
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0318372 A1 

US 20090318372A1 

Gód et al. (43) Pub. Date: Dec. 24, 2009 

(54) METHOD FOR PRODUCING (30) Foreign Application Priority Data 
2-O-GLYCERYL-ALPHA-D- 
GLUCOPYRANOSIDE Sep. 21, 2006 (AT) ................................ A 1577/2006 

(75) Inventors: Christiane Gödl, Graz (AT); Publication Classification 

(73) 

(21) 

(22) 

(86) 

Thornthan Sawangwan, Graz 
(AT); Bernd Nidetzky, Graz (AT): 
Mario Miller, Graz (AT) 

Correspondence Address: 
CHALKER FLORES, LLP 
2711 LBJ FRWY, Suite 1036 
DALLAS, TX 75234 (US) 

Assignees: 

Appl. No.: 

PCT Fled: 

PCT NO.: 

S371 (c)(1), 
(2), (4) Date: 

Technische Universital Graz, Graz 
(AT); Forschungsholding Tu Graz 
GMBH, Graz (AT) 

12/442,288 

Sep. 21, 2007 

PCT/AT2007/OOO448 

Mar. 20, 2009 

(51) Int. Cl. 
A63L/70 (2006.01) 
CI2P 9/44 (2006.01) 
C7H I5/04 (2006.01) 
C07K 2/00 (2006.01) 
CI2N I/00 (2006.01) 
CI2N 9/96 (2006.01) 
A2.3L I/307 (2006.01) 

(52) U.S. Cl. ............ 514/25; 435/105:536/4.1:530/300; 
435/243; 435/188: 435/252.8; 426/648 

(57) ABSTRACT 

The present invention relates to a method for producing 2-O- 
glyceryl-C-D-glucopyranoside (CGG, FIG. 1) from a gluco 
syl donor and a glucosyl acceptor comprising the steps:— 
providing a Sucrose phosphorylase (EC 2.4.1.7), incubating 
said Sucrose phosphorylase with a mixture comprising a glu 
cosyl donor and glycerol as glucosyl acceptor and isolating 
and/or purifying 2-O-glyceryl-C-D-glucopyranoside. 

  



Patent Application Publication Dec. 24, 2009 Sheet 1 of 3 US 2009/0318372 A1 

FIG. 1 

350 

300 A ------- 

250 

s 200 

E. 150 
- - - - - - -A. . . . . . . 

1OO A - - O - - Fructose 
.. ---O. - Glucose 

50 - A- OGG 

O O- w a w -e--ó-ce-a---- 

O 2 4 6 8 

time (h) 

FIG 2 

  



Patent Application Publication Dec. 24, 2009 Sheet 2 of 3 US 2009/0318372 A1 

700 

N 600 

500 9 
400 - N 
300 
200 
100 

-O- pH 6.0 
-O- pH 6.5 
-v- pH 7.0 

O -V- pH 7.5 
-H pH 8.0 

3 O Y. 

O 20 40 60 80 100 120 140 60 

time (h) 

FIG. 4 

  



Patent Application Publication Dec. 24, 2009 Sheet 3 of 3 US 2009/0318372 A1 

Transglucosylation 

Sucrose + re--air - Ot-D-Glucoside -- SPase 
Fructose HO Nucleophile 

Glucose + SPase 

FIG. 5 



US 2009/0318372 A1 

METHOD FOR PRODUCING 
2-O-GLYCERYLALPHA-D- 
GLUCOPYRANOSIDE 

0001. The present invention relates to methods for produc 
ing C-D-glucosylglycerol (2-O-glyceryl-O-D-glucopyrano 
side). 
0002 Simple and complex carbohydrates govern a diverse 
range of cellular functions, including energy storage, cell 
wall structure, cell-cell interaction and signalling, host 
pathogen inter-actions and protein glycosylation. They also 
serve a function as osmolytes and Small molecules of extreme 
lifestyles. Glycosyl-transferases (GTs) are the enzymes 
responsible for the synthesis of glycosides in nature whereas, 
glycosylhydrolases (GHs) have been evolved to degrade 
them. Among GT and GH classes, the glycoside phosphory 
lases (GPs) are special in several respects. GPs catalyze the 
phosphorolysis of C- and B-D-glycosides, mainly glucosides 
(Glc-OR) including disaccharides and oligo- or poly-saccha 
rides of varying degree of polymerisation. Glucosyltransfer 
to phosphate (Pi) is favoured thermodynamically in vivo 
because phosphate is usually present in large excess over 
C-D-glucose 1-phosphate (Glc 1-P). However, thermody 
namic equilibrium constants (K) of GP-catalysed reactions 
are intermediate of K values for the reaction of GTs 
(K-1) and GHs (K->>1). The relatively favourable K, 
values and the fact that phospho-activated Sugars are less 
expensive than nucleotide-activated ones, which are required 
by most GTs, make GPs interesting biocatalysts for the ste 
reo- and regiospecific synthesis of glucosides. 
0003 Increased attention has recently been directed 
towards novel C-D-glucosides, in particular C-D-glucosylg 
lycerol (2-O-gly-ceryl-O-D-glucopyranoside; CGG) for 
which several applications are presently being developed. 
CGG functions as a compatible solute in microorganisms, 
providing some protection against stresses due to high salt 
concentrations, heat, and UV-radiation. CLGG is purportedly 
useful as an alternative sweetener in foodstuffs because of its 
low cariogenicity and caloric value in comparison to Sucrose. 
Furthermore, OGG and derivates thereofare studied as thera 
peutics in diseases caused by protein misfolding and in cancer 
therapy. In cosmetics, CGG may be used as an anti-aging 
agent and moisture-regulating compound. 
0004 OGG can be produced by chemical as well as by 
enzymatic methods. Chemical methods may involve various 
start compounds like maltitol, isomaltose, trehalulose etc. 
(see e.g. Takenaka F. et al. Biosci. Biotechnol. Biochem. 
(2000) 64:378-385). Enzymes which catalyze the synthesis 
of CGG may involve C-glucosi-dase (Takenaka F. and 
Uchiyama H. Biosci. Biotechnol. Biochem. (2000) 64:1821 
1826), cyclodextrin glucanotransferase (Nakano H. et al. J. 
Biosci. Bioeng. (2003).95:583-588), glucosyl-glycerol-phos 
phate synthase (Marin K. etal. J. Bacteriol. (1998) 180:4843 
4849) and plant glucosidase II (Kaushal GPetal. Arch. Bio 
chem. Biophys. (1989) 272:481-487). All current procedures 
for the synthesis of OGG exhibit one or more of the following 
crucial disadvantages: multiple steps of reaction (including 
activation, protection and deprotection); labor-intensive Syn 
thesis and work-up; low yield and productivity; low atom 
economy; long reaction times. Consequently, no industrial 
process for production of OGG has been developed and the 
product is not available on the market. 
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0005. The chemical synthesis of stereochemical pure 
natural CGG is technically not feasible due to extremely 
laborious procedures and low yield. Microbial synthesis of 
CGG has been shown but the productivity is poor. Enzymatic 
synthesis of OGG using trans-glucosylation by C-glucosi 
dases is a possibility which has been described but the main 
drawback of the process is the wrong regioselectivity of the 
known enzymes which prefer the primary rather than the 
secondary hydroxy group of glycerol. The product mixture 
synthesized by C-glucosidases contains only 30% of the cor 
rect natural CGG, requiring a Substantial effort in the product 
isolation. 
0006. The microbial synthesis of OGG is presently not a 
mature process, especially when the yield of CGG is taken 
into account, because it does not allow to produce CGG as a 
bulk chemical. The attainable product concentrations are very 
low (e.g. 29 mg/l; Roder et al. FEMS Microbiol. Lett. (2005) 
243: 219–226) and also the productivity (23 days of produc 
tion) is not advantageous for the industrial production. 
0007 JP 2001/245690A relates to a method for producing 
glycosides and oligosaccharides by using a glucosidase, in 
particular B-galactosidase. 
0008. It is an object of the present invention to provide an 
enzymatic method for the production of stereochemical pure 
CGG in high yield overcoming the drawbacks of the methods 
known in the art. Furthermore the method should preferably 
allow the use of economic Substrates. 
0009. Therefore, the present invention relates to a method 
for producing 2-O-glyceryl-O-D-glucopyranoside (CGG, 
FIG. 1) from a glucosyl donor and a glucosyl acceptor com 
prising the steps: 

