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To investigate the source of the maltose unit in acarbose, feeding experiments using *H- or
?H-labeled maltose or maltotriose were carried out with resting cells of Actinoplanes sp. SN223/29.
It was found by experiments with [6"-3H]- and [1-3H]maltotriose that a maltose unit from the
nonreducing end of maltotriose is incorporated into acarbose more efficiently than from the reducing
end. However, experiments with [6”-2H]- and [2-2H]maltotriose showed that maltose from either
the reducing end or from the nonreducing end of maltotriose was incorporated into acarbose. The
results established that acarbose is formed from maltotriose by two routes; (1) Sixty percent of the
acarbose are formed by attachment of maltose, produced by removing a glucose exclusively from
the nonreducing end of maltotriose, to the pseudodisaccharide core unit. (2) The other 40% of the
acarbose are formed by direct attachment of maltotriose to the core unit followed by loss of the
terminal glucose from the reducing end. Furthermore, it was observed that there is no scrambling
of label between the two glucose moieties of acarbose, that maltotriose is a comparably efficient
precursor of acarbose as is maltose, and that the core unit is enriched up to 50% from the 2H-glucose
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liberated from the deuterated maltotrioses.

Acarbose (Figure 1), a pseudooligosaccharide known
as an o-glucosidase inhibitor and clinically useful drug
for the treatment of type I insulin-independent diabetes,
was found in Actinoplanes during screening for metab-
olites useful in metabolic disorder like diabetes, hyper-
glycemia or obesity'). Acarbose is the major and most
active component among its analogs isolated from the
fermentation broth of Actinoplanes, and the compound
consists of an unsaturated aminocyclitol, a deoxyhexose
and a maltose. The unsaturated aminocyclitol moiety is
primarily responsible for the inhibition of a-glucosidase?,
and its structure is identical with that of valienamine
which is also found in other secondary metabolites such
as the validamycins®, salbostatin®, adiposin®, amylo-
statin® and trestatin”. These cyclitol moieties are
aliphatic analogs of m-C,N units which are found in
many antibiotics, e.g., the ansamycins® and mito-
mycins®. The m-C,N unit in those antibiotics is syn-
thesized via a branch of the shikimate pathway!®.
However, experiments using stable isotope-labeled
precursors have established that the m-C,N units of
acarbose'! and validamycin'? are derived from the

pentose phosphate pathway. The biosynthesis of the
deoxysugar moiety is very likely similar to that of other
deoxyhexoses which are found in many secondary
13 The conversion of hexoses to the

corresponding 4-keto-6-deoxyhexoses, as their nucleotide

metabolites

diphosphates, by a stereospecific intramolecular oxido-
reductase reaction!® which is catalyzed by a NAD™-
dependent 4,6-dehydratase, plays an important role in
the biosynthesis of various D- and r-deoxysugars'®.
The production of acarbose is strongly dependent on
fermentation conditions, especially on carbon source.
Acarbose is produced at higher levels in media contain-
ing glucose plus maltose rather than only glycerol or
monosaccharides!®. In addition, it was reported that
14C-glucose was incorporated only into the pseudodi-
saccharide core unit but not into the maltose unit!®.
Those experiments demonstrated that the maltose unit
in acarbose is not derived from glucose but from maltose
or higher oligomers. However, it was not known yet how
higher oligomers of maltose are attached to the core unit
to produce acarbose. Thus, we report in this paper the
results of feeding experiments with 3H- and 2H-labeled
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Fig. 1. Structure and degradation of acarbose.
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maltose/maltotriose using resting cells of Actinoplanes
sp. SN223/29 designed to elucidate the biosynthetic
route(s) from maltotriose, a model oligosaccharide, to
acarbose.

Materials and Methods

Materials

[1-*H]Maltotriose was obtained from the National
Tritium Labelling Facility, Berkeley, CA'”. [6"-*H]-,
[6"-2H]-, and [2-*H]maltotriose and [2-?H]maltose
were synthesized in our laboratory'®. Soybean meal (fat
free) and yeast extract were obtained from Bayer AG,
Germany. NZ-Amine A was purchased from ICN Bio-
chemicals, and sodium pyruvate, a- and f-amylase from
Sigma. CM-Sephadex C-25 was obtained from Pharma-
cia and the HPLC column packed with Microsorb-NH,

from Rainin.

