Biochemie

2. Aminokyseliny
a peptidy,
proteiny
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Aminokyseliny a proteiny
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2.2) Peptidy

2.3) Struktura proteind
Struktura proteind
Vldknité proteiny
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Aminokyseliny

substitucni derivaty karboxylovych kyselin které obsahuji
skupinu —=COOH a —=NH,
ze zivych organismu bylo izolovano nékolik set AMK
dGleZitejsi
koédované AMK

Jjako kédované se oznacuiji proto, ze informace o jejich zarazeni do bilkovin
je ulozena v nukleovych kyselinach prostrednictvim genetického kédu

tzn. Ze pro kazdou aminokyselinu existuje konkrétni kod nebo kody tvorené
tremi po sobé jdoucimi nukleotidy — viz nukleové kyseliny

vetsina prirodnich aminokyselin jsou a-aminokyseliny, maji
proto stejny zakladni skelet R—CH—COOH

NH2
slozeni:

-COOH ...kysela slozka: COOH — COO- + H*
-NH, ...zasadita slozka: | NH, + H* — NH;*
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' Aminokyseliny

= stavebni jednotky bilkovin
= derivaty karboxylovych kyseliny
= |iSi se postrannim retezcem (R)

karboxylova skupina
/

aminoskupina a
@
|

R . — postranni retézec
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Prostorové usporadani

a-aminokyseliny = NH,, skupina na 2. C (C9)
C%je chiralni — enantiomery D a L

HL .20 Hio2O0  HOL O
| (04 | oL | 0}
H—C—OH HO—C—H HN—C—H
H,C—OH H,C—OH R

D-glyceraldehyd  L-glyceraldehyd L-aminokyselina
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|
EHZCHZCOOH nema chiralni uhlik (nejjednodussi AK)

vetsina aminokyselin
v prirode: a,L-AK
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Chiralni molekuly existuji ve dvou formach

()

o G ey Amew b e, e

http://www.imb—iena.de/~rake/BioinPé?fﬂ‘E{’fiiészﬂ}VEB/qifs/amino acids chiral.qgif



http://www.imb-jena.de/~rake/Bioinformatics_WEB/gifs/amino_acids_chiral.gif

Dva stereoisomery alaninu

o—uhlik je chiralnim centrem

CH,
G L-Alanine e Dva st_ereoisomery se nazyvaji
enantiomery.
COO COO .
. i I & Tmaveé vyznacen€ vazby jsou
H3N-—(§3 —H H~— C —NHj projectovany v rovin¢ platna a
CH, CH, Srafované dozadu a doptedu.
(b) L-Alanine p-Alanine
. i (|DOO_ Horizontalni vazby jsou
HSN—?_H H_(lj_NHs projectovany v roving platna a
CH, CH, vertikalni dozadu a dopiedu.

(e) r-Alanine biochemie 2-Alanine 8



wun acdlabs com wum acdlabs com

| -alanin D-alanin

ProcC je vetSina aminokyselin v prirodé pravé v kofiguraci L a ne D nevime..
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Opticka aktivita aminokyselin

Aminokyseliny rozpusténé ve vodé pri pH 7.0 staceji rovinu
polarisovaného svétla.

(+) alanin, isoleucin, arginin, k. glutamova, kyselina
asparagova, kyselina glutamova, lysin, valin.

(-) tryptofan, leucin, fenylalanin.

Opticka otacCivost se méni pri zméné pH.
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Kodované aminokyseliny

zdkladni stavebni jednotky bilkovin
maji svoji specifickou tRNA
existuje 21 kédovanych aminokyselin
nekteré si organismus neumi sam vytvorit a musi je
prijimat v potravé - esencidlni
liSi se svymi postrannimi retézci (-R)
V roce 1986 objevena 21. kddovana aminokyselina

selenocystein.

Selenocystein se vaze na specialni tRNA, ktera nese antikodon
UCA. Tento antikodon rozeznava UGA kodon na mRNA, coz je za
normalnich okolnosti stopkodon — Zzadna aminokyselina by se

v tomto pfipadé neméla zaradit a prodluzovani proteinu by se meélo
zastavit. To, ze se zaradi aminokyselina selenocystein, je
zpusobeno sekvenci v bezprostfednim okoli kodonu UGA.
Selenocystein se vyskytuje napr. v selenoproteinech
formiatdehydrogenazach.ll

biochemie_2_1
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https://cs.wikipedia.org/wiki/TRNA
https://cs.wikipedia.org/wiki/Antikodon
https://cs.wikipedia.org/wiki/Uracil
https://cs.wikipedia.org/wiki/Cytosin
https://cs.wikipedia.org/wiki/Adenin
https://cs.wikipedia.org/wiki/MRNA
https://cs.wikipedia.org/wiki/Stop_kodon
https://cs.wikipedia.org/wiki/Selenoprotein
https://cs.wikipedia.org/w/index.php?title=Formi%C3%A1tdehydrogen%C3%A1za&action=edit&redlink=1
https://cs.wikipedia.org/wiki/Selenocystein#cite_note-voet-1

Selenocystein

O\C§O
O O O. O
H,N-C—H ~c” ~c”
|
CH, H3N+—(|3—H HsN—C—H
SeH (|3H2 CH,
selenocystein OH SH
(Sec)

serin (Ser) cystein (Cys)

v selenoproteinech — enzymy, kde Se je redukcnim
centrem (redukuji volné kyslikove radikaly)

v deiodinasach — reguluji pusobeni thyroidnich
hormonu
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Aminokyseliny

Standardni AMK ( v proteinech, 21), proteinogenni

Nestandardni AMK (modifikované po zacleneni do polypeptidu)

Obecna struktura
a- aminokyselina

H
c’H, 3N“‘"‘r:|:‘3H2
CH” CH™
+H3N/ oo W oo
L-a-alanine S-alanine

http://awaremed.com/addictioneducation/wp-
content/uploads/2014/07/amino-acid-structure.jpg
http://upload.wikimedia.org/wikipedia/commons/thu
mb/9/92/Beta_alanine_comparison.svg/317px-
Beta_alanine_comparison.svg.png
http://upload.wikimedia.org/wikipedia/commons/thu
mb/d/d7/L-proline-skeletal.png/995px-L-proline-
skeletal.png

Amino Acid Structure

Hydrogen
Amino Carboxyl
H T‘ o
«H—N__c__ig
R
R-group
(variant)
H [ ° k Io
N a-iminokyselina
N OH
H prolin
O
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http://www.google.cz/imgres?imgurl=http://www.aloeveraibs.com/wp-content/uploads/2008/08/aminoacidstruc.jpg&imgrefurl=http://www.aloeveraibs.com/aloe-vera-vitamins&usg=__v3UzHUv6To7kTNn7Sg-KbNvVLV4=&h=763&w=800&sz=74&hl=cs&start=2&zoom=1&um=1&itbs=1&tbnid=aoPBynbBCz_XtM:&tbnh=136&tbnw=143&prev=/images?q%3Damino%2Bacid%26um%3D1%26hl%3Dcs%26sa%3DN%26tbs%3Disch:1
http://www.google.cz/imgres?imgurl=http://www.aloeveraibs.com/wp-content/uploads/2008/08/aminoacidstruc.jpg&imgrefurl=http://www.aloeveraibs.com/aloe-vera-vitamins&usg=__v3UzHUv6To7kTNn7Sg-KbNvVLV4=&h=763&w=800&sz=74&hl=cs&start=2&zoom=1&um=1&itbs=1&tbnid=aoPBynbBCz_XtM:&tbnh=136&tbnw=143&prev=/images?q%3Damino%2Bacid%26um%3D1%26hl%3Dcs%26sa%3DN%26tbs%3Disch:1

14

biochemie_2_1


pdb/glupera.msv
pdb/glupera.msv

Postranni retézce aminokyselin
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K ¢emu slouzi aminokyseliny v
organismech?
dodadvaji a prendseji N (esencialni prvek)
jsou zdkladni stavebni jednotkou proteind

v pripadé hladovéni mohou byt alternativnimi
zdroji energie a prekurzory pro tvorbu sacharidi

slouzi jako neurotransmitery a hormony- nékteré
samy o sobé, jiné jako vychozi latky pro jejich
tvorbu

podileji se na synteze lipidové dvojvrstvy,
nukleotidu, alkaloidu atd..

a maji mnoho dalsich funkci
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Oznaceni aminokyselin

SYMBOL SYMBOL

1-Letter | 3-Letter AMINO ACID K Lys lysine
Y Tyr tyrosine H His histidine
G Gly glycine Q Gin glutamine
F Phe phenylalanine E Glu glutamic acid
M Met methionine Z Glx Glu and/or GIn
A Ala alanine W Trp tryptophan
S Ser serine R Arg arginine
| lle isoleucine D Asp aspartic acid
L Leu leucine N Asn asparagine
T Thr threonine B Asx Asn and/or Asp
Vv Val valine C Cys cysteine
P Pro proline X Xaa Unknown or other

biochemie_2_1
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Elektricky naboj aminokyselin

Aminokyseliny mohou mit pozitivni, negativni nebo Zadny niboj

o neutralni pH
nizké pH (fyziologicé) vysoke pH
HO\Céo
I
R
kation

aminokyselina je elektroneutralni

hemie_2_1 18



Titrace aminokyselin

= Aminokyseliny mohou mit pozitivni, negativni nebo Zadny naboj
m -COOH a-NH3 slabé kyselé skupiny existuji v roztoku v iontové

rovnovaze:
| 4
amfoterni
zwitterion (neutralni,
fyziologické pH)
cation zwitterion anion
®NH, ®NH, NH,
R—C—COOH +<— R—C—COO +—% R—C—COO
| | |
H H H
T
low pH pH high pH
, . . . ) .., http://cdnl.askiitian
- Uplna disociace COOH a NH2 skupin za fyziologického pH s.com/Images/2014

728-179154-5129-
zwitterion.png
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Isoelektricky bod

Pl

pl = pH, kdy je celkovy elektricky naboj
aminokyseliny nulovy (amfion), pro kazdou
aminokyselinu jiné

H,N—C—H

biochemie_2_1
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Jednoducha monoamino monokarboxylova o.-
aminokyselina je diproticka kyselina (poskytuje
proton) kdyz je plné protonizovana.

