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Abstract: Glycerol dehydrogenase plays an important role in the glycerol metabolic pathway.

During oxidation, glycerol is converted to dihydroxyacetone (DHA), and it is the first step in this

cycle. Nowadays, DHA is synthesized because of its value and application in many industries. In

this study, we focused on expressing the enzyme capable of converting glycerol into DHA on the

bacteria strain Klebsiella pneumoniae. The results of gene expression and purification of

recombinant protein encoding the enzyme GlyDH are presented in this study. With an in vitro cell

culture volume of 1 liter and high expression and purification capabilities, it shows great potential

in practical application.
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1. Introduction

Glycerol dehydrogenase (GlyDH,
E.C.:1.1.1.6) is an enzyme that converts
glycerol to dihydroxyacetone (DHA) by
using NAD" (Nicotinamide adenine
dinucleotide) as a cofactor[1].

GlyDH also plays an important role in

converting acetone into 2,3-butanediol in in-
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vivo [2]. It is not only an important enzyme
in the metabolism pathway but also very
valuable in industries. Such as DHA 1,3-
Dihydroxy-2-propanone (CAS No. 96- 26-4,
EC. No 202-494-5) from GIlyDH is a
chemical widely used in chemistry, especially

in cosmetics applicable as a toner, in aging
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and whitening, and approved by FDA or other
names are dihyxal, otan, oxantin.

In the food industry, GlyDH is also widely
applicable from a chemical to synthesize and
produce antifreeze fluids such as 1,2-
propylene glycol to countless bioactive
compounds used in pharmaceuticals,
pesticides, and

Additionally, GlyDH is wused in the

sweeteners. [3-5].

conversion of biofuel products such as
ethanol, 1,3-propanediol and 2,3-butanediol
[6-8].

Glycerol-metabolizing  enzymes  are
expressed in a wide range of organisms,
including bacteria, yeasts, and mammals.
These enzymes are divided into three main
groups, depending on the site of oxidation
and the substrate involved in the reaction.
Under  anaerobic  conditions, = many
microorganisms utilize glycerol as a carbon
substrate by both oxidative and reductive
pathways.

However, our group is the first group
studies have been conducted on the
Klebsiella pneumoniae strain. The Klebsiella
pneumoniae strain was chosen as a subject
because this train has two genes encoding for
GlyDH (dhaD and gldA). This 1is very
different from other bacteria. In this study,

Use the primers as we described above to

run PCR by following principles:

GlyDH is encoded gld4 gene from K.
pneumoniae  MGH78578 to wuse for
expression and purification.

Therefore, the expression and purification
of glycerol dehydrogenase are very widely
applied in Vietnam.

2. Materials and method
2.1. Materials

The genomic DNA of K. Pneumoniae
strain  MGH78578 (ATCC 700721) was
supplied by ATCC (USA).

- PCR kit and Plasmid kit from Geneall
(Korea).

- E.coli strain DH10B was used for
cloning, and the Rosetta 2 strain (DE3) was
used for expression.

- Cultivation using LB medium adding
antibiotic Kanamycin.

2.2. Method
2.2.1. Primers

The gene encoding for enzyme K.
pneumoniae strain MGH78578 was used as a
template. These primer sequences were: 5°-
AGCGACGCATATGGATCGCATTATTCA
A-3 “forward” and
5’CTGTTCTCGAGTTCCCACTCTTGAA
GGAAGCGCTGACC-3’ “reverse”.

2.2.2. PCR condition (Polymerase chain

reaction)

Temperature Time Cycles

‘o) (Second)
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50 120 1

95 120 1

95 15 Repeat
60 60 35 times
Stay at 4 °C until shutdown

2.2.3. Plasmid
PCR products were treated with restriction

enzyme Ndel va Xhol, after that inserted into

% T7 terminator
I : / His tag

>
wé
5
g

pET-26b(+)
5.4kb

Belll

the pET26b vector (also treated with the same
restriction enzyme ), These His6-tags were
added at the C-terminal of the protein by
insert gene. Then the insert vector was
transferred into E.coli DH10B, The colonies
were selected and cultured in LB agar

adding 30 pg/ml antibiotic Kanamycin.
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GTCGAC AAG CTT GCG GCC GCA CTC GAG CAC CAC CAC CAC CAC CAC TGA GAT COG GCT GCT AAC AAA GCC OGA AAG GAA GCT GAG TTG GCT GCT GCC ACC GCT GAG CAA
V D KL A A AL E HH H H H H sup

17 terminator
TAA CTA GCA TAA CCC CTT GGG GOC TCT AAA CGG GTC TTG AGG GOT TTT TTG —

Figure 1. pET26b plasmid with restriction enzyme map. Source: genscript.com

2.2.4. Sequencing

- The sequencing of these nucleotides of
strains was analyzed and confirmed by
Bionics Korea. All operations performed on
DNA such as gene isolation and plasmid
collection follow the instructions of Geneall
Kit “PCR kit va Plasmid kit”.