Organisms and Culture Conditions for Feeding Ex-

periments

Actinoplanes sp. SN223/29 provided by Bayer AG,
Wuppertal, Germany, was used for all the experiments.
The inoculum suspension of this microorganism (1 ml)
was transferred into a 250 ml flask containing 50ml of
vegetative medium consisting of glycerol 2.5%, soybean
meal (fat free) 3.0% and CaCO; 0.2%, pH 7.2 before
sterilization. After incubation on a rotary shaker at

200 rpm (ISF-4-V shaker, Adolf Kuhner AG) and 28°C
for 3 days, 1 ml of vegetative culture was inoculated into
each 250 ml flask containing 50 ml of medium consisting
of glucose 0.5%, maltose 1%, sodium pyruvate 0.2%,
NZ-Amine A 0.3%, yeast extract 0.6%, CaCO; 0.1%,
and KH,PO, 0.1%. The cultures were incubated on a
rotary shaker at 200rpm and 28°C. After 40 hours
incubation, the cultures from 3 flasks were combined and
the cells were collected by centrifugation (4000¢g x 20
minutes). The cells were washed twice with 100 mM cold
potassium phosphate (pH 6.9) and were suspended in a
medium consisting of 50 mM potassium phosphate (pH
6.9), glucose 0.1% and bactopeptone 0.06% to make
150 m! cell suspension. Each 50ml of resting cells
suspension in a 500 ml flask was incubated for 22 hours
on a rotary shaker at 220 rpm and 28°C in the presence
of the labeled compounds.

Isolation and Purification of Acarbose

After the 22 hours incubation the cultures were
harvested and centrifuged (4000¢g x20 minutes). The
supernatant was removed to isolate acarbose, treated
with 50m! of MeOH and concentrated in vacuo. To
residues from experiments with *H-labeled compounds
10mg of acarbose was added as carrier material. The
residue was treated with 100 ml of 80% MeOH, stirred
for 2 hours and centrifuged. The supernatant was
concentrated to dryness under reduced pressure. The
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residue was dissolved in 3ml of H,O and centrifuged to
remove insoluble materials. The supernatant was applied
to a CM-25 cation-exchange column (1 x 60cm). The
column was eluted with deionized water and the frac-
tions containing acarbose were identified by monitoring
the effluent at 210nm. The acarbose-containing frac-
tions were combined and concentrated to dryness under
reduced pressure for further analysis. The radiolabeled
acarbose obtained from the CM-25 column was purified
further by HPLC on a Rainin Microsorb-NH, column
(4.6 x 250 mm) using 75% CH,CN at | ml/minute flow
rate and monitoring at 210nm. The radioactivity of
acarbose was determined by scintillation counting
(Beckman LS 1801) using Bio-Safe II biodegradable
counting cocktail (Research Products International
Corp). In the case of *H-labeled acarbose, the product
was purified further on a CM-25 column instead of HPLC
to separate it from acarbosylglucose (acarbose + glucose).

a-~ and B-Amylase Digestions of 2H-Labeled Acarbose

The purified acarbose (~2mg each from the
2H-labeled precursors) was dissolved in 200 ul of water
and 10 ul each of the solution (0.15 umole) was digested
with a- or f-amylase. The solution (10 ul) was diluted
with 90 ul of 20 mm potassium phosphate buffer (pH 7.0)
containing 6 mM NaCl, and incubated with a-amylase
(1U) at RT for 2 hours. For the incubation with f-
amylase (0.1 U), the acarbose solution (10 ul) was mixed
with 90 ul of 10mm acetate buffer (pH 4.8) containing
3mm NaCl and incubated at RT for 2 hours. Ten
microliter of each sample was subjected to electrospray
ionization mass spectrometry to determine the deuterium
enrichment of the products.

