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Description 

The  present  invention  is  directed  to  covalently-modified  neutral  bacterial  polysaccharides,  specifically  to 
pneumococcal  14  and  similar  polysaccharides,  and  to  covalent  conjugates  of  such  polysaccharides  linked 

5  by  a  bigeneric  spacer,  which  permits  proof  of  covalency  and  facilitates  purification  and  concentration  of 
biologically-desirable  entities,  with  immunogenic  bacterial  membrane  or  other  proteins,  which  conjugates 
are  useful  components  of  bacterial  vaccines.  The  present  invention  also  relates  to  methods  of  preparing 
such  polysaccharides  and  conjugates. 

w  BACKGROUND  OF  THE  INVENTION 

Purified  capsular  polysaccharides  of  bacteria  have  been  used  to  prepare  vaccines  against  the  cognate 
bacteria,  but  the  resulting  immune  responses  have  often  been  less  satisfactory  than  desirable,  especially  in 
very  young  children  or  individuals  with  immature  or  deficient  immunological  systems.  The  Streptococcus 

75  pneumoniae  type  14  capsular  polysaccharide,  for  example,  fails  to  provoke  an  immune  response  in  infants, 
thus  making  this  polysaccharide  ineffective  by  itself  in  providing  protection  against  the  serious  pediatric 
medical  problems  caused  by  Streptococcus  pneumoniae  type  14  bacteria,  see,  for  example,  Douglas  et  al., 
J.  Infect.  Diseases,  148,  131-137  (1983)  and  Laurence  et  al.,  Am.  J.  Diseases  of  Children,  137,  846:8~50 
(1983).  Enhancement  of  the  immunogenicity  of  these  polysaccharides  may  often  be  accomplished  by 

20  combining  them  with  proteins,  Schneerson  et  al.,  Infection  and  Immunity,  45,  No.  3,  582-591  (1984) 
(discussing  conjugation  of  Streptococcus  pneumoniae  type  6A). 

Care  must  be  exercised  in  the  selection  of  the  protein  which  is  to  be  combined  with  these  polysac- 
charides,  however.  Certain  proteins  (e.g.,  pertussinogen)  are  non-specific  stimulators  of  the  immune  system 
in  infants.  These  proteins  can,  to  a  degree,  enhance  the  immune  response  to  polysaccharide  antigens,  but 

25  unfortunately,  such  non-specific  activation  leads  to  unwanted  biological  effects  (i.e.,  reactogenicity).  The 
much  preferred  specific  enhanced  immune  responses  to  these  polysaccharide  antigens  can  be  achieved  in 
infants  by  "conjugating"  these  polysaccharides  to  appropriate  proteins,  as  first  reported  by  W.  F.  Goebel 
and  0.  T.  Avery  in  1929  (J.  Exptl.  Medicine  50,  521-531  (1929)). 

The  means  of  combining  the  polysaccharide  and  protein  must  also  be  carefully  considered.  If,  as  is 
30  believed,  the  immunological  enhancement  is  realized  as  a  result  of  the  molecular  proximity  of  the 

polysaccharide  determinants  to  the  protein  "carrier"  determinants,  these  moieties  should  not  easily  separate 
in  the  biological  system.  Non-covalent  complexes,  arising  from  the  polyanionic  character  of  many  polysac- 
charides  and  the  polycationic  character  of  "carrier"  proteins,  may  stimulate  immune  responses,  but  these 
complexes  are  chemically  labile  and  the  resultant  immune  responses  appear  to  show  T-cell  independency. 

35  By  contrast,  covalent  conjugates  of  polysaccharides  and  protein  would  possess  much  greater  chemical 
stability  and  could  demonstrate  T-cell-dependent  immune  responses. 

Covalent  polysaccharide-protein  conjugates  have  been  claimed  in  the  literature,  but  the  exact  nature  of 
the  covalent  linkage  has  not  been  proven  or  quantified  since  the  only  assay  for  covalency  has  been  activity 
in  vivo.  In  addition,  the  processes  disclosed  in  the  literature  have  poor  reproducibility.  Haemophilus 

40  influenzae  type  b  and  Streptococcus  pneumoniae  type  6A  polysaccharides  were  reacted  with  cyanogen 
bromide,  then  with  adipic  acid  dihydrazide,  then  "coupled"  with  tetanus  toxoid  or  horseshoe  crab 
hemocyanin  proteins  in  Schneerson  et  al.  J.  Exptl.  Med.,  152,  361  (1980)  and  Infection  and  Immunity,  40, 
245  (1983).  Pneumococcal  type  19F  polysaccharide  was  coupled  to  bovine  serum  albumin  directly  by 
forming  imines  (Schiff  bases)  from  the  reducing  ends  of  the  polysaccharides  and  the  pendant  amine  groups 

45  (i.e.,  lysines)  of  the  protein,  then  reducing  these  imines  with  sodium  cyanoborohydride  (Lin  et  al., 
Immunology,  46,  333  (1982)). 

Additionally,  polysaccharides  linked  to  diazotized  aromatic  amines  were  coupled  to  the  protein's 
tyrosines  in  K.  K.  Nixdorff  et  al.,  Immunology  29,  87  (1975)  and  polysaccharides  linked  to  aromatic  amines 
were  converted  to  isothiocyanates,  which  were  then  linked  to  the  pendant  amino  groups  of  the  protein's 

50  lysine  in  S.  B.  Svenson  and  A.  A.  Lindberg,  J.  Immunolog.  Methods  25,  323  (1979).  In  each  case,  however, 
the  resulting  conjugate  was  characterized  only  by  its  gel  permeation  chromatographic  behavior.  In  still 
another  example  (S.  Nutani  et  al.,  Infection  and  Immunity  36,  971  (1982)),  the  polysaccharide,  pullulan,  was 
activated  with  cyanuric  chloride,  then  reacted  with  tetanus  toxoid.  In  this  case,  the  conjugates  were 
characterized  by  electrophoresis  and  only  shown  to  be  different  from  the  starting  materials. 

55  In  none  of  these  cases  was  covalency  demonstrated  other  than  by  the  implications  of  an  aggregated 
molecular  weight,  thereby  confusing  covalency  with  the  natural  interaction  of  macromolecular  species,  with 
and  without  charges,  in  molecular  complexes,  as  these  complexes  will  also  give  an  aggregate  molecular 
weight. 
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In  copending  application,  U.S.  S.N.  608,738,  filed  May  10,  1984,  (and  incorporated  herein  by  reference) 
corresponding  to  EP-A-0  161  188  covalently-modified  polyanionic  polysaccharides  and  proteins  have  now 
been  shown,  together  with  covalent  conjugates  of  such  polysaccharides  linked  by  a  bigeneric  spacer  with 
immunogenic  bacterial  membrane  or  other  proteins  and  methods  of  preparing  these  and  of  confirming  the 

5  covalency  of  the  linkage  between  polysaccharides  and  proteins.  Using  the  methodology  of  this  reference,  it 
is  now  possible  to  produce  chemically-stable  polysaccharide-protein  conjugates  which  demonstrate  T-cell 
dependency  and  which  would  be  useful  as  vaccine  components  for  eliciting  protective  serum  antibodies  to, 
particularly,  the  cognate  bacteria  of  the  polysaccharides  used.  This  methodology  is,  however,  only  useful  for 
covalently-modifying  polyanionic  polysaccharides  and  has  not  been  useful  with  intractable  polysaccharides 

io  which  are  insoluble  or  only  semi-soluble  in  organic  solvents  or  salt  solutions. 
It  was,  therefore,  an  object  of  this  invention  to  develop  a  method  for  solubilizing  neutral  polysaccharides 

and  covalently-modifying  these  neutral  polysaccharides  in  preparation  for  preparing  chemically-stable 
polysaccharide-protein  conjugates.  It  was  also  an  object  of  this  invention  to  link  neutral  polysaccharide 
determinants  to  protein  "carrier"  determinants,  in  chemically-stable  conjugates,  such  that  the  molecular 

is  proximity  of  these  moieties  could  be  maintained  in  biological  systems  in  order  that  these  conjugates  would 
be  useful  as  components  in  a  mono-  or  polyvalent  vaccine  for  eliciting  protective  serum  antibodies  to 
certain  bacteria,  particularly  the  cognate  bacteria  of  the  polysaccharides  used.  It  was  a  further  object  of  this 
invention  to  develop  methods  of  treatment  employing  these  conjugates  in  immunologically-effective  vac- 
cines  for  use  against,  e.g.,  meningitis  and  otitis  media. 

20 
SUMMARY  OF  THE  INVENTION 

The  present  invention  is  directed  to  covalently-modified  neutral  bacterial  polysaccharides  and  to 
chemically-stable  conjugates  of  such  neutral  polysaccharides  with  covalently-modified  immunogenic  mem- 

25  brane  proteins,  viral  protein  subunits,  synthetic  polypeptides,  bacterial  toxoids  or  other  suitable  im- 
munogenic  proteins,  which  conjugates  are  useful  components  of  immunogenic  bacterial  vaccines.  The 
polysaccharide-protein  conjugates  of  this  invention  are  coupled  through  bigeneric  spacers  containing  a 
covalent  thioether  group,  wherein  the  bigeneric  spacers  are  atom  chains  linking  macromolecules  (such  as 
neutral  polysaccharides  and  proteins),  part  of  which  spacers  originate  with  one  modified  macromolecule 

30  (e.g.,  the  covalently-modified  neutral  polysaccharide)  and  the  other  part  of  which  originate  with  the  other 
modified  macromolecule  (e.g.,  the  functionalized  protein). 

