbHas



Fig. 4-10c

Carboxyl
STRUCTURE NAME OF
//O Carboxylic acids, or organic acids COMPOUND
® <
@ -
EXAMPLE oH - . FUNCTIONAL
H o as acidic properties PROPERTIES
| // because the covalent bond between
H“-C'—C\ oxygen and hydrogen is so polar; for
|!| OH example,
Acetic acid, which gives vinegar its sour T /o T /Q
/ /
taste H—C—C +—H—C— g w
1
Acetic acid Acetate ion

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

® Found in cells in the ionized form
with a charge of 1-and called a
carboxylate ion (here, specifically,
the acetate ion).



Fig. 4-10d

STRUCTURE
y H
/
@
N
¢‘=) H
EXAMPLE
H
(@) H
N
C—C—an
/|
HO H H
Glycine

Because it also has a
carboxyl group, glycine is
both an amine and

a carboxylic acid;
compounds with both
groups are called amino
acids.

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

Amino

P NAME OF
COMPOUND
FUNCTIONAL

® Acts as a base; can pick PROPERTIES

up an H* from the
surrounding solution
(water, in living

organisms).
H
- |
—N —*tN—H
\H '[I
(nonionized)  (ionized)

® lonized, with a charge
of 1+, under cellular
conditions.



Fig. 4-10e

STRUCTURE

EXAMPLE

Sulfhydryl
—SH Thiols
(may be written
HS—)
O% o OH ® Two sulfhytflryl groups can
C react, forming a covalent
| bond. This “cross-linking”
H_?_CHz_SH helps stabilize protein
structure.
/N\
H H
Cysteine ® Cross-linking of

cysteines in hair

proteins maintains the
curliness or straightness of
hair. Straight hair can be
“permanently” curled by
shaping it around curlers, then
breaking

and re-forming the
cross-linking bonds.

Cysteine is an important
sulfur-containing amino acid.

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

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES



Fig. 4-10f

STRUCTURE
) 0
|
@ O oro
¥ Ll
EXAMPLE

BN
et
H H H o~

Glycerol phosphate

In addition to taking part in many
important chemical reactions in
cells, glycerol phosphate provides

the backbone for phospholipids, the

most prevalent molecules in cell
membranes.

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

Phosphate

Organic phosphates

® Contributes negative charge to
the molecule of which it is a part
(2— when at the end of a
molecule; 1- when located
internally in a chain of
phosphates).

® Has the potential to react with
water, releasing energy.

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES



Fig. 4-10g

Methyl

STRUCTURE
) "
@ o
& H
EXAMPLE 'l‘lH2
H. _C-~_ .CH;
O%C\N/C\H

|
H

5-Methyl cytidine

5-Methyl cytidine is a component
of DNA that has been modified by
addition of the methyl group.

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

Methylated compounds

® Addition of a methyl group to
DNA, or to molecules bound to
DNA, affects expression of
genes.

® Arrangement of methyl groups

in male and female sex
hormones affects
their shape and function.

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES
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YyeHble, KOTOpPble y4acTBOBaNU B OTKPbITUMU CTPYKTYpbI OHK

7

Linus Pauling, USA

Maurice Wilkins, NZ Rosalind Franklin, UK



[lepBOE NpaBuno
Yapradpa:

B npupoaHoun [1HK konnyecTtBO eguHuny,
ryaHuHa paBHO KONM4ecTBY eaAUHUL,
LMTO3MHA, TOrAa KaK Korim4ectBo
eAVNHUU afeHUHa paBHO KOnn4yecTBY
eaAVNHUL TUMMUHA.

B tTunnyHon OHK aykapuot
(npumep: OHK yenoBeka):
A=30.9%, T=29.4%,;
'=19.9% LU=19.8%.




Pyrimidines: Purines :

uracil, cytosine, thiamine Adenine, guanosine




(BASES

0
(l.
NI e 7 \MI
5 “ U l uracil ) o .
] HC c The bases are nitrogen-containing ring
C . 8 \” compounds, either pyrimidines or purines.
e n H
” C l cytosine
HC C N
NN O
H \“ : N :
| | ! 8
H( S /(' . | 74 Y
'('l NI N N
|l il
HC €
yming N 0 PYRIMIDINE PURINE
thymine N

NH,
|
IA
adening /\ >c /('\\
HC | A |
\ A
N/( 3 /( §
1 N
()

N ZEN

(¢ NH
H('/ ” G |

guanine x\”( NS /( N

H N

“NH,

Ctpyktypa ocHoBaHuu B AJHK n PHK:

MMPUMNAOUHDLI.

ypauun

y UWTO3UH, TUAMUH

NYPUHDbI.

afleHWH, ryaHO3uH




PHOSPHATES

The phosphates are normally joined to
the C5 hydroxy! of the ribose or
deoxyribose sugar (designated 5'). Mono-,
di-, and triphosphates are common,

O
: & asin
0O— P—0O—EHS
ﬂ f”’ AMP
0"
O O
~C I ", asin
) ll'—()—l—-u»-(—l:l-lz ADP
(oh 0O
R A
Ay asin
9] ll’ 0 r]* O f" 0 (':H, ATP
()8 (@ 0

The phosphate makes a nucleotide
negatively charged.