0.010 providing a sucrose phosphorylase (EC 2.4.1.7). 
0.011 incubating said sucrose phosphorylase with a 
mixture comprising a glucosyl donor and glycerol as 
glucosyl acceptor and 

0012 isolating and/or purifying 2-O-glyceryl-C-D-glu 
copyranoside. 

0013 Sucrose phosphorylase (SPase; EC 2.4.1.7) cata 
lyzes the conversion of sucrose and phosphate into D-fructose 
and Glc 1-P SPase has been isolated from a number of bac 
terial sources. Genes encoding SPase have been cloned from 
different bacteria and expressed heterologously (Kawasaki H 
et al., Biosci. Biotech. Biochem. (1996) 60:322-324; Kitao S 
and Nakano E. J. Ferment. Bioeng. (1992) 73:179-184; van 
den Broek LA Met al., Appl. Microbiol. Biotechnol. (2004) 
65:219-227). According to the systematic sequence-based 
classification of glycosylhydrolases (GH) and glycosyltrans 
ferases (GT) (Coutinho P M et al. J. Mol. Biol. (2003)328: 
307-317; Henrissat B. Biochem. J. (1999) 280:309-316) 
SPase belongs to family GH13 (Clan GH-H), often referred to 
as the C-amylase family. The three-dimensional structure of 
SPase from Bifidobacterium adolescentis has been solved 
recently, revealing an (B/C)8 barrel fold and a catalytic site in 
which two carboxylate groups probably fulfill the role of a 
nucleophile (Asp192) and a general acid/base (Glu232). 
0014. The reaction of SPase proceeds with net retention of 
the anomeric configuration and occurs through a double dis 
placement mechanism involving two configurationally 
inverting steps: cleavage of the carbon-oxygen bond of the 
glucosyl donor and formation of a covalent B-glucosyl-en 
Zyme (B-Glc-E) intermediate; and reaction of the intermedi 
ate with phosphate to yield Glc 1-P. In a side reaction, the 
B-Glc-E intermediate may be intercepted by water, leading to 
hydrolysis. Hydrolytic conversion of sucrose is irreversible 
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but proceeds nearly two orders of magnitude slower than the 
phosphorolytic reaction. SPase also catalyzes transglucosy 
lation reactions which occur in competition with hydrolysis 
and whereby the f-Glc-E intermediate is attacked by external 
nucleophiles and new C-D-glucosides are produced. 
0.015 Biochemical studies have shown that SPase is 
strictly specific for transferring a glucosyl moiety and does 
not tolerate structural modifications on the glucopyranosyl 
ring including epimerisation and deoxygenation. The list of 
known glucosyl donors for SPase is therefore short: sucrose, 
Glc 1-P and C-D-glucose 1-fluoride. By contrast, the speci 
ficity of SPase for glucosyl acceptors is comparably relaxed. 
0016. The selectivity of SPase which forms only natural 
CGG in a high quantitative yield (>95%) are crucial points of 
the method according to the present invention. The method of 
the present invention may use very cheap Substrates (which 
are both available from large-scale industrial processing) 
without any chemical derivatisation (required in chemical 
synthesis) and is characterized by an extremely high atom 
efficiency because all Substrate converted goes quantitatively 
into product. During microbial fermentation, for example, 
most of the Substrate is used for growth and maintenance 
energy and only a small part of it is used for OGG production. 
In the method of the present invention only one enzyme is 
required and this may be of natural or recombinant prepara 
tion, used as free or immobilized, as isolated enzyme or in 
another catalyst form (permeabilized or resting cells). 
0017. The method of the present invention is preferably 
performed in vitro with purified enzyme or an enzyme 
extract, whereby the SPase employed may be obtained from 
at least one source, which means that also SPases of more than 
one type (origin) may be employed. 
0018 Synthesis of CGG is preferably performed using a 
protein concentration of Sucrose phosphorylase delivering an 
activity of between 1,000 and 1,000,000 units/litre (one unit 
is defined as the enzyme activity that converts 1 umol of 
Substrate per min under standard reaction conditions, typi 
cally 30°C., reported in the literature.) 
0019 “Sucrose phosphorylase' as used herein refers not 
only to enzymes of the EC 2.4.1.7 class but also to molecules 
which exhibit the same properties in relation to its substrates 
and products. Such molecules include also fusion proteins of 
Sucrose phosphorylase with other peptides, polypeptides or 
proteins, which exhibit potentially also enzymatic or binding 
activities. 
0020. According to a preferred embodiment of the present 
invention the glucosyl donor is selected from the group con 
sisting of Sucrose and analogues of Sucrose in which the 
fructosyl moiety has been modified or substituted by another 
ketosyl residue, Glc 1-P. C.-D-glucose-1-fluoride, further 
stable, activated glucosyl donors such as C-D-glucose-1- 
azide, and mixtures thereof. 
0021. The glucosyl donor to be employed in the method of 
the present invention can be any one which serves as Substrate 
for the transglycosylation reaction catalysed by the SPase. 
0022. The use of sucrose (a disaccharide consisting of 
glucose and fructose) in the method of the present invention 
will lead not only to the formation of CGG but also to the 
formation of fructose. If substrates like Glc 1-P or C-D- 
glucose-1-fluoride are employed, phosphate or fluoride will 
be products formed in addition to OGG. The achievable yield 
will depend on the energy content of the glucosyl donor and 
is greater than 30%, preferably greater than 50%, and in 
