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Science Together

KNAUER Applications

Bio sciences
The scope of these applications covers a wide area of bio and life sciences tasks. Biomo-
lecules like proteins, peptides and nucleotides are analyzed be HPLC or UHPLC for their 
purity and /or concentration. Another application focus is the purification of proteins in a 
native usable condition. These applications are also referred to as FPLC.

Chemical analysis
For applications in the field of chemical analysis, various separation mechanisms are used. 
Depending on the properties of the substances and the challenge of the separation, gel 
permeation chromatography, ion pair chromatography, reversed phase, or chiral is used in 
the separation mode.“

 
Environmental
Environmental applications cover a wide range of application areas. Prior pollutants, pe-
sticides or PAH´s are determined with different HPLC techniques from analytical up to 
preparative.

 
Food, feed and beverages
Working with innovative technologies we develop separation and analytical methods, for 
example determination of mycotoxins in food and feed, separation of additives in soft 
drinks or determination of osmolality of isotonic and non-isotonic beverages.
 
 
Pharmaceutical
In pharmaceutical industry, HPLC plays an important and critical role in the analysis of com-
pounds. It is used in quality control to test compounds for purity and to perform qualitative 
and quantitative analysis. Another important field is pharmaceutical research and development 
where target molecules are identified and analyzed by chromatography.

 
Special applications
Special applications emphasize special features of KNAUER products or other topics with 
a more technical focal point.
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RESULTS
The mouse immunoglobulin (IgG1) was purified from 
10 mL cell culture by affinity chromatography, using 
a protein A column. The chromatogram of the IgG 
purification shows the four main phases of the pro-
cedure (Fig.1). Phase 1: equilibration of the protein A 
column with buffer A . Phase 2: sample injection by 
the feed pump. The large flow through peak (A)  visua-
lizes the cell culture matrix and proteins not bound 
by the protein A column. Subsequently, the column 
was washed with buffer A until no further peaks were 
detected. Phase 3: elution of the captured IgG1 with 
buffer B and parking in the sample loop (B1). Phase 
4: immediate buffer exchange was performed  by the 
flushing of the system with exchange buffer C and 
the following re-injection of the IgG1 on the desal-
ting column. The eluting peak was recovered by the 
fraction collector (B2). The main aim of the second 

step was the buffer exchange. The conductivity sig-
nal was recorded, demonstrating the desalting of the 
eluates during the  purification process (Fig. 2). Final-
ly, a SDS-PAGE was performed to control the result 
of the purification steps (Fig. 2). The analysis  of the 
flow through and comparison with the injected samp-
le show that some IgG1 did not bind to the protein 
A column (lane 1 and 2). The protein bands of IgG1 
heavy chains (HC) and IgG1 light chains (LC) are visib-
le at 55 kDa and 22 kDa in the SDS-PAGE. Further, a 
larger un-specific band at 70 kDa was detected. This 
band was only detected in the flow through and not 
in the purified IgG (lane 2, 3, 4) showing that IgG1 was 
not contaminated with other proteins. The IgG1 after 
the protein A column (lane 3) and after the desalting 
column (lane 4) have a similar concentration showing 
no protein loss in the second purification step.

Automated two step purification of mouse  
antibody IgG1

Fig. 1  Chromatogram of the two-step mouse IgG purification;  

Phase 1 Affinity chromatography (AC): 1 Column equilibration with buffer 

A; 2 Feed injection and column washing; 3 Elution of IgG from protein A 

column with buffer B and parking in 1mL sample loop;  

Phase 2 - Buffer exchange with desalting column: 4. Elution of IgG with 

buffer C; A–flow through; B1–elution peak of IgG from protein A column; 

B2-elution peak of IgG after desalting column

Fig. 2  Chromatogram of the two step mouse IgG purification with UV and 

conductivity signal; UV signal at 280 nm in blue; conductivity sign al in red; 

after desalting (45min) elution peak (blue) and salt peak (red) are clearly 

separated
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1 Sepapure Protein A FF 0.82 7 5.74 