/
NUCLEOTIDES

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more
phosphate groups.

BASIC SUGAR
LINKAGE

N.glycosidic
bond

The base is linked 10
the same carbon (C1)
used in sugar-sugar
bonds,

BASE
NH,
PHOSPHATE l N
I /i\
I N O
T=Pe-0—CH,
0"
Nucleotides
are the OH Ol
subunits of SUGAR
the nucleic acids. LA /Al
Nucleotide

HyKkneomuad

Nucleoside

HyKneo3ud



PasHunuya B caXape B HYKJIeMHOBbIX KUCJTIOTaXx:

(SUGARS

PENTOSE

a five-carbon sugar

Each numbered carbon on the sugar of a nucleotide is
followed by a prime mark; therefore, one speaks of the
“S-prime carbon,” etc.

two kinds are used

HOCH

HOCH,

Ol

(4

O

oeribose
used in ribonucleic acid

-0-2-deoxyribose
used in deoxyribonucleic acid

J




AOpyrne doyHKUUM

NUCLEOTIDES HAVE MANY OTHER FUNCTIONS
HyKIlneoTnaosB

1

They carry chemical energy in their easily hydrolyzed phosphoanhydride bonds

(noMumMoO reHeTUYECKON):

|
phosphoanhydride bands

O 0 < “
[ f NN F

€)= () =1 CQ—C0

4 0 )
example: AT {or m) H  OH

NH
2 They combine with other groups to form coenzymes,
AN N
Nt \H: N
H 1 O H H O H ClH (9] 0 N~ N
\ |
| | I I [l
HS—( { =N—( —( ( N={ —( —( C-0O—P—0—P—0—C(1I
| | | P
HoHH H Wl 1o CH N 9] 0 2
|
|
oaneyme A (CoA
example f a ot
O=pP=0
Q)
3 They are used as signaling molecules in the cell,
N,
example: cyche AMF J
Na AN
/ N
<
Vi Z
N
i
‘ O
0 \
O=p——=0 QH
|



(

Study this carefully to memorize general structure and nomenclature.

g

NOMENCLATURE The names can be confusing, but the abbreviations are clear.
~ BASE NUCLEOSIDE ABBR. Nucleotides are abbreviated by
T three capital letters. Some examples
adenine adenosine A follow:
guanine guanosine G AMP = adenosine monophosphate
dAMP = deoxyadenosine monophosphate
cytosine cytiding C UDP = uridine diphosphate
ATP = adenosine triphosphate
uracil uridine u
thymine thymidine ¥

BASE + SUGAR = PHOSPHATE «~ NUCLEOTIDE




[MpocTpaHcTeHHoe
Pasmepsbl cnupanu: BogopogHsle cea3u: pacnorioxeHne yacTei

(no usetam):

Hydrogen bond

(a) Key features of (b) Partial chemical structure (c) Space-filling model
DNA structure

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






Purine + purine: too wide

Pyrimidine + pyrimidine: too narrow

Purine + pyrimidine: width
consistent with X-ray data

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

Hydrogen bonding

(D between bases
important in double
O O helix. Two between A

and T: three between G
and C.

Adenine (A) Thymine (T)

Guanine (G) Cytosine (C)

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



© Synthesisof J
mRNA in the nucleus

CYTOPLASM

@ Movement of
mRNA into cytoplasm
via nuclear pore

© Synthesis ,
of protein
5 0
0
’ o'iAmlno
Polypeptide acids

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

DNA to RNA to protein:

a diagrammatic overview of
information flow in a cell.

Both DNA and RNA are nucleic
acids



Completed

@/{p/olypeptide

Growing
polypeptide

lp:omingl Start of mMRNA b
ribosomal (5o
subunits End of mRNA

(3’ end)

(a) An mRNA molecule is generally translated
simultaneously by several ribosomes in clusters
called polyribosomes.

Copyright & Pearson Education, Inc.. publishing as Benjamin Cummings.

MRNA is translated into a
polypeptide/protein in the
cytoplasm.

(b) This micrograph shows a large polyribosome in
a prokaryotic cell (TEM).

Ribosomes are composed of
RNA and protein

Campbell and Reece 8 Figure 17.20 Polyribosomes



Amino acid
attachment site

Amino acid
attachment site

AEERRRRRIE

Hydrogen
bonds

A.l

aVEREEEGERIGIE 6 6 > K

(3) || |a||G| (5)
}Anticodon
Anticodon

Anticodon

(a) Two-di ionai:struct (b) Three-dimensional structure (c) Symbol
a) Two-dimensional structure

Copyright ® Pearson Education, Inc., publishing as Benjamin Cummings. Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

Transfer RNA is an adaptor molecule bringing in
amino acids in the synthesis of protein.