H ) H H
| | |
R—(F—COOH - R—?—COO— R—C—COO0~

|
Net *NH, +*NH, NH,
charge: +1 0 -1

biochemie_2 1 21



Aminokyselina ma characteristickou titra¢na krivku

f\—IH?’ ﬁ'H,g NH2
| pK, | pK, |
C|)H2 —> (le2 — " G
COOH COO~ COO™  donor  akceptor

protonu  protonu

Pri pH, kdy pK =9.60 je
pfitomna ekvimolarni
koncentrace donoru protonu a
akceptoru protonu.

arni iont| | 1zoelektricky bod

Pfi pH, kdy pK1 =2.34 je
pritomna ekvimolarni
koncentrace donoru protonu a
akceptoru protonu.

3 _ ~ OH~ (equivalents) donor akceptor
PIné protonizovana protonu  protonu
forma je pfi
nejnizsim pH biochemie_2_1 2




Henderson/Hasselbachova rovnice a pK,

protonizované forma neprotonizovana forma (konjugovana baze)

HA = H*+ A’

_ [H1[A]

T [HA]
[HA]
[A]

[HT] =K, X

[HA]
[A]

-log[H*] = -log K, - log

_ [A]
pbli)lch_emisp_ESQ T |Og [HA]
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Acidobazicke viastnosti

 pH pri, kterem je vysledny naboj nulovy se
nazyva izoelektricky bod pl
e charakteristicky pro kazdou AMK
« ma Vvliv na fyzikalni i chemickeé vlastnosti AMK
pl = (pKy + pK; )/2

(PK; + pK, = disociaCni konstanty), graf !!!
* pl: neutralni AMK =4,8-6,3

zasaditée AMK = 7,6 — 10,8

kyselé AMK =2,7-3,2

tato vlastnost se cCasto vyuziva pri separaci a identifikaci
aminokyselin (elektroforéza — izoelektricka fokusace)
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Klasifikace aminokyselin

Aminokyseliny se obecné déli na skupiny
podle polarity postrannich retézcu

Vychodiskem pro déleni aminokyselin je to, Ze
maji:

» nepolarni postranni retézec
» polarni postranni Fetézec

» polarni nabitym postranni Fetézcem
lochemie_2 1 25



POLAR

Electrically
Charged

w s ' 1o,
L ugnc—cl HN—c—c! un—c—c?
4 L o L o L o
H CH3 e

0 CHy CHy
o

4

g Glycine (Gly] Alanine (Ala) Valine {Val)

H
. 2P f Py )
HSN_?_G\‘ H*""_?_CR H;_H—'.I:
. o
CHg o HJ{:_TH I,IZHE
|
CH CH CH
/N | |
CHy CH3 CHy 5
|
CHy

Leucine (Leu} Isoleucine (lle}) Methionine (Met) Tryptophan (Trp) Phenylalanine (Phe)

! Aol .
HyN—C—0C N—C—C HyN—C—C HyN—C—C
3 | \LD_ Ha i Nﬂ' 3 I "*»-.0. 2 | ‘-.D_
e o ciy %
0OH OH CHg 5H
OH
Serine (Ser) Threcnine (Thr}  Cysteine (Cys) Tyrosine (Tyr)
1P . P
HgN—C—C HzN—C—C HN—C—C
§e, §o, §-e,
CHz "I.-'H_z (l:Hz
I
CH
&% - iy
CH
.-"c‘:'-.\ I :
o o0 {|:H2
WK™
Acidic
Aspartic Acid (Asp] Glutamic Acid (Glu) Lysine (Lys)
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HN=C—C,
i

Asparagine [Asn)

mu*—%—cip_

CHz

e

He

A

é = NHy*

Nz
Basic
Arginine (Arg)

o

| e
= c—c” HyN—C—C H_;H—c:—c’ip
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T e €,
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Proline (Pro)

g

n—g —E—n—::
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Glutamine (Gln)

—=

A+

+
HaM c\‘g-
H

Hi

Histidine [His)

http://lwww.personal.psu.edu/staff 26
/m/b/mbt102/bisci4online/chemist
ry/charges.qgif



Nepolarni aminokyseliny

Nepolarni aminokyseliny maji ve svém
postrannim retézci pouze uhlik a vodik,
obecné nejsou reaktivni. Fakt, ze jsou
hydrofobni, je predurcuje k tomu, aby
pomahaly proteinum usporadavat se do 3-D
struktury
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Nonpolarni (hydrofobni) postranni retézce R

Glycin (Gly) H-CH-COOH Methionin (Met)
Lo H3C—~S—(CH,),—CH-COOH
NH-
Alanin (Ala) CHs—CH-COOH
NH,

Fenylalanin (Phe)

CH-CH-C Q
HAC CH,—CH-COOH
3> CH-CH-COOH il

Valin (Val) HC™ i, NH;
Prolin (Pro)
e :”:’ ~COOH
Leucin (Leu LCH-CH,~CH-COOH N
(Leu) H.C NH, H H
Tryptofan (Trp)
HaC—ppy 7 CH,—CH-COCH
_ >~CH-CH-COOH NH,
Isoleucin (lle) HiC™ Nppiochemie 2 1 H 28
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Glycin — postranni retézec tvori pouze vodik

Alanin, valin, leucin a isoleucin maji saturovany
postranni retézec s vodikem a uhlikem, leucin a

Isoleucin jsou Isomery.

CH;—CH-COOH
NH;

Alanin

HsC oy CH,—CH-COOH

22 NH,

Leucin

biochemie_2 1

HsC oy CH-COOH
HiC N,

Valin

oo CH-COOH

H:C N,

. 29
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Methionin ma v postrannim retézci siru.

Fenylalanin je alanin s benzenovym jadrem. Je velice
hydrofobni a vyskytuje se v globularnich proteinech.

H3C~5—(CH;),~CH-COOH /{ }CHQ_QH_COOH

Methionin Fenylalanin

biochemie_2 1 30



Tryptofan je strukturné podobny alaninu, s indolovou
skupinou namisto aromatického kruhu fenylalaninu.
Je hydrofobni a také pomaha sbalovat globularni

proteiny.
7~ CH,—CH-COOH
i NH;

H

Prolin je iminokyselina. Mezi aminokyselinami je
vyjimecny, postranni retézec se staci do kruhu a
vaze se na kostru aminokyseliny. Je malo reaktivni.

‘:*:’ ~COOH

N
biocherp.ilé_iH 31




Polarni (hydrofilni) aminokyseliny

Maji v postrannim retézci kyslik, siru a nebo
dusik a proto jsou polarni. Snadno interaguji
s vodou, jsou hydrofilni. Jsou velmi dobre
rozpustné ve vodé.
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Polarni (hydrofilni) postranni retézce R

HS-CH,—CH-COCH
HO-CH;—~CH-COOH NH-
NH-
Threonin (Thr) Asparagin (Asn)
H3C“,CH— CH-COOH H,N-C-CH,—CH-COOH
| O NH;
NH;

Tyrosin (Tyr) Glutamin (GlIn)

H,N—C~CH,—CH,—CH-COOH
Il |

HOQCHQ—QH—COOH O NH

NH-
biochemie_2 1 33
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Serin a threonin maji —OH skupinu a jsou velmi
polarni. Hraji vyznamnou alohu pri fosforylacnich
reakcich (v aktivnim misté enzymu).

HO-CH,—CH-COOH HE'C“,CH—CH—COOH
NH; HO  NH,
Tyrosin je fenylalanin s hydroxylovou (-OH) skupinou.
Je velmi polarni, slabou kyselinou. Ma dilezitou
katalytickou funkci v aktivnim misté enzymu
(reverzibilni prenos fosfatove skupin).

HOQCHE_ CH-COOH

biochemie_z_lr'“"_l2 34



Cystein obsahuje siru a thyolova (-SH) skupina je
velice reaktivni. Dva cysteiny vytvari kovalentni vazbu
( ). Ten je dilezity pro stabilizaci
prostorového usporadani proteinu.

HS-CH,—CH-COCH
NH;

COOH 'CIIH' CH,-HS  SH-CHs CIJH-COOH
NH, NH,

biochemie2 3—S — 35




Asparagin a glutamin jsou amidy kyselin
asparagové a glutamové. Jejich postranni retézce
obsahuji druhou aminoskupinu, ktera neionizuje.

H,N-C~CH,~CH-COOH H,;N—C~CH,—~CH,—CH-COCH
O NH; O NH,
Asparagin Glutamin

biochemie_2 1 36



Negativné nabité (nepolarni) postranni
retézce R

Asparagova kyselina (Asp) Glutamova kyselina (Glu)
HOOC-CH,—CH-COOH HOOC-CH,—~CH,;—~CH-COOH
NH; NH,

Asparagova a glutamova kyselina obsahuji druhou
COO- skupinu a jsou negativné nabité. Proteinu
dodavaji celkovy zaporny naboj.
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Pozitivné nabité (nepolarni) postranni
retézce R

Lysin (Lys) Arginin (Arg) Histidin (His)
H,;N—(CH,);—CH-COOH  HN-CH,—CH;—CH,—CH-COOH ’:rCHg—(l;‘H—COOH
NHQ C=NH NHQ . NHQ
. HN-_N:
NH,
g—aminoskupina guanidinova skupina imidazolova skupina

Lysin a arginin maji oba pK kolem 10 a jsou proto vZdy pri neutralnim
PH pozitivné nabité.

