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IonizaCni techniky vyuzivané k
analyze biomolekul (biopolymeru)

e MALDI : proteiny, peptidy,
oligonukleotidy, sacharidy ...

 ESI : proteiny, peptidy, oligonukleotidy,
sacharidy ...

* APCI: syntetické polymery, nepolarni
analyty jako triacylglyceroly .....



MALDI intaktnich proteinu

Tvorba 1x nabitych iontli molekularnich aduktu

V minoritnim mnoZzstvi tvorba 2x nabitych ionti a
tvorba dimeru

P11 prosté MALDI-TOF analyze nejsou zpravidla
patrné fragmentacni 10onty

Pouzivané matrice — kyselina sinapova, v mensi
mife oi-hydroxyskoricova kyselina a DH




MALDI/MS spektrum proteinu
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ESI/MS intaktnich proteinu

e Tvorba vicendsobn¢ nabitych iontu — mozna
analyza velkych proteinu spektrometry s
nizsim rozsahem hmot

e Pf1 pouziti analyzatoru s vyS$Sim rozliSenim
moznost stanoveni MW proteinu s presnosti
Da — 0,1Da v zavislosti na rozliseni
instrumentu



ESI/MS intaktniho proteinu
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Vypocet molekulové hmotnosti
proteinu z m/z sousednich piku

M — MW proteinu, z — nabojovy stav

Y — pik s n1zSi m/z , X — pik s vyssi m/z
X=M+2)/z,Y = M+z+1)/(z+1)
nabojovy stav piku X z = (Y-1)/(X-Y)
MW = (X*zy)-z2y = (Y*Zy)-Zy



MALDI-MS peptidu

Tvorba 1x nabitych 1ontu

V pripad¢ zasoleni vzorku mozna tvorba
aduktu se slozkami soli

Vhodné matrice — a-hydroxyskoricova
kyselina, DHB

Pt1 volbé vysoké intensity laseru prolinani a
potlaceni nizSich hmot 1onty matrice



Vyuziti MALDI/MS peptidu

e V analyze molekulové hmotnosti peptidu

e Identifikace proteinu po nastépeni pomoci
specifického enzymu (peptide mass
fingerprinting) — srovnani nameéreného
spektra s databazi aminokyselinovych
sekvenci proteinu a pocitaCove vytvorenych
teoretickych digestu (smési teoretickych
peptidu)



Pouzivané specifické St€peni

Enzyme and chemical cleavage
reagents

trypsin

Cleavage sites, comments

C-terminal to R and K (except R-P, K-P bond); R-K, K-K, R-R,
K-B cleave slower

endoproteinase Lys-C

C-terminal to K (rarely K-P bond)

endoproteinase Arg-C

C-terminal to R (except R-P bond)

endeproteinase Slu-C (V8 protease)

C-terminal to E and D (except C-P, -P bond)

chymotrypsin

C-terminal te F. Y, W, L, I, V. M (except X-P bond)

elastase C-terminal to &, A, 5, V. L, I (not very specific)
pepsin C-terminal to F. L, E (pH 2-4 active range)
Asp-N N-terminal to D (sometimes E)
thermolysin M-terminal to L/, I, V. F (and others to a lesser extent)
carboxypeptidase A/Y cleaves C-terminal residues
mild acid cleaves b-P bond

cyanogen bromide (CNEBr)

C-terminus of M; M-T and M-5 cleave slower; oxidized M do
not cleave

BMPS-skataole

cleaves W-X bond

PMEGase F

cleaves M-linked (Asn-glyco) glycoproteins; leaves entire
carbohydrate portien intact and converts N to D

alkaline phosphatase

dephosphorylation of phosphoproteins




Vvyhody a nevyhody MALDI/MS
peptidu

* + relativn€ snadna interpretace spekter,
jednoduchost experimentu a instrumentace

e - vysoké naroky na presnost zmeérenych
spekter

e - problémy interpretace spekter pi1 smesi
proteinu nebo pri identifikaci proteinu s
moznou mutaci nebo nedostateCné znamou
sekvenci



MALDI/MS digestu proteinu
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Vyhledavaci program MASCOT
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Protein Summary Report (EMG3_4 2) Page 1 of 8

MWATRIX /
{itinces Mascot Search Results
Usar : ubik
Email : ubik@seznam.cz
Search title : EMz3 4 2
Database : MSDE 20050929 (2344227 sequences; 779380795 residuas)
Taxonomy ! Home sapiens (human) (141910 sequences)
Timastamp : 10 Apr 200& at 05:22:44 GMT
Top Score : 125 for CLIC1 _HUMAN, Chloride intracellular channel protein 1 (Nuc

Probability Based Mowse Score

Protein score is - 10#Log(P), where P is the probability that the observed match is a random event.
Protein scores greater than 64 are significant (p<0.03),
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Format As | |Protein Summary - Help
Significance threshold pe |0.08 Max. number of hits |2D—
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LC-MS/MS (MALDI/MS/MS)
peptidu

peptidu a fragmentaCniho spektra peptidu

Moznost popisu sekvence peptidu z
fragmentaCniho spektra (DE-NOVO sekvenovani)

MozZnost analyzy digestu celych organel nebo Casti
organismu popiipadé smési proteinu

Mozna analyza posttranslaCnich modifikaci
pomoci MS/MS



Postup 1dentifikace proteinu pomoci
ESI-MS/MS

(A) protein mixture (g  protein C) separation D! ionization

digestion
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ESI-MS/MS spektrum peptidu
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Fragmentace peptidu
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Majoritni fragmenty peptidu
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Dalsi pozorované fragmenty
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Hodnoty hmot prispévku jednotlivych
aminokyselin a jejich immoniovych iontu

b

Gly
Ala
Ser
Pro
Val

Thr
Cys
Leu
e

Asn
Asp
GIn
Lys
Glu
Met
His
Phe
Arg
Tyr
wW Trp
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Mass
57.02
71.08
B7.03
97.05
99.07

