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building blocks larger units
of the cell of the cell

SUGARS |mm)> | __POLYSACCHARIDES
FATTY ACIDS | | FATS, LIPIDS, MEMBRANES |
AMINO ACIDS |» | PROTEINS '
NUCLEOTIDES |»| NUCLEIC ACIDS .




I. Crpykrypa IHK

¢ HYKHGMHOBbIe KUCJIOTbI ABJIAKOTCAH

HeperyndpHbimm nosfimmepamm. MOHOMeEpPbLI

KOTOPbLIX - HYKJI€eOTUADbI.

 Hykneomud = Hykneo3ud + ¢gpocghopHas

KucJioma = a3omucmoe OCHOE

NH»

neHmo3a+gocoopHasi KUCS10r Pochopuas

* B PHK nenmos3a - pubo3a.

B []HK - de3okcupubo3sa.
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e HykneoTnabl cCoOeANHAIOTCA OpPYr C APYrom
B MOJSIMMEPHYIO LLeNnOo4YKYy C NOMOLLbLIO
dochoanadpumnpHbix cBA3eUn. A30TUCTLbIE
OCHOBaHMA He NMPUHUMAIOT y4YacTUA B
coeaAVMHEeHNU HYKNeoTnaoB O4HOM Lenmu.
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e CywecTByeT ABa Krnacca a30TUCTbIX OCHOBaHUM.
MypuHbl: ageHuH (A) u ryaHuH (IN) - cogepxaT ABa
retrepouunkna. NupnmmnanHbl: TUMUH (T), ULUTO3UH
(1) v ypauun (Y) - cogepxxat oanH reTtepoLuKn.
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MpuHuunbl cTtpoeHua OHK

HepeaynspHocms.
AHmunapasnnesbHOCMb.
KomnnemeHmapHocmb

Hanu4ue peaynspHou
8MmMOopUYHOU cCMmpPyKmMypbI




(a) B DNA (b) A DNA (c) ZDNA




Conmepxxa Koaddu- Mon. macca, Ywucio
Hue, % IIUEHT CE M, HYKJIEO-
IVMMEHTAa- TUJI0B
U, S
pPHK 80 23 1000000 3000
6 500000 1500
5 35000 100
TPHK 15 4 25000 75

25000-100000
0

75-3000




MPHK (maTtpunyHasa nnm nHdgopmaumnoHHas)

« OgHoueno4ye4vyHast Monekyra, obpasytoLlasacs Ha
1 n3 yenen JHK B npouecce TpaHCKpunuun.
[locnenoBaTenbHOCTb ocHoBaHUU B MPHK
npeacraBnseT cobon KoMNINeMeHTapHY KOMuto
uenun OHK-maTtpuubl.



pPHK (pnbocomHas)

« Koounpyetcsa ocobbimu
reHamu, HaxoaALMMNCS
B HECKOINbKUX
XpOMOCOMaXx u
PacrosIOXKEHHbIMN B
y4yacTKe s4pblLLKa,
N3BECTHOrO NnoAa
Ha3BaHMEM
A0PbILLKOBOro
opraHusaTopa.

 pPHK cogepxutcs B
LuuTonnasme, rge oHa
cBA3aHa ¢ benkoBbiMU
Mosiekyriamu, obpasys
BMECTE C HUMU
pndocombl.
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Polypeptide




TPHK (TpaHcnopTHag)

P A
site site

« [1na Kaxxgon aMUHOKUCIOTbl MMEETCA creumndunyeckas
TPHK, n Bce oHn goctaBnaloT cogepxalinecs B
LUuTOonnasmMe aMMHOKUCNOTLI K pudocomam.

