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Abstract: The inhibitory activities of several allosamidin derivatives on two
family 18 chitinases, an insect enzyme from the epithelial cell line from Chiron-
omus tentans, and a bacterial enzyme, chitinase A from Serratia marcescens, were
evaluated. The following structural requirements are necessary for inhibition of
the Chironomus enzyme:

1. One N-acetylallosamine residue can be omitted without impairment of

enzyme inhibition.

2. At least one N-acetylallosamine sugar must be present.
3. Glucosamine can replace the allosamine moiety without a negative effect on

the inhibitory activity.

4. The spatial arrangement of the allosamizoline moiety is important for inhi-

bition.

S. If one sugar is omitted and the arrangement of the cyclitol residue is
changed, the inhibitory effect is diminished further.

For purified chitinase A from Serratia marcescens the arrangement of the agly-
cone moiety is equally important, but recognition of the sugar is different:

1. Omission of one allosamine residue decreases the inhibitory activity con-

siderably.

2. Inhibition is improved if the remaining N-acetylallosamine is replaced by

the epimer N-acetylglucosamine.

Only endochitinase activity is affected, since chitin formation (up to 10~# M) and
N-acetylglucosaminidase activity (up to 1073 M) are not impaired, at least in

Chironomus cells. © 1998 SCI.
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1 INTRODUCTION
Allosamidin, a fermentation product of Streptomyces
sp.! inhibits chitinases from various phyla with con-
siderable differences in sensitivity.>~¢ However, within
insects, the effect of allosamidin on chitinases from the
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lepidopteran Bombyx mori L.? the mite Boophilus
microplus Can., the dipteran Lucilia cuprina (Weid.)
(unpublished results) and from culture supernatant of
the dipteran cell line from Chironomus tentans Walk.,?
are rather similar with K; values below 1 um, although
different methods for determination of enzymatic activ-
ity were used. This similarity means that the convenient
source of enzyme culture supernatant of the epithelial
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cell line from Chironomus tentans can be used to rep-
resent a range of insect preparations in determining the
essential structural requirements of the allosamidin mol-
ecule necessary for inhibition of chitin degradation.

The catalytic centre of insect chitinases characterized
so far consists of a highly conserved (fa)g barrel, typical
for members of family 18 glycosylhydrolases’ which
includes also enzymes from other eukaryotes and from
prokaryotes, like chitinase A from Serratia marcescens
Bizio® and the plant enzyme hevamine.’

Since the essential amino acids of the catalytic
domain of chitinases from Chironomus and Serratia are
identical, whereas other domains are different (Feix, M.,
pers. comm.), we have compared inhibition by various
allosamidin derivatives to determine the influence of the
non-catalytic chitinase domains.

2 EXPERIMENTAL METHODS
2.1 Enzymes and enzyme preparation

The epithelial cell line from C. tentans'® was propagat-
ed as described earlier.? Since about 90% of chitinase
activity is secreted into the culture medium,'* cells were
separated by low-speed centrifugation (1000g, 4 min);
10-20 ul culture supernatant was sufficient for determi-
nation of chitinase activity. Purified chitinase A from S.
marcescens'? was diluted to 4 ug ml~! and used imme-
diately (10 ul) for the tests.

2.2 Enzyme assays

Enzyme activity was determined using a fluorimetric
test with methylumbelliferyl-labelled substrates (Sigma,
Deisenhofen) as described previously.? Chitin formation
was measured as already described.!?

2.3 Inhibitors

Allosamidin was a generous gift of Eli Lilly AG, com-
pound VIII was kindly provided by Dr Vasella (ETH
Ziirich, Switzerland). All other derivative were synthe-
sized as described elsewhere.!*"16 Compounds were
added to the reaction mixture of the enzyme assays
without preincubation. Inhibition curves were presented
as log-logit transformations. K; values were calculated
from the corresponding IC;, values according to Cheng
and Prusoff.!”

3 RESULTS AND DISCUSSION
3.1 Enzyme from Chironomus tentans

Structural formulae of all substances tested are present-
ed in Figs 1 and 2. A comparison of the influence of
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allosamidin and its analogues on inhibition of chitinase
activity in Chironomus cell culture supernatant (Figs 3
and 4; Table 1) revealed the following structural
requirements:

e One N-acetyl-allosamine residue can be omitted
without decrease of the inhibitory effect (compound
II), but one sugar must be present; allosamizoline
alone (compound III) is a very weak inhibitor.

e Replacement of the N-acetylallosamine moiety by
the epimeric compound N-acetylglucosamine
impairs  chitinase inhibition only slightly
(compound I) compared with allosamidin.

e Although omission of one sugar alone has no effect
if the steric configuration of the oxazoline ring is
correct, as in compound II and allosamidin, if loss
of one sugar and a change in the aglycone moiety
is combined, as in compounds V and VI, inhibition
is diminished further.

e The arrangement of the hydroxyl and hydroxy-
methyl groups around the ring of the aglycone
moiety determines the level of inhibition. Changing
the orientation of the oxazoline group (compounds
IV and V), varying the position of the glycosidic
linkage to the allosamizoline moiety (compounds
VI and VII), or changing the absolute stereoche-
mistry of the allosamizoline ring (VIII), reduces the
enzyme inhibition considerably.

e The oxazoline moiety seems to be the most sensi-
tive part of the molecule. It may mimic a transition
state, in which the oxo-carbonium intermediate is
stabilized by the carbonyl oxygen of the neighbour-
ing N-acetyl group.’

