
J  
~ "   '  Nil  II  II  II  INI  I  III  INI  III  II  I  II 
European  Patent  Office  _  _  _  
_„.  ©  Publication  number:  0  3 2 5   0 3 7   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  06.04.94  ©  Int.  CI.5:  C12N  1/20,  A01  N  63 /00 ,  
C12N  15 /00  

©  Application  number:  88311383.9 

@  Date  of  filing:  01.12.88 

The  file  contains  technical  information  submitted 
after  the  application  was  filed  and  not  included  in 
this  specification 

(§v  Bacterial  strains. 

©  Priority:  24.12.87  GB  8730132  ©  Proprietor:  ZENECA  LIMITED 
24.12.87  GB  8730133  Imperial  Chemical  House,  9  Millbank 

London  SW1P  3JF(GB) 
@  Date  of  publication  of  application: 

26.07.89  Bulletin  89/30  @  Inventor:  Bernier,  Roger  Laurent 
465  Woodview  Road 

©  Publication  of  the  grant  of  the  patent:  Unit  No.  3 
06.04.94  Bulletin  94/14  Burlington  Ontario,  L7N  2Z9(CA) 

Inventor:  Collins,  Martyn  Davies 
©  Designated  Contracting  States:  27  Barlavington  Way 

BE  CH  DE  ES  FR  GB  GR  IT  LI  LU  NL  SE  Mid  hurst  West  Sussex,  GU29  9TG(GB) 
Inventor:  Gray,  Ann  Louise 

©  References  cited:  2173  Galena  Crescent 
EP-A-  0  142  924  Oakville  Ontario,  L6H  4B1(CA) 
GB-A-  1  172  900 

JOURNAL  OF  INVERTEBRATE  PATHOLOGY,  ©  Representative:  Roberts,  Timothy  Wace  et  al 
vol.  22,  1973,  pages  273-277,  Academic  ICI  Group  Patents  Services  Dept. 
Press,  Inc.;  H.T.  DULMAGE  et  al.:  "HD-187,  a  PO  Box  6 
new  isolate  of  Bacillus  thuringiensis  that  Shire  Park 
produces  high  yields  of  delta-endotoxin"  Bessemer  Road 

Welwyn  Garden  City,  Herts,  AL7  1HD  (GB) 
MICROBIOLOGICAL  REVIEW,  vol.  50,  no.  1, 
March  1986,  pages  1-24,  American  Society 
for  Microbiology;  A.I.  ARONSON  et  al.:  "Ba- 
cillus  thuringiensis  and  related  insect 
pathogens" 

00 

CM 
PO 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



EP  0 325  037  B1 

NATURE,  vol.  328,  no.  6125,  2nd-8th  July 
1987,  pages  33-37,  London,  GB;  M.  VAECK  et 
al.:  "Transgenic  plants  protected  from  Insect 
attack" 

2 



EP  0  325  037  B1 

Description 

The  present  invention  relates  to  novel  bacterial  strains,  and  in  particular  to  novel  strains  of  the 
bacterium  Bacillus  thuringiensis  and  uses  therefor. 

5  The  organism  Bacillus  thuringiensis  produces  a  protein  crystal  endotoxin  which  kills  insects.  It  is  not 
however  toxic  to  mammals.  It  is  thus  very  useful  as  an  agricultural  insecticide,  in  particular  against 
Lepidoptera,  and  strains  of  Bacillus  thuringiensis  have  been  used  as  agricultural  insecticides  for  a  number 
of  years. 

The  strain  of  Bacillus  thuringiensis  which  is  most  commonly  used  commercially  is  HD-1  (available  from 
io  the  collection  of  Bacillus  thuringiensis  strains  maintained  by  the  US  Department  of  Agriculture).  We  have 

now  discovered  a  novel  strain  of  Bacillus  thuringiensis  having  generally  similar  properties  to  HD-1,  but 
distinguished  therefrom  by  improved  insecticidal  activity  against  a  range  of  lepidopteran  pests. 