Analysis of 2H-Labeled Compounds by ES-MS
The isolated compounds, acarbose, acarbosylglucose,

maltose, maltotriose and acarbose digested by a- or
. B-amylase were analyzed using a Fisons VG Quattro II
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electrospray ionization mass spectrometer. For routine
analysis, each sample was diluted with water to contain
5~10nmole/10ul for an injection at a flow rate of
20 pl/minute using 50% CH3CN. The SIM (selective ion
monitoring) method for the molecular ions and MRM
(molecular extract monitoring) method for the daughter
ions were used to determine the absolute enrichments of
target compounds. The daughter ions of acarbose and
acarbosylglucose were observed as m/z 304 (V+D); the
collision energy of 20eV produced an intensity ratio,
molecular ion (M +H™; 646 for acarbose and 808 for
acarbosylglucose) : daughter ion (304)=1:9. The ab-
solute enrichment of each sample was calculated by the
following equation:

[(M + 1/M)enr — (M + 1/M)st]
1+[(M + [/M)enr — (M + 1/M)st]

x 100 (‘yo)

Results and Discussion

Generally oligo- or polysaccharides are hydrolyzed by
glucosidases (amylases, sucrase, glucoamylase, amyloglu-
cosidase, etc.) to lower saccharides, e.g., glucose, fructose
or maltose, for their utilization in the cells. Therefore,
we selected maltotriose, the simplest saccharide to
produce maltose, as an example of oligosaccharides to
search for the source of the maltose unit of acarbose.
We first tested radiolabeled [1-*H]- and [6”-*H]malto-
triose with resting cells of Actinoplanes sp. SN223/29
with and without 10 umole of acarbose as carrier in the
absence of unlabeled maltose. As shown in Table 1,
incubations of 3H-maltotriose with acarbose showed
higher incorporation than those without acarbose, sug-
gesting that acarbose itself is a very efficient substrate
for a glycosyltransferase, possibly the same enzyme
connecting the core unit (V + D in Figure 1) and maltose
to produce acarbose. It was found that both labeled
maltotrioses were incorporated into the acarbose fraction
at similar levels when measured after the purification by

Table 1. Incorporation of [1-*H]- and [6"-*H]maltotriose into acarbose.

Substrates
Unlabeled acarbose

Specific activity of acarbose
plus acarbosylglucose purified

Specific activity of acarbose
purified by HPLC

[1-*H]-, [6’-*H] (umole) : : .
maltotriose (uCi)® by CM-25 (nCi/mmole) (nCi/mmole)
10, 0 1.63 0.38
1o, 0 10 7.85 0.95
0, 10 1.55 1.40
0, 10 10 5.27 4.05

2 Specific activity of [1-*H]- and [6”-3H]maltotriose: 40 uCi/umole.

b

HPLC with a microsorb-NH, column was used after the CM-25 cation exchange column to purify acarbose.
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the CM-25 cation exchange column. However, in the
subsequent purification by HPLC the specific radio-
activity of acarbose isolated from the incubation with
[1-*H]maltotriose decreased - dramatically, while the
specific radioactivity of the acarbose from [6”-
SH]maltotriose decreased only slightly. These results
demonstrate that the purification by CM-25 cation-
exchange column does not effectively separate *H-
acarbose from its homolog, *H-acarbosylglucose, but the
HPLC method is sufficient to obtain pure acarbose. In
addition, the results led to the postulate that maltose
from the nonreducing end of maltotriose could be the
source of the maltose unit in acarbose via two different
pathways, either cleavage of maltose from the non-
reducing end of maltotriose followed by attachment
to the core unit, or attachment of maltotriose directly
to the core unit followed by loss of the terminal glucose
at the reducing end.

