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^   Oligosaccharides,  method  for  their  manufacture  and  their  use. 

©  Oligosaccharides  having  the  general  formula  (i) 
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wherein  R1  is  hydrogen  or  straight  or  branched  Ci.i8-alkyl,  which  may  comprise  a  terminal  hydroxyl,  amino, 
carbonyl,  carboxyl  or  allyl  group,  and  M+  is  a  neutralizing  cation, 
the  glyco-protein  conjugates  thereof  obtained  with  albumin,  gamma-globulin  or  diphteria  or  tetanus  toxoids 
and  the  polymer  and  copolymer  derivatives  of  the  compounds  wherein  R1  comprises  an  allyl  group,  a 
method  for  their  manufacture  and  their  use  as  immunogens  and  antigens  in  the  diagnosis  and  therapy  of 
human  and  animal  chlamydial  infections  are  described. 

2 



0  253  912 

uugosaccnanaes,  metnoas  for  their  manufacture  and  their  use 

neia  ot  ine  invention 

This  invention  relates  to  oligosaccharides,  a  method  for  their  manufacture  and  their  use  as  immunogens 
5  and  antigens  in  the  diagnosis  and  therapy  of  human  and  animal  chlamydial  infections. 

oacKgrouna  ot  ine  invention 

io  Chlamydiae  are  pathogenic,  obligatory  intracellular  parasites  causing  a  variety  of  diseases  in  animals 
and  humans. 

There  are  two  species,  Chlamydia  trachomatis  and  Chlamydia  psittaci.  Chlamydia  trachomatis  is  a 
specific  human  pathogen,  whereas  Chlamydia  psittaci  is  predominantly  a  pathogen  of  a  variety  of  non- 
primate  species.  Diseases  caused  by  Chlamydia  trachomatis  present  a  major  health  problem  throughout  the 

75  world.  In  developing  countries,  Chlamydia  trachomatis  causes  hyperendemic  trachoma  which  is  the  world's 
leading  cause  of  preventable  blindness.  In  industralized  nations,  Chlamydia  trachomatis  is  a  sexually 
transmitted  pathogen  that  causes  an  array  of  genital  tract  and  associated  infections  whose  incidence  is 
increasing  at  epidemic  rates.  Chlamydiailike  organisms  have  also  been  identified  in  tissues  of  spiders 
(Coelotus  lucuosus)  and  clams  (Mercenarie  mercenaria),  suggesting  that  chlamydiae  are  ubiquitous  para- 

20  sites  present  throughout  the  animal  kingdom.  Samples  of  chlamydiae,  such  as  those  referred  to  above  are 
commercially  available  from  depositories,  such  as  The  American  Type  Culture  Collection. 

Chlamydiae  have  a  unique  developmental  cycle  including  metabolically  active,  non-infectious,  multiply- 
ing  reticulate  bodies  and  metabolically  inactive  but  infectious  elementary  bodies.  Surface  components  of 
these  unique  bacteria  have  been  assumed  to  participate  in  the  early  steps  during  infection  (adhesion  and 

25  penetration)  and  may  be  responsible  for  the  inhibition  of  phagosome-lysosome  fusion,  a  characteristic 
feature  of  the  chlamydial  infection. 

These  surface  components  of  Chlamydiae  also  represent  antigens  among  which  genus-,  species-,  and 
subspecies-specific  antigens  have  been  found,  giving  rise  to  the  induction  of  specific  antibodies  during 
infection.  Although  there  is  a  considerable  knowledge  on  the  serological  and  biological  properties  of  these 

30  antigens  little  is  known  on  the  chemistry  of  these  structures.  One  of  the  major  antigens  is  a  heat-stabile, 
genus-specific  glycolipid  antigen  'which  has  been  proposed  to  be  similar  to  the  lipopolysaccharide  (LPS)  of 
gram-negative  bacteria.  Recently,  it  has  been  shown  definitely,  by  chemical  means,  that  the  glycolipids  of 
Chlamydia  trachomatis  serotype  L2  (Nurminen,  M.,  E.  Th.  Rietschel,  and  H.  Brade.  1985.  Infect.  Immun.  48 
:  573-575)  and  of  Chlamydia  psittaci  strain  PK  5082  (Brade  L,  S.  Schramek,  U.  Schade  and  H.  Brade. 

35  Infect.  Immun.,  submitted.)  are  in  fact  typical  lipopolysaccharides  since  they  contain  characteristic  structural 
elements  such  as  -glucosamine,  3-deoxy-  jjL-manno-2-octulosonic  acid  (KDO),  and  3-hydroxy  long  chain 
fatty  acids,  components  which  have  been  detected  in  all  lipopolysaccharides  investigated  so  far.  Further 
evidence  for  the  similarity  between  chlamydial  and  enterobacterial  lipopolysaccharide  was  obtained  from 
serological  investigations  showing  a  cross-reaction  of  chlamydial  with  enterobacterial  lipopolysaccharide  of 

to  the  Re-chemotype  and  with  lipopolysaccharide  from  Acinetobacter  calcoaceticus. 
Recently,  Caldwell  and  Hitchcock  have  reported  on  a  monoclonal  antibody  which  recognizes  a  genus- 

specific  epitope  on  the  chlamydial  lipopolysaccharide  which  does  not  react  with  Re  lipopolysaccharide  in 
western-blot  analysis  (Caldwell,  H.  D.,  and  P.  J.  Hitchcock.  1984.  Infect.  Immun.  44  :  306-314).  Thus,  the 
chlamydial  lipopolysaccharide  expresses  at  least  two  antigenic  determinants  one  of  which  is  chiamydia- 