2 Sepapure Protein A FF 0.83 7 5.81 

3 Sepapure Protein A FF 0.87 7 6.09 

4 Protein A HP vendor x 0.95 6 5.70 

5 Protein A HP vendor x 1.00 6 6.00 

6 Protein A HP vendor x 1.04 6 6.24 

Tab. 1  Total and fraction concentrations of IgG purified with Sepapure 

Protein A FF or Protein A HP column from vendor x for three runs 
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RESULTS
The IgG were purified from 500 µL human plasma 
by affinity chromatography using protein A columns. 
The eluted antibodies were then automatically col-
lected with a fraction collector. The chromatogram 
of the whole purification process is divided in three 
steps (Fig 1 A&B). During the first step, the protein 
A column was equilibrated with buffer A followed by 
feed injection. The proteins that did not bind to the 
protein A columns went to waste and were visible as 
large flow through peak in step one. Thereafter, the 
column was washed with buffer A until no further 
peaks were detected. During step two, the antibodies 

were eluted from the column with buffer B and col-
lected in 1 mL fractions. In the last step, the protein A 
columns were equilibrated with the buffer   A in prepa-
ration for the next sample injection. Three runs were 
performed for each column material. The amount of 
purified protein was with 6 mg IgG originating from 
500 µL human plasma are similar (Tab 1). Moreover, 
a SDS PAGE analysis was performed with the IgG 
samples to check the purity of the individual fractions. 
The protein bands of IgG heavy chains (HC) and IgG 
light chains (LC) are visible  at 48 kDa and 25 kDa in 
the SDS-PAGE (Fig A1, suppl. material).

Comparison of IgG purification  
with two different protein A media  

Fig. 1  Chromatogram of antibody purification with Protein A HP column from vendor x (A) and Sepapure Protein A FF (B) columns; Step 1: injection peak of 

human plasma and column washing; Step 2: elution peak of IgG from protein A column with buffer B; Step 3: column equilibration with buffer A 

A B
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RESULTS
Fig. 1 shows an overlay of two chromatograms, 
obtained by applying of IgG standard (diluted up 
to 1 mg/mL) on TSKgel UP-SW3000 columns with 
300 mm (red) and 150 mm (blue) length. The retention 
time of the main peak representing IgG was recorded 
6.61 and 3.59 min respectively (Tab. 1). The highest 
response value of 24.8 mAU/µg was reached with 

150 mm length column. This is an increase by the fac-
tor of 1.55 and 7.51 compared to the 300 mm length 
column and to the certificated data respectively. The 
run time could be reduced from 30 (USP application) 
to 7 min (150 mm column). Compared to certificate 
data sheet and USP method (Tab. 1), the consumpti-
on of the sample was reduced up to four times.

Fast and sensitive size exclusion 
chromatography of IgG antibody 

Parameters Certificate data

Column material Silica based Silica based Packing L59

Particle size (µm) 2 2 5 

Column size (mm) 4.6 x 300 4.6 x 150 7.8 x 300

Flow rate (mL/min) 0.4 0.4 0.5

Sample concentration (mg/mL) 1 1 10

Injection volume (µL) 5 5 20

Peak hight (mAU) 80 124 650

Response (mAU/µg) 16.0 24.8 3.3

Retention time (min) 6.61 3.59 15.48

Run time (min) 12 7 30

Fig. 1  Chromatograms overlay of IgG, optained from measurement  of diluted sample 1 mg/mL measured  

with 300 mm (red) and 150 mm (blue) columns, injection volume 5 µL

Tab. 1  Result table of IgG standard, measured via AZURA UHPLC system and TOSOH columns, compared to certificate data of standard. 
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RESULTS
The chromatogram of the 6xHis-GFP purificati-
on shows the five phases of the two-step protocol 
(Fig. 1). After equilibration (Fig. 1, phase 1) the lysate 
was injected and the GFP bound to the Ni-NTA affinity 
column via the 6xHis-tag. All other non-binding pro-
teins and impurities are in the large flow through peak 
(Fig. 1, phase 2, peak A). Subsequently, the column 
was washed until the baseline was stable (Fig. 1, pha-
se 3). The eluted protein (Fig. 1, phase 4. peak B1) was 
collected in a sample loop and re-injected on the des-
alting column (Fig. 1, phase 5) to exchange the buffer 
from high imidazole concentrations to a buffer without 
imidazole. The purified protein (Fig. 1, peak B2) was 
collected by the fraction collector. 

Additionally to the unspecific photometrical detecti-
on of all proteins at 280 nm, GFP-signal was recorded 
at 395 nm( Fig. 2) with the multi- wavelength detector. 
Most of the 6xHis-tagged GFP bound to the column as 
only a small peak for GFP is visible in the flow through. 
The purification results were confirmed by SDS-Page 
(Fig. 3). The cell lysate (Fig. 3, lane 1) shows a promi-
nent band representing the overexpressed 6xHis GFP. 
This band is cleared in the flow through (Fig. 3, lane 
2), confirming that most of the tagged protein bound 
to the column. The eluted sample (Fig. 3, lane 3) 
shows the purified 27 kDa 6xHis-GFP with only minor 
contaminations.