Histidin je zajimavy v tom, Ze jeho pK je 6.5 a proto miize byt bez
celkového naboje nebo pozitivné nabity. Histidin hraje dileZitou roli v
katalytickém mechanismu enzymovych reakci, ¢asto se vyskytuje v
aktivnim misté enzymu. Jake souéist hemoglobinu reguluje pH krve. ;o



Déleni aminokyselin podle chemického slozeni

malé aminokyseliny — glycin, alanin

vétvené aminokyseliny — valine, leucine, isoleucine

hydroxy aminokyseliny (-OH skupina) — serin, threonin
aminokyseliny se sirou — cystein, methionin

aromatické aminokyseliny — fenylalanin, tyrosin, tryptofan
kyselé aminokyseliny a jejich derivaty — asparagova kyselina a
asparagin, glutamova kyselina a glutamin

bazické aminokyseliny — lysin, arginin, histidin

Iminokyselina - prolin

biochemie 2 1 39




Esencialni aminokyseliny u clovéka

e pfisun z potravy
e Clovek neni schopen syntetisovat jejich uhlikovou kostru

Arginin* Lysin
Histidin* Methionin
Isoleucin Threonin
Leucin Fenylalanin
Valin Tryptofan

* Esencialni pouze u déti, ne u dospélych
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Neesencialni aminokyseliny

* neni potieba jejich prisun potravou

 vznikaji transaminaci o—ketokyselin a naslednymi
dalSimi1 reakcemi

Alanin Glycin
Asparagin Prolin

Aspartat Serin

Glutamat Cystein (z Met*)
Glutamin Tyrosin (Phe*)

* Esencidlni aminokyseliny

biochemie_2 1



H

HO—+—CH2 N

|
HgC\& _CH—COO

Sy

H H
4-Hydroxyproline

\~. hydroxyprolin a hydroxylysin
v kolagenu a elastinu

Haf\'—CH,—cl:H—cnz—cnz—clzn-—coo-./

OH "NH,4
5-Hydroxylysine

CH;—NH—CH,—CH,—CH,— CHg-—-(i‘,H—COO'

"NH,
6-N-Methyllysine

(i*.o()
‘OOC—CH—CHQ—(‘JH—COO'

“"NH,4
y-Carboxyglutamate

biochemie_2 1

6-N-methyllysin
slozka myosinu

v-karboxyglutamat
slozka prothrombinu a
dalSich proteinu vazajicich
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H;N,_ COO"
CH

(CH, ik, Desmosin

™ T s e, q =3 ‘/ A I b
_CH tCHa-’zm iCHD=CH pri¢na vazba v elastinu
5 CcO0O
((;7H2)4
L
H:N"  COO

Desmosine

HyN

“00C

11Se—CH;- Ci‘-II COO
"NH;

Selenocysteine

H;N—CH;—CHy—CHy—CGH—CO0" Ornitin a citrulin
i intermediaty biosyntézy argininu a

G N—CHy—CH—CHyGH-C00 mocovinoveho cyklu

1
O H b%emie_z_l 43
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@)

OH
Ninhydrin
OH

Ninhydrinova -
reakce -

i
|
(II —COOH Amino acid
NH,

%R C—H+ €O,

Toto silné oxidacéni Cinidlo

oxidativné dekarboxyluje mon —
aminokyselinu. Amoniak a I
hydrindantin, ktery %

vznikne z ninhydrinu, ' I:»:mo

vytvori modrocervenou .

barvu i 1

G
O: >C== N-(j\\ j@ Purple pigment
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Optické vlastnosti AMK a proteinu

H
C\
wc”
E HO E \C /CH
vl T (T
HN
HC C HC € \,.—=C
\ﬁ/ \C|H2 \ﬁ/ “SCH, ﬁ/ \C|H2
*+HsN—C—C00~ *HzN—C—C00~ *HsN—C—CO0O0~
H H H
Phenylalanine Tyrosine Tryptophan
(Phe, F) (Tyr, Y) (Trp, W)
L "
|
3 10,000 L
% E .
£ i \
-
—
g 1,000 E \
a
g ;
7)) -
2 L
§ b \ TEST
= - \
\ . http://web.campbell.
Phenylalanine — \ < edu/faculty/nemecz/
10 e 323 _lect/amino/ima
200 240 280 320 ges/spectrum.jpg

Wavelength, nm biochemie_2_1 nE



Absorpce spektra Trp & Tyr

Lamber - Beertv zakon: A = ecl. Pouzivan na zjiSténi koncentrace
proteini

: \‘ /f\
\

- 10,000 E \ Tryptophan
: 2 D
E C
O
: -
> 8 Tyrosine ,
s 100 E o7
c =
Q o=
q) -
Qo |
o
a |
6 1% E |
= = |

i Phenylalanine —

1O { { i g 8 R _ & Q. 2}

Wavelength, nm
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1) Reakce AMK - kondenzace

reakce, pfi kterych dochazi k propojovani AMK do fetézcu

reakce —=COOH skupiny 1. AMK s =NH, skupinou 2. AMK za
souc¢asného odstépeni vody

vznika dipeptid az polypetid (tj. bilkovina)
pritomnost peptidické vazby — BIURETOVA reakce (vznika biuret =
modrofialové zabarveni, peptid + Cu?* v alkalickém prostredi)

H H
NH, SN R
Va | |1 |
R,-CH-C + R,-CH—-COOH =
1 \ 2 "H.O /CH\ /N\ /COOH
OH 2 H-oN (‘T \ CH
@) R,
peptidova
N-konec vazba C-konec

biochemie_2 1 47



alarn zlycin tenvlalanin
H _ =i B H _
| _O—H | _O—H I ~2—H
HaC—C—C0 H—C—C0 Hy O — O — 0 =
Q T Q <
H = "H H —"H H— "H
Ala N + Ol G 4 Fhe F

=2 MNH; —CH - CO AMNH - CH: — 0

alanyl glycyl

biochemie_2 1

— NH - CH — COOH

|
CHa

|
CsHs

fenylalanin

48



2) Reakce AMK - dekarboxylace

* reakce, které si vyuzivaji pri odbouravani
nadbytecnych AMK

R—HC—COOH > R—CH,—NH, + CO,

NH,

biochemie_2 1 49



3) Reakce AMK - transaminace

* reakce slouzi k prenosu aminoskupiny z jedneé
molekuly na druhou

« 7z kyseliny, ktera je v nadbytku se muze vyrobit
AMK potrebna

NH, O O NH,

R,—CH-COOH + R,—C—COOH ——> R;—C—COOH =+ R,—CH-COOH
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4) Reakce AMK - oxidacni deaminace

reakce slouzici pri ziskavani energie z AMK a bilkovin
(napr. pri hladoveni)

uplnym odbouranim AMK vznika oxid uhliCity, voda a
amoniak

NH, NH
| | H,0
R—CH—COOH —— R—C—COOH — > R—C—COOH + NHj4
-2H

0
|

imin
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Tvorba proteint - vznik peptidové
vazby

peptidova vazirg 2! 52



tyto dve vazby jsou )
jednoduché, umoznuiji R O R o

- ; .l R
volrvwou rotac’l ?tovmu, H3N+ C—C—N—C—(
takze dlouhe retezce | | \ -
aminokyselin jsou H H H O
vysoce pohyblivé

1 2
P R
HaN—C—C=N—C—C
| | \
H H H O

L
i, ]
i, ]
) f
\ i p

peptidova vazba je vazbou kovalentni, je rigidni — vazba C-N ma
Castecne charakter dvojné vazby v dusledku rezonance, atomy
PgEKotem ni nemohou volné otatet



| | postranni fetézec

N-konec ¢
C-konec

postranni retézec

stabilita peptidove vazby: . S
pri pH~7 je stabilni i pfi 100°C o
hydrolyzuje se v silné kyselém nebo

zasaditem prostredi
nebo pomoci enzymu biochemie_2_1 54



'Reakce aminokyselin

MR s r H O H H
- Peptidicka vazba Ho, | | - P
H—/N—@—C—O H —ITT—Q—C\
. 4 o H | | o
- Disulfidovy mustek H o
Amino \ H,0 Carboxyl
group group
2C 1 ’\
ys residues H C=0 Y
%—:/ Peptide
HN CH ~NH oS linkage
™~ AN H,C NH
%/ SH 2 l = Pll C”) \ III =
1 V4
O=(C " H—>N—©—C—N—©—C<
< H | & ol 0
s oo
HN CHT\,\ S -:.G N terminus > C terminus
0=C H cystine residue
4+ 2 e+ 21_1"’ ©® 2001 Sinauer Associates, Inc.

http://www.blc.arizona.edu/courses/schaf

fer/182/PeptideBond-HiRes: IPEG
http://guweb2.gonzaga.edu/faculty/cronk/

biochemie_2_1 biochem/images/disulfide_bond_formati 55
on.gif



Primarni struktura: Peptidicka vazba, mezi AMK

Mezi a-karboxylovou skupinou jedné AMK & a-amino skupinou jiné AMK

R] R2 R] 0]

I-|/C/ 0 I_|/C/ (0] H’C/ E |C i
+H3N/ \(l;(’_ v +H3N/ \gé_ +H3N/ \ﬁ/ \IC"/ o R
0 6 o \ %

2
Peptide bond
2 AMK Ztrata

Dipeptid H,0

Tvorba peptidické vazby kondenzaci. Amino skupina jedné AMK (s R2 skupinou) se tcastni jako nukleofil , aby nahradila hydroxylovou
skupinu druhé AMK (s R1 skupinou) za vytvoteni peptidické vazby. Amino skupina je dobry nukleofil, zatimco hydroxylova skupina je
slabé odstépitelna skupina a neni tedy ihned nahrazena. Za fyziologického pH se tato reakce nevyskytuje ve znacné mire.

