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1. Introduction

Size exclusion chromatographic (SEC) columns are suitable to identify molecular weight of biopolymers, such as
proteins. Shodex has developed a brand-new KW400 series of high-performance SEC semi-micro columns. This

series is a downsized and higher performance version of PROTEIN KW-800, specialized for protein analyses.

Both series are filled with silica gel. This notebook introduces the features of KW-400 series.

2. Specification

Table 2-1. Specification of KW400 Series Columns

Product Code Product Name Exclusion Limt Plate Particle Size| 1D x Length
(Pullulan) (Protein) (Hm) (mm)
F6989201 KW402.5-4F 60,000 150,000 > 35,000 3 4.6 x 300
F6989202 KW403-4F 150,000 600,000 > 35,000 3 4.6 x 300
F6989203 KW404-4F 500,000 1,000,000 > 25,000 5 4.6 x 300
F6989204 KW405-4F 1,300,000 20,000,000 > 25,000 5 4.6 x 300
F6700132 KW400G-4A Guard column — 5 46x 10

For all Columns

Packing Material : Silica Gel with Hydrophilic Polymer Coating

Housings : Stainless Steel

Recommended Flow Rate : < 0.35mL/min

Maximum Flow Rate : 0.5mL/min

Maximum Pressure 1 10 MPa (KW402.5-4F, KW403-4F, KW404-4F), 7MPa (KW405-4F)
Temperature :5-45C

pH :3.0-7.5

Organic Solvent : Up to 100% of Methanol, Ethanol or Acetonitrile

(Attention) The KW400 series is a semi-micro type of a SEC column.
It is recommended to use it with a semi-micro type HPLC system.

2-1. Eluent Condition of KW400 Series
(1) Use of Salt

Buffers, including phosphate, TRIS-hydrochloric acid, and acetate buffers, are normally used along with a salt,

such as sodium chloride, sodium sulfate, potassium sulfate, or ammonium sulfate. An appropriate salt

content is between 0.1 M and 0.3 M.

Note 1. The pH range of the eluent should be between 3 and 7.5.

Note 2. Chloride ions erode columns and tubings in a HPLC system. In case of adding a chloride containing
salt, it is recommended to replace the solvent in tubings with a chloride-free solvent after analysis.

(2) Use of Urea or Guanidine Hydrochloride

Aqueous solutions of urea or 6M guanidine hydrochloride as a protein denaturant can also be used as an

eluent. These denaturants are so viscous that the recommended flow rate is 0.15 mL/min.

Preparing a

column exclusively for each of these solvents is recommended, because solvent replacement takes time.

3) Use of Surfactants
Aqueous solutions containing a surfactant, such as 1% SDS or Brij, can be used as an eluent.

4) Use of Polar Organic Solvents

Polar organic solvents, including acetonitrile, methanol, and ethanol, can be used as an eluent, whether it is

pure or an agueous solution.




2-2. Calibration Curves

Figures 2-1, 2-2 and 2-3 describe calibration curves of the KW400 series.
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Fig. 2-1 Calibration Curves of KW400 and KW-800 Series with Proteins
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Fig. 2-2 Calibration Curves of KW400 and KW-800 Series with Pullulan

Columns

Eluent
Flow Rate
Detector
Column Temp. :

. Shodex KW400-4F Series

(4.6mmID x 300mm each)

. Hgo
1 0.33mL/min
: Shodex R

25°C

Columns

Eluent
Flow Rate
Detector

Column Temp. :

: Shodex PROTEIN KW-800 Series

(8.0mmID x 300mm each)

N Hzo
: 1.0mL/min
: Shodex RI

25°C




10,000,000 [ 10,000,000 1
1,000,000 | KW404-4F 1,000,000 f
KW405-4F
100,000 100,000
3 10,000 2 10,000
= = /
L KW402.5-4F 1, r
1,000 000 KW-802.5
KW403-4F
KW-803
100 r 100
10 L L | 10 1 1 1 J
15 25 35 45 5 7 9 " 13
Elution Volume (mL) Elution Volume (mL)
Fig. 2-3 Calibration curves of KW400 and KW-800 series with PEG/PEO
Columns : Shodex KW400-4F Series Columns : Shodex PROTEIN KW-800 Series
(4.6mmID x 300mm each) (8.0mmID x 300mm each)
Eluent : H.0 Eluent : H,O
Flow Rate : 0.33mL/min Flow Rate : 1.0mL/min
Detector : Shodex RI Detector : Shodex Rl
Column Temp. : 25°C Column Temp. : 25°C

3. Advantages of KW400 Series

3-1. Separation Performance

The KW400 series is a high performance version of the conventional PROTEIN KW-800 series. Its finer packing
material enabled a downsized column. Figure 3-1 shows chromatograms using the KW400 series and KW-800
columns for a protein mixture. A semi-micro type HPLC was used in this datum. The theoretical plate number of
KW402.5-4F is 1.5 times better than that of KW-802.5.

