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Purification and Characterization of an Extracellular Levansucrase from Zymomonas mobilis
ZM1 (ATCC 10988). Song, Ki-Bang, Jeong-Woo Seo, Hyun-Kyu Joo', and Sang-Ki Rhee*. M/-
crobial Metabolic Engineering Research Unit, Korea Research Institute of Bioscience and
Biotechnology. P.O.Box 115, Yusong. Tagjon 305-600, Korea, 'Department of Food Resources,
Sun Moon University, Asan 336-840, Korea— An extracellular levansucrase, which catalyzes the the
formation of levan from sucrose, from the culture broth of Zymomonas mobilis ZM1 was purified by
conventional column purification methods. The final purification yield was 18.3 fold of the crude en-
zyme from Z. mobilis, with 16.5 % of the enzyme recovered in the preparation step. The molecular
weight of the enzyme was estimated to be 91,000 by Superose 12 gel filtration, and 45,000 by SDS-
PAGE, indicating that levansucrase is a dimer. The optimum pH for the enzyme activity was around
pH 4.0 for sucrose hydrolysis, and was around pH 5.0 for levan formation. The enzyme was inhibited
by some metal ions, such as Hg” and Cu™, and 50% of inhibition was observed with 5mM EDTA.
The enzyme activity was enhanced by the presence of detergent Triton X-100, but inhibited by SDS
completely. The enzyme -catalyzes the liberation of reducing sugars, oligosacccharides and the for-
mation of fructose polymer(levan). The enzyme also catalyzes the transfructosylation reaction of fruc-
tose moiety from sucrose to various sugar acceptor molecules, including sugar alcohols.
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Fig. 1. Zymogram staining of the extracellular saccharolytic
enzymes of Z. mobilis ZM1 following electrophoretic separa-
tion.
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Table 1. Summary of levansucrase purification steps from Z. mobilis

Step Volume (ml) U total Protein (mg/ml) Spec. Act. (U/mg) Yield (%) Purifi. fold
Cell washed 1,300 - 0.35 - - -
1st (NH,),S0O, 115 - 1.28 - - -
Ion-exchange 38 4.35 0.57 0.21 100 1.00
Hydroxyapatite 20 2.58 0.41 0.31 65 1.52
2nd (NH,),SO, 2 0.96 0.46 1.04 21 5.07
Superose 12 1.5 0.72 0.13 3.75 16.5 18.3
e OgRe sk vl Ee] A5 AMY dFFt levansucrase 24E 7 ]z——i" s AF HAFHeR
A 7]o= FAEHA &2 (protective layer)H+= & ¢F 18.3819 AAEE T 3488 oF 16.5%%
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Fig. 2. DEAE-anion exchange chromatogram of the extra-
cellular saccharolytic enzymes of Z. mobilis ZM1.
Cell washed solution from Z. mobilis ZM1 was put on the
column (2.5X30cm) preequilibrated with 20 mM phosphate
buffer (pH 6.8), and eluted with NaCl gradient(0-0.5M).
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Fig. 3. Homogeneity on SDS-PAGE (A) and molecular weight
determination of purified levansucrase by gel filtration chro-
matography (B).

The protein standards for SDS-PAGE were; myosin (200,000),
phosphorylase b(97,400), bovine syrum albumin (68,000), oval-
bumin (43,000), carbonic anhydrase (29,000), B-lactoglobulin
(29,000), lysozyme (14,300). The protein standards for gel fil-
tration were; PB-galactosidase (465,000), IgG (sheep)(150,000),
fab fragment from gG (sheep)(50,000), myoglobin from sceletal
muscles (horse)(17,000).
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Fig. 4. Effect of pH on sucrose hydrolysis and levan forma-
tion activity of purified levansucrase.

The sucrose hydrolysis and levan formation assay was done by
the methods described in Materials and Methods.
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Fig. 5. Effect of temperature on sucrose hydrolysis and
levan formation activity of purified levansucrase.

The sucrose hydrolysis and levan formation assay was done by
the methods described in Materials and Methods.
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Table 2. Effects of various compounds on levansucrase ac-
tivity"

Compound Concentration (mM)  Relative activity (%)
None 100
EDTA 1 85

5 54
SDS 1 3

5 2
Triton X-100 1 135

5 144
Urea 1 95

5 94
CuCl, 1 73
CaCl, 1 140
FeCl, 1 91
HgCl, 1 0
MgCl, 1 85
Mn(l, 1 96
NiCl, 1 80
ZnCl, 1 121

“All of the metals and chemicals were tested at a final con-
centration of 10° M with the exception of EDTA, SDS, Triton X-
100 and urea. The enzyme solutions were preincubated with
each metal ions or chemicals at 30°C for 1 hour before meas-
urement of activities.
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Fig. 6. Time course of substrate utilization and products for-
mation of purified levansucrase.
Twenty mM sodium acetate buffer (pH 5.0) containing 10%
sucrose and the enzyme (1 unit/10 ml) were incubated at 0°C for
48 hrs. The analysis of sugars was conducted by HPLC, as des-
cribed in Materials and Methods.
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Table 3. Substrate specificity and acceptor reaction of levan-
sucrase from Z. mobilis

Sugar Hydrolysis’ Acceptor Sugar Hydrolysis’ Acceptor
reaction” reaction®
Ribose + Lactose - +++
Fucose - Maltose - ++
Lyxose - Trehalose - -
Xylose ++  Mellibiose - +
Fructose - Melizitose - -
Sorbose - Kestose + +
Mannose + Raffinose + +++
Galactose +++ Maltotriose - -
Glucose ++  Nystose + +
Lactulose - - Starchyose + -
Sucrose + +++  Xylitol +
Palatinose - + Sorbitol +
Cellobiose - +++ Mannitol -

a, Twenty mM sodium acetate buffer (pH 4.0) containing 10%
each sugars were incubated with the enzyme (1 unit/ml) at 30C
for 12 hrs.

b, Twenty mM sodium acetate buffer (pH 5.0) containing 20%
(W/V) sucrose and 20% (W/V) acceptor sugars were incubated
with the enzyme (1 unit/ml) at 30C for 24 hrs.The transfer pro-
ducts were analyzed by HPLC, as described in Materials and
Methods. Transfer ratio is expressed as: more than 40%, +++;
10% to 40%, ++; less than 10%, +; not detected, —.
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