Based on the above results with radiolabeled malto-
triose, experiments using stable isotope-labeled malto-
triose were designed to elucidate the route(s) by which
maltotriose provides the maltose unit. Therefore, [2-
2H]maltose (to use as reference), and [6”-?H]- and
[2-?H]maltotriose were synthesized in our laboratory®,
and tested with the resting cell system in the absence of
unlabeled maltose. Compounds isolated from the CM-25
cation exchange column were analyzed by electrospray
ionization mass spectrometry, a powerful tool to analyze
polar compounds such as carbohydrates or proteins'®.
We used the SIM.and MRM methods to determine the
percentages of deuterium enrichment of the components
of interest. As shown in Table 2, both [6”-2H]- and
[2->H]maltotriose were incorporated into acarbose at
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similar levels but lower than [2-2H]maltose. Maltose was

isolated from all incubations but maltotriose only from
the one with [6”->H]maltotriose. [2-2H]Maltotriose was
degraded completely to maltose and glucose during the
22 hours incubation period (all compounds were added
at 0 hour) and the enrichment of the isolated maltose
was almost the same as that of the substrate, [2-?H]-
maltotriose. In the case of the incubation with [2->H]-
maltose, the substrate was not degraded completely to
glucose during the same length of time, despite the fact
that it was used at the same molar concentration and
enrichment as the [2-2H]maltotriose, and the enrichment
of the reisolated maltose was also similar to that of the
substrate [2-2H]maltose. However, the enrichment of the
isolated maltose from the incubation with [6"-
2H]maltotriose (14%) was much lower than those from
the [2-?H]maltotriose and the [2-H]maltose (over
90%), while the enrichment of the reisolated maltotriose
was found to be the same as that of the substrate
[6”-2H]maltotriose. The maltotriose was probably not
degraded completely to maltose and glucose in this
incubation due to a different feeding schedule (addition
in two portions, half at 0 hour and half at 9 hours). The
results also indicate that maltotriose was not significantly
reformed from maltose+ glucose produced by the
maltotriose degradation. Since [6-?H]glucose generated
by hydrolysis from the [6”->*H]maltotriose is diluted with
unlabeled glucose present as an ingredient of the resting
cell medium, the enrichment of the reisolated maltotriose
should have been lower than that of the substrate
[6”->H]maltotriose if maltotriose had been reformed.
Furthermore, no maltotriose was detected at the end in
the experiment with [2-2H]maltotriose.

Table 2. Absolute deuterium enrichments (%)

Isolated compounds after incubation with labeled precursors®

Precursor®
Acarbose Acarbosylglucose® Maltose Maltotriose
[2-*H]Maltose’ 67 90
[2-*H]Maltotriose® 46 84 92 ND*
[6"-2H]Maltotriose® 41 97 14 94

2 The absolute D-enrichments were calculated by the equation given in the Materials and Methods.

b M+ 1(647)/M(646) in standard acarbose (H*)=29.8%.
M+ 1(381)/M(382) in standard maltose (K*)=15.1%.

M + 1(528)/M(527) in standard maltotriose (Na™)=21.7%.
¢ No standard M + 1/M is available; calculated value 37.4%.

4 No maltotriose was detected.

¢ 0.6mmole of each was fed to 50ml of resting cell culture :

[2-2H]Maltose and [2-*H]Jmaltotriose were fed all at 0 hour, but

[6”-*H]maltotriose was fed 1/2 at 0 hour and 1/2 at 9 hours. Total incubation time for each substrate was 22 hours.

f  Absolute enrichment: 90%.
g Absolute enrichment: 92%.
b Absolute enrichment: 94%.
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The results demonstrate that maltotriose is degraded
to maltose, exclusively by removal of a glucose from the
nonreducing end, predicting that the “right” two glucose
units are the source of the maltose unit of acarbose.
However, it was found that acarbose isolated from the
incubation with [6”-2H]maltotriose was enriched at
almost the same level as that from [2-?H]maltotriose.
Therefore, two possible routes to produce acarbose from
maltotriose are suggested (Figure 2). One route is that
maltotriose is degraded to maltose retaining the “right”
two glucose units and then the maltose is attached to the
core unit. The other route is that maltotriose is attached
directly to the core unit followed by removal of the
terminal glucose from the reducing end to form acarbose.
The glucoside cleavage pattern indicated by these ex-
periments is different from that known for f-amylase?
which cleaves off maltose units from the nonreducing

Fig. 2. Biosynthetic routes from maltotriose to acarbose.
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end of polysaccharides.