- Gene bank NCBI was use to check the
sequencing data

(https://www.ncbi.nlm.nih.gov/genbank/).

These amino acid information were compared
in Uniprot data bank with code A6TGD6
(https://www.uniprot.org/uniprot/ A6TGD6).

2.2.5. Protein expression

- After confirming the sequence, select to
culture insert plasmid by transfer in Rosetta 2
(DE3) cells.

- Gene expression test was performed by
culturing the strain on Rosetta 2 (DE3) cells
in 10 ml LB medium containing 30 pg/ml

3
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Kanamycin antibiotic at 37°C, shaking in 12-
16 hours. The transfer 1 ml cell culture to 1
litter of LB medium adding 30 pg/ml
Kanamycin antibiotic and cell culture at
different temperatures 37°C, 25°C va 20°C to
check the expression level (follow the
instruction of the company for BL21 “DE3”
strain).

- At 37°C: cell culture until ODeoo reach to
0,5-0,6; adding IPTG (Isopropyl B-D-1-
thiogalactopyranoside) to activate the protein
expression. After that, continuous cultivation
was performed for 4 hours, and cells were
collected.

- At 25°C va 20°C cell culture at 37°C until
the ODgoo reached 0,5-0,6; quickly move to
the ice box to fast cooling in 15 minutes. After
that, adding the IPTG to activated, and
continuous cultivation at 25°C and 20°C,
continuous shaking for 12 hours and
collecting of the cells.

- Collecting cells by centrifuge the cell
culture at 15000 rpm/min at 15°C in 30
minutes. Discard the supernatant and
reconstitute the precipitate by adding buffer
solution containing 20 mM Tris-HCIL, 0.1 mM
TCEP, 5% ethylene glycol, 100 mM NaCl,
and 10 mM imidazole, pH 8.0.

2.2.6. Gene expression evaluation
Gene expression result was evaluated

through the results of the SDS-Page

experiment of I-, I+1, I+4, Ion, Cell, and Sup
samples.

- Collection 1 ml cell culture at a different
temperature at the time before adding IPTG
(I-), after adding IPTG 1 (I+1) hours, after
adding IPTG 4 hours (I+4) and overnight with
the cell culture at 25°C va 20°C (Io), transfer
into eppendorf 1,5 ml and then centrifuged to
collect the cell and prepare to run the SDA-
PAGE.

- The cell after reconstitution extracted the
protein using a sonicator, after beak the cell,
was centrifuged at 12000 rpm/min at 15°C for
30 minutes. Carefully collect the supernatant
“Sup”. The cells after centrifuge “Pellet”
were washed 3-4 times with distilled water
and reconstituted by NaCl 0,9% “Cell”.

- Run the SDS-PAGE with the samples
following the order I-; I+1; I+4; Ion; Sup; and
Cell. Based on the SDS-PAGE results,
evaluate the expression at different
cultivation temperatures.

2.2.7. Protein Purification

- As the result of protein expression
optimize the expression condition. We culture
1 litter to test the expression and purification
of protein.

- The principle was the same as we
described above. After collecting the
supernatant, the Affinity Chromatography

column was used to purify in the first step
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using the His-Tag column. Washing and
collecting the protein by increasing the
Immidazole concentration (gradient) of the
mobile phase. Run SDS-PAGE to check the
result of the purification step.
3. Results
3.1. Isolations and insert gene

- The result of agarose gel Figure 2

shows that the position S6 va S12 in agarose,

two bands appear compared to the standard
ladder 1000 bp/1kb.

- Sequencing results of insert plasmid
were compared with data bank by Blast tool.
The Results were a complete match to the
gldA  gene from K.  Pneumoniae  strain

code MGH78578 (Figure 3).

L sl SZ SS s4 SS s6 s‘I Ss S9 s10 sll sn

Figure 2. Electrophoresis results of inserting plasmid.



Nguyen Quyet Thang et.al / Journal of Science Control Vaccines and Biologicals, Vol 4, No.3 (2024)

BLASTN 2.5.0+

Reference:

Zheng Zhang, Scott Schwartz, Lukas Wagner, and Webb Miller (2000),
"A greedy algorithm for aligning DNA sequences", ] Comput Biol 2000;
7(1-2):203-14.

Database: Nucleotide collection (nt)
41,670,128 sequences; 148,620,651,272 total letters

