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Capillary isoelectric focusing
a powerful separation method
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+ Resolution as low as 0.01 pH unit

- Repeatability issues

* pH gradient formation — mixtures of hundreds
of compounds (carrier ampholytes)

» Surface quality/coating stability

* Localized Joule heating > careful control of
the total applied electric power

* Two phases of the separation — focusing and
mobilization

* Influence of sample matrix (e.g., salts, buffers)

position in capillary
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pH gradient nonlinearity
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Internal standards of isoelectric focusing — isoelectric

point (p/) markers
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 Critical qualities of p/ markers
* Well-focusing ampholyte
 ApK,<4
e Solubility at p/
e Detectability at 280 nm
* Absorption of carrier ampholytes below 280 nm
e Observable at visual spectrum

e Stability in solution



A brief note on development of pl markers dC
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Proteins Peptides
* Naturally occurring * Based on tryptophan (absorption at 280 nm)
* Have to be extracted from matrices * Designed and synthesized on demand
* High heterogeneity = isoforms, (Shimura et al., 2000 =)
posttranslational modifications * High purity
* Low stability against degradation * Low heterogeneity

* Low stability at ambient temperature
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Low-molecular-mass (LMM) p/ markers dC
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* Simple well-absorbing core, that can be easily
modified by attaching functional groups OH
* Preferably one-step synthesis R2 N/R?’
* Fulfilling p/ marker requirements |
* First development and synthesis from 1994* R4 2%

and continues till present R1 (

* Universality, selectivity, sensitivity

*Slais, K., Friedl, Z. J. Chromatogr. A 1994, 661, 249-256.



Universality

Nitrophenol based LMM pl markers (NPIM) arcno

* Yellow color of the pl markers*

* Ayax =400 —-500 nm - visual detection
* Low molecular mass => fast focusing N
. ape . . . 0.0175 % 0 5 § é 5 ;E % = Method:
* High stability in powder and in solution 5 3 = 3% 3 % Sciex PACE MDQ Plus; 50 pum
0.0150. s g z z . N i.d. eCAP NEUTRAL capillary,
. . . 2 o & lor = 30.2, | = 20 cm;
* 11 NPIMs calibrated using commercially ‘ = focusing 15 min at 25 kV;
é - z mobilization for 30 min at 30
available peptide pl markers < | | i crection at 280 m
0.0078 ‘l 2.4M Urea, 80% V/V cIEF gel,

1.92% w/V Pharmalyte 3-10,
40mM L-Arginine, 1.6mM

e MS detectable**

0.0025 -

| | g: - Iminodiacetic acid

30 32 34 36 38 40 42 44
Time (min)

0.0000 ===

*Dusa, F., Moravcova, D., Slais, K. Anal. Chim. Acta 2019, 1076, 144-153.
**Mazanec, K., Bobalova, J., Slais, K. Anal. Bioanal. Chem. 2009, 393, 1769-78.



41 NPIMs developed
and characterized

3.16 —10.36 pH range covered

pH coverage gaps identified
 9.77-8.43
e 595-5.29
e 455-393

Hard to distinguish individual markers
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Selectivity
Colored p/ markers (CPIM)

* Further UV-Vis absorbing cores added
* Azo dyes based PIMs — 41 compounds

* Sulfonephthalein/Phthalein based PIMs
— 17 compounds

* Phenol based PIMs (UV absorption only)
— 14 compounds




Differently absorbing p/ markers .

enable direct identification rno

Method:

Sciex PACE MDQ Plus; LPA

coated 100 um i.d. capillary, |, —
=40 cm, |4 = 30 cm; focusing \\ 70.00
40 min at 20 kV; mobilization S 60.00
for 85 min at 25 kV; DAD

detection at 275 -600 nm \ \

50.00

40.00

Absorbance (mAU)

: Sample:
. _ N 2.4M Urea, 80% V/V cIEF gel,
0 g - S o 1.92% w/V Pharmalyte 3-10,
40 50 60 70 80 90 100 110 40mM L-Arginine, 1.6mM
Iminodiacetic acid

—_
o
1

Time (min)

Dusa, F., Moravcova, D., Slais, K. Anal. Chim. Acta 2022, 1221, 340035.



Coelution of PIM and analyte

* Example of coeluting compounds
e peptide p/ 5.50 (A5 = 280 nm)
e CPIM 5.52 (Ayyax = 378 nm)

* Both compounds can be easily distinguished
using 2 detection wavelengths

e fluctuations of pH gradient are diminished
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oH gradient densely covered by the sum of PIMs dC
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* Gaps present in the NPIM range
were filled by CPIM

* Appropriate combination
enabled to selectively determine
each marker in the mixture

e 113 compounds available for
tracing pH gradient

Structure
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Sensitivity
Fluorescent p/ markers*

 Laser induced fluorescence

to pmol

* Detection limits dghn S
* Anew set of m  basec |
o '._|.' > R )

core was deve W = BT SRE ix
3 ‘ A ke " s B . el

*Dadajova, P., Cmelik, R., Slais, K., Duga, F., soon to be published data
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Purity of the FPIMs jJac
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FPIMs

Coverage of pH gradient dC
g pR g o
* Most of the compounds had p/s at neutral
o ) pH gradient coverage
and acidic region 1 ¥
N
* Only a few FPIMs available for marking the 10 %0;.5"
A
basic pH 9 %,9"; L 4
* None of the FPIM above the p/ 8.73 passed ; AV R NS
S & © Yo ©
the 50 % purity criterium 5 7 50 o © (:(o
o @‘%(5/"" eoe?
* The criterium lowered to 40 % to add two 6 o O P 4
more basic FPIMs 5 9 &4
&S
49
o]
3@

1 2 3 45 6 7 8 9 1011121314 151617 18 19 20 21
FPIM number
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clEF purification/fractionation of FPIM 10.21 arCnO

* The final product of the FPIM synthesis
contained impurities at pH range 9.4 —10.2

140 100 -
Purification: e S . 3
> r =" a
. . L 100 | S a
e 75 um i.d. capillary 3 E 3
8 & o 60
: 2 899 o 3
* Lysine (p/ 9.7) spacer to separate the g E c
*n 60 Q .
impurities in clEF S 0 40+
S 40 S
. . o L. — -
* 9 fractions collected to chemical mobilizer - =
solution (HAc) and vacuum-evaporated . :
(1] ot e
17 2[0 2]4 2]8 21 2I4 2'8 3|2 3IG
Time (min) Time (min)
Method:

Sciex PACE MDQ Plus; LPA coated 75 pm i.d. capillary, l,,, = 30 cm, |4 = 20 cm; focusing 17

min at 20 kV; mobilization 11 min at 20 kV; fractionation 9 times 2 min at 20 kV; detection:
argon-ion laser 488 nm, notch filter 488 nm / bandpass filter 520/20 nm.

Sample:

1.92 M Urea, 64 % V/V clEF gel, 0,64 % w/V Pharmalyte 3-10, 120 mM L-Arginine, 1.6 mM

Iminodiacetic acid, 15 ng mL! FPIM 10.21
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Universality, Selectivity, and Sensitivity .
LMM pl markers
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Structure

Total of 134 compounds for tracing pH gradient
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Isoelectric focusing markers group
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Thank you for attention!
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