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Microbial culture  broths were  screened  for nevel  fi-N-acetylglucosuminidase {GleNAcase) inhibitors specific  for

the  enzyme  of  insect origin.  Four strains  of  actinemycetes,  Streptom.vees griseoloaibus JCM4480,  S. c'iatttfbr

JCM5059,  S. anttlatus  NBRC13369  and  S. griseus subsp.  rhodochrous  NBRC13849,  produced unique  com-

pounds showing  selective  inhibition ofthe  inseet GlcNAcase. In contrast,  4 fungaS strains.  Ilaecilom.vc'es sp, F13,

F30. R carneus  F2281 and  terticillium sp. F40, were  found to produce GlcNAcase inhibitors showing  a bread

spectrurn  ofinhibitory  activity  against  GlcNAcases from insccts, mammals,  plants and  fungi. These resuLts  indi-

cated  obvious  difTerences in GlcNAcascs between insects and  Qthcr  organisnis.  This is the first report  ofenzyme

inhibjtors specific  for the G]cNAcase ofinsect  origin.  
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          (IGR), microbial  rnetabolitc,  B-N-acctylhexosaminidase (EC 3.2.1.30),

                  Introduction

Chitin. a  linear polysaccharide of  6{1,4)-linked N-acetylglu-

cosamine  residues,  is a  structurat  component  of  the cuticle

and  the peritrophic membrane  in the rnid-gut  of  insects, and

the strict reguLation  of  its metabolism  is cssential  for the

normal  growth of  insects. The chitinolytic  enzyrne  system

consisting  of  chitinase  and  fi-N-acetylgiucosaminidase
(GlcNAease) is essential  for the  metabolic  turnover  of  chitin

in insects, and  hence. inhibitors of  thcse enzymes  arc  ex-

pected to be potential insect growth regulators  {IGRs). Ovcr

the past few years, chitinases  have been regarded  as  potential
target enzymes  for aGRs  since  the  hydrolysis of  chitin  by the

cnzymes  is considered  the rate-determining  stcp  in the degra-

dation of  chitin. Although several  cempounds  such  as  al-

losamidin,h argifini''i) and  argadin4)  have already  becn discov-
crcd  as  chitinasc  inhibitors, none  have been used  commer-

cially  as  iGRs. One  reason  for this is that these compounds

inhibit family 18 chitinases  ofmany  different organisms,5'6)

  We have previously  isolated a  novcl  chitinase  inhibitor,

FPS-1, from the cu]ture  fi]trate of  Eiphaeiz\)sis sp, TNPT116-

"
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Cz.7) FPS-1 potently inhibited an  insect chitinase  from

SPodoptera iitura (common cutworm).  but did not  inhibit an

actinomyeete  chitinase  from Stt'eptomyces grisetts, In con-

trasL the known  chitinase  inhibitor altosamidin  potent]y in-

hibited both chitinases.  These results  indicated that the inscct

chitinase  was  apparent]y  distinct from the  chitinases  of  other

organjsms.

  GlcNAcasc  forming part of  the chitinolytic  cnzyme  system

is necessary  tbr the  complete  degradation of  chitin  into its

monosaccharide,  but little attention  has been given to it as  a

target enzyme  fbr new  IGRs  because of  its wide  distribution

in nature  including fungi. aetinomycetes.  plants and  mam-

ma[s.  However, the  presence of  the inscct chitinase  {nhibitor

FPS-1 strongly  suggestcd  that the chitinolytic  cnzyrne  systern

in insects consists  of  a  unique  chitinase  and  GlcNAcase. The

question  then  arises,  are  there enzyme  inhibitors specific  for

the insect GlcNAcase  in nature?

  This paper reports  on  the screening  and  partial characteri-

zation  of  inhibitors specific  f'or the GlcNAcase  of  inscct ori-

gin.

             Materials and  Methods

i. Genetztl
Nagstatin was  a  gift from Microbial Chernistry Research

Foundation (Japan). Pupae ofAd(ixoph.ves  oJuna  and  Mtisca
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domestica and  larvae of  lteriptaneta .fiiUginosa were  kindly

provjded  by Agricultural Chemicals Rcsearch LaboratorM

Sum{torno  Chcmical.  Japan. fi-N-Acetylglucosaminidase
from bovine kidney was  purchased from SIGMA  {USA), All
other  chemicals  werc  commereially  available.

