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Abstract

3-Hydroxypropionaldehyde (3-HPA) is a small chemical molecule which can be used as an
antimicrobial substance and intermediate for the synthesis of acrylic acid. 3-HPA can be
generated through the biotransformation of glycerol by glycerol dehydratase. Somestrains of
lactic acid bacteria have glycerol dehydratase for 3-HPA production. Therefore, the
biotransformation of glycerol to 3-HPA by isolated lactic acid bacteria from piglet intestine
was investigated. This study used Lactobacillus sp. LAB100 and Lactobacillus sp. LAB001 as
cells for 3-HPA production by comparison with the reference strain, Lactobacillus
reuteribSM20016. A 30% glycerol solution (10 ml) was transformed to 3-HPA at 37°C for 24
h by cell producers (stationary phase). The 3-HPA concentration and antimicrobial activity
were then determined. Results showed that Lactobacillus sp. LAB100, Lactobacillus sp.
LABOO0L, and L. reuteri DSM20016 gave 3-HPA concentrations of 64.5, 58.2, and 73.7 g/l
respectively. The two isolates (LAB100 and LABO0O01) displayed antimicrobial activity against
Salmonella typhimurium TISTR292, with similar activity toward the reference strain L. reuteri
DSM 20016 (1600 AU/ml).

Keywords: Isolated lactic acid bacteria, biotransformation, 3-Hydroxypropionaldehyde
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Introduction

3-Hydroxypropionaldehyde (3-HPA)is a small chemical molecule, non-protein, water soluble
substance, effective in a wide range of pH, resistant to proteolytic and lipolytic enzymes
(Axelsson et al., 1998). It was reported that 3-HPA has antimicrobial activity toward a wide
range of foodborne pathogens and spoilage organisms including both Gram-positive and Gram-
negative bacteria, yeast, molds, and protozoa [1, 2]. Moreover, 3-HPA is a precursor to acrolein
which can be used as an intermediate for making acrylic acid, 1,3-propanediol (1,3-PDO) and
a variety of other useful industrial chemicals [3]. 3-HPA can be produced via a biological
process. Glycerol can be transformed to 3-HPA by glycerol dehydratase and coenzyme B12
[4]. Currently, genera of bacteria that can transform glycerol into 3-HPA have been identified
asBacillus welchii [5], Bacillus subtilis CU12 [6], Clostridium butyricum [7], Citrobactor
fueundii [8], Enterobacter aerogenes [8], Enterobacter agglomerans [9], Klebsilla pneumonia
[8, 10, 11], and Lactobacillus reuteri [12-17]. Lactobacillus reuteri is mostly used for
producing 3-HPA because this strain is a non-pathogenic bacteria, acknowledged to be safe for
humans (Generally Recognized as Safe; GRAS) by the Food and Drug administration [18] and
gives high concentration of 3-HPA [2]. In our laboratory, there were two Lactobacillus sp.
(Lactobacillus sp. LAB001 and Lactobacillus sp. LAB100) which constituted promising
candidates for 3-HPA production [19].

Therefore, the aim of this study was to investigate 3-HPA production by isolated lactic acid
bacteria (LAB0O1 and LAB100) to promote production of 3-HPA on a large scale.

Materials and methods

Microorganisms

Lactobacillus sp. LAB001, Lactobacillus sp. LAB100 and Lb. reuteri DSM20016 (German
Collection of Microorganisms and Cell Cultures, Germany) were used as cell producers for 3-
HPA production. The strains were preserved in MRS medium (HIMEDIA, India) containing
20%(v/v) glycerol (BHD, England) at -20°C. The culture was propagated twice in MRS

medium (24 h, 37 °C) prior to use as an inoculum.
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Salmonella typhimurium TISTR292 (Thailand Institute of Scientific and Technological
Research) was used as the indicator strain for antimicrobial activity of 3-HPA. The strain was
preserved in Nutrient Broth (HIMEDIA, India) containing 20%(v/v) glycerol (BHD, England)
at -20°C. The culture was propagated twice in MRS medium (24 h, 37 °C) prior to use as an

inoculum.

Production of 3-HPA by isolated lactic acid bacteria

3-HPA production was carried out using a two-step process consisting of the cultivation of
cellproducers and the biotransformation of glycerol to 3-HPA.

In the first step, 10%(Vv/v) of isolated Lactobacillus sp. (LAB001 and LAB100) and Lb. reuteri
DSM20016 were cultivated in MRS medium at 37°C until the cell reached the stationary phase
(16 h). The whole cells were then harvested by centrifugation at 5,000 rpm for 10
min,beforewashing twice with distilled water. The whole cells were used for the production of
3-HPA.

For the biotransformation process, the whole cellsfrom the first step were suspended in
30%(w/v) glycerol solution (10 ml) at 37°C without shaking for 24h. After biotransformation,
the samples were centrifuged (5,000 rpm, 10 min) to obtain the supernatant for analysis
(glycerol concentration, 3-HPA concentration, and antimicrobial activity). All experiments

were carried out in triplicate.