According  to  the  present  invention  we  provide  the  novel  strain  A20  of  Bacillus  thuringiensis,  deposited 
at  the  National  Collection  of  Industrial  and  Marine  Bacteria  under  the  accession  number  NCIB  12570.  We 

75  further  provide  a  novel  insecticidal  composition  characterised  in  that  it  contains  a  5-endotoxin  produced  by 
said  strain  A20,  and  a  method  of  protecting  plants  from  insect  attack  which  comprises  exposing  the  insects 
to  a  5-endotoxin  produced  by  said  strain  A20. 

The  strain  A20  was  isolated  from  soil  found  under  a  cedar  tree  in  Coburg,  Ontario.  In  morphology  and 
general  biochemical  properties  it  is  generally  similar  to  HD-1.  The  morphology  of  the  strains  is  compared  in 

20  Table  1  . 
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TABLE  2 

Biochemical  Markers  on  Microtitre  Plate 

Reagent  HD-1  A20 

MR  +  + 
VP  + 
Starch  +  + 
DNAse 
Urease  +  + 
Mannose 
Sucrose 
Cellobiose 
Glucose  +  + 
Maltose  +  + 
Salicin  +  + 
Thorneleys  +  (  +  ) 

-  :  Negative  Reaction;  +  :  Positive  Reaction;  (  +  )  :  Partial  Reaction 

TABLE  3 

Biochemical  Markers  on  ID-IDENT®  Plates 

HD-1  A20 

Indole  production 
N-acetyl-glucosaminidase 
a-glucosidase 
a-arabinosidase 
/3-glucosidase 
a-fucosidase 
phosphatase 
a-galactosidase 
/3-galactosidase 
Inoxyl  acetate  +  + 
Use  of  arginine 
Leucine  aminopeptidase 
Proline  aminopeptidase 
Pyroglutamic  acid  arylamidase  -  + 
Tyrosine  aminopeptidase 
Arginine  aminopeptidase  +  + 
Alanine  aminopeptidase 
Histidine  aminopeptidase 
Phenylalanine  aminopeptidase 
Glycine 
Catalase  +  + 

*:  partial  color  change  (hard  to  read). 
"ID-IDENT"  is  a  Trade  Mark  of  Api  Analytab  Products 

55 
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TABLE  4 

Biochemical  Markers  on  API-ZYME®  Plates 

HD-1  A-20 

Control  0  0 
Alkaline  phosphatase  0  0 
Esterase  (C-4)  0  0 
Esterase  Lipase(C-8)  0  0 
Esterase  Lipase(C-14)  0  0 
Leucine  aminopeptidase  +  + 
Valine  aminopeptidase  0  0 
Cysteine  aminopeptidase  0  0 
Trypsin  aminopeptidase  0  0 
Chymotrypsin  0  0 
Acid  phosphatase  0  0 
Phosphoamidase  0  0-1 
a-galactosidase  0  0 
/3-galactosidase  0  0 
/3-glucusuronidase  0  0 
a-glucosidase  0  0 
/3-glucosidase  0  0 
n-acetyl-j8-glucosaminidase  0  0 
a-mannosidase  0  0 
a-fucosidase  0  0 

API-ZYME  is  a  Trade  Mark  of  API  ANALYTAB  PRODUCTS 
0  =  no  reaction 
+  =  positive  reaction 

In  view  of  these  similarities,  it  is  surprising  that  A20  shows  significantly  improved  insecticidal  activity 
over  a  range  of  lepidopteran  pests  as  compared  with  HD-1. 

The  strain  according  to  the  invention  may  be  prepared  in  any  quantity  required  by  fermenting  a  sample 
35  of  NCIB  12570  obtained  from  the  National  Collection  of  Industrial  and  Marine  Bacteria  under  suitable 

conditions  in  an  appropriate  medium.  Such  conditions  and  media  are  well  known  to  the  art.  The  media  will, 
for  example,  generally  contain  a  nitrogen  source  (eg  fish  protein)  and  a  carbohydrate  source  such  as  starch. 
Suitable  conditions  include  a  temperature  in  the  range  15-45°C,  and  an  approximately  neutral  pH. 
Fermentation  most  conveniently  carried  out  in  batches,  typically  for  periods  of  1-3  days. 

