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Irodalom:
Gerhardus de JonE
Capillary Electrophoresis - Mass Spectrometry: Principles and Applications (2017)



CE-MS alapok



CE detektalas - érzéekenyseég

* UV

* Fluoreszcencia (CE-LIF)
* Egysejt analizis
» Szarmazékképzés: online vs offline
* Xe-lampak, lézerek, LED-ek

* VezetGképesség
e Erintkezésmentes (CCD)

* (ESI-)MS



CE kapcsolasa MS-hez

Konermann, L., et al. (2013) Unraveling the mechanism of electrospray ionization.
Anal. Chem., 85, 2-9.

Initial (um) Final (nm)

droplets droplets

ESI capillary / N \

e CE — atmoszférikus nyomas;
MS — vakuum

e CE és MS feszultségek
kombinalasa

Mass
spectrometer

* Alacsony aramlasi sebesség
CE-nél (nL/min)

* MS kompatibilis pufferek b

* lonelnyomas nem illekony, tdmeny 1. Toltott csepp képzédés (0,1-10 uL/min; +2-5 kV)
puffernél Csepp parolgas (Rayleigh-hatar, Coulomb erd6k)

, 3. Gazfazisu ionok keletkezése
[ + .
mod: alacsony pH - 1 analit/csepp, orokli a csepp toltését)

- mod: magas pH - vagy ha Coulomb-eré>feliileti fesz., gdzfazisu
e 20-30% szerves modosito ionok ,,robbannak” ki a cseppbdl

N



e 3 elektrdod, két kilon aramkorként viselkedik
 CEinlet
* CE outlet/ESI porlaszté
e MS inlet

 Elektrodfolyamatok O
* Andd: oxidacio 2(g)
e Katod: redukcid

» Forditott polaritas: Fe/Ni elektrod 2H,O + 2e~ < H
oxidcio, korrézié

+4H" + 4e” < 2H,0

2o+ 20H"



MS-hez
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capillary electrophoresis—electrospray ionization—mass spectrometry. Anal. Chim.

Acta, 627, 25-33.



Sheath liquid interface |. — Flow-through
microvial — Chen group

Fesziiltség a SL-en biztositja a zart
aramkort, nyomas alkalmazasaval
juttatjak a SL-et a porlasztéba

Maxwell, et al. (2010) Decoupling CE and ESI for a more

robust interface with MS. Electrophoresis, 31, 1130-1137.

Separation capillary

Tee union
11 Inlet
= vial Modifier
capillary
CEHV Pressurized
modifi_er

Needle and capillary tip

¢ >

| O

/
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Sheath liquid interface Il. — elektrokinetikus

opumpa — Dovichi group

Fesziiltség a SL-en, polaritas azonos az
inlettel. K6zos fold a porlasztonal, igy
nem sziikséges kiilon nyomassal
pumpalni a SL-et.

Sun, L., et al. (2015) Third generation electrokinetically pumped sheath-flow

nanospray interface with improved stability and sensitivity for automated capillary
zone electrophoresis—mass spectrometry analysis of complex proteome digests.

J. Proteome Res., 14, 2312-2321.
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Sheath liquid interface II. — Liquid-junction
i nte rfé SZ Maxwell, E.J., Chen, D.D.Y. (2008) Twenty years of interface development for

spectrometry. Anal. Chim.

*SLn . 4 Acta, 627, 25-33.
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Fanali, S., et al. (2006) On-line CE-MS using pressurized liquid junction nanoflow Time {Fﬂlr'l]- .

electrospray interface and surface-coated capillaries. Electrophoresis, 27, 4666—4673.



Sheathless interface I. — pordzus hegy
nanospray (CESI 8000)

 Kapillaris hegye porézus (HF maratas), amin keresztul biztositjak a zart
aramkort

* Vezetl folyadék csere 3-4 oranként

Bonvin, G., et al. (2012) Evaluation of a
sheathless nanospray interface based on a

ESI| needle porous tip sprayer for CE-ESI-MS coupling.
Electrophoresis, 33, 552-562.

Conductive liquid

Separa
capillary

Porous capillary
segment
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Seged folyadékok

* Minta higitas: nem feltétlenul jelent kisebb intenzitast
* Nem illékony pufferek hasznalata lehetséges

* Alt. kevés elektrolitot (illékony sét) tartalmaznak — nem muszaj
* Elektromos vezetés megteremtés

* lonizacio el8segitése
e Kis sotartalom — idealis lenne a kicsi alifas alkoholok (tiszta MeOH)

* Leggyakrabban: szerves olddszer (pl. iPr-OH, MeOH) + 20-80% viz
* Adalékok

* hangyasav/ecetsay, alkil-amin/ammania
* Ammodnium-formiat/acetat/karbonat



lonok visszaaram

* Kis/ellentétes EOF esetén

 Aramerd@sség ingadozas

/

dSd
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Foret, F, et al. (1994) Liquid sheath effects on the separation of proteins in
capillary electrophoresis/electrospray mass spectrometry.
Anal. Chem., 66, 4450—4458.
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Eltéro ellenion
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van Wijk, A.M., et al. (2007) Capillary electrophoresis—mass spectrorhrg%r({/ngg)r impurity profiling of basic pharmaceuticals using non-vlg]gt(lrngrBackground elegtrolytes.

J. Chromatogr. A, 1159, 175-184.



SL hatasa fehérjék szerkezetére

* A fehérje kozege befolyasolja annak tercier szerkezetét

* A kbzeg az elemzés soran = SL

* Pl. eltérés MeOH vs. iPrOH a toltéseloszlasban

* 0.1% FA — protonalodast el6segiti

* Nagyobb mennyiségben (>0.1%): ionizacio elnyomas (szupresszio)



Es iPrOH esetén nem
fligg a toltéseloszlas az
iPrOH mennyiségétol
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Gusenkov, S., et al. (2013)
Separation and characterization of
nitrated variants of the major
birch pollen allergen by CZE-ESI-
UTOF MS.

Electrophoresis, 34, 2695-2704.
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SL aramlasi sebesség

* Interfész tipus meghatarozo

* Noveléséhez altalaban a porlasztogaz
novelése is kell (stabil spray képz6dés)

* Tobb paraméter egylttes hatasanak
kemometriai vizsgalata™:
* Design-Expert optimalizélo szoftver
e Szaritdégaz T és sebesség: nincs hatasa a
csucsalak/magassagra

e SL aramlasi sebesség: kis hatasa van, f6leg ha
alacsony a porlaszté nyomas

* Porlaszté nyomas: legfontosabb paraméter a
négy kozul

*  *Schmid, et al. (2015) Investigation of photochemical reactions of saccharides
during direct ultraviolet absorbancedetection in capillary electrophoresis. J.
Chromatogr. A, 1388, 259-266.

Peak height MDA

75.00

22.00~<__ /6.0
D o
.00 s 7 A: SL flow
- / f
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Mas (nem ESI) ionforrasok

* APPI: atmospheric pressure photoionization
* 2 mod: Dopant-tal vagy nélkile

* Dopant: az ionizacios folyamatban az ionok keletkezését el6segit6
anyag (pl. aceton, toluol) — SL-hez torténhet a hozzaasasa

* FA adalékként nem segit a dopant helyett

* Nagyobb (15-50 pL/min) dramldasi sebességek
« MEKC (50 mM SDS) lehetséges a nagyobb higitas miatt



SL kémia

e SL-hez reagensek hozzaadasa

* Pl. coordination ionspray: SL-ben Ag*-ionok, telitetlen zsirsav
észterekkel, D-vitaminokkal, 6sztrogénnel komplexet képeztek (+)

* BF;, H;BO; — negativ mod

* H/D csere a SL-ben (deuteralt olddszerek) .« i
* Melamin analizis anyatejben (D,0/MeQOD) ?
* Nagyon gyors csere reakcio szukséges .
“ eepom
| e e S e e

Mass-to-charge (m/z)
Klampfl, CW.,, et al. (2009) Analysis of melamine in milk powder by capillary zone electrophoresis using UV detection and hyphenation with electrospray 13
ionization quadrupole/time-of-flight mass spectrometric detection. Electrophoresis, 30, 1743-1746.