5
Sample: 10pL
1. Blue dextran 2000 0.2mg/mL
2. y-Globulin 0.8mg/mL
3. Ovalbumin 0.8mg/mL
4. Myogrobin 0.56mg/mL
5. Uridine 0.04mg/mL N=17,000
3 4
(A) KW402.5-4F J
Columns : (A) Shodex KW402.5-4F

(4.6mmID x 300mm)

5 (B) Shodex PROTEIN KW-802.5
(8.0mmID x 300mm)
N=8,200 Eluent : 50mM Sodium Phosphate Buffer
(B) KW-802.5 12 3 4 + 0.3M NaCl (pH7.0)

Flow Rate : (A) 0.33mL/min, (B) 1.0mL/min
Detector : UV (280nm) (Semi-micro Type)

! ! ! ! Column Temp. : 25°C

0 5 min 10 15 Injector : Rheodyne 8125

Tube : 0.1mmID sus

Fig. 3-1 Comparison of KW402.5-4F and KW-802.5



3-2. Detection Sensitivity

Figure 3-1 describes a better detection sensitivity of KW400 series, compared with KW-800 columns. KW402.5-4F
has an approximately 3 to 4 times better detection sensitivity of KW402.5-4F as compared with that of KW-802.5.

3-3. Recovery of Proteins

Recovery data of seven kinds of proteins are shown in Table 3-1. Both of KW402.5-4F and KW403-4F columns
achieve a high recovery by the very low level adsorption of proteins onto the packing materials.

Table 3-1. Recovery of proteins

Recovery (%)
Protein
KW402.5-4F KW403-4F
y-Globulin 98 96
Bovine serum albumin 89 96
Ovalbumin 89 97 Column : Shodex KW402.5-4F, KW403-4F
Myoglobin 90 89 (4.6mmID x 300mm each)
Eluent : 50mM Sodium phosphate buffer

Cytochrome c 92 92 +0.3M NaCl (pH7.0)
Lysozyme 87 98 Flow rate : 0.33mL/min

- Detector : UV (280nm)
a-Chymotrypsinogen A 95 94 Column temp. : 25°C

4. Features of KW400 Series

4-1. Influence of Flow Rate

Figure 4-1 shows the relationship between the theoretical plate number and the flow rate. Figure 4-2 describes
chromatograms of proteins at different flow rates. Table 4-1 shows the relationship between the flow rate and the
peak separation. As shown in Figure 4-1 and Table 4-1, a lower flow rate contributes to a higher theoretical plate
number and a better peak separation. Figure 4-2 indicates that a slower flow rate leads to a higher peak height.
The analysis is normally performed around 0.3 mL/min. For a better resolution and a higher sensitivity, the flow
rate is recommended to be 0.2 mL/min or less. Please note that longer analysis time is needed in this case.

* The height equivalent of a theoretical plate (HETP) is the column length divided by the theoretical plate number. The smaller the

HETP, the better the separation efficiency.

Sample : 5pL
BSA
0.08 - o BSA Ribonuclease A
0.07 —i— Ribonuclease A

HETP (mm)

000 1 1 1 1
0.1 0.2 0.3 0.4 0.5

Flow rate (mL/min)

(HETP=Column length/Theoretical plate number)

Sample : 5pL
1. BSA dimer
2. BSA

N 3. Ribonuclease A

1

0.1mL/min A~

0.3mL/min }

0.5mL/min

1
2,0 2.5 3.0 3.5 mL

Fig. 4-1 Relationship of TPN and flow rate of KW402.5-4F

Column : Shodex KW402.5-4F (4.6mmID x 300mm)
Eluent : 50mM Sodium phosphate buffer

+ 0.3M NaCl (pH7.0)
Detector : UV (280nm)