2. Pruparation oj'GtcMlcasesolutions
All procedures were  carried  out  at a  temperature  ofbetwcen  O

and  40C, A  crude  GlcNAcase  solution  from S. titura was  pre-

pared using  the  same  method  as  for the prcparation of  the

chitinase solution described in our  previous paper.S) Other in-

sect  GlcNAcase  solutions  were  prepared with  similar  proce-
dures but with  the extraction  buffers changed  as fo11ows.

(1} Pupae of  summer  fruit tortrix, Adexoplty'es orana:

50mM  citrate-phosphate-borate  buffer (pH 7.0) eontaining

O.Ol% phcnylthiourea. (2) Larvae of  fi'uit fly, Drosqphita

meianogaster  and  Iarvac of  smokybrown  cockroach,  R]riplan-

eta  juliginosa: 50mM  acetatc  butller {pH 5.0) containing

O.O1%  phenylthieurca. (3) Larvae ofhouse  fly, Musca  domes-
tica:  5emM  acetic  acid-sodium  phosphate bufTtr (pH 6.5)
containingO.Ol%phenylthiourea.

  Aspergillus .fitmigatus IAM2046  was  cultured  in chitin

rnedium  (pH 5.0) consisting  ofcolloidal  chitin  1O, Polypepton

(Nacalai 

'fesque,
 Japan) O.5, yeast cxtract  (Nacalai Tesque,

Japan) O.5, glucose 1.0, K2HPO,  O.7, KH,PO,  O.3, and

MgSO,'7H20  O.5(g/1 water)  for 6 days at 280C with  recipro-

cal  shaking  (280strokeslmin, 280C) and  the culture filtrate

was  used  as  a  crude  GlcNAcase  solution.

  JIPhaertrpsis sp.  TNPT116-Cz  was  cultured  at  280C  fbr 12

days in YpSs  medium  (pH 5.6) eonsisting  of  potato starch

15.0, yeast cxtract  (Nacalai fesquc, Japan) 4,O, and

MgSO,'7H,O  O.5 (gA water)  under  static  conditions  and  the

culture  broth was  filtered. The mycelia  were  homogenized in

50mM  citrate-phosphate-borate  buffer (pH 4.0) after  one

cycle of frcezing and  thawing.  The obtained  suspension  was

centrifuged  (20,OOOg, 20min)  and  the supernatant  was  used

as  a  ctude  GlcNAcase  solution.

  A  crude  GlcNAcase  solution  from seeds  of  swect  corn,  Zba
mq]Js  L,, was  prepared as  described elsewhere.O)

3. Methodgqfassaying61clVAcaseinhibitoryactivity
In the screening  experimcnt,  the fo11owing enzyme  inhibitory

assay  was  used.  Culture filtrates were  assayed  directly. Culture

extracts  were  evaporared  under  reduced  prcssure  and  the dried

materials  were  suspended  in 5%  DMSO  as  test samples.

Eighty rnicroliters  of  the test sarnple  was  added  to 16;ll of

5mM  p-nitrophenyl-N-acetylglucosaminide (pNP-GIcNAc)
solution. Then,  241tl of  232mM  citrate-phosphate-borate

buffer, pH  6.0, was  added  and  mixed  very  wcll.  The enzy-

matic  reaction  was  initiated by adding  40"1  of  S. Iitura crude

GlcNAcase  solution  in 14.3mM  ofthe  same  buffer. This mix-
ture was  incubated for 60min  at  370C. The  reaction  was

quenched by adding  1OO pt1 of  1.3 M  NaOH  and  the amount  of

p-nitrophenel (pNP) liberated was  determined at 415 nm,  The

Yt)urnalqt'Rvstit'ideS['ience

amount  ofenzymc  was  adjustcd  so  that the increase in A4]fi of

the controt  mixture  containing  H20  instcad ofsample  solution

was  O.500. Percent inhibitien was  calculated by the equation.

