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Abstract

High viscous hyaluronic acid complex from Klebsiella sp. L-10 NTG 50 mutant was purified by two-phase extraction system
using PEG-K;HPO, and its physicochemical properties were investigated. Viscosity of the purified hyaluronic
acid complex was decreased as temperature and salts concentration were increased and also showed low vis-
cosity at below pH 5.0 and above pH 11.0. Hardness, cohesiveness and adhesiveness of the purified hyaluronic
acid complex were 1,20kg, 1.91 and 0.62, respectively. Water holding capacity was 6.9ml per gram of the pu-

rified hyaluronic acid complex powder.
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Introduction

Hyaluronic acid is composed of repeating units
of glucuronic acid and N-acetylglucosamine, bo-
und by alternating £-1,4 bonds. It is naturally dis-
tributed in connective tissue and skin of mammal-
1ans, eye, articular sac, cockscomb, placenta wall
of main antesy, and capsule of Streptococcus he-
molytics A and C group”.

Because hyaluronic acid lubricates joints and
absorbs the external shocks and especially it re-
tains water in skin, it is widely used as drug deli-
very, orthopedics, ophthalmic surgery, cardio-
vascular aids, wound healing and cosmetics!?.

Although purification or extraction, utilization
of hyaluronic acid from connective tissue or co-
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ckscomb and biosynthesis, cloning and sequen-
cing of hyaluronic acid from Streptococcus sp. A
and C group have been extensively studied®™ %,
only a few studies have been reported on the pu-
rification and characterization of hyaluronic acid
from other microorganisms except Streptococcus
zooepidemicus®, Streptococcus equi® and Streptoco-
ccus pyogenes",

We have previously reported on isolation and
identification of high viscous hyaluronic acid com-
plex-producing Klebsiella sp. 1.-10, optimization of
production condition®’ and chemical mutagenesis
of Klebsiella sp. 1.-10?. Here we describe on puri-
fication and characterization of hyaluronic acid
complex from Klebsiella sp. L-10 NTG 50 mutant.
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Materials and Methods

1. Strain and cultivation

The strain used in this study was Klebsiella sp.
L-10 NTG 50 mutant, which Klebsiella sp. 1-10
was treated with N-methyl-N -nitro-N"nitroso-
guanidine (MNNG) and increased productivity of
the hyaluronic acid complex to 2.5 folds®,

The cultivation was carried out in YTD me-
dium containing 0.1% yeast 3.0%
Bacto-trypton, 3.0% dextrose, each 30mM of K,-
HPO, and KH,PO,{(pH 6.0~6.5) at 37¢C for 24
hrs.

extract,

2. Purification of hyaluronic acid complex

Hyaluronic acid complex from Klebsiella sp.
L-10 NTG-50 was purified by using two-phase ex-
traction system of Jung et al.” as Fig. 1.

3. Measurement of viscosity and rheological pro-
perties

1) Viscosity

Cultures

heating, 100%C /5 min.

Centrifugation, 8,000 rpm /10 min.

1

r
Pellets Supernatants

(discard)

addition of PEG(10%)
and K,HPO,(15%)

Centrifugation, 6,000 rpm /5 min,

Upper layer Lower layer

(discard)
Dialysis, overnight

I
Precipitation of hyaluronic
acid complex(90% EtOH)

Purified hyaluronic acid complex

Fig. 1. Purification procedure of hyaluronic
acid complex by using two phase extraction sys-
tem.

Klebsiella sp. 1-10¢] NTG 50 ®lo|F 2 E] Aabd 134 s|U- -84 HgA o A 3 54 243

Viscosity of 1% purified hyaluronic acid com-
plex solution was determinated by Stomer vis-
cometer (Arthur-H-Thormas Co., USA) at 10C
to 90°C and pH 1.0 to 13.0.

Effect of salts on viscosity was investigated
after each 0.05% to 1.0% of KCl, NaCl, CaCl,,
MgCl,, FeCl; were added in 3% hyaluronic acid
complex solution.

2) Hardness, adhesiveness and cohesiveness

Each 30ml and 50ml of distilled water was ad-
ded in 100g of hyaluronic acid complex powder
and formed 0.8mm cubic. Texture profile analy-
sis(TPA) curve of the cubic was obtained from 2
times compression repeating test by using Uni-
versal Test Machine(Instron Model 1000, In-
stron Engineering Co., Cauton, USA) and calcu-
lated hardness, adhesiveness and cohesiveness?!,
TPA curve and measurement conditions for Uni-
versal Test Machine were shown in Fig. 2 and
Table 1, respectively(Fig. 2).

Foree(Kgf)

Time (distance)

\Ay

Fig. 2. Textural profile analysis curve. Hardness
. height of Al, Adhesiveness : area of A3, Cohe-
siveness : area of A2 /area of Al.