SL kémia — feheérjek toltése

* 0.25-1% o-, m-, p-nitrobenzil alkohol

vagy szulfolan
* iPrOH/viz/FA

* Fehérje: emberi novekedési hormon
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Bonvin, G., et al. (2014) In-spray supercharging of intact proteins by capillary electrophoresis—electrospray ionization—mass spectrometry using sheath ¢

liquid interface. Anal. Chim. Acta, 813, 97-105.



Mikrochip CE-MS



Mikrochip CE(-MS) — MCE

* H: 10-50 pm ® 1k
* W:50-100 pm 3KV (@
e Csatorna forma: négyszogletd,

I\.,_\_,_J"l

.(,-‘ . \-

négyzet, haromszog, fél- @ <
ellipszoid
* Injektalas: 1 kV .
(o) 1kV
* Elvalasztas: 3 kV
3kV (a)

* Optikai detektalas: @
fluoreszcencia o 1



/

itasa

Chipek el6a
* Alapanyag:

« Uveg

* Kvarc
PDMS (polidimetilsziloxan)
PMMA (polimetilmetakrilat)
Pl (poliimid)
PC (polikarbonat)
Ciklikus olefin polimer (COP)

Lin, C.-H., et al. (2001) A fast prototyping process for fabrication of microfluidic
systems on soda-lime glass. J. Micromech. Microeng., 11, 726—732.

o

PR spin coating and soft baking

-

UV exposure

"~~~ 4

PR stripping

Cover glass drilling

DI water film
-

Photoresist developing and hard baking

BOE etching in ultrasonic bath

Cleaning and alignment

a

Fusion bonding

BOE: buffered oxide etch (pl. NH,F/HF) 22



MCE-MS

(a) (1) Blunt end (2) Corner (3) External capillary

* Folyadék kiaramlas: szUk
ykijaraton” keresztul (pl. td)

* Make-up flow: segéd folyadek *

ada g0 |as elektromos (4) External emiter (5) Monolithic emitter
) b e NP
csatlakozasok " Beatrophoresis <77 <7775 Grromatography
’W""

\
- d
Injection <

channel S ’
C/Ap . Sl

C lonization

-~

—

Separation Makeup-flow &) 'MS-inIei
channel channels

Ohla, S. and Belder, D. (2012) Chip-based separation devices coupled to mass

spectrometry. Curr. Opin. Chem. Biol., 16, 453—459. 53



CE-MS atalakitasa M CE-MS-sé

* CE tapegység hasznalata chip tapegysegként

@ [,
B o]
C ol o -
D
{b} CE power ES| power|
supply v supply |\ L4y
\ _
\ .
\  Mebulizer gas
HV A BC D W
T TT :-—._\1 .r*l"n =
F = 4L
A==~ 4~ TOMS
Eo | + PE/Sciex API 300
“
/ Sheath buffer
Microchip (1-2 ulf’min'1} N

Capillary (185 pm x 50 pm)

Coaxial sheath flow



Sprayer kialakitasa chip sarkan

e Oldalt a folyadéek szétteril az
tvegen (feltleti feszultség)

* Nyilak: folyadék aramlasat jelolik
* S: minta

e B: puffer

* SW: minta ki

e SC: oldalcsatorna (elektrod)

* Spray: ~40 nL/min

 Monoklondlis antitestek (mAbs)
vizsgalata

Mellors, J.S., et al. (2008) Fully integrated glass microfluidic device for performing high-efficiency capillary 75
electrophoresis and electrospray ionization mass spectrometry. Anal. Chem., 80, 6881.



*Wn

Infliximab (mAb) vizsgalata chipen ; W

e Elvalasztd csatorna: 23 cm > 5
2 |2
* Piros csat.: aminopropilszilan *glg

(APS) bevonat EO Pump
* Fekete csat.: APS-PEG,, bevonat

Anodic EOF

ESI

Redman, E.A., et al. (2015) Integrated microfluidic capillary
electrophoresis—electrospray ionization devices with online MS
detection for the separation and characterization of intact
monoclonal antibody variants. Anal. Chem., 87, 2264-2272.

26



Infliximab (mADb) vizsgalata chipen
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(a) Sheath-liquid

channelsﬁ_” ? Inactive

_ channe

CIEF chipen — MS detektalassal Emp\ SE"’““""““&’;E'/ o
Chip anyaga: SU-8 — specialis EOF, magas Stepe_____SL__SL__Sul
pH—n katod (-) ira'nylj, alacsony pH-n anod Mobiliza?inn 40KV 20KV 2.0kV

(+) iranyu

, , .y (b)  Sheath-liquid
Nettd EOF ~0 (fokuszalas alatt) channel~_

(a): minta: peptidek ESI tip
2% amfolit (pH=3-10)

Mobilization channel

@) cIEF chann@_f_/é

Oldalcsat.: MeOH/viz/1% AcOH (anolit)

side
S

Inactive side channels

Injektalas utan inlet megtoltése 1% NH,OH- Steps 85 CA 8 AN Sl
val (katolit) Loading (100-120 s) Ground ~ Float 1.5-3kV  Float  Float
, . , . elEF (200-270 S) Float Ground Float 15-6kV  Float
Fokuszalas utan inleten oldatcsere BGE-ra - Mobilization 6kV _ Float Float  Float 3.5 kV
mobilizalas Nordman, N., et al. (2015) Interfacing microchip isoelectric focusing

with on-chip electrospray ionization mass spectrometry. J.
Chromatogr., 1398, 121-126. 28



(a) Sheath-liquid

channels

assal

CIEF chipen — MS detekta

Inactive side
_ channels
Separation chanrjet7

ESI tip (g O

(b) Kiilon csatornaban van az IEF és a Steps_____SL_SU_SLI
afe 71 7 Vs /7 o OCcusing S rou R ;

mobilizalas, igy nem kell cserélgetni az Mobilization 40KV 20KV 20KV

inlet tartoban a puffert

(B)  Sheath-liquid
channel™_

Mobilization channel

@ cIEF chann@_}l_/é

Inactive side channels

Steps Bl CA Sl AN SLI

Loading (100-120 s) Ground Float 1.5-3kV  Float Float
elEF (200-270 S) Float Ground Float 15-6kV  Float
Mobilization 6 kV Float Float Float 3.5KkV

Nordman, N, et al. (2015) Interfacing microchip isoelectric focusing

with on-chip electrospray ionization mass spectrometry. J.
Chromatogr., 1398, 121-126. 29



2D chip (LC-CE-MS)

* LC-n elvalasztott komponensek
CE elvalaszto csatornaba jutnak

* Problémak

* Nehéz és idbiganyes toltetkialakitas
e Limitalt nyomast(irés (lveg chip,

200 bar)

* LC csatorna emiatt a ,,chipen kivu

* Flow splitter: folyadék 1/3-a kertl a
CE csatorndba

Sample  Waste

-
—

LC pump

Waste

VA1

1’?51??\.

o

Power supply

Flow
sensor

J

T

A

g~

V2 Waste

(Closed) /'

| Vent

v\

LC inlet Waste .
. - ==

\

Sample | \.-\ “CE
trapping | \ channel

region "y EO '
\ pur
.III \\ |

| CE buffe

LC ]

