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Bk Separation Science
Search Research

A condition for the determination of the structure and function of a given substance is that it is pure, i.e., not
contaminated by other components. If the sample is not pure the parameters mentioned will represent the
properties of the mixture and will not be interpretable. The development of new, efficient technigues to
separate different types of substances is, accordingly, a research area of high priority, in which Uppsala
University, since the days of The Svedberg and Arne Tiselius (both Nobel laureates in Chemistry), has played
an internationally important role. As a "fresh” example it may be mentioned that several of the methods
developed at Uppsala Separation School were a prereguisite for the successful completion of the Human
Genome Project.

Particulzrly within life sciences there iz 2 great need for efficient and rapid separation methods on both the
analytical and preparative scale in order to solve many intricate problems in basic as well as applied research.
For instance, the development of a new drug requires |aboratories equipped with apparatus based on the
latest achievements in the field of separation science. A general trend within this field is to develop
microtechniques parmitting analysis of extremely small amounts of material (below 0.000001 gram) in a short
time (less than one minute) and with extremely high resolution. These analyses are often performad in
(guartz) capillaries with inside diameters in the range 0.025-0.2 mm or in microchips with still narrower
channels. & rational davelopment of these microtechnigues requires close cooperation among several resaarch
groups within the Faculty, as does the teaching in this important field.

The separations can be based on

(1] Electrophoresis (the =ample substances migrate in an electrical field: the positively charged substances
migrate toward the negative pole and the positively charged toward the negative pole; the higher the charge,
the higher the migration velocity].

(2 Chromatography (the substances are pumped through a tube filled with a sclid phase, such as beads, onto
which they become adsorbed: The stronger (weaker) they bind, the later (earlier] they vill leave the column
tube. By affinity methods, for instance the recently introduced artificial antibodies in the form of gel particles. a
given protein, virus or bacterium can be "fishad out" selectively from a mixture consisting of a great number of
different substances.
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| = TABLE 1.1
= A Comparison of Surface-to-Volume Ratios for an Analytical Slab Gel and a 57 cm

: Capillary Having a Varied Internal Diameter
-
-

| :Slab gel (14 x 115 x 0.15 cm) 32,200 24,150 1.3
g 20mmid. capillary 35.81 0.179 200
a» 50 mm 1.d. capillary 89.53 1.119 80
® 75 mm i1.d. capillary 134.3 2518 53
: 100 mm i.d. capillary 179.1 4477 40
200 mm 1.d. capillary 258.1 17.907 20

2 I B 37)=15-40 V/em
EMEMHY: 800 V/iem A FEINE R 30,000 V

Surface Area (mm?) Volume (L)  Surface-to-Volume Ratio
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Modes Used for Analysis of Various Classes of Analytes

CZE MEKC CEC CIEF
lons Small molecules Small molecules Peptides
Small molecules Peptides Peptides Proteins

Peptides Proteins
Proteins Carbohydrates
Carbohydrates

= =

CZE: .. m¥H H

IR &) : MEKC
TN B f# i . CIEF
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000000060

CGE

Nucleic acids



Net flow
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Capillary length
(20-100 cm)

HighVoltage
Power
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SMALL MOLECULES I

PEPTIDES I

PROTEINS I

NUCLEIC ACIDS

|

Determine Optimum Wavelength

|

Do UV-Vis scan to determine n,
« usually 200, 208, 214 or 260 nm

Typically 200, 214 or 220nm

|

Typically 200, 214, 220 or 280nm

|

UV - 254 or 260 nm
LIF - 488520 nm (ex./em)
« 280 nm if usingEtBr

« 488/514 nm wiluorescent intercalators

|

Select Appropriate Mode, Buffer
and pH

CZE MEKC
Phosphate-pH 2-10 Phosphate/Borate in
Acetate-pH 3-8 combination with
Borate-pH 6-10 surfactant-pH 7-10

For most peptides, low pH buffers
« phosphate, citrate,formate or acetate a
pH 2.0 4.5

Start with slightly alkaline buffers
« 100 mM borate, pH 8.3-8.6
« 50m M phosphate, pH 7.5

Use TBE or MES/Tris buffers
with sievingmatrices

«HEC, HPMC, HPC, linear PA
« YoPro-1, TO,ToPro-1, etc.

Select Capillary Temperature Start with room temperature Start with roomtemperture Stal‘( th_l'oom tem_pergtur_e i Start with 20 C-d
Fh i B il «increase if shorter migration times req'd | | increase if shorter migration times req'd - increase if shorter migration times req'd ecrease if current too high or
g Sep « decrease if current too high . decrease if current too high « decrease if current too high (>1-2 Wim) if resolution poor

l

|

|

l

)

Determine Optimum Voltage
(i.e., do Ohm's Law Plot)

}

Do Ohm's Law Plot (OLP)

|

Do Ohm's Law Plot (OLP)

|

Do Ohm's Law Plot (OLP)

|

Do Ohm's Law Plot (OLP)

|

Select Starting Parameters

A short capillary
. start with a 20 cm (lett) X 50/75 um cap.
. applied voltage 25-30 kV (if OLP allows)

A short capillary and low voltage
« 20 cm (leff) x 50 pm capillary to start
« applied voltage of 10 kV