Automated two-step purification  
of 6xHis-tagged GFP 

Fig. 1  Chromatogram of the two-step 6xHis-GFP purification; 

280 nm UV signal, Step1) Affinity chromatography (AC)/ Ni- NTA 

column: 1) Column equilibration; 2) Sample injection; 3) Column 

washing; 4) Elution of 6xHis-GFP  and parking in 1 mL sample loop;  

Step2) Buffer exchange with desalting co-lumn: 5 Elution of 6xHis-

GFP ; A) flow through of unbound protein;  B1) elution peak of 

6xHis-GFP from Ni–NTA column; B2) elution peak of 6xHis-GFP

Fig. 2  Chromatogram of the two-step 6xHis-GFP, GFP detection with 

395 nm UV signal, A) flow through of unbound pro-tein; B1) elution 

peak of 6 x His-GFP from Ni – NTA column; B2) elution peak of 6 x 

His-GFP

Fig. 3  SDS-PAGE of two-step  6xHis-GFP purification M - marker, 

1) lysate before purification, 2) flow th-rough,  

3) eluted 6xHis-GFP (27 kDa) after two-step purification
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RESULTS
The recombinantly produced His-tagged SOx was 
purified with an immobilized metal ion chromato-
graphy (IMAC) resin. The chromatogram is shown in 
Fig. 1. Peak A represents the flow-through of unbound 
proteins. The His-tagged SOx was eluted with buffer B 
(Peak B) and collected via the fraction valve. The col-
lected sample was analyzed by SDS-PAGE to check 
for impurities and evaluate the purity of the collected 

sample (Fig. 2). The recombinant His-tagged SOx has 
a molecular weight of 15 kDa. The supernatant shows 
a prominent 15 kDa band representing the expressed 
SOx. This band is not visible in the flow through frac-
tion. Most of the His-tagged SOx bound to the IMAC 
column. Only minor contaminations are visible in the 
eluted protein fraction. A standard of SOx at a con-
centration of 1.13 g/L was prepared.

Purification of Sulfhydryl Oxidase

Fig. 1  Chromatogram of SOx affinity purification; A) flow through of unbound protein, B) elution peak of 

SOx; S1) column equilibration, S2) sample application, S3) column washing, S4 – elution of His-tagged 

Sox, S5 – re-equlibration 

Fig. 2  SDS-PAGE of SOx purification,M) marker, 

SN) supernatant with overexpressed protein 

Ft) flow through, E) elutedprotein (purified SOx 

protein ~15 kDa) 

S1 S2 S3
A

B

S4 S5
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RESULTS
Because of their isoelextric point (pI) the three pro-
teins: α-Chymotrypsinogen A (pI 8.97), Cytochrome 
C (pI range from 10.0 – 10.5), and Lysozyme (pI 11.35) 
are well suited for the separtion by cation exchange 
chromatography. At pH 6.1 all three model proteins 
have an overall negative charge and bind to the resin 
under low salt conditions. Remaining impurities and 

potentially unbound proteins are washed from the 
column during the wash step. By slowly increasing 
the salt gradient, first α-Chymotrypsinogen A (Fig 2 
blue signal, Peak 1) eluted from the column followed 
by Cytochrome C (Peak 2) and Lysozyme (Peak 3). The 
salt gradient was monitored by the conductivity moni-
tor (Fig 2 red signal).

Ion Exchange Chromatography with  
AZURA® Bio purification system

Fig. 1  Chromatogram of the separation of three model proteins with cation 

exchange chromatography, blue line – UV 280 nm signal, red line – conduc-

tivity signal, 1) peak containing α-Chymotrypsinogen A, 2) peak containing 

Cytochrome C 3) peak containing Lysozyme 

Fig. 2  Principle of cation exchange separation Proteins with different negative 

charges bind to the cation exchange resin. By increasing the salt concentration 

proteins with a weak negative charge elute first, while at higher salt concentra-

tions proteins with a strong negative charge elute last. 
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RESULTS
Antibodies were purified from 100 µL reconstituted 
human plasma by protein A affinity chromatography 
and a subsequent buffer exchange step. The chro-
matogram of the whole purification process is divided 
in two steps (Fig 1) During the first step, the sample 
is injected. All non-binding proteins flow through the 
column (Peak A). Next, all remaining impurities are 
washed from the affinity column. Elution takes place 
under low pH conditions (Peak B1). The eluted sample 
was stored in a sample loop and reinjected in step two 
on a desalting column.  Finally, the elution peak (Peak 
B2) was collected. In the chromatogram two example 