particular greater than 90%. 
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0023 The sucrose phosphorylase used in a method 
according to the present invention is preferably of microbial, 
preferably bacterial origin. 
0024. The advantage of using microbial SPases is the 
simple production and isolation and stability of these 
enzymes. They can be obtained from microorganisms natu 
rally or recombinantly expressing SPase. 
0025. According to a preferred embodiment of the present 
invention the bacterial Sucrose phosphorylase is obtained 
from Agrobacterium vitis (NCBI P33910), Bifidobacterium 
adolescentis (Q84HQ2), Bifidobacterium longum 
(Q84BY1), Escherichia coli (P76041), Escherichia coli O6 
(Q8FHS2), Lactobacillus acidophilus (Q7WWP8, 
Q7WWQ5), Lactobacillus delbrueckii subsp. lactis 
(Q71I99), Leuconostoc mesenteroides (Q59495, Q9R5Q3), 
Listeria monocytogenes (Q4ENE7, Q4EQR2, Q4ETN7. 
Q4EHAO, Q4EJW2, Q4ELY7), Pseudomonas putrefaciens, 
Pseudomonas saccharophila (AAD40317), Rhodopirellula 
baltica (Q7UIS9), Shewanella baltica (Q3Q4P1), 
Shewanella frigidimarina (Q3NMD1), Solibacter usitatus 
(Q43TL5), Streptococcus mutans (P10249) and/or Synecho 
coccus sp. (O68858, Q7U3J7). 
0026. It is particularly preferred to use at least one SPase 
derived from Leuconostoc mesenteroides. 
0027. The SPase is preferably recombinantly produced as 
a full-length protein or a catalytically active fragment thereof 
or a fusion protein. However, it is of course also possible to 
use SPase directly from the organism which naturally pro 
duces said SPase. Methods for the recombinant production of 
SPase are known to the person skilled in the art (e.g. Sam 
brook J. et al. Molecular cloning: a laboratory manual. ISBN 
0-87969-309-6). 
0028. As used herein, “full-length protein refers to SPase 
encoded by a gene derived from an organism as, for instance, 
listed above. Said naturally occurring gene, in particular the 
SPase encoding region of said gene, is directly employed for 
the recombinant production of SPase. 
(0029) “A catalytically active fragment” of SPase refers to 
protein fragments of SPase which have the same or substan 
tially the same activity and Substrate specificity as native 
SPase. The length of the fragments is not crucial provided that 
the fragments will have the same or similar Substrate speci 
ficity and catalyse the formation of the same products as 
native SPase. 

0030. As used herein, “a fusion protein’ refers to SPase or 
catalytically active fragments thereof recombinantly fused to 
at least one further protein, polypeptide or peptide. Said at 
least one further protein, polypeptide or peptide may be of 
any kind (e.g. enzyme). 
0031. It is noted that within the scope of the invention also 
variants (i.e. mutations including deletions, Substitutions and 
insertions) of SPase are summarised, provided that these vari 
ants have the same or Substantially the same (e.g. increased 
catalytical activity) activity as native SPase. 
0032. According to the present invention the SPase may be 
employed in the incubation step as either a cell-free enzyme, 
which may but need not be partially purified, a whole-cell 
system pre-treated physically or chemically for improved 
permeability of the cell membrane (permeabilisation) and 
mechanical stability, encapsulated catalyst in which said free 
enzyme or whole-cell system are entrapped, preferably in 
gel-like structures, or immobilized on a carrier. A recent 
comprehensive Summary of methods of enzyme immobilisa 
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tion, including the permeabilisation of cells is given by Cao 
L., Carrier-bound Immobilized Enzymes (2005) Wiley-VC 
H, Weinheim. 
0033 Advantageously the SPase is immobilised on a car 
rier which preferably is a solid support. Any material that 
binds said SPase noncovalently, preferably natural or non 
natural polymers with anion exchange properties, or 
covalently, preferably a polymer, more preferably an acrylic 
polymer, in particulara co-polymer of methacrylamide, N,N'- 
methylen-bis(acrylamide) and a monomer carrying oxirane 
groups. 
0034. The carrier is preferably a chromatography resin, 
preferably selected from the group consisting of anion 
exchange chromatography resin, cation exchange chroma 
tography resin, affinity chromatography resin (e.g. compris 
ing immobilised SPase specific antibodies) and hydrophobic 
interaction chromatography resin. 
0035. The SPase of the present invention may be immobi 
lised (temporarily or covalently) on any carrier, preferably 
particles (e.g. beads), in particular chromatography resin, 
provided that the enzymatic activity of the enzyme is not 
affected in a way to change its substrate specificity or to 
reduce its activity to low conversion rates. 
0036. The carrier may comprise functional groups which 
require in order to bind the SPase on the resin that also the 
enzyme carries corresponding binding partners (e.g. Strepta 
vidin bi-otin, chelated metal ions—His-tag). 
0037 To improve the affinity of the enzyme to carriers 
lacking said functional groups, SPase may be recombinantly 
produced as a fusion protein harboring a binding peptide, 
preferably one showing ion-exchange properties, or a binding 
domain, preferably a polysaccharide binding domain, in par 
ticular a cellulose binding domain. 
0038. Several advantages are offered by the use of 
insoluble immobilized enzymes (carrier-bound, encapsu 
lated, whole-cell systems) in the method of the present inven 
tion: 