Amedium length capillary
« start with a 40-60 cm (leff) x 50/75 pum
« voltage of 25-30 kV (if OLP allows)

A short capillary and low voltage
«20 cm (leff) x 50 pm capillary to start
« applied voltage of 8-10 kV

|

« organic solvents (MeOH,AcN)
« ion pairing agents (HSA)

|

« organic solvents (MeOH,AcN
(" Ikanest AcN)

« diamino a
« lon pairing agents (HSA)

|

« organic solvents (MeOH,AcN)
« diamino alkanes

|

Adjust capillary length, voltage and IAdjust capillary length, voltage and Adjust capillary length, voltage and Adjust capillary length, and voltage
Improve Resolution - use buffer additives . use buffer additives « use buffer additives - modify sieving agent concentration

« optimize intercalator concentration by
doing10X dilution series

|

Optimize Sampling Volume

Maximize sample solubility
« use additives such asMeOH orAcN
« try sample stacking or focusing

Use electrokinetic injection
« start with 8-10 sec x 5-8 kV

Use pressure injection
« keep injection <60 sec
« if resolution lost -try EK injection
« try sample stacking or focusing

Use electrokinetic injection
« start with 10-90 sec x 130 volts/cm
« high salt samples dilute with water
or pre-nject water plug (1-2 sec)
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Common Buffer Additives in CE and Their Effects

Additives

Inorganic salts

Organic solvents

Organic additives

Inorganic additives
Zwilterionic additives
Sulfonic acids

Divalent amines

Cationic surfactants

Cellulose derivatives

Miscellaneous polymers

Example

NaCl, CaCl. K>SOy

Methanol, acetonitrile,
ethylene glycol
Urea

Pyrencbutanoate
Borate
Z1-Methyl

hexane, heptane, octane, or
nonane analogs

diaminoalkanes; hexamethonium
bromide: decamethonium
bromide

Dodecyltrimethylammonium
bromide (DTAB):
cetyltrimethylammonium
bromide (CTAB):
tetradecyltrimethylammonium
chloride (TTAC)

Hydroxyethyl cellulose: methyl
cellulose: hydroxypropyl
methylcellulose

Polyethylene glycol

Dextran

Polyvinylpyrrolidone

Function

Modification of EOF; protein
conformational changes: protein
hydration

Modification of EOF; analyte
solubilization: analyte salvation

Modification of EOF: protein
solubilization

Denaturation of oligonucleotides
dynamic modilication of protein

Complex cis-diols: carbohydrate
or glycoprotein separations

Reduce wall interaction: augment
EOF

Analyte ion-pairing; hydrophobic
interaction

Modification of EOF; charge
neutralization: analyte
interaction

Charge reversal on-capillary

wall: hydrophaobic interaction

Reduce EOF: provide sieving
medium

Protein stability; reduce wall
interaction

Manipulate the electrophoretic
mobilities

Enhance resolution of peptides
and amino acids
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Absorbance (200 nm)

Proteins oH 6.0

pH 10.0

pH 7.0
.
0.02 AU
1

Native and reverse

|

o 4 8 127

pH 11.64)

- Reverse

Shuffle 2,3,4
0.025 AU
L - |
! ¥ v T 1 Native
pH 9.0 Shuffle 2,4
b -
Shuffle 3
20 25 30 35 A(

Time (min)



'

rosine
Mesityl oxide]
L \ v Dopa

S\

L}

Acetate/
phosphate ';_ N,
4 6

=
e
o
S
=
®
Q
c
@
Q
—
o
2

Mesityl oxide/dopamine

Tyrosine
I'g

l Dopa

0 5o 3 4
Time (min)

= 4
-
-

2
. -

-

S

-
. -
. B

-
S

-
= =

=
= B

S
- -

-
- -

-
. =

-

-

=
= B




B == mHAYF2Hk

16000 0
14000 (a) 0 M urea o6
12000 § o) j

10000 \ 3
18 ‘ o4 28 30 4

YT

8000
6000 A
4000
14 |
2000 16 |
0 e e N _ N ‘ -
65 70 75 80 85 90 95 100 105
Time (min)

Ty

Ll Ak

Intensity (A.U.)

_ug

8000 F (b) 2 M urea
6000 F w
; I
4000 | ' )
| | *
0 8.5

7.5 8. 9.0 9.5 10.0 10.5
Time (min)
7000 ¢ —
F (c) 4 M urea n

Intensity (A.U.)

6000 |
5000 £
4000 £
3000 |

ai
AN A

Intensity (A.U.)

1000
7.0 7.5 8.0

00000000000000000000000000

0.0
Time (min)




FHEBRXSHARHEGIENILL

PRI B O B R EANE], 2P R EE KA 2 B Bk
& HFEKEED BILRE.
& HH R B R A T B TR R A
IR Y F 15 B
it
Pt TR, MRz
R MU SRR
K
MR, FIRYT
TR SEER

AR BRI RER KL ARLE A
IS Bk IR
AR i KR

-
>
=
>
=
et
- -
-
- -
-
-
=
-
-
-
.
=
-
-
o
-
-
-
-
-
-




FHER®IS

= 4
.
.

>
-

=

-

-

-

-

-

-

-
= &

-
=
. -
- -

-
-

-

-

-
- =

=

>




