Aminokyseliny, Peptidy
Proteiny



Aminokyseliny (AMK)

* Prirozené vyskytujici se aminokyseliny jsou prevazné a-aminokyseliny
(2-aminokarboxylové kyseliny) - jsou stavebnimi slozkami peptidu

* Méneé Casté RB-aminokyseliny (8-alanin) nebo y-aminokyseliny (GABA)
— ruzné funkce, slozky biomolekul nebo neurotransmiteru
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AMK - funkce

e Stavebni slozky: peptidu a fosfolipidu (geneticky kddovano asi 20 z

nich — pouze tyto proteinogenni AMK se nachazeji pravidelné ve vsSech
bilkovinach)

* Prekursory pro syntézu: oxokyselin, biogennich aminu, glukdzy, hemu,
nukleotidl, hormonu a neurotransmiteru

* Neurotransmitery: glutamat, aspartat, glycin



Enantiomery

e Uhlik C-2 u a-aminokyselin nese stereogenni centrum
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https://www.quora.com/Do-D-amino-acids-illicit-a-
pathogen-recognition-response-What-adva ntﬁge-does-
a-bacterium-have-in-using-D-amino-acids-instead-of-L




Fischerova projekce




Struktura a chovani AMK

(uncharged) (zwitterion)
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Titracni krivka alaninu
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Table 26.1 The 20 Commaon Amino Acids in Proteins

Table 26.1 The 20 Common Amino Acids in Proteins (continued)

piy pK; Pk side pKa piy Pk, side
Mame Abbreviations MW Stucture a-C0;H aNH; chain pl Name Abbreviations MW Stucture a-COrH a-NMH3t chain pl
Neutral Amino Acids Neutral Amino Acids (cortinued)
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Alanine Ala a9 pb{;?ic ~ 134 969 — 6.01 HO -
+ L
Hal Hzh
i Threomn! Th T 119 200 9,10 5,60
Asparagine Asn 132 HN E‘“D' 202 B.BD — 5.41 framine ‘ : : - :
-
ol
ll:l Tryptophan Trip w 204 283 939 — 5.89
Cystelne Cys 121 C 1.96 10.28 B.18 5.07
HS o
+
Hai H
i 0 0
i _ i
e R -t o C\/\)(u ~g 17 9.13 365 Tyrosine Ty ¥ 181 Cegr 2.20 9.11 10,07 5.66
+ LY
Had H Y
HO
Glycine Gly 75 234 960 — 597 CHa “ﬁ'
Valine Val v 117 L. 2.32 962 = 5.96
ML o
HaM
Acidic Amino Acids
soleucing e 131 236 960 — 6.02 o
Aspartic acld Asp D 133 o B“o- 1.88 9,60 1.65 27T
iy
gHaN H
0
[ o} 0
Leucine Leu 131 H4C L., 136 Q.60 — 5.98 I |
i o Glutamicacld  Glu E 147 0" Cog 2.19 9.67 425 3.22
Hal H
Ha HaM
o Basic Amino Acids
Methionine Met 149 5 Hl B 228 521 — 5.74 "NHp L
HaC . o Arginine Arg 174 N o 2.17 9.04 1248 1076
Ha H,N H/\/K o
2 l Hat
H ah
] 0
Phenylalanine Phe 145 C.. 1.83 013 — 548 I
o Histidine His H 155 R - 1.82 9.17 .00 7.50
Hai H | .
"'I'LN HaM H
9 M
Prodine Pro 115 Cogn 199 10,60 = 6.30 0
A" Lysine Lys K 145 Halt Cgr 218 8.95 10.539 9.74
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Proteogenni aminokyseliny

* 1) Nepolarni alifatické: glycin (Gly, G), alanin (Ala, A), prolin (Pro, P),
valin (Val, V), leucin (Leu, L), izoleucin (lle, ), methionin (Met, M).

