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1. Abstract
The livers ability to regrow up to 70 percent of tissue after a partial hepatectomy without loss of function mesmerizes scientist and physicians for many years. Even though a lot 
is already known about the liver regeneration like the three regeneration phases, it is not fully understood. In recent research it appears that a protein called PKM2, which is 
involved in the glycolysis pathway, maybe the key to comprehension of liver regeneration. PKM2 is highly upregulated after a partial hepatectomy on a protein level in 
hepatocytes but on a mRNA level it cannot be traced.
To study PKM2 and its role in liver regeneration, it had to be produced to furthermore treat hepatocytes. To achieve that Escherichia coli RIPL had been transformed with the 
PKM2 gene and His-tags, the production was induced by IPTG. In order to purify PKM2 form bacterial residual an affinity chromatography and dialysis has been performed. 
PKM2 has been produced and purified successfully after modifying the protocol. 

4. Material and Methods

For the production of PKM2 two bacteria were transformed BL21 Escherichia coli and 
RIPL Escherichia coli. The transformation contained a plasmid with the PKM2 gene, 
Histidine-Tags (His-Tag) and an Isopropyl-1-thio-β-D-Galactopyranoside (IPTG). The 
induction for the production was done by IPTG which inactivates the repressor thus 
allowing the transcription to happen of the PKM2 gene. They were incubated the 
same way for multiple timepoints one batch at room temperature the other at 37°C 
degrees. The amount of PKM2 was then demined with a Wester Blot. As a primary 
anti-PKM2 was used. For better visualizing the signals of each blot was measured 
and put in a graph. 

After the protocol was optimized for the PKM2 production the next step was to purify 
PKM2 from bacteria residuals. The transformed bacteria contained a plasmid with 
Histidine-Tags (His-Tag). Those His-Tags have a high affinity to nickel which allowed a 
purification by immobilized metal affinity chromatography. By using a nickel resin to 
trap the PKM2 in a column a saline buffer was used to separate bacteria residuals. 
Afterwards Imidazole was used as an elution due to its greater affinity to nickel then 
the His-Tag.
After revising the protocol a dialysis was performed to ensure there was no Imidazole 
left. This experiment was performed by using dialyzer. By loading the sample in the 
dialyzer the sample is separated through a semipermeable membrane and the dialysis 
buffer which was made from saline and EDTA. Yet again the results were confirmed 
by a Western Blot. As primaries anti-PKM2 and anti-His-Tag was used.

3. Aim and Questions

Aim 1: Determine the optimal production methods for PKM2 protein in bacteria.

Question A: Which bacteria is more suitable for PKM2 bacteria, BL21 
Escherichia Coli or BL21 RIPL Escherichia Coli?

Question B: How long does the induction of PKM2 production have to last?

Question C: What temperature is optimal for PKM2 production?

Question D: How do we purify PKM2 with the least amount of degradation?

2. Introduction

Pyruvate kinase (PK) is an enzyme of the glycolysis cycle. It regulates its last step by 
catalyzing the transfer of a phosphate group from phosphoenolpyruvate (PEP) to 
adenosine diphosphate (ADP) which produces pyruvate and adenosine triphosphate 
(ATP). This step of the glycolysis is rate limiting which highlights the importance of 
pyruvate kinase. [1]   

There are four PK isomers which can be found in different tissue. Pyruvate kinase 
Liver (PKL) can be detected in the liver and pyruvate kinase M2 (PKM2) is mainly 
found in the lung, fetal tissue, proliferative tissue and highly increased in tumor cells
[2]. Research documented that during liver regeneration proliferating hepatocytes 
switch from synthesizing PKL to PKM2. [3] Studies showed that Kupffer cells are 
required for liver regeneration. Kupfer cells contribute to angiogenesis, which is 
needed for liver regeneration after a partial hepatectomy. [4] 

To investigate the role of PKM2 in liver regeneration, the Visceral Surgery laboratory 
performed a partial hepatectomy on mice. An increase was found of PKM2 protein 
expression in the regenerating liver both in hepatocytes and in macrophages. 
However, gene expression analysis showed that PKM2 is only being transcribed in the 
macrophages.

5. Results

In Fig. 4.1, the PKM2 production at 37°C resulted in less PKM2 protein compared to 
the production at room temperature. The BL21 bacteria even had most of the PKM2 
without any production time. The RIPL bacteria produced most PKM2 after 2h post 
induction which then gradually decreased with the duration of the induction. The 
production at room temperature showed an increased PKM2 production. The BL21 
bacteria produced a high concentration of PKM2 from the beginnning on and has its 
peak production at 3h post induction. The RIPL bacteria produced most PKM2 after 7 
hours.

The upper Blot with the incubated anti-PKM2, there the Flow through has a slightly 
visible band which can also be observed in the Wash sample. As for the Elution and 
Dialysate sample a strong signal is visible and it appears that the bands have a 
smear. Between those two sample a signal was detected. This bridge can be 
observed between the Wash and the Elution as well. 
In the second part of Fig 4.6 with anti-His-tag a strong signal is visible in Lysate, it 
appears to have a small bridge between the Flow through which also shows a band. 
The Wash has a faint signal and a connection to the Elution. The Elution und 
Dialysate both show a strong signal, as well between them.

6. Discussion

As displayed in Fig. 4.1 PKM2 was detectable in both bacteria which means the 
transformation was successful in BL21 and RIPL. The IPTG induction at 37C° had 
less PKM2 so this method got eliminated. However, all bacterial lysates also had 
PKM2 without any IPTG production. This is due to the leaky Lac operon which allows 
minor protein production without any induction. As seen in the results RIPL bacteria 
produced most PKM2 at room temperature within seven hours, therefore this method 
was chosen. 
The Western Blot from Fig. 4.2 contains the last results from the PKM2 production 
with the adapted protocol. This Western Blot has some flaws because while loading 
the samples into the SDS-PAGE some of the samples overfilled and accumulated in 
the slots next to it. The visible band in the Wash and Flow through might be explained 
because of the spilled samples. The light smear that can be seen within both 
antibodies the Elution and Dialysate could be explained that PKM2 degraded slightly. 
With the anti-His-Tag it is evident that the transformation worked and that the His-Tag 
is implemented in PKM2. This last Blot was not repeated due to not having enough 
samples left and because of a shortage of time.
In a further experiment the produced PKM2 was given to mouse hepatocytes, which 
were able to up take it. The red signal in the background is PKM2 and the blue signal 
are the nucleoli from the hepatocytes.
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