0039) 1... the immobilized enzyme is easily recovered 
from the reaction mixture at the conclusion of the reac 
tion for reuse, whereas the soluble enzyme is only recov 
ered with difficulty and loss of activity; 

0040 2. the immobilized enzyme is more stable than the 
soluble enzyme, both for the number of enzyme turn 
overs obtained versus the soluble enzyme, as well as for 
recovered enzyme activity at the conclusion of a reaction 
or after prolonged storage in aqueous buffer. 

0041. No specific method of immobilization can be cho 
Sen for a particular enzyme with the expectation that the 
immobilization will be successful. Furthermore, the expecta 
tion for Successful co-immobilization of more than one 
enzyme is even less predictable. It is generally agreed by 
those skilled in the art that a successful immobilization of any 
enzyme must be discovered by Screening a variety of meth 
ods, and an optimal result obtained by trial and error. The 
immobilization of SPase on a carrier stabilizes the enzyme 
activity. Literature shows that entrapment of the enzyme also 
improves the stability (Soetaert W. et al., Progress in Biotech 
nology Vol. 10 (Petersen S. B., Svensson, B., Pederesen, S., 
Eds), Elsevier, Amsterdam). The immobilization of enzymes 
can be performed using a variety oftechniques, including: (1) 
binding of the enzyme to a carrier or Support, via covalent 
attachment, physical adsorption, electrostatic binding, or 
affinity binding, (2) crosslinking with bifunctional or multi 
functional reagents, (3) entrapmentingel matrices, polymers, 
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emulsions, or some form of membrane, and (4) a combination 
of any of these methods. Detailed descriptions of many of 
these methods of enzyme immobilization, and the various 
factors affecting the choice of a method of immobilization, 
are collected in the following volumes of Methods in Enzy 
mology, K. Mosbach (ed.), Academic Press, New York: Vol. 
44 (1976), Vol. 135 (1987), Vol. 136 (1987), Vol. 137 (1988), 
and the references therein. 

0042. The immobilization of SPase on oxirane acrylic 
beads Eupergit C and Eupergit C-25OL (Rohm Pharma) 
resulted in a catalyst (enzyme--carrier) which was particu 
larly stable to the reaction conditions and had a sufficiently 
high specific activity (units of enzyme activity/gram of cata 
lyst). However, to be useful in the method of the present 
invention, both free and immobilized preparations of SPase 
can be used. 

0043. However, many of the deficiencies of the soluble 
enzymes can be eliminated by employing the immobilized 
enzyme catalyst. The stability of immobilized SPase in aque 
ous buffers is much greater than the soluble enzyme. Recov 
ery and reuse of the immobilized catalyst was easily per 
formed by simply filtering the catalyst away from the reaction 
mixture and recycling it to fresh reaction mixture; in this 
manner for immobilized SPase a high number of turnovers 
(i.e., the number of substrate molecules that are converted to 
product molecules per catalyst molecule before inactivation 
of the enzyme) can be achieved. 
0044. The immobilized SPase used in the reaction should 
be present in an effective concentration, usually a concentra 
tion of about 0.001 to about 100.0 IU/ml, preferably about 10 
to about 50 IU/ml. An IU (International Unit) is defined as the 
amount of enzyme that will catalyze the transformation of 
one micromole of Substrate per minute. 
0045. Upon completion of the reaction the SPase bound to 
a carrier may be removed by filtration or centrifugation. If the 
immobilized SPase is packed in a column (e.g. chromato 
graphic column) the production of CGG can be achieved in a 
continuous way without the necessity of removing the immo 
bilized SPase from the reaction mixture. 

0046 According to a preferred embodiment of the present 
invention the incubation of the SPase with the substrates is 
performed at a pH value of 4 to 10, preferably of 5 to 9, more 
preferably of 6 to 8, in particular of 7. 
0047. The pH value in the method according to the present 
invention is preferably selected from the ranges identified 
above, which allows an efficient conversion of the substrates 
into OGG. 

0048. According to another preferred embodiment of the 
present invention the incubation is performed for at least 15 
min, preferably for at least 60 min, more preferably for at least 
3 hours, even more preferably for at least 5 hours. 
0049. The incubation of the substrates with the immobil 
ised or unbound SPase may be performed for at least 15 
minutes. However it is especially preferred to select the incu 
bation time between 1 and 48 or between 5 and 24 hours. The 
incubation time depends also on the incubation temperature 
chosen. This means if the incubation temperature is below the 
optimal temperature of the enzyme the incubation time may 
be extended. 

0050. According to a preferred embodiment of the present 
invention the incubation is performed at a temperature range 
of 10 to 50° C., preferably of 15 to 40°C., more preferably at 
a temperature of 30°C. 