The two possible routes described above at first glance
appear inconsistent with the results of the radiolabeling
experiments. In those experiments, however, the H-
maltotrioses were incubated in the presence of 10 umole
of acarbose. Thus, the *H-maltotriose could exchange,
faster than being degraded to maltose, with a maltose
unit of the external acarbose (in the absence of unlabeled
maltose) followed by removal of the terminal glucose to
produce acarbose. Therefore, the specific radioactivity
of the acarbose, purified by HPLC, from the incubation
with [6”-*H]maltotriose was much higher than that from
[1-*H]maltotriose although the specific radioactivities of
the acarbose fractions after purification by CM-25 were
similar due to the presence of acarbosylglucose (Table 1).

The deuterated acarbose and acarbosylglucose samples
were further analyzed to determine the percentages of
enrichment of the core unit, because it was known that
glucose, which was produced by the degradation of the
labeled substrates, is a precursor of the core unit in
acarbose'!. Fortunately, the core unit was detected as
the only daughter ion in electrospray MS-MS. It was
found, as shown in Table 3, that the core units were
enriched about 20 ~ 28%. This enrichment was confirmed
by p-amylase degradation of the isolated acarbose.
Acarbose is cleaved by f-amylase to maltose and a
tricyclic compound (modified core unit, component 1,
Figure 1) and the enzymatic reaction is not reversible?®.
Acarbose was also analyzed by treatment with a-amylase
to check whether the two glucose units of acarbose have
undergone isotope scrambling. Acarbose is an efficient
a-amylase inhibitor but is itself degraded to component
2 (VDG, Figure 1) by a-amylase at low levels?®.
However, component 2 is not degraded by either «- or
p-amylase. As shown in Table 3, the enrichments of

Table 3. Absolute enrichments in monodeuterated species of acarbose and acarbosylglucose®.

Total molecule

Core unit (VD) VDG

by a-amylase

by MRM by f-amylase
Acarbose from: (VDGG)
2D-Maltose 67 [100%] 24 [36%]..° 24 25 [38%]
2D-Maltotriose 46 [100%] 20 [39%]1.,, 20 20 [42%]
6"D-Maltotriose 41 [100%] 28 [54%],, 24 60 [100%]°
[Acarbose + Glucose] from: (VDGGG)
2D-Maltotriose 84 [100%] 7 [8%] — —

6D”-Maltotriose 97

* Figures without brackets are absolute enrichments in monodeuterated species (abs.% D,); figures in square brackets are percentage

deuterium distribution within a molecule.
®  Average between MRM and B-amylase.

¢ The absolute enrichment of VDG, 60, is calculated to be larger than the enrichment of acarbose, 41.
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VDG from the incubations with [2-2H]maltotriose and
[2-*H]maltose were close to those of the core units (VD),
whereas the enrichment of VDG from [6”->H]malto-
triose was much higher than that of VD. The enrichment
of VDG (60%) from [6”-*HJmaltotriose was calculated

“to be higher than that of the acarbose (41%) from which
it was derived. This result, which is obviously physically
impossible, is an artefact due to the low levels of acarbose
degradation by a-amylase. The a- and f-amylase experi-
ments demonstrate that there is no isotope scrambling
between the two glucose units in acarbose.

It was found that the acarbosylglucose samples gen-
erated from the labeled maltotrioses were almost as
highly enriched (84% from [2-2H]maltotriose and 97%
from [6”-*H]maltotriose, respectively) as their sub-
strates. However, the enrichment of the acarbose (67%)
from [2-*H]maltose was not so high compared to those
of acarbosylglucose from [2-’H]maltotriose and [6”-
2H]maltotriose (see above). The lower enrichment is
probably due to dilution of the labeled maltose with
unlabeled maltose remaining inside the cells from their
growth in the medium containing maltose (see Materials
and Methods), even though the cells were washed twice
with 100 mM of potassium phosphate buffer prior to the
incubation with labeled maltose.

