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The hyaluronic acidproducing Streptococcus zooepidermicus ATCC 43079 was used to study the hyaluronic acid
production. We used the Plackett-Burman design of optimum multifactorial experiments to estimate the level
effects of different factors such as peptone, meat extract, yeast extract, glucose, tween 80, dipotassium phosphate,
sodium acetate, ammonium citrate, magnesium sulphate and manganese sulphate on hyaluronic acid production.
As a result, meat extract (0.2%), yeast extract (0.1%) and glucose (0.4%) gave the highest production in
Streptococcus zooepidermicus at temperature (40°C). In order to confirm the estimated hyaluronic acid yield, the
designated experiments were done. The maximum yield of hyaluronic acid in Streptococcus zooepidermicus
ATCC 43079 was 42.38 mg/l while the predicted HA was 42.32 mg/l. The results also showed the Plackett -
Burman can be used to predict the HA yield.The study was the first report of HA production affected by complex

INTRODUCTION

Hyaluronic acid (HA) is a commercially valuable
medical biopolymer increasingly produced through microbial
fermentation (Naoki et al., 2008; Schmidt et al., 1996). Being a
major structural component of the matrix, HA has used in wound
healing and analgesic effects (Allemann et al., 2008; Andre, 2004)
and is also being used as a vehicle for drug delivery (Beasley et
al., 2009). HA is produced through the extraction from rooster
comb or fermentation of certain attenuated strains of group C
Streptococcus, which synthesize HA as part of their outer capsule.
In rooster comb, HA is complexed with proteoglycans, making its
isolation tediously and costly. Besides, rooster comb-based HA
products for human therapeutics is being met with the risk of
cross-species viral and other adventitious agent infection. HA
produced from attenuated pathogen Streptococci, on the other
hand, may have the potential to be contaminated with pathogen
factors. Up to now, there was only the study on HA in
Streptococcus thermophilus that was safe (Naoki et al., 2008).
Although the cell-free HA biosynthesis was achieved 40 years ago,
the amount of HA was still too small (Chong et al., 2009).
Therefore, the optimization of the hyaluronic acid production from
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microorganisms to improve the yield was necessary. There were
many studies about the culture affecting on the molecular weight of
HA (Duan et al., 2008; Kim et al., 1996) or the stable production of
hyaluronic acid in Streptococcus zooepidemicuschemostats
operated at high dilution rate (Blank et al., 2008). Besides, the
hyaluronic acid production by Streptococcus equi subs.
zooepidemicus strain deficient in B-glucuronidase in laboratory
conditions has been done (Krahulec et al., 2006). Recently,
hyaluronic acid production by Streptococcus zooepidemicus in
marine by-products media from mussel processing waste waters
and tuna peptone gave the high yield (Vazquez et al., 2010).
Although the optimization of medium components for high-
molecular-weight hyaluronic acid production by Streptococcus sp.
1D9102 via a statistical approach was also studied (Im et al., 1996).
Although there were many such studies on HA, the effects of multi-
factor on the HA production did not focused. The optimization of
the hyaluronic acid production based on Plackett - Burman matrix
(Plackett and Burman, 1946) in hyaluronic acid - producing
Streptococcus zooepidermicus ATCC 43079 was not focused. The
optimization of the fermentation process to get the high yield and
large scale are very ideal in the industry of hyaluronic acid
production. Plackett - Burman matrix was used to design the
medium that gave a low cost but effective method for
interactions and estimation of the values in multi-factor research.
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For the above stated reasons, we optimized the factors
based on Placket - Burman design and the experiments were done
to determine the hyaluronic acid vyield by Streptococcus
zooepidermicus ATCC 43079.

MATERIALS AND METHODS

Microorganisms and growth cultures

Hyaluronic acid producing Streptococcus zooepidermicus
ATCC 43079 was used to study. The MRS medium contains
peptone, glucose, yeast extract, tween 80, di potassium phosphate,
sodium acetate, ammonium citrate, magnesium sulphate and
manganese sulphate (De Man et al., 1960). Cetylpyridium
chloride, carbazole, glucuronic acid were purchased from Merck.

Plackett — Burman design

To maximize the production of Hyaluronic, the MRS
medium was selected as the basal medium. The Plackett-Burman
strategy was implemented along with the polynomial function to
analyze the relationship between each ingredient with the HA
productivity.