In  the  process  according  to  the  instant  invention,  the  neutral  polysaccharide  is  covalently  functionalized 
in  one  or  more  steps  to  produce  a  polysaccharide  with  pendant  electrophilic  centers  or  pendant  thiol 
groups.  Preferably,  the  neutral  polysaccharide  is  first  fragmented  by  heating  in  water  with  or  without 

35  aqueous  hydrazine,  the  water  is  removed,  and  the  fragmented  polysaccharide  is  derivatized  with  a 
bifunctional  activation  agent  before  being  reacted  with  a  bis-nucleophile.  The  nucleophile-functionalized 
neutral  polysaccharide  is  then  either  reacted  with  a  reagent  to  generate  pendant  electrophilic  sites  or 
reacted  with  a  reagent  to  generate  pendant  thiol  groups.  By  proper  selection  of  the  bis-nucleophile,  i.e.,  one 
which  would  react  with  the  activated  neutral  polysaccharide  and  result  in  a  covalently-modified  polysaccha- 

40  ride  with  pendant  electrophilic  sites  or  thiol  groups,  or  selection  of  the  proper  nucleophile,  further 
functionalization  of  the  nucleophile-functionalized  neutral  polysaccharide  may  be  avoided. 

Independent  of  the  covalent  modification  of  the  neutral  polysaccharide,  the  appropriate  bacterial 
"carrier"  protein  is  reacted  with  reagents  generating  pendant  thiol  groups  or  with  reagents  generating 
pendant  electrophilic  centers,  in  either  a  one-  or  two-step  process.  The  appropriately  covalently-modified 

45  neutral  polysaccharides  and  proteins  are  then  reacted  to  form  covalent  polysaccharide-protein  conjugates 
and  purified  to  remove  unconjugated  macromolecules  and  excess  reagents  in  order  to  permit  the 
immunogenic  dosage  to  be  based  on  the  amount  of  covalently-linked  polysaccharide  in  the  conjugate  form. 

Immunogenic  monovalent  or  polyvalent  vaccines  containing  immunologically-effective  amounts  of  the 
polysaccharide-protein  conjugates  according  to  this  invention  or  mixtures  of  the  polysaccharide-protein 

50  conjugates  according  to  this  invention  with  other  covalent  polysaccharide-protein  conjugates,  such  as  those 
described  in  U.S.  S.N.  608,738,  filed  May  10,  1984,  or  with  other  immunologic  materials,  or  their  derivatives 
may  then  be  prepared. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
55 

The  covalently-modified  polysaccharides  of  this  invention  may  be  modified  versions  of  any  neutral  (i.e., 
nonanionic/nonacidic)  polysaccharides,  and  are  not  intended  to  be  limited  to  any  particular  types.  Examples 
of  such  neutral  bacterial  capsular  polysaccharides  include  Streptococcus  pneumoniae  (pneumococcal) 

4 
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types  14,  7F  and  37  polysaccharides,  described  in  L.  Kenne  and  B.  Lindberg  in  The  Polysaccharides,  Vol. 
II,  pp.  287-363,  Academic  Press  (1983)  and  A.  S.  Chaudri  et  al.,  Carbohydrate  Research,  25,  161-172 
(1972). 

The  proteins  according  to  this  invention  are  those  of  proven  safety  and  demonstrable  immunogenicity, 
5  but  are  not  limited  to  any  particular  type.  Suitable  proteins  include  bacterial  membrane  proteins;  any  of 

various  plant  proteins,  such  as  edestin  or  soybean  trypsin  inhibitor;  viral  protein  subunits,  such  as  hepatitis 
A  or  B,  herpes  gD  or  gC,  Epstein-Barr  or  varicella  zoster  subunits;  synthetic  polypeptides;  diphtheria  toxoid; 
or  tetanus  toxoid,  but  are  preferably  Neisseria  meningitidis  (meningococcal)  B  serotype  outer  membrane 
proteins,  which  are  T-cell  stimulators.  An  example  of  these  serotype  proteins  has  been  described  in  Helting 

io  et  al.,  "Serotype  Determinant  Proteins  of  Neisseria  Meningitidis",  Actapath.  Microbiol.  Scand.  Sect.  C,  89, 
69^78,  1981,  and  Frasch  et  al.,  J.  Bact,  127,  973-981  (1976).  ~~ 

The  conjugates  of  the  instant  invention  may  then  be  any  stable  polysaccharide-protein  conjugates, 
coupled  through  bigeneric  spacers  containing  a  thioether  group  and  alkyl  amide,  which  form  hydrolytically- 
labile  covalent  bonds  with  the  neutral  polysaccharide  and  the  protein.  Preferred  conjugates  according  to  this 

is  invention,  however,  are  those  which  may  be  represented  by  the  formulae,  Ps-A-E-S-B-Pro  or  Ps-A'-S-E'-B'- 
Pro,  wherein  Ps  represents  a  nonanionic  polysaccharide;  Pro  represents  an  immunogenic  protein;  and  A-E- 
S-B  and  A'-S-E'-B'  constitute  bigeneric  spacers  which  contain  hydrolytically-stable  covalent  thioether  bonds, 
and  which  form  covalent  bonds  (such  as  hydrolytically-labile  ester  or  amide  bonds)  with  the  macro- 
molecules,  Pro  and  Ps.  In  the  spacer,  A-E-S-B,  S  is  sulfur;  E  is  the  transformation  product  of  a  thiophilic 

20  group  which  has  been  reacted  with  a  thiol  group,  and  is  represented  by 

35  OR 

- C C H - ,  

wherein  R  is  H  or  CH3,  and  p  is  1  to  3;  A  is 
40 

WH 
II  I 

- C N ( C H 2 ) m Y ( C H 2 ) n - N H - ,  

45 
wherein  W  is  0  or  NH,  m  is  0  to  4,  n  is  0  to  3  and  Y  is  CH2,  0,  S,  NR',  or  CHC02H,  where  R'  is  H  or  Ci- 
or  C2-alkyl,  such  that  if  Y  is  CH2,  or  NH  then  both  m  and  n  cannot  equal  zero,  and  if  Y  is  0  or  S,  then  m  is 
greater  than  1  and  n  is  greater  than  1  ;  and  B  is 

50 
Z 

-  ( C H 2 ) p C H ( C H 2 ) q D - ,  

55  wherein  q  is  0  to  2,  Z  is  NH2, 

5 
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0  
II 

NHCR  '  , 
5 

COOH,  or  H,  where  R'  and  p  are  as  defined  above,  and  D  is 

0  HO  0  
•  !i  .  '  11  il 70  i s   C,  NR  ,  N - C ( C H 2 ) 2 C .  

Then  in  the  spacer,  A'-S-E'-B',  S  is  sulfur;  A'  is 

75 
w 
I! 

- C N H ( C H 2 ) a R M - ,  

20  wherein  a  is  1  to  4  and  R"  is  CH2,  or 

HO 

N C C H ( C H 2 ) p ,  
25 zo  y  l 

where  Y'  is  NH2  or  NHCOR',  and  W,  p  and  R'  are  as  defined  above,  and  E'  is  the  transformation  product  of 
a  thiophilic  group  which  has  been  reacted  with  a  thiol  group,  and  is  represented  by 

30 

0  
- I .  

35 

wherein  R  is  as  defined  above,  and  B'  is 

40  R 

- C H - ,  

or  E'  is 
45 

II 
0  

55  and  B'  is 
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O 

- (CH2)   
l ! - f  

5 
wherein  p  is  1  to  3.  Further,  of  the  bigeneric  spacers,  A-E-S-B  and  A'-S-E'-B',  the  E-S-B  and  A'-S-E' 
components  are  determinable  and  quantifiable,  with  this  identification  reflecting  the  covalency  of  the 
conjugate  bond  linking  the  side  of  the  thioethersulfur  which  originates  from  the  covalently-modified 
nonanionic  polysaccharide  with  the  side  of  the  spacer  which  originates  from  the  functionalized  protein. 

io  In  the  process  of  the  instant  invention,  the  polysaccharide  is  covalently-modified  by  (a)  fragmenting  it 
by  heating  the  polysaccharide  in  water  with  or  without  aqueous  hydrazine,  with  the  water  being  removed  by 
lyophilization  and  drying  with  P2O5  in  a  vacuum,  then  (b)  activating  it  with  a  bifunctional  reagent  in  a  non- 
aqueous,  polar,  aprotic  solvent,  (c)  reacting  this  activated  polysaccharide  with  a  bis-nucleophile,  and  finally, 
if  necessary,  further  (d)  functionalizing  this  modified  polysaccharide  by  either  reaction,  (i)  with  a  reagent 

15  generating  electrophilic  (e.g.,  thiolphilic)  sites  or,  (ii)  with  a  reagent  generating  thiol  groups.  The  protein  is 
conversely  either  reacted  (i)  with  a  reagent  generating  thiol  groups  or  (ii)  with  a  reagent  generating 
thiolphilic  sites,  then  the  covalently-modified  polysaccharide  and  the  functionalized  protein  are  reacted 
together  to  form  the  stable  covalently-bonded  conjugate  and  the  final  mixture  is  purified  to  remove 
unreacted  polysaccharides  and  proteins. 

20  The  process  of  this  invention  also  includes  selection  of  a  nucleophile  or  bis-nucleophile  which  will  react 
with  the  activated  polysaccharide  to  form  a  covalently-modified  polysaccharide  with  pendant  electrophilic 
sites  or  pendant  thiol  groups,  thereby  obviating  the  need  to  further  functionalize  the  bis-nucleophile- 
modified  polysaccharide  prior  to  reacting  the  covalently-modified  polysaccharide  with  the  covalently- 
modified  protein.  Also,  the  functionalization  of  the  protein  to  either  moiety  form  may  be  accomplished  in 

25  more  than  one  step  according  to  the  selection  of  reactants  in  these  steps. 

A.  PREPARATION  OF  THE  POLYSACCHARIDE 

In  the  first  step  toward  covalently-modifying  the  polysaccharide,  the  solid,  largely  insoluble  polysaccha- 
30  ride  must  be  solubilized. 

Since  the  neutral  polysaccharides  of  this  invention  are  insoluble  in  organic  solvents  or  salt  solutions  and 
only  marginally-soluble  in  water,  and  since  nucleophilic  alcoholic  hydroxyl  groups  of  a  polysaccharide 
cannot  compete  chemically  for  electrophilic  reagents  with  the  hydroxyls  of  water  in  an  aqueous  solution,  the 
polysaccharide  must  be  modified  into  a  more  soluble  form,  then  it  should  be  dissolved  in  non-aqueous 

35  (non-hydroxylic)  solvents.  Suitable  solvents  include  dimethylformamide,  dimethylsulfoxide, 
dimethylacetamide,  formamide,  N,N'-dimethylimidazolidinone,  and  other  similar  polar,  aprotic  solvents, 
preferably  dimethylformamide. 