101.05

103.01

113.08

113.08

114.04

115.03

128.06

128.09

129.04

131.04

137.06

147.07

156.10

163.06

186.08

Side chain

1

15
31
41
43
45
47
57
57
58
59
72
72
73
75
81
91
100
107
130

Immonium ions

30

44

60

70

T2

74

76

86(72)

86(72)

87(70)

88
101(384, 129)
101(129, 112, 84, 70)
102
104(61)
110(166, 138, 123, 121, 82)
120(921)
129(112, 100, 87, 73, 70, 59)
136
159




MS/MS peptidu

e FragmentaCni spektrum pomoci CID
obsahuje prevazné y a b ionty a v mensi
mife potom ostatni fragmentacni 1onty

e Pf1 analyze posttranslacnich modifikaci 1ze

krom¢ neutralnich ztrat pozorovat 1 1onty
modifikaci

e Volba ruznych koliznich energii pro ruzné
nabité ionty peptidu



Instrumenty pouzivané pro CID fragmentaci v
proteomickych laboratorich

e ESI-IT , ESI-LIT

* ESI-QQQ

» ESI-Q-TOF, ESI-Q-TRAP
» MALDI-Q-TOF

» MALDI-TOF/TOF

e Mén¢ rozsitené jsou ESI/MALDI-FT-ICR,
ESI-ORBITRAP



Nizkoenergetické fragmentace
ECD.ETD

e Disociace zachytem elektronu ECD nebo
prenosem elektronu ETD

 Pfi pouziti nizkoenergetické ECD nebo
ETD fragmentace disociuji prevazne
peptidové vazby za tvorby ¢ a z iontu



MS/MS peptidu CID vs.
ECD,ETD

* Pi1 analyze posttranslacnich modifikaci v pripad¢
vice modifikacnich mist v jednom peptidu nelze
pro zjisténi mista modifikace pouzit C
fragmentaci (vysoka disociaCni energie, disociace
peptidové vazby a souCasn€ vazby modifikace)

e V pripad€ ETD, ECD vznikaji jednodussi spektra
obsahujici pouze dva druhy ionti c a z




CID vs ECD, ETD
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Nékteré proteinové databaze

Table 2 Protein databases available on the miernel

NCRlnr A nonredundant database compiled by the ORI fny -.'u|11l1'1|1in:_' st of The |'.-utvlig domain
databases (ES s nobmclucded .

Swiss Prol A curated proten sequence dalabase which strives to provide a high level of annatation,
stch as the description of the funchion of a protam, 118 doman's structure,
post-translational modifications. vanants, ¢te, This database offers a minimal level of
redundancy and high level of integration with other databases

(WL A nonredundant composite of four publicly available primary sources: SWISSPROT. PIR,
(-3}, GenBank (teanslation | and NRL-3D. SWISSPROT is the highest priority sonrce, all
others being compared agamst it Lo ehminate identical and trvially different sequences,

Genpept Protein translation of Geabank (ESTs not included ).

Unknome A theoretical database used in de nove M5/MS spectral interpretation that s created
on-the-flv and contains all amino acid sequence permutations consistent with the parent
mass and amino acid composition nformation contained 0 an M5/MS spectrum.

NCHL Mational Center for Bitechnology Information; ENT. expressed sequence fag: MS/MS, landem mass spectrometry
|2nd series),




Programy pro zpracovani proteomickych dat a
vyhledavani v databazich

e MASCOT (Matrixscience)
e Proteinlynx ( Waters)

e Protein prospektor (UC SF)
e a mnoho dalSich k nalezeni napriklad na:

B (http://www.expasy.org/tools/)



TOP-DOWN Proteomika

Analyza na urovni intaktnich proteinu
Fragmentace CID, ETD, ECD
Neztracime nékteré informace o které
muzeme prijit pi1 chemickém
(enzymatickém) zpracovani proteinu

W e\ /

analyzy digestu



Kvantifikace zmén koncentrace
proteinu

e A, absolutni kvantifikace pomoci 1sotopov¢e
znacCeného peptidu (AQUA ...)

e B, pomoci dalSich technik se kvantifikuji zmeény
koncentraci proteinti pomoci isotopickych znacek
(ICAT, ITRAQ ..) nebo 1sotopicky znacenych
aminokyselin (SILAC...), poptipad¢€ znaCeni pfi
digestu (voda — O!8)

e V posledni dobé¢ se stale vice uplatiuje
kvantifikace bez nutnosti znaceni



1TRAQ metoda
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Stanoveni oligonukleotidu pomoci
hmotnostni spektrometrie

MALDI/MS

Nejlepsi vytéznost 1onizace v negativnim modu
Obvyklé matrice PA, 3-HPA,
2,3,6-trthydroxyacetophenon

Mnohem mensi vytéznost 1onizace oproti
peptidum

Spektra jsou komplikovana tvorbou fragmentt

Nutné dostatecné odsoleni, velmi nachylné k
tvorb¢ aduktu s ionty alkalickych kovu



V1iv soli na stanoveni
oligonukleotidu pomoci MALDI/MS
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Stanoveni sacharidu pomoci
hmotnostni spektrometrie

e Pouzivaji se predevsim mekkeé 1onizacni
techniky pro stanoveni sekvence a struktury
(ESI, MALDI) ve spojeni s MS™

e Stanoveni polysacharidi je mnohem
nebo nukleovych kyselin diky 1somerickeé
povaze zakladnich stavebnich kamenu a
jejich moznému vetveni



Fragmetace glykopeptidu
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Fragmentace glykopeptidu
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De€kugi za pozornost




