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Abstract: A library of thermophilic glycosidases was screencd for lactosamine preparation from a transgalactosylation reaction
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hydrochloride. The product could be synihesized on a multigram scale and was easily separaied and purified by subseguently
eluting through cation and anion exchange resin columns, © 1998 Elsevier Science Ltd. All rights reserved.

Lactosamine sequence, normally in the form of N-acetyllactosamine, exists as the core structure in many
glycoproteins and glycolipids.""? Both chemical® and enzymatic’ ' methods have been developed to synthesize
this disaccharide sequence. Comparing these two methods, enzymatic synthesis has the advantage of no
protection and deprotection over the chemical strategy. Two kinds of enzymes can be used in this synthesis:
galactosyltransferases and B-galactosidases. Both enzymes have some drawbacks. In spite of high selectivity and
yield in galactosyltransferase-catalyzed reaction, the limited availability of the enzyme, its high cost and instability,

and the requirement of expensive uridine 5’ dmhnqnhno alactose {I]T)P-Gah as the donor component present
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product from the reaction mixture which contains similar compounds hampers its application. Although
approaches have been developed to deal with this problem, which included modifications of the acceptor’ and the
tandem use of galactose oxidase and galactosidase'’, a more efficient and practical route is still necessary. Here
we report a new galactosidase-catalyzed reaction which is based on the use of glucosamine hydrochloride salt as
the acceptor for the synthesis of lactosamine derivatives (Scheme 1). Since the aminosugar is positive charged at
neutral condition, a separation procedure using cation exchange resin column can be implemented to separate the
positive charged species from the uncharged ones. In addition, the NH,-containing monosaccharides and

disaccharides can also be separated from each other with cation exchange resin if an appropriate eluent can be
found.
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Scheme 1. Synthesis of lactosamine with a galactosidase catalyzed transgalactosylation reaction.
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Table 1. Screening of a thermophilic enzyme library (Gly001) for the synthesis of lactosamine

Entry  Enzyme Temperature Time Total "ield" Regioselectivity®
“C) (hours) 14+ 1-6,%) (1-4)/ (1-6)

1 Gly001-01 85 24 NP* --

2 Gly001-02 85 4.5 8 35/65

3 Gly003-03 85 12 10 45/55

4 Gly003-04 85 24 7 65/35

5 Gly001-05 85 24 NP --

6 Gly001-06 90 72 19 100/0

7 Gly001-07 85 72 12°¢ --

8 Gly001-08 85 3 13 20/80

9 Giy(01-05 85 25 23 100/0

10 Gly001-10 85 24 NP --

11 Galactosidase’ 25 2 16 65/35

a. All reactions were conducted as follows: To 20 mmol lactose and 2 mmol glucosamine hydrochloride,

the following volume of enzymes was added separately [#1: 2 mL (1.1 mg/mL); #2: 1 mL (1.9 mg/mL); #3:
2 mL (0.87 mg/mL); #4: 2mL (1.0 mg/mL); #5: 3 mL (0.98 mg/mL); #6: 2 mL (1.1 mg/mL); #7: 2 mL (1.7
mg/mL); #8: 2 mL (1.9 mg/mL); #9: 2 mL (1.8 mg/mL); #10: 2 mL (0.8 mg/mL); 10 mg galactosidase from
Bacillus circulans.]. The volume of the solution was adjusted to 10 mL by phosphate buffer (50 mM, pH
6.0). After reaction, the product(s) was purified by subsequently eluting through cation and anion exchange
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was descrxbed in the text.

c. Calculated from the integration of the 'HNMR spectra. Both products are confirmed by '"H-NMR and “C-
NMR. Selective data for lactosamine hydrochloride: 'H-NMR (400 MHz, D,0) 8 = 5.31 (d, J = 3.6Hz, 1-H
), 485 (d J = 8.4Hz, 1-H B), 4.34 (d, ] = 7.6Hz, 1'-H, B); "C-NMR (100.6 MHz, D,0) & = 103.30 (1'-C,
ﬂ), 92.80 (1-C ﬁ 890.11 (l -C o). For 1-6 isomer: H NMR (400 MHz, D,0) 6 =5.30 (d, J = 2.8Hz, 1-H o),
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.2Hz, 1’-H, B); BC-NMR (100.6 MHz, D,0) & = 103.64 (i’-C, B,
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93.11 (1-C, B), 89.46 (1-C, o).

d. NP means that no significant amount of product can be separated.
€. The product is a mixture of more than two regioisomers.
f. From Bacillus circulans.