* Branched chain aminoacid — BCAA — Val, Leu, lle, Met (esencialni)
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Proteogenni aminokyseliny

e 2) Aromatické: nepoldarni - tryptofan (Trp, W), fenylalanin (Phe, F),
polarni - tyrosin (Tyr, Y)
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L-tryptofan L-fenylalanin L-tyrosin



Proteogenni aminokyseliny

* 3) Polarni nenabité (neutralni): serin (Ser, S), threonin (Thr, T), cystein
(Cys, C), asparagin (Asn, N), glutamin (GIn, Q), + 1 specialni AMK —
selenocystein.
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Proteogenni aminokyseliny

* 4) Polarni bazické: lysin (Lys, K), arginin (Arg, R), histidin (His, H).
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L-lysin L-arginin L-histidin



Proteogenni aminokyseliny

* 5) Polarni kyselé: asparagova kyselina (Asp, D), glutamova kyselina (Glu, E).
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L-kys. asparagova L-kys. glutamova



Proteogenni aminokyseliny

* Téemer polovinu esencialnich AMK si télo nedokaze samo vyrobit a
musi je prijimat z potravy — esencialni aminokyseliny — Val, Leu, lle,
Met, Phe, Trp, Thr, His, Lys.

* Pro kojence zvlasté vyznamné cystein a arginin
* Prolin — vytvareni ohybu v peptidech
e Glycin — bez chiralniho centra

* Thr a lle — 2 chiralni centra — ale v organismu se exlusivné vyskytuje
jen (2S, 3R)-threonin, (2S, 3S)-isoleucin



Dalsi aminokyseliny

Kromé 20-ti proteogennich AMK (AMK nachazenych v proteinech) existuje nékolik
dalsich AMK.

Selenocystein (geneticky kodovan) — glutathion peroxidaza (odbouravani
hydroxyperoxidu v lipidech), dejodaza (premena tyroxinu na trijothronin),
thioredoxin reduktaza (antioxidacni ochrana, syntéza deoxyribonukleotidu).

Pyrrolysin (geneticky kodovan) — stop codon UAG, biosytéza proteinu v
methanobakteriich a archeach.

GABA neurotransmiter v mozku

Homocystein v krvi — spojovan s onemocnénimi srdce (metabolit methioninu)
Thyroxin — hormon stitné zlazy o (_{ o o
L-DOPA — syntéza katecholamin( HSe/\d\OH S .KO on HN A~

Ornitin, citrulin — mocovinovy cyklus NH,

L-selenocystein L-pyrrolysine GABA
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homocystein thyroxin L-dopa ornithin citrulin



Cys vs. Sec

* Glutathion peroxidaza

pKa = 8.3

cystein

(@)

R-OOH + 2GSH

pKa = 5.3

selenocystein

GPx

» R-OH +

H,O+ GSSG
|

'
GSSG + H* + NADPH

DOI: 10.1017/jns.2013.17

Glutathione reductase

» 2GSH + NADP*

High resolution structure of selenocysteine
containing human GPX4
DOI: 10.2210/pdb6ELW/pdb

Classification: OXIDOREDUCTASE
Organism(s): Homo sapiens
Expression System: Escherichia coli BL21(DE3)

(Protein databank,
https://www.rcsb.org/structure/6ELW)


http://doi.org/10.2210/pdb6ELW/pdb
https://www.rcsb.org/search?q=struct_keywords.pdbx_keywords:OXIDOREDUCTASE
https://www.rcsb.org/search?q=rcsb_entity_source_organism.ncbi_scientific_name:Homo%20sapiens
https://www.rcsb.org/search?q=rcsb_entity_host_organism.ncbi_scientific_name:Escherichia%20coli%20BL21(DE3)
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1017%2Fjns.2013.17

Biogenni aminy

Pri odbouravani AMK dekarboxylazami aminokyselin
(dekarboxylace) vznikaji ruzné ,biogenni aminy*“

Serin = ethanolamin = soucast lipidi (membranové lipidy)

HZN/\)]\OH

Systein = cysteinamin - soucast koenzymu A
Threonin - aminopropanol - B12

Aspartat - beta-Ala - koenzym A (také odbouravanim
uracilu)

Ornithin = putrescin = syntéza polyaminu
Glutamat - y-aminobutyrat - GABA (neurotransmiter)

Histidin = histamin - mediator (imunitni odpoved,
alergicka reakce), neurotransmiter

DOPA - dopamin = neurotransmiter (porucha syntézy -
Parkinsonova nemoc)

5-OH-tryptofan - serotonin - mediator, neurotransmiter,
neurohormon, krevni tlak

Arginin - agmatin - neuromodulator

Inaktivace biogennich aminu probiha pomoci
monoanimooxidazy (MAO, regulace, NH, > COOH).
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Chemicka syntéza AMK

