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Capillary Electrophoresis Principle

Detectof
Computer B
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» Solute separation is based on difference in their electrophoretic mobility (mass/charge
ratio)

* Solutes move through the capillary by the combined action of electrophoretic mobility
and electro-endo-osmotic flow (EOF, up to 3 mm/s)

* EOF has a flat velocity profile across capillary (in contrast to hydrodynamic flow through
a capillary)

* Low zone broadening =2 high separation efficiency

* Fused silica capillary 10-150 um i.d.

* Sample volume variable; typically 5-100 nL

* Solvent is an aqueous, conducting electrolyte (BGE) solution; additives to modify
selectivity of separation
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Capillary Electrophoresis Modes of Operation

De!u:lO

Computer
Contro!

2
‘ “Inlet
1]

Capillary

Reservoir
t
“oute ®

Reservoir

C
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Capillary Zone Electrophoresis (CZE) Anion/Cations, low MW — high MW 3

Capillary Gel Electrophoresis (CGE) Proteins, Oligonucleotides, RNA, DNA |

Capillary IsoElectric Focusing (CIEF) Peptides, Proteins t

Capillary Isotachophoresis (CITP) Peptides, Proteins, pre-concentration i

Micellar Electrokinetic Chromatography Chromatography; neutral molecules, chirals 4

(MEKC); Capillary Electrochromatography &
(CEC)
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Capillary Electrophoresis vs. HPLC

Pro’s

Very high separation power

Only very small sample size required

Versatile through multiple
separation modes and variations

Method of choice for ionized
molecules

Simple sample prep
In general high recovery

Separation principle orthogonal to
reversed phase HPLC

Highly automated instrumentation

Con’s

Method cannot be scaled like HPLC;
limited to low i.d. capillaries

m Limited to very small samples
m UV-VIS detection limited sensitivity;

pre-concentration methods req.
Regarded to be a difficult method

m EOF, solute mobility depend on run

buffer composition; difficult to
predict

Method optimization requires
experience and knowhow; use of
modelling is convenient

9/1/2014
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Capillary Electrophoresis €= (U)HPLC

Chromatography®» Eeefiiielchincihiisy] €4Electrophoresis

OZ2—-NO=

Separation based on differential partitioning between Separation is based on the differences in compound

. . .o . . 0 . L]
a mobile and a stationary phase specific velocity in an electric field
Chromatography: Electrophoresis: C
Flow rate: constant (pL to ml/min) Flow rate: a) pH dependend capillary flow rate (nL/min) O

b) compound specific migration

Columns: packed with adsorption material Columns: None , open tube (fused silica capillaries) M
Separation:  different adsorption/desorption behaviour Separation : Compound dependent migration speed / directions
Peak width:  depending on retention time Peak width: depending on mobility of compound and buffer

YDetecnon' (25-100 um)

C
<::'i’ﬁ- 0
n
S

QW Adsorption/Desorption Migration velocity

KE NN N> ©

©

EOF = Electroosmotic Flow |

— Large Biocompatibility
Detector Molecules
Capacity Options
— - — —_— Small sample Green Cost of
Sensitivity Reproducibility Green Volume Methods Ownership
Methods

1 ) Sample Reduced High Charged

Neutral Mainstream Cost of — —
Compounds Technique Ownership Biocompatibility

Capacity Sample Prep Resolution Compounds
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CE-ESI/MS Coupling
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CE-ESI/MS Coupling Challenges

e No outlet vial/end electrode available when spraying into an MS.

e How to apply the field between CE capillary inlet/outlet and to MS inlet or
vice-versa to obtain an electrospray and at the same time maintain a field to
drive the CE.

GE

E In CE, currents are typically 100-1000x larger than electrospray current; a
safe electrical circuitery and secure ground for handling the currents and
fields.

E In contrast to LC-ESI/MS, the solvent flow in CE (EOF) depends on its
composition. Flow is not a settable parameter. Adapt capillary and/or BGE
composition.