The other significance of this work was the use of thermophilic enzymes. Thermophilic and
hyperthermopbhilic organisms, known as “Thermophiles”, can thrive at temperatures above 75 °C."' Thermophilic
enzymes presenting in these organisms have already evolved to enable them to thrive in harsh environments.
Although extremophiles can grow in laboratory cultures, the number of characterized thermophilic enzymes
isolated from the organism secretes is limited because of a mismatch between organism and culture. In order to

bypass the culture hurdle, Diversa Corporation (San Diego, CA) has succeeded in developing thermophilic

enzymes through clonmg and automated hlgh-through -put screening systems.'?’* These thermophilic enzymes
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contains 10 unique thermostable enzymes, each enzyme displays a variety of activities ranging from
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galactosidase, glucosidase to fucosidase.”® However, little effort has been made to explore the potential
; ieats 13 Yo thie eunthatic work such a thermonhilic olveadidage likrar
synthetic applications of these novel enzymes.”” In this synthetic work, such a thermophilic 21yCOSIGASE 1i0Tary
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was used together with a conventional galactosidase from Bacillus circulans to evaluate their synthetic
application.

The transgalactosylation between lactose and glucosamine hydrochloride was carried out at 85 °C using
one of the ten enzymes in this library (GlyOO1) which all have B-galactosidase activity. Results (Table 1, entry
1-10) demonstrated that Gly001-06 and Gly001-09 gave the only one regioisomer (lactosamine) in 19% and 23%
yield (Entry 6 and 9). Gly001-06 had lower activity than Gly001-09. So it required higher temperature and

longer reaction time. Three enzymes (Gly001-01, -05 and -10) had no significant activity. All of these active

products were composed of more than two regioisomers. In addition, only Gly001-08 gave the 1-6 isomer as the
major product (Entry 8). B-D-galactosidase from Bacillus circulans was also applied to the same reaction at room

(Entry 12). According to the literature,” this enzyme has good regioselectivity toward N-
acetylglucosamine. However, the transgalactosylation studied here gave products containing a mixture of 1-4 and
1-6 regioisomers in a ratio of 2: 1. The amino-containing disaccharide product(s) could be separated by using
cation exchange resin column with 0.15 M HCl as eluent. 1-4 and 1-6 isomers also could be separated from each
other with low concentration HCl (0.05M) as eluent. The collected solution containing product(s) was neutralized
by anion exchange resin. We used several different anion exchange resins and found the weakly basic anion
exchange resin of Dowex (MARATHON, WBA) gave a close to neuwral solution. This indicated that it could
neutralize the HC] but keep the product(s) as hydrochloride salt. The ratios of 1-4 and 1-6 isomers in Table 1

were calculated from the integration of the "HNMR spectra of the mixture, and were confirmed by the weight ra
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galactopyranoside (ONP-Gal) was also used as a l l
donor but resulted in no significant formation of Y Y
lactosamine. The reason might be that the
hydrolysis of ONP-Gal was faster than the Cat

. . ation - .
transgalactosylation reaction. In contrast, the Twrbon e Anion-
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ydrolysis of lactose had a comparable rate with Resin Resin
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the transgalactosylation. Thus lactosamine could
be produced when lactose was used as a donor.
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typical procedure for the multigram scale Lactosamine — Lactosamine
synthesis is as follows (Scheme 2): To a in0.15 M HCl Hydrochloride

solution of 8.6 g (40 mmol) glucosamine Schem %,,. zf‘o':eiuriff:ggirf:iggffiggﬁgcadon of
hydrochloride and 72 g (200 mmol) lactose in 100 CoT e e e

mL phosphate buffer (50 mM, pH 6.0), 15 mL (1.8 mg/mL) Gly001-09 was added. After incubation at 85°C for
74 hours, the reaction mixture was diluted with 300 mL distilled water and then loaded to a cation exchange resin
column (Dowex 50, H' form, 200-400 mesh, 400 mL). Unreacted lactose and other products (glucose and
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through an anion exchange resin column (Dowex, Marathon WBA, OH" form, 20-50 mesh, 300 mL) in order to
neutralize the acid. Then the anion exchange resin column was washed with distilled water. The collected
solution was concentrated under reduced pressure at 40 °C to a volume of 50 mL, and lyophilized to give the pure
product as hydrochloride salt (3.2 g, 20% yield). The reactant glucosamine hydrochloride (5.9 g, 69%) could be
recovered by eluting the cation exchange resin column with 0.6 M HCl and the resin (H' form) was regenerated at
the same time. If based on the glucosamine consumed, the yield of lactosamine was 65%.

In summary, we succeeded in multigram scale synthesis of lactosamine by using glucosamine as an
acceptor. With unprotected amino group in the acceptor, we could separate the product by using cation exchange

esin column. Another advantage of this method is that the amino groun of lactosamine can be protected with a
resin column, Another advantage method 1s that the amin group of lactosamine can be protected with a
variety of nrotecting erouns!® for further synthetic anplication Further work is in nroeress to use the synthetic
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