There were 11 factors used in 15 experiments (Table 1
and Table 2).

Table. 1: The income variables and theirs levels for the Placket — Burman.

. Code levels
Income Variables Symbols K] 0 )
Peptone A 0g/l 10 g/l 20 g/l
Meat B 0g/l 10 g/l 20 g/l
Yeast o 0g/l 5g/ 109/
Glucose D 0g/l 20 g/l 40 g/l
Tween 80 E 0g/l 1 ml/l 2ml/l
K2HPO4 F 0g/l 29/ 49/l
Acetate.Na.3H20 G 0g/l 5g/ 10 g/l
Amonium Citrate H 0g/l 29/ 49/
MgSO4 J 0 mg/l 200 mg/I 400 mg/l
Mn K 0 mg/l 50 mg/I 100 mg/l
Temperature L 34°C 37°C 40C

Table. 2: The Plackett-Burman design and the experimental response values.
Experiments A B C D E F G H J K L

1 1 1 1 1 -1 -1 -1 1 -1 1 1
2 1 -1 -1 1 -1 1 1 -1 1 1 1
3 i1 1 1 1 1 -1 -1 -1 1 -1
4 1 -1 1 -1 1 1 -1 1 1 1 -1
5 0o o o0 o O o o o0 o0 O 0
6 i -1 1 1 1 1 1 1 -1 -1 -1
7 1 1 -1 1 1 -1 1 1 1 -1 -1
8 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
9 i -1 1 1 1 -1 -1 -1 1 -1 1
10 0o o o0 o O o o o0 o0 O 0
11 -1 1 1 -1 1 1 1 -1 -1 -1 1
12 i1 1 -1 1 1 -1 1 1 -1 1
13 i1 -1 1 -1 1 -1 1 1 -1 1 1
14 0o o o0 o O o o o0 o0 O 0
15 i1 1 -1 1 -1 1 -1 1 1 -1

Uronic quantitative analysis

The HA amount produced in microorganisms were
determined according to the glucuronic acid content by reaction
with carbazole. The color changed into purple red that
indicated the positive result of uronic acid (Bitter and Muir, 1962).

RESULTS AND DISCUSSION

Analysis of Plackett — Burman design in hyaluronic production

The impact level of 11 factors of the culture medium
toward the amount of hyaluronic acid produced from S.
zooepidemicus was depicted in table 3.

While factor with negative impact cause the decreasing
in the amount of hyaluronic acid produced from S. zooepidermicus
and positive impact cause the increasing in the amount of
hyaluronic acid produced from S. zooepidermicus. Based on table
3, yeast extract and temperature had the strongest impact on the
the amount of hyaluronic acid yield produced from S.
zooepidermicus. The predicted hyaluronic acid yield (ug/ml) by S.
zooepidermicus was shown in table 4.

Table. 3: Factors of the culture medium and their impacts.

Factor Concentration Impact p-
-1 0 +1 Value
Peptone A 0g/l 109/ 209/l 434 <0.0001
Meat B 0g/l 109/ 209/l 0.93 <0.0001
Yeast C 0gl 59l 109/ 0.22 <0.0001
Glucose D 0g/l 209¢/ 409/ 0.33 <0.0001
Tween 80 E Ogl 1ml/l  2ml/l  -0.48 <0.0001
K2HPO4 F 09l 2gl 4 g/l 0.12 <0.0001
CH3COONa.3H20 G 0g/l 549/ 109/l 185 <0.0001
Amonium Citrate H 0gl 29/l 49/ 51 <0.0001
MgSO4 J 0 200 400 0.56 <0.0001
mg/l mg/l mg/l
MnSO4 K 0 50 100 0.93 <0.0001
mg/l mg/l mg/l
Temperature L 34°C 37°C 40°C  2.02 <0.0001

Table. 4: The actual and predicted hyaluronic acid yield (ug/ml) by S.
zooepidermicus.

Experiments actual value predicted value
1 42.38 42.32
2 29.55 29.51
3 38.74 38.72
4 29,55 29.54
5 8.6 8.7
6 30.28 30.19
7 33.82 33.89
8 26.58 26.52
9 29.54 29.59
10 8.7 8.73
11 375 37.55
12 38.69 38.71
13 32.53 32.53
14 8.9 8.96
15 42.23 42.24

Quantitation of hyaluronic acid production

According to uronic quantitative analysis, 15
experiments showed the hyaluronic acid production. The collected
hyaluronic acid was tested to quantitative. The purple color
showing the uronic acid reaction with carbazol was illustrated in
figure 1. All the conditions designed in the matrix of Plackett —
Burman did not inhibit the HA production.