Hell-Volhard-Zelinski pak Sn2

?Hg 0

1. Brg, PBr3

|
CH3CHCH5CH,COH

2. Hy0

4-Methylpentanoic acid

Amidomalonatova syntéza
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I

CHy O
NHs 1.
: CHaCHCHoCHCO

(excess) |

* r"'-. _I 3

k¥

(R, S)-Leucine (45%)

-CJECL':HE{l:HCDE-
NH;
NH:

(R,S)-Aspartic acid (55%)
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Chemicka syntéza AMK

Reduktivni aminace a-ketokyselin

0 NH H NHa
| NH3 I N/
AL NaBH Lo L
HEC {:CIEH HEE; CGEH HEE; ':':::'2
Pyruvic acid Imine (R, S)-Alanine
intermediate

Katalyticka hydrogenace (rhodium(l) komplex, Knowles 2001 Nobel price)

S Ph Ar
”F—Q‘T COCH 02 N /

Ly P T T 1 -1 -
7N\ 3 1. Hy, [Rh(DIPAMP)(COD)I* BF4 |f H"’ 7 ‘ Rh_ BF4~ | An
¢ Y % T .
$ / 2. NaOH, H,0 - TR P ™
\N—/ ~7 An Ph

A (Z) enamido acid (§)-Phenylalanine [Rh(R, R-DiPAMP)(COD)I* BF4~



Peptidy a Proteiny

(pfiprava, analyza, struktura a funkce)



Peptidy a proteiny

* Proteiny a peptidy jsou polymery vzniklé spojenim jednotlivych aminokyselin, skrze
Eeptldovou vazbu. (aminoskupina jedné AMK vytvori amidovou vazbu s karboxylovou
selinou druhé AMK)

e Peptidy asi tak do 100 AMK
* Proteiny — delSi nez 100 AMK (bilkoviny)

@

H3C H HOCH, H
W e G
“/C\\(f'/u -|E‘_I"’CH“{|_|‘,""LJ
\
0] . 0 ol
Alanine (Ala) H-C H ﬁ - ‘ Serine (Ser) HOCH- H . .' L+ .
3L ] L . 2]
VAl Wi - 7l " @9
¥ firtsetne b g 9@ o @& ¥ — e ™ g o @ &
0O /‘-. .\ —
“|’ O H CH,OH ‘ ) ﬁ' H CH, W 3 o '
\C‘/C\“‘ h . "|j-'la_c,fCH% _ - . "‘ 1
O -
/ .‘\. r
H CH,0OH Alanylserine (Ala-Ser) H CHj
Serylalanine (Ser-Ala)
Serine (Ser) Alanine (Ala)
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Peptidova vazba

* Je planarni — omezena rotace kolem C-N vazby, ktera ma castecny
charakter dvojné vazby (volny el. par na dusiku je delokalizovany interakci s
karbonylovou skupinou a p-orbital dusiku se ¢castecné prekryva p-orbitalem
karbonylu)

Bestricted rotation

Jek R H
| ) IC :V,I \C",‘
HI ':R S
3 C
N P e
o e e
S > ‘ >
7 g e
O: R H
_ \/ Planar
A C ~N-
>
H R
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Disulfidovy mustek

 Vznika reakci mezi dvéma cysteinovymi AMK (cystin = 2 x cystein, oxidace thiolu)
e stabilizujici efekt ve strukture peptidd a protein(

I.-"-'r:- -::I l_.-"'Il.l
III HN H I? HN H O
2N \ SH o+ HST T ONT — N \ S~ ,,fﬂx 7
S \H/ o f‘.‘ | r "'\7 N.- .
HN H H , |
O o O HN H H
N \
: , Disulfide bond '
Cysteine Cysteine
r@l?
}Ie
A chain (21 units) Val -
Glu 7

|
| +|3Ir'|- Cys-Cys-Thr-Serlle-Cys-Ser-Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Asn

( Il-lis—Leu-Cys;GIv—Ser—His-Leu-"u"aI-GIu—AIa—Leu-Tvr—Leu-"u’al-Cl‘i,,rS-

*ISIu *|3I'5.r
B chain (30 units) Asn Glu John E. McMurry —
Val Arg : .
| Phe ThrLys-Pro-Thr-Tyr-Phe-Phe-Gly Organic chemistry