Based on all the analyses discussed above, the dis-
tributions of deuterium in acarbose are summarized in
Figure 3. The ratio of acarbose production (Figure 2)
by the two pathways (40:60) was calculated from the
deuterium percentage in the GG portion of acarbose
derived from [6”-*Hmaltotriose, 41 x (1 —0.54) =19 and
from [2-?H]maltotriose, 46 x (1 —0.39)=28. Compara-
tive rates of acarbose production from maltose and from
maltotriose were calculated from how much of the GG
unit of acarbose was synthesized from each precursor.
For [2-2H]maltose this is 67 —24 =43, for [2-*H]malto-
triose it is (46 —20) =~ 0.6 =43 and for [6”-2H]maltotriose
it is (41—26)=+0.4=38, respectively, indicating that
maltotriose is a comparably good precursor of the
maltose unit of acarbose as maltose.

The conclusions can summarize as follows: (1) Malto-
triose can be degraded to maltose; this occurs almost
exclusively (>90%) by removal of a glucose (G5) from
the non-reducing end. (2) The maltose unit of acarbose
is formed from maltotriose by two routes. On one route,
which accounts for 60% of the acarbose formed,
maltotriose is degraded to maltose retaining the “‘right
hand” two glucose units (G,-G,); this maltose is then
attached to the core unit. The other 40% of the acarbose
are formed by direct attachment of maltotriose to the

THE JOURNAL OF ANTIBIOTICS 959

Fig. 3. Deuterium distribution within acarbose.
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core unit, followed by loss of the terminal glucose unit
from the ‘“right hand” end (G;). (3) Maltotriose is a
comparably good precursor of the maltose unit of
acarbose as maltose. (4) The core unit is enriched ap-
preciably, up to about 50%, from the glucose liberated
either from [6”-?H]maltotriose (G,) or from acarbosyl-
[2-2H]glucose (G,). Maltose is also cleaved to glucose
which labels the core unit. (5) No scrambling of isotope
between the two glucose moieties of acarbose is observed.

Acknowledgments

This work was supported by Bayer AG, Wuppertal,
Germany. BERND SAUERBREI thanks the Alexander von
Humboldt Foundation and Jurra NIGGEMANN thanks the
Deutsche Forschungsgemeinschaft for their financial support.
The authors thank cordially Prof. Heinz. G. Fross for his
guidance and helpful discussions. We also thank Hiromi
MorimMoTo for supplying [ 1-*H]maltotriose, and BiLL HOWARD
and ANN HUNTER for help with the operation of the ES-MS
instrument.

References

1) TruUscHEIT, E.; W. FROMMER, B. JUNGE, L. MULLER, D.
ScHMIDT & W. WINGENDER: Chemistry and biochemistry
of a-glucosidase inhibitors. Angew. Chem. 93: 744 ~ 761,
1981

2) Bock, K. & H. PeperseN: The solution conformation of
acarbose. Carbohyd. Res. 132: 142~ 149, 1984

3) Iwasa, T.; H. Yamamoro & M. SHiBaTA: Studies on
validamycins, new antibiotics. 1. Strepromyces hygro-
scopicus var. limoneus nov. var., validamycin-producing
organism. J. Antibiotics 23: 595~ 602, 1970

4) VERTESY, L.; H.-W. FeEHLHABER & A. ScHULZ: The
trehalase inhibitor salbostatin, a novel metabolite from
Streptomyces albus, ATCC21838. Angew. Chem. Int. Ed.
Engl. 33: 1844~ 1846, 1994

5) Nawmiki, S.; K. KaNGourl, T. NAGaTE, H. HArA, K.
SucitTA & S. OMURA: Studies on the alpha-glucoside
hydrolase inhibitor, adiposin. I. Isolation and physico-
chemical properties. J. Antibiotics 35: 1234~ 1236, 1982

6) MURAQ, S.; K. OHYAMA & S. OGURA: Isolation of amylase
inhibitor-producing microorganism. Agric. Biol. Chem.
41: 919~924, 1977



960

7)

8)

9

10)

11)

12)

13)