(5  specific  the  other  being  similar  to  the  Re  antigenic  determinant.  These  results  have  been  confirmed  by 
using  polyclonal  antisera  against  chlamydial  and  Re-type  lipopolysaccharide  in  a  passive  hemolysis  assay, 
and,  moreover,  the  presence  of  two  antibody  specificities  in  polyclonal  antisera  against  Chlamydiae  has 
been  demonstrated  by  absorption  experiments.  One  of  these  antibodies  reacted  with  both,  chlamydial  and 
Re  lipopolysaccharide,  the  other  was  chlamydia-specific.  in  addition,  it  has  been  shown  that  chlamydial 

;o  lipopolysaccharide  contains  the  lipid  A  antigenic  determinant  which,  like  in  other  bacteria,  is  cryptic  in 
lipopolysaccharide  and  exposed  only  after  acid  hydrolysis  (Brade,  L,  M.  Nurminen.  P.  H.  MakelM,  and  H. 
Brade.  1985.  Infect.  lmmun.-48  :  569-572). 
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The  lack  of  profound  biochemical  knowledge  on  surface  structures  of  Chlamydiae  is  due  to  the  fact  that 
they  cannot  be  propagated  easily  in  large  enough  quantities  to  allow  a  structural  analysis.  Recently,  Nano 
and  Caldwell  (Nano,  F.  E.,  And  H.  D.  Caldwell.  1985.  Science.  228  :  742-744)  reported  that  the  molecular 
cloning  of  a  DNA  fragment  of  Chlamydiae  trachomatis  using  the  pUC8  plasmid  as  a  vector.  Transformants 

5  which  contained  the  recombinant  plasmid  expressed,  in  addition  to  the  parental  lipopolysaccharide,  a 
second,  modified  lipopolysaccharide  population  which  was  i)  similarly  sized  as  lipopolysaccharide  of 
enterobacterial  Re  mutants  and,  ii)  expressed  the  aforementioned  chlamydiae-specific  lipopolysaccharide 
epitope  as  analyzed  by  SDS-PAGE  followed  by  silver  staining  or  western-blot  analysis.  The  authors 
hypothesized  that  the  cloned  DNA  fragment  encoded  for  a  glycosyl  transferase  which  added  to  the 

70  biosynthetically  growing  lipopolysaccharide  a  sugar  which  i)  determines  the  chlamydiae-specific  epitope 
and  ii)  hinders  the  normal  synthesis  of  the  parent  lipopolysaccharide. 

These  recombinants  combine  the  ease  of  growth  with  the  expression  of  the  chlamydia-specific  epitope 
and,  are  thus,  a  convenient  source  for  the  preparation  of  larger  quantities  of  lipopolysaccharide,  which 
allowed  a  structural  investigation  with  regard  to  the  genus-specific  epitope  of  Chlamydiae. 

Summary  of  the  invention 

The  inventors  have  investigated  the  chemical  structure  of  chlamydial  lipopolysaccharide  with  the 
20  intention  of  providing  specific  oligosaccharides  that  harbor  the  genus-specific  epitope  of  chlamydial 

lipopolysaccharide  and  which  can  be  used  as  specific  inhibitors  of  antigen-antibody  reactions. 
During  this  investigation  it  has  been  found  that  by  the  hydrolysis  of  chlamydial  lipopolysaccharide  two 

oligosaccharides,  i.e.  the  disaccharide  disodium  8-0-(3-deoxy-  D  -manno-2-octulopyranosyl)onate-3-deoxy- 
D  -manno-2-octulosonate  and  the  trisaccharide  trisodium  4-0-f[8-0-(3-deoxy-  P  -manno-2-oc- 

25  tuTopyranosyl)onateH3-deoxy-a-  D  -manno-2-octulopyranosyl)onate}-3-deoxy-  D  -manno-2-octulosonate, 
can  be  obtained,  which  comprise  the  genus-specific  epitope  of  chlamydiaTiipopolysaccharide  and  are 
haptenic  oligosaccharides  which  can  be  used  as  specific  inhibitors  of  antigen-antibody  reactions,  as 
immunogens  and  as  antigens  in  the  diagnosis  and  therapy  of  human  and  animal  chlamydial  infections. 

Subject  matter  of  the  present  invention  therefore  are  oligosaccharides  having  the  general  formula  (I) 
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wnerem  H1  is  nydrogen  or  straight  or  branched  d.is-alkyl,  which  may  comprise  a  terminal  hydroxyl,  amino, 
carboxyl,  carbonyl  or  allyl  group,  and  M+  is  a  neutralizing  cation, 
the  glyco-protein  conjugates  thereof  obtained  with  albumin,  gamma-globulin  or  diphteria  or  tetanus  toxoids 
and  the  polymer  and  copolymer  derivatives  of  the  compounds  wherein  Ft1  comprises  an  allyl  group. 