Insulin



Vznik (biosyntéza) peptidu - Ribosom

nové vznikajici protein
aminokyseliny

velka podjednotka
ribozomu

tRNA g

podjednotka ribozom

Ribosome mRNA translation es.svg: https://commons.wikimedia.org/w/index.php?curid=32110356



Biologicky vyznamné peptidy

glutathion - redukovana forma

SH
O O H O
N
HOWH \)I\OH
NH. 0

Glu-Cys-Gly



Biologicky vyznamné peptidy

NJL A,
egaatas se

N

* Peptidové hormony — methionin enkefalin

Met-enkefalin Morfin

tyr-gly-gly-phe-met

Porovnani vazebnych  motivl
methioninu-enkefalinu a morfinu
(PheAla se vaze na stejné misto
jako morfin v  opioidnich
receptorech)

https://commons.wikimedia.org/



Biologicky vyznamné peptidy
* Oxytocin — hormon (neuropeptid), hraje dllezitou ulohu pfri vytvareni
socialnich vazeb, rozmnozovani a porodu

OH

O

&l)-‘\ 0 R= MDH
J\ 7 NH Long Acting Agonist

HENﬁ\,«”\nf\NJLVN )‘j, ﬁg\( w

HENDG GGHHE Superagonist
Wataru, I. Et. al.: J. Med. Chem. 2019, 62, 7, 3297-3310.



Biologicky vyznamné peptidy

HoN

 Vasopressin (nebo také antidiureticky hormon ADH) — zodpovédny za
NH
\“/ 2 Pr

osmotickou rovnovahu v téle
HZNJ)L (?r
NL ° Cys
Ln
H2N Asn

Gly O

https://en.wikipedia.org/wiki/Vasopressin



B-laktamova antibiotika

e 1928 — Alexander Fleming (St. Mary’s Hospital London) — objev
penicilinu (plisen - Penicillinum sp.)

beta-laktamovy kruh

Oy“ i © °

~__S «__S ,

R \% \% : |
e & "t (:f) © COOH

N
|
Z

ZT
O\\(
ZT
4’
K<f>

COOH

Penicillin Penicillin G Pennicilin V

www.invasive.org (penicillinum)



Syntéza peptidu

* strategie: 1) ochranit NH, skupinu prvni aminokyseliny, 2) ochranit
COOH skupinu druhé AMK, 3) tvorba peptidové vazby, 4) odchranéni
chranicich skupin

HC H HiC H
\C Protect \C-"
HsN” = ~COz~  NHz  |RHNT ~COgH
Alanine . DOC HsC rH
- {form amide) . C i CO~
i * . T e e
N = rﬁ' . 2. Deprotect H3N ':f :F.I :
_E-r‘a_c,r':a.\ — Protect HoN HC.-"C“LD..-"HII ] H bHECH':CHE:IE
S O -COgH P
H CH3CH(CH3)2 H CHgCH{CHg]g Ala-Leu

Leucine

John Mc. Murry — Organic Chemistry, Eighth Eddition, Brooks Cole, 2011



Syntéeza peptidu

* Chranéni aminoskupiny: existuje velké mnozstvi chranicich skupin, ale
je potreba aby byly primérené stabilni pro syntézu peptidu, a hlavné
aby pri odchranéni nevyzadovaly drastické podminky — nepouzivanéjsi
Boc (odchranéni CF;COOH) a Fmoc (odchraneni piperidin).

CH, O 0 HaC  CHs
' .|_| |
HiC” 07 ™07 07 TCHs TS
H CHj - - HaC CHz O H CHy
.IC{ Di-tert-butyl dicarbonate _[:. |!: - ;\C"
“ TN C04 {CH3CHa)3N HsC™ ~"07 T~NT TCOy
Alanine
Boc-Ala
H CH
o 3
: \ - g T T ..-"'C"“-. ~ —
Hﬂ fCHS Fluorenylmethyloxycarbonyl ) T L €O
c. chleride ' |
co, CHCH, ‘ ~ John Mc. Murry — Organic Chemistry,
Alanine : |

Eighth Eddition, Brooks Cole, 2011

Fmoc-Ala



Syntéza peptidu

* Chranéni karboxylové funkce: formou esteroveé vazby nejcaste;i
methyl (odchranéni NaOH za mirnych podminek) Ci benzyl ester
(odchranéni hydrogenolyzou).