B BGE’s with non-volatile constituents (inorganic buffers) are incompatibility
with vacuum detection in MS. Eventually a BGE is selected that may or will
compromise CE separation
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CE-ESI/MS Coupling Retrospective

B 1988; Initial work with coaxial sheath solvent, R.D.
Smith et al.*

Q46 rmmOD. 025mmID C
SS Capilary O

N\

Mo i -

True Electrospray
Liquid electrical contact
Delivery of a sheath solvent to establish stable spray
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R. D. Smith et al, Anal. Chem. 60, 436, (1988)
R.D. Smith, C.J. Barinaga, H.R. Udseth, Anal. Chem., 60, 1948 (1988)
R.D. Smith, H.R. Udseth, Nature, 331, 639 (1988).
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CE-ESI/MS Coupling —Triple Tube Sprayer (Agilent)

®

Sheath liquid I

)

CE capillary

OD 0.5 mm

Stainless steel
| tube ID 0.4 mm

4103

Nebulising gas

Characteristics of “Triple Tube” Sprayer Interface

= Sheath solvent is added to the CE effluent at a rate of
@ >4 B4 min typically 1 - 10 uL/min. Spray becomes independent of BGE
/"Eir composition and EOF
e g A
/iiﬂ} i = Spray needle (gray) is grounded. Common return path for CE
L ST and ESI current. ESI voltage at the MS inlet

= Nebulizing gas to assist spray formation

= Sheath solvent composition dominates electrospray
ionization chemistry and may/will enhance sensitivity
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Agilent Interface for CE/MS

Cassette without liquid cooling, temperature
control by fast airstream providing efficient cooling
and heating using a Peltier element

Quick change of capillaries, no sealings, no liquids
no leaks.

Access to 7100 built in UV-DAD providing
UV monitoring (traces and full spectra)

Airstream

R |

"

UV detection

MS detection
Capillary on ground

Inlet vial
High voltage

Slide courtesy of Agilent Technologies
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Agilent CE/MS Setup

ﬁ {;\ Sheath Liquid Pump
M

OZ2—-NO=

CE-capillary

C
(0
M

.. Sprayer Kit
apter (interface) Kit i (G1607B)
JUJ a c
Nitrogen
PC-system controlling nebulizing gas i (0
- 7100 CE system
- MS system s - n
- Sheath liquid pump ‘ ® E
MS source 'J = 2
7100 CE instrument -_g u
sQ, TOF, QTOF, QQQ = B
Compliant with different ionization modes: ESI, APCI, APPI o t
Compliant with all sources i
Orthogonal configuration (LC-MS) lets neutrals & big droplets pass =
LC pump integrated, delivering sheath solvent
Single point SW for control, automation, data acquisition and 8
processing
Slide courtesy of Agilent Technologies
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Agilent CE/MS System

MassHunter Software for LC-MS & CE/MS

MassHunter versions B.05.01 and higher are integrating and controlling Capillary Electrophoresis for CE/MS
analysis as a single software package under Windows 7 (64 bit)
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Slide courtesy of Agilent Technologies
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Peptide mapping: CE/MS vs. LC/MS

Comparison of Tryptic Digests

Capillary Bare fused silica, total length 85 cm, 50 um i.d. (170 HPLC-Chip G4240-62005, 5 um, Agilent ZORBAX 300SB-C18, 40 nL

nL) Buffer 10 mM acetic acid enrichment column, a 75 um x 43 mm analytical column (190 nL)
Flow rate 0.6 puL/min. Solvents A) 0.1 % formic acid (FA) in water; B)
90 % ACN in water with 0.1 % FA

CE-QTOF MS LC-QTOFMS

“{ Base peak electropherogram (BPE) “*{ Base peak chromatogram (BPC)
“ =
a e
u b
[ 4
- .= 30 min
po 60 min |2
HEF TR EEEEEREE R EEEEEEE R R EE R EEE = 1 H H H 1 [ 1 H H £ H i 3 = -] ] ] '.' 3 FEE = = 2
o, dzpe T Corwrn. doe T g

/ CE-MsS LC-MS \

CE/MS and LC/MS peptide map of BSA

Among the total number of peptides
identified (114), 37 peptides are unique
to CE/MS and 33 peptides are unique to
LC/MS.

Each of the techniques contained 44
common peptides.