« CBasylouine 3BeHbA:

MPHK 4=mm) 2VVHOKMCNOTHas nocrnenoBaTeribHOCTb
* Bce TPHK nmeloT cxogHyr CTPYKTYPY: «KNEBEPHbIN NUCT»
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‘ They carry chemical energy in their easily hydrolyzed phosphoanhydride bonds.

phosphoanhydride bonds
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example: ATP (or i) OH OH

‘ They combine with other groups to form coenzymes.

example: coenzyme A (CoA)



‘ They are used as signaling molecules in the cell.

example: cyclic AMP




2. CTpyKTypa OCIKOB

OnpeneneHune: derku - 3TO HEPETYNsIPHblE NONUMEPHI,
MOHOMEPaMM KOTOPbIX ABMAITCA  *L-aMWHOKMUCIOTbI.

ObLwas dopmyria aMMHOKUCIIOTbI:

COOH

HyN == C == H



Katanus, B OCHOBHOM
TpaHCMopT, CTPYKTYpHasi porib
peryndaund

C-terminus

i Retinal'y Fy !
H plgment fhdEr

Exterior

1 %) il
3 t ]
% 1 A i
s B { o
/ «( y
.

N-terminus =




aAMWHOKUCINOTHbLIX OCTaTKOB B
NnonMMNenTUAHOWU Lenu.
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BASIC SIDE CHAINS

Iysme |
(Lys, or K)

PI-IO

|
—N—C—C—

This group is
very basic
because its
positive charge
is stabilized by
resonance.

C
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These nitrogens have a

relatively weak affinity for an
H* and are only partly positive
at neutral pH.




ACIDIC SIDE CHAINS

 aspartic acid
(Asp, or D)
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|
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glutamic acid

(Glu, or E)



UNCHARGED POLAR SIDE CHAINS

serine  threonine  tyrosine

. ) (Ser, or S) (Thr, or T) (Tyr, orY)
aspara“glﬁe j | glﬁtam"lﬁ"e _

(Asn, or N) (GIn, or Q) | " | " | "
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The —-OH group is polar.

Although the amide N is not charged at
neutral pH, it is polar.




(Ala, or A)
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(Leu, orL)

(Val, or V)
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isoleucine

(le, or 1)

proline
(Pro, or P)

(actuallyan CH,
imino acid)

(Met, or M)

‘phenylalanine

(Phe, or F)

 tryptophan




glycine cysteine
(Gly, or G) (Cys, or Q)
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Disulfide bonds can form between two cysteine side chains
in proteins.

— —CHy—S —S —CH,— —



PaclumndopoBka nepBUYHOU CTPYKTYPbI Oernka

« ®. CaHrep, 1953r. — aMMHOKMUCNOTHAaA
nocrneagoBaTenbHOCTb MHCYMNMHA

CEKBEHUPOBaAHUNE
* dHAJIN3 HyKJ'IeOTI/ILI,HOI7I nocrnegoBaTesIbHOCTH

* COMOCTaBMEHNE NEPBUYHbBIX CTPYKTYP
HOpPMaribHOro 1 aHomMmaribHoro 6erkos
NO3BOJIAIOT PACKPbITb OCHOBbI MATONOrM4YeCKnUX
NpoLIeCcCcoB, BKMOYas LLUMPOKO
pacrnpocTpaHeHHbIE FrEHETUYECKM
nNeTepMUHUpPOBaHHbIE 3aboneBaHUs.



CepnosuOHo-K1emouHas aHemus

moueuHas mymauus - 3amena Glu na Val — nosieaerue
AHOMANBHO20 2eM02100UHA, He cnoCOOHO020
C8A3bl8AMb KUCAOPOO — KUCAOPOOHAS
HedoCcmamo1HOCMb.