In  U.S.  S.N.  608,738,  filed  May  10,  1984,  bacterial  polysaccharides  with  acid  groups  were  solubilized  in 
non-hydroxylic  organic  solvents  by  first  converting  them  into  an  appropriate  salt  form.  By  contrast, 

40  Applicants  accomplish  the  solubilization  of  an  intact,  otherwise  largely  insoluble  neutral  polysaccharide  by 
heating  these  non-polyanionic,  neutral  polysaccharides  for  from  30  seconds  to  10  minutes  at  70°  to  100°  C 
in  distilled  water  which  may  or  may  not  contain  5-15%  aqueous  hydrazine,  thereby  fragmenting  the 
polysaccharides,  but  preserving  the  viability  of  the  neutral  polysaccharides  for  immunogenic  vaccine  use, 
but  putting  the  polysaccharide  in  a  usable  form. 

45  Subsequent  steps  are  then  directed  to  overcoming  the  other  significant  physico-chemical  limitation  to 
making  covalent  bonds  to  polysaccharides,  that  being  the  lack  of  functional  groups  on  the  polysaccharides, 
other  than  hydroxyl  groups,  which  are  reactive  enough  with  reagents  commonly  or  practically  used  for 
functionalization  of  units  with  which  bonding  is  desired.  The  residual  water  (and  hydroxyl  groups)  is 
removed  by  lyophilization  and  drying  with  P2O5  in  a  vacuum.  Then,  activation  of  the  polysaccharide  to  form 

50  an  activated  polysaccharide,  reaction  with  bis-nucleophiles  to  form  a  nucleophile-functionalized  polysaccha- 
ride,  and  functionalization  with  reagents  generating  either  electrophilic  sites  or  thiol  groups,  are  all  directed 
to  covalently-modifying  the  polysaccharide  and  developing  functional  groups  on  the  polysaccharide  in 
preparation  for  conjugation. 

In  the  next  step,  the  depolymerized  polysaccharide  is  activated  by  reaction  with  a  bifunctional  reagent 
55  at  about  0°-50°C,  while  stirring  for  ten  minutes  to  one  hour,  with  the  crucial  weight  ratio  of  activating  agent 

to  polysaccharide  in  the  range  of  1:5  to  1:12.  Activation  with  cyanogen  bromide  is  possible  according  to  the 
present  invention,  this  reagent  is  poorly  utilized  in  activation  of  polysaccharides  and  is  not  preferred. 
Instead,  preferred  bifunctional  reagents  for  activating  the  polysaccharide  include  carbonic  acid  derivatives, 
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0  
2  i!  3 R  - O R   , 

5  wherein  R2  and  R3  may  be  independently,  azolyl,  such  as  imidazolyl;  halides;  or  phenyl  esters,  such  as  p- 
nitrophenyl,  or  polyhalophenyl. 

Carbonyldiimidazole,  a  particularly  preferred  reagent,  will  react  with  the  hydroxyl  groups  to  form 
imidazolylurethanes  of  the  polysaccharide,  and  arylchloroformates,  including,  for  example,  nitrophenylch- 
loroformate,  will  produce  mixed  carbonates  of  the  polysaccharide.  In  each  case,  the  resulting  activated 

io  polysaccharide  is  very  susceptible  to  nucleophilic  reagents,  such  as  amines,  and  is  thereby  transformed 
into  the  respective  urethanes. 

In  the  next  stage,  the  activated  polysaccharide  is  reacted  with  a  nucleophilic  reagent,  such  as  an  amine, 
particularly  diamines,  for  example, 

15 

H N ( C H 2 ) m Y ( C H 2 ) n - N H ,  

20  wherein  m  is  0  to  4,  n  is  0  to  3,  and  Y  is  CH2,  0,  S,  NR',  CHC02H,  where  R'  is  H  or  a  Ci-  or  C2-alkyl, 
such  that  if  Y  is  NH  or  CH2,  then  both  m  and  n  cannot  equal  zero,  and  if  Y  is  0  or  S,  then  m  is  greater  than 
1  and  n  is  greater  than  1,  in  a  gross  excess  of  amine  (i.e.,  for  example,  a  50-  to  100-fold  molar  excess  of 
amine  vs.  activating  agent  used).  The  reaction  is  kept  in  an  ice  bath  for  from  15  minutes  to  one  hour  then 
kept  for  15  minutes  to  one  hour  at  about  17°-40°C. 

25  An  activated  polysaccharide,  when  reacted  with  a  diamine,  e.g.,  1  ,4-butanediamine,  would  result  in  a 
urethane-form  polysaccharide  with  pendant  amines,  which  may  then  be  further  functionalized  by  acylating. 
Mixed  carbonates  will  also  readily  react  with  diamines  to  result  in  pendant  amine  groups. 

Alternatively,  the  activated  polysaccharide  may  be  reacted  with  a  nucleophile,  such  as  a  mon- 
ohaloacetamide  of  a  diaminoalkane,  for  example,  4-bromoacetamidobutylamine  (see,  W.  B.  Lawson  et  al., 

30  Hoppe  Seyler's  Z.  Physiol  Chem.,  349,  251  (1968)),  to  generate  a  covalently-modified  polysaccharide  with 
pendant  electrophilic  sites.  Or,  the  activated  polysaccharide  may  be  reacted  with  an  aminothiol,  such  as 
cysteamine  (aminoethanethiol)  or  cysteine,  examples  of  derivatives  which  are  well-known  in  the  art  of 
peptide  synthesis,  to  produce  a  polysaccharide  with  pendant  thiol  groups.  In  both  cases,  no  additional 
functionalization  is  necessary  prior  to  coupling  the  covalently-modified  polysaccharide  to  the  modified 

35  bacterial  "carrier"  protein. 
The  last  step  in  preparing  the  polysaccharide,  the  further  functionalization,  if  necessary,  of  the 

polysaccharide,  may  take  the  form  of  either  reacting  the  nucleophile-functionalized  polysaccharide  with  a 
reagent  to  generate  electrophilic  (i.e.,  thiophilic)  sites,  or  with  a  reagent  to  generate  thiol  groups. 

Reagents  suitable  for  use  in  generating  electophilic  sites,  include  for  example,  those  for  acylating  to  a- 
40  haloacetyl  or  a-halopropionyl,  derivative  such  as 

OR 
II  ! 

XCCHX 

45 
(wherein  R  is  H  or  CH3;  X  is  CI,  Br  or  I;  and  X'  is  nitrophenoxy,  dinitrophenoxy,  pentachlorophenoxy, 
pentafluorophenoxy,  halide,  O-(N-hydroxysuccinimidyl)  or  azido),  particularly  chloroacetic  acid  or  a- 
bromopropionic  acid,  with  the  reaction  being  run  at  a  pH  of  8  to  11  (maintained  in  this  range  by  the  addition 
of  base,  if  necessary)  and  at  a  temperature  of  about  0  °  to  35  °  C,  for  ten  minutes  to  one  hour.  An  amino- 

50  derivatized  polysaccharide  may  be  acylated  with  activated  maleimido  amino  acids  (see,  0.  Keller  et  al, 
Helv.  Chim.  Acta.,  58,  531  (1975))  to  produce  maleimido  groups, 

55 
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/  
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!( 
0  

wherein  p  is  1  to  3;  with  a  2-haloacetylating  agent,  such  as  p-nitrophenylbromoacetate;  or  with  an  a- 
haloketone  carboxylic  acid  derivative,  e.g., 

15 , f \ -  
H 0 2 C - / /   \ \ - C C H 2 B r  

20  (Ber.,  67,  1204,  (1934))  in  order  to  produce  appropriately-functionalized  polysaccharides  which  are  suscept- 
ible  to  thio  substitution. 

Reagents  suitable  for  use  in  generating  thiol  groups  include,  for  example,  acylating  reagents,  such  as 
thiolactones,  e.g., 

25  a R4CNH_  ( C H , )  

0'  , 
30 

wherein  R+  is  Ci-C+alkyI  or  mono-  or  bicyclic  aryl,  such  as  CgH5  or  C10H13,  and  p  is  1  to  3; 

35  
NHCOR5 

"03SSCH2  (CH2  )  mCH-COX  *  , 

35  NHCOR 

wherein  m  is  0  to  4,  R5  is  Ci-C+alkyI  or  CgH5,  and  X'  is  as  defined  above,  followed  by  treatment  with 
40  HSCH2CH2OH;  or 

NHCOR5 

45 
C 2 H 5 - S - S - C H 2   (CH2)mCHCOX'  , 

wherein  m,  R5  and  X'  are  as  defined  immediately  above,  then  treatment  with  dithiothreitol.  Such  reactions 
are  carried  out  in  a  nitrogen  atmosphere,  at  about  0°-35°C  and  at  a  pH  of  8-11  (with  base  added,  as 
necessary,  to  keep  th  pH  within  this  range),  for  one  to  twenty-four  hours.  For  example,  an  amino-derivatized 

50  polysaccharide  may  be  reacted  with 

NHCOCH- 
\  3 

55 

cr  V  

9 



EP  0  186  576  B1 

10 

35 

to  produce  an  appropriately-functionalized  polysaccharide. 
By  these  steps  then,  covalently-modified  neutral  polysaccharides  of  the  forms,  Ps-A-E7-)  or  Ps-A'-SH- 

wherein  Ey  is 

15  and  A,  A',  R,  X  and  p  are  as  defined  above,  are  produced. 

B.  PREPARATION  OF  THE  PROTEIN 

Separate  functionalization  of  the  protein  to  be  coupled  to  the  polysaccharide,  involves  reaction  of  the 
20  protein  with  one  or  more  reagents  to  generate  a  thiol  group,  or  reaction  of  the  protein  with  one  or  more 

reagents  to  generate  an  electrophilic  (i.e.,  thiophilic)  center,  as  shown  in  U.S.  S.N.  608,738,  filed  May  10, 
1984. 