Total = 114 peptides

-

Suresh Babu CV, Agilent Application Note (Pub. Nr. 5991-2583EN)

/
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CE/MS vs. LC/MS

Comparison of tryptic peptide maps

25
30
= LC-MS (A)
20 25 -
P @
B = CE-MS 3
§15 § 20 -
s o
— b~ 4
é 10 - ° 15
[
é g 10 4
5 S
H
5
0
S S & T ST ST ST T &8 S & . & . .
S L S 0
S Qe\’ @N’ @ﬁ’ @"’ @"’ ee"’ Qe'” qu & Qe'”' @"’ A2 A A9 a0 a5 A a5 O ®
R R R R A < AR i LA AN g e S C A
Molecular weight Peptide length

CE-MS and LC-MS comparison of
peptide distributions.

(A) Molecular weight plot
(B) Peptide length plot
(C) Isoelectric point plot

Number of peptides

Isoelectric point (pl)

Suresh Babu CV, Agilent Application Note (Pub. Nr. 5991-2583EN)
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CE/MS vs. LC/MS

Comparison of tryptic peptide maps

_ CE-QTO MS (6520) LC-QTOF MS (Chipcube-6540)

Sample injected 44 nl (0.34pmole)= 7.7 uM in sample 2 ul (15pmole)= 7.5 uM in sample
Peptide elution window 30 min 16 min
Sequence coverage 80% 81%
Total peptides identified 82 78
Distinct peptides 37 33
identified
Selectivity and resolution change in elution order of few peptide — shows the complementary value of two techniques
Selectivity CE-MS is shows the best separation/ionization for hydrophilic peptides
Peptide distribution *  Shorter peptides are represented (1-5 amino *  Shorter peptides are less
acid peptide length) represented (1-5 amino acid
peptide length) and also cover
* Identified peptides starting with 3 amino acid wide range of peptide length
length identified

*  Low MW peptides are well presented (<500Da) * Identified peptides starting with 4
amino acid length
*  Acidic peptides (pl 3-4) are well represented
* Low MW peptides are less
represented (<500Da)

Suresh Babu CV, Agilent Application Note (Pub. Nr. 5991-2583EN)
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CE-ESI/MS — Perceived Situation

Triple Tube Sprayer IF

© Since 1995 only complete commercial

system for CE-ESI/MS @
© Proven robustness and reliability CE capillary SO SSEAY
@ Typ|Ca| Sen5|t|V|ty 05 - 10 |JM (|n Samp|e |Stainlesssteelfube

Sheath liquid I

403

concentration)

Nebulising gas

But EEEE

y

Sensitivity may becomes compromised
® Solute concentration is reduced 5 - 50x by
the sheath solvent depending on the actual EOF;

Sensitivity will not decrease accordingly i
® Because of the higher overall flow rate no nano- *#//;\’f |
electrospray benefit (<100 nL/min) / ;ga} lons v
+ ++:- ﬁt'h_ +++ @
Pneumatic assistance required to establish the spray MS
® Undesirable hydraulic flow is observed, which need source

counter measures

Galvanic reactions on the sprayer needle
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Recent Developments in CE-MS Coupling
Porous Tip Approach (Moini, Texas A&M University)

A Sprayvoltage | £qi hoeqie | 30 UM i.d. 150 um o.d |
s ; Angictensin |
Electrospray Si‘:giﬁg?y" 1 57.8.amol
—— { | 5N = B5.5
+ charged surface s
L - ) - | Angiotensin Il
P - 1.2 4 - . T1.8 mmal
MS o:ious I g . &M = 161 ﬂ
inlet P Conductive ~— O B
_ liquid £ 3] |
EOF COTQU?;IVG capi"ary E
@<—0" el
4 0.1% formic acid 2
Peptides 5 '
B 0.2
B0

53 E 63 T 7.5 -] 85
Timae {min)

ESI
needle

* Sensitivity: 10-20 nM AT1 concentration
in sample

\ Porous ,_4‘ .
e tp" « >200 successive runs (pers. comm.)
inlet

The high-sensitivity porous sprayer
interface (A) schematic and (B) Figuresitakenkiame
photograph of the prototype interface. H. Lindner et al., Anal. Chem., 83, 7297 (2011)
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Sciex Separations CESI 8000