[nhibition(%)=100-{(A-B)i(C.-D)XIOO}

  Where  A, B, C and  D  are  the absorbance  <A4is) of  the test

mixture,  substrate  blank for the test mixture,  contro]  reaction

mLxture  containing  no  test sample  and  substrate  blank for the

contrel  reaction rnixture,  respcctive]y.  One  unit  ofGlcNAcasc

inhibitoTy activity  is defined as the amount  ofinhibitor,  which

caused  50%  inhibition of  S. Iitttra GlcNAcase  activitM  meas-

ured  under  the above  assay  eonditions.

  The inhibitory assay  against  bovine kidney GlcNAcase  was

carried  out  in a  similar  manner  to the inhibitory assay  against

S. Iitura GlcNAcase, except  that 100mM  sodium  citrate

buffer containing  100mM  NaCl  and  O.Ol%  (wlv) bovine
serum  albumin  (pH 5.0) was  used  instead of  232 mM  citratc-

phosphate-borate bufTbr {pH 6.0}.
  For eva]uation of  the specificity  of  thc active  compounds,

GtcNAcases  frorn insects, fungi, plants and  marnmals  were

used.  The  finaL volumc  of  reaction  mixture  was  dccreased to

60ul  and  thc concentration  of  buffbr was  changed  to SOmM.
The  typcs  of  buffer were  selected  based on  published papers,
except  fbr the G]cNAcase ofSPhaetzlpsis  sp,  TNPT1  16-Cz. In

the inhibitory assay  of  SPhaeropsis sp.  TNPTI16-Cz  GLc-

NAcase, a  citrate-phosphate-borate  butTer ofpH  4.0 was  usea

wbich  was  optimum  for thc reactlon  as  deterrnined in prclimi-
naryexperiments.

  (1) S, litura and  A, oFuna:  citrate-phosphate-borate  buffer

(pH 7.0),") (2) D. metanogastur:  sodium  acetate  buffer (pH
5,5),iO) (3) M  domestica: acetic  acid-sodium  phosphate butfer

(pH 6.5),i]) (4) R ,fidiginosa: sodium  acetate buffer (pH
5.0),i2) (5) A. finmigatus IAM2006:  citrate-phosphate-borate

buffer (pH 5.0),i3' (6) Eiphaempsis sp.  TNPTI16-Cz:  citrate-

phosphate-borate bufTer {pH 4.0), (7) Zea mays  L.: citrate-

phosphate-borate buiTbr (pH 5.0),9) (8) bovine kidney: sodium
citrate  buffer containing  100mM  NaCl  and  O.Ol%  (wfv)
bovine serum  albumin  (pH s,O).i4)

4, Microbiat cultivations  and  sampte  prepanutions ,for

   sereentng

/[Wenty-five strains  of  actinomycetes  were  cultured  at 280C

for 4-6 days on  a  reciprocat  shaker  at 280 strokestrnin in 2

different mcdia,  F rnediurn  and  a  modified  Bennett's medium

containing  colloidal  chitin  as  a carbon  source,  F rncdium  (pH
5.3): glucose 10.0, soybean  meal  (Mitsubishj Chemical,

Japan) 10.0, CaCO,  2.0, glycerol 5.0, dry yeast powder

(Asahifood &  Healthcare, Japan) 5.0, Corn Steep Liquor

(Syouno Denpun, Japan) 10.0, and  NaCl  5.0 (gll water),  Mod-

ified Bennett's mediurn:  colloidal  chjtin 1.0, NZ  Amine  fype
A  (Humko Shetheld Chemical, USA)  2.0, yeast extract

(Nacalai tcsque, Japan) 1.0, and  beefextract (DIFCO, USA)
1.0 (gll water).  The culture  broths were  ccntrifuged  (20,OOO g,
10min)  to separate  mycelia  and  supernatants. The super-
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natants  were  assayed  directly. Thc  mycctia  were  extracted

with  acetone!MeOH  (1:1, vlv}  at room  tcmpcrature  tbr 4

days.

