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Two novel compounds, kodaistatin A, C;;H,,0;,, molecular weight 630, and kodaistatin C,
C;5H,,0,,, molecular weight 646, have been isolated from cultures of Aspergillus terreus Thom
DSM 11247 by solid-phase extraction, size-exclusion chromatography, and various preparative
HPLC steps. The use of a range of 2D NMR measurements, in particular *C-"3C correlation
measurements, has led to the clarification of the structure of kodaistatin A. Kodaistatin C is a
hydroxylated derivative of kodaistatin A. Both natural products contain hydroxylated
aspulvinones and identical highly substituted polyketide units. An X-ray single crystal structure
analysis of aspulvinon E demonstrated the z-configuration at the central double bond. The
kodaistatins are effective inhibitors of the glucose-6-phosphate translocase component of the
glucose-6-phosphatase system (EC 3.1.3.9), an enzyme system which is important for the
control of blood glucose levels. The IC,, is 80 nM for kodaistatin A and 130 nm for kodaistatin

pp. 677 — 686

C.

One characteristic of diabetes is the increased blood-
glucose concentration. In the case of insulin-dependent or
type I diabetes this is caused by the death of the insulin-
producing f-cells of the pancreas, so treatment is by
administration of insulin. By contrast, non-insulin-
dependent or type I diabetes is characterized by reduced
insulin activity in the muscle and fatty tissue (insulin
resistance) and increased glucose production in the liverV.
Active substances which can reduce the formation of
glucose in the liver are therefore of particular interest in the
treatment of type Il diabetes.

The glucose released into the blood by the liver may
be formed by the breakdown of glycogen stored in the
liver (glycogenolysis) or by gluconeogenesis. Glucose-
6-phosphate (G-6-P) is the common end-product of

gluconeogenesis and glycogenolysis. The common step in

the hepatic release of glucose from G-6-P is catalyzed by
glucose-6-phosphatase (EC 3.1.3.9). Glucose-6-phosphatase
is an enzyme complex made up of glucose-6-phosphate
translocase (G-6-P-T1), glucose-6-phosphatase, and a
phosphate translocase”. Of these components, G-6-P-T1 is
highly selective, and is therefore a suitable target for the
control of hepatic glucose release. Chlorogenic acid has
been reported to be a weak inhibitor of G-6-P-T1%. The
synthetic derivatives which have been described* inhibit
glucose-6-phosphate translocase at concentrations in the nM
or UM range.

Novel inhibitors of G-6-P-T1, called kodaistatins, have
been found in cultures of the fungus Aspergillus terreus
Thom DSM 11247%. In the present publication we report
the isolation, characterization, and structural elucidation of
these compounds which can inhibit glucose-6-phosphate
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translocase specifically at submicromolar concentrations

even in their native form.

Experimental

Analytical Detection of Kodaistatins (HPLC)
25ml of culture solution of Aspergillus terreus Thom
DSM 11247 was centrifuged and the clear supernatant (20

ml) or an extract of mycelium in 20ml of 30% methanol
was transferred onto 1 ml of 75~150 um adsorption resin
CHP20P (MCI GEL, Mitsubishi Chemical Corporation,
Tokyo, Japan). The loaded resin was eluted with 4ml of
pure methanol. The kodaistatin content of the methanolic
solution was determined by HPLC, without further
processing. The stationary phase was either 250/4 Nucleosil
100-5 C18 HD (Macherey-Nagel, Diiren, Germany) or
LiChrospher RP-select B, 5um, 250X4mm (E. Merck,
Darmstadt, Germany). Column temperature: 40°C. Mobile
phase: 45% acetonitrile in 0.1% orthophosphoric acid. At a
flow rate of 1.0 ml/minute the retention time for kodaistatin
A was 6.0minutes. A Hewlett Packard Series 1100

instrument was used.