US 2009/0318372 A1 

0051. The mixture which according to the present inven 
tion is incubated with the SPase comprises the glucosyl 
donor, in particular Sucrose, in a concentration of 0.01 to 3 
mol/l, preferably of 0.05 to 2 mol/l, more preferably of 0.1 to 
1.5 mol/1. 
0052. It turned out that the activity of the SPase and its 
Substrate turnover leading to CGG is optimal in the glucosyl 
donor concentrations disclosed herein. 
0053 According to a preferred embodiment of the present 
invention the Substrate mixture comprises glycerol in a con 
centration of 0.01 to 10 mol/l, preferably of 0.05 to 5 mol/l, 
more preferably of 0.1 to 3 mol/l, even more preferably of 0.1 
to 1.5 mol/l. 
0054 The ratio of glycerol to glucosyl donor in the mix 
ture ranges preferably from 0.1:1 to 10:1, preferably from 
0.5:1 to 5:1, more preferably from 1:1 to 3:1. 
0055. The OGG C-D-glucosylglycerol obtainable by the 
method according to the present invention can be isolated by 
different chromatographic methods, preferably by elution 
chromatography on activated charcoal combined with celite 
as a filter aid. The product mixture obtainable by the method 
according to the present invention is loaded on a column of 
said material equilibrated in water, and elution of bound OGG 
is achieved with 2% ethanol. Fractions containing CGG are 
free of residual glycerol and product resulting from cleavage 
of glucosyl donor. The CGG is obtained in a yield of greater 
70%, preferably greater 80%, in particular greater 90%. The 
purity of the product after chromatography is greater 80%, 
preferably greater 90%, in particular greater 95%. Following 
concentration under reduced pressure, Solid OGG is prefer 
ably obtained by drying, preferably by lyophilisation. 
0056 Charcoal may preferably be used as suspension or 
more preferably packed in a column (e.g. chromatographic 
column). The reaction mixture potentially comprising the 
enzyme or residual enzyme and Substrate is contacted with 
the charcoal (e.g. applied on a charcoal column) and Succes 
sively eluted. This eluate or even the reaction mixture itself 
can be (further) purified using an ion exchange resin, for 
instance. 
0057 According to another preferred embodiment of the 
present invention the Sucrose phosphorylase is obtained from 
Leuconostoc mesenteroides (Q59495, Q9R5Q3) and used as 
free or preferably immobilised enzyme preparation, prefer 
ably immobilised on an acrylic polymer, in particular a 
copolymer of methacrylamide, N,N'-methylen-bis(acryla 
mide) and a polymer carrying oxirane groups, wherein the 
immobilised Sucrose phosphorylase is incubated with 
Sucrose as glucosyl donor. 
0058. In particular an SPase derived from Leuconostoc 
mesenteroides immobilised on polmyer particles (or gels) 
carrying oxirane groups was exceptionally stable and well 
Suited for continuous reactions, for example. 
0059 Another aspect of the present invention relates to 
C-D-gluc-osylglycerol (CGG) or a product comprising C-D- 
glucosylglycerol (CGG) obtainable by a method according to 
the present invention. 
0060. The OGG or the product comprising CGG, which 
may be obtained by the method of the present invention, 
comprises the natural occurring CGG (2-O-glyceryl-C-D- 
glucopyranoside) in high amounts because SPase is able to 
specifically catalyze the formation of said C.GG without sig 
nificant formation of by-products resulting from transgluco 
Sylation. It is therefore of particular importance that no regioi 
somer mixture is contained in addition to the desired 2-O- 
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glyceryl-C-D-glucopyranoside also 1-O-glyceryl-C-D- 
glucopyranoside. Separation of these two products would be 
exceedingly difficult. It is also of particular importance that 
under the reaction conditions of the method of the present 
invention the formation of hydrolysis product is prevented 
efficiently such that more than 90%, preferably more than 
95%, more preferably more than 98% of the glucosyl moiety 
of the converted donor is transferred into the desired product. 
0061. If, for instance, sucrose is used as glucosyl donor a 
product comprising natural CGG and fructose is obtained. If 
Glc 1-P is used as glucosyl donor a product comprising natu 
ral OGG and phosphate is obtained. 
0062. Therefore a product obtainable by the method of the 
present invention may further comprise fructose, preferably 
in an equimolar amount to CGG C-D-glucosylglycerol. 
0063 CGG is a naturally occurring molecule (a glycoside; 
a carbohydrate derivative) which serves the function of an 
osmoprotective Substance and stabilizer in various microor 
ganisms. Several publications have shown that isolated OGG 
has a range of out-standing properties which are of substantial 
interest for technological application. Uses of CGG and 
derivatives thereof include but are not limited to the fields of 
medicine (cancer therapy), cosmetics (moisturizing and sta 
bilizing additive to a range of products), and food products 
(antidiabetics). Furthermore OGG is a very efficient stabilizer 
of biomolecules (proteins, lipids) and microorganisms. 
0064. Another aspect of the present invention relates to a 
cosmetic preparation comprising OGG according to the 
present invention. 
0065. The cosmetic products of the present invention are 
especially characterised by the fact that they only comprise 
natural CGG, which may be obtained by the method of the 
present invention. 
0066. Another aspect of the present invention relates to a 
pharmaceutical preparation comprising OGG according to 
the present invention. 
0067. Another aspect of the present invention relates to a 
food Supplement comprising CGG or a product comprising 
CGG according to the present invention. 
0068 Another aspect of the present invention relates to the 
use of OGG or product comprising CGG according to the 
present invention as Sweetener. A particular aspect is the use 
as sweetener of mixtures of OGG and fructose obtainable by 
the method of the present invention. 
0069. Another aspect of the present invention relates to the 
use of OGG as a stabilizing additive to preparations of bio 
molecules during storage or processing, in particular during 
drying. In particular, OGG can serve as a stabilizer of living 
microorganisms, proteins and lipid-derived structures. It can 
stabilize protein preparations, for example without being 
restricted thereto, antibodies, antibody fragments, and 
enzymes, against denaturation and loss of biological activity. 
0070 Another aspect of the present invention relates to the 
use of CGG as an additive that can facilitate protein folding, 
in particular that of recombinant proteins, under conditions in 
vitro as well as in vivo. 

0071 CGG may be in particular used as skin cleanser (JP 
2004/331583), water-based cosmetic (JP 2004/331582), 
accumulation inhibitor of neutral fat (JP 2004/331580), pro 
duction promoter of corium matrix (JP 2004/331579), cell 
activator (JP 2004/331578) and antibacterial agent (JP 2004/ 
331577). 
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0072 The present invention is further illustrated by the 
following figures and examples without being restricted 
thereto. 
0073 FIG. 1 shows the chemical structure of OGG. 
0074 Table 1 shows NMR data for OGG produced and 
purified according to the method of the present invention and 
demonstrate unequivocally the chemical structure in FIG. 1. 

TABLE 1. 