Query= 022618-BA-001-1-kpl-T7

Length=1396

Score E

Sequences producing significant alignments: (Bits) Value
CPo@0647.1 Klebsiella pneumoniae subsp. pneumoniae MGH 78578, co... 1969 0.0
CP@17985.1 Klebsiella pneumoniae strain 825795-1, complete genome 1958 0.0
CP@15382.1 Klebsiella pneumoniae strain CN1, complete genome 1958 0.0
CP@18719.1 Klebsiella pneumoniae strain KP_Goe_828304, complete ... 1958 0.0
CP@18713.1 Klebsiella pneumoniae strain Kp_Goe_152821, complete ... 1958 0.0
CP@18707.1 Klebsiella pneumoniae strain Kp_Goe_827026, complete ... 1958 0.0
CP@18701.1 Klebsiella pneumoniae strain Kp_Goe_827024, complete ... 1958 0.0
CP@18695.1 Klebsiella pneumoniae strain Kp_Goe_149832, complete ... 1958 0.0
Pa1 6.1 Klebsiella pneumoniae strain Kp_Goe_149473, complete ... 1958 0.0
CP018140.1 Klebsiella pneumoniae strain Kp_Goe_822579, complete ... 1958 0.0
CPB12426.1 Klebsiella pneumoniae strain KP5, complete genome 1958 0.0
CP@12745.1 Klebsiella pneumoniae subsp. pneumoniae strain TGH13,... 1958 0.0
CP@15025.1 Klebsiella pneumoniae strain Kpn223, complete genome 1958 0.0
CP@14755.1 Klebsiella pneumoniae strain AATZP, complete genome 1958 0.0
CPP15500.1 Klebsiella pneumoniae strain SKGH@1, complete genome 1958 0.0
LN824133.1 Klebsiella pneumoniae genome assembly MS6671.v1l, chro... 1958 0.0

Figure 3. Blast result of sequencing
The data from blast is verify the gene Két qua cho thay trinh tu so sanh hoan toan tring khép
vo1 chung Klebsiella pneumoniae, hay trinh ty gen ma hoa cho enzyme GlyDH da dugc nhan va
chen thanh cong vao trong plasmid pET26b.

3.2. Optimize expression condition
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Figure 4. Protein expression at 37°C (A), 25°C (B) va 20°C (C). Véi I-; before adding IPTG, L;

after adding IPTG 1 hour, L.4; after adding IPTG 4 hours, lon; Overnight, Sup; Supernatant va

Cell; precipitation.

- The gene expression results were
demonstrated by comparing the protein
content obtained before and after IPTG
addition, as well as comparing the gene
expression results at different temperatures.
Before gene expression activation, no band
appeared at the molecular size position.

38.748,3 Da (between 41,7 kDa and 33,2

L I- L, Ion Sup His-tag

94 kDa |
64 kDa

49.0 kDa

41.7 kDa

33.2kDa

kDa), compared with the lines that appeared
after adding the activator.

- The results in Figure 4. show that the
gene can be expressed at all temperatures. At
20°C (Figure 4.C), the protein content
obtained is the highest and the protein
solubility after expression is the best.

3.3 Enzyme purification result

R 8 g

5=

5} “iacd %,

Figure 5. Results of large-volume protein cultivation and purification.

Based on the results of SDS-Page gel
electrophoresis (Figure 5.), we can see that
the recombinant protein is completely
expressed and purified. The purity of the
protein  after  using the  His-tag
chromatography column is over 90%.

4. Discussion

The process of isolating genes from K.
pneumoniae through PCR reaction and
transferring genes into plasmids has been
successfully performed by us through
electrophoresis and sequencing results. The
electrophoresis image results with genes

inserted into plasmids have sizes ranging
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from 500 bp-600 bp, consistent with the size
of the target gene. Through gene sequencing
and comparison with the gene bank, the gene
coding for the GlyDH enzyme was taken
from K. pneumoniae and confirmed
successful transfer into the plasmid using the
pET26b vector.

After the gene transfer process, the
expression process was performed by the
culture method supplemented with an
activation signal. With the temperatures
studied, the results showed that the gene
encoding the GlyDH enzyme was obtained
from K. pneumoniae completely capable of
being expressed easily and with high
expression efficiency. Through the optimal
culture conditions, we also selected the most
suitable temperature to conduct the
recombinant protein purification test after
being expressed. The protein will be more
stable and stable in the slow expression
condition that prolongs the time of the
logarithmic  phase, by lowering the
temperature and prolonging the gene
expression time. At 37°C (Figure 4.A), we
can clearly see that after adding IPTG to
activate gene expression, the gene expression
efficiency as well as the ability to collect are
poor, but due to the short expression time and
this temperature is the optimal temperature

for E.coli strain to grow, the growth time is

shortened, causing the protein to be
expressed but not completely (comparing the
content of Isyp va I14), at 20°C almost all of
the protein produced in the cell can be
collected.

Using affinity chromatography (His-tag)
showed that the purification process of
recombinant protein encoding GlyDH
enzyme achieved very high efficiency when
comparing the Ion sample and His-tag
sample before and after the purification,
based on the results of Figure 5.

5. Conclusion and recommendation

The above results demonstrated that we
successfully expressed the gene encoding the
GlyDH enzyme obtained from the bacteria K.
Pneumoniae strain.

The recombinant protein purification
results we presented also show that the fully
expressed gene can be purified and obtained
at high levels, and this research result can be
used to develop future application studies.

After the purification process, to achieve
higher concentration and purity, we propose
in future studies to increase the culture
volume and use additional purification steps
after going through the His-tag affinity
chromatography column such as ion
exchange, and molecular size
chromatography to achieve high-purity
sample quality and bring better applicability.
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