Extraction and Purification of the Inhibitors

The culture solution (200 liters) from an Aspergillus
terreus Thom DSM 11247 fermentation was clarified using
a filter press. The kodaistatins were extracted from the
aqueous phase by the addition of 5 kg of Amberlite XAD 7
to the culture filtrate (170 liters). The loaded resin was then
eluted with 20liters of methanol, and subsequent
concentration under reduced pressure gave the crude
kodaistatin extract. The mycelium (30 liters) was extracted
with 2X50 liters of 30% aqueous methanol. The methano-
lic cell extract and water-diluted crude extract were loaded
onto a CHP20P MCI GEL column (20 cm i. d.X50 cm, 15
liters) and separated using a gradient elution from 150 liters
of 3mM pH 7 sodium phosphate buffer to 150 liters of 2-
propanol. The flow rate was 15 liters/hour and thirty 10-liter
fractions were collected. Fraction 21 contained kodaistatin
C, and fractions 22 and 23 contained the inhibitor
kodaistatin A. Each of these fractions was concentrated
under reduced pressure and freeze-dried. Further separation
of fraction 21 and of fractions 22 and 23 was carried out on
4 liter Fractogel HW 40 columns (10 cm i. d.X50 cm high).
The column was first eluted with 5liters of pure water,
followed by 40% acetonitrile in 10 mm of pH 7.0 potassium
phosphate buffer. The flow rate was 33 ml/minute. After
examination by HPLC the fractions eluted with acetonitrile
were combined according to their kodaistatin A or C
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content and dried under reduced pressure. 90% pure
material was obtained by preparative HPLC on LiChrosorb
RP-select B (7 ym, 25 mm 1. d.X250 mm high) using 25%
acetonitrile in 10 mM pH 7 potassium phosphate buffer at a
flow rate of 25 ml/minute. Desalting and final purification
were carried out on the same solid phase under the same
conditions, but using 30% acetonitrile in 0.1% trifluoro-
acetic acid as eluent. After freeze-drying this produced 120
mg of 98% pure kodaistatin A and the same procedure gave
11 mg of 96% pure kodaistatin C.

NMR Measurements and Sample Preparation

NMR samples were prepared by dissolving 100mg of
kodaistatin A in 0.5ml methanol-d, and 5mg of the
compound in DMSO-d,. Wilmad NMR tubes (grade 528)
with a diameter of 5 mm were used.

All spectra except NOESY measurements were recorded
on a BRUKER DRX600 spectrometer operating at 600.13
MHz and 150.92MHz for 'H and "*C respectively. The
NOESY spectrum was acquired on a BRUKER DRXS500
operating at 500.13 MHz ("H) and 125.76 (**C). The sample
temperature was set at 278 K for the methanol-d, sample
and 300K for the sample in DMSO-d.

For the homonuclear experiments (double quantum
filtered [DQF]-COSY™™, 'H-'H NOESY”!9) the spectral
width was set to 9 ppm in both dimensions, F, and F,, and 8
transients were averaged for each t; value. In DQF-COSY
experiments 1024 increments in t; were recorded with 2048
complex data points in t,. NOESY spectra were recorded
with 512 increments in t; and 2048 complex data points in
t,. Mixing times of 50, 100, 200, 300 and 500 ms were
used.

To record the heteronuclear multiple quantum correlation
(HMQC) spectra'? 512 increments with 8 scans each and
2048 complex data points in t, were collected using sweep
widths of 9 ppm in the proton dimension and 160 ppm in
the carbon dimension. A bilinear rotation decoupling
(BIRD) pulse was applied to suppress magnetization of
protons bound to ?C. A delay of 3.45 ms, corresponding to
145Hz, was used for the evolution of 'H-'’C one-bond
couplings. The heteronuclear multiple bond correlation
(HMBC) spectra'? were acquired with a sweep width of 9
ppm in the proton dimension and 220 ppm in the carbon
dimension. 1024 increments in t, and 2048 complex data
points in t, were recorded. The delay for the evolution of
long-range correlations was set to correspond to "Joy
coupling constant values of 7Hz. 8 scans per increment
were collected.

Incredible natural abundance double quantum transfer
experiments (INADEQUATE)' were recorded with delays
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optimized for the evolution of *C-"C one-bond couplings
of 35, 50, and 70 Hz. Sweep widths of 210 ppm in F, and
420 ppm in F, (double quantum dimension) were used and
256 increments in t; with 2048 complex data points in t,
were recorded. A total of 2048 transients were averaged per
t, increment.