Analytical methods

Glycerol concentrations (initial glycerol and residue glycerol concentrations) were determined
by the chromotropic acid method [20], and 99%(w/v) glycerol was used as standard for the
assays. The value of residue glycerol concentration was removed from the value of the initial
glycerol concentration to obtain avalue for consumed glycerol concentration. For calculation

of 3-HPA concentration, 1 g of glycerol consumed converted to 0.8 g of 3-HPA. [3].
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Antimicrobial activity of 3-HPA

The antimicrobial activity of 3-HPA was determined by paper disc method (modified from Loo
et al. [21]). Salmonella typhimurium TISTR292 was used as the indicator strain. In this test,
sterile paper discs (0.5 cm.) were placed on an agar plate where 10 ul of S. typhimurium
TISTR292 (~10° CFU/mI) had been placed. Then, serial two-fold dilutions of 3-HPA-
containing supernatants (10 pl) were dropped onto discs, and the plateswere left to incubate at
37°C for 24 h. The inhibition area was revealed by the formation of a clear zone in the indicator
bacterial cells. The diameter of the clear zone was measured with a vernier caliper in
centimeters (cm). Antimicrobial activity was expressed in arbitrary units (AU) per ml of the
original cultures calculated as follows: AU/ml is the highest dilution exhibiting inhibition zone

per ml of dropping supernatant.

Statistical analysis

All experiments were carried out in triplicate and the data presented as an average value with
standard deviation. Data were analyzed by one-way analysis of variance (one-way ANOVA)

using SPSS software (version 19).

Results and discussion

30%(w/v) glycerol solution was used as the substrate for biotransformation by Lactobacillus
sp. LABOO1 and Lactobacillus sp. LAB100 (stationary phase). After 24 h of incubation, the
results showed that Lactobacillus sp. LAB001 gave 3-HPA concentration of 58.2 g/l (Table 1).
Table 2 shows the results of biotransformation by Lactobacillus sp. LAB100. The average
value of 3-HPA concentration was 64.5 g/l. The two isolatesof Lactobacillus sp. (LAB0Oland
LAB100) displayed antimicrobial activity against Salmonella typhimurium TISTR2920f 1,400
and 1,600 AU/mI, respectively,and the diameters of the inhibition zones were slightly
difference (Table 3).
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Table 1. 3-HPA concentrations from glycerol biotransformation by Lactobacillus sp. LAB001

Experiment 3-HPA concentration (g/l)

1 57.45 +£0.79
2 61.39 £3.15
3 55.88 + 2.36
X 58.24 + 2.84

Table 2. 3-HPA concentrations from glycerol biotransformation by Lactobacillus sp. LAB100

Experiment 3-HPA concentration (g/l)

1 62.17 +2.36
2 68.47 £3.94
3 62.96 + 1.57
X 64.53 + 3.43

Table 3. Diameter of inhibition zone from 3-HPA by isolates Lactobacillus sp.

(LAB001andLAB100)
Diameter of inhibition zone (cm) Antimicrobial
Isolate activity of 3-HPA
Ox 2x 4x 6x 8x 10x 12x 14x 16x 18x 20x
(AU/mI)
LABO001 1.1 1 1 09 09 09 09 09 O 0 0 1,400
LAB100 1.1 1 1 1 1 1 1 1 1 0 0 1,600

Note: X = concentration of analyzed sample (3-HPA).

The concentrations and antimicrobial activity of 3-HPA from glycerol biotransformation by
Lactobacillus sp. LABO001, Lactobacillus sp. LAB100, and Lb. reuteri DSM20016 (the
reference strain) are summarized in Table 4. The results showed that the 3-HPA concentrations
of the 2 isolates of Lactobacillus sp. were lower than the 3-HPA concentration of Lb. reuteri
DSM20016. However, the 2 isolates of Lactobacillus sp. displayed antimicrobial activity
against S. typhimurium TISTR292 similar to the reference strain, Lb. reuteri DSM 20016.
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Table 4. Concentration and antimicrobial activity of 3-HPA from glycerol biotransformation
by Lactobacillus sp. LAB001, Lactobacillus sp. LAB100, and Lb. reuteri DSM20016

3-HPA o ) o
) ) Antimicrobial activity of
Producer strain concentration
3-HPA (AU/mI)
@/
Lactobacillus sp. 58.24 +2.84 1,400
LABO01
Lactobacillus sp. 64.53 + 3.43 1,600
LAB100
Lb. reuteriDSM20016 73.72+1.64 1,600
Conclusions

This study showed that 3-HPA can be produced via biological process by isolated lactic acid
bacteria (LAB0O1 and LAB100). However, the 3-HPA concentrations of the 2 isolates were
lower than the 3-HPA concentration of Lb. reuteri DSM20016. Therefore, increasing 3-HPA
concentration of the 2 isolates of Lactobacillus sp. underoptimal conditions is required for

further study.
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