As expressed in the figure 2, the actual values (allocated
at the horizontal axis) and the predictedvalue (allocated at the
vertical axis) were match together, proved that the obtained actual
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optimization can be firstly established by basing on Plackett-
Burman design. The effect of each factor was expressed from
highest to lowest order as peptone, ammonium citrate,
temperature, sodium acetate, manganese sulfate, meat extract,
glucose, yeast extract, di potassium hydrogen phosphate (Table 4).
The highest vyield of hyaluronic acid by Streptococcus
zooepidermicus was 42.38 mg/l under meat extract (0.2%), yeast
extract (0.1%) and glucose (0.4%), temperature (40°C) condition
for the experiment 1.

ST e T s AT =
Fig. 1: Uronic quantitative analysis for the 15 experiments. The results of 15
experiments were numbered in each well. The remaining wells were the
control.
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Fig. 2: Comparisons between the actual and predicted hyaluronic acid yield
(ng/ml) by S. zooepidermicus.

The peptone, ammonium citrate, temperature, sodium
acetate, manganese sulfate, di potassium hydrogen phosphate did
not present the relation to the hyaluronic acid yield in the
experiment 1. For the experiment 15, the actual amount was 42.24
mg/l (Table 4) due to meat extract (2%), yeast extract (1%) and
peptone (2%), ammonium citrate (0.4%), temperature (34°C),

sodium acetate (1%), manganese sulfate (0.01%), magiesium
sulfate (0.04%). Therefore, manganese sulfate, magiesium sulfate
affected on the HA production, probably. Remarkably,
temperature also related to the yield. In the experiment 3, peptone
(2%), meat extract (2%), yeast extract (0%) gave 38.74 mg/l while
Streptococcus zooepidemicus in marine by-products HA produced
approximately 30.83 mg/l (Vazquez et al., 2010). Combination of
the results in experiment 1, 3, 15 yeast extract should be required
in the culture. The experiment 4 without the peptone and meat
extract, but yeast extract contained about 2% in the medium gave
the yield of 29.55 mg/l. The temperature at 40°C showed the
higher the yield that was tested in the experiments 1, 2, 11, 12, 13
(Table 4). In the contrast, in the results of the experiments 5, 10
and 14, the HA production was very low at 37°C while the HA
was higher at 34°C in the experiment 8. In the comparison with the
different conditions in 15 experiments, the yeast extract and
temperature had a lot of effects on HA production. Moreover,
manganese sulfate and magiesium sulfate were also considered in
HA production. Since 1994 and 1995, there was researches in
molecular and genetics of HA biosynthesis (Crater et al., 1995;
O’Rehan et al., 1994), but the HA amounts were still lower than
this study. Even in Bacillus, the HA was only reported about the
increased production (Chien and Lee, 2007). The lowest yield in
this study obtained 8.6 mg/l while the HA yielded in Streptococcus
thermophiles was 8 mg/l (Naoki et al., 2008). The actual and
predicted hyaluronic acid yield (ug/ml) by S. zooepidermicus was
showed in table 4 and were analyzed as in figure 2. Their curves
were likely overlapped (R*= 0.99). It was meant that the Plackett -
Burman design could estimate the HA production perfectly and the
different effects could be studied at the same time.

CONCLUSION

Based on the Plackett-Burman design and optimium
experiments, we calculated that peptone (2%), meat extract (2%),
manganese sulphate (0.1%), temperature (40°C), di potassium
phosphate, (0.04%), yeast extract (1%), glucose (0.4%),
ammonium citrate (0.4%), sodium acetate (1%) gave the high
yield in Streptococcus zooepidermicus. The maximum vyield of
hyaluronic acid S.zooepidermicus ATCC 43079 was 42.38 mg/I.
The study would study more in the mechanism of HA production
in the complex-nitrogen and salts affecting on HA production, not
like the previous study about the complex-nitrogen-limited growth
but increase HA yield (Cooney et al., 1999). By actual
experiments, the obtained results were similar to the predicted
yield. Therefore, the Plackett — Burman design could be applied to
estimate the multi-factor effect on the production. However, the
further study should be done more to investigate the effects of
these factors.
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