The  invention  furtheron  comprises  a  method  for  the  manufacture  of  the  oligosaccharides  of  the  general 
formula  (I),  by  chemical  synthesis  or  by  hydrolyzing  a  uniform  salt  of  chlamydial  lipopolysaccharide  or 
lipopolysaccharides  from  recombinants  expressing  the  genus-specific  epitop  of  chlamydial  LPS  in  an 
acetate  buffer,  dialyzing  the  hydrolysate  against  water,  neutralising  the  dialysate,  separating  the  oligosac- 
charides  by  liquid  chromatography  (gel-permeation,  ion-exchange)  or  high-voltage  paper  electrophoresis 
(following  the  purity  by  gas-liquid  chromatography  and  mass  spectrometry)  and  if  desired  introducing  the 
substituent  R1  into  the  disaccharide  and  trisaccharide  obtained  respectively  by  a  method  known  per  se 
and/or  polymerizing  or  copolymerizing  and  derivatives  of  the  compounds  wherein  R1  comprises  an  allyl 
group. 

A  further  subject  of  the  present  invention  is  the  use  of  the  above  oligosaccharides  of  the  general 
formula  (I)  as  immunogens  and  antigens  in  the  diagnosis  and  therapy  of  human  and  animal  chlamydial 
infections. 

uetanea  description  of  the  preferred  embodiments 

i  ne  most  preferred  embodiments  of  the  oligosaccharides  of  the  above  general  formula  (I)  comprise  the 
jisaccharide  of  the  following  formula  (III) 

so 

D 

to 

ma  tne  trisaccharide  of  the  following  formula  (IV) 
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wherein  R1  have  the  meanings  above  defined.  R1  therefore  is  hydrogen  or  a  straight  or  branched  C-Ma-alkyl, 
which  may  comprise  a  terminal  hydroxyl,  amino,  carboxyl,  carbonyl  or  allyl  group,  such  as  C-ms- 
hydroxyalkyl,  Ci.18-aminoalkyl,  Ci.i8-carboxyalkyl,  aldehydroalkyl  or  C2-is  -alkenyl.  More  preferrably  R1  is 
hydrogen  or  a  straight  or  branched  d-Gi-alkyl,  which  may  comprise  a  terminal  hydroxyl,  amino,  carboxyl, 
carbonyl  or  allyl  group.  More  preferably  R1  is  hydrogen  methyl  or  allyl. 

The  neutralizing  cation  M+  can  be  a  sodium,  potassium,  calcium  or  ammonium  cation,  which  may 
comprise  substituted  ammonium  cations  as  well,  such  as  a  triaikylammonium  cation,  such  as  a  trimethylam- 
monium  cation. 

Although  the  structure  of  the  oligosaccharides  of  the  present  invention  has  been  clarified  apart  from  the 
anomeric  configuration  of  the  terminal  3-deoxy-  D  -manno-2-octulopyranosyl  residue,  the  anomeric  configu- 
rations  are  drawn  by  wave  lines  representing  botFTanomers. 

The  oligosaccharides  of  the  present  invention  can  be  manufactured  either  by  chemical  synthesis  using 
methods  known  per  se,  such  as  those  described  by  Unger  (Anderson,  L.  and  F.  M.  Unger.  1983.  ACS 
Symp.  Ser.  231  :  171-191;  P.  Kosma,  J.  Gass,  T.  Korosec,  G.  Schuiz  and  F.M.  Unger,  1986,  J.  Immunol. 
Immunopharmacol.  VI-3/S:160). 

A  further  method  for  the  manufacture  of  the  oligosaccharides  of  the  present  invention  comprises  the 
method  according  to  claims  1  to  4,  which  is  characterized  by  hydrolyzing  a  uniform  salt  of  chlamydial 
lipopolysaccharide  or  lipopolysaccharides  from  recombinants  expressing  the  genus-specific  epitop  of 
chlamydial  LPS  in  an  acetate  buffer,  dialyzing  the  hydrolysate  against  water,  neutralising  the  dialysate, 
separating  the  oligosaccharides  by  liquid  chromatography  (gel-permeation,  ion-exchange)  or  high-voltage 
paper  electrophoresis  following  by  purity  by  gas-liquid  chromatography  and  if  desired  introducing  the 
substituent  R1  into  the  disaccharide  and  trisaccharide  obtained  respectively  by  a  method  known  per  se 
and/or  polymerizing  or  copolymerizing  the  derivatives  of  the  compounds  wherein  R1  comprises  an  allyl 
group. 

The  uniform  salt  of  lipopolysaccharide  can  be  obtained  by  growing  Chlamydia  trachomatis  or 
Chlamydia  psittaci  in  tissue  cultures  or  embryonated  eggs  or  by  growing  recombinant  bacteria  which 
express  in  their  lipopolysaccharide  the  genus-specific  epitope  of  chlamydial  lipopolysaccharide  in  a 
fermenter,  extracting  lipopolysaccharide  from  the  purified  elementary  bodies  or  recombinant  bacteria, 
respectively  by  the  phenol-chloroform-petroleum  ether  method  (Brade  H.,  C.  Galanos  Eur.  J.  Biochem.  122, 
(1982)  233-237),  purifying  the  extracted  lipopolysaccharide  by  repeated  ultracentrifugation  and  converting 
the  purified  lipopolysaccharide  to  the  uniform  triethylammonium  salt  after  electrodialysis. 

Chlamydia  trachomatis  and  Chlamydia  psittaci  are  well  known  microorganisms  found  in  nature  and 
which  can  be  obtained  from  recognized  depositories. 