Table 1. Measurement conditions for Universal
testing machine

Sample height 25 mm
Sample diameter 0.8 mm
Clearance 4.0 mm
Chart speed 100 mm /min
Load cell 50 kg

Cross head speed 100 mm /min
Plunger diameter 12 mm
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3) Water holding capacity

According to the Lin's method® distilled water
was added in 1g of hyaluronic acid complex pow-
der and shaked for 30 min. after centrifuged, free
water determined and calculated absorption con-
tent of water,

Result and Discussion

1. Purification of hyaluronic acid complex

Hyaluronic acid complex from Klebsiella sp.
[-10 NTG 50 was purified by two phase extrac-
tion system using 10% PEG and 15% K,HPO,
and its recovery was 96%.

The purified hyaluronic acid complex was dried
under vaccum to white powder. Glucuronic acid
and N-acetylglucosamine content of the powder
were determined by the method of Carbazole re-
action?%2 and Boas?, The hyaluronic acid com-
plex powder was mainly composed of glucuronic
acid, and N-acetylglucosamine was of little de-
tected. These results were also identified to that
of IR spectrum using 20% KBr (results not sho-

wn).

2. Physicochemical properties of the purified hyal-
uronic acid complex

1) Viscosity

Effect of temperature on viscosity of the pu-
rified hyaluronic acid complex was investigated
in the range of 10C to 90°C(Fig. 3). High vis-
cosity showed at low temperature, but it was dec-
reased gradually by ascending temperature. It
was also observed that as temperature was de-
scended from 90C to 10<C,

increased, however i1t was not recovered ori-

its viscosity was

ginally.

These results were similar to that of hyaluronic
acid from Streptococcus eqiu PCI 1988> 2 and we
assume that low viscosity in high temperature is
probably due to the structural deformation of
double strand hyaluronic acid complex by heat of
high temperature(Fig. 3).

Fig. 4 show effect of pH on the viscosity of pu-
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Fig. 3. Effect of temperature on viscosity of 1.
0% hyaluronic acid complex solution from Klebsiel-
la sp. L-10 NTG 50. (][] : ascend temperature
(107C to 90C), wv—w : descend temperature (90°C
to 10C).
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Fig. 4. Effect of pH on viscosity of 1.0% hyal-
uronic acid complex solution from Klebsiella sp.
L-10 NTG 50.

rified hyaluronic acid complex. It was very stable
at pH 5.0 to 11.0, but unstable at below pH 5.0
and above pH 11.0. This is probably caused by
reversible structural change of hyaluronic acid
complex at strong alkaline(Fig. 4).

Meanwhile, effect of salts on the viscosity was



Vol. 9, No. 3(1996)

Klebsiella sp. L-109] NTG 50 HolF 22 ] H4td n44 sld9-84F BgA ] A 2 54 245

Table 2. Rheological properties of purified hyaluronic acid complex from Klebsiella sp. L-10 NTG-50

Water content added (%) Hardness (kg)

Cohesiveness Adhesiveness(dyn /cm)

30 1.20 1.91 0.62
50 1.00 1.60 0.40
The purified hyaluronic acid complex was ab-
T ' ' ' ' K sorbed 6.9ml of distilled water per g.
1.20 E In conclusion, we could simply purify the hyal-
uronic acid complex by two-phase extraction sys-
g | tem (PEG-K,HPO,). Furthermore, its viscosity,
1.15 . . .
S KCl cohesiveness and water holding capacity were
= . NaCl good. Therefore, we are studying application of
X - 4 the purified hyaluronic acid complex into medical
= 110 MgCl
= 2 ..
§ FeCls or cosmetic industry.
2 CaCl,
~ 105 | 1 e <
1.00 ! 1 Lot L Klebsiella sp. 1-10 ¢ N-methyl-N "-nitro-N™ni-

0.0 02 04 06 038 1.0 1.2
Concentration(%, W /V)

Fig. 5. Effect of various salts concentration on
viscosity of 0.3% hyaluronic acid complex solution
from Klebsiella sp. L.-10 NTG 50.

investigated in 3% solution. As shown in Fig 5,
increase of salts concentration to 0.6% was dec-
reased the viscosity of purified hyaluronic acid
complex(Fig, 5).

2) Rheological properties

Hardness, adhesiveness and cohesiveness of
the purified hyaluronic acid complex were calcu-
lated from texture profile curve by compression
test and presented in Table 2.

Hardness and adhesiveness of the purified hyal-
uronic acid complex were 1.2 kg, 0.62 at 30% wa-
ter added, and cohesiveness was 1.91. The har-
dness and cohesiveness were lower than those of
natural starch materials, whereas cohesiveness
was higher than theirs.

It was also observed that all of rheological pro-
perties were decreased as distilled water added
to 50%.

3) Water holding capacity

trosoguanidine Ho]FSl Klebsiella sp. L-10 NTG-50
S ZRE it 139 S|YS-E4 BRAE oA
FEHoz AHAstd sty HJdg FARKL.
AAE BYEA B dre Sx9 FFEr}
oo wet woln pH 5.0 o] &ke} 11,0 ©]4dollA
= g okt AAE 5| Y-¢-EAr Bikale] 27 (har-
dness)+ 1.20kg, 3% Al (cohesiveness)S 1,92, A
2+ (adhesiveness)& 0.62 oA}, T3 v4Ee
2 6.9mle] ATk,
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