T




Konkluzio — MCE(-MS)
3
» Kevésbé elterjedt 1
e Rovidebb csatorna hosszak (CE-hez képest), emiatt U Chip CE
rosszabb elvalasztas | | .
e (Idsd APTS-jeldlt glikdnok elvélasztasa CE késziléken ED 3D *
— L=35 cm és az Agilent Bioanalyzer készuléken —
L=1,4 cm)
* MCE: nehéz automatizalni :
* Detektalasi problémak (kivetel az MS — ez hozhat :
attorest) 2k
* Kereskedelmi készulékek 1-1 specialis analitikai W
feladatot latnak el RILLA_dj\{Lw

| | | |
Smejkal, P. et al. (2010) Chip-based CE for rapid separation of 8-aminopyrene- 400 5'3":! ﬁ 800 1000
1,3,6-trisulfonic acid (APTS) derivatized glycans. Electrophoresis, 31, 3783. Time (s)



Mintadusitasi technikak



Online mintadusitas

* Injektalt minta nL-es nagysagrend( — relative rossz érzékenység
e Offline mintadusitas: pl. folyadék-folyadék extrakcio, SPME

* Online mintadusitas
* |njektalt mennyiség min. 10-szerese a szokasosnak

» Elektrokinetikus dusitas: a mintazonak sebessége eltéré a mintamatrixban és
az elvdlaszté pufferben, amiért pl. a két kozeg ioneréssége/vezet6képessége
(ill. azok kiilonboz6sége) felel

» Kromatografias dusitas: SPE oszlop online integracidja a CE kapillarisba




Technikak

* Tranziens ITP (tITP)

 ErGsitett elektromos ter( dusitds (field-enhanced/field amplified
stacking)

* Erdsitett elektromos terd mintainjektalas (FESI)
* Dinamikus pH-csatlakozas (pH-junction)
* clEF

* Elektrokromatografias dusitasok:
* Sweeping
* Micella megszlintetésen alapuld (micelle collapse)

* Micelle-to-solvent-stacking
* Online/Inline SPE



Elektroforetikus dusitas — @ MEL_S JLE]

tranziens izotachoforezis (t-ITP) ®

Stacked analytes

o Akar 100x dusitasi faktor elérhet6 ) | 1l |

;e e , Separation
* lonos és ionizalhatdo komponensek

* Leading és terminating elektrolitok (LE és TE)
e LE: nagy mobilitasu ion
* TE: kis mobilitasu ion

* Minta komponensei mobilitas szerinti csokkend sorrendbe
helyezkednek fesziltség hatasara

* Tranziens: az ITP effektus csak rovid ideig tart. Dusitas utan azonnal
megindul a zonak elvalasztasa



CE-MS kompatibilis ionok

Pantuckova, P, et al. (2009) Electrolyte systems for on-line CE-MS: Detection
requirements and separation possibilities. Electrophoresis, 30 (1), 203—-214.

Table 5.1

lonic species suitable for CE-MS
and their pK, values and ionic mobilities.

u?) pK
H* 362.5 -
NH,* 76.2 9.25
Imid* 52.0 7.15
OH~ -202.5 -
Fo~ —56.6 3.75
Ac™ —42.4 4.76
HCO,~ —46.1 6.35
CO,2%" ~71.8 10.33
EACA™ —28.8 10.8
MES~ -28 6.1
Asn™ -31.6 9.03

a) In107"m2v-1g1t,



t-ITP példa 1. — peptidek detektalasa

* Fehérjék koncentracidviszonyai 6 nagysagrendben valtakoznak eml&s
sejtekben

* 100 um kapillaris

* Hidroxipropil-cellul6z bevonatu kapillaris

* BGE: 10 mM ecetsav, pH=3.0

* Leading el.: mintamatrix, 30 mM NH,Ac

* Kis koncentracioju peptidek szelektiv dusitasa

An, Y., et al. (2006) Selective enrichment and ultrasensitive identification of trace peptides in proteome analysisusing transient capillary
isotachophoresis/zone electrophoresis coupled with nano-ESI-MS. Electrophoresis, 27 (18), 3599—-3608.



t-1TP pé

04
100 1.3e9

8 10 12 14 16 18 20 22 24 26
Time (min)
Figure 4. Base peak electropherogram for transient CITP/CZE-nano-ESI-MS analysis of digest

sample containing ovalbumin (0.1 nM) and cytochrome ¢ (50 uM) tryptic peptides at a concentration
ratio of 1:500 000. Labeled ovalbumin peptides are summarized in Table 1.

da 1. — peptidek detekta

asa

* RT 21.04 0.7e5
1003 o 258 |'®3B
.
z 2
e 647.8 e
= £
k= E
[} - 9
e &= ‘
gl l S TSN . L S ,Jlll.lJ Pl T Y Iy ewrs 1Y 7
800 1000 1500 20 200 604
m'z miz
™ RT 17.92 7 e
Wag 2958 |'®3D

Relative Intensity

00 1000 1500 400 &00 ]
m'z m'E
Figure 5. Positive ES| mass spectra taken from the average scans under the peaks with the migra-
tion times of (A4) 21.04 min and (C) 17.92 min in transient CITP/CZE-nano-ESI-MS (Fig. 4). The comi:
grating cytochrome ¢ peptides, including the fragment 61-72 (m/z 748.6 and 1495.7) and fragmen
40-53 (m/z 736.1 and 1470.6) are marked by “.(B) MS/MS on the ovalbumin fragment 281-285 with
mj/z 647 .8. (D) MS/MS on the ovalbumin fragment 220-227 with m/z 822.9.
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t-1TP pé

- Sima kvarckapillaris

- Leading electrolyte-ot 60 s 50 mbar-ral a
minta elé injektaltak

- LE: 50 mM NH,Ac (pH=4.8)

- BGE: 50 mM HAc (pH=3.1)

- Mintamatrix: 25 mM Hac

c: B-alanint hasznaltak TE-ként

Xia, S., et al. (2008) On-line preconcentration and quantitative
analysis of peptide hormone of brain and intestine using on-
column transient isotachophoresis coupled with capillary
electrophoresis/electrospray ionization mass spectrometry.
Rapid Commun. Mass Spectrom., 22 (23), 3719-3726.

da 2. — peptidek detekta

asa

35

[
=
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o

MS intensity (counts)
-t ]
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—
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e

o
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NN

2.5 5 7.5 10
Figure 5.2 t-[TP CE-MS of cationic pep-
tides. Conditions: Bare fused-silica capillary
104 cm x 50 mm; Separation voltage, 25.0 kV;
LE, 50 mM ammonium acetate (pH 4.8); Sepa-
ration electrolyte, 50 mM acetic acid (pH 3.1);
Sample, the three peptides mixture in 25 mM
acetic acid; Sample injection, 28 kV for 40s;
{(a) Without t-ITP; (b) t-ITP with H* as termi-
nating ion where 50 mM ammonium acetate

125 15 175 min

(pH 4.8) was injected (50 mbar for 60s) prior
to sample injection; (c) t-ITP with p-alanine
as terminating ion where 50 mM ammo-
nium acetate (pH4.8) was injected (605 at
50 mbar) prior to sample injection, 40 mM
f-alanine (pH 3.6 with acetic acid) was then
injected (50 mbar for 20s). Reproduced from
Xia et al. [17] with permission of Wiley.



Field-enhanced (,elektromos térrel segitett”)
dusitas

* Mintamatrix vezetbképessége joval kisebb, mint a BGE-é

* Vezet6képességi inhomogenitas (=elektromos tér inhomogenitas) a kapillarisban

* A mintazona két végén dusulnak a mintak

* A dusitasi faktor kb. a vezetGkepességek aranya (max. 10, az EOF inhomogenitasa
miatt, ami csUcsszélesedést okoz.)