Campbell and Reece Figure 17.14 The structure of transfer RNA
(tRNA).



Campbell and
Reece 8 Chapter
17

Type of RNA

Table 17.1 Types of RNA in a Eukaryotic Cell

Functions

Messenger RNA (mRNA)

Transfer RNA (tRNA)

Ribosomal RNA (rRNA)

Primary transcript

Small nuclear RNA
(snRNA)

SRP RNA

Small nucleolar RNA
(snoRNA)

Small interfering RNA
(siRNA) and microRNA
(miRNA)

Carries information specifying
amino acid sequences of proteins
from DNA to ribosomes.

Serves as adapter molecule in
protein synthesis; translates
mRNA codons into amino acids.

Plays catalytic (ribozyme) roles

and structural roles in ribosomes.

Serves as a precursor 1o mRNA,
rRNA, or tRNA, before being

processed by splicing or cleavage.

Some intron RNA acts as a ribo-
zyme, catalyzing its own splicing,

Plays structural and catalytic
roles in spliceosomes, the
complexes of protein and RNA
that splice pre-mRNA.

Is a component of the signal-
recognition particle (SRP), the
protein-RNA complex that recog-
nizes the signal peptides of
polypeptides targeted to the ER.
Aids in processing of pre-rRNA
transcripts for ribosome subunit
formation in the nucleolus.

Are involved in regulation of
gene expression.

These first three are
the types of RNA that
you need to know
about:



Table 17.1 Types of RNA in a Eukaryotic Cell

Type of RNA

Functions

Messenger RNA (mRNA)

Transfer RNA (1RNA)

Ribosomal RNA (rRNA)

Carries information specilying
amino acid sequences of proteins
from DNA to ribosomes.

Serves as adapter molecule in
protein synthesis; translates
mRNA codons into amino acids.
Plays catalytic (ribozyme) roles
and structural roles in ribosomes.



OH

Peptide
bond
OH

CHa2 CH2

What is this
reaction

?
called” oM

H,O
OH s
OH SH >ts:li'::ieirlss
| Peptide |
CHy CHz bond  CH, )
H ‘ | H )
HINECEl USRI Srpming
hé e hé
f b
Amino end Carboxyl end

(N-terminus)

(b)

(C-terminus)

Copyright © Pearsen Education, Inc., publishing as Benjamin Cummings.

Proteins

Making a polypeptide chain

Amino acids are linked by
the formation of a peptide
bond

Note the different side
chains of the amino acids



oy 28000 The pri tructure of a protein |
HyN - R e primary structure of a protein is
Amino end

o Leu

. amdn s the sequence of amino acids
m.my‘ Ala Ala

Gly
Leu
Asp 25
20 Ser
Asa_ G'Ym & OWAM
L A:g an T
> Ala
é 0'“ph.Lys Ala cyg Val
r

Asn 45
Phe . Arg™5" The
—~ The A%0 Asp
mm' Gin Ala ol
=l y

Ser
55

The
Leu lle Gly W’Af‘_’
Gin B3
e & .Aln“lﬂ
0 < Trp 2 aly
Ser Arg »

Ar
0 The p

Pro
Leu Ala

n_'7Asn
Asp &0 Cys
19 the a1a Ser Val

Asn

085

100 yar lie Lys Lys Ala C¥8
Ser

a v."l’J
Asp 05 Ala' P Al
Asn
Gly Met Trp
Arg
120 115
Val ASP Th Gty Lys Cys Arg y
4 0
Ala 128
Trp 126 A‘guu_c

lie Arg %w‘ ~

Carboxyl end
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Campbell and Reece
Figure 5.19

Conformation of the enzyme
lysozyme. Two types of model, the
ribbon model and the space filling
model

(a) A ribbon model

The substrate molecule in
bacterial cell walls binds in
the groove

(b) A space-filling model



(a) Primary S
structure D z

(b) Secondary structure
(c) Tertiary structure S

(d) Quaternary structure
Copyright © Pearson Education, Inc., publishing as Benjamin Cummings.

Campbell and Reece 8 Figure 5.21 Exploring levels of protein structure.



(a) Collagen (b) Hemoglobin

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

Campbell and Reece 8 Figure 5.21 The quarternary structure of proteins.



Heat, low/high pH

penaturatiy,

£SOV

Normal protein Qe"atura\'\o(\ Denatured protein

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

Campbell and Reece 8 Fig 5.23 Denaturation and renaturation of a protein



Essential Cell
Biology 2

Figure 4-27 Viral capsids are made of
spherical protein assemblies. The
structure of tomato bushy stunt virus,
shown here, was determined by X-ray
crystallogranhy and is known in atemic
delail. (Courtesy of Robert Grant, Stephan
Crainic, and James M. Hogle.)

Protein structure
and protein-protein
interactions are
important in viral
particle structure
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