Column temp. : 25°C

Fig. 4-2 Chromatograms of proteins at different flow rates

Column : Shodex KW402.5-4F (4.6mmID x 300mm)
Eluent : 50mM Sodium phosphate buffer

+ 0.3M NaCl (pH7.0)
Detector : UV (280nm)

Column temp. : 25°C
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Table 4-1. Relationship of Flow Rate and Resolution

Flow Rate (mL/min)
KW402.5-4F
0.5 0.3 0.1
BSA Dimer / BSA 1.49 1.68 2.04
Resolution
BSA / Ribonuclease A 5.28 6.17 7.88

4-2. Influence of Injection Volume of Sample

Figure 4-3 shows the relationship between the injection volume and the height equivalent of a theoretical plate
(HETP) using KW402.5-4F and KW403-4F with bovine serum aloumin (BSA) as a sample. Less than 10 yL of

injection volume is suitable for both columns.
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Fig. 4-3 Relationship of Injection Volume and HETP using KW402.5-4F and KW403-4F

Column : Shodex KW402.5-4F (4.6mmID x 300mm)

Eluent : 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
Flow Rate 1 0.35mL/min

Detector : UV (280nm)

Column Temp. : 25°C

4-3. Influence of Sample Loads

Column
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Flow Rate
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: Shodex KW403-4F (4.6mmID x 300mm)

: 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
: 0.35mL/min

: UV (280nm)

Column Temp. : 25°C

Figure 4-4 shows the relationship of sample loads and the HETP using KW402.5-4F and KW403-4F with bovine
serum albumin (BSA) as a sample. Less than 100ug of sample load is suitable for both columns.
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Fig. 4-4 Relationship of Sample Loads and the HETP using KW402.5-4F and KW403-4F

Column : Shodex KW402.5-4F (4.6mmID x 300mm)

Eluent : 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
Flow Rate 1 0.35mL/min

Detector : UV (280nm)

Column Temp. : 25°C
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1 Shodex KW403-4F (4.6mmID x 300mm)

: 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
1 0.35mL/min

1 UV (280nm)

Column Temp. : 25°C



5. Optimization of HPLC system

Semi-micro columns are designed to minimize sample diffusion inside, compared to conventional columns.
Therefore, it is recommended to use a semi-micro type HPLC system to obtain the optimal performance,
because a conventional HPLC system could cause sample diffusion except for columns where it is connected
with a semi-micro columns.

Table 5-1 shows the theoretical plate numbers for a uridine analysis with a KW402.5-4F column in combination
with a conventional HPLC system and a semi-micro type HPLC system, respectively. KW402.5-4F with a conven-
tional HPLC system has a lower theoretical plate number, about 60% of that of the same column with a semi-
micro HPLC system. The following data illustrate how each HPLC system component for a semi-micro type
improves separation compared to the conventional HPLC system.

Table 5-1. Comparison of Resolution with a Conventional and a Semi-micro Type of HPLC System

Injector 7 Inner D_iameter Cell Volume | Theoretical Plate| Column : Shodex KW402.5-4F
of Tubings 2 | of UV 3) Number 4 (4.6mmID x 300mm)
Eluent : 50mM Sodium Phosphate Buffer
Conventional Type| Rheodyne 7725i 0.25mm 17.7uL 26,000 + 0.3M NaCl (pH7.0)
Flow Rate 1 0.35mL/min
Semi-micro Type | Rheodyne 8125 0.13mm 2.44L 43,700 Detector : UV (280nm)
Column Temp. : 25°C

1) Rheodyne 7125i: Conventional Type, Rheodyne 8125: Low Dead Volume Type.
2) The length of tubing between injector and column inlet: 100mm.
Tubing between the column outlet and the UV detector: accessory of the cell.
Conventional type cell: approx. 0.2mmID x 600mmL, semi-micro type cell: approx. 0.1mmID x 500mmL
3) Optical path length of a UV cell: conventional type 10mm, semi-micro type: 3mm
4) The theoretical plate numbers are measured by 0.1% Uridine with 1pL injection.

5-1. Injector

The relationship between injector types and theoretical plate numbers is shown in Table 5-2. Only changing an
injector to a lower dead-volume type instead of a conventional type doesn’t improve theoretical plate numbers as
well as changing the other components to lower dead-volume ones, too.