Vep(BGS) < Vep(S)
mEmmEmmEm——T

tE L e s ememmmcme s e

EOF Detector
— —
BGS | BGS

BGS |BGS limatrix
(b) Stacked (-) (+)




Field-enhanced
sample injection

* Elektrokinetikus injektalas

* Joval kevesebb megy be az
alacsony vezet6képességl
matrixbol

* >100x dusitas érheto el

Intens |

x104[
8.0 ;
6.0 {
a0}
|

2.0 }

0.0

— "l

(a) 10 11 12 13 14

Intens
x104
0.8

0.6
0.4 1

0.2

(b) 10 11 12 13 14

Figure 5.5 Overlaid extracted ion electro-
pherograms of 50 mgkg=' butyl 1-(pyridinyl-
4yl) piperidine 4-carboxylate derivative test
mixture of potentially genotoxic alkyl halides
(G, K, T, and M) using FESI at 10kV for 150s

- l IR "\

WAL NN
15 16 17 18 19

Time (min)

15 16 17 18 19
Time (min)

(a) of 500 mgkg~' BPPC derivative test mix
using typical hydrodynamic injection (b).
Reproduced from van Wijk et al. [34] with
permission of Elsevier.
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Dinamikus pH-csatlakozas (pH-junction)

e |zoelektromos fokuszalashoz hasonlo elv
* Mintazona és BGE hataran nagy pH ugras

* Pl. enyhén savas komponensek elvalasztasa (kovetkez6 oldali példa
ellentettje)
* BGE lugos; Mintamatrix: enyhén savas (analit semleges)

BGE ,elkezdi titralni” a mintamatrixot a katod fel6li végén, ami miatt a
hataron né a pH

lonizalddik a komponens (-), ami ,visszafelé” damlik a savas matrixba, ahol
Ujra semleges lesz

Ez addig folytatodik, mig az OH" teljesen semlegesiti a matrixban [évd H*-t
A dusult zonabdl elindul a CZE elvalasztas



detector—
da 1. ‘ acid ‘ s BGE

oH-junction pé

B pH J
* Gyengén bazikus komponensek t-ITP
dusitasa + . BGE -
* BGE: 25 mM NH,Ac/30% MeOH A
(pH=9) C pH J
* Minta: triciklusos antidepresszansok, i or
1,2 pg/mL
* Sav: 3,6% w/v (pH=2) D
* Injektalas (minta, sav): 50 mbar x 60 s I]] BGE
° Dl]Sita,S/elva,laSZthat(l)Ség fugg az Figu:aht .-ﬂu?il:I irTEEEFEEEEEr enforced [34-35] t-ITP stacking of
injektalt sav c-tol, V, -tol ‘
Quirino, J.P. and Breadmore, M.C. (2012) Acid-induced transient isotachophoretic stacking of ”

basic drugs in co-electroosmotic flow capillary zone electrophoresis. J. Sep. Sci., 5 (1), 60-65.



pH-junction példa 1. e }nmu

, , . B _
* Gyengeén bazikus komponensek t-ITP ,.,.-.,.1 d
dusitasa
C 1 4
* BGE: 25 mM NH,Ac/30% MeOH 3
(PH=9) Jﬂ[
* Minta: triciklusos antidepresszansok, — TRV | | || -
1,2 ug/mL 5 .

Sav: 3,6% w/v (pH=2) 3
Injektalas (minta, sav): 50 mbar x 60 s )| ,I

P —
e
(a3
.2]
—
=
n

Dusitas/elvdlaszthatdsag fligg az

injektalt sav c-tol, V; -tol t/min

Mintamatrix:

Quirino, J.P. and Breadmore, M.C. (2012) Acid-induced transient isotachophoretic stacking of A, C:25mM NH4AC, pH=7

45
basic drugs in co-electroosmotic flow capillary zone electrophoresis. J. Sep. Sci., 5 (1), 60-65. B, D: 25 mM NH4AC, pH=9



oH-junction példa 2.
 BGE: 0.5 M FA (pH=2.5)

* Mintamatrix: 50 mM NH,Ac (pH=7.5)
* Inj.: 50 mbar x 300 s

* Minta: 5 peptid, hasonlo pl értékkel
* LOD: 0,2-2 nM

* Minél nagyobb a pH kiilénbség a BGE és mintamatrix kozott, ill. minél
nagyobb a matrix koncentracidja, annal jobb dusulas!

Ye, H., et al. (2010) CE—ESI-MS coupled with dynamic pH junction online concentration for analysis of peptides in
human urine samples. Electrophoresis, 31 (20), 3400-3406.



oH-junction példa 2.

»% 10°

=k
P

=
=

Figure 1. Effect of sample matrix pH
on focusing conditions: Bare fused
silica capillary 90 cm—50 pm; BGE,
0.5 M formic acid (pH 2.15); sample
matrix: ammonium acetate with pH
varied as shown; injection, 30s of a
mixture containing 1 pmol/L of each
peptide, sheath liquid: 7.5 mM acetic
acid in 50% methanol-water wjv,
A4 pLfmin. MNebulizing gas pressure:
41.4 kPa; drying gas flow rate: 6L/
min, drying gas temperature: 300°C;
¥ : " ' ' {a) pH 4.0; (b) pH 6.0; (c) pH 7.5; (d)
! 25 3 rs 10 123 s s 20 25 pH 9.0; (1) --Ala--Ala; (2) 1-Leu-p-Leu;
Migration time/min (3) Gly-o-Phe; (4) Gly-Gly-L-Leu.

MS Peak Height (counts)

Ye, H., et al. (2010) CE—ESI-MS coupled with dynamic pH junction online concentration for analysis of peptides in 47
human urine samples. Electrophoresis, 31 (20), 3400-3406.



oH-junction példa 2.
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Ye, H., et al. (2010) CE—ESI-MS coupled with dynamic pH junction online concentration for analysis of peptides in
human urine samples. Electrophoresis, 31 (20), 3400-3406.

Figure 2. Effect of sample matrix
concentration on focusing. Condi-
tions were as in Fig. 1; sample
matrix: ammonium acetate (pH 7.5)
with concentration varied as shown;
(a) 10 mM; (b) 25 mM; (c¢) 50 mM; (d)
75mM; (1) -Ala--Ala; (2) 1-Leu-n-
Leu; (3) Gly-p-Phe; (4) Gly-Gly-L-Leu.
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oH-junction példa 3.

. ’ , +’§ FA pH 2.6 Sample zone pH 6.5 FA pH 2.6 -
* E. coli emésztmeény S e ets

* Atlaginj. (20 nL, 1 mg/mL): -
508 peptid, 199 fehérje
e pH junct. (400 nL, 0,1 mg/mL):
527 peptid, 179 fehérje
* Nativ fehérjékre is
hasznalhato

Zhu, G., et al. (2014) Bottom-up proteomics of escherichia coli using dynamic ph-junction preconcentration and capillary zone 49
electrophoresis—electrospray ionization—tandem mass spectrometry. Anal. Chem., 86 (13), 6331-6336.



oH-junction példa 3.

* Linearis poliakrilamid bevonatu kapillaris

* BGE: 0.1% FA

* Mintamatrix:
* A (hagyomanyos): 0.1% FA
* B (pH junct): 10 mM NH,Ac (pH=6.5)

Relative Abundance

1004

1 (A)
: NL: 3.28E6
804 N
. Normal injection
601 E.coli digests, Tmg/mL
. Injection: 20 nL,
40 1cm{1/60 of caplliary length)
20
C'- .
10073
1 (B
1® NL: 3.67E5
804
&0 Normal injection
] E.coli digests, 0.1mg/mL
An] injection: 20 nL
] 1cm(1/60 of caplliary lengtt
203
10%:
1
] (©) NL: 7.57E6
804
60 pH junction
- E.coli digests, 0.1mg/mL
40+ Injection: 400 nL
] 20 cm{1/3 of capillary lengtl
20
0]
10073
1 (D
1™ NL: 7.39E5
807
ED: PH junction
] E.coli digests, 0.01mg/mL
404 Injection: 400 nL
] 20 cm(1/3 of capillary lengtl
20
E}-|||||||I|I||III||IIIIIIIIIIIIIIIIIIIIIII
0 10 2

Time (min)



oH

Bx1{]
—— pHJunction
5 ——Normal
=
e 4 ‘
e
1
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i

~ 10 30 40
Mlgratlen tlme (min)

Figure 4. Base peak electropherograms for a 20 nL. (1 cm) injection of
a 0.1 mg/mL E. coli tryptic digest. The electropherogram generated
with a pH junction injection is shown in blue (top), and the
electropherogram generated using normal injection is inverted and
shown in green (bottom).
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oH-junction példa 3.