NMR shift assignments in 2-O-glyceryl-C-D-glucopyranoside (CGG), 
measured directly from reaction mixture in D2O at 300 K using external 

calibration with acetone (2.22 ppm H. 31.5 ppm C). 
Koppl. 13C 

Position "H (ppm) Mult Hz) Int ppm 

1 S.21 d 3.8 1H 98.2 
2 3.66 l 1H 72.4 
3 3.84 l 1H 73.3 
4 3.52 l 1H 69.9 
5 3.93 l 1H 71.9 
6a 3.95 l 1H 
6b 3.83 l 1H 610 
1a 3.80 l 2H 
1b 3.75 l 2H 63.8 
2 3.91 l 1H 79.2 

Suhr, R.: Scheel, 0.: Thiem, J. J. Carbohydr. Chem. (1998) 17:937-968 

0075 FIG. 2 shows the production of CGG from sucrose 
and glycerol using free SPase from Leuconostoc mesenteroi 
des. The enzymatic reaction was performed in a stirred batch 
system. A 50 mM MES buffer (pH 7) was used which con 
tained 300 mM sucrose and 2 M glycerol as the substrates. 
The enzyme concentration was 20 IU/ml. In detail, the reac 
tion mixture, containing 300 mM sucrose, 2 M glycerol and 
20 IU/ml SPase in 50 mMMES buffer (pH 7), was incubated 
at 30° C. and 550 rpm for 7.5 hr. Under these optimum 
conditions selected, the yield of OGG was higher than 95%. 
The amount of released glucose was subtracted from the 
amount of released fructose to define the product. 
0076 FIG.3 shows the operational stability of SPase from 
Leuconostoc mesenteroides immobilized on a polymer car 
rying oxirane groups. Results of continuous conversion of 
Sucrose in a packed bed enzyme reactor are shown. The 
substrate solution contained 600 mM of each, sucrose and 
phosphate, in 20 mMMES buffer, pH 7.0. The reaction was 
carried out at 30° C. and a constant flow rate of 6 ml h-1, 
corresponding to an average residence time of 8.8 h (53 ml, 
O) and 18.5 h (111 ml, o), respectively. 
0077 FIG. 4 shows the synthesis of CGG by enzymatic 
glucosylation of glycerol using SPase from Leuconostoc 
mesenteroides at different pH values. The reaction mixture 
contained 0.1 M Glc 1-P, 3M glycerol and 3 IU/ml SPase in 
40 mMMES buffer (pH 6.0, 6.5, 7.0) and 40 mMTES buffer 
(pH 7.5, 8.0), respectively. Conversions were performed at 
30° C. and an agitation rate of 550 rpm. The amount of 
released glucose (cglc) was subtracted from the amount of 
released phosphate (cP) to define the productivity. 
0078 FIG. 5 shows the nucleophilic competition in the 
hydrolysis of sucrose by SPase leading to the synthesis of 
novel C-D-gluc-osides. 

EXAMPLES 

Example 1 
Production of SPase 

0079 SPase can be obtained as a native enzyme or as a 
recombinant enzyme (for example but not restricted thereto, 
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produced in Escherichia coli) according to reports in litera 
ture (Guibert A and Monsan P. Ann. N.Y. Acad. Sci. (1988) 
504:307-311; Vandamme E J et al., Adv. Appl. Microbiol. 
(1987) 32:163–201; Kawasaki Het al., Biosci. Biotech. Bio 
chem. (1996) 60:322-324; Kitao Sand Nakano E. J. Ferment. 
Bioeng. (1992) 73:179-184; vanden Broek LA Metal. Appl. 
Microbiol. Biotechnol. (2004) 65:219-227). It can of course 
be produced in various scales represented by shaken flask 
cultures of a Suitable microorganism and bioreactors, prefer 
ably an aerated or nonaerated Stirred tank reactor or a column 
reactor such as a bubble column or an airlift reactor. Partial 
purification or isolation of the enzyme is done using proce 
dures described for SPase or by adopting general protocols of 
protein purification according to state of the art. Immobiliza 
tion procedures such as, for example but not restricted 
thereto, covalent and noncovalent binding to insoluble carri 
ers, encapsulation, and whole-cell systems, is done using 
protocols already developed for SPase or by adopting general 
protocols according to state of the art (Pimentel M C B and 
Ferreira MSS, Appl. Biochem. Biotechnol. (1991) 27:37-43: 
Soetaert W. et al., Progress in Biotechnology Vol. 10 (Pe 
tersen S. B., Svensson, B., Pederesen, S., Eds), Elsevier, 
Amsterdam; Vandamme E J et al., Adv. Appl. Microbiol. 
(1987) 32:163–201). 

Example 2 
Enzyme Assays 

0080 SPase activity was determined at 30° C. using a 
continuous coupled enzymatic assay, in which production of 
Glc 1-P from Sucrose and inorganic phosphate is coupled to 
the reduction of NAD" in the presence of phosphoglucomu 
tase (PGM) and glucose 6-phosphate dehydrogenase (G6P 
DH). The standard assay was performed essentially as 
described elsewhere in 50 mM potassium phosphate buffer, 
pH 7.0, containing 10 mM EDTA, 10 mM MgCl, and 10 uM 
C-D-glucose 1,6-bisphosphate. The reaction mixture con 
tained 250 mM sucrose, 2.5 mM NAD", 3 Uml PGM, 3.4 
Uml NAD"-dependent G6P-DH and the enzyme solution 
in appropriate dilution. The formation of NADH with time 
was monitored spectrophotometrically at 340 nm. One unit of 
SPase activity corresponds to the amount of enzyme that 
caused the reduction of 1 umol of NAD+ per minute under the 
conditions described above. Protein concentrations were 
determined using the BioRad dye-binding method with 
bovine serum albumin as standard. Phosphate was deter 
mined calorimetrically at 850 nm and Glc 1-P was assayed in 
a coupled enzymatic system with PGM and G6P-DH. 

