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INTRODUCTION

Isoelectric focusing (IEF) is the highest charge based resolution
separation technique for proteins. It is commonly known that the pH
gradient formed by synthetic carrier ampholytes (CAs) in slab gel IEF is linear,
but it is not stable with a prolonged focusing time. The linearity and stability of
the CAs’ pH gradient in clEF were investigated by observing the dynamic
focusing of 4 commercial carrier ampholytes and the pH linearity at different
focusing times using whole column detection clEF (the ICE280 IEF Analyzer)
and a set of pl markers (pl 3.21, 3.59, 4.22,4.65, 5.12, 5.85, 6.14, 6.61, 7.05,
7.40, 7.65, 8.18, 8.40, 8.79, 9.22, 9.46 and 9.77).
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Figure 1a. Dynamic Focusing
of pl makers in pH 3.5-9.5

Ampholine

Figure 1b. Linearity of pH 3.5 9.5
Ampholine at Different Focusing
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Experimental Conditions: pl markers were mixed with

8% (V/V) pH 3.5-9.5 Ampholine and 0.35% (W/V) methyl
cellulose. Focusing voltage was 60/mm. The e-grams at
different focusing time were overlaid (labeled at the right).



Figure 2a. Dynamic
Focusing of pl makers in 8 M Urea
and pH 3.5-9.5 Ampholine
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Figure 2b. Linearity of pH 3.5-
9.5 Ampholine in 8 M Urea at
Different Focusing Times
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Experimental Conditions: pl markers were mixed
with 8 M Urea, 8% (V/V) pH 3.5-9.5 Ampholine
and 0.35% (W/V) methyl cellulose. Focusing
voltage was 60V/mm. The e-grams at different
focusing time were overlapped (labeled at the
right).
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Figure 3a. Dynamic Focusing of pl
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Figure 3b. Linearity of pH 3-10 Biolytes at
Different Focusing Times

1500 - -

Pixel

1000 -

377s
m452s
A 603s

pH

Experimental Conditions: pl markers were
mixed with 8% (V/V) pH 3-10 BioLytes and
0.35% (W/V) methyl cellulose. Focusing
voltage was 60V/mm. The e-grams at
different focusing time were overlapped
(labeled at the right).



Figure 4a. Dynamic Focusing of pl makersin 8 M Figure 4b. Linearity of pH 3-10 Biolytes in 8 M

Urea at Different Focusing Times
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Distance to Anode (mm) Experimental Conditions: pl markers were
mixed with 8 M Urea, 8% (V/V) pH 3-10
Biolytes and 0.35% (W/V) methyl cellulose.
Focusing voltage was 60V/mm. The e-grams
at different focusing times were overlapped
(labeled to the right).




Figure 5a. Dynamic Focusing of pl Makers
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Figure 5b. Linearity of pH 3-10 Pharmalytes

at Different Focusing Time

2000 -

r U
1500 - v

Pixel

1000 -

€ 340s
m452s
" 565s

500 - &

pH

Experimental Conditions: pl markers
were mixed with 8% (V/V) pH 3-10
Pharmalytes and 0.35% (W/V) methyl
cellulose. Focusing voltage was 60V/mm.
The e-grams at different focusing times
were overlapped (labeled at the right).



Figure 6a. Dynamic Focusing of pl makers in 8 M Figure 6b. Linearity of pH 3-10 Pharmalytes
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; T e s a e e e Experimental Conditions: pl markers were mixed
Distance to Anode () with 8 M Urea, 8% (V/V) pH 3-10 Pharmalytes

and 0.35% (W/V) methyl cellulose. Focusing

voltage was 60V/mm. The e-grams at different

focusing time were overlapped (labeled at

the right).




Figure 7a. Dynamic Focusing of pl makers in Figure 7b. Linearity of pH 3-10 Servalyts at

pH 3-10 Servalyts
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Experimental Conditions: pl markers were
mixed with 8% (V/V) pH 3-10 Servalytes
and 0.35% (W/V) methyl cellulose.
Focusing voltage was 60V/mm. The
e-grams at different focusing times were
overlapped (labeled at the right).




Figure 8a. Dynamic Focusing of pl makers

in 8 M Urea and pH 3-10 Servalyts
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Figure 8b. Linearity of pH 3-10 Servalyts in
8 M Urea at Different Focusing Time
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Experimental Conditions: pl markers were
mixed with 8 M Urea, 8% (V/V) pH 3-10
Servalyts and 0.35% (W/V) methyl cellulose.
Focusing voltage was 60V/mm. The e-grams
at different focusing times were overlapped
(labeled at the right).
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Conclusions

. It was observed that the focusing time and peak shapes of pl markers at different CAs were different.

. Overall, the pH gradient was linear for the four CAs (r2>0.99); however, the pH gradients of these CAs
always had curvatures in some pH regions. The locations of the curvatures were unique for individual CAs.

. Overall, the pH gradient was linear for all the four CAs in 8 M urea (r2>0.90); however, it showed that the
presence of 8 M urea significantly slowed down the pl marker focusing, narrowed the pH range of the CAs
and changed the pH gradient in the acidic and basic regions for the four CAs compared to non-urea conditions.

. The pH range observed experimentally with the iCE280 for specific CAs may be different from that
provided by the respective vendors (pl markers 3.21 and 3.59 were lost in pH 3-10 Biolytes and pl markers
3.21 and 9.77 were lost in pH 3-10 Servalyts).

. The experiment results showed that the stability of the pH gradient of the broad pH range Ampholine, Biolytes,
Pharmalytes and Servalyts over time was good although it varied among CAs.

. The pl marker shifting with focusing time was unique to individual CAs, which strongly suggests that
this shifting was the result of a significant amount of non focusing components in synthetic CAs.

. Based on the results, in CIEF method development we recommend you:

1. Select the proper focusing time.

2. Select the pl marker pair with pls close to that of the protein sample.

3. Avoid selecting pl markers with pls too close to the extreme of the specific pH range of the CAs.
4

Avoid over focusing protein samples.
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pl Markers - Convergent Bioscience, Toronto, ON, Canada
Servalyts® — Crescent Chemical, Islandia, NY
Biolytes® — Bio-Rad, Mississauga, ON, Canada

Pharmalytes®, Ampholine® — Sigma- Aldridge, Oakuville,
Canada
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