Alkalmazas nativ fehérjékre

Figure 6. Base peak electropherograms of a mixture of three standard
proteins analyzed by normal (A) and dynamic pH junction based (B
and C) CZE-MS using an LTQ mass spectrometer. A protein mixture
containing cytochrome C (Cyto.c, 0.1 mg/mL), myoglobin (Myo, 0.1
mg/mL), and beta casein (0.5 mg/mL) was used as the sample. The
sample was dissolved in 0.1% (v/v) FA for the normal CZE-MS
experiment and in 10 mM ammonium acetate (pH ~6.5) for the
dynamic pH junction experiments. NL, normalized level.
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asztasara

clEF alkalmazasa fehérjek elva

. . P . Anolyte Sample Catholyte
* pH gradiens kialakitasa katolit B4 o s =
beinjektalasaval 30 kv
——
* Minta injektalas 30 kv
* Inlet edényben anolit @ Modifier >
7x10% | Myo Il
* Fehérjek elvalasztasa pl szerint e | -
* Detektalas MS-rel S0t |
‘g 4x10% -
. 3x104: i Myo 11l e
2x1o4:
Zhong, X., et al. (2011) Flow-through microvial facilitating interface of capillary 1><104- M
isoelectric focusing and electrospray ionization mass spectrometry. 1
Anal. Chem., 83, 8748-8755. b) 030 " 35 40 45 50 55 60 65 70

Time (min)



Elektrokromatografias dusitas 1.

* Sweeping

e P|. SDS-z6na a mintaval (neutralis endogén szteroid hormon) szomszédosan.
Athalad a mintan és kh-ba |Iép vele. Rovid zonaba tomoriti a mintat



Elektrokromatografias dusitas 2.

* Micellak megsziintetésével

(0sszeomlasaval — micelle collapse)

Pl. mintamatrix 10 mM SDS
30% AcCN dugdszerlen a minta utan

(-) toltésd micelldk az AcCN felé
aramlanak

Azt elérve a CMC érték megno (12
mM SDS-re), a micellak szétesnek, az
egyes komponensek dusulnak az
ACN-es zénaban

sb
(@) I+ S BGS |
+_ Sb _mc”
b) | ! BGS |
Stacked sample
4—
) L_BGS BGS |
Stacked sample
-
@ L__BGS IT__18Gs]]

Figure 5.7 Simplified schematic of analyte
focusing by micelle collapse or AFMC in PF-
EKC with a cathodic EOF. (a) The 5 of neutral
analytes prepared in a micellar solution is
injected after conditioning the capillary with
BGS (nonmicellar) and injection of micel-

lar solution for separation. The symbol *
represents a low-conductivity electrolyte

or organic-solvent-rich solution for micelle

collapse. (b) Application of voltage caused
the analytes to accumulate at the sb. (c) A
final AFMC zone is formed when all the ana
lytes are transported and released into the
sb. (d) The micelles from the micellar solu-
tion penetrated the AFMC formed zone and
caused them to separate by EKC principles.
Note that the EOF is to the cathode where
the detector is also located.



Elektrokromatografias dusitas 3.

* Micelle to solvent stacking
* Micella 6sszeomlassal analdg
* Minta és felliletaktiv anyag toltése ellentétes legyen

* Micelladus kdzegben a micella toltése szabja meg az aramlast, mig a szerves
olddszeres kozegben az ellentétes toltésli minta komponens toltése

* co-EOF korulmeény kell
* A minta matrixa micella vagy szerves olddszerdus kozeg
* FESI-vel kombinalhaté

* Micelle collapse-hez képest kiilonbség: nem feltétlentl szlinik meg a micella,
ellentétes toltésli mintakomponens, nem kell kiilén beinjektalni a szerves
olddszerdus savot



Elektrokromatografias
dusitas 3.

e BGE tartalmaz 20% AcCN-t

 Amint kilép a mintazonabadl
az ellentétes toltésd
komponenssel képzett
micella, a + toltése miatt a
hatarfeltleten dusul

Quirino, J.P. (2009) Micelle to solvent stacking of organic cations in
capillary zone electrophoresis with electrospray ionization mass
spectrometry. J. Chromatogr. A, 1216 (2), 294-299.

(a) —2.6 mm of 1.3 ppm

EETN W

miz = 249

Intens.
1x10%
miz = 268 ||
i e o iyl A i P
| | | | .
0 [ 10 i5 Time (min)

Figure 5.8 Extracted base peak electrophero-
grams for pindolol (m/z =249) and meto-
prolol (m/z= 268) analyzed by CZE-ESI-M5

(a) and MS5-CZE-ESI-M5 (b). BG5=30mM
ammonium acetate, pH5 with 20% acetoni-
trile; sample matrix=BGS (a) and 10mM 5D5
with 13 mM ammonium acetate, pH5 (b);

(b) —2.6 cm of 0.13 ppm

m/z = 249

Wm

Intens.
1x10*

miz = 268

0 5 10 4 Time (min
S=13pgmi-! (a) and 0.13 pgmli-' (b) of
pindolol and metoprolol; injection scheme:
26mm (65 at 50 mbar) of sample solution
(a) and 0.6 cm (155 at 50 mbar) of sample
matrix followed by 2.6 cm (605 at 50 mbar)
of sample solution (b). Reproduced from
Quirino [54] with permission of Elsevier.



On-line SPE

200 nl loop (elution solvents)

Elution rate: 4 pl min™ * & &

—

e Az SPE toltet nem a CE(-MS) " =i

. 7 . /s Syringe pump injector >
kapillarisban van, de hozza van | , — 4
kapcsolva valamilyen modon e \ oo, Lovsamiomines
* Nagy térfogatu (50 uL) peptid e ”ﬁ;ﬂ
minta ataramoltatasa az SPE N 1= A | cessius
tolteten, amit utdna kis (200 R s '
Vé 7 PDMS interface
nlL) térfogatba elualnak wast

Lee, W.H., et al. (2011) Staggered multistep elution solid-phase
extraction capillary electrophoresis/tandem mass spectrometry: A high-
throughput approach in protein analysis. Rapid Commun. Mass

Spectrom., 25 (15), 2124-2130.
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In-line SPE

 Kapillaris része az SPE toltet

* A teljes oldattérfogat keresztlilhalad a megkotés soran a CE-MS
rendszeren



In-line SPE - toltetkészités

(&) Bare fused-silica capillary
(150 pm i.d. x 365 pm o.d.)
, >
2mm 2 mm
| I l
& B —
|I'L"\J'|J"| III|

| |
PTFE sleeve (8mm)  Cut

(D) SPE microcartridge (4 mm x 150 um i.d. x 365 pm o0.d.)

with Cyg slilica particles (50-105 pm)
Medina-Casanellas, S., et al. (2014) Evaluation of fritless solid-phase

Vacuum | . I . . . : :
”*\I-.I extraction coupled on-line with capillary electrophoresis-mass
- |l @?E’D spectrometry for the analysis of opioid peptides in cerebrospinal fluid.

J'}[ ] Electrophoresis, 35 (20), 2996-3002.

T =

< |
Bare fused-silica capillary
60

(7.5 cm Ly x 50 pm i.d. x 365 pm 0.d.)