In  preparation  for  conjugation  with  an  electrophilic-functionalized  polysaccharide,  the  protein  is  reacted 
in  one  or  two  steps  with  one  or  more  reagents  to  generate  thiol  groups,  such  as  those  acylating  reagents 

25  used  for  generating  thiol  groups  on  polysaccharides,  as  discussed  on  pages  15-17  above.  Thiolated 
proteins  may  also  be  prepared  by  aminating  carboxy-activated  proteins,  such  as  those  shown  in  Atassi  et 
al.,  Biochem  et  Biophys.  Acta,  670,  300,  (1981),  with  aminothiols,  to  create  the  thiolated  protein.  A  preferred 
embodiment  of  this  process  step  involves  the  direct  acylation  of  the  pendant  amino  groups  (i.e.,  lysyl 
groups)  of  the  protein  with  N-acetylhomocysteine  thiolactone  at  about  0  °  to  35  °  C  and  pH  8  to  1  1  ,  for  from 

30  five  minutes  to  two  hours,  using  equiweights  of  reactants.  When 

O 
ij 

E ' B '   = N ( C H 2 ) p C ,  

40 

the  conditions  and  method  of  preparing  the  functionalized  protein  are  as  discussed  above  on  pages  15-17 
for  preparing  the  counterpart  polysaccharide  by  reaction  with  activated  maleimido  acids. 

In  preparing  for  conjugation  with  a  covalently-modified  bacterial  polysaccharide  with  pendant  thiol 
45  groups,  the  protein  is  acylated  with  a  reagent  generating  an  electrophilic  center,  such  acylating  agents 

including,  for  example, 

O  CH-,  O 
.!  I  J  :i 

so  XCH2C-X'  and  XCH  -  C X ' ,  

wherein  X  and  X'  are  as  defined  above;  and 

55 
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15 

20 

25 

^CO.   0  

[I  N(CH-)   C - X \  

CO 

wherein  X'  is  as  defined  above.  Suitable  proteins  with  electophilic  centers  also  include,  for  example,  those 
prepared  by  acylation  of  the  pendant  lysyl  amino  groups  with  a  reagent,  such  as  activated  maleimido  acids, 
for  example, 

a  i  

A   0  / >  
I  NOC(CH-)  N  li  , 
V   V  

(I  II 
0  0  

or  by  reacting  the  carboxy-activated  protein  with  monohaloacetyl  derivatives  of  diamines.  In  both  prepara- 
tion  reactions,  the  temperature  is  from  0°  to  35  °C  for  from  five  minutes  to  one  hour  and  the  pH  is  from  8 
to  11. 

C.  FORMATION  OF  THE  CONJUGATE 

Formation  of  the  conjugate  is  then  merely  a  matter  of  reacting  any  of  the  covalently-modified 
polysaccharides  having  pendant  electrophilic  centers  with  any  of  the  proteins  having  pendant  thiol  groups  at 

30  a  pH  of  7  to  9,  in  approximate  equiweight  ratios,  in  a  nitrogen  atmosphere,  for  from  six  to  twenty-four  hours 
at  from  about  17°  to  40°  C,  to  give  a  covalent  conjugate.  Examples  of  such  reactions  include: 

QH  0  NHCOCH, 
35  i 

Ps-CNCH2CH2CH2CH2NHCCH2Br  +  HSCH2CH2CHC0-Pr   O  ^  

OH  O  NHCOCH- P  •.,  . 3  
40  PsCNCH2CH2CH2CH2NHCCH2SCH2CH2CHCOPro  , 

wherein  an  activated  polysaccharide  which  has  been  reacted  with  4-bromoacetamidobutylamine  is  reacted 
with  a  protein  which  has  been  reacted  with  N-acetylhomocysteine  thiolactone,  to  form  a  conjugate,  and: 

45 

OH  HO  /   X  0  0  
50  PsCNY"-NCCH0N  !  +  HSCH^CH^NHCCH^CH^CPr  O *  \^  /   2  2  2  2 

55 
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w  

,CH2CH2NHCCH2CH2CPro 

10 
(where  Y"  is  a  C2-Csalkyl  radical),  wherein  an  amino-derivatized  polysaccharide  which  has  been  reacted 
with  activated  maleimido  acids  is  reacted  with  a  carboxy-activated  protein  which  has  been  aminated  with  an 
aminothiol,  to  form  a  conjugate. 

Similarly,  any  of  the  covalently-modified  polysaccharides  with  pendant  thiol  groups  may  be  reacted  with 
is  any  of  the  proteins  having  pendant  electrophilic  centers  to  give  a  covalent  conjugate.  An  example  of  such  a 

reaction  is: 

0  O  O  H 

20  PsCNHCH2CH2SH  +  Pr  oCCH2CH2C-N  (CH2  )  4NHCOCH2Br 

25 

OH  OH  0  0  
i:  ;  II  I  II  H 

PsCNCH2CH2SCH2CN  (CHj)  4NHCCH2CH2CPro  , 

wherein  an  activated  polysaccharide  which  has  been  reacted  with  an  aminothiol  is  reacted  with  a  carboxy- 
activated  protein  which  has  been  reacted  with  monohaloacetyl  derivatives  of  a  diamine,  to  form  a  conjugate. 

30  These  conjugates  are  then  centrifuged  at  about  100,000  times  G  using  a  fixed  angle  rotor  for  about  two 
hours  at  about  1  °  to  20  °C,  or  are  submitted  to  any  of  a  variety  of  other  purification  procedures,  including 
gel  permeation,  ion  exclusion  chromatography,  gradient  centrifugation,  or  other  differential  adsorption 
chromatography,  to  remove  non-covalently-conjugated  polysaccharides  and  proteins,  using  the  covalency 
assay  for  the  bigeneric  spacer  (see  below)  as  a  method  of  following  the  desired  biological  activity. 

35 
D.  ANALYSIS  TO  CONFIRM  COVALENCY 

Analysis  of  the  conjugate  to  confirm  the  covalency,  and  hence  the  stability  of  the  conjugate,  is 
accomplished  by  Applicants  by  hydrolyzing  (preferably  with  6N  HCI  at  110°  C  for  20  hours)  the  conjugate, 

40  then  quantitatively  analyzing  for  the  amino  acid  of  the  hydrolytically-stable  spacer  containing  the  thioether 
bond  and  constituent  amino  acids  of  the  protein.  The  contribution  of  the  amino  acids  of  the  protein  may  be 
removed,  if  necessary,  by  comparison  with  the  appropriate  amino  acid  standard  for  the  protein  involved, 
with  the  remaining  amino  acid  value  reflecting  the  covalency  of  the  conjugate,  or  the  amino  acid  of  the 
spacer  may  be  designed  to  appear  outside  the  amino  acid  standard  of  the  protein  in  the  analysis.  The 

45  covalency  assay  is  also  useful  to  monitor  purification  procedures  to  mark  the  enhancement  of  concentration 
of  the  biologically-active  components.  In  the  above  examples,  hydrolysis  of 

OH  O  NHCOCH, 
III  II  I  3 

50  PsCNCH0CH0CH-CH0NHCCH«SCH0CH^CHCOPro 

results  in  the  release  of  S-carboxymethylhomocysteine, 

55 
NH0 
I  2 

H02CCH2SCH2CH2CHC02H;  
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hydrolysis  of 

O 

5 
0  0  

PsCNHY NHCCH-N 2  > CH2CH2NHCCH2CH2CPro 
S' 

w II 
0  

results  in  the  release  of  the  aminodicarboxylic  acid, 

15 
H02C 

H0oCCHoCHSCH,CH0NH0  ; 

20  and  hydrolysis  of 

25 

results  in  the  release  of  S-carboxymethylcysteamine,  H2NCH2CH2SCH2CO2H  by  cleavage  of  the  Ps-A-E-S- 
B-Pro  molecule  at  peptide  linkages  and  other  hydrolytically-unstable  bonds.  Chromatographic  methods, 
such  as  those  of  Spackman,  Moore,  and  Stein,  may  then  be  conveniently  applied  and  the  ratio  of  amino 

30  acid  constituents  determined. 

E.  APPLICATIONS 

One  or  more  of  the  conjugates  of  this  invention  may  be  used  in  mammalian  species  for  either  active  or 
35  passive  protection,  prophylactically  or  therapeutically,  against  bacteremia  caused  by  the  cognate  organism. 

In  preferred  embodiments  of  this  invention,  the  conjugates  of  this  invention  may  be  used  in  mono-  or 
polyvalent  vaccines,  either  alone;  with  other  conjugates  containing  other  neutral  polysaccharides  such  as 
Streptococcus  pneumoniae  7F,  14  and  37;  with  other  conjugates  containing  polyanionic  polysaccharides, 
such  as  Haemophilus  influenzae  type  b  or  Streptococcus  pneumoniae  type  6B,  19F  or  23F  organisms;  or 

40  with  unconjugated  polysaccharides,  such  as  Streptococcus  pneumoniae  type  3  polysaccharide. 
Active  protection  may  be  accomplished  by  injecting  an  effective  amount  (a  quantity  capable  of 

producing  measurable  amounts  of  antibodies,  e.g.,  2  to  50  u.g)  of  polysaccharide  in  the  conjugate  form  of 
each  of  the  conjugates  being  administered  per  dose  or  of  unconjugated  polysaccharides  being  administered 
per  dose,  whole  antiserum  obtained  from  animals  previously  dosed  with  the  conjugate  or  conjugates,  or 

45  globulin  or  other  antibody-containing  fractions  of  said  antisera,  with  or  without  a  pharmaceutically-accept- 
able  carrier,  such  as  aseptic  saline  solution.  Such  globulin  is  obtained  from  whole  antiserum  by  chromatog- 
raphy,  salt  or  alcohol  fractionation  or  electrophoresis.  Passive  protection  may  be  accomplished  by  standard 
monoclonal  antibody  procedures  or  by  immunizing  suitable  mammalian  hosts.  The  use  of  an  adjuvant  (e.g., 
alum)  is  also  intended  to  be  within  the  scope  of  this  invention. 