HOPMAbHDBLE PUMPOUUMNDBL  CePNOBUOHbIE APUMPOUUMDbL



BTopun4Has CprKT%pa benka ’
BropuyHasi CTpPYKTYpa MOKET ObITH PEryJIAPHOU

ORpeABIRA IS BHANATNAARHON Iy RicAafRaToM
S EFRY IR B H Sk € AR A AiRYERFANOTX Lenel,
O BYHHTIOBH O TOK KA BB EMIFSAOT Bok 0/C=0

rRYHaN C=0-AIR-HPH U EHNATKAEFBIA.
Ha oguu BuTOK O -crimpaJjiu ¢ guamerpom 10.1 A

npuxoaurcd 3,6 aMMHOKMCJIOTHBIX OCTATKOB.
Ilepuoa HACHTUYHOCTH PEryJISAPHOA Ol -CIIUPAJIHN —
18 amuHoxkuca0T (S BUTKOB). Hapyuiureaem
PeryJsipHoOM a-CIUpPaJJIM B IEPBYIO oYepeab ABJIAETCS
NpoJuH. Bropoe mo 3Ha4YeHHI0 BIUSHUE

O0Ka3bIBAKOT OJJMHAKOBO 3aps:KeHHbIE, PSA/I0OM
PACIIOJIOKEHHBbIE PAAUKAJIbI.




3.6 residues/tur

Side view







TpeTnyHasa cTpykTypa benka

OnpeneneHue: TpeETUYHAA CTPYKTypa benka —

9TO NPOCTPAHCTBEHHAA KOHopMaLua nonunenTnaa,
MMEIOLLIErO BTOPUYHYIO CTPYKTYPY, U 0OyCnoBneHHas
B3aMMOOENCTBUAMU MEXOY paankanamum.




CyLLeCTBYET YETbIPE TUMNA B3aMMOOENCTBUM
MeXay pagmkanamu:.

1. KoBaneHTHbIEe CBA3U MeXay ocTaTkamu
OBYX LMCTENHOB(ANCYTbPUAHbIE MOCTUKN).

2. VloHHbIe (anekTpocTaTtuyeckme) B3aMMoLenCcTBUS

MeXay NPOTMBOMONOXHO 3apsKEHHBIMYU aMUHOKUCIIOTHLIMMA
ocTaTkamu (Tpu pagukana co 3Hakom "+" n gea co 3Hakom "-").

3. BooopoaHble CBA3W.

y‘-laCTByI-OT BCE aMNHOKUCIIOTbI, UMEeLLNE TMOPOKCUJIbHbIE,
aMunaHble NJ1n Kap6OKCI/IJ'IbeIe rpynnbl.

4. [MapodobHbIe B3aMMOOENCTBUS
ObpasytoTca Mmexay HenosnsapHbIMU pagnkanamm

B BOOQHOW cpefe. Y4YacTBYyT 8 aMUHOKUCIIOT
(mepBbIN Knacc).



glutamic acid

electrostatic
attractions

CH, van der Waals attractions

alanine




polar nonpolar
side chains side chains

hydrophobic hydrogen bonds
core region can be formed to
contains the polar side chains
nonpolar on the outside of
side chains the molecule

unfolded polypeptide folded conformation in aqueous environment




UeTBepTnyHas CTpykTypa oernka

OnpepenexHve: Yyemeepmu4yHasi CmpyKkmypa

6esika - 9TO arperauus AByx Unmn 6onbLlero Yyncna
nonuNenTUAHbIX Lenen, UMeoLLIMX TPETUYHYIO CTPYKTYPY,
B ONMMrOMEepHYH OYHKLMOHANbHO 3HAYNMYH KOMMO3ULMIO.

CBsas3n, obOpasywlue u
nogaepkmsatoLine
YEeTBEPTUYHYIO CTPYKTYPY,
Te XXe camble,

4yTO N Npu obpasoBaHUK
TPETUYHOWU CTPYKTYpHI,
KpomMe rmapodoOHbIX.




Onpenenexnve: benok - aTo oTaenbHbIN NonuNenTug
NI arperaTt HECKONbKUX MONUNENTNOOB, BbIMNOSTHAKOLLNM
brnonorndeckyro yHKUUIO

[lonunenTunag - NOHATUE XMMUYeckoe.
Benok - noHaTne dbunonornyeckoe.