(d)

In-line SPE - toltetkészités

SPE microcartridge

' 2.Ppush

Inlet capillary
(7.5 cm Ly = 50 pm i.d. x 365 pm o.d.)

' »
Outlet capillary
(49 or 64 cm Ly x 50 pm i.d. x 365 pm o.d.)

SPE microcariridge

"..

.-“.N?II
B

A

§

|
/

- | |
Inlet capillary

>
Outlet capillary
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Intakt feherjéek vizsgalata CE-MS-sel



Feherjeanalizis - bevezeteés

* Bottom-up: emésztés utani peptidek azonositasa
* Ismeretlen O0sszetételli mintaban lehet megadni a fehérjéket

* Intakt fehérje vizsgalata
* Pl. ha a fehérje melletti szennyez6ket
Vagy a fehérje stabilitdsat/bomlasat vizsgaljuk
Informacid a konformaciodjaral, komplexképzésérol
Kevesebb mintael6készités, mely elszennyezi/befolydsolja a mintat

2D fehérje gélelektroforézis
* Hosszu analizis

,fehérjebontasra” alkalmasak a modern MS készulekek



Fehérjeadszorpcio

e SzélsGséges pH
* Alacsony: fal semleges

* Magas: fal és fehérje is
negativ

* lonerdsség novelése

e Szerves oldoszer adagolasa
a BGE-hoz

 Kapillaris bevonat
hasznalata

mAU mAU

eklzdése

80

eo I

O L =gl

2 4 6 min 2 4 6 g min

Figure 7.1 CE-UV electropherogram of insulin obtained with (a) alkaline BGE and (b) acidic
BGE. Upper trace: BGE containing 10% ACN. Lower trace: BGE without the addition of ACN.
(Reproduced from [24] with permission from Wiley.)

Staub, A, et al. (2010) Electrophoresis, 31, 3326.
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Kapillaris bevonat kialakitasa

* Cél megakadalyozni a toltott fallal valo kh-at a fehérjének
(elektrosztatikus adszorpcio)

* Semleges, ill. toltott bevonatok

* BGE adalékként (dinamikus coating) — nem MS kompatibilis

 Kovalens bevonatok
e Reaktiv szilanként viszik fel

 Nemkovalens boritasok
* Fizikailag adszorbealt rétegek



aris bevonat kialakitasa

Kapil

Intens. Intens.
V4 V4 ° (X} oo T 5 B4
* Cél megakadalyozni a toltott fc 1" | x10% g of -
. 4 3‘: 4.04 7+
(elektrosztatikus adszorpcio) i 20 LL
1%’“‘ 0500 1200 " 1600 ' 2000
, , . . : Intens.
* BGE ada|9kkent (dlnamlkUS CO. (@ o 5 10 15 20 =25 30 35 ><1051ID_ 2 =,
Time (min) 8: '
* Kovalens bevonatok s 2 o P \
p "y , . . ] 800 1200 1600 2000
e Reaktiv szilanként viszik fel 33 : Intens.
ry 7 2- x10° 3 19557
* Nemkovalens boritdsok : N >0 o
* Fizikailag adszorbealt retegek STE T ‘1'{}: 15 20 25 30 35 % %00 1200 1é{}{}L 2000
(b) Time (min) (c) m/z
Figure 7.2 Total ion electropherograms (a) a bare fused-silica capillary or (b) an

obtained using CZE-ESI-MS of a mixture of coated capillary. (c) Mass spectra of the main
the basic proteins lysozyme (1), cytochrome  peaks obtained with the coated capillary.

¢ (2), and ribonuclease A (3) using a BGE (Reproduced from [31] with permission from
of ammonium acetate buffer at pH 5.5 and  Wiley.)



(Nem ESI) ionforrasok (MALDI, ICP) — intakt
fehérjekhez

ICP torch
©) HV-supply ()
—— "
Nebulizer gas — &

M
«— Sheath flow I
m Ao N, T "*. chamber | Argon flow
atr® Z [« = \
Buffer reservoir —— CE flow and
X sheath liquid :

Prestructured sample support

(a) (b) Drain

UV detector
Steel need|

Figure 7.3 Schematic representation for the most commonly used interfaces for
(a) CE-MALDI-MS and (b) CE-ICP-MS.
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Rekombinans human novekedési hormon
(rHGH) egyszeresen és kétszeresen deamidalt
valtozatainak elvalasztasa és azonositasa

Inlens.
x10° .
1.24 '
2
104 *
0.5+
Taichrib, A., et al. (2011) J. Proteomics, 74, 958.
Figure 7.4 (a) CZE-ESI-MS analysis of stressed 0.6+
hGH. The blue trace represents the EIE of hGH
(1), deamidated hGH (2), and dideamidated
hGH (3). The brown trace represents the EIE 0.4+
of peaks 1-3 after spontaneous elimination of
PhePro. (B) Simulated isotope pattern of intact R 3
rhGH (l) and charge deconvoluted mass spec- (.24 ﬂ
tra of peaks 1 (ll}, 2 (lll), and 3 (IV) of stressed / !
rhGH, respectively. The blue line is to clarify o0 Z/ \
the shift of the maximum of the isotopic dis- g H 7 ," 9 T'lth (min)

tribution by 1 Da at a time. (Reproduced from
[48] with permission from Elsevier.) (a)



Rekombinans human novekedési hormon
(rhGH) egyszeresen és kétszeresen deamidalt
valtozatainak elvalasztasa és azonositasa

- Nem teljesen elvalé csucsok is jelen — :
voltak 7

- Dekonvolucio utan 244 Da-nal kisebb 1.0
tomegnek feleltek meg ezek a
komponensek

- Ez az N-terminalis aminosavak (Phe és 0.6+
Pro) spontan hasadasabodl szarmaztak
a 3 féle (nem-, mono- és dideamidalt)

. 04 3

rhGH eseteén ~f | q' '/k

—— N

e
-

A 4 | |
5 f 7 X ) Time [min]



Hemoglobin-alapu oxigénhordozok ana

* 75 mM NH,-formiat (pH=9.5)
* Bevonatmentes kapillaris

* 56 cm effektiv hossz

e 12 s 25 mbar injektalas

izise

mAU
100%

Hb A,

Hb A,
Oxyglobin®

0 1 2 3 4
Acquisition Time (min)

Figure 2. CE-UV electropherogram obtained by injecting a
mixture of Hb A, (0.1g/dL), Hb A, (0.1 g/dL), and Oxyglobin™
(0.2g/dL). UV/Vis 415nm online. See text for experimental
conditions.

Staub, A., Rudaz, S., Saugy, M., Veuthey, J.L., and Schappler, J. (2010) Electrophoresis, 31, 1241. 70
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Glokiproteinek

e Glikanrészek szerkezete fontos a
bioldgiai aktivitas szempontjabol

* EPO: eritropoetin "
 1-1 szidlsav kulonbség a fehérjék kozt, g

szidlsavegységenként ~2 perc migraciés

id6 valtozas 5 |

* Hexdz-N-acetil-hexdzamin tartalombani
kulonbseég részleges elvalasztast

’ 030323436384042444648 ‘383540 42 “2.‘00
e re d m e nye Zett (a) Time (min) (b) Time (min)
7 . . Figure 7.5 CZE-ESI-MS of recombinant the 147 charge state of the glycoforms and
L4 Aka r 250 |ZOfO rm a |S human erythropoietin employing a sheath-  (b3) the SiA,; sialoforms of the 14* glyco-
less interface in combination with a neutrally forms. (Reproduced from [40] with permis-
1l A " ~ coated capillary. (a) Base peak electrophero- sion from American Chemical Society.)
m egku I O n bOZteth Eto gram; (b1) contour plot with zooms of (b2)
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MmAbs CZE-MS
elvalasztasa

* Antitestet részlegesen
emeésztették (g degrading
enzyme)

* Fragmensek: F(ab’), (100 kDa),
Fc/2 (25 kDa)

Biacchi, M., Gahoual, R., Said, N., Beck, A., Leize-Wagner, E., and
Francois, Y.-N. (2015) Anal. Chem., 87, 6240.
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Figure 7.6 CZE analysis with off-line MS
detection of partially digested antibody.