50  In  a  preferred  embodiment  of  this  invention,  monovalent  or  polyvalent  compositions  including,  inter  alia, 
the  conjugates  according  to  the  invention,  are  used  for  active  immunogenic  vaccination  of  humans, 
especially  neonates  and  infants.  For  additional  stability,  these  conjugates  may  also  be  lyophilized  in  the 
presence  of  lactose  (for  example,  at  50  u.g/ml  of  pneumococcal  polysaccharide/10  mg/ml  lactose)  prior  to 
use. 

55  A  preferred  dosage  level  is  an  amount  of  each  of  the  conjugates  or  derivative  thereof  to  be 
administered  corresponding  to  25  ug  of  polysaccharide  in  the  conjugate  form  for  conjugates  of  pneumococ- 
cal  polysaccharides,  25  ug  of  unconjugated  polysaccharides  and  dosages  of  conjugates  or  derivatives 
thereof  of  conjugates  containing  polyanionic  polysaccharides  according  to  U.S.  S.N.  608,738,  filed  May  10, 

13 
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1984,  in  a  single  administration.  If  necessary,  an  additional  one  or  two  doses  of  conjugate  or  derivative 
thereof  of  the  H.  influenzae  type  b  polysaccharide  in  an  amount  corresponding  to  10  ug  of  the  polysaccha- 
ride  in  the  conjugate  form,  may  also  be  administered. 

The  invention  is  further  defined  by  reference  to  the  following  examples,  which  are  intended  to  be 
5  illustrative  and  not  limiting. 

EXAMPLE  1 

PREPARATION  OF  STREPTOCOCCUS  PNEUMONIAE  TYPE  14  CAPSULAR  POLYSACCHARIDE 
10 

INOCULUM  AND  SEED  DEVELOPMENT 

A  Stage:  Working  Seed  Preparation 

is  A  lyophilized  tube  of  Streptococcus  pneumoniae  type  14  bacteria  inoculum  seed  (received  from  Dr. 
Robert  Austrian  of  the  University  of  Pennsylvania)  was  suspended  in  1  ml  of  sterile  beef  heart  infusion  broth 
(25  gm  of  Heart  Infusion  Broth  (Difco)  in  0.9  liters  of  water)  and  this  suspension  was  spread  on  five  rabbit 
blood  agar  (20  gm  purified  agar,  25  gm  heart  infusion  broth,  100  ml  defibrinated  rabbit  blood,  0.9  liter 
distilled  water)  plates  with  approx.  0.2  ml  of  culture  each.  After  approx.  18  hours  incubation  at  37  °C,  the 

20  growth  on  the  plates  was  resuspended  on  each  rabbit  blood  agar  plate  (with  5  ml  of  beef  heart  infusion 
broth  each)  and  pooled. 

One-half  milliter  of  this  resuspended  growth  was  used  to  inoculate  each  of  6  flasks  of  liquid  blood 
medium  (90  ml  of  beef  heart  infusion  broth  and  10  ml  of  defibrinated  rabbit  blood),  which  were  then 
incubated  without  agitation  at  37°  C  for  approx.  18  hours. 

25 
B  Stage:  2-Liter  Non-baffled  Erlenmeyer  Flasks 

Two  of  the  flasks  of  Streptococcus  pneumoniae  type  14  bacteria  working  seed  from  A  Stage  were 
combined  and  20  ml  of  this  seed  was  inoculated  into  each  of  five  2-liter  non-baffled  Erlenmeyer  flasks 

30  containing  900  ml  of  sterile  pneumococcus  inoculum  medium  (see  below)  and  100  ml  of  25%  dextrose 
solution.  The  pH  of  the  flasks  was  maintained  at  pH  6.0-7.0  by  the  addition  of  12%  sodium  bicarbonate 
solution  and  after  7  hours  incubation  at  37°  C,  (at  which  time  a  typical  ODggo  value  was  2.90)  the  growth 
from  four  of  the  flasks  was  pooled  (the  pool  having  an  ODggo  of  2.80  and  a  pH  of  6.8). 

Pneumococcus  Inoculum  Mediurri7 

Soya  Peptone  20  gm 
Yeast  Extract  Ultrafiltrate  (1)  100  ml 
NaCI  Reagent  5  gm 
K2HPO4  2.5  gm 
2%  Phenol  Red  .5  ml 
Distilled  Water  1  liter 

7  The  solution  was  sterilized  by  autoclaving  at  121  0  C  for  25 
minutes. 

45 

The  salts  and  soya  peptone  were  dissolved  in  small  volumes  of  hot,  pyrogen-free  water  and  brought  to 
correct  final  volume  with  additional  hot,  pyrogen-free  water.  The  fermenters  or  flasks  were  then  sterilized  for 
about  25  minutes  at  121  °C  and  after  cooling,  the  yeast  extract  ultrafiltrate  (1)was  added  aseptically  to  the 

50  flasks  or  fermenters  prior  to  inoculation. 

C  Stage:  70-Liter  Seed  Fermenter 

The  pooled  product  of  B  Stage  was  used  to  inoculate  a  70-liter  fermenter  containing  the  Pneumococcus 
55  Seed  Medium  (prepared  as  described  below),  with  a  starting  pH  of  6.8. 

The  fermentation  was  maintained  at  37  °C  with  100  rpm  agitation  and  monitored  by  optical  density 
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(O.D.),  glucose  test  and  pH  determinations  until  an  O.D.  of  3.25  was  reached  (after  about  4  hours). 

Complete  Pneumococcus  Seed  Medium 

Soya  Peptone  800  gm 
Yeast  Extract  Ultrafiltrate  (1)  4  liters 
K2HPO+  Reagent  100  gm 
NaCI  Reagent  200  gm 
25%  Dextrose  Solution  (2)  4  liters 
Ucon  B625  Antifoam  14  ml 
Distilled  Water  31  .8  liters 

(2)  Dextrose  was  prepared  as  a  sterile  25%  solution  in  glass-distilled 
water,  and  added  to  the  70-liter  fermenter  with  the  yeast  extract 
ultrafiltrate. 

D  Stage:  800-Liter  Production  Fermenter 

20  Approximately  40  liters  of  the  product  of  C  Stage  was  used  to  inoculate  an  800-liter  fermenter 
containing  530  liters  of  Pneumococcus  Production  Medium  (prepared  as  described  below). 

The  fermentation  was  maintained  at  37  °C  with  100  rpm  of  agitation,  with  the  O.D.,  glucose  and  pH 
levels  being  checked  about  every  two  hours  until  the  O.D.  was  similar  for  a  two-hour  period,  at  which  time 
the  fermentation  was  terminated  (a  typical  final  O.D.  was  5.2  after  6  hours.). 

Pneumococcus  Production  Medium 

Soya  Peptone  10.5  kg 
Yeast  Extract  Ultrafiltrate  (1)  52.5  liters 
K2HPO4  Reagent  1.313  kg 
NaCI  Reagent  2.625  kg 
25%  Dextrose  Solution  (2)  58  liters 
Ucon  B625  Antifoam  95  ml 
Distilled  Water  418.5  liters 

HARVEST  AND  INACTIVATION 

The  batch  was  inactivated  by  harvesting  into  a  "kill  tank"  containing  8.2  liters  of  liquified  phenol. 

34  and  58%  ETHANOL  PRECIPITATION 

To  640  liters  of  the  killed  culture,  213.3  liters  of  95%  ethanol  was  added,  at  3.6  liters/minute  with  stirring 
at  20  to  26  °C,  then  117  liters  of  95%  ethanol  was  added,  at  2  liters/minute,  to  a  total  final  volume  of  950 
liters  and  a  final  concentration  of  35%  ethanol  by  volume.  The  mixture  was  stirred  four  additional  hours  at 
22°  C  to  ensure  complete  fractionation,  and  the  supernatant  fluid  was  collected  through  a  bank  of  five  4-inch 
Sharpies  centrifuges  at  15,000  rpm  (flow  rate  of  approx.  4  liters/min).  The  insoluble  pellet  was  discarded 
and  the  clarified  fluid  was  brought  to  58%  ethanol  with  the  addition  of  559  liters  of  additional  95%  ethanol  at 
7.6  liters/minute.  The  mixture  was  stirred  at  21  0  C  for  five  additional  hours  to  insure  complete  precipitation. 

RECOVERY  OF  THE  SECOND  PELLET 

The  resulting  34%  ethanol  soluble-58%  ethanol-insoluble  precipitate  was  collected  by  centrifugation  in 

55 
(1)  Yeast  extract  ultrafiltrate:  100  g  brewers'  yeast  extract  (Amber)  was  dissolved  in  1 
liter  distilled  water  and  ultrafiltered  in  an  Amicon  DC-30  hollow  fiber  with  H10X50 
cartridges  to  remove  molecules  with  m.w.  50,000.  The  filtrate  was  collected  and  passed 
through  a  0.22u  membrane  as  a  sterile  product. 

15 
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the  4-inch  Sharpies  centrifuge  at  15,000  rpm  (flow  rate  of  approx.  4  liters/min.)  and  the  58%  ethanol 
supernatant  fluid  was  discarded.  The  crude  product  yield  was  2.435  kg  of  wet  paste. 

24%  ISOPROPYL  ALCOHOL  PRECIPITATION 
5 

The  2.435  kg  of  58%  ethanol-insoluble  material  was  combined  with  1  .626  kg  of  material  produced  from 
a  second  fermentation  in  a  like  manner  and  the  resulting  4.061  kg  of  material  was  mixed  in  a  Daymax 
dispersion  vessel  at  15  to  29°  C  with  30  liters  of  glass-distilled  water  for  12  minutes  until  the  suspension 
was  homogeneous.  Approximately  66  additional  liters  of  distilled  water  were  added  to  the  suspension  and 

io  this  mixture  was  agitated  for  four  hours.  Twenty-four  liters  of  5%  sodium  acetate  solution  was  added  to  the 
mixture  and  the  pH  was  adjusted  to  6.5  by  the  addition  of  glacial  acetic  acid. 