Before Fourier transformation all time domain data were
subjected to apodization using adjusted exponential, sine
and squared sine bell window functions. The software
packages XWINNMR and AURELIA supplied by Bruker,
Rheinstetten, Germany, were used for data processing.

X-Ray Single-crystal Structural Analysis of Aspulvinone E

Crystals were obtained by recrystallization from
methanol. A crystal of dimensions 0.2* 0.07* 0.01 mm’
was sealed in a Lindemann glass capillary. All the
measured reflections were used to determine the cell
parameters (a=28.987(2), b=12.815(1), ¢=7.051(1) A,
=90.0(1), B=90.5(1), y=90.0(1)°, Z=8, P-1) on a
computer-controlled four-circle diffractometer equipped
with a CCD area detector (SIEMENS) and a low-
temperature device (—80°C). The intensities were
measured on the same apparatus (®- and ¢@-scans with a
step width of 0.3°, measuring time 120 s/frame): Mo-Ko
radiation (X-ray generator with a rotating anode: 0.5X5
mm? focus, S0kV, 140mA), 6638 reflections (¥3,,,,=2.11,
U =19.78; —27<h<27, —12<k<12, —6<1<4, resolu-
tion: 1.05A), 3682 of which were unique (R,,=0.1545,
R;=0.1781), and they were all used for the structural
analysis. Direct methods were used to solve the phase
problem'¥, only an isotropic refinement of the thermal
parameters by least-squares methods made sense'
{minimization of (F*-F?)?% weighting scheme: w=1/
[0%(F 2)+(0.0292%P)*+139.26*P], P=[Max(F *,0)+2*Fc?)/
3, where o is based on the counting statistics, 354
parameters, 348 restraints}, the coordinates of the H atoms
were calculated on the basis of the geometrical require-
ments, S=1.125, R=0.1861 for |[F |>40, 2053 reflections,
R,=0.4342, minimum and maximum peak in the
difference map: —0.572 and 0.670 electrons/A®. The data
“and the results were not significant enough to confirm the
monoclinic space group P2,/c. The structure analysis was
done in the triclinic space group P1- and with 4 molecules
in the asymmetric unit. All calculations were done by a
DEC 3000/900 AXP with the SHELXS-90'¥, SHELXTL-
PLUS'® and SHELXL-97'> programs.

The average estimated standard deviation (e.s.d.) of a C—
C bond is 0.016 A and that one of an O—C bond 0.014 A.
The average e.s.d. of C—C—C bond angles is 1.30° and that
one of C—C~C—C torsion angles 4.0°.
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Microsomal Glucose-6-phosphatase Activity Assay
Hepatic microsomes were prepared as described

previously and stored frozen at —70°C at a protein

concentration of 15~20mg per ml'”. The intactness of the
preparations, quantified from the latency of mannose-6-
phosphatase activity'®), was usually above 97%. Detergent-
disrupted microsomes were prepared according to
published procedures'” by exposing thawed microsomes (2
mg protein/ml) to 0.1% Triton X-100™ for 20 minutes at
4°C. Under these conditions it is possible to produce
maximum release of latent activity while leaving the.
glucose-6-phosphatase catalytic unit unaffected. We eval-
uated the specific inhibitory potency of kodaistatins on
glucose-6-phosphate translocase by assessing their effect on
phosphohydrolase activity of “untreated” and detergent-
disrupted microsomes. (The term “untreated” is used to
designate microsomal vesicles that are prepared and used
without further treatment.) In untreated microsomes from
fasted rats, T1 translocase imposes significant rate limita-
tions on the steady-state hydrolysis of glucose-6-phosphate,
whereas other translocase components play no significant
role under these conditions. The hydrolysis of inorganic
pyrophosphate by untreated microsomes provided an
assay for T2, the phosphate translocase'”. Hydrolysis of
glucose-6-phosphate, mannose-6-phosphate and sodium
pyrophosphate was assayed in the presence or absence of
test compound (0.01~100 uM) by quantification of inor-
gani¢ phosphate in a previously described colorimetric
assay scaled down to accommodate assay volumes of 300
ul. Stock solutions of test compounds in DMSO were
diluted with assay buffer. The resulting maximal DMSO
concentration of 1% (v/v) had no effect on the intactness of
microsomes or on phosphatase activity (results not shown).
The 1C, values of test compounds were routinely deter-
mined by non-linear least-squares analysis of the inhibition
values obtained from at least 2 independently performed
experiments with a difference in inhibition values between

experiments of less than 10%.