(a) CZE-UV electropherogram showing the
charge variants of the Fc/2 (peak 1-3) and
Flab'), (peaks between 30 and 45 min) frag-
ments. (b) MALDI-TOF-MS and (c) ESI-TOF-MS

B s

* Fu2 variants
For-K variants

- . = -
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4500 2 la'f( . 'l‘fl-'l) Pal B0 On
.
-
~p ¢ 3
L
..

Fu2-K variants

25000 200
© marnae © patactone o ‘cose

K00
O Neghyoohyl rewarmnG acad

mass spectra obtained for the three sepa-
rated and off-line collected Fc/2 charge vari-
ants. Identified glycoforms are annotated in
panel (c). (Reproduced from [60] with per-
mission from American Chemical Society.)
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csOnhatasok

A BGE tartalmazza a ligandot
(aprotonin), a fehérje
(tripszinogén) a minta

* Novekvé ligand
koncentracioval a 4. csucs
megno

 Tomegspektrumaban
megjelennek a tripszinogén-
aprotonin adduktok (nyilak)

e Kapillaris: polibrén - dextran-
szulfat — polibrén bevonatu
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Figure 7.7 CZEES5I-MS analysis of trypsno-
gen sample using a positively charged
coated capillary and a BGE of 25 mM ammo-
nium acetate (pH B10) containing no (a)

or 25uM (b) aprotinin. Extracted-ion elec-
tropherograms of trypsinogen (2398 m/z),
trypsinogen variants (2397 -2399, 1814.1,
and 17985 m/z) and cortisone (EOF marker)

(371.2 m/z) are depicted. (c) Mass spectra
obtained for peak 4 during CZE-ESI-M& of
trypsinogen usng a BGE of 25mM ammo-
nium acetate (pH 80) containing no (1), 2
(I3, 15 (1), 50 (v}, or 150 pM (V) aprotinin.
Armows indicate trypsinoge n—-aprotinin com-
plex ions. (Reproduced from [88] with per-
rission from American Chemical Society.)



Feherje-ligand kdlcsonhatasok

* Fehérje - ligand keverék inkubalasa utani elvalasztas

* Metallogydgyszerek kot6désa HSA-hoz és transzferrinhez (Tf)
» Gyogyszerek f6 kot6helye a szervezetben
e CE-ICP-MS detektalas (metallo-gydgyszerek)

» Kotddési allando (valtakozd ligandkoncentracional), ill. kdlcsonhatas kinetikaja
(azonos koncentracidnal, kiilbnb6z6 id6kben nézve) vizsgalhatd

* Frontal analizis
* Inkubalas utan nagy mennyiségben injektalas
* Ligand mozgékonysaga nagyban eltér a fehérjéétdl
e 2 platd: 1. ligand, 2. fehérje



Metalloproteinek

* Metallotioneinek
* Kis molekulatomeg( fehérjék nagy cisztein és fémtartalommal
e CZE-ICP-MS-sel jol vizsgalhatoak, boritatlan kvarckapillarissal
* |CP-nél a matrixkomponensek nem zavarnak



Metalloproteinek

 Metallotioneinek
e Cd, Cu és Zn mérése ICP-vel

Wang, Z. and Prange, A. (2002) Anal. Chem., 74, 626.

-9

2000000 cps
M3

114Cd

E4Er'| ! ! !

1400 1600 1800 2000

Time (s)

Figure 7.8 CZE-ICP-MS analysis of a rab-
bit liver MT sample using a 2-acrylamido-
2-methyl-1-propanesulfonic acid coated
capillary. The proteins are detected by
their cadmium, copper, and zinc content as

2200

monitored with ICP-MS. Numbers indi-
cate the MT isoforms that were identified.
(Reproduced from [109] with permission
from American Chemical Society.)



Top-down proteomika

* Intakt fehérje fragmentalasa
e ETD fragmentaciodval (elektron transzfer disszociacio)
* HCD fragmentacioval (higher energy collision dissociation)

e Hatulité: oldallanc specifikus modositasok meghatarozasa nehézkes

o Altalaban kisebb SC% értékek
e Kikliszobolés: ETD és HCD kombinalasaval



Cytochrome C ETD
Matched / total fragment ions ,

85/203

4
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e

Zhao, Y. et al. (2015)
Anal. Chem., 87, 5422.

Cytochrome C HCD
Matched / total fragment ions
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Cytochrome ¢

ETD /HCD Number of fragmentation sites: 66/20°
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Myoglobin
ETD /HCD Number of fragmentation sites: 63/8*
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Figure 7.9 CZE-ESI-MS analysis of four stan- combined fragmentation patterns of ETD and

dard proteins. (a) Base peak electrophero- HCD for the four standard proteins. *Num-
gram. Colored MS spectra correspond to ber of fragmentation sites: total fragmen-
migration profiles of the designated pro- tation sites/overlapped fragmentation sites.
teins. (b) ETD and HCD fragmentation spec- (Reproduced from [142] with permission
tra of cytochrome ¢ with the identified from American Chemical Society.)

fragment ions. (c) Sequence maps show



CytC elva

asztasa

* Oxidalt (Fe3*) és redukalt (Fe?*) CytC elvalasztasa CZE-vel
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Figure 7.10 CZE-ESI-MS analysis of cytochrome ¢ incubated with Bcl-X| peptide, showing
both the oxidized (1) and reduced cytochrome ¢ (2). Insets show the ESI mass spectra of the
peaks. (Reproduced from [143] with permission from Elsevier.)
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CGE-MALDI-TOF-MS

* CGE-vel elvalasztott fehérjéket egy mozgo poli(tetrafluoroetilén)
(PTFE) membranra viszik fel

e err6l SDS leoldhato
* MALDI-TOF-MS-sel azonosithatok a fehérjék



Bontott feherjek vizsgalata CE-MS-sel
Klinikai proteomika



Klinikai proteomika — CE-MS

* A kdzlemények tobbseége az ujfajta interfészek kifejlesztésére
torekszik, amelyekkel jobb érzékenység érhetd el (tobb azonositott
fehérje)



/ /

Okészités

Mintae

* (Klinikai) matrixkomponensektdl meg kell szabadulni

* Pl. vizeletben |év6 nativ peptidek vizsgalatara:

* 2 M karbamidot, 10 mM NH,OH-ot és 0,05% SDS-t tartalmazd vizes oldatban
lett ,elkészitve” a vizeletminta

Ultracentrifugalas (20 kDa MWCO filter) — nagy fehérjék eltavolitasa
RP C2 oszlop — karbamid és sok eltavolitasa
Peptidek elualasa 50% AcCN + 0,5% FA-val, majd higitas 50 pL vizben

Fehérjék: kvarckapillarisra tapadnanak
e SOk: ionszupressziot eredményeznének



MintaelOkészités — bottom-up proteomika

* Tripszines fehérjeemésztmény somentesitése C18-as
centrifugaoszlop/pipettahegy segitségével

* Online immobilizalt enzimes reaktorok

1. kapillaris: fehérjék elvalasztasa

2. kapillaris: peptidek elvalasztasa

e Koztuk magneses (cserélhetd) részecskéken immobilizalt tripszin



Li, Y. et al. (2011) J. Chromatogr. A, 1218, 2007-2011.