Recombinant  bacteria,  suitable  to  obtain  Chlamydia-specified  LDS  can  be  prepared  by  the  method 
described  (Nano  F.E.  and  H.  D.  Caldwell.  1985.  Science  228  :  742-744). 

6 



0  253  912 

me  ongosaccnanaes  or  tne  present  invention,  wherein  R1  is  hydrogen  or  methyl,  are  haptenic 
oligosaccharides,  which  can  be  used  as  specific  inhibitors  of  antigen-antibody  reactions  to  characterize 
antigen  or  antibody  specificities  with  regard  to  the  Chlamydia-specific  epitope. 

The  other  oligomers  of  the  invention  wherein  R1  is  a  residue  comprising  an  allyl  group  can  be  used  to 
5  prepare  high-molecular  weight  derivatives.  These  derivates  can  be  homopolymerized  or  copolymerized  by 

conventional  methods  (Cherniak  A.Y.,  A.  B.  Levinsky,  B.  A.  Dimitriev,  and  N.  K.  Kochetkov.  1984),  for 
example  copolymerized  with  acrylamide  or  bisacrylamide  to  yield  linear  or  cross-linked  polymeric  com- 
pounds,  respectively,  which  are  hydrophilic  in  nature  and  multi-valent  in  terms  of  the  antigenic  determinants 
present.  By  known  methods  (Lee  R.  T.  and  Y.  C.  Lee,  1974.  Carbohydr.  Res.  37  :  193-201),  hydrocarbon 

70  spacers  can  be  introduced  which,  in  dependency  from  the  length  of  the  d.18  alkyl  group,  endowe  the 
molecule  with  hydrophobic  properties  useful  for  many  serological  techniques. 

The  oligosaccharides  of  the  present  invention,  wherein  R1  is  a  d.18  alkyl  group,  which  comprises  a 
terminal  hydroxyl,  amino  carboxyl  or  carbonyl  group,  may  be  reacted  with  amino,  hydroxyl  or  carboxyl 
functions  in  proteins,  so  that  the  oligosaccharides  can  be  coupled  to  inert  proteins,  such  as  albumin, 

75  gamma-globulin,  diphteria  or  tetanus  toxoid  or  others  to  yield  glyco-protein  conjugates. 
These  high-molecular  weight  derivates  being  multivalent  with  regard  to  the  attach-ed  oligosaccharide 

can  be  used  as  immunogens  and  antigens. 
For  example  animals  and  humans  can  be  actively  vaccinated  to  be  protected  against  chlamydial 

infections.  Animals  and  humans  can  be  immunized  to  yield  high  titered  antisera  against  Chlamydiae.  These 
so  antisera  can  be  used  in  the  diagnosis  acid  therapy  (passive  vaccination)  of  chlamydial  infections  in  animals 

and  humans.  Animals  or  humans  can  be  immunized  to  yield  specifically  primed  B-lymphocytes  to  produce 
monoclonal  antibodies  against  Chlamydiae  which  may  be  useful  in  the  diagnosis  and  therapy  of  chlamydial 
infections  in  animals  and  humans. 

The  hydrophilic  allyl  copolymers  can  be  used  in  immune-precipitation,  immune-electrophoresis  and 
25  complement-fixation.  The  hydrophobic  derivates  and  the  glyco-protein-conjugates  can  be  used  in  serolog- 

ical  assays  by  absorption  to  erythrocytes  (passive  hemagglutination  and  passive  hemolysis),  absorption  to 
nitrocellulose  or  similar  papers  (western-blot  techniques),  coating  of  plastic  surfaces  (ELISA-and 
radioimmuno-techniques)  or  other  techniques.  These  serological  reactions  can  be  used  in  the  diagnosis  of 
chalmydial  infections  in  humans  and  animals.  They  can  be  further  used  to  define  the  epitope  specificities  of 

jo  monoclonal  antibodies  or  polyclonal  antisera  against  Chlamydiae  to  be  used  in  the  diagnosis  or  therapy  of 
chlamyidal  infections  in  animals  and  humans.  From  the  derivatives  immunoabsorbents  can  be  prepared  by 
coupling  them  to  immobilized  carriers  such  as  alkylated  porous  glass,  polyol  silica,  activated  sepharose, 
activated  cellulose,  activated  polyacrylamide,  activated  agarose  (all  commercially  available)  which  can  be 
used  to  purify  monoclonal  antibodies  from  culture  fluid  supernatants  or  ascites  or  to  isolate  specific 

35  antibody  from  hyperimmune  sera. 
The  oligosaccharides  of  the  present  invention  therefore  are  highly  useful  compounds,  which  may  easily 

be  prepared  by  chemical  synthesis  or  by  isolation  from  chlamydial  or  recombinant  lipopolysaccharide  and 
which  have  a  highly  interesting  utility  both  for  research  and  development  in  the  medical  and  pharmaceutical 
field. 

to  A  more  complete  understanding  can  be  obtained  by  reference  to  the  following  example  and  the 
drawings  referred  to  therein. 

onort  description  ot  tne  drawings 

Fig.  1  Shows  a  schematic  gas-liquid  chromatogram  of  the  chlamydial  or  recombinant  lipopolysac- 
charide  hydrolysate. 

Fi.g  2  and  3  Show  the  chemical  ionisation-mass  spectrum  with  ammonia  and  the  electron  impact- 
mass  spectrum  respectively  of  the  disaccharide. 

o  Fig.  4  Shows  the  formula  of  the  disaccharide  of  the  invention  wherein  R1  is  hydrogen,  i.e.  8-0-(3- 
deoxy-  D  -manno-2-octulopyranosvl)onate-3-deoxv-  D_-manno-2-octulosonic  acid. 