40  An  insecticidal  composition  according  to  the  invention  may  be  obtained  from  the  fermentation  liquor  by 
concentration,  for  example  by  centrifugation  or  filtration  followed  by  addition  of  any  desired  and  appropriate 
formulating  agents.  Formulating  agents  which  may  be  useful  include  for  example  surface  active  agents,  eg, 
wetting  agents:  solid  diluents,  dispersing  agents  and  UV  stabilisers.  If  desired,  solid  formulations  may  be 
prepared  by  known  methods. 

45  The  process  of  the  invention  is  generally  carried  out  by  spraying  on  to  plants  infested  with  or  liable  to 
infestation  by  insects  insecticidal  compositions  as  described  above  diluted  with  a  diluent  such  as  water.  The 
insecticidal  agent  is  the  toxic  endotoxin:  if  desired  this  may  be  applied  to  the  plants  or  insects  infesting 
them  independently  of  the  bacteria  that  produce  it,  but  separation  of  the  crystalliferous  protein  from  the 
bacteria  is  generally  not  necessary. 

50  One  method  of  carrying  out  the  process  of  the  invention  is  to  arrange  for  the  plant  susceptible  to  insect 
attack  to  produce  the  5-endotoxin  in  situ.  This  is  done  by  cloning  a  5-endotoxin  gene  from  the  strain  NCIMB 
12570  by  known  methods,  providing  it  with  a  suitable  promoter  (for  example  the  CaMV35S  promoter)  which 
will  cause  expression  of  the  gene  in  plants,  and  transforming  the  plant  by  known  methods  (eg,  the  use  of  Ti 
plasmids).  Such  processes  are  described  in  more  detail  in  EPA  14  2924  (Agrigenetics),  the  disclosure  of 

55  which  is  incorporated  herein  by  reference. 
Insects  which  are  most  effectively  combatted  by  the  process  of  the  invention  are  lepidoptera,  for 

example,  those  in  Table  5  below. 

6 
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TABLE  5 

Common  Name  Latin  Name 

5  Spruce  budworm  Choristoneura  fumiferana 
Gypsy  moth  Lymantria  dispar 
Cabbage  looper  Trichoplusia  ni 
Corn  earworm  Heliothis  zea 
Beet  armyworm  Spodoptera  exigua 

io  Diamondback  moth  Plutella  xylostella 
European  Corn  borer  Ostrinia  nubilalis 

The  process  of  the  invention  may  be  used  to  protect  a  wide  variety  of  plants  prone  to  infestation  by 
lepidoptera.  Specific  examples  of  commercially  important  plants  to  be  protected  by  the  invention  are  maize 
(corn)  and  conifers:  as  well  as  rice,  small  grain  cereals  such  as  wheat  and  barley,  and  vegetables  including 
lettuce,  tomatoes  and  sugar  beet. 

The  following  Examples  illustrate  the  invention. 

EXAMPLE  1 

Isolation  of  the  BT  strain  A20  according  to  the  invention. 
The  soil  sample  found  under  a  cedar  tree  in  Coburg,  Ontario  was  diluted  by  placing  0.5  g  of  the  sample 