  /[Xvo hundred and  sixty  strains  of  fungi iselated and  col-

]ccted at  famagawa  University fokyo. Japan were  cultured  at

280C  for 12 days under  static  conditions  in four ditl'erent
media,  rol]ed  barley so]id  medium  (RB). buckwheat solid

medium  (BWL srarch  soybean  liquid medium  (SS} and  glu-
cose  peptonc ]iquid medium  (GP). RB  medium:  rolled  barley

(Kyowa  Seibaku, Japan) ]Og, yeast extract  (Aidemar. Spain)

O.02g, Na-tartrate O,Olg, KH!PO, O.Olg, and  tap water

10ml. BW  medium:  buckwheat grain <Gunma Prefecturc.
Japan) 10g, yeast extract  (Aidemar. Spain) 1 mg.  Na-tartrate

O.5mg. KH,PO,  O,5 mg,  MgSO,･7H,O  O.5mg, FcSO,'7H!O
O.05mg, ZnSO,･7H,O  O.05mg. and  tap water  10rn1. SS
medium:  toast soya  {Showa Industry, Japan) 20, glucose 10,
potato starch 20, yeast extract  (Aidemar, Spain) 2.0, NaCl  2.5.
CaCO,, 3,2, ZnSO,'7H,O  O.05, CuSO,･5H.O  O.OOS, and

MnCl,'4}I20 O.O05 (g,i] water).  GP  mcdium/  glucose 20.

glycerol 30. Polypepton (Nippon Pharmaceuticals. Japan) 5,O.
yeast extract (Aidernar, Spain) 2.0, and  NaCl  3.0 (gA water}.

The  breths wcre  extracted  with  20  -25 m]  ofn-BuOH  to obtain

the extracts,  These cxtracts  were  evaporated  to dryness and

suspended  in 5%  DMSO  as  test samples.

  Six hundred and  fifty six  strains  of  fungi iso[atcd and  co[-

[ected at Okayama University, Okayama,  Japan were  cultured

at  280C for 21 days undcr  static  conditions  in potato dextrose

malt  extract  liquid rnedjum  (PDM}  as  described in a  previous
    ]5.bpapen

5, Charetc'teriiation qf'ac'tive c'ompountls

The  molecular  wcight  of  active  eempounds  was  estimatcd

using  a  Centricon ultrafi]tration  cartridge  (]OkDa-cut ofi' for
globular protein. Millipore. USA).  Ib  evaluate  thermal  stabil-

ity, culture  filtrates or  extracts  were  hcated at  95=C  for 1Omin.
For the evaJuation  of  pH stab{]itM sample  solutions were  ad-

justed to  pH  3. 7 and  1O with  acetic  acid  or  ammonia  so]ution

thcn  heated at  600C for 30 min.  Ionic characteristics  were  de-

termined  by ion exchange  chromatography  using  Dowex 50W
X8, H'  forrn (DOW  Chemica[. USA}  and  AGI  X8.  0H'
fbrm (Bio-Rad USA}.

              Results and  Discussion

1. Establishment qf  the insec't Glc'?VAcase inhibitom'

   assav

We  have previously reported  the  preparation oi' a S. Iitttiu
chitinase  solution.H'  In thc prc]iminary experiment  of  this

work.  GlcNAcase  activity  was  alse  dctected in this erude  en-

zymc  solution  when  pNP-GlcNAe  was  used  as  a  substrate,

and  hence. the samc  procedure vvas  uscd  for the prcparation
ofa  GlcNAcase  solution.  The  niethod  of  inhibitory assay  was

outlined  in "Materials
 and  Methods".

  Nagstatin,[6'i7) a  GlcNAcase  inhibitor from the actino-

mycete  S. amakusaensis  MG846-fF3,  was  used  to evaluate

Inhibitors f'or ingect P-,X'-ucetyl."lucosaminidase 43

Table  1. Inhibition oi' S. titttiw and  bovine kidnev Glc-

NAcascs  by nagstatin

Enzvme  souTces  ' IC.,,{nNO K,<nNO

S. iitltraBovine

 kidncv

5. .85IJI ],IO].64

this assay  method  {Table b. The  ICi, of  nagstatin  against  S.

Iituiu GlcNAcase  was  5.85nM.  The  reported  IC,-o value

against  hog kidncy GlcNAcase was  4.01nM.i`'" This assay

method  had been adopted  for the scrcening  of  (]lcNAcase in-

hibitors from microbial  cxtracts.  re$ulting  in thc discovery of

nagstatin.  Therefbre. the prcsenT S. Iitttra G]cNAcasc  in-
hibitory as$ay  w'ould  possib]y detcct GlcNAcase inhibitors in
crude  rnicrobial  extracts.