FTg.  5  and  6  Show  the  chemical  ionisation-mass  spectrum  with  ammonia  and  the  electron  impact- 
mass  spectrum  respectively  of  the  trisaccharide  and 

Fig.  7  Shows  the  formula  of  the  trisaccharide  of  the  invention  wherein  R1  is  hydrogen,  i.e.  4-0-{[8-0- 
5  (S-deoxy-p^-manng^-octulopyranosyPona  q"T 

manno-2-octulosonic  acid. 
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Example 

Material  and  methods 

5  Bacteria  and  bacterial  lipopolysaccharide 

Salmonella  minnesota  rough  mutant  chemotype  Re  (strain  R595)  was  transformed  with  plasmid 
pFEN207  which  contains  a  6.5  kb  insert  of  Sau  3A-digested  DNA  from  chlamydia  trachomatis  (Nano,  F.  E., 
and  H.  D.  Caldwell.  1985  Science  228  :742-744).  Bacteria  were  grown  in  a  14  I  fermenter  in  the  presence  of 

70  ampicillin  (80  jig/ml).  Bacteria  containing  the  plasmid  pUC8  without  the  ehalmydial  insert  were  grown  in 
parallel.  Lipopolysaccharide  was  extracted  from  the  recombinant  and  the  control  strain  by  the  phenol- 
chloroform-petroleum  ether  method  (Galanos,  C,  0.  Luderitz,  and  0.  Westphal.  1969.  Eur.  J.  Biochem.  9  : 
245-249),  purified  by  repeated  ultracentrifugation,  and  converted  to  the  uniform  triethylammonium  salt  after 
electrodialysis  (Galanos,  C,  and  0.  Luderitz.  1975.  Eur.  J.  Biochem.  54  :  603-610).  The  extracted 

75  lipopolysaccharide  from  the  recombinant  strain  will  be  referred  to  as  R595-207,  that  of  the  control  as  R595- 
pUC8. 

The  lipopolysaccharide  of  Chlamydia  psittaci  was  prepared  from  purified  yolk  sac-grown  elementary 
bodies.  Chlamydia  psittaci  strain  PK5082  of  enzootic  abortion  in  ewes  was  propagated  in  embryonated  eggs 
as  described  (Sadecky,  E.,  M.  Travnicek,  J.  Balascak,  R.  Brezina,  J.  Kazar,  J.  Urvolgyi,  I.  Flesar,  and  J. 

20  Cizmar.  1978.  Vet.  Med.(Praha).  23  :  25-28).  infected  yolk-sacs  from  600  eggs  were  suspended  in  1  M 
potassium  chloride  (20%  v/v)  and  inactivated  with  0.5%  formalin,  followed  by  high-speed  centrifugation 
(20,000  x  g  for  40  min.)  The  sediment  was  resuspended  in  500  ml  of  phosphate-buffered  saline  (PBS) 
digested  with  trypsin  at  37°C  for  1  h  with  stirring.  After  the  addition  of  isotonic  saline  (800  ml),  the 
suspension  was  extracted  with  an  excess  of  ethyl  ether  in  a  separating  funnel.  The  aqueous  phase  was 

25  centrifugated  as  before,  the  sediment  was  resuspended  in  distilled  water,  dialyzed  against  distilled  water 
and  lyophiiized.  The  yield  of  purified  elementary  bodies  was  640  mg.  Lipopolysaccharide  was  extracted  by 
the  phenol-chloroform-petroleum  ether  method  as  modified  recently  (Nurminen,  M.,  E.  Th.  Rietschel,  and  H. 
Brade.  1985.  Infect.  Immun.  48  :  573-575.  The  lipopolysaccharide  was  purified  by  repeated  ultracen- 
trifugation  and  converted  to  the  uniform  triethylammonium  salt  after  electrodialysis. 

30  Preparation  of  carbonyl-reduced  and  permethylated  oligosaccharides  and  methylation  analysis. 
Lipopolysaccharide  from  the  recombinant  and  the  control  strain  (50  mg  each)  was  hydrolyzed 

(70°C/1h)  in  acetate  buffer  (5  ml;  20  mM,  pH  4.4).  The  sample  was  dialyzed  three  times  against  water  (20 
ml  each)  and  the  dialysates  were  combined.  To  the  retentate,  acetate  buffer  (1  M)  was  added  to  a  final 
concentration  of  20  mM  and  hydrolysis  was  continued  for  another  2h  at  70°C.  The  sample  was  dialyzed  as 

35  before,  and  the  combined  dialysates  (containing  a  mixture  of  mono-and  oligosaccharides)  were  neutralized 
with  sodium  hydroxide,  lyophilyzed,  dissolved  in  a  small  volume  of  water  (1  ml),  carbonyl-reduced  with 
sodium  borohydride  or  sodium  borodeuteride  (50  mg)  at  room  temperature  for  1  h.  The  reaction  was 
quenched  by  the  addition  of  a  cation-exchanger  resin  (H+-form,  Bio-Rad),  the  solution  was  passed  through  a 
pasteur  pipette  filled  with  glass  wool  and  lyophilyzed.  The  dry  samples  were  permethylated  according  to 

40  the  method  of  Hakomori  {Hakomori,  S.  1964.  J.  Biochem.  (Tokyo)  55  :  205-208)  as  modified  (Tacken,  A.,  H. 
Brade.  F.  M.  Unger,  and  D.  Charon.  1968.  Carbonhydr.  Res.  in  press).  Methylation  analysis  was  performed 
as  described  in  detail. 