Table 5-2. Relationship of Injector Types and Theoretical Plate Numbers

iniector Inner Diameter | /o fuyv3| Theoretical Plate Column : Shodex KW402.5-4F
njector of Tubings 2 ell Volume o Number 4 (4.6mmID x 300mm)
Eluent : 50mM Sodium Phosphate Buffer
Rheodyne 7725i 0.25mm 17.7uL 26,000 +0.3M NaCl (pH7.0)
Flow Rate 1 0.35mL/min
Detector : UV (280nm)
Rheodyne 8125 0.25mm 17.7uL 26,100 Column Temp. : 25C

Please refer to the captions in Table 5-1.

5-2. Tubing

Table 5-3 shows the relationship between inner diameters of tubings and theoretical plate numbers. A better
theoretical plate number can be achieved by using a narrower tubing.

Table 5-3. Relationship of Inner Diameters of Tubings and Theoretical Plate Numbers

Iniector Inner Diameter | -\, fuva| Theoretical Plate Column : Shodex KW402.5-4F
njector of Tubings 2 ell Volume o Number 4 (4.6mmID x 300mm)
Eluent : 50mM Sodium Phosphate Buffer
Rheodyne 7725i 0.25mm 17.7uL 26,000 +0.3M NaCl (pH7.0)
Flow Rate 1 0.35mL/min
Detector : UV (280nm)
Rheodyne 8125 0.13mm 17.7uL 27,000 Column Temp. - 250

Please refer to the captions in Table 5-1.



5-3. UV Cells

Table 5-4 describes theoretical plate numbers in a uridine analysis with a UV detector for a semi-micro cell and a
conventional cell. Here the conventional tubings and injectors are used. The larger conventional cell, which has
over seven times the volume of the semi-micro cell, showed greater sample diffusion and the theoretical plate
number was also extremely affected.

Table 5-4. Relationship of cell volume and theoretical plate number

Iniector Inner Diameter | -\, fuyva| Theoretical Plate Column : Shodex KWA02.5-4F
njector of Tubings 2 el volume o Number 4 (4.6mmID x 300mm)
Eluent : 50mM Sodium Phosphate Buffer
Rheodyne 7725i 0.25mm 17.7uL 26,000 +0.3M NaCl (pH7.0)
Flow Rate : 0.35mL/min
. Detector 1 UV (280nm)
Rheodyne 7725i 0.25mm 2.4uL 43,500 Column Temp. : 25C

Please refer to the captions in Table 5-1.

As shown in Tables 5-1, 5-2, 5-3 and 5-4, it is recommended to use a semi-micro HPLC system to obtain the
optimal performance of KW400 series columns. It is also possible to use the KW400 series with a conventional
HPLC system, but the sample diffusion at a UV cell is especially large, therefore, it is recommended to at least
use a semi-micro type UV cell.

[ Information ]
The sensitivity of a UV detector (or peak height) is proportional to the cell volume (or optical path length), there-
fore a conventional cell might be more sensitive than a semi-micro cell, as shown in Figure 5-1.

Sample:
1. Thyroglobulin (Bovine) 10.0mg/mL
2. y-Globulin (Bovine) 10.0mg/mL

3. Ovalbumin (Chicken)  10.0mg/mL 1
4. Myoglobin (Horse) 5.0mg/mL
5. Vitamin B4z 1.0mg/mL

Conventional Cell
Optical Path: 10mm

Cell Volume: 17.7puL

min min

Semi-micro Cell
Optical Path: 2mm
Cell volume: 2.4puL

Fig. 5-1 Difference of Peak Height with UV Cell Types

Column : Shodex KW402.5-4F (4.6mmID x 300mm)

Eluent : 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
Flow Rate 1 0.35mL/min

Detector : UV (280nm)

Column Temp. : 25°C



6. Applications

6-1. Control Serum

Figure 6-1 shows chromatograms using KW403-4F and KW405-4F for a control serum. Since the pore size of
the packing material of KW404-4F is larger than that of KW403-4F, KW404-4F can analyze large substances

whose molecular weight is above the exclusion limit of KW403-4F,

Sample: 1pL
Control Serum | Wako/B

(A) KW403-4F

.