Rovnovaha uptfednostiuje hydrolyzu, a proto
biosyntéza peptidovych vazeb vyZzaduje volny vstup energie

Peptidové vazby jsou kineticky stabilni http-//oregonstate.edu/instru
ct/bb450/springl14/stryer7/2 56

/figure_02_13.jpg
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Figure 2.18
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company

http://oregonstate.edu/i
nstruct/bb450/spring14
[stryer7/2/figure_02_1

8.jpg
14

X
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Polypeptidovy retézec je orientovany

OH
CHs
HC|//CH3
0 0
O LV R AV
\ N C e N C 0
P
+H3N/ \C/ \C/ SN \c{ \'l\'/ \C.
I HH H e | i -
(0) H2C (0]
Tyr Gly Gly Phe Leu
Amino Carboxyl

terminal residue m terminal residue

http://oregonstate.ed
u/instruct/bb450/spr
ingl14/stryer7/2/figu
re_02_14.jpg
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Hlavni retézec neboli pater

Konstantni hlavni fetézec: pravidelné se opakujici ¢ast

Rozdilny postranni fetézec (R-skupiny): variabilni ¢4st

R, Rz R
0] 5
H-—,,// H ] H-,,,, H (II) H'»,/
\N/C\C/N\ /C\N/C\C/N\ /C\N/C\C/
H ] \ I \ H ]
O O
R> d R4 H U

AMK jednotky v polypeptidu se nazyvaji zbytky, které obsahuji
Karbonylovou skupinu; dobry akceptor vodikové vazby,
Amino skupinu(kromég Pro); dobry donor vodikové vazby

http://oregonstate.edu/instruct/bb450/
biochemie_2_1 springl4/stryer7/2/figure_02_15.jpg 59



http://oregonstate.edu
/instruct/bb450/sprin

gl4/stryer7/2/unnum

bered_02_p36.jpg

http://0.quizl
et.com/Wpor
YWO0r9DlIqu
pDOSjrgrQ_
m.jpg

De¢lka vazeb v peptidove vazbé
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Peptidova vazba: charakter dvojné vazby

Zabranuje rotaci kolem vazby

C - C N
¢ e c” g
O / O~
Peptide bond resonance structures
Délka vazby: Mozné dve (Cis & trans)
C-N peptid =1.32 A konfigurace. VWyskytuje se pouze trans

C-N jednoducha=1.49 A
C-N dvojna=1.27 A

biochemie 2 1 61



Trans & cis peptidy

Cis konfigurace ma stérickou prekazku, trans siln€ preferovana

http://oregonstate.edu/instruct
/bb450/springl14/stryer7/2/fig 62
ure_02_20.jpg
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Trans & cis X-Pro

N prolinu je vdzan na dva tetraedricke C:
Stéricka prekazka v obou formach, nizsi preference pro trans

Trans Cis

http://oregonstate.edu/instruct/bb45
O/springl4/stryer7/2/figure_02_21.j 63

P9
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Rotace vazeb v polypeptidu

Amino skupina C_ & karbonalova skupina C_ jsou €isté jednoduché vazby,
Umoziuji rotaci

Volnost v rotaci umoznuje proteinu sbaleni v riznvch formach

0O
H,o I H/

Figure 2.22a
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company

Uhel vzpéti: méfeni rotace mezi -180° & +180°

http://oregonstate.edu/instru
ct/bb450/springl4/stryer7/2 64
[figure_02_22a.jpg
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Oxlidace cysteinu

-Vysoce reakticni SH- (thiolova
skupina cysteinu)

- reverzibilni oxidace — vznik

disulfidu
-CYSTIN (disulfid) —
-DISULFIDICKY MUSTEK

-- jeden fetézec, 2 separované
fetézce

-V proteinech: stabilita

COO~ CO0O~
+ + |
H;N—CH H;N—CH
Cysteine | |
CH2 CHZ
| 2H* + 2e” |
SH - S
~ : l Cystine
SH N\ S
| 2H* + 2e” |
X CH, CH,
Cysteine | + | *
CO0~ CO0O~

http://classconnection.s3.amazona
biochemie_2_1 ws.com/1860/flashcards/701479/j 65
pg/cysteine-dimer.jpg



Cross link (disulfidické miistky)

Vyskytuji se hlavné v extracelularnich proteinech

Cysteine

Cysteine

+
H3N_

CO0O-

I +
fH H;N—
CH,

| 2HY + 2e”

SH /

SH ]

| 2H* + 2¢”
CH,

| +

CH - NH3

|
Co0-

CO0~

|
CH

| Cystine

I +

CH — NH;
CO0-

biochemie_2_1

66



Peptidy a proteiny

drsné endoplazmatické
retikulum

v tele vznikaji
proteosyntézou v "oesomyyeseplasme — <
cytoplazmeé bunék  miocondre -

proteosynteza — e @ e
prObI'hé na
rilbozomech

2 — 50 AK: peptid
> 50 AK: protein
(bilkovina)

, ribosomy
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Ndzvoslovi peptidi

» poradi aminokyselin (=jejich sekvenci)
cteme od N konce k C konci

* k nazvu aminokyselin pridame koncovku -l

* napr.: Tyrozylalanylcystein

. H,N-Tyr-Ala-Cys-COOH

 vetSina peptidu a proteinu maji trivialni nazvy
(glutathion, hemoglobin, kolagen)

biochemie 2 1 68



(3  Nékteré vyznamné peptidy v

nasem téle

nékteré hormony: oxytocin, vazopresin, glukagon, ...

také nekteré jedy a mnoho dalSich vyznamnych latek

glutathion — ?H

tripeptid, v téle . ?I HC O 0
pusobi proti H3N—CH-CH2CH2-C—NH—CH—C—NH—CHZC\
oxidativnimu stresu _/(|3\ o}
tvorbou disulfidovych O O

mustku

Uméla priprava polypeptidiu by mohla vést k
viochemic 2 1Z1SKani bezpecnych vakgjn.



Oxidace glutathionu ok

O

O_

|C|) (|:H2|C|) //
2X  HN= CH-CHyCHy C—NH-CH-C—NH-CHLC,
_C\\
o 'O
i H2
O\c//O o
HaN— " Ch CHpCH C~NH-CH-C—NH- CHZC\\
O CH,0 O
:
S
O HC o o

I |
HsN"CH-CH,CH,-C~NH-CH-C—NH- CH2C

- N . .
O O biochemie_2_1

C o
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Peptidy

=Glutathion

=Oxytocin

=\/asopresin

»Enkefaliny a endorfiny

" Atrialni natriureticky faktor
=Substance P

=Bradykinin

Peptidicka vazba, vyrazna reaktivita

Vyrazna biologicka aktivita

glutathione (GSH)

0 0] SH 4 0
|\J\
N
-0 l;l ( o-
*NH, H )

glutamate eysteine glycine
(Phey™ (A
CE.’T—TEFI* —lle —5In —Asn —IZ|:3,rs—F'r|:| —Leu—Gly
: 5

oxytocin - stahy hladkého svalstva

vazopresin - fidi metabolismus v ody

http://nwpfcommunity.files.wordpress.com/201
biochemie_2_1 3/06/glutathione.gif 71
http://biochemie.wz.cz/img/oxytocin.gif



TEST

Glutathion —

(g-glutamyl-L-cysteinnylglycine)
(g-amidova vazba, g-karboxy skupina se u¢astni na peptidické vazb¢)

Funkce:
- Syntéza proteinti a DNA,

. o . SH

Metabolismus xenobiotik (1éCiva, toxiny), o o ’ \i

transport AMK HOJ\(‘\J\H N OH
Reduk¢ni ¢inidlo NH, O

Chrani bunky pred oxidativnim poskozenim
GSH/GSSG je bézné pritomen v bunikach ve vysoké koncentraci
Vyznamné intracelularni reduk¢ni ¢inidlo

Glutathion peroxidaza oo R—OH
R OH + H,0
N A S

G—SH + HS—G i/B\ G—S—S—G

NADP*  NADPH /H*

(methemog I Ob I n) http://upload.wikimedia.org/wikipedia/commons/7/7e/Glutathion

e=skeletal-png

http://upload.wikimedia.org/wikipedia/commons/thumb/0/0d/Gl
biochemie_2_1utathione_peroxidase_reductase.svg/620px- 72

Glutathione_peroxidase_reductase.svg.png



Peptidické hormony

*Hormony obratlovcii: mnoho malych peptidia vykazuje sviij G€inek pi1 velmi nizkych
koncentracich.

*Hypotalamus:
Oxytocin (9 AMK zbytkt) sekretovan ze zadniho laloku hypofyzi a stimuluje kontrakce
délohy
Vasopresin

bradykinin (9 zbytkil) brani zanétu tkani
thyrotropin-releasing factor (3 zbytky) tvofen v hypotalamu a atimuluje uvolnéni dalsiho
hormonu; thyreotropinuz ptrednaho laloku hypofyzi.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

lable 11.2 | Examples of Polypeptide and Glycoprotein Hormones

Hormone Structure Gland Primary Effects

Antidiuretic hormone 8 amino acids Posterior pituitary Water retention and vasoconstriction

Oxytocin 8 amino acids Posterior pituitary Uterine and mammary contraction

Insulin 21 and 30 amino acids Beta cells in islets of Langerhans Cellular glucose uptake, lipogenesis, and
(double chain) glycogenesis

Glucagon 29 amino acids Alpha cells in islets of Langerhans Hydrolysis of stored glycogen and fat

ACTH 39 amino acids Anterior pituitary Stimulation of adrenal cortex

Parathyroid hormone 84 amino acids Parathyroid Increase in blood Ca?* concentration

FSH, LH, TSH Glycoproteins Anterior pituitary Stimulation of growth, development, and

secretory activity of target glands

http://humanphysiology2011.wikispaces.com/file/vi
ew/polypeptide_%26_glycoportein_hormones.jpg/2

biochemie_2_1
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Peptidy

Aspartam

Aspartic
acid O Phenylalanine

L-aspartyl-L-phenylalanine methyl
ester, uméle sladidlo znamé jako aspartam
nebo NutraSweet.