Example 3 
Immobilization of LimSPase onto a Polymer Con 

taining Oxirane Groups 
I0081. A total amount of 700 U of a preparation of crude 
SPase with a specific SPase activity of 50 Umg' was incu 
bated at 4°C. with 10 g of Eupergit C in 0.7 M potassium 
phosphate buffer, pH 7.0, for 14 h. The agitation rate was 250 
rpm. The immobilisate was washed several times with 20 mM 
MES buffer, pH 7.0. The binding efficiency, given by the ratio 
of the residual activity measured in the supernatant after the 
immobilisation and the total activity employed (U), was 0.5. 

Example 4 
Operational Stability of Immobilized SPase 

I0082 Eupergit C, onto which SPase was attached, was 
packed in a GE Healthcare XK26/40 glass column (2.6 cm; 
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53 ml or 111 ml, 34 Ug Eupergit C), equipped with a 
thermostatic jacket. The column was equilibrated with 20 
mM MES buffer, pH 7.0. The substrate solution contained 
600 mM of each, sucrose and phosphate in the same buffer, 
and was brought to reaction temperature (30°C.) by incuba 
tion in a water bath. The Solution was pumped through the 
packedbed at a constant flow rate of 6 ml-h' delivered from 
a GE Healthcare piston pump (model P-500). The tempera 
ture at the outlet of the reactor was monitored continuously. 
At certain times, 1-ml samples were taken and used for fur 
ther analysis. 
I0083 FIG.3 shows the time course of Glc 1-P production 
in a continuous fixed bed reactor operated at a constant axial 
flow rate of 1.13 cm-h'. Depending on the average residence 
time determined by the bed height, 8.8 h or 18.5 h, the con 
version of sucrose (600 mM) was 68% and 91% respectively. 
The corresponding productivities, calculated as gl' product 
x reciprocal residence time, were 15.4 g (1-h) and 10.9 
g(lh). Note that the conversion rate remained constant up 
to extended reaction times of 650 h, emphasizing the excel 
lent stability of immobilised SPase under the operational 
conditions. 

Example 5 

Synthesis of CGG Using Glc 1-P as the Donor 

0084. The reaction mixture contained 0.1 M Glc 1-P, 3M 
glycerol and 3 IUml LimSPase in 40 mMMES buffer (pH 
6.0, 6.5, 7.0) or 40 mM TES buffer (pH 7.5, 8.0). The enzy 
matic conversion was followed over time at 30° C. and an 
agitation rate of 550 rpm. The concentrations of released 
phosphate (cP) and glucose (cglc) were determined. The 
amount of transglucosylation product formed corresponds to 
cP-cglc. Results are shown in FIG. 4. 

Example 6 

Synthesis of CGG Using Sucrose as the Donor 
0085. The reaction mixture, containing 300 mM sucrose, 2 
M glycerol and 20 U/ml SPase in 50 mMMES buffer (pH 7), 
was incubated at 30° C. and 550 rpm for 7.5 hr. Under these 
optimum conditions selected, the yield of OGG was higher 
than 95% (FIG. 2). Product analysis was done using HPLC 
employing a BioRad HPX-87C column and-reflection index 
detection. The column was kept at 85°C. and deionized water 
was used as eluentata flow rate of 0.6 ml/min. The amount of 
released glucose was measured using state-of-the-art glucose 
oxidase/peroxidase assay. NMR analyses, shown in Table 1, 
confirmed the correct structure of CGG and the composition 
of the product mixture. Note that hydrolysis (i.e. formation of 
glucose) is prevented efficiently under the conditions used in 
Examples 10a and 10b. 

Example 7 
Purification of OGG 

I0086. About 90 ml of product, obtained as in example 6 
except that 800 mM sucrose was used, were loaded onto a 
column (XK 50/60, GE Healtcare) packed with about 1 litre 
of a 1:1 mixture of activated charcoal Norit(R) (Type Norit SX 
Ultra) and celite R501 (Filter Aid, calcined). The column was 
equilibrated with water. The product solution contained 16.3 
g CGG, 12.4 g fructose, 2.2g Sucrose, 13.1 g glycerol and 0.8 
g glucose. Elution was performed using a step-gradient of 
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ethanol in water, using 4 litres of water, followed by 4 litres of 
2% ethanol, and finally 2 litres of 15% ethanol. OGG elutes at 
2% ethanol, separated from unreacted Sucrose as well as 
fructose. Glycerol is present in the water fraction. The yield of 
recovered OGG is 56%, and the purity of OGG assessed by 
HPLC is greater than 98%. 

Example 8 

Stabilization of Proteins. During Freeze Drying 

I0087. The protein of interest (e.g. mannitol dehydroge 
nase, MDH) was incubated at a concentration of 0.8 mg/ml in 
the presence of 0, 20, 50, 100, 500, 1000 or 1500 mMOGG in 
100 mM Tris/HCl buffer, pH 7.0. The samples were lyo 
philized over-night and dissolved in the same buffer again. 
The specific enzyme activity was determined, using appro 
priate assays for the corresponding enzyme as described else 
where (Slatner M. et al., Biochemistry 38: 10489-10498), 
before and after freeze drying. Without any stabilizer added 
the enzymatic activity of MDH dropped down to 2% after 
freeze drying, whereas OGG is able to maintain enzymatic 
activity up to 48% irrespective of the added OGG concentra 
tion. 

1. A method of making 2-O-glyceryl-C-D-glucopyrano 
side (CGG) from a glucosyl donor and a glucosyl acceptor 
comprising the steps: 

providing a Sucrose phosphorylase (EC 2.4.1.7); 
incubating said sucrose phosphorylase with a mixture 

comprising a glucosyl donor and glycerol as glucosyl 
acceptor; and 

isolating and/or purifying 2-O-glyceryl-O-D-glucopyra 
noside from said mixture. 

2. The method according to claim 1, wherein the glucosyl 
donor is selected from the group consisting of Sucrose and 
analogues of Sucrose comprising a fructosyl moiety modified 
or Substituted by another ketosyl residue, C-D-glucose-1- 
phosphate, C-D-glucose-1-fluoride, further stable, activated 
glucosyl donors: C-D-glucose-1-azide, and mixtures thereof. 