0
+ I
CH,0H HaN_  _C_ 1. NaOH

/T .(C‘x OCHgq W\
H CHyCH(CH3)

Hal 'K‘C"/{:DE_ Methyl leucinate o

SN, ~CO2”

N
H - CHyCHICH,), H CH,CH(CHa),

Leucine

c Leucine

- |
PhCH,0OH HalN .~ o Ho/Pd 7
2 C” " OCHyPh

HCI x

kY
&

H CH>CH(CH3)s

I

O

Benzyl leucinate

John Mc. Murry — Organic Chemistry, Eighth Eddition, Brooks Cole, 2011



DCC peptide e, S pe,

/e R ¢
. PO 3 G, 50
coupling W MO~ Ue 0 T

= Qs

. N1 arrach
proton transfer - : ch

activating C=N bond N HH-

there is no acidic OH, so the amine

can wow attack the C=0

resonance-stabithzed
oood leaving group Q

=] HMN

? [13 good LG
C O Y- v
Hz o
Elimination NH-

'_' =NH 0
‘:; _S {D %Em

https://www.chemistrysteps.com/amides-from-carboxylic-acids-dcc-edc-coupling/
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Dalsi Cinidla pro
tvorbu
peptidove vazby

&
=~ N
N=C=N I N BF;
=N
\J ; @’P'l /j )N TBTU
\ -
' O~ P N\_J —N7 NHll
DCC P N N— @\
- {
| N S
SN N 5
N=C=N O
B PyBOP ~ @N‘ -
| N PFg
f F
EDC N’}‘Nf HATU
. y T— I'Il
carbodiimides phosphonium salits CA
=
1 2 B!
N° N (\AI/LLNf/l\DCH | r“|~| ]
PPN e 3 NG ToTu
Cl N~ CI O. cl \LIJ/ o
cyanuric chloride DMTMM gch

triazines

uronium and guanidinium salts

https://www.santiago-lab.com/reagent-of-the-month-march-dmtmm/




Syntéza peptidu

O
|
Ala + (t-BuOC)50 Leu + CH5OH
o The amino group of alanine is protected as
the Boc derivative, and o 9 H+
@) the carboxyl group of leucine is protected catalyst
as the methyl ester. N

Boc-Ala Leu-OCH4

€) The two protected amino acids are coupled O |occ
using DCC.

Boc-Ala-Leu-OCHgq

0 The Boc protecting group is removed by

CFqCOsH
acid treatment. o‘ 32

Ala-Leu-OCHs

6 The methyl ester is removed by basic e NaOH
hydrolysis. H;0
Ala-Leu

John Mc. Murry — Organic Chemistry, Eighth Eddition, Brooks Cole, 2011
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Automatizovana syntéza peptidu

Solid phase synthesis — syntéza na pevné fazi.
Principem je ukotveni prvni AMK na reaktivni

polystyrenovou pryskyfrici a nasledné prodluzovani %CHz—TH—CHz—TH—CHz—TH%CHz—jH—CHz—CH%
pe ptidOVéhO retézce. R P N SR AR Chloromethylated
‘ ’ \ [ ] “ polystyrene resin
N N N N ~F
CH,Cl CH,C|
9]
/JL—\
e ; “*C]
H Ry

A B N P N Resin-bound
J H J [ ] { amino acid
~ " - . -
HTF’ ‘_':_J.-' T . e -
"0 0
R l Ri
’/,.-‘MM 7 i;/__, H\\"n., /

http://beta.cemx.com/beta2018/en/lib . ' _ »
erty-blue-ht12 John Mc. Murry — Organic Chemistry, Eighth Eddition,
Brooks Cole, 2011



Automatizovana syntéza peptidu

System can build 164-amino-acid-long proteins in hours instead of weeks or months

T D O S SRR ¥ :
https://cen.acs.org/synthesis/Automated-synthesizer-make-long-protein/98/i21

Science 2020, DOI: 10.1126/science.abb2491
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https://cen.acs.org/synthesis/Automated-synthesizer-make-long-protein/98/i21
http://dx.doi.org/10.1126/science.abb2491

Automatizovana syntéza peptidu

0
[ ——
Boc—NHCHCOH  +  CICH,~(Polymer)
I|:} -

€) A Boc-protected amino acid is
covalently linked to the polystyrene olgase
polymer by formation of an ester
bond (Sp2 reaction).