Gas-liquid  chromatography  (GLC)  and  combined  gas-liquid  chromatography/mass  spectrometry  (GLC- 
MS). 

45  GLC  was  performed  on  a  Varian  gas  chromatograph  model  3700  equipped  with  a  flame-ionizatidn 
detector  using  H2  as  carrier  gas.  A  fused  silica  capillary  column  (25  m,  0,32  mm  i.d.)  with  a  chemically 
bonded  separating  phase  (SE54,  0.2  urn  film  thickness;  Weeke  Muhlheim,  FRG)  was  used.  Temperature 
program:  150°C  for  5  min  followed  by  an  increase  of  5°C/min  to  a  final  temperature  of  300°C.  GLC-MS  was 
carried  out  on  a  Hewlett  Packard  instrument  (model  5985)  equipped  with  an  SE54  column  as  before. 

50  Electron  impact  (El)  spectra  were  recorded  at  70  eV;  chemical  ionization  (CI)  was  achieved  with  ammonia 
as  reactant  gas.  The  ion  source  temperature  was  200°C.  Spectra  were  processed  by  a  Hewlett  Packard 
data  system  (HP1000). 

55 
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serological  metnoos 

Monoclonal  antibody  L21-6  was  the  one  described  in  Caldwell  and  Hitchcock  (Caldwell,  H.  D„  and  P.  J. 
Hitchcock,  1984.  Infect.  Immun.  44  :  306-314).  It  recognizes  a  genus-specific  epitope  of  chlamydial 

5  lipopolysaccharide.  The  passive  hemolysis  and  passive  hemolysis  inhibition  assay  were  performed  as 
reported  (Brade,  L,  M.  Nurminen,  P.H.  Makela,  and  H.  Brade.  1985.  Infect.  Immun.  48  :  569-572).  For 
sensitization  of  sheep  erythrocytes,  de-O-acylated  lipopolysaccharide  (LPS-OH)  was  prepared  by  treatment 
with  sodium  methylate  (0.5  M,  37°C/16h). 

70 
Results 

A)  Demonstration  of  the  chlamydia-specific  epitope  on  recombinant  lipopolysaccharide  R595-207. 

75  1.  Sheep  erythrocytes  coated  with  LPS-OH  from  R595-207  or  Chlamydia  psittaci  were  lyzed  by 
monoclonal  L21-6,  whereas  those  coated  with  LPS-OH  from  the  control  (R595-pUC8)  were  not  lyzed. 

2.  Lipopolysaccharide  from  R595-207  and  from  Chlamydia  psittaci  inhibited  the  antigen-antibody 
system  of  Chlamydia  psittaci  LPS-OH/monoclonal  antibody  L21-6  with  2  ng  whereas  the  control 
(lipopolysaccharide  R595-pUC8)  did  not  inhibit  this  system  (inhibition  value  of  >  1000  ng). 

20  It  is  therefore  clear,  that  lipopolysaccharide  R595-207  contains  the  chlamydia-specific  epitope  and 
behaves  serologically  identical  to  the  authentic  lipopolysaccharide  from  Chlamydia  psittaci,  whereas 
lipopolysaccharide  R595-pUC8  does  not  contain  the  chlamydia-specific  epitope. 

25  ai  Determination  ot  tne  poiysacchande  structures  in  lipopolysaccharides  R595-207  and  R595-pUC8 

The  polysaccharide  component  of  both  lipopolysaccharides  was  analyzed  by  a  previously  reported 
methodology  (Brade.  H.,  H.  Moll,  and  E.  Th.  Rietschel.  1985.  Biomed.  Mass  Spectrom  12  :  602-609).  The 
derivatives  obtained  after  acid  hydrolysis,  carbonyl-reduction,  and  permethylation  were  investigated  by  gas 

30  liquid  chromatography  and  gas  liquid  chromatography  /  mass  spectrometry.  A  schematic  gas-liquid 
chromatogram  is  shown  in  Fig.  1  . 
1  .  Peaks  1  and  2  represent  reduced  and  permethylated  KDO  as  compared  with  authentic  standards  (Brade, 
H.  1985.  J.  Bacteriol.  161  :  795-798). 
2.  Peak  3  represents  a  2.4-linked  KDO  disaccharide  (carbonyl-reduced  and  permethylated)  as  compared  to 

35  authentic  standards  (Brade,  H.,  U.  Zahringer,  E.  Th.  Rietschel,  R.  Christian,  G.  Schulz,  and  F.  M.  Unger 
1984.  Carbohydr.  Res.  134  :  157-166;  Brade,  H.  and  E.  Th.  Rietschel,  1984.  Eur.  J.  Biochem.  145  :  214- 
236). 
Peaks  1  ,  2  and  3  were  observed  in  samples  derived  from  lipopolysaccharides  R595-pUC8  and  R595-207. 
Therefore,  these  components  cannot  be  responsible  for  the  expression  of  the  chlamydia-specific  epitope. 

to  3.  Peak  4  was  identified  as  dimethyl  8-0-(3-deoxy-4,5,7,8-tetra-Q-methyl-D-manno-2-octulopyranosyl)onate- 
3-deoxy-2,4,5,6,7-penta-0-methyl-D-glycero-D-ta-lo/galacto-octonate-2-r2H1. 