into  a  dilution  bottle  containing  45  ml  of  0.05%  peptone  to  give  a  10_1  dilution.  The  sample  was  then  heat 
treated  by  transferring  it  to  a  60°  C  water  for  10  minutes.  Sequential  dilutions  were  made  by  taking  0.5  ml  of 
the  sample  with  the  highest  dilution  and  placing  it  into  4.5  ml  of  0.05%  peptone  (eg.  0.5  ml  of  the  10_1 
dilution  into  4.5  ml  peptone  diluent  gives  a  10-2  dilution);  this  was  repeated  until  a  10-5  dilution  was 
obtained.  B.cereus  selective  medium  (Bacillus  cereus  Agar  base,  Code  CM617  from  Oxoid,  Canada)  and 
esculin  agar  (in  g/L  of  water:  esculin  1.0;  ferric  citrate  0,5;  peptone  10;  NaC1  5;  Agar  20)  were  used  to  plate 
10-3  to  10_G  dilutions.  The  plated  samples  were  incubated  at  30  °C  for  5  days  and  then  examined  for 
potential  B.t.  colonies.  Slides  were  made  of  the  chosen  colonies  using  the  Smirnoff  staining  procedure  and 
were  examined  under  the  microscope  (at  a  magnification  of  1000x  using  the  oil  immersion  lens)  for  the 
presence  of  darkly  staining  parasporal  crystals  which  were  usually  but  not  necessarily  bipyramidal  in  shape. 
Crystal-positive  colonies  were  streaked  onto  nutrient  agar  in  order  to  ensure  a  pure  culture,  and  incubated 
another  5  days  at  30  °  C.  The  Smirnoff  staining  procedure  was  repeated  to  confirm  crystal  presence,  and  to 
check  for  purity.  Purified  colonies  were  transferred  to  nutrient  agar  slants  and  stored  in  a  refrigerator  at 
40  °  C  for  further  use. 

EXAMPLE  2 

Propagation  of  the  BT  strain  according  to  the  invention. 
Inoculum  of  A20  was  transferred  from  a  slant  to  a  250  ml  Erlenmeyer  flask  containing  100  ml  of  CRL 

No.  1  medium  (in  g  or  ml/liter  of  water:  nutrient  broth  8;  glucose  6;  yeast  extract  5;  xylose  0.5;  cotton  seed 
flour  extract  30  ml;  corn  steep  liquor  3.2  ml;  Mary  Mendel's  salt  mixture  1  ml)  and  incubated  with  agitation 
at  30  °C  and  300  rpm.  After  24  hours,  the  entire  100  ml  was  used  to  inoculate  1  liter  of  the  same  medium  in 
a  2L  flask;  this  was  incubated  with  agitation  for  5  days  at  300  rpm  at  30  °  C. 

EXAMPLE  3 

Formulation  according  to  the  invention. 
Upon  completion  of  the  fermentation  cycle,  A20  bacteria  was  harvested  by  first  separating  the  B.t. 

spores  and  crystals  from  the  fermentation  broth  by  centrifugation  or  microfiltration.  The  recovered  spores 
and  crystals  were  resuspended  in  100  ml  of  water  and  formulated  into  a  liquid  concentrate  by  adding  4.9  g 
of  Morwet  D-425  (dispersing  agent),  4.9  g  of  Veegum  HV  (suspending  agent),  4.9  ml  of  Tween  80  (wetting 
agent)  and  24.4  ml  of  Sorbo  (anti-freezing  agent).  Each  ingredient  was  added  separately  in  the  order  stated 
above.  The  product  was  kept  at  40  °C  prior  to  use.  A  similar  formulation  was  made  up  using  HD-1  and  was 
used  as  a  control. 

7 
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EXAMPLE  4 

Efficacy  of  the  BT  strain  A20  in  protecting  plants  from  insect  attack. 
Using  the  formulations  described  in  Example  3,  A20  B.t.  strain  spores  and  crystals  mixtures,  obtained 

5  as  described  in  Example  2,  were  tested  against  Spruce  budworm  in  a  foliage  assay.  Branches  of  fir-tree 
naturally  infested  with  the  insect  (4-5th  instar  larvae)  were  sprayed  using  a  backpack  sprayer  model  MRY-2 
(from  Hartvig  Jensen  &  Co.,  Denmark).  For  A20  and  HD-1,  the  size  of  the  drops  (in  diameter)  were  ranging 
from  20  to  120  urn  for  an  average  of  32  urn.  In  all  cases  there  were  approximately  11  drops  per  needle.  All 
strains  were  sprayed  at  a  concentration  of  30  x  109  lU/hectare.  The  treated  branches  were  incubated  in  a 

io  growth  chamber  until  pupation.  The  results  were  expressed  by  the  percentage  of  mortality  ([number  of  dead 
insects/number  of  dead  insects  +  number  of  living  insects]  x  100). 