3. The method according to claim 1, wherein the sucrose 
phosphorylase is of microbial origin or bacterial origin. 

4. The method according to claim 3, wherein the sucrose 
phosphorylase is obtained from Agrobacterium vitis (NCBI 
P33910), Bifidobacterium adolescentis (Q84HQ2), Bifido 
bacterium longum (Q84BY1), Escherichia coli (P7604.1), 
Escherichia coli O6 (Q8FHS2), Lactobacillus acidophilus 
(Q7WWP8, Q7WWQ5), Lactobacillus delbrueckii subsp. 
lactis (Q71 I99), Leuconostoc mesenteroides (Q59495, 
Q9R5Q3), Listeria monocytogenes (Q4ENE7, Q4EQR2, 
Q4ETN7, Q4EHAO, Q4EJW2, Q4ELY7), Pseudomonas 
putrefaciens, Pseudomonas saccharophila (AAD40317), 
Rhodopirellula baltica (Q7UIS9). Shewanella baltica 
(Q3Q4P1), Shewanella frigidimarina (Q3NMD1), Soli 
bacter usitatus (Q43TL5), Streptococcus mutans (P10249) 
and/or Synechococcus sp. (O68858, Q7U3J7). 

5. The method according to claim 1, wherein the sucrose 
phosphorylase is recombinantly produced as full-length pro 
tein or a catalytically active fragment thereof, or a fusion 
protein. 

6. The method according to claim 1, wherein the sucrose 
phosphorylase is prior the incubation step immobilized on a 
carrier. 

7. The method according to claim 6, wherein said carrier is 
a solid Support, 
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8. The method according to claim 1, wherein the carrier is 
a chromatography resin, an-anion exchange chromatography 
resin, a cation exchange chromatography resin, an affinity 
chromatography resin or a hydrophobic interaction chroma 
tography resin. 

9. The method according to claim 1, wherein the incubation 
is performed at a pH value of 4 to 10. 

10. The method according to claim 1, wherein the incuba 
tion is performed for at least 15 min, for at least 60 min, for at 
least 3 hours, or for at least 5 hours. 

11. The method according to claim 1, wherein the incuba 
tion is performed at a temperature range of 10 to 50° C., 15 to 
40° C. 

12. The method according to claim 1, wherein the mixture 
comprises the glucosyl donor in a concentration of 0.01 to 3 
mol/l, of 0.05 to 2 mol/l, or of 0.1 to 1.5 mol/l. 

13. The method according to claim 1, wherein the mixture 
comprises glycerol in a concentration of 0.01 to 10 mol/l, of 
0.05 to 5 mol/l, of 0.1 to 3 mol/l, or of 0.1 to 1.5 mol/l. 

14. The method according to claim 1, wherein the ratio of 
glycerol to glucosyl donor in the mixture ranges from 0.1:1 to 
10:1, from 0.5:1 to 5:1, or from 1:1 to 3:1. 

15. The method according to a claim 1, wherein C-D- 
glucosylglycerol is isolated by elution chromatography on 
activated charcoal in a yield of 55%, 70%, 85% or greater than 
85%. 

16. The method according to claim 1 to 15, wherein the 
Sucrose phosphorylase is obtained from Leuconostoc 
mesenteroides (Q59495, Q9R5Q3) and immobilised on an 
acrylic polymer, wherein the acrylic polymer comprises a 
copolymer of methacrylamide, N,N'-methylen-bis(acryla 
mide) and a polymer carrying oxirane groups, wherein the 
immobilized sucrose phosphorylase is incubated with 
Sucrose as glucosyl donor. 

17. A method of producing a mixture containing C-D- 
glucosylglycerol and fructose comprising the steps: 

providing a Sucrose phosphorylase (EC 2.4.1.7); 
incubating said Sucrose phosphorylase with a mixture 

comprising Sucrose and glycerol as glucosyl acceptor; 
and 

isolating and/or purifying the C-D-glucosylglycerol and 
fructose mixture. 

18. A product made by the process of claim 17, wherein the 
product comprises a C-D-glucosylglycerol. 

19. The product of claim 18, wherein the fructose is in an 
equimolar amount to the C-D-glucosylglycerol. 

20. A cosmetic preparation comprising C-D-glucosylglyc 
erol and an acceptable carrier. 
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21. A pharmaceutical preparation comprising C-D-gluco 
sylglycerol and a pharmaceutically acceptable carrier. 

22. A food Supplement comprising Ol-D-glucosylglycerol 
made by the steps of claim 18. 

23. A method of Sweetening a sample comprising the steps 
of: 

adding a composition comprising a C-D-glucosylglycerol 
or product comprising C-D-glucosylglycerol to a 
sample. 

24. A method of stabilizing of biomolecules comprising the 
steps of: 

administering a composition comprising an O-D-gluco 
Sylglycerol to a sample to stabilize one or more a bio 
molecules, selected from proteins, protein fragments 
and lipid-derived structures during processing and stor 
age. 

25. The method of claim 24, wherein the sample comprises 
one or more living microorganisms during processing and 
Storage. 

26. The method of claim 24, wherein the proteins are dried 
or lyophilized. 

27. The method of claim 24, wherein the C-D-glucosylg 
lycerol or product comprising C-D-glucosylglycerol assists 
protein refolding from inclusion bodies and preventing pro 
tein misfolding and aggregation in vivo. 

28. The method of claim 24, wherein the C-D-glucosylg 
lycerol or product comprising C-D-glucosylglycerol 
improves cell viability during recombinant protein produc 
tion. 

29. The method of claim 24, wherein the C-D-glucosylg 
lycerol or product comprising C-D-glucosylglycerol 
improves the stability of enzymes under reaction conditions. 

30. The method of claim 24, wherein the sample comprises 
Escherichia coli. 

31. The method according to claim 7, wherein said carrier 
comprises an acrylic polymer, a methacrylamide, a N,N'- 
methylen-bis(acrylamide) or a monomer comprising one or 
more oxirane groups. 

32. The method according to claim 1, wherein the incuba 
tion is performed at a pH value of 5 to 9. 

33. The method according to claim 1 wherein the incuba 
tion is performed at a pH value of 6 to 8. 

34. The method according to claim 1 wherein the incuba 
tion is performed at a pH value of about 7. 

35. The method according to claim 1, wherein the incuba 
tion is performed at a temperature range of about 30° C. 

c c c c c 