Interface Interface
1 2
Protein Flush / Peptide Flush /
separation /| separation Electrg;pray
capilla capilla emitter
piliary / piliary I —
_'_,_,_.—'—"
Magnets
HV supply | HV supply HV supply
1 2 3
Protein Peptide Electrospray
separation separation sheath
buffer buffer buffer

Figure 11.1 Scheme of the two-dimensional
CE system containing a replaceable enzy-

matic microreactor for on-line protein diges-
tion. The magnets hold the trypsin-modified

magnetic beads, forming the replaceable
microreactor. High-voltage connections are
shown as dashed curves. (Reproduced from

[27] with permission from Elsevier.) 7



RPLC frakcionalas utan CE-MS kvantitativ

proteomika

* SILAC jeldlés: sejtkulturaban, aminosavakbol torténd stabil izotop

jelolés
Proteome Capillary electrophoresis coupled to MS
Sample preparation g . ""mm:m Separation
(1 gesd S st ooy ot S strategy
SILAC labeling — Corte s “CE-MS”
heww (o) % e E
! ! I Protein identification
o l Faserl, K., (2015) Anal. Chem., 87, 4633-4640.
— wy and quantification
' & Database analysi ;Lo
ionization | L Cikk jo hazi
(ESI-MS) I

. Protein
-_‘_‘"m }

Figure 1. Proteomic workflow used to characterize SILAC labeled yeast strains. Protein extracts of two yeast strains, one heavy-lysine labeled and
one normal strain, were mixed. The protein extracts were digested enzymatically, fractionated by RP-HPLC, and analyzed by capillary electrophoresis 88
coupled to mass spectrometry. This approach is referred to as “CE—MS".




ata sheathless CE-MS-se|

Peptidek vizsga

* Eredményt befolyasold paraméterek optimalizalasa
* Emitter és MS inlet tavolsaga

Spray feszultség

Aramlasi sebesség

Kapillaris bevonatok

Fehérjeemeésztés: endoproteinaz Arg-C

* Tripszines emésztés sok 3 vagy 4-tagu peptidet eredményezne, hisztonokban
sok Arg és Lys talalhato

* K. Faserl et al.; Optimization and Evaluation of a Sheathless Capillary ElectrophoresisElectrospray lonization Mass
Spectrometry Platform for Peptide Analysis: Comparison to Liquid ChromatographyElectrospray lonization Mass
Spectrometry, Anal. Chem. 2011, 83, 7297-7305.



Peptidek vizsgalata sheathless CE-MS-sel

» Kapillaris bevonatok \\/\ N ¥

* M7CA4l
« PolyE-323 H
* PEl (ennél van a legnagyobb EOF)

* + bevonatok alkalmazasaval az EOF megfordul, forditott (negativ)
polaritassal er6s EOF az MS inlet (kapillaris outlet) felé

<+

N N NN O H SN .

HN iR NH, + o ] —— \[HH.A\"’ANHz N wHIATd?DH
Cl CH

Fig. 3. PolyE-323 polymer synthesis scheme. The polymer is schematically depicted
and the charge of the polymer is dependent on pH. PolyE-323 has a low degree of
branching, which is not indicated in the schematic structure.

90




Peptidek vizsga

Figure 1.
and (B) photograph of the prototype interface.

Sprayvoltage | gg) needie

Separation
capillary

Electrospray

Conductive
liquid
EOF Conductive  capillary
@ < @ liquid
—_
Peptides

10 mm

The high-sensitivity porous sprayer interface (A) schematic

ata sheathless CE-MS-sel
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Figure 4. MS/MS spectra obtained from (A) 35.9 amol of angiotensin I
and (B) 28.9 amol of angiotensin II. Sample concentration, 95.6 and
77 fmol/uL; injected volume, 0.38 nL; other conditions were as in
Figure 2. Full scans were recorded in the LTQ Orbitrap XL; MS/MS
spectra were recorded in the LTQ ion trap.
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Peptidek (hisztonbo

vizsgalata sheathless
CE-MS-sel

* Figure 6. Base peak electropherogram and
base peak chromatograms of rat testis H1
histones digested with endoproteinase Arg-C
using (A) CE-ESI-MS, sample amount 6.15 n
300 fmol); (B) LC-ESI-MS, 6.15 ng (300 fmoﬁ;
C) LCESI-MS, 61.5 ng (3.0 pmol). CE
conditions were as described in Figure 5.

)

e LCESI-MS was performed using a homemade
fritless column: packed 10 cm with 3 um
reversed-phase C18 (Reprosil). The gradient
#solvent A, 0.1% formic acid; solvent B, 0.1%

ormic acid in 85% acetonitrile) started at 4%
B. The concentration of solvent B was
increased linearly from 4% to 50% during 50
min and from 50% to 100% during 5 min. A
flow rate of 250 nL/min was applied.

* (i) Extracted mass trace of the ion m/z = 569.6
corresponding to the triply charged peptide
KALAAAGYDVEKNNSR. Each dot represents a
single full scan.
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ata sheathless

Peptidek (hisztonbodl) vizsga
CE-MS-sel vs. nanolLC-MS

* Kisméretl peptidek jobban s e CE-ESI-MS; 300 fmol

detektalhatok CE-vel % 301 I,.-F\-\_\ :i::::ﬂz 20{(}3 pi:z:
elvalasztva, mert LC-n kicsi a =1/ 2
retencidjuk (hidrofilek) i/

g 5 - f_.f’; /

LC-ESI-MS !
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Figure 11.4 Mass distribution of histone reversed-phase C18 (Reprosil). The gradient
H1 peptides identified from perchloric (solvent A, 0.1% formic acid; solvent B, 0.1%
acid extracted from rat testis digest using formic acid in 85% acetonitrile) started at
CE-MS and nano-RPLC-MS. CE conditions: 4% B. The concentration of solvent B was
M7C4l-coated capillary (length, 100 cm increased linearly from 4% to 50% during

Figure 8. Venn diagram showing the overlap of histone Hl peptides with porous tip; i.d., 30 pm); BGE, 0.1% (v/v) 50 min and from 50% to 100% during 5 min.
formic acid; separation voltage, —25 kV: nano- A flow rate of 250 nImin~' was applied.

identified by CE—ESI-MS and LC—ESI-MS. Data originate from Figure 6. oo, - 11c i performed with a homemade  (Reproduced from [34] with permission from
fritless column: packed 10cm with 3 pm American Chemical Society.)




Klinikai alkalmazas

* Kronikus vesebetegségben
szenveddk vizeletvizsgalata

Figure 11.3 Urinary peptide profiles distin-
guishing patients with chronic kidney dis-
ease (CKD) from healthy subjects. Compiled
data sets of urine samples from 230 patients
with CKD (a) and 379 healthy control sub-
jects (b) are shown. Normalized molecular
mass (y-axis) is plotted against normalized
CE migration time (x-axis). The mean signal
intensity is represented in three-dimensional
depiction. CE-MS analysis was performed

at low pH (1% acetic acid, pH ~2) using a
90 cm (50 um ID) capillary, coupled to TOF
MS via a sheath-liquid interface (flow rates in
the range of 200 nImin—', without nebulizer
gas) in the mass region 350-3000 m/z. The
sample was injected for 99s using 1 psi for
injection (circa 60nl). (Reproduced from [18]
with permission from American Society for
Biochemistry and Molecular Biology.)
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Egyvéb



Matrixhatasok mérése CE-MS-ben

* A mintamatrix e e of anaiyios |
lecsokkentheti/novelheti az

elvalasztott mintakomponensek e ™ T
ionizaciojat CE g I P
. Matrix to be
 Komponensek a SL-en keresztul evaluatec ST e
aramlanak )
* M a,trix Va n ) e |Va, IaSZtva g Figure 6.6 Qualitative evaluation of matrix effects by CE-M5. (a) Schematic representation

of the coaxial sheath-flow interface used as a postcapillary infusion device and (b) Typical
ESI-MS response measured.

* MS-be érkezéskor lecsokken/esetleg
megnd a jel intenzitas
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