THE JOURNAL OF ANTIBIOTICS

Yoxkoskg, K.; K. Ocawa, T. Sano, K. WATANABE, H. B.
MaruYaMA & Y. SUHARA: New alpha-amylase inhibitor,
trestatins. 1. Isolation, characterization and biological
activities of trestatins A, B and C. J. Antibiotics 36:
1157~ 1165, 1983

KBy, J. J.; I. A. McDonNALD & R. W. RICKARDS:
3-Amino-5-hydroxybenzoic acid as a key intermediate in
ansamycin and maytansinoid biosynthesis. J. Chem. Soc.
Chem. Commun. 768 ~ 769, 1980

ANDERSON, M. G.; J. J. KiBBY, R. W. RICKARDS & J. M.
RoTtHscHILD: Biosynthesis of the mitomycin antibiotics
from 3-amino-5-hydroxybenzoic acid. J. Chem. Soc.
Chem. Commun. 1277~ 1278, 1980

K, C. G.; A. KIRSCHNING, P. BERGON, P. ZHou, E. Su,
B. SAUERBREL S. NING, Y. AHN, M. BREUER, E. LEISTNER
& H. G. Fross: Biosynthesis of 3-amino-5-hydroxy-
benzoic acid, the precursor of mC,N units in ansamycin
antibiotics. J. Am. Chem. Soc. 118: 7486~ 7491, 1996
DeGgwerT, U.; R. HULsT, H. PAaPE, R. E. HERROLD, J. M.
BeaLE, P. J. KELLER, J. P. Lk & H. G. Fross: Studies
on the biosynthesis of the «-glucosidase inhibitor
acarbose: Valienamine, a m-C,N unit not derived from
the shikimate pathway. J. Antibiotics 40: 855~ 861, 1987
Tovokuni, T.;, W.-Z. JiIn & K. L. RINEHART, Jr.:
Biosynthetic studies on validamycins: A C,+C,+C;
pathway to an aliphatic C;N unit. J. Am. Chem. Soc.
109: 3481~ 3482, 1987

Liu, H.-w. & J. S. THORSON: Pathways and mechanisms
in the biogenesis of novel deoxysugars by bacteria. Ann.

14)

15)

16)

17)

18)

19)

20)

NOV. 1997

Rev. Microbiol. 48: 223 ~256, 1994

Snipes, C. E.; G.-H. BRILLINGER, L. SELLERS, L. MASCARO
& H. G. Fross: Stereochemistry of the dTDP-glucose
oxidoreductase reaction. J. Biol. Chem. 252: 8113 ~8117,
1977

ScHMIDT, D.; W. FROMMER, B. JUNGE, L. MULLER, W.
WINGENDER & E. TRUSCHEIT: ¢-Glucosidase inhibitors of
microbial origin. First International Symposium on
Acarbose, Excerpta Medica, Amsterdam, 1981

MauL, W.; L. MULLER, J. PriTZNER, E. RAUENBUSCH &
H. ScuuTr: Radiosynthesis of [1*C]Acarbose. Arzneim.-
Forsch./Drug Res. 39: 1251 ~1253, 1989

GeHrING, K.; P. G. WiLuiams, J. G. PeLtoN, H.
MormoTo & D. E. WEMMER: Tritium NMR spectroscopy
of ligand binding to maltose-binding protein. Bio-
chemistry 30: 5524 ~ 5531, 1991

SAUERBREI, B.; J. NIGGEMANN, S. GROGER, S. L & H.
G. Fross: Synthesis of [6”-*H]-, [6”-?H]- and [2-H]-D-
maltotriose. Carbohyd. Res. 280: 223 ~235, 1996
Smith, R. D.; J. A. Loo, C. G. EbDMONDS, C. J. BARINAGA
& H. R. UpseTH: New developments in biochemical mass
spectrometry: Electrospray ionization. Anal. Chem. 62:
882~899, 1990

MULLER, L.; B. JUNGE, E. RAUENBUSCH, W. FROMMER,
D. Scamipt & E. TRUSCHEIT: Chemical and enzymatic
degradation of a-glucosidase inhibitors of the acarbose
type. First International Symposium on Acarbose,
Excerpta Medica, Amsterdam, 1981