The  120  liters  of  solution  was  brought  to  24%  isopropyl  alcohol  concentration  by  the  addition  of  37.9 
liters  of  isopropanol  at  0.3  liters/minute  under  agitation  at  15  to  29  °C.  After  additional  stirring  for  4  hours, 
the  mixture  was  centrifuged  through  a  4-inch  Sharpies  centrifuge  at  15,000  rpm  (flow  rate  =  .35 

is  liters/minute)  for  5.75  hours,  and  through  an  Electronucleonics  K3-Ultracentrifuge  (28,000  rpm)  at  200-400 
ml/min  until  the  effluent  appears  clear,  and  the  insoluble  pellet  was  discarded. 

39%  ISOPROPYL  ALCOHOL  PRECIPITATION  AND  COLLECTION  OF  CRUDE  PRODUCT  PASTE 

20  The  24%  isopropyl-soluble  supernatant  fluid  from  the  previous  step  was  brought  to  39%  isopropanol  by 
the  addition  of  38.8  liters  of  isopropyl  alcohol,  at  0.3  liters/minute  with  stirring.  The  mixture  (194  liters)  was 
then  allowed  to  stand  with  agitation  for  3.25  hours,  then  was  centrifuged  for  about  18  hours  in  two  4-inch 
Sharpies  units  at  15,000  rpm  (flow  rate  =  0.5  liters/minute)  to  collect  the  pelleted  crude  polysaccharide 
(2.006  kg). 

25 
DIAFILTRATION 

The  pellet  from  the  centrifugation  was  transferred  to  the  Daymax  mixer  containing  20  liters  of  distilled 
water  and  mixed  for  30  minutes  until  the  suspension  was  homogeneous.  This  suspension  was  then  diluted 

30  with  300  liters  of  cold,  glass-distilled  water  and  diafiltered  to  a  constant  conductance  at  about  23  °C  on  an 
Romicon  ultrafiltration  apparatus  using  ten  HF26.5-45-XM50  cartridges.  The  retentate  was  concentrated  to  a 
minimum  volume,  the  Romicon  unit  was  rinsed  and  the  rinse  added  to  the  retentate,  such  that  the  final 
volume  was  86  liters.  The  ultrafiltrate  was  discarded. 

35  CETAVLON  PRECIPITATION 

1.84  Kg  of  Cetavlon  (N,N,N-trimethyl-1-hexadecanaminium  bromide)  was  dissoved  in  6  liters  of  distilled 
water  and  this  solution  was  added,  with  agitation,  over  approximately  1  hour,  to  the  86  liters  of  retentate 
from  the  previous  step.  After  aging  for  4  hours,  the  precipitated  impurities  (1.925  kg)  were  collected  by 

40  centrifugation  in  the  K3  Ultracentrifuge  (28,000  rpm),  at  5°  C  for  8  hours,  and  the  supernatent  fluid  collected. 

ISOPROPANOL  FRACTIONATION 

28.55  Kg  of  sodium  acetate  trihydrate  was  added  over  10  minutes  to  the  86  liters  of  the  supernatant 
45  from  above,  with  agitation,  and  the  pH  of  the  solution  was  adjusted  to  6.6  with  glacial  acetic  acid.  The 

solution  was  brought  to  28%  isopropanol  with  45.1  liters  of  isopropanol  at  0.38  liters/minute  with  agitation, 
and,  after  4  additional  hours  of  agitation,  fed  into  the  K3  Ultracentrifuge  (28,000  rpm),  from  which  12  grams 
of  precipitate  was  collected,  and  discarded.  38.9  Liters  of  isopropanol  (final  cone.  =  42%)  was  added  at  0.3 
liters/minute  to  the  116  liters  of  supernatant,  with  agitation,  and,  after  4  additional  hours  of  agitation,  the 

50  solution  was  circulated  to  two  4-inch  Sharpies  centrifuges,  at  15  to  29  °C,  at  15,000  rpm  (1.3  liter/minute 
flow  rate  each),  and  the  effluent  was  discarded. 

TRITURATION  AND  COLLECTION  OF  FINAL  PRODUCT 

55  The  resulting  polysaccharide  pellet  was  triturated  in  a  1  -gallon  Waring  blender  using  the  30  seconds 
on-30  seconds  off  method  with  3  liters  of  absolute  ethanol,  until  the  paste  became  a  hard  white  powder. 
This  powder  was  collected  on  a  Buchner  funnel  fitted  with  a  teflon  filter  disc,  and  washed  in  situ  with  four  1- 
liter  portions  of  absolute  ethanol  and  with  two  2-liter  portions  of  acetone.  The  product  was  removed  from  the 
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funnel  and  transferred  to  tared  dishes  for  drying  in  vacuo  at  20  to  25°  C  (for  about  18  hours).  The  final  yield 
of  the  product  was  315.2  grams  dry  weight,  and  its  properties  were  as  follows: 

TABLE  1-1 

10 

15 

PNEUMOCOCCAL  TYPE  14  POLYSACCHARIDE  CHEMICAL  ASSAY  DATA 

Assay  Result 

Moisture  (TG)  6.3% 
Protein  4.8% 
Nucleic  Acid  0.6% 
Hexosamine  28.6% 
Nitrogen  1  .6% 
Phosphorus  0.2% 
Molecular  sizing  0.19-0.21 

(KD  on  Sepharose  4B) 

20 

25 

The  following  procedures  were  used  in  performing  the  above  assays. 
1.  Moisture  -  Standard  thermogravimetry  (wt.  loss  to  100°C)  using  a  Perkin-Elmer  thermobalance  TSG-1. 
2.  Protein  -  Lowry  method;  Lowry  et  al.,  J.  Biol.  Chem.,  193:  265  (1951). 
3.  Nucleic  Acid  -  U.  V.  method;  Warburg  and  Christian,  Biochem  Z.,  310:  384  (1942). 
4.  Hexosamine  -  Elson  and  Morgan,  Biochem.  J.,  27:  1824  (1933). 
5.  Nitrogen  -  Combustion  method  using  Perkin-Elmer  240-CHN  elemental  analyzer. 
6.  Phosphorus  -  Molybdate  method;  Chen  et  al.,  Anal.  Chem.  28:  1756  (1956). 

EXAMPLE  2 

30 
PREPARATION  OF  NEISSERIA  MENINGITIDIS  Bll  SEROTYPE  2  MEMBRANE  PROTEIN 

A.  Fermentation 

35 

40 

45 

50 

55 

1.  Neisseria  meningitidis  Group  Bll 

A  tube  containing  the  lyophilized  culture  of  Neisseria  meningitidis  (obtained  from  Dr.  M.  Artenstein, 
Walter  Reed  Army  Institute  of  Research  (WRAIR),  Washington,  D.C.)  was  opened  and  Eugonbroth  (BBL) 
was  added.  The  culture  was  streaked  onto  Chocolate  agar  plates  (BBL)  and  incubated  at  37  °C  with  5% 
CO2  for  36  hours,  at  which  time  the  growth  was  harvested  into  10%  skim  milk  medium  (Difco),  aliquoted 
and  frozen  at  -70  °C.  The  organism  was  positively  identified  by  agglutination  with  specific  antiserum 
supplied  by  WRAIR  and  typing  serum  supplied  by  Difco. 

This  first-passage  culture  was  streaked  onto  Chocolate  agar  plates  and  incubated  at  37  °C  with  5%  CO2 
for  18  hours,  at  which  time  the  growth  was  harvested  into  10%  skim  milk  medium,  aliquoted  into  1  ml 
amounts  and  frozen  at  -70  °C.  The  organism  was  again  positively  identified  by  agglutination  with  specific 
antiserum  supplied  by  WRAIR  and  typing  serum  supplied  by  Difco. 

A  vial  of  the  culture  from  the  second  passage  was  thawed  and  streaked  onto  10  Columbia  Sheep  Blood 
agar  plates  (CBAB-BBL).  The  plates  were  incubated  at  37  °C  with  5%  CO2  for  18  hours,  after  which  time 
the  growth  was  harvested  into  100  ml  of  10%  skim  milk  medium,  aliquoted  in  0.5  ml  amounts  and  frozen  at 
-70  °C.  The  organism  was  positively  identified  by  agglutination  with  specific  antiserum,  sugar  fermentation 
and  gram  stain. 

A  vial  of  the  culture  from  this  this  passage  was  thawed,  diluted  with  Mueller-Hinton  Broth  and  streaked 
onto  40  Mueller-Hinton  agar  plates.  The  plates  were  incubated  at  37  °C  with  6%  CO2  for  18  hours  after 
which  time  the  growth  was  harvested  into  17  ml  of  10%  skimmed  milk  medium,  aliquoted  in  0.3  ml  amounts 
and  frozen  at  -70  °C.  The  organism  was  positively  identified  by  Gram  stain,  agglutination  with  specific 
antiserum  and  the  oxidase  test. 

2.  Fermentation  and  collection  of  cell  paste 

a.  Inoculum  Development  The  inoculum  was  grown  from  two  0.5  ml  frozen  vials  of  Neisseria  memin- 
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gitidis  Group  B,  B-ll  from  above  (passage  4).  Four  Mueller-Hinton  agar  Blake  bottles  were  inoculated, 
harvested  approximately  18  hours  later,  and  used  as  an  inoculum  for  5  liters  of  Gotschlich's  yeast 
dialysate  medium  at  pH  7.29.  The  O.D.  was  adjusted  to  0.065  at  660  nm  (Perkin  Elmer).  The  organism 
was  grown  in  5  two-liter  Erlenmeyer  flasks  (each  containing  1  liter  of  medium;  see  below)  at  37°  C  in  a 

5  shaker.  The  O.D.  was  monitored  at  45-,  75-  and  120-minute  intervals.  Approximately  4  liters  of  broth 
culture,  at  an  O.D.ggo  of  0.81  (Spectronic  20),  resulted. 