OH H O Methanol

N> ~0-CHa
O

Aspartame

http://www.sweetenerbook.com/asset
biochemie_2_1 s/limg/aspartame.png 74



Peptid

N¢které extrémné toxické toxiny hub, jako amanitin,
Jsou rovnéz malymi peptidy.

http://www.tehnologijahrane.com/wp-

LBidoheiie2! content/uploads/2009/07/amanita-phalloides-i- 75

amatoksin-amanitin-toksin-zelene-pupavke.jpg



. \Y minokyselin
TEST 'C'C'C"\IIE;N Aromatické dpd amINOKyse

- Toto neni metabolicka draha
Bazické | Argle llid e
€O -?I' C-CONH,  -C-C-CONH,
I
Lys I8 Y Asn I\ Gln [®] Amidy
-C-C-C-C-NH; <O

= Kyseliny

-C-COOH -C-C-COOH

Asp Ib

ceclHis [§
%

Alifaticke

Gly [ Ala [N\l (Ve e | L

H -CH, QL ¢ ¢
- .C-C-C c-C-C
"C-OH CSH Gircular line @
South line H B -COOH
INepolérn | ch Thr Met -C-C-S-C e

Cyklickés

| Polarni | Hydroxy STh@hemie 2.1




Klasifikace AMK podle polarity

TEST

Acidic Neutral

-
nd
<
]
O
al
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Struktura a funkce proteint

Proteiny jsou nejvSestrannéjSimi makromolekulami v Zivych systémec
a maji klicové funkce v podstaté ve vSech biologickych procesech

1 Proteiny se skladaji z 20 AMK
2 Primarni struktura: aminokyseliny spojené peptidovou vazbou
tvori polypeptidovy fetézec
3 Sekunddarni struktura: polypeptidové fetézce se sbaluji do pravidelnych
struktur jako alfa helix, beta list, & obraty & smycky
4 Terciarni struktura: ve vode rozpustné proteiny se sbaluji
do kompaktrnich struktur s nepolarnim jadrem
5 Kvartérni struktura: polypeptidove fetézce se mohou seskupovat
do vice jednotkovych struktur
6 Sekvence aminokyselin v proteinu urcuje jeho trojrozmérnou strukturu

biochemie 2 1 81



Struktura proteinu na ruznych urovnich

Amino acids

Primary Protein structure
sequence of a chain of
animo acids

Pleated sheet Alpha helix —— Secondary Protein structure

hydrogen bonding of the peptide

‘ \ backbone causes the amino
acids to fold into a repeating

pattern

Pleated sheet Tertiary protein structure
three-dimensional folding
pattern of a protein due to side
chain interactions

Alpha helix

Quaternary protein structure

protein consisting of more
than one amino acid chain

https://figures.boundless.
com/18576/full/figure- 32
03-04-09.jpe




Protel NY — Kli¢ové vlastnosti- Siroky rozsah
funkci

1. Proteiny jsou linearni polymery sestavené z monomernich jednotek
aminokyselin — spontanné sloZeny do prostorovych struktur

2. Proteiny obsahuji velké mnoZzstvi funkc¢nich skupin- alkoholy,
thioly, thioethery, karboxylové kyseliny, karboamidy, a dalSi zakladni
skupiny - napr. chemicka reaktivita nezbytna pro funkci proteini

3. Proteiny mohou interagovat spolu navzajem, s dalSimi biologickymi
makromolekulami za vzniku komplexnich struktur

4. Nékteré proteiny jsou rigidni, zatimco ostatni vykazuji urcitou
flexibilitu- structuralni elementy v cytoskeletu
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Primarni struktura hoveziho insulinu

R First protein to be fully sequenced (by
ln = Fred Sanger in 1953). For this, he won his
EII : first Nobel Prize (his second was for the

N Sanger dideoxy method of DNA
IL: R sequencing).
| |
o a
| |
I "
éln Il.eu
| |
L i
Il\sn \Ilal
‘I’yr S—éys
20 Clys—S/ 20 ély
| |
b o
|
%
25 the
|
ig
| r
ll’ro
— s .
|
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Bovinni insulin: AMK sekvence
1953, Fred Sanger stanovil sekvenci inzulinu, meznik!

Ukazano vubec poprve, Ze protein ma piesné definovanou sekvenci
Takeé dokazano, Ze jsou pritomny pouze L-aminokyseliny spojené
peptidickou vazbou

Nyni je znama AMK sekvence > 100,000 proteinti

S —— S
A Chain I |
Gly | lle | Val | Glu | GIn | Cys | Cys | Ala | Ser | Val | Cys | Ser | Leu | Tyr | GIn | Leu  Glu | Asn | Tyr | Cys | Asn
1 /
S S
S S
| /

Phe | Val | Asn | GIn | His | Leu | Cys | Gly | Ser | His | Leu | Val | Glu | Ala | Leu Tyr ' Leu Val Cys Gly
Glu

B Chain Arg
Gly

Phe
Ala | Lys | Pro | Thr | Tyr | Phe

1950-1960 I¢ta: studie rovnéz dokazaly genetické ovlivnéni

sekvence
Kazda z 20 AMK je kddovana jednou nebo vice specifickymi

. A3 http://cnx.org/resources/20a380bd2
SekVenCle 3 HUkleOtldu' biochemie_2_1 28cff5ecla23622e0d2a596/Figure

03 04 _04.jpg
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Molekularni udaje o nékterych proteinech

TABLE 3-2 Molecular Data on Some Proteins

Molecular Number of Number of
weight residues polypeptide chains
Cytochrome ¢ (human) 13,000 104 1
Ribonuclease A (bovine pancreas) 13,700 124 1
Lysozyme (chicken egg white) 13,930 129 1
Myoglobin (equine heart) 16,890 154 1
Chymotrypsin (bovine pancreas) 21,600 241 3
Chymotrypsinogen (bovine) 22,000 245 1
Hemoglobin (human) 64,500 574 4
Serum albumin (human) 68,500 609 1
Hexokinase (yeast) 102,000 972 2
RNA polymerase (E. coli) 450,000 4,158 5
Apolipoprotein B (human) 513,000 4,536 1
Glutamine synthetase (E. coli) 619,000 5,628 12
Titin (human) 2,993,000 26,926 1
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‘ Proteinové databaze - "Pebexpasyorgprotparam!

| Biel! ZSCEMS - 10015 TOF el Sloongy Hesearcn |

c | |' Eoogle

:9] Mejnavetévovansis n Fijerne : mutpS3database access

a!1EXPAS? —— ProtParam

ProtParam tool

ProtParam (References / Documentation) is a tool which allows the computation of various physical and chemical parameters for a
TrEMEBL or for a user entered sequence. The computed parameters include the molecular weight, theoretical pl, aming acid composi
coefficient, estimated half-life, instability index, aliphatic index and grand average of hydropathicity (GRAYY) (Disclaimer).

Flease note that you may only fill out one of the following fields at a time.

Enter a Swiss-FProtTrEMEBEL accession number (AC) (for example PO5130) or a sequence identifier (ID) (for example KPC1_DROM

Oryou can paste your own seduence in the box below:

[ RESET H Compute parameters
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TABLE 3-3 Amino Acid Composition of
Two Proteins
Number of residues
per molecule of protein*

Amino Bovine Bovine
acid cytochrome ¢ chymotrypsinogen
Ala 6 22
Arg 2 4
Asn 5 15
Asp 3 8
Cys 2 10
Gln 3 10
Glu 9 5
Gly 14 23
His 3 2
lle 6 10
Leu 6 19
Lys 18 14
Met 2 2
Phe 4 6
Pro 4 9
Ser 1 28
Thr 8 23
Trp 1 8
Tyr 4 4
Val 3 23
Total 104 245

*In some common analyses, such as acid hydrolysis, Asp and Asn are not
readily distinguished from each other and are together designated Asx (or
B). Similarly, when Glu and GIn cannot be distinguished, they are together
designated Glx (or Z). In addition, Trp is destroyed. Additional procedures
must be employed to obtain an accurate assessment of complete amino
acid content.
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TABLE 3-4 Conjugated Proteins

Class

Prosthetic group

Example

Lipoproteins

Glycoproteins
Phosphoproteins
Hemoproteins
Flavoproteins

Metalloproteins

Lipids

Carbohydrates
Phosphate groups
Heme (iron porphyrin)
Flavin nucleotides

lron
Zinc

Calcium
Molybdenum
Copper

[3,-Lipoprotein
of blood
Immunoglobulin G
Casein of milk
Hemoglobin
Succinate
dehydrogenase
Ferritin
Alcohol
dehydrogenase
Calmodulin
Dinitrogenase
Plastocyanin

biochemie_2 1
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Evoluce a konservace proteinove

sekvence

Halobacterium halobium

Archaebacteria Sulfolobus solfataricus

Saccharomyces cerevisiae
Eukaryotes Homo sapiens
Gram-positive bacterium Bacillus subtilis
Gram-negative bacterium Escherichia coli

IGHVDSGKSTTTG
IGHVDSGKSTTTG
IGHVDHGKSTMVGR
IGHVDHGKTTLTAA

Key
Identical aming acids

Conservative substitutions
Nonconservative substitutions

Signature sequence

IGHVDHGKSTMVGRLLYETGSVPEHV|IIEQH
IGHVDHGKSTLVGRLLMDRGFIDEKT|VKEA
HLIYKCGGIDKRT|IIEKF

ILIYKCGGIDKRTIIEKF
ITTV
ITTV

Translation elongation factor Tu/la

Copyrigh® 2000 Benjamin/Cummings, an impnnt of Addison Wesley Longman, Inc.