3.2 Enzyme from Serratia marcescens

As above, the arrangement of groups around the agly-
cone moiety determines the level of inhibition of the

TABLE 1
Inhibition of Chitinase Activity from Chironomus tentans Cell
Culture and from Serratia marcescens Chitinase A by Allosa-
midin and its Derivatives

K; (pm)*
Compound Chironomus tentans Serratia marcescens

Allosamidin 0-22 0-1
I 0-67 0-87
I 0-35 531
I 234 182
v > 5500 717
\% 30-8 70-9
\%! 16-9 77-5
VII 62-9 > 5500
VIII 267 n.d.

@ Determined according to Cheng and Prusoff.!”
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Fig. 1. Structural formulae for allosamidin and derivatives I-V.

purified chitinase A from Serratia marcescens (Figs 5
and 6), as in compounds IV-VIII. However, here the
sugar moiety is recognized differently. Omission of one
N-acetylallosamine impairs the inhibitory effect
(compound 1II), exchange of the remaining N-
acetylallosamine for N-acetyl-glucosamine improves
inhibition (compound I).

3.3 Other species

Only a minor decrease in the inhibitory action is report-
ed for N,N’-diacetyl-B-chitobiosyl allosamizoline (Fig. 1)
for chitinases from Bombyx mori and Saccharomyces sp.,
whereas for the Trichoderma enzyme a 30-fold decrease
in the inhibitory activity has been observed.>''® X-ray
data from hevamine, a plant chitinase of family 18
hydrolases® has revealed that the OH-group at C3,
whether equatorial or axial, is too far away for inter-
action with amino acid residues of the catalytic domain.

These reports and our data indicate that the orientation
of the hydroxyl group at C3 of the sugar moiety is rec-
ognized differently by various chitinases.

Species-specific differences are also pronounced in the
dimethylamino-group of the cyclitol, since removal of
one methyl group at the oxazoline ring is without effect
on inhibition of chitinases from B. mori and Tri-
choderma sp., but increases the inhibitory potential in
Saccharomyces cerevisiae Meyer ex Hansen and Candida
albicans (Robin) Berkhout.>* Our own unpublished
results with a chitinase from the bacterium Serratia
marcescens, a crustacean (Artemia salina L.) and an
insect cell line (C. tentans) revealed that removal of one
methyl group has only a slight effect on chitinase inhibi-
tion, whereas the removal of the second methyl group
considerably reduces inhibition.!® N-Acetylgluco-
saminidase in the culture supernatant of Chironomus
cells is not affected by allosamidin or compound VII
up to concentrations of 1 mm.2 The same is also true for
compounds I-VII (data not shown).
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Fig. 2. Structural formulae for derivatives VI-VIII and N,N-
diacetyl-f-chitobiosyl allosamizoline.

3.4 Other enzymes

Chitinase is secreted mainly into the culture medium,
whereas chitin synthase is membrane-bound. Therefore

logit vi/vO
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the two enzyme activities can be measured separately.!3
None of the compounds tested affects chitin synthesis in
homogenates of Chironomus cells up to a concentration
of 5 x 10~* m. The failure of allosamidin and its deriv-
atives to impair N-acetylglucosaminidase activity or to
inhibit chitin synthesis is a further indication that
recognition of N-acetylglucosamine or its oligomers,
which must take place in these enzymes also, is not
essential for inhibition.

3.5 Binding mechanisms

Since the essential parts of the catalytic domain of chi-
tinase A from S. marcescens?’® and from Chironomus
cells (Feix, M., pers. comm.) are highly conserved, our
results suggest that other domains of the enzyme influ-
ence substrate binding and inhibition by allosamidin
and its derivatives, as proposed earlier.?? Isolation of
the full-length clone of the Chironomus enzyme is in
progress in our laboratory, which may then allow eluci-
dation of the three-dimensional structure of an insect
chitinase, which may help to explain species-specific dif-
ferences.

4 CONCLUSIONS

The structure—activity relationship of allosamidin deriv-
atives reveals that the molecule can be simplified
without loss of inhibitory action on chitinases. The
directed design of potential insecticides will be further
facilitated by the three-dimensional structure of the
insect enzyme.
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Fig. 3. Inhibition of chitinase activity from Chironomus tentans cell culture by () allosamidin, (+) L (%) IT and ([J) IIL
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Fig. 4. Inhibition of chitinase activity from Chironomus tentans cell culture by (l) allosamidin, (&) IV, (4) V, (x) VL, (X) VII and
(O) VIIL
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Fig. 5. Inhibition of chitinase A from Serratia marcescens by () allosamidin, (+) I, (%) II and ([J) IIL
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Fig. 6. Inhibition of chitinase A from Serratia marcescens by (ll) allosamidin, (&) IV, (A) V, (x) VI and (X) VIIL
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