A  3  ml  sample  was  taken  for  Gram  stain,  isolation  streakes  onto  CBAB,  Mueller,  Hinton,  and  yeast 
extract  dextrose  plates  and  agglutination  check.  All  reactions  were  satisfactory. 
b.  70  Liter  Seed  Fermenter  Approximately  3600  ml  of  seed  culture  was  used  to  inoculate  a  sterile  70-liter 

io  fermenter  containing  42.6  liters  of  complete  production  medium  (see  below). 
The  conditions  for  the  70-liter  fermentation  included  37  °C,  185  rpm  with  10  liters/minute  air  sparging 

and  constant  pH  control  at  pH  7.0  for  5.5  hours. 
The  culture  was  plated  onto  Mueller-Hinton  agar  plates,  yeast  extract  dextrose  and  rabbit  blood  agar 

plates  (Merck)  at  37  °C  and  tested  for  agglutination  with  N.  meningitidis  group  B  antiserum.  The  growth 
is  on  Mueller-Hinton  agar  plates,  yeast  extract  dextrose  plates  and  rabbit  blood  agar  plates  was  normal  and 

the  agglutination  reaction  was  positive.  For  this  batch,  the  final  O.D.  was  0.840  at  660  microns  after  5.5 
hours. 
c.  800-Liter  Production  Fermenter  Approximately  46.2  liters  of  seed  culture  were  used  to  inoculate  a 
sterile  800  liter  fermenter  containing  568.2  liters  of  complete  production  medium  (see  below).  The  batch 

20  was  incubated  at  37°  C,  100  rpm  with  60  liters/minute  air  sparging  and  constant  pH  control  at  pH  7.0. 
Before  the  batch  was  inactivated,  the  culture  was  plated  on  Mueller-Hinton  agar  plates,  yeast  extract 

dextrose  plates  and  rabbit  blood  agar  plates  at  37  °C  and  tested  for  agglutination  with  N.  meningitidis 
group  B  antiserum.  The  growth  on  Mueller-Hinton  agar  plates,  yeast  extract  dextrose  and  rabbit  blood 
agar  plates  was  normal  and  the  agglutination  reaction  was  positive.  For  this  batch,  the  final  O.D.  was  2.24 

25  thirteen  hours  after  inoculation. 

3.  Complete  Medium  for  nephelometer  flasks  and  70-  and  800-liter  fermenters 

Fraction  A 

L-glutamic  acid  1  .5  g/liter 
NaCI  6.0  g/liter 
Na2HPO+  .anhydrous  2.5  g/liter 
NH+CI  1.25  g/liter 
KCI  0.09  g/liter 
L-cysteine  HCI  0.02  g/liter 

Fraction  B  (Gotschlich's  yeast  dialysate) 

1280  gm  of  Difco  Yeast  Extract  were  dissolved  in  6.4  liters  of  distilled  water.  The  solution  was  dialyzed  in  2 
Amicon  DC-30  hollow  fiber  dialysis  units  with  three  H10SM  cartridges.  The  dialysate  and  384  gm 
MgS04.7H20  and  3200  gm  dextrose  were  dissolved  in  the  dialysate  and  the  total  volume  brought  up  to  15 
liters  with  distilled  water.  The  pH  was  adjusted  to  7.4  with  NaOH  and  sterilized  by  filtration  through  Millipore 
(0.22  u.)  and  added  to  the  fermenter  containing  Fraction  A. 
For  the  Nephleometer  flasks:  1  liter  of  Fraction  A  and  25  ml  of  Fraction  B  were  added  and  the  pH  was 
adjusted  to  7.0-7.2  with  NaOH. 
For  the  70-liter  fermenter:  41  .8  liters  of  Fraction  A  and  900  ml  of  Fraction  B  were  added  and  the  pH  was 
adjusted  to  7.0-7.2  with  NaOH. 
For  the  800-liter  fermenter:  553  liters  of  Fraction  A  and  15.0  liters  of  Fraction  B  were  added  and  the  pH  was 
adjusted  to  7.0-7.2  with  NaOH. 

d.  Harvest  and  Inactivation 
After  the  fermentation  was  completed,  phenol  (0.5%  v/v  final  concentration)  was  added  to  a  separate 
vessel,  to  which  the  cell  broth  was  then  transferred.  The  material  was  held  at  room  temperature  with 
gentle  stirring  until  the  culture  was  no  longer  viable  (about  24  hours). 
e.  Centrifugation 
After  about  24  hours  at  4°C,  the  614.4  liters  of  inactivated  culture  fluid  was  centrifuged  through  Sharpies 
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centrifuges.  The  weight  of  the  cell  paste  after  phenol  addition  was  3.875  kg. 

B.  Isolation 

5  Step  1  .  Washing  of  Bacterial  Cells 

For  each  isolation,  a  two  hundred  gram  aliquot  of  the  above  0.5%  phenol-inactivated  paste  was 
suspended  in  a  800  ml  portion  of  sterile  distilled  water  and  stirred  magnetically  to  granular  suspensions. 
The  suspended  cells  were  peleted  at  20,000  xg  for  60  minutes  at  5°  C  (Beckman  19  Ti  rotor,  14,500  rpm). 

10 
Step  2.  Extraction 

The  washed  cells  were  suspended  in  2000  ml  of  0.1  M  Tris-0.01M  EDTA  Buffer  pH  8.5  with  0.5% 
sodium  deoxycholate  (TED  Buffer)  with  a  Sorvall  2  quart  omnimixer  at  setting  3  for  60  seconds.  The 

is  homogeneous  suspension  was  tranferred  to  16  Erlenmeyer  500  ml  flasks  for  extraction  at  56°  C  in  a  shaking 
waterbath  for  15  minutes  (at  temperature). 

The  extract  was  centrifuged  at  20,000  xg  for  60  minutes  at  5°  C  (Beckman  19  Ti  rotor,  14,500  rpm).  The 
viscous  supernatant  fluids  were  then  decanted  (total  volume  =  1980  ml)  and  stored  at  4°  C. 

The  extracted  cell  pellets  were  resuspended  in  2000  ml  TED  Buffer  as  described  immediately  above. 
20  The  suspension  was  extracted  for  15  minutes  at  56  °C  and  centrifuged  as  above.  The  supernatant  fluids 

were  decanted  (volume  =  2100  ml)  and  stored  at  4°C. 

Step  3.  Concentration  by  Ultrafiltration 

25  The  extraction  supernatants  from  Step  2  were  pooled  (total  volume  =  4005  ml).  Two  liters  of  the  pool 
were  dispensed  into  a  2  liter  New  Brunswick  fermentation  vessel  attached  to  a  Millipore  Pellicon  filter 
apparatus  fitted  with  two  0.45  micron  durapore  membranes  (1/2  sq.  ft.  surface  area).  The  extract  super- 
natant  was  held  at  25  °  C  in  the  fermentation  vessel  throughout  the  90-minute  concentration  process.  The 
sample  was  concentrated  tenfold  at  an  average  transmembrane  pressure  of  27.5  psi. 

30 
Step  4.  Collection  and  Washing  of  the  Serotype  Protein 

The  retentate  from  Step  3  (205  ml)  was  centrifuged  to  pellet  the  serotype  protein  at  160,000  xg  for  2 
hours  at  5°C  (Beckman  45  Ti  rotor,  37,000  rpm).  The  supernatants  were  decanted  and  discarded. 

35  The  protein  pellets  were  weighed  (8.12  grams)  and  then  suspended  in  TED  Buffer  (190  ml  buffer;  20 
ml/gram  pellet)  manually  with  a  glass  rod  and  a  Dounce  homogenizer.  The  suspension  was  extracted  at 
56  °C  for  15  minutes  (at  temperature)  in  a  500  ml  Erlenmeyer  flask  with  shaking.  The  suspension  was 
centrifuged  at  160,000  xg  for  2  hours  at  5°C  (Beckman  45  Ti  rotor,  37,000  rpm).  The  supernatant  fluid  was 
decanted  and  discarded  (volume  =  190  ml).  The  pellets  were  washed  a  second  time  in  190  ml  of  TED 

40  Buffer,  as  above. 

Step  5.  Recovery  of  Product 

The  washed  protein  pellets  from  Step  4  were  suspended  in  100  ml  distilled  water  with  a  glass  rod  and  a 
45  Dounce  homogenizer  to  insure  complete  suspension.  A  Lowry  Protein  value  of  17.0  mg/ml  was  obtained  for 

this  suspension.  At  this  point.  200  mg  of  the  suspension  were  reserved  for  experimental  use.  The  remaining 
bulk  suspension  (91  ml)  was  diluted  to  8.0  mg/ml  with  102.4  ml  glass  distilled  water.  The  aqueous 
suspension  was  centrifuged  at  12,000  xg  for  15  minutes  to  clear  it  of  aggregates  (Beckman  45  Ti  rotor, 
10,000  rpm). 

50  The  supernatant  product  was  withdrawn  carefully  by  pipet  to  avoid  the  soft  aggregate  pellet.  The 
product  was  labeled  (volume  =  182.5  ml)  and  aliquots  were  assayed  for  sterility  and  pyrogen  (sterile 
product;  no  pyrogens).  The  product  was  stored  at  4°  C  as  a  sterile  bulk  until  use  in  conjugation  at  which 
time  it  was  analytically  characterized.  The  Yield  was  9.5  mg  Lowry  Protein/gram  of  original  cell  paste. 

55 
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T a b l e   2 - 1  

MENINGOCOCCAL  B  SEROTYPE  2  PROTEIN  SOLUTION 

CHEMICAL  ASSAY  DATA 

A s s a y   R e s u l t  

P r o t e i n  

Lowry   4  .  1  m g / m l  

N u c l e i c   A c i d *  

RNA  ( B i a l )   1 . 8 %  

DNA  ( D i p h e n y l a m i n e )   0 . 6 %  

N e u t r a l   S u g a r s *  

A n t h r o n e   1 . 0 5  

S i a l i c   A c i d *   3 . 0 %  

M o l e c u l a r   W e i g h t  

SDS-PAGE  4 0 , 0 0 0 d  

C a l c u l a t e d   as  p e r c e n t   of  Lowry  p r o t e i n .  