Number
Human
Whals

Number
Human
Whale

Number
Human
Whale

Number
Human
Whala

Number
Human
Whale

Number

Human
Whale

Number
Human
Whale

Number
Human
Whale

Number
Human
Whale

Number
Human
Whale

1

[VIL]

16 17 18 1

a
(4]

| o

[GTETW]

6 7

10 11 12 13 14 15
CINTV

8
O] Q)
E[GIEIW[O]
23

20

9

LV
[CIVILCIH
21 22 24 25 26 27 28 26 30

A

};_ [GIH][G[GIEIVIL]T]

)l

32

(RTC]

&

33 34

36 37 38 39 40 471 42 43 44
H

[LTETKTF]

==

PIELT]

46 49

35
G
S
50
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&
&
8

KITIE[A[E[MIKIA
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L LIK|K[H
ILIKIK][F

85
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A 8
N

TCIT

76 77 78 72 80

[L]

v

]

KIK[K[G

[KTK]G

83 B4 BS 86 87 &8

82
HIH[ETATETT
HIETA

iz

a1

106

22

93 94
A

EREEE

96 97 98 99 100101102103 104

A

1PV

TP

107

108109110111 112113 114115116 117 118115120

CIFTTH[Q[V

£

ALLII[HIVILI[H]S IS

121

122

123124125126 127 128129130 131132133134 135

L

DIATQ[GTAMINTK

K<)

FIG)

- | .

L]
BIAIGIGLAIMINIKIALL]
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L |

F

MIAISIN
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(G F[Q[G]

biochemie_2_1

Myoglobin

90



Geneticky kod

Second position
u C A G
uuy ucu | UAU uGU U
Phe Tyr Cys
uuc uce UAC UGC C
U » Ser
UUA UCA UAA  Stop UGA Stop A
Leu
uuG UCGJ UAG Stop UGG Trp G
-~ =
cuL ccu CAU = cau u
-3
~ CuUC cCC CAC CGC C
r >Lau ?PTO Afg
CUA CCA CAA CGA
§ Gin s
cuG cCcG CAG cGG =
3 - § 2
n -
¥ AW ACU AAU AGU uE
g Asn Sat =
AUC 2lle ACC AAC AGC C
A > The
ALA ACA AAA AGA A
-
Lys Arg
AUG Metstant ACG_‘ ALG AGG G
GUU GCu | eaul| ooy u
Sp
GUC GCC GAC GGC C
G Val >Ala Gly
GUA GCA GAA o GGA A
U
Gua GCG‘ GAG GGa G

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.

Amino acid
sequence (protein) GIn -Tyr-Pro-Thr -lle-Trp

I I
DNA sequence (gene)ocGAGTATCCTACGATTTCG




DNA RNA Protein

DNA strand that has the same sequence as mRNA

K mes
: TG |
DNA
..l]GACGGGTACCCCGAGTCGCTGCCCCTTACCGTGAACCAC....
Lo e o
S DNA strand that is complementary to mRNA
1) The mRNA is synthesized by copying this strand
mRNA O AU ""3
I l Ll J
Untranslated Initiation Codons Messenger RNA
section signal
\J
Protein .; Gly - Leu - Ser - Asp - Gly - Glu - Trp - His - Leu - Val ---
Methionine is
cleaved during N-terminus of finished protein

or after translation
in this protein
Copyright ® 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Inicia¢ni aminokyseliny v procesu
translace

CHg
> N-Formylmethionine in
O o prokaryotes
H
H)J\N/Q‘/N\)ké
H o =R

CHs
S
y O Just methionine in
+ N\)k k t
HaN : é eukaryotes
O R

biochemie_2_1
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Aktivace tRNAs specifickou AK

® o ® ,

ool o L
HaN—-C—-—C H:;N—C—C
} \ ATP | \
Amino acid \ / R A ' ;
+ AminoacyRNA synthetase denosine
Adenosine 3'—OH
1R
i Aminoacyl
tRNA
=
Anticodon

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Translace z mRNA do Proteinu

fﬁc GAU AGU ULC CGBA AAA LXGA  [Messenger
Asp Ser Fha Arg Lys Skp ANA)

et —Val

e Papide bond

AGL Uug
Mot _Nal~"Gly Asp Ser Fha Arg Ly: Skp

AAA  UGA
Ly Skp

Cleavage and rolease

Palypaptde chain of
B aming aclds

. Release

AUG GUU GGC GAU AGU UUC
MMet Val Gly Asp Ser Pha  Arg —Lys—5Skp

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.

biochemie_2_1



~ Akuvita Ribosomalni Peptidyl
Transterase

P site A site P site A site
!
II\IH
R, CH
0=C
NH I\IIH
R,I_l(‘JH R,—CH
\ —>
O0=C g—C
lll H :NH, NH
R, C}ﬂ (|3H R,,; CH
0=C 0= (|3 0=C
S iy :
tRNA tRNA(,,,1) tRNA tRNA (,.,1)
Peptidyl-tRNA Aminoacyl-tRNA Uncharged tRNA Peptidyl-tRNA

“Note: the catalytic component of the ribosome’s peptidyl transferase activity is
RNA,; it's an example of a catalytic RNA.@rribozyme. 9%



Tvorba disulfidickvch vazeb v insulinu

@ Preproinsulin is synthesized as a random
coil on membrane-associated ribosomes
Connecting
ssquence \

" Beoan )

o )

% ‘MSH H _ g

S
SH
C M chain N
\
SH Leader sequence aids in

Praproinsulin transporting the polypeptice
chain through the membrane

@ Aner memorane transport, the leader
saquence IS cleaved and the resulting
proinsulin folds into a stable conformation

© Disulficde bonds form

i .

~

r »
‘\\ fs—i C \\
s & |
! \s /
N u
Proinsulin

0 The connecting sequence is cleaved
to form the mature Insulin molecule

Insulin

biochemie_2_1 s 97
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Shrnuti

1) Aminokyseliny mohou byt kovalentné spojeny peptidickou vazbou za
vzniku peptidu a proteinu. Bunky obecné obsahuji tisice riznych proteint,
kazdy s jinou biologickou aktivitou.

2. Proteiny mohou byt velmi dlouhé polypeptidove fetézce o 100 az n€kolik
tisic zbytku. Ackoli n€které prirozené€ se vyskytujici peptidy maji jen velmi
malo zbytkl. N&které proteiny jsou sloZzeny z n€kolika nekovalentné
asociovanych polypeptidi; podjednotek. Jednoduché proteiny se
hydrolyzou rozkladaji pouze na AMK; konjugovang¢ proteiny navic
obsahuji dalsi slozku napt. kov nebo prostetlckou skupinu.

3. Sekvence aminokyselin v proteinu je charakteristicka pro kazdy protein a
nazyva se primarni struktura. Toto je jedna ze ¢ty obecné rozliSovanych
urovni struktury proteint.

bBidehenrig221 98



Metody v proteinové biochemii
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Gelova elektroforeza

Sample
©

® © ® ® @ ©

Well

\ If
uuuwuuuuuu/

e o0 0 0 o o)

Direction
of
migration

\ ¢

1

f““'._\

logM,

b
LT
-
! -
- -
Unknown
protein

)

Relative- migration

Myosin

3-Galactosidase
Glycogen phosphorylase b

Bovine serum albumin
Ovalbumin

Carbonic anhydrase

Soybean trypsin inhibitor
Lysozyme

©

200,000

116,250
97,400

66,200
45,000

31,000

21,500
14,400

®

1 2
[ 1_f]
-

M,  Unknown
standards protein
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Polyamfolitni charakter peptidu a
izoelektricky bod

Group pKa
14 |- o-NH;* 9.7
" s Gluy-COOH 4.2
Lys e-NH;* 10.0
o g0 | a-COOH 2.2
& 8r " C\ \r'u c
N Ce 2 Tetrapeptide: . .
45 S W Gl , Isoelectric Point (pl), pH at
N B oy i which molecule has net zero
. 1 1 i P charge, determined using
. ’ ; g 4 computer program for known
Moles OH™ added per mole tetrapeptide . .
Copyight ©2000 Benjamin/smmings, sn imprint f Adcison Wesley Longman, Inc sequence or empirically (by

Isoelectric focusing).

biochemie_2 1 101



TABLE 3-6 The Isoelectric Points

of Some Proteins

Protein pl
Pepsin <1.0
Egg albumin 4.6
Serum albumin 4.9
Urease 5.0
[B-Lactoglobulin SV,
Hemoglobin 6.8
Myoglobin 7.0
Chymotrypsinogen 9.5
Cytochrome ¢ 10.7
Lysozyme 11.0

biochemie_2 1
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isoelektﬂcké fokusace

Electrophoresis through polyacrylamide gel in
which there is a pH gradient.

8.0
/ pH of the gel
pl7.46 pl7.36 pl7.23
7.6 _ l
- Accumulation
Q of protein
7.4
! pl 7.44  pl7.30
7.0
. ' Position in gel s
Cathode Anode

Copyright ® 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Isoelectric Focusing

Cathode -

Cathode -

Cathode -

€ @
s @ @ @
t® ® © o
< @
® ® - ®
I I I I I I
3 4 5 i) 7 i) g
pH Gradient
Isoelectric Focusing
= ® ®
+ @ @
§ ~ @ (5 &) @
5 @ % 5 ® @
@
@ ©
I I I I I I
3 5 6 7 i) g
pH Gradient
Isoelectric Focusing
® ® ® g _
@ @
HIE ® o ¢ ®
g @
@ @ © ¢ © ®
I I I I I I
3 4 5 i) g
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‘ 2D gelova elektroforesa

= Separace proteinu zalozena na isoelektrickém bodé v

prvnim rozmeru
= Separace proteinu zlozena na molekulové hmotnosti

V 2. Smeru

)

=
=
i s !
. F!rst ,| Decreasing
dimension — of
Isoelectric |\ _/
focusing |
&=l
s/
)

(1O D) IV ]

Isoelectric focusing |
gel is placed on SDS ‘
polyacrylamide gel. ‘

Isoelectric focusing
gel is placed on SDS
polyacrylamide gel.