STRAIN  %  MORTALITY  POTENCY  RATIO* 

HD-1  47  1.7 
A20  60  8.7 

*;  mortality  divided  by  the  amount  of  B.t.  powder  (in  gramme)  used  in 
the  formulation. 

20 
In  this  example,  A20  was  5.1  x  more  active  than  HD-1,  based  on  their  potency  ratios. 

EXAMPLE  5 

25  Further  tests  of  the  toxicity  of  A20  to  insect  pests. 
After  the  5  day  incubation  carried  out  in  Example  2,  the  cells,  spores  and  crystals  were  harvested  by 

centrifugation  and  acetone-precipitated.  The  resulting  powder  was  incorporated  into  an  artificial  diet  suitable 
for  the  tested  insect.  The  diet  was  fed  to  the  insects  and  mortality  recorded  using  standard  methodology. 
Comparative  tests  were  carried  out  using  HD-1. 

30 

INSECT  STRAIN  LC50*  POTENCY*  INCREASE 

Trichoplusia  ni  (4  day-old  larvae  on  diet)  A20  0.9  6.3 
HD1  5.7  1 

Plutella  xylostella  (4  day-old  larvae  on  diet)  A20  0.43  9.3 
HD1  4.00  1 

Heliothis  zea  (1st  instar  larvae  on  diet)  A20  19.7  2.7 
HD1  52.9  1 

*;  LC50  in  ug  of  solid  content  per  ml  of  diet. 
*  +  Ratio  of  LC50  to  LC50  of  control 

45  Claims 

1.  The  novel  strain  A20  of  Bacillus  thuringiensis,  deposited  at  the  National  Collection  of  Industrial  and 
Marine  Bacteria  Scotland  under  the  reference  number  NCIB  12570. 

50  2.  An  insecticidal  formulation  for  combatting  Lepidoptera  species  which  comprises  as  active  ingredient  an 
insecticidal  5-endotoxin  produced  by  strain  A20. 

3.  An  insecticidal  formulation  as  claimed  in  claim  2  which  further  comprises  a  solid  diluent  or  a  surface 
active  agent. 

55 
4.  A  process  of  protecting  plants  against  attack  by  insects  of  the  order  Lepidoptera  which  comprises 

exposing  such  attacking  insects  to  the  5-endotoxin  produced  by  the  strain  claimed  in  claim  1  . 

8 
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5.  A  process  as  claimed  in  claim  4  which  comprises  spraying  the  plants  prior  to  or  during  such  attack  with 
insecticidally  effective  amounts  of  a  formulation  claimed  in  either  of  claims  2  or  3. 

6.  A  process  as  claimed  in  claim  4  in  which  the  5-endotoxin  is  produced  within  the  plant  by  a  gene 
5  derived  from  the  strain  claimed  in  claim  1  . 

7.  A  process  as  claimed  in  any  of  claims  4  to  6  in  which  the  plant  is  maize  (corn)  or  a  conifer. 

8.  A  process  as  claimed  in  claim  7  in  which  the  insect  is  Spruce  Budworm  or  Gypsy  Moth. 
70 

9.  A  process  as  claimed  in  claim  7  in  which  the  insect  is  Corn  Earworm  or  European  Corn  Borer. 

Patentanspruche 

75  1.  Neuer  Stamm  A20  von  Bacillus  thuringiensis,  der  bei  der  National  Collection  of  Industrial  and  Marine 
Bacteria  Scotland  mit  dem  Aktenzeichen  NCIB  12570  hinterlegt  ist. 