Results and Discussion

The kodaistatin content of the culture solutions and the
presence or absence of kodaistatins in the cell mass or
culture filtrate are extremely fermentation-dependent. An
enrichment procedure with subsequent isocratic HPLC was
therefore used to assess the microbiological yields. Since
cultures of Aspergillus terreus Thom DSM 11247 contain a
great variety of metabolic products, only substances show-
ing ultraviolet absorption at 368 nm were recorded, the
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Table 1. Physico-chemical properties of kodaistatins A and C.
Kodaistatin A Kodaistatin C
Appearance Yeliow solid Yellow solid
logp? -86° (c 0.04, MeOH) -20° (¢ 0.04, MeOH)
Molecular formula CasHz4014 CasHasO12
HR FAB_-MS (m/z) 631.2174 (M +H)* 647.2141 (M + H)*
Calculated .631.2179 647.2129
UV A nm (log €) 292 (4.66), 333 (Sh) 288, 333 (Sh)
A CHOINHC 0 ([og €) 238 (4.35), 294 (4.51), 242 (Sh), 292, 378
368 (4.30)
Solubility
Soluble in Acetonitrile, MeOH, DMSO MeOH, DMSO

HPLC retention time

12.3 minutes?®

8.65 minutes®

2Column: 250/4 Nucleosil 100-5 C18 HD (Macherey-Nagel, Diren, Germany). Eluent:
45% acetonitrile in 0.1% trifluoroacetic acid, flow rate 1.0 mi/minute.

kodaistatins among them being identified from their UV
spectra recorded using a diode-array detector.

To isolate the kodaistatins, 3% Amberlite XAD 7 adsorp-
tion resin was added to the Aspergillus terreus Thom DSM
11247 culture filtrate, then the kodaistatin was washed out
of the adsorption resin by elution with methanol. If
kodaistatins were present in the mycelium, the cell mass
was extracted with 30% aqueous methanol. The alcohol
concentration was chosen so as to dissolve the desired
inhibitors while leaving non-polar impurities such as lipids
undiluted.

The concentrates from the XAD eluate and the cell
then chromatographed on MCI GEL
adsorption resin, acting as a reversed-phase solid phase,

extract were

using a gradient procedure with 2-propanol. Alternatively,
the kodaistatin from the crude extract can be enriched using
an anion exchanger: the slightly acidic kodaistatins are
loaded onto the DEAE ion exchanger under neutral
conditions and, to avoid salt contamination, eluted with
0.2% trifluoroacetic acid in 50% acetonitrile (buffer B).
The concentrated, enriched inhibitor-containing fractions
from the preliminary purification were further separated by
size-exclusion chromatography. Water was used as the first
solvent, to remove polar impurities, and was followed by
40% acetonitrile in 10mM, pH 7, phosphate buffer to

separate off lipophilic compounds. Final purification of the
kodaistatins was carried out by preparative reversed-phase
chromatog“raphy, first in a phosphate buffer/acetonitrile
system, followed by a second chromatographic step with
0.1% trifluoroacetic acid/acetonitrile as the mobile phase to
remove the salts. The freeze-dried kodaistatin A thus
obtained was >98% pure. The strain Aspergillus terreus
Thom DSM 11247 produces kodaistatin A as the main
component, with smaller quantities of kodaistatin C. The
components B and D, which occur only in traces, are
isomers of compounds A and C respectively. Fig. 2
illustrates the purification procedure schematically, and
Table 1 shows the physicochemical data for the main
components. As an ortho-diphenol, kodaistatin A is
gradually oxidized in air, and the more sensitive di-ortho-
diphenol kodaistatin C is stable only in the absence of
oxygen. All investigations were carried out with freshly

prepared material.