0O
[
Boc—NHCHCOCH @?_w_rr_u@
R
) The polymer-bonded amino acid is
washed free of excess reagent and 12} 1. Wash
then treated with trifluoroacetic acid 2. CF3CO2H
to remove the Boc group. o
HEF'J(EHHDEZZHQ—{%FT?Q
R
€) A second Boc-protected amino acid O
is coupled to the first by reaction 1.DCC, Eoc—NHCHEDH
with DCC. Excess reagents are (3] |
removed by washing them from the 2. Wash R’

insoluble polymer.
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Automatizovana syntéza peptidu

€ A second Boc-protected amino acid O
is coupled to the first by reaction 1. DCC, Boc —NHCHHDH
with DCC. Excess reagents are (3] |
removed by washing them from the 2.Wash R’
insoluble polymer.
O O
| I -x\
Boc NH(|2HC—HH(|]HCD( Ho HP{)I*{ r/
R’ R
@) The cycle of deprotection, coupling,
and washing is repeated as many 0o Repeat cycle
times as desired to add amino acid many times
units to the growing chain.
o0
Boc NH(|2HC—H‘~JH{|":HC~}EPJH(|3HC(_}{ZH2 r:fgolvmer;
@ After the desired peptide has been R” R’ R
made, treatment with anhydrous
HF removes the final Boc group @lHF
and cleaves the ester bond to the
polymer, yielding the free peptide. 0 0 0

1 1 i —
Hg[\l(ﬁHC—H\JHﬁZHC&,—Tr\JH(ﬁHCUH +  HOCH,{Polymer)
R” R’ R o

John Mc. Murry — Organic Chemistry, Eighth Eddition, Brooks Cole, 2011
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Moderni produkce peptidu (rekombinantni proteiny)

rekombinantni inzulin:
Extraction &

polypeptid — fetézec A 21 | (= \ S
o o Introduction of r purification of
AMK a retezec B 30 AMK, _ recombinant \L) @ human insulin

spojeny disulfidickymi DNAinto a ,
po JEny Y ( bacterial cell Recombinant
mustky ; Bacterium
1) Uméla syntéza genu Humen & i 1=
(DNA) pro lidsky insulin pancreas cell . Sgul  Bcten -
. v uman P ( | Recombinant R
- . . . £ N pr——— re pro nsulin
nebO IZOIace ,Z B bunek InSU“n_produC'ng l: ‘:: ) @ Ql v,({_\\ Q“ bacteria P
Lagerhansovych gene = = S| multiplying o
ostravkl (pankreas) Recombinant | (O®) ancprotcing
v DNA 0 ®| human insulin in
2) Vlozeni genu do L0A fermentation tank :
plasmidu Bacterial Plasmid DNA . i
3) Zavedeni plasmidu do E. DNA cut wr:h restriction -
COli 7 I \ enzy e Tank A chain
) s—s
4) Kultiv . . | - u,u-C__ 2lt-coou
) Kultivace E. Coli — 4 SN =
(fermentor) ) DNA N wan SIS coom
Vev, Vv ’ B chain
5) Extrakce a ¢isténi Bacterium 7 S =
i ) uman insulin ——
rekombinantniho genu
pomoci afinitni Fig. 10.1 Human Insulin Production

chromatografie -
https://www.brainkart.com/article/Applications-of-biotechnology-in-Medicine_38121/



Val-Phe-Leu-Met-Tyr-Pro-Gly-Trp-Cys-Glu-Asp-Ile-Lys-SerArg-His

| T I | |

e W W
Chymotrypsin cleaves these bonds. Trypsin cleaves these bonds.

* Dnes ¢astecnd hydrolyza peptidi pomoci enzymu (endopeptidazy = trypsin, chymotrypsin) -
vznik specifickych fragmentd - analyza pomoci MS (Maldi, TOF)

Qrigral Polypeptce

Tryptc Crymatyaic
poptides 1753 pestidas
Enzymsic
e e oy
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| 1 | |
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] |
| | | LT ]
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(= e =) 2= m ey D ) )

Complelo zagquerce

N@.@GKKXXNW@.@.@C@MMXJD@@@@c

' Principle of the overlap meshod for sequencing amino acids, [n thas example, aligoots af the anginal peptides have been fragmented by
.},\-axmn with the endopegeidases trypsin and chymotrypsin
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Lysing acetylation
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