This  was  shown  by 
i)  Chemical  ionisation  -  mass  spectrometry  with  ammonia  yielding  a  pseudomolecular  ion  peak  at  m/z  = 
633  [M  +  18(ammonia)]  indicating  a  molecular  weight  of  M  =  615  (Fig.  2)  , 

ts  ii)  Electron  impact  -  mass  spectrometry  yielding  the  characteristic  fragmentation  pattern  shown  in  (Fig.  3), 
and 
iii)  Methylation  analysis  yielding  2,6-di-0-acetyl-3-deoxy-1  ,4,5,7,8-penta-O-methyl-D-glycero-D-talo/galacto- 
octitol-and  8-Q-acetyl-3-deoxy-1  ,2,4,5,6,7-hexa-Q-methyl-D-glycero-D-talo/galacto-octitol-2-f2Hl 

Therefore,  peak  4  represents  the  derivatization  product  of  the  disaccharide  8-0-(3-deoxy-  D  -manno-2- 
;o  octulopyranosyl)onate-3-deoxy-  C^-manno-2-octulosonic  acid  (Fig.  4)  after  carbonyl-reduction  and  per- 

methylation. 
4.  Peak  5  was  identified  as  trimethyl  4-0{-0-[(3-deoxy-4,5,7,8-tetra-Q-methyl-  D  -manno-2-octulopyranosyl)- 
onate]-(3-deoxy-4,5,7-tri-0-methyl-a-  r^-manno-2-octulopvranosvl)onateV3-deoxv-2.5.6.7.8-oenta-0-methyl- 
_D-glycero-  Djtalo/galacto-octonate-2-f2H1. 

is  This  was  shown  by 
i)  Chemical  ionisation  -  mass  spectometry  with  ammonia  yielding  a  pseudomolecular  ion  peak  at  m/z  =  909 
[M  +  l8(ammonia)]  indicating  a  molecular  weight  of  M  =  891  (Fig.  5), 
ii)  Electron  impact  -  mass  spectrometry  yielding  the  characteristic  fragmentation  pattern  shown  in  (Fig.  6), 
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and 
iii)  Methylation  analysis  yielding  2,4,6-tri-0-acetyl-3-deoxy-1,5,7,8-tetra-0  -methyl-  D  -glycero- 
talo/galacto-octitol,  2,6-di-0-acetyl-3-deoxy-1  ,4,5,7,8-penta-O-methyl-  D  -glycero-  D  -talo/galacto-octitol,  and 
8-0-acetyl-3-deoxy-1  ,2,4,5,6,7-hexa-O-methyl-  D  -glycero-  D  -talo/galacto-octitol-g^H]. 

Therefore,  peak  5  represents  the  derivatization  product  of  the  trisaccharide  4-0-{[8-0-(3-deoxy-D 
-manno-2-octulopyranosyl)onate3(3-deoxy-a-  D  -manno  -2-octulopyranosyl)onate}-3-deoxy-_D_  -manno-2-oc- 
tulosonic  acid  (Fig.  7).  After  carbonyl-reduction  and  permethylation  Peaks  1  -  5  were  alio  observed  in 
similarly  prepared  samples  derives  from  authentic  lipopolysaccharide  of  Chlamydia  psittaci. 

Conclusion 

1  .  The  oligosaccharides  of  the  invention  shown  in  Fig.  4  and  7  are  compounds  being  only  detected 
in  the  lipopolysaccharide  of  R595-207  and  Chlamydia.  These  oligosaccharides  are  not  present  in  the 
lipopolysaccharide  of  R595-pUC8.  Thus,  the  chlamydia-specific  epitope  recognized  by  monoclonal  antibody 
L21  -6  is  embedded  in  these  structures. 

2.  The  lipopolysaccharides  from  Chlamydia  psittaci  and  the  recombinant  strain  R595-207  behave 
chemically  and  serologically  similar  with  regard  to  the  KDO  region  and  can  substitute  each  other. 

Claims 

1  .  Oligosaccharides  having  the  general  formula  (I) 

wherein  R  is  R1  or  a  group  having  the  formula  (II) 

H 
H O - " 9 " ^ C H 2 O H  

—   * = y ° 2  

wherein  R1  is  hydrogen  or  straight  or  branched  C^s-alkyl,  which  may  comprise  a  terminal  hydroxyl,  amino, 
carbonyl,  carboxyl  or  allyl  group,  and  M+  is  a  neutralizing  cation, 
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me  giyco-proiein  conjugates  tnereot  ootained  with  albumin,  gamma-globulin  or  diphteria  or  tetanus  toxoids 
and  the  polymer  and  copolymer  derivates  of  the  compounds  wherein  R1  comprises  an  allyl  group. 

2.  The  oligosaccharides  according  to  claim  1,  characterized  in  that  R1  is  hydrogen  or  straight  or 
branched  d^t-aikyi  ,  which  may  comprise  a  terminal  hydroxyl,  amino,  carbonyl,  carboxyl  or  allyl  group. 