2.  Insektizide  Formulierung  zur  Bekampfung  von  Lepidoptera-Arten,  die  als  wirksamen  Inhaltsstoff  ein  vom 
Stamm  A20  produziertes  insektiziedes  5-Endotoxin  enthalt. 

20 
3.  Insektizide  Formulierung  nach  Anspruch  2,  die  auBerdem  ein  testes  Streckmittel  oder  ein  oberflachen- 

aktives  Mittel  enthalt. 

4.  Verfahren  zum  Schutz  von  Pflanzen  gegen  Befall  mit  Insekten  der  Ordnung  Lepidoptera,  bei  dem 
25  derartige  befallende  Insekten  dem  5-Endotoxin  ausgesetzt  werden,  das  von  dem  in  Anspruch  1 

beanspruchten  Stamm  produziert  wird. 

5.  Verfahren  nach  Anspruch  4,  bei  dem  die  Pflanzen  vor  oder  wahrend  eines  derartigen  Befalls  mit 
insektizid  wirksamen  Mengen  einer  Formulierung  nach  Anspruch  2  oder  3  bespruht  werden. 

30 
6.  Verfahren  nach  Anspruch  4,  bei  dem  das  5-Endotoxin  in  der  Pflanze  durch  ein  Gen  produziert  wird,  das 

aus  dem  Stamm  von  Anspruch  1  erhalten  wurde. 

7.  Verfahren  nach  einem  der  Anspruche  4  bis  6,  bei  dem  es  sich  bei  der  Pflanze  urn  Mais  (Korn)  oder 
35  einen  Nadelbaum  handelt. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  es  sich  bei  dem  Insekt  urn  den  Fichtenknospenwurm  oder  den 
Schwammspinner  handelt. 

40  9.  Verfahren  nach  Anspruch  7,  bei  dem  es  sich  bei  dem  Insekt  urn  den  Maiskolbenwurm  oder  den 
europaischen  Maisbohrer  handelt. 

Revendicatlons 

45  1.  Souche  nouvelle  A20  de  Bacillus  thuringiensis,  deposee  dans  la  National  Collection  of  Industrial  and 
Marine  Bacteria  Scotland  sous  le  numero  de  reference  NCIB  12570. 

2.  Formulation  insecticide  destinee  a  lutter  contre  des  especes  de  Lepidoptera,  qui  comprend  comme 
ingredient  actif  une  5-endotoxine  insecticide  produite  par  la  souche  A20. 

50 
3.  Formulation  insecticide  suivant  la  revendication  2,  qui  comprend  en  outre  un  diluant  solide  ou  un  agent 

tensio-actif. 

4.  Procede  de  protection  de  plantes  contre  une  attaque  par  des  insectes  de  I'Ordre  des  Lepidoptera,  qui 
55  comprend  I'exposition  de  ces  insectes  nuisibles  a  la  5-endotoxine  produite  par  la  souche  suivant  la 

revendication  1. 

9 
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5.  Precede  suivant  la  revendication  4,  qui  comprend  la  pulverisation  sur  les  plantes,  avant  ou  pendant  une 
telle  attaque,  de  quantites  a  effet  insecticide  d'une  formulation  suivant  la  revendication  2  ou  3. 

6.  Procede  suivant  la  revendication  4,  dans  lequel  la  5-endotoxine  est  produite  a  I'interieur  de  la  plante  par 
5  un  gene  derive  de  la  souche  suivant  la  revendication  1  . 

7.  Procede  suivant  I'une  quelconque  des  revendications  4  a  6,  dans  lequel  la  plante  est  le  ma'fs  ou  un 
conifere. 

io  8.  Procede  suivant  la  revendication  7,  dans  lequel  I'insecte  est  la  tordeuse  des  bourgeons  d'epicea  ou  le 
bombyx  disparate. 

9.  Procede  suivant  la  revendication  7,  dans  lequel  I'insecte  est  la  chenille  des  epis  de  ma'fs  ou  la  pyrale 
du  ma'fs. 
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