Mass-Spectral Data

Elemental analysis showed that kodaistatin A consists
only of carbon, hydrogen and oxygen. High-resolution fast
atom bombardment (FAB) mass spectrometry (MS) yielded
m/z=631.2174 (M+H)". The high-resolution mass agreed
most closely with the chemical formula C,;H,,0,, (devia-
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Fig. 1. Chemical structures of kodaistatins A
and C.

Kodaistatn A : R = H
Kodaistatin C : R = OH

tion: 0.5 milli-atomic mass units).

NMR Structural Analysis
The structure of kodaistatin A (Fig. 1) was determined

by a wide range of NMR investigations. Assignment of the
proton and carbon resonances in methanol-d, and DMSO-
d, (Table 2) was achieved using various NMR techniques
including DQF-COSY, NOESY, HMQC, HMBC and
INADEQUATE spectra.

In Fig. 3 the 'H-’C long-range correlations in the
HMBC spectrum are depicted by arrows. The chemical
structure of side chain E was unambiguously defined by the
correlations shown. In addition, this substructure was
confirmed by the homonuclear couplings observed in the
DQF-COSY spectrum (spin system E9 to E5-Methyl and
E3, E4). A homonuclear coupling constant of 16 Hz be-
tween protons E3 and E4 prove that the double bond is E
configurated. Strong NOE correlations between protons
E4/E6 and E5-Methyl/E7-Methyl and a weak NOE effect
between ES5-Methyl and E6 supported the same
configuration (E) for double bond E5/E6. All *C-°C one-
bond correlations for side chain E except the one between
El and E2 were observed in the INADEQUATE spectrum
(Fig. 4).

Unambiguous identification and resonance assignment
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were also achieved for the para-hydroxyphenyl moiety A on
the basis of the observed correlations in the HMBC, DQF-
COSY and INADEQUATE spectra.

Owing to the low number of protons in rings B and D,
only a limited number of 'H-"*C long-range correlations
were detected in the HMBC spectrum, leaving some
ambiguities for these substructures. These were resolved by
correlations in the INADEQUATE spectrum. In ring D the
connection of carbons D2 to D5 was established by *C-13C
one-bond correlations, as was the bond between D2 and E1.
The position of D1 was determined by a strong (*J.,)
correlation between Cp, and Hg, and a weak (‘)
correlation between Cp; and Hg,; in the HMBC spectrum. In
addition, the observed chemical shifts for ring D are in
accordance with the structure of this fragment. The linkage
of the substructures D and E was proved by heteronuclear
couplings between proton E1 and carbons D1, D2, D3 and
D5, as well as by the above mentioned one-bond correlation
of carbon D2 and E1.

For ring B the connection of the stretch B1 to B3 could
be followed in the INADEQUATE spectrum. The one-bond
correlations between B3, B4 and B5 seemed too weak to be
detected by the experiment. However, the observed
heteronuclear couplings in the HMBC spectrum and the
carbon chemical shifts are in accordance with the same y-
lactone structure seen in aspulvinone E. Fragments A and B
are linked by correlations in the INADEQUATE (C,,/Cg))
and HMBC (C,/Hy,, C,3/Hg,, Cg/H,5, Cgo/H,5) spectra.

Despite the large number of 'H-"C long-range
correlations observed for ring C, it was impossible on the
basis of the HMBC data alone to distinguish between the
shown o-hydroquinone and a p-hydroquinone structure in
which the substituent positions of the hydroxyl function and
ring B are interchanged. Both structures were in accordance
with the correlations detected. The identification of ring C
as an o-hydroquinone was straightforward on the basis of
the observed "C-*C one-bond correlations in the
INADEQUATE spectra (see Fig. 4), which firmly ruled out
the p-hydroquinone alternative. The connection of rings B
and D to positions C1 and C6 of the o-hydroquinone was
demonstrated both by the carbon one-bond correlations in
the INADEQUATE spectrum and by the heteronuclear

Aspulvinon E
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Table 2. 'Hand "*C NMR data for kodaistatin A in methanol-d, at 278 K and in DMSO-d; at 300 K.