  In addition. nagstatin showed  inhibitory activity  against

both S. Iitt{ru and  bovine kidney GlcNAcases  with  similar  K,

va]ues.  Its niode  of  inhibjtion of  both enzymes  "･as  conipctj-

tivc, These results  strongly  suggested  a  broad inhibitory spec-

trum  for this eompound.

2. Sei'eeningqf'mic'tvhial('u/ntres
TWo  different media,  F medium  and  modified  Bennett's

medium  were  adapted  for the cu]t{vation  of  actinomycetes,

Thc former is one  of  thc best media  for thc production of  an-

tibiotics  by actinomycetes  and  thc latter medium  contained

only  coLloidal  chitin  as  a carbon  source,  and  thercforc, the

production of  a  wide  variety  of  chitin  analogs  could  be ex-
pected. T"'cnty-five strains  efactinomycetes  werc  cu]turcd  in
the above  t-'o  media  and  rhc  culture  filtrates and  ccll  cxtracts

obtained  werc  scrcened.  Inhibitory activity  w'as  found only  in

the cu[ture  filtrates. not  in the cell  extracts,  Out oftwenty-five
strains scrcened.  four produced GlcNAcase  inhibitors only  in

the prcsence of  eolloidal  chitin  {Table 2), indicating that

chitin  as  a carbon  source  was  dircctly or indirect]y responsib]e

for the production. One  othcr  strain,  S, kanann'c'eti['us
NBRC  13414. produced inhibitors in the both thc F and  modi-

fied Bennett's mcdium,  suggesting  thc presence ot' more  than

two  distinct a ¢ tive compounds.

  k'enty-two of  nine  hundred and  sixtccn fungal strains

showed  50--1OOVn inhibitien, Solid phase cultivation  was  more

et}l)ctiv'c  than  liquid phase cu[tivation  as  shown  in Table 3.
Four actinomycete  strains and  four fungal strains  wcrc  se-

lected for further study  becau$e ofhigh  levels of  thc inhibitors

('lable 4). The fbur actinomyccte  strains  showcd  good  produc-
tix,ity on  cultivation  w'ith  CB  medium  for six days and  the cu]-

turc  fi]tratcs possessed potcnt inhibitory activity  with  ID,-{,

values  in the order  oful.  Thc four fungal strains  were  highly

productjve under  soJid-stntjc  condjtions  wjth  appropriate

media  for twelye  days and  the  prepared culture  extracts

showcd  potcnt inhibitory activity  with  IDs, values  in thc order
of  ptg. These crude  matcria]s  were  used  for thc charucteriza-

tion of  the active  princip]es.
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Table 2, Resu]ts of  screcning  of' cu]ture  filtrates of  aetino-

MYcetes"}

Inhibition(%)

Strains

FModified-Bennett's

Micromonospofuearbonac'eaNBRC14108

M. chatcea  NBRC13503

M. haloph.vtica NBRC14112

Saccharomonospoiu viridis  NBRC12207

Stteptom.vcesalbidqfiavusNBRC130tO

S. antih. ioticus NBRC12838

S. antihioticus  NBRC3]  l7

S, anutatus  NBRC13369

S, atratus  NBRC3897

S, cattleva  NBRC14057

S, canus  NBRC12752

S. chromqfiiscus  NBRC128Sl

S. cuspidosporus  NBRC  1 2378

S. viotaceoruberNBRC3504

S. diastaticus subsp,  diastaticus NBRC  1 34 1 2

S. .filipinensis NBRC  1 2860

S.,i7udiaeNBRC3360

S. griseus subsp.  rhodochrous  NBRC13849

S, griseojlavus NBRC  1 3044

S. humidus  NBRC12877

S, kanamyceticus  NBRC  13414

S, pactum  NBRC  13433

S, rameus  NBRC3782

S. griseotoatbus JCM4480

S. ctautfer  JCM5059

212724103210261481417133016]22412Ig18le68619241189154786821675107

  -51b)

    ]s

    6

    7

   80

    6

    H

   S6

    13<-1Oob)

   zt
   T,

a)Eighty
 microliters  of  culture  filtrates were  ttssayed  against  S.