Hanpumep, WMMYHOrnoObynmMH COCTOMT U3  YETbIpex
nonuNenTUAHbIX Lenen, KOTopble MO OTAENbHOCTU He
ABNAOTCA 6enkamu, 6enok - Tonbko x OYHKLUMOHAaNbHbIN

arperar.




noncovalent bonds

binding
site

amino acid protein
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side chains
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PyYHKUMM OenkoB

1. CTpyKTYpHaa pyHKUUA

2. Katanutuyeckas (pyHKUuUS.

3. 3awmTtHaa pyHKUMA (NOKa YHUKaNbHa).
4. PerynaTopHasa pyHKLUUSA.

5. TpaHcdhopmaLusa aHeprum.

6. TpaHcnopTHaa pyHKUMS.

7. JHepreTn4yeckas
yHKUUA.

8. NMutatenbHaa pyHKLUA.

9. bydepHasa pyHKUHUS.




3carbon (TRIOSES) 5-carbon (PENTOSES) §-carbon (HEXOSES)

H—C —OH
H—(|: —OH
H

glyceraldehyde

H—C —OH
H

dihydroxyacetone




RING FORMATION

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

ISOMERS

Many monosaccharides differ only in the spatial arrangement
of atoms—that is, they are isomers. For example, glucose,
galactose, and mannose have the same formula (GgH,,0g) but

differin the arrangement of groups around one or two carbon
‘,CHzOH atoms.

O
\ 7
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glucose mannosa

OH OH These small differences make only minor changes in the
chemical properties of the sugars. But they are recognized by

enzymes and other proteins and therefore can have important
Note that each carbon atom has a number. biological effects.




DISACCHARIDES

B fructose
The carbon that carries the aldehyde
or the ketone can react with any
hydroxyl group on asecond sugar
molecule to form a disaccharide. CH,OH

Three common disaccharides are

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

The reaction forming sucrose is
shown here.

sucrose

OLIGOSACCHARIDES AND POLYSACCHARIDES

Large linear and branched molecules can be made fromsimple repeating units.
Short chains are called oligosaccharides, and long chains are called

polysaccharides. Glycogen, for example, is a polysaccharide made entirely of
glucose units joined together.

branch points




TRIACYLGLYCEROLS Fatty acids are stored a an energy reserve
(fats and oils) through an esterlinkage to
glycerol to formtriacylglycerols.




CARBOXYL GROUP

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

,O
NN
N
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But more often it is linked to
other groups to form either esters
/j.O
NN
o R |
O—(;: -
or amides.
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PHOSPHOLIPIDS

general structure of
a phospholipid

Phospholipids are the major constituents
of cell membranes.

’ hydrophilic __geg i| choline
group
O »

hydrophobic
fatty acid tails

@b

O}D phosphatidy kholine

&

In phospholipids two of the -OH groupsin
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 (alcoh ols).




LIPID AGGREGATES

Fatty acids have a hydrophilic head /’
and a hydrophobic tail. \l

— micelle

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

Their derivativescan form larger aggregates held together by hydroph obic forces:

Triacylglycerols form large spherical fat Phospholipids and glycolipids formselfsealing lipid
dropletsin the cell cytoplasm. bilayers that are the basis for all cellular membranes.

b

200 nm
or more

-

OTHER LIPIDS Lipids are defined as the water-insoluble

molecules in cells that are soluble in organic
solvents. Two other common types of lipids
aresteroids and polyisoprenoids. Both are
made from isoprene units.




STEROIDS

Steroids have a common multiple-ring structure.

cholesterol—found in many membranes testosterone—male steroid hormone

GLYCOLIPIDS

Like phospholipids, these compounds are composed of a hydroph obic

region, containing two long hydrocarbon tails, and a polarregion,
which, however, contains one or more sugars and no phosphate.

OH O !
H

I
| _CH, sugar

| 6=

asimple