OpuMs
Cartridge

CESI 8000

OptMS Spraver NS Source
I Housng Specific Ads ;-g-l

High Voltage
Pawer Supply

MASS
SPECTROMETER

survayed

0 protect

A% spectrometer

CES} BOOO =
Current L
Maonitor
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Recent Developments in CE-MS Coupling
Micro Flow-Through Vial (D.D.Y. Chen et al.*, Univ. Brit. Columbia)

MS inlet

cone
Separation capillary 1o MS
L e

o |[] N

I Inlet
vial Modifer
capillary Sheath solvent

\ Meedle and capillary :.i/ uVial
CEHV Pressurized I I - .
(

] | ="

= = T

CE-capillary

*D.D.Y. Chen et al. Anal. Chem. 83, 4916 (2011)
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Recent Developments in CE-MS Coupling

Micro Flow-Through Vial Common Ground*

x102 +ESI BPC(195.0) SIM Frag=135.0V 20130902_Caffeine_ MRFA_06.d
1 =

0.5- Injection: 50 mbar, 10's
’ Distance from spray emitter to 6410 capillary: 8 mm

3= 0.9- 250 pg/mL 1
N MRFA

i §§ 0.8-

: S§ 150 pg/mL
S§ 0.7- Instruments: Agilent 7100 CE; Agilent 6410 QQQ, Agilent 1200 HPLC with flow splitter Caffei ne c
§s . Modifier: 375 nL/min, 50% MeOH, 0.1% FA

L s§ BGE (background electrolyte): 50% MeOH, 0.1% FA
¥ Ss 0.6 CE: 10 KV, 100 mbar internal pressure
X \S : ESI: Capillary - 3000 V; Gas Temp - 350 C; Gas Flow - 2 L/min
\ % Sample: 250 pg/mL MRFA, 150 pg/mL Caffeine in 50% MeOH, 0.1% FA
k N
\ %
NN
\ 3
N
X

0.4+

0.3-

0.2

0.1+

D_
2 3 4 5 6 7 8 9 10 11 12 13 14 15
Counts (%) vs. Acquisition Time (min)

Sample: calibration mixture for electrospray ion sources (caffeine,
MRFA (met-arg-phe-ala))

Sensitivity: approx. 5 uM

*Results and Photo courtesy of David Chen and CMP Scientific
9/1/2014
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Recent Developments in CE-MS Coupling

Sheath liquid contact approach (R.D. Smith et al.)

No additional ESI

Gas

High Voltage
Power

Supply

*R.D. Smith et al., Anal. Chem., 84, 10395 (2012) and Chenchen
Wang et al, Poster presented at MSB2013, Charlottesville

I voltage used.

o SRM MS
ESI

Ground

Separation capillary: FS 75x150 um
Emitter capillary: FS 200x350 um, end
etched with HF and orifice 50 um

BGE: 25 mM ammonium acetate, pH 4
Sheath solvent and TE:9/1 0.1 M acetic
acid/methanol

Sample: short peptides in BSA digest

Sensitivity: 50 pM with CITP sample pre
concentration
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Is there a future for CE-MS?

B Achieving highest sensitivity remains top objective; but...

m unlike HPLC, CE has limited sample volume loading capacity and cannot be scaled
like HPLC.

m in contrast to HPLC with SPE pre-concentration, sweeping or cITP pre-concentration
methods are required and regarded “difficult”.

GE

B Factis ....
m given the same amount entered into the MS, CE results in higher peaks than HPLC!
m the premier user’s interest though is the analyte concentration in the sample

m therefore, CE-MS will be preferred method for measurement of very low
concentration polar/charged analytes in very small sample volume

e Conventional coaxial solvent sheath flow IF pairs adequate sensitivity (with up-
to-date MS) with ease of use and robustness

ke Porous tip and uVial-flow through IF seem a promising pathway towards CE-
ESI/MS and are being commercialized.
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e Commercialization (affordable) will be the key for success of new sheathless
CE-ESI/MS coupling methods
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More Information

* PDF-copy of this presentation can be found at http://www.rozing.com
(registration required!)

e Agilent Primer on CE at:
http://www.chem.agilent.com/Library/primers/Public/5990 3777EN.pdf

e Agilent Primer on CIEF at:
http://www.chem.agilent.com/Library/primers/Public/5991-1660EN.pdf
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