Iitura G[cNAcase, Double  underline  entries;  >50%  inhibjtion.
Results for double underlinecl  entries  are  representcd  as mcan

values  of  two  independent assays.  In these cases,  calculated

%inhibition was  within  an  experimenta]  error  of  O.6%.
b}May

 be due  to the GlcNAcase  activity  in thc  culture  fi1trate.

3. Pio;sicochemical chaFucteristics  ofactive compounds

The physicochemical characteristics ofthese  compounds  were

examined  using  the fo11owing methods:  solvent  fractionation,

ultrafiltration,  heat treatment  under  an  unadjusted  pH  or

acidic,  neutral  and  alkaline  pH  conditions,  and  ion exchange

chromatography.  All active  compounds  showed  similar  chem-

ical properties being water  soluble,  small  (< 1O kDa  as  a  glob-
ular  protein), heat stable,  stable  under  acidic  to neutral  pH
conditions, and  cationic. However, the active compounds  pro-
duced by four actinomycete  strains  were  unstable  at  an  alka-

Jburnaiaf'festicideScience

Tlible 3. Rcsults ofsercening  of  fungal metabolitesa)

Media Cenditions
Hit numbcrs

(activeltotab

RBBWGPssPDM sotid-static

solid-static

liquid-static

liquid-static

liquid-statie

7/'2606t2604126041260116S6

")
 TNve hundrecl and  sixty  strains  of  fungi were  cu]tured  in tbur

different media  under  static conditions.  RB/  rolled  barley solid

medium,  BW:  buckwheat solid  medium,  GP: glucosc pcptenc

liquid medium,  SS: starch  soybean  liquid medium.  The  remain-

ing six  hundred  and  fifty-six strains of  fungi were  cultured  in
PDM  (potato dextrose malt  extract)  liquid medium  under  static

conditions.  One  portion ofculture  extract  was  assaycd  against  S.

titura GtcNAcase.

line pH  while  those from four fungal strains were  stable.

Therefore, two  types ef  GlcNAcase inhibitors were  revealed

as  judged by their chemical  properties, These active  com-

pounds, being water  soluble,  cationic  and  of  low molecular
weight,  had chemical  properties consistent  with those of

known  GlcNAcase  inhibitors including nagstatin.]6'iB)

4, inhibitory spectFu qf'active compouncts

The  inhibitors produced by eight  active  strains  could  be clas-

sified  into two  groups as judged by their inhibitory spectra,
viz., those specific  to insect GlcNAcases  and  non-specific  in-
hibitors (Fig. 1).

  The culture  filtrates of  fbur actinomycetes  showed  strong

inhibition ofa  wide  variety  ofinsect  GlcNAcases, but little or

no  effect  against  plant, fungal and  mammalian  GlcNAcases.

In addition,  all GlcNAcases  used  in this study  were  inhibited

by a  family 20 GlcNAcase  inhibitor nagstatin  (data not

shown),  confirming  the novelty  of  the inhibitors. In contrast,

the  culture  extracts  ofthe  fbur fungal strains  showed  broad in-

hibitory spectra  simiIar  to known  GlcNAcase  inhibitors.iS)

  The presence of  inhibitors specific fbr insect GlcNAcases

strongly  suggested  distinct differences between the

GlcNAcases  ofinsects  and  those ofother  organisms  including

plants, fungi and  mammals.  A  similar  phenomcnon  was  re-

vealed  in our  previous study  in which  a  novel  insect chitinase

inhibitor FPS-1 inhibited the insect chitinase  from S. Iituru

but not  the actinomycete  chitinase from Streptom.vces

griseus.i) These results  strongly  suggested  that the insect
chitinolytic  enzyme  system  is composed  ofa  unique  chitinase

andGlcNAcase.