(B) KW404-4F

0 5 10 15 20 25 0 5 10 15 20 25
min min
Fig. 6-1 Control Serum
Columns : (A) Shodex KW403-4F (4.6mmID x 300mm), (B) Shodex KW404-4F (4.6mmID x 300mm)
Eluent : 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
Flow Rate 1 0.20mL/min
Detector 1 UV (280nm)

Column Temp. : 25°C

6-2. Whey

Figure 6-2 shows a chromatogram of whey in yoghurt.

Sample: 5pL
Whey

0 20 40
min
Fig. 6-2 Whey in Yoghurt
Columns . Shodex KW402.5-4F + KW403-4F (4.6mmID x 300mm each)
Eluent : 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
Flow Rate 1 0.20mL/min
Detector 1 UV (280nm)

Column Temp. : 30°C




6-3. Lectins

Figure 6-3 shows chromatograms of lectins. Lectins are proteins with a special affinity to specific kinds of sugar
and their origins are diverse, such as glycoproteins and metal-containing.

Sample: 5pL
1. Lectin from Soybean 3
2. Lectin from Arachis Hypogaea

3. Lectin from Canavalia Ensiformis (Con A) 2\
4. Lectin from Lens Culinaris
5. Lectin from Triticum Vulgaris 1

0 5 . 10
min
Fig. 6-3 Lectins
Column : Shodex KW402.5-4F (4.6mmID x 300mm)
Eluent : 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
Flow Rate : 0.33mL/min
Detector 1 UV (220nm)

Column Temp. : 30°C

6-4. Peptides

Figure 6-4 indicates chromatograms for peptides with a molecular weight of 269 to 1734. Because characteris-
tics of side chains of amino acids influence the separation in peptide analyses, not like protein analyses, peptides
containing lots of hydrophobic amino or basic acids might cause interactions besides size exclusion.

Sample: 5 pL

1. Gly-Gly-His

2. Thrombin Receptor Activator Peptide
( Ser-Phe-Leu-Leu-Arg-Asn-Pro-Asn-Asp-Lys-Tyr-Glu-Pro-Phe) 5
3. Angiotensin Il (Asp-Arg-Val-Tyr-lle-His-Pro-Phe) n

4. Angiotensin | (Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu)

5. Leu Enkephaline (Tyr-Gly-Gly-Phe-Leu)

Fig. 6-4 Peptides with a Molecular Weight of 269 to 1734

Column : Shodex KW402.5-4F (4.6mmID x 300mm)

Eluent : 50mM Sodium Phosphate Buffer + 0.3M NaCl (pH7.0)
Flow Rate : 0.33mL/min

Detector : UV (220nm)

Column Temp. : 30°C



7. Column Selection for Proteins and Peptides

To analyze proteins and peptides, a wide variety of Shodex columns is available using various separation modes,
including SEC, reversed phase, ion exchange, hydrophobic interaction chromatography, multimode and affinity

chromatography.

GFC columns are suitable for the first screening of unknown samples, whereby substances elute in a decreasing
order of molecular weight. Reversed phase columns, which are most widely used, separate substances by using
the different grades of hydrophobicity.

In addition to standard columns with ID 4.6mm, we provide micro columns with ID 300micron-800micron, semi-
micro columns with ID 1.0mm-2.0mm and preparative columns with ID 10mm and above. Please select the
suitable size according to your purpose.

Size Exculusion

[ KW400-4F, KW-800

Protein
Peptide

-10 -

Chromatography SB-800 HQ
SEC | GF-HQ
Reversed Phase low ( RP18-413, RP18-613
Chromatography A DE-413
RPC ~ c18
MW ( ODP-40, ODP-50
C8P-50
| C4P-50
\J - RP18-415
high
Removal of _
Surfactant PK, GF-4A
lon Exchange QA-825
Chromatography 3 DEAE-825
IEC T . ES-502N 7C
£
8
e
o SP-825
L 9]
§ SP-420N
BT CM-825
ES-502C 7C
Hydrophobic Interaction
Chromatography PH-814
HIC
Affinity Chromatograph
y graphy AFpak
AFC



Notice

. Please read the instruction manual accompanying the product
in its entirety before using KW400 series columns.

. The specifications for the products are subjected to change
without notice for purposes of improvement.

. No guarantee is offered to figures in this technical paper; those
figures should be used just as a reference.

. Even if no precautions are given in the instruction manual as to
the safety or danger of reagents and chemical products, make
sure that in handling the products, the usual precautions are
taken.

. The products described herein are not designed for use in
clinical examinations in the medical area.
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