Second
dimension

SDS polyacrylamide
gel electrophoresis

1O D) I

yoH Y

'y

Decreasing —,
pl
biochemie_2_1

Decreasing
M,

|
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‘ Vysolovani: precipitace, srazeni
siranem amonnym — proteinova
frakcionace

0.50
\ Serum
\ albumin
(a) (b) (c) \\
S — AN |
| \
=
| | P |~ 2 \
e o ° = \
e © ° 2 \\
i Supernatant 9 .
o ° . S 050} \
\ P '. \ - 2 / \ I g . \
/ 5/
>\' e / &noﬂ k"”. - Precipitate \
Target
i \
protein ~100l \ Fibrinogen Hemoglobin
\n
0 1 2 3
Molarity of (NH,),SO,

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Centrifugace

el

Low-speed, high-speed, or
ultracentrifugation: different
spin speeds and g forces

Centrifugation Methods

Differential (Pelletting) — simple method
for pelleting large particles using fixed-
angle rotor (pellet at bottom of tube vs.
supernatant solution above)

«Zonal ultracentrifugation (e.g., sucrose-
gradient) — swinging-bucket rotor

*Equilibrium-density gradient
ultracentrifugation (e.g., CsClI) —
swinging-bucket or fixed-angle rotor

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Zonalni centrifugace v gradientu sacharosy:
gradientova preparativni ultracenrifugace

0Prcparc density gradient, QThe tube is placed in a “swinging bucket’ rotor. r
Dense When the rotor revolves, the tube moves to
SUCTOSe Less dense a horizontal position. The macromolecule
solution y “— sucrose layer sediments, resolving into
\ / solution ™% components. |'/ e =
Q@ -~ g B0y
\ e - s [CY 1 3
The macromolecular

Grnd solution is layered on i
radient top. Itis less dense ’ i
mixer Y, than the sucrose. el
Sucrose

gradient

O The bottom of the celluloid tube is
pierced by a hypodermic needle,
and fractions are allowed 1o drip
inlo a series of lubes. These can

JL

: | i : o
(determined by sizg and shape of solutes) 108

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.



‘ Sacharosova gradietova’. preparativni
ultracenrifugace

l
ﬁ—— Sample i |
_ _ — Slow-sedimenting _ :
~ centrifugation - component fractionation . ’
— Stabilizing — Fast-sedimenting
sucrose component
gradient
\_4 -

@-—--9----@

vl sl
|1 I
||| nn
..v -
\! = FECET,
Copyright 1252 Jobn Wiley and Sons, Inc. All rights reserved.
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Gradientova ultracentrifugace
zalozena na stejné hustote

vyuziva se Meselsen-Stahl experimentu,
rozdeleni na zaklade hustoty rozpustenych
latek.

Nevyzaduje predpripraveny gradient
Nalijte husty roztok rychle rozptylujici latky ve
zkumavce (obvykle CsCl).

Gradientem hustoty se vytvori behem
odstredovani ("self-generovani gradientu")
Rozpustene latky migruji podle jejich hustoty,
rychlosti sedimentace (kde hustota
rozpustene latky = hustota roztoku CsCl).

biochemie_2 1 110



‘ Chromatogratie na koloné

Reservoir

Protein sample Lo
(mobile phase)

Solid porous matrix |-
(stationary phase)

Porous support /é@

1)
Effluent /

4

Later time Later time
—_— —_—

B o BARAR  BAAAR  BGAAA
45 12345

12345 233

Copyright ® 2000 Benjamin/Cummings, an imprint of Addison Wasley Longman, Inc.

o c Flow-through Eluate
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Ruzné typy chromatogratie

Gelova filtrace / molekularni sito - déli podle velikosti (molekulové
hmotnosti) proteinu

lontoménicova (katex a vyména aniontu) - oddéluje od povrchového
naboje na proteiny

Katexova: oddéluje na zakladé kladnych naboju rozpusténych latek /
proteint matrix je zaporné nabity

Anexova: oddéluje na zakladé zapornych naboju rozpusténych latek
/ proteint, matice je pozitivné nabita

Hydrofobni -oddéluje od hydrofobnosti proteinu

Afinitni - oddéluje nejakou unikatni zavaznou charakteristiku
proteinu zajmu afinitni matrix ve sloupci

biochemie_2 1 112



lontomeénicova chromatogratie

@ Large net positive charge
© Net positive charge

© Net negative charge

@ Large net negative charge

(a) (d)

Low-salt High-salt
elution elution
buffer buffer

Lowsalt  Highsalt

Protein concentration

Sample mixture

Chromatography —__
column

Polymer beads with |\
negatively charged |\
functional groups

CoH
’
.

\ Fraction number or volume of eluent
Protein mixture is added )

to cqlumn containing Fractions sequentially collected
cation exchangers. i Copytight 1998 John Wikey and Sons, Inc. Al rights reserved.
[}

123456
Proteins move through the column at rates determined by their
net charge at the pH being used. With cation exchangers, proteins
with a more negative net charge move faster and elute earlier.
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Gelova filtrace

Amount of solute

Volume of effluent

polymer beads

o

Protein mixture is added
to column containing
cross-linked polymer.

Protein molecules separate
by size; larger molecules
pass more freely, appearing
in the earlier fractions.

biochemie_2_1 114



Atinitni chromatografie

e

Mixture

of proteins

Protein mixture is
added to column
containing a
polymer-bound
ligand specific for

protein of interest.

Unwanted proteins
are washed through
column.

-

Protein of
interest

Ligand

Solution
of ligand

—

Protein of interest
is eluted by ligand
solution.

biochemie_2_%

Copyright 1299 John Wiley and Sons, Inc. All rights reserved.

(a)

Absorbance at 280 nm

0

4 S Solid resin
s'_ e matrix
e B AP Specific bindi

,‘ Qe ofp:lc(;:cullgtgg

] c \“\ matrix ligand

Matrix-anchored
ligand

Macromolecules

N I/ a3 with differing
S

N\ | 7 ligand-binding
\“u ‘/ sites
M\~ =
| M (Co
&\\// \/”} )
L
oAt Wy s A
—— Absorbance
z
3
Nuclease — T ‘g
activity P (b)
s 0
18 o
=4 )= }"’ —0—CH,
Acetic acid | | o
pH3.1|
?
H,N @ 0—P
2 N I
1 L L 0
10 20 50 60
Effluent (mL)



Stepeni polypetitdového fetézce pro
analyzu

Silna kyselina (napr, 6 M HCI) — nespecifické

Sekvence specifické pro proteolytické
enzymy (proteazy)

Sekvence specifické - chemicke stépeni
(napr, stepeni bromkyanem na zbytcich
methioninu)
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Specificke proteazy

TABLE 3-7 The Specificity of Some Common
Methods for Fragmenting Polypeptide Chains

Reagent (biological source)* Cleavage points®

Trypsin Lys, Arg (C)
(bovine pancreas)

Submaxillarus protease Arg (C)
(mouse submaxillary gland)

Chymotrypsin Phe, Trp, Tyr (C)
(bovine pancreas)

Staphylococcus aureus V8 protease Asp, Glu (C)
(bacterium S. aureus)

Asp-N-protease Asp, Glu (N)
(bacterium Pseudomonas fragi)

Pepsin Phe, Trp, Tyr (N)
(porcine stomach)

Endoproteinase Lys C Lys (C)
(bacterium Lysobacter
enzymogenes)

Cyanogen bromide Met (C)

*All reagents except cyanogen bromide are proteases. All are available
from commercial sources.

TResidues furnishing the primary recognition point for the protease or
reagent; peptide bond cleavage occurs on either the carbonyl (C) or the

amino (N) side of the indicated amino acid residues.

biochemie_2 1
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‘ Stepeni — methioninove zbyky
pomoci kyanogen Bromidu

Methionine
residue
—_— ——
T! ? Q Rz O
! | I
—-tI\I—CH—C—N- CH—C—=N—CH—C—
b A i
H H CH; H
CH,
-
S
!
CH,
H,0,
N=C - Br
c \ Br',
yanogen \J N —CH
bromide =R
Methy!
! thiocyanate
" LA |
_T-—-CH—C—N (l;H——(; + H:N—CH~C~—
‘ ‘ |
H H CH, O
Nl
CH;
—_—
Homoserine
lactone

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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CNBr
fragments
- o - >

CNBr CNBr

Phe —Trp — MEt=SGly —Ala — 8B Leu—Pro— Met™ Asp —Gly— Aig Cys —Ala —GIn

T T

Y

Trypsin trypsin trypsin
fragments ’ ‘
-t > - > - >

Copyright 1989 Join Wiley and Sons, Inc, All rights reserved.
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oteinové sekvenace pomoci Edman Degradace

7T TR B

Phenylisothiocyanate
(PITC)

|~
S N——
anhydrous
F,CCOOH
R, O
HC—C
+
Ni. 8
S/ 4
N—((

H

Thiazolinone derivative

e

R, 0
HC—C
HN_ N
¢
S

PTH-amino acid
Copynight 1999 John Wiley and Sons, Inc. All rights reserved

PTC polypeptide

e R

>N=C=S + H,N—CH—C—NH—CH—C—NH—CH—C— -+ <—

i on-

R, O
FY. ' 1M
C—NH-—CH—C—NH—CH—C—NH—CH—C

Polypeptide

¢ B
|

PTC = phenylthiocarbamyl

F;CCOOH = trifluoroacetic acid
A
H:;.\T—cn—c—Nn—cn—c— oo —d

Original polypeptide less
its N-terminal residue

PTH = phenylthiohydantion
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Identifikace N-koncové AA