  This paper described the screening  and  preliminary charac-

terization of  insect GlcNAcase  inhibitors. The emphasis  of

this study  is the presence of  GlcNAcase  inhibitors specific  for

the enzyrne  of  insect origin.  The specificity  is quite new,  and
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Table 4,G]cNAcaseinhibitoryactivityefculture broths from eight  aetive  strains

Strains Media Davs
   IDs,against

S.tirutuGlcNAcase

S. amtiatus  NBRC13369

S. gniseus subsp.  i'hodf)chrozas  NBRC  1 3849

S, gi'i.seoloaihus JCM4480

S. ctait(fi r JCM5059

flaucilomsees sp. F ] 3

Riec'iiontsees sp. F30

;'lei'ticiitittnt sp.  I'4{)

R carneus  F2281

CBCBC'BCB

BWRBRBRB

6666121212l2  2.I5,"

 3.9S-

 6.9S"/

 5.]9-

14.lhi

 O.736h,

 O.3C}61,,12.ohh

CB/  colloidal  chitin-Bennetl's  mcdium,  RB:

medium,  SS/ starch  soybcan  liquid medium,

b)Weightof'culturecxtract(ug).

ro]led  barlcy

PDM/  potatosolid

 mcdium,

dextrose maltBWIextractbuckwheat

 solid

 liquid medium.medium,

 GP/
'`/As

 a  velumeg]ucose

 peptone liquid
ot'  culture  tlltrate (ttl).

therefore, the inhibitors discovered here are  expected  not  only

to be potential insect growth rcgugators  but also  to become

helpfu1 tools  to elucidate  the physiological role  of  the chiti-

nolytic  cnzyme  system  in insects, In addition, the inhibitors

from four funga] strains  are also interesting because these
compounds  have comparatively  similar  chemical  properties to

thc inhibitors of' fbur actinomycctc  strains  with  distinct in-

hibitory spectra.  Further isolation and  structural  elucidation

ofthe  inhibitors are  now  in progress.
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S. griseoioaibus
  JCM4480

   Actinomvcete

S, c/auiierJCM5059

            S htura  {lnsect}
            A orana  {/msect)
        DmetanogsterCinsec ±)
          M  demesbca  C/nseet)
          P  ruhgmosa  C/nsec±)
           Zea meys  L  Cplant)
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        Bev/nek/dney{mammal)ov

O 20 40  60 80100

   lnhibition(%)

3eq

O 20 40 60 80

   lnhibition{%)1oo

strams

   S, anulatus
   NBRC13369S.

 gfiseus subsp.  rhodochrous

      NBRC13849

O 20 40  60 80100

   lnhibLtion(%)

3%

O 20  40 60 80100

    inhibition(%)

            S, JJtUra tdnsect)
            A orana  [/nsect)
        DmetanegsterC/nsect)

          M  domesnca  C/nsect)
          P fvhgmosa  (/nsect)
           Zea mays  L [pLanO

Sphaerops/ssp TNPTI16-Cdfumgus)
    A,tum"gatusIAM2046(fungus)

        Bov/nek/dmey{mammal)

Paecitomycessp.

    F13

      Fungal strains

Paecilomycessp,

     F30
Vtirticiiliumsp,

    F40
P, carneus

 F2281

                             O 20  40  60 80100  O 20  40  60  80]OO  O  20  40  60  8D100  O 20 40  60  BO]OO

                                lnhibition(%) lnhibition{%) lnhibition(%) lnhibitJon(%)

Fig. 1 Inhibitory spectra  ofactive  compounds  from eighl  active  strains.

Appropriate amounts  ofculture  broth. corrcsponding  to SO-75%  inhibition oi' S. Iituiu GlcNAease. were  assayed  against  various  G[cNAcases

(JCM448C)/ 2.27 units,  JCM5059/  3.01 units,  NBRC13369/  3.18 units,  NBRC]3849,  ] .48 units.  F13/ 3.02 units, F30/ 3.79 units, F40/ l .S9 units.
F22S1/ 2,69 units). One  unit  ofGlcNAcase  inhibitory activity  is defined as  the amount  of  inhibitor which  caused  50%  inhibition ofS.  titura Glc-

NAcase  activity  as  measured  with  the  assay  used  in the scrcening  experimcnt  (see '`Matcrials and  Methods"). The  amounts  of  enzymes  used  in

this cxperimcnt  were  so  that the incrcasc in A-  ,- ofthe  control  mixture  eontaining  E1]O instead oftest  materials  was  O.SOO. Assay  resutts are  rep-

resented  as  mean  values  ofduplicate  determinations. In all  cases.  the  calculated  Yalnhibition was  within  an  experimental  error  ofS%.
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