Methanol-d, DMSO-dg
Position 'H BC H B¢
Al - 160.14 - 158.45
A2 6.84d 116.89 6.83d 115.77
A3 7.624d 133.92 7.55d 131.97
Ad - 125.45 - 123.70
B1 6205 110.71 6.23s 107.58
B2 - 142.01 - 140.71
B3 - 166.51 - 165.00
B4 - 102.86 - 100.82
B3 - 172.74 - 170.30
Cl - 121.65 - 120.00
2 6.87 s 118.77 6.77 s 117.76
C3 - 147.93 - 146.21
C4 - 146.95 - 145.38
Cs 640s 114.76 6.29s 113.46
6 - 124.24 - 122.65
D1 - 163.69 - 161.61
D2 - 139.12 - 137.24
D3 - 202.65 - 200.01
D4 454 86.32 426 84.45
DS - 91.69 - 89.66
D6 - 210.05 br - 207.71
D7 246s 28.52br 2325 27.69
El 3.48d/3.23d 38.69 3.29d/3.06d 36.91
E2 - 196.65 - 194.09
E3 6.02d 122.94 5.93d 122.60
E4 6.96d 149.93 6.92d 147.21
E5 - 133.37 - 131.62
E5-Me 1.75s 12.76 1.70's 12.11
E6 5.48d 151.51 5.57d 148.67
E7 246 m 36.31 244m 34.22
E7-Me 1.02d 20.85 0.97d 19.94
ES} 134 m/122m 31.13 1.34m/121m 2935
E9 0.80t 12.51 0.78t 11.63

couplings in the HMBC spectrum.

Along with kodaistatins, the known secondary metabo-
lites flavipine®®, flavipucine®” and aspulvinone E*? were
isolated from cultures of Aspergillus terreus Thom DSM
11247. Aspulvinones™ are members of a group of closely-
related natural products, the substituted 4-hydroxy-3-(4-
hydroxyphenyl)-5-[(4-hydroxyphenyl)-methylene]-2(5H)-
furanones. ‘

To confirm the configuration of the exocyclic double

bond, the structure of aspulvinone E?? the parent

compound of this series, was investigated by X-ray
structural analysis (Fig. 5) and the NMR data were
compared with those of kodaistatin A.

In terms of the benzylidene double bond, the benzylidene
and the oxygen of the S5-membered ring have the Z-
configuration. This had previously been tacitly assumed to
be the case for aspulvinone E, but to our knowledge it had
not previously been demonstrated. The benzylidene and
phenyl rings are positioned at angles of 15.7(9) and 24.4(9),
3.5(13) and 22.2(10), 14.9(9) and 25.5(9) and 4.4(12) and
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Fig. 2.

Culture broth (200 liters)

Filtration

Mycelium

Extracted with
30% methanol
in water

Organic layer

Culture filtrate

Organic layer
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Isolation procedure for kodaistatins A and C.

Adsorption on
Amberlite XAD 7,
desorption with
methanol

Yoncentration in vacuo

Adsorption resin column, MCI GEL (15 liters)

Gradient elution:
water to propanol-2,

concentration of active fractions in vacuo

Size exclusion column (4 liters)

Fractogel HW 40,

elution with water at first,
followed by 40% acetonitrile in phosphate buffer, pH 7,
concentration of active fractions in vacuo

Preparative HPLC column (122 mi)

LiChrosorb RP-select B (7 pm),
elution with 25% acetonitrile in 10 mM phosphate buffer, pH 7,
concentration of active fractions in vacuo ’

Preparative HPLC column (122 ml)

LiChrosorb RP-select B (7 um),
elution with 30% acetonitrile in 0.1% trifluoroacetic acid,
concentration in vacuo, lyophilization

Kodaistatin A (120 mg)

22.3(10)° relatively to the central 5-membered rings in the
four molecules of the asymmetric unit. The small size of
the used crystal (0.2X0.07X0.01 mm?) and the resultant
the end

calculations in the space group P 1- (as already mentioned),

extremely weak reflections necessitated at
although the dihedral angles cited above are almost

consistent with the monoclinic space group P2,/c.
Interesting are the differences of the hydrogen bond lengths
O-H..OH (2.74 (2) to 2.85 (3) A) and-OH...0=C (2.57

(2) to 2.60 (2) A). The average values are 2.79 and 2.58 A

Kodaistatin C (11 mg)

respectively.