Polypeptide | = ¢ NO, NO,
N°2
FDNB NO, NO,
NO; NH NH .
W 8 R‘—CIH 6m HC s —CIH P a::ieno Identify amino-terminal
(a) | acids  residue of polypeptide.
CI=O (o]0
2,4-Dinitro- HN 2,4-Dinitrophenyl
phenyl Rz—éH derivative
derivative I of amino-terminal
of polypeptide Cc=0 residue
N; Phenylisothio- '\|"'I r\|||-|
I cyanate S>C
g y | Cag _ AN Identify amino-terminal
\. 5 i 'T: CF.COOH A e s_f C|_° residue; purify and recycle
(b) > R'—CH 3 C—CH HN CH  remaining peptide fragment
o OH ‘1.:0 0// R r|{1 through Edman process.
! GI!]HI Anilinothiazolinone  Phenylthiohydantoin
: 2 | derivative of amino derivative of amino
! R*—CH A —
i | acid residue acid residue
1 C=
! 2 l}z 'fa
+
: H;N —C—C—N—C—C .~ N\ Sho:?:ned
' PTC adduct H Il HHI peptice
l (o] o
\\ ,‘

Note: Identification of C-terminal residue done by hydrazinolysis (reaction with anhydrous hydrazine in presence of mildly
acidic ion exchange resin) or with a C-terminus-specific,exgpeptidase (carboxypeptidase). 121



Separace AA pomoci HPLC

122
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QUILOIYIAN —_— —¥ m <

SUIEeA .m
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aulue|y
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1.

auI|0J
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Idenifikace proteinti pomoci hmotnostni spektrometrie

.
Mass
Glass  Sample spectrometer
capillary solution 100 37392
50+ =l
+1.+ L ++t+ < 100 l
+g + + S
<—P 1@ — 1 + =
oy ek R 2 0
2 75 | 40+ 47,000 48,000
+ g l My
£
(]
High E 50 |- 30+
It <
voltage o
L J =
25 |
Vacuum
interface i MLU.NIHJUUL
0 1 1 1 1 1 1 1 1 .
800 1,000 1,200 1,400 1,600
Collision
MS-1 cell MS-2  Detector m/z

=0 ey a®

L T | J

'Electrospray Separation Breakage

ionization
1 100 |

A<t H— (O

3
b =
£
w
R' O R® 0 RS £
(| H ol H | 20 £
HN—C—C—N—C—C—N—C—C+N—C—C—N—C—C £
H | | H H | |l H o g
R? R* O 2
y -
(-4
lli‘ ﬁ l|%3 ﬂ Ts " 200 400 600 800 1,000
H H =
H,N—C—C—N—C—C—N—C—C N—c—c—N—c—cZ miz
Il H H | |l H o~
R2 O R O
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Idenifikace proteinti pomoci hmotnostni
spektrometrie

Dva hlavni pfistupy:

1. Peptide hmotnost otisku prstu: proteolytické stépeni bilkovin, pak
stanoveni m / z peptidu MS (napf, MALDI-TOF a ESI-TOF), hledani
"otisk prstu" proti databazi. Uspé&ch je zavislé na kvalité / Gplnost
databaze pro konkrétni proteomu.

2. Tandem MS (MS / MS - napfiklad nanoLC-ESI-MS / MS):
proteolytické Stepeni bilkovin, separaci a stanoveni m / z kazdého
(MS-1), pak urCeni kolizi indukované disociace fragmentu spektra
pro kazdy peptid (MS-2). Poskytuje kontext / sekvencné zavislé
informace, takze spis délat novo metodou sekvenovani.
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Locating Disulfide Bonds

Disulfide bond

‘\-) (cystine) _IJ
CH,SH - o=c
(lfHOH HCI -—C HZ—'S—S—CHz—CIH
€=0 HN
CHOH ﬁﬁ
CH,SH
Dithiothreitol (OTT) | 0% ;.‘;Z{lcu.,,, B,
exfo [Othre; oy

I

0=C

HN

N

—Ll

H ﬁ 0 o0=C NH 0=C
—CHz"‘ﬁ—‘o' -0 _ﬁ_cHz—CIH HC —CH,—SH HS—CHz—ClH
=0 O o HN c=0 HN
Cysteic acid —H ',f' acetylation _H
residues I by
iodoacetate
i ]
HCI—CHz—S—CH;—COO‘ 'OOC—CHI—S—CHz—CIH
C=0
r_!" Acetylated
cysteine
residues

O
I
o
iodoacetate
A chain: §
S S
@ ® |
i i
B chain: FYNQHLCGSHLVEALYLVCGERGFFYTPKA
Step 1: Test for free —SH with radioactive
iodoacetate or other
sulfhydryl-reacting reagents
oN Unchanged insulin molecule ., no free —SH groups
1
,s Step 2: Cleavage of Step 3: Mild acid hydrolysis
s enlire molecule of entire molecule
\ with chymotrypsin
LVCGERGFF
CA CAS (A e
Identification of
bond (3) as A20 - B19 S S S Gel s
i o+ IR+ A + +
| =
|
I C  LeG, GVEQC SVC
Identification of Identification of
bond (2) as A7 - B7 bond (1) as A6 - A11

Copyright @ 2000 Benjamin/Cummings, an imprint of Addison Wesley Longman, Inc.
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Determing Primary Structure

Entire Protein

Procedure

hydrolyze; separate
__amino acids

Polyﬁéptide

react with FDNB; hydrolyze;
separate amino acids

reduce

disulfide

bonds (if present)

SH
| 4 \

cleave with trypsin;

separate fragments; sequence
\by Edman degradation

cleave with cyanogen
bromide; separate fragments;
\sequence by Edman degradation

amMmoNn>»
W=NBNWQW

OO

OO

Result

H2 RI1
1 3 s 2
K 2 T1
L2 Vi1
M2 Y2
P 3

2,4-Dinitrophenylglutamate

detected

GASMALIK
EGAAYHDFEPIDPR
DCVHSD
YLIACGPMTK

EGAAYHDFEPIDPRGASM

TKDCVHSD
ALIKYLIACGPM

of an

Conclusion
Polypeptide has 38
amino acid residues. Tryp-
sin will cleave three times
(atone R (Arg) and two
K (Lys)) to give four frag-
ments. Cyanogen bromide
will cleave at two
M (Met) to give three
fragments.

E (Glu) is amino-
terminal residue.

@ placed at amino terminus

because it begins with E (Glu).

placed at carboxyl terminus
because it does not end with
R (Arg) or K (Lys).

@overlaps with

@and,allowing

them to be ordered.

establish @ @
\sﬂ»Amin I ] 1 Carboxyl
'© | GAAYHDFEPIDPRGASMALIKYLIACGPMTKDCVHSD 2" 2oXY
terminus | Il Stk | terminus

©

©® @
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eactions in Solid-Phase Peptide

ynthesis

Amino acid 1 with R 0 )

-amino aroup protactad | [ e Attachment of carboxyl-terminal
;; E groupp Fmoc _'T e — @ amino acid to reactive
y Fmocgroup H group on resin.
NS o
T g
Fmoc —N —cn—c-—o—cu;—@—_ - -~
] - \
R2 0O i
1
Fmoc —N —éH—g—Oz Protecting group is removed :
| by flushing with solution i
H containing a mild organic base. |
Amino acid 2 with :
N=C=N protected ) 0 !
«-amino group is + i - 1
Dicyclohexylcarbodiimide activated at HBN—C“—C—O—C"Z_O’\ y |
carboxyl group - 1
(DCO) by DCC. !
i
1
a-Amino group of amino !
acid 1 attacks activated 1
2

T % TH w @ carboxyl group of amino acid :
Fmoc —I\Il —CH—C —O—ﬁ 2 to form peptide bond. !
H N o i
- I i
N—C—N 1
| | !
H H :
Dicyclohexylurea byproduct E
1
]
U

2 R' 0O Reactions @ to @

RZ O
| I | 1 S repeated as necessary
Fmoc i Ce e (e G e et
H H
Completed peptide is
HE deprotected as in
@ reaction @ ; HF cleaves
ester linkage between

peptide and resin.
RZ O R!

[o}
+ | Il )
H;N—CH—C—I‘:—CH—C-—O' + F—CHy -
H

R.Bruce Merrifield
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TABLE 3-8 Effect of Stepwise Yield on Overall
Yield in Peptide Synthesis

Overall yield of final peptide (%)

_ , when the yield of each step is:
Number of residues in

the final polypeptide 96.0% 99.8%
11 66 98
21 44 96
31 29 94
51 13 90

100 1.7 82
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Aminokyseliny

Proteiny: Esencialni pro vSechny organismy
AMK
Peptidy
Polypeptidy
Proteiny; vice nez 50 AMK

Proteiny jsou polymery aminokyseliny, kde je kazdy
aminokyselinovy zbytek navdzan na svého souseda
specifickym typem kovalentni vazby.

L-a-aminokyseliny a jejich derivaty se podili na rozlicnych
bunéénych funkci jako nervovy pienos a biosyntéza
porfyrint, purind, pyrimidini a mocoviny.

Existuje vice nez 300 AK, 21 v proteinech savcil. ..
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Funkce aminokyselin

® NH,
I
u J 4 1 4 ~ u o "I-E-B' -
@ Primarni funkce (soucast proteind) Y )
ey v x i N
QChemK:ky prenasec: ©00" "
Neurotransmitery (substance z jedné nervové buriky, S s

Které ovliviuji funkci druhé nervové bunky)
GABA (y-amino maselna kyselina), glycin,

serotonin (tryptofan) NN

H O I' m O n y (chemické prenasece....produkovany jednim typem bunék a reguluji funkci jinych typd bunék / Y
*H3N o
Thyroxin (tyrozin) ’

. . Thyroxine
Indolkarboxylova kyselina (rostliny)

Prekurzory pro molekuly obsahuijici dusik
Nukleotidy, hem, chlorofyl

Metabolické intermediéty: arginin, citrulin, ornithin — cyklus
mocoviny

http://www.chemieunterricht.de/dc2/essig/images/
TEST hac-31.gif
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