purifications with different column sets are depicted.  
The antibodies purified with the vendor X Protein A 
FF and Desalting columns (red signal) and Sepapure 
Protein A FF and Sepapure Desalting columns (blue 
signal) are comparable. An average of 0.37 ± 0.05 mg 
proteins was purified with the vendor X Protein A FF 
and Desalting column in comparison to an average 
yield of 0.41 ± 0.1 mg protein with Sepapure Protein 
A FF and Sepapure Desalting columns Tab 1 suppl. 
Material). Finally, SDS-PAGE was performed to analy-
ze the purity of the samples (Fig 2). 

Comparison of two column sets for  
antibody purification in an automated  
two step purification process

Fig. 1  Overlay of chromatograms of the two step antibody purification; 

Step 1 – Affinity chromatography (AC): Phase 1) Sample injection; Phase 2) 

Column washing; Phase 3) Elution of antibodies and parking in sample loop;  

Step 2 – Buffer exchange with desalting column: Phase 4) Elution of antibo-

dy; A – flow through of unbound protein; B1 – elution peak of antibodies 

from Protein A column; B2 – elution peak of antibodies from desalting co-

lumn; Red signal : Purification with vendor X Protein A FF 1 mL and Desalting 

5 mL column Blue signal: Purification with SepapureProtein A  FF 1 mL and 

Sepapure Desalting 5 mL column

Fig. 2  SDS-PAGE at different purification steps; 1. Purification with vendor X 

Protein A FF 1 mL and Desalting 5 mL column, 2. Purification with Sepapure 

Protein A FF 1 mL and Sepapure Desalting 5 mL column, S) serum before 

purification; FT) flow through, E) eluted antibodies (IgG) heavy chain (HC) 

and light chain (LC) after two step purification
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RESULTS
Cytochrome C (pI 10.3), Lysozyme (pI 11.35), and Ribo-
nuclease A (pI 9.6) are proteins with relatively high pI 
values, which make them ideal candidates for cation 
exchange chromatography (Fig 2). All three proteins 
bind under low salt conditions to the resin.  Ribonuc-
lease A eluted first from the column due to its lower pI 
of 9.6 (Fig 2, peak 1). With an increasing gradient and 

therefore increasing salt concentration Cytochrome C 
eluted as second peak while Lysozyme eluted as third 
peak.  The identical protein mix was run on a weak 
(light blue signal Sepapure CM) and strong (dark blue 
signal Sepapure SP) cation exchangers showing the 
different selectivity of these two resins.

Separation of proteins with cation exchange 
chromatography on Sepapure SP and CM

Fig. 1  Principle of cation exchange chromatography  Fig. 2  Chromatograms of the separation of Ribonuclease A (1), Cytochrome 

C (2), and Lysozyme (3) with weak (light blue line) and strong (dark blue line) 

cation exchange chromatography columns, grey line: conductivity signal
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RESULTS
Conalbumin (pI 6.8), α-Lactoglobin (pI 5.8), and soy 
bean Trypsin inhibitor Cytochrome C se A (pI 4.5) are 
proteins with relatively low pI values, which make them 
ideal candidates for anion exchange chromatography 
(Fig 2 & 3). All three proteins bind under low salt con-
ditions to the resin.  Conalbumin A eluted first from 
the column due to its highest pI within the group of 
separated proteins. With an increasing gradient and 
therefore increasing salt concentration α-Lactalbumin 

eluted as second peak while soy bean Trypsin inhibi-
tor eluted as third peak. The single protein standards 
were separated on each column to assign the peaks 
(Fig 2. A & B). 

The identical protein mix was run on a weak (light blue 
signal Sepapure DEAE) and strong (dark blue signal 
Sepapure Q) anion exchangers showing the different 
selectivity of these two resins.

Separation of proteins with anion exchange 
chromatography on Sepapure Q and DEAE

Fig. 2  Overlay of chromatograms on weak (A) and strong (B) anion exchange 

chromato-graphy columns.   Conalbumin (red line), α-Lactalbumin (grey line) 

and soy bean Trypsin inhibitor (green line), sample mix light blue for weak  (A) 

and dark blue for strong (B) anion exchange chromatography columns

Fig. 3  Chromatograms of the separation of Conalbumin (1), α-Lactalbumin 

(2) and soy bean Trypsin inhibitor (3) with weak (light blue line) and strong 

(dark blue line) anion exchange chromatography columns, grey line: conduc-

tivity signal