5  3.  The  oligosaccharides  according  to  claim  1  ,  characterized  in  that  R1  is  hydrogen,  methyl  or  allyl. 
4.  The  oligosaccharides  according  to  claim  1,  characterized  in  that  the  neutralizing  cation  is  a 

sodium,  potassium,  calcium  or  an  ammonium  cation. 
5.  A  method  for  the  manufacture  of  the  oligosaccharides  according  to  claims  1  to  4,  characterized  by 

hydrolyzing  a  uniform  salt  of  chlamydial  lipopolysaccharide  in  an  acetate  buffer,  dialyzing  the  hydrolysate 
70  against  water,  neutralising  the  dialysate,  separating  the  oligosaccharides  by  liquid  chromatography  (gel- 

permeation,  ion-exchange)  or  high-voltage  paper  electrophoresis  (following  the  purity  by  gas-liquid 
chromatography  and  mass  spectrometry)  and  if  desired  introducing  the  substituent  R1  into  the  disaccharide 
and  trisaccharide  obtained  respectively  by  a  method  known  per  se  and/or  polymerizing  or  copolymerizing 
the  derivatives  of  the  compounds  wherein  R1  comprises  an  allyl  group. 

75  6.  The  method  according  to  claim  5,  characterized  in  that  the  uniform  salt  of  lipopolysaccharide  is 
obtained  by  growing  Chlamydia  trachomatis  or  Chlamydia  psittaci  in  tissue  cultures  or  embryonated  eggs  or 
by  growing  recombinant  bacteria  which  express  in  their  lipopolysaccharide  the  genus-specific  epitope  of 
chlamydial  lipoplysaccharide  in  a  fermenter,  extracting  the  lipopolysaccharide  from  the  purified  elementary 
bodies  or  recombinant  bacteria  respectively  by  the  phenol-chloroform-petroleum  ether  method,  purifying  the 

so  extracted  lipopolysaccharide  by  repeated  ultracentrifugation  and  converting  the  purified  lipopolysaccharide 
to  the  uniform  triethylammonium  salt  after  electrodialysis. 

7.  The  use  of  the  oligosaccharides  according  to  claims  1  to  4  as  immunogens  and  antigens  in  the 
diagnosis  and  therapy  of  human  and  animal  chlamydial  infections. 

25  CLAIMS  FOR  THE  FOLLOWING  CONTRACTING  STATES:  AT 

1  .  A  method  for  the  manufacture  of  oligosaccharides  having  the  general  formula  (i) 

1 
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( I I )  

wherein  R1  is  hydrogen  or  straight  or  branched  Ct.18-alkyl,  which  may  comprise  a  terminal  hydroxyl,  amino, 
carbonyl,  carboxyl  or  allyl  group,  and  M+  is  a  neutralizing  cation, 
the  glyco-protein  conjugates  thereof  obtained  with  albumin,  gamma-globulin  or  diphteria  or  tetanua  toxoids 
and  the  polymer  and  copolymer  derivatives  of  the  compounds  wherein  R1  comprises  an  allyl  group, 
characterized  by  hydrolyzing  a  uniform  salt  of  chlamydial  lipopolysaccharide  in  an  acetate  buffer, 
dialyzing  the  hydrolysate  against  water,  neutralising  the  dialysate,  separating  the  oligosaccharides  by  liquid 
chromatography  (gel-permeation,  ion-exchange)  or  high-voltage  paper  electrophoresis  (following  the  purity 
by  gas-liquid  chromatography  and  mass  spectrometry)  and  if  desired  introducing  the  substituent  R1  into  the 
disaccharide  and  trisaccharide  obtained  respectively  by  a  method  known  per  se  and/or  polymerizing  or 
copolymerizing  and  derivates  of  the  compounds  wherein  R1  comprises  an  allyl  group. 

2.  The  method  according  to  claim  1  ,  characterized  in  that  the  uniform  salt  of  lipopolysaccharide  is 
obtained  by  growing  Chlamydia  trachomatis  or  Chlamydia  psittaci  in  tissue  cultures  or  embryonated  eggs  or 
by  growing  recombinant  bacteria  which  express  in  their  lipopolysacccharide  the  genus-speciftc  epitope  of 
chlamydial  Hpoplysaccharide  in  a  fermenter,  extracting  the  lipopolysaccharide  from  the  purified  elementary 
bodies  or  recombinant  bacteria  respectively  by  the  phenol-chloroform-petroleum  ether  method,  purifying  the 
extracted  lipopolysaccharide  by  repeated  uitracentrifugation  and  converting  the  purified  lipopolysaccharide 
to  the  uniform  triethylammonium  salt  after  electrodialysis. 

3.  The  method  according  to  claims  1  and  2,  characterized  in  that  oligosaccharides  are  prepared 
wherein  R1  is  hydrogen  or  straight  or  branched  Cw-alkyl  ,  which  may  comprise  a  terminal  hydroxyl,  amino, 
carbonyl,  carboxyl  or  allyl  group. 

4.  The  method  according  to  claims  1  and  2,  characterized  in  that  R1oligosaccharides  are  prepared 
wherein  is  hydrogen,  methyl  or  allyl. 

5.  The  method  according  to  claims  1  or  2,  characterized  in  that  the  neutralizing  cation  is  a  sodium, 
potassium,  calcium  or  an  ammonium  cation. 

6.  The  use  of  the  oligosaccharides  obtained  according  to  the  method  of  claims  1  to  5  for  the 
manufacture  of  reagents  and  compositions  for  the  diagnosis  of  human  and  animal  chlamydial  infections. 
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