The fact that the measured NMR signals of aspulvinone
E correspond to the NMR data for rings A, B, and C of
kodaistatin provides additional confirmation of the
substructure and configuration of the new inhibitor in the
region of the aromatic rings.

‘Accordingly, the structure of the kodaistatins includes
two characteristic units: one half is made up of the aromatic
substituted aspulvinone and the other the highly substituted

ring D. The latter has structural similarities to the
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azaphilone®-type polyketides which are often found in i ) o
Biological Activities
fungal cultures.
The structural analysis does not clarify the Reduction of the inappropriate hepatic glucose
stereochemical arrangement of the OH groups on ring D. production that is commonly observed in type II diabetes®
Initial attempts at derivatization did not produce products

which would permit assignment of the configuration.

Fig. 4. Result of the INADEQUATE experiments
of kodaistatin A.

Fig. 3. 'H-"C long-range correlations observed in
the HMBC spectrum of kodaistatin A.

Three spectra were recorded, optimized to Jg.
coupling constants of 35, 50 and 70Hz. The spectra
were added for analysis. Observed C-C connections
are indicated by bold bonds. Signal intensities are

Arrows originating at the carbon atoms and pointing shown as w (weak), m (medium) and s (strong). The
toward the correlated protons mark the correlations observation of both signals or only one signal at a
detected. For reasons of clarity the chemical formula is corresponding double quantum frequency is indicated
shown by shaded lines. by 2 or 1 respectively.

Fig. 5. The four independent molecules of aspulvinone E in the asymmetric unit, showing the atom
numbering and thermal spheres (30% probability level)
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is a promising target for therapeutic intervention in type II
diabetes. Glucose produced by the liver can be derived
either from gluconeogenesis or glycogenolysis. The enzyme
system glucose-6-phosphatase (gl-6-Pase, E.C. 3.1.3.9) is
localized in the membranes of the endoplasmic reticulum
and catalyzes the terminal step of both glucose-producing
pathways. Inhibition of glucose-6-phosphatase activity can
be expected to reduce hepatic glucose production arising
from both of these glucose-producing pathways.

In the present study, we identified kodaistatins as
potent inhibitors of the glucose-6-phosphate translocase
component of the glucose-6-phosphatase system of the rat
liver endoplasmic reticulum. The compounds specifically
inhibit the
responsible for the transport of glucose-6-phosphate from

glucose-6-phosphate . translocase that is
the cytosol into the lumen of the endoplasmic reticulum.
Kodaistatin A inhibited glucose-6-phosphatase activity
in untreated rat liver microsomes with an ICy; of 0.08 um.
In contrast, the pyrophosphatase activity of untreated
microsomes remained unaffected, and disruption of the
microsomal membranes completely abolished the inhibition
of glucose-6-phosphatase activity observed in untreated
microsomes. Kodaistatin C inhibited glucose-6-phosphatase
activity in untreated rat liver microsomes with an ICy, of
0.13 um, and, like kodaistatin A, showed no effect on the

glucose-6-phosphatase activity in disrupted microsomes.

These results suggest that kodaistatins A and C specifically
interact with T1, the glucose-6-phosphate translocase of the
glucose-6-phosphatase system®®, although definite proof of
the specificity of kodaistatin C for G1-6-P translocase would
require the exclusion of an effect of the compound on the
pyrophosphatase activity in untreated microsomes, as has
been demonstrated for kodaistatin A. ‘

Aspulvinone E only slightly inhibited the glucose-6-
phosphatase activity of untreated microsomes. Its ICs, is
200 um, representing 2500-times weaker inhibition than
that of kodaistatin A. The aromatic dialdehyde flavipine is
more effective, with an IC, of about 15 pm.
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