The  following  procedures  were  used  in  performing  the  assays: 
1  .  Protein  -  as  in  Example  1  . 
2.  Nucleic  Acid  -  Color  development  was  observed  with  the  orcinol  reaction  (Bial)  which  corresponded  to 
1.8%  RNA  calculated  as  a  percentage  of  the  protein  concentration.  The  diphenylamine  test  for  DNA 
indicated  a  0.6%  DNA  content  calculated  as  a  percentage  of  the  protein  in  the  bulk  solution. 
3.  Neutral  Sugars  -  The  neutral  sugar  content  calculated  as  a  percentage  of  protein  was  found  using  the 
anthrone  colorimetric  test.  (Scott  and  Melvin,  Anal.  Chem.  25,  1656,  1953). 
4.  Sialic  Acid  -  The  sialic  acid  content  was  found  using  the  resorcinol-HCI  method  (Svennerholm, 
Biochem.  Biophys.,  Acta  24,  604,  1957). 
5.  Molecular  Weight  -  The  molecular  weight  of  the  mercaptoethanol  denatured  protein  as  determined  by 
SDS  polyacrylamide  gel  electrophoresis  (Nature  227:680  (1970),  LKB  Application  Note  306). 

EXAMPLE  3 

PREPARATION  OF  S.  PNEMONIAE  TYPE  14  POLYSACCHARIDE  -  
N.  MENINGITIDIS   B  SEROTYPE  OUTER  MEMBRANE  PROTEIN 
CONJUGATE  USING  CENTRIFUGATION  IN  THE  CONJUGATION 
S T E P  

I.  Fragmentation  of  pneumococcal  type  14  polysaccharide  with  aqueous  hydrazine 

A  100  ml  round  bottom  flask  was  charged  with  24  ml  of  H20  and  1.92  ml  of  97%  hydrazine  and  then 
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treated  in  a  boiling  water  bath  until  the  temperature  was  100°C  (about  3  minutes).  To  this  was  added,  in 
one  portion,  240  mg  of  S.  Pneumoniae  type  14  polysaccharide  (Pn  14)  and  the  resultant  solution  was 
rapidly  stirred  for  1.0  minute.  The  flask  was  then  cooled  rapidly  in  an  ice  bath  and  its  contents  were 
dialyzed  in  Spectropor  2  tubing  (m.w.  cutoff  12,000-14,000)  vs.  32  L  of  H20  for  5  hours.  Then  dialysis  was 

5  repeated  in  a  fresh  32  L  of  H20  for  16  hours.  The  dialysate  was  transferred  to  a  50  ml  centrifuge  tube  and 
centrifuged  in  a  clinical  centrifuge  to  remove  a  sludge.  The  supernatant  was  lyophylized  affording  163  mg  of 
fragmented  Pn  14. 

II.  Formation  of  the  butanediamine  derivative  of  depolymerized  Pn  14 
10 

150  mg  of  fragmented  Pn  14  were  charged  to  a  dry  50  ml  round  bottom  flask  and  covered  with  9  ml  of 
dimethyl  sulfoxide  (DMSO)  and  sealed  under  N2.  The  mixture  was  stirred  for  5.0  minutes  at  54  °C  and  then 
5  minutes  at  room  temperature.  Almost  all  of  the  fragmented  Pn  14  was  in  solution  at  this  point.  36  mg  of 
carbonyl  diimidazole  were  then  added  and  the  solution  stirred  for  40  minutes.  During  this  time  a  1,4- 

15  butanediamine  dihydrochloride  solution  (300  mg/6  ml  of  H20;  pH  adjusted  to  9.45  with  2.5  N  NaOH)  was 
prepared  and  cooled  in  an  ice  bath.  After  the  40  minutes  stirring  the  DMSO  solution  was  added  to  the 
cooled  butane  diamine  solution  and  stirred  at  room  temperature  for  4.5  hours.  It  was  then  dialyzed  vs  30  L 
of  H20  for  17.25  hours  and  then  a  fresh  4  L  of  H20  for  four  hours.  The  resultant  dialysate  was  freeze-dried 
affording  152  mg  of  the  butane  diamine  derivative  of  Pn  14,  Pn-BuA2.  KD  =  0.70  rate  naphelometry  units 

20  (153%  of  base  polysaccharide);  Fluorescamine  titer  =  150  nm  NH2/mg. 

III.  Bromoacetylation  of  the  1  ,4-butanediamine  derivative  of  Pn  14  (Pn  14-BuA2) 

140  mg  of  Pn-14-BuA2  were  dissolved  in  10  ml  of  a  pH  9.15  buffer  and  to  this  solution  was  added  140 
25  mg  p-nitrophenyl  bromoacetate  dissolved  in  1  ml  of  acetonitrile.  This  was  stoppered  and  stirred  at  4°C  for 

22.5  hours.  It  was  then  dialyzed  vs  4  L  of  H20  for  6  hours,  a  fresh  4  L  of  H20  for  16  hours  and  a  third  4  L 
of  H20  for  7  hours.  The  dialysate  was  then  lyophylized  affording  139  mg  of  the  bromoacetyl  derivative  of 
Pn  14-BuA2 
(Pn  14-BuA2-BrAc). 

30  KD  =  0.79  Rate  nephelometry  units  =  120%  of  base  polysaccharide 
Fluorescamine  titer  =  6  nanomoles/mg  by  difference  (A=  150-6)  it  indicates  144  nanomoles  of 
bromoacetyl  groups/mg. 

IV.  Conjugation  of  Pn  14-BuA2-BrAc  to  Functionalized  N  Meningitidis  Protein  (NMP) 
35 

All  centrifugations  were  performed  in  polycarbonate  tubes  and  unless  otherwise  noted  at  43,000  r.p.m. 
for  2  hours  at  4°  C  in  a  Beckman  Ti  75  rotor. 

The  unfunctionalized  protein  (10  ml,  5.5  mg/ml)  was  centrifuged  and  the  pellet  was  resuspended  using 
a  Dounce  homogenizer  in  7  ml  of  a  thiolation  mixture  containing  of  59  mg  of  ethylenediamine  tetraacetic 

40  acid,  11.2  mg  of  dithiothreitol  and  pH  11.3  sodium  borate  buffer.  After  it  is  resuspended  the  mixture  is 
transferred  to  a  centrifuge  tube,  capped  with  a  serum  stopper  and  the  air  replaced  with  N2.  This  was 
transferred  to  a  nitrogen  box  and  to  it  was  added  54  mg  of  N-acetylhomocysteine  thiolactone.  It  was 
stoppered  and  then  aged,  in  the  N2  box  for  22  hours  and  then  its  pH  was  adjusted  to  8.0  by  addition  of  1M 
KH2PO+.  The  resultant  mixture  was  centrifuged  and  the  pellet  then  resuspended  in  10  ml  of  0.1  M  PO+  pH 

45  8.0  buffer.  This  was  then  recentrifuged  to  remove  the  remaining  small  molecules.  The  second  pellet  was 
resuspended,  using  a  Dounce  homogenizer,  in  8.5  ml  of  pH  8.0  buffer.  The  Ellman  assay  indicates  a  total  of 
6.4  umoles  of  thiol. 

To  the  resuspended  thiolated  protein  was  added  50  mg  of  Pn  14-BuA2BrAc  and  the  resulting  solution 
aged  for  17  hours  at  room  temperature  in  the  nitrogen  box.  It  was  then  dialyzed  vs.  4  L  of  H20  for  6  hours. 

50  One  half  of  the  solution  (5  ml)  was  transferred  to  a  centrifuge  tube  and  4.0  g  CsCI  dissolved  in  it.  The  tube 
was  filled  to  the  top  (10  ml)  with  H20  and  centrifuged  for  20  hours  at  43,000  r.p.m.  at  4°C  in  a  Ti  75  rotor. 
The  resultant  CsCI  gradient  density  centrifugate  was  fractionated,  using  a  Haake  Buchler  auto  Densi  Flow 
2C  apparatus,  in  1.3  ml  fractions.  Nine  fractions  were  collected  and  numbers  5,6,7  were  combined,  charged 
to  a  centrifuge  tube,  3.5  g  of  CsCI  was  added,  the  mixture  was  topped  with  H20  and  centrifuged  for  24 

55  hours  as  above.  The  centrifugate  was  fractionated  as  above,  the  appropriate  fractions  detected  by  rate 
nephelometry  and  fractions  3  and  4  were  dialyzed  vs.  4L  of  0.1  M  PO+  buffer  (pH  7)  for  16  hours  and  then 
vs.  4L  of  H20  for  4  hours.  The  resultant  dialysate  was  diluted  to  10  ml  with  H20. 
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Found:  polysaccharide  0.205  mg/ml 
protein  0.550  mg/ml 

Spinco:  S-carboxymethylhomocysteine:  .020  umoles 
lysine  .156u,moles 
ratio  0.128 

EXAMPLE  4 

PREPARATION  OF  S.  PNEUMONIAE  TYPE  14  POLYSACCHARIDE- 
75 

N.  MENINGITIDIS   B  SEROTYPE  OUTER  MEMBRANE  PROTEIN 

CONJUGATE  USING  A  COLUMN  IN  THE  CONJUGATION  STEP 

20 
The  bromoacetylated  1  ,4-butanediamine  derivative  of  pneumococcal  type  14  polysaccharide,  prepared 

according  to  Steps  I,  II  and  III  of  Example  3  was  then  conjugated  to  the  protein  prepared  according  to 
Example  2  in  a  variation  of  Step  IV  of  Example  3. 

25  Conjugation  of  Pn  14-BuA2-BrAc  to  the  Outer  Membrane  Protein  of  Neisseria  Meningitidis  (NMP) 

1.2  ml  of  a  solution  of  NMP  (12.4  mg/ml)  was  charged  to  a  centrifuge  tube  along  with  0.4  ml  of  a  buffer 
solution  containing  saturated  NaB03  (pH  1  1  .00)  and  42  mg/ml  ethylenediamine  tetraacetic  acid  and  8  mg/ml 
dithiothreitol.  The  tube  was  sealed  with  a  serum  cap,  degassed  and  the  air  replaced  by  nitrogen.  Then  in  a 

30  nitrogen  box  to  it  was  added  10  mg  N-acetylhomocysteine  thiolactone.  The  solution  was  aged  17  hours  at 
room  temperature.  Two  Sephadex  G25  columns  (PD/10  )  were  equilibrated  with  pH  8.0  phosphate  (0.1  M) 
buffer.  To  the  reaction  mixture  was  added  0.9  ml  of  the  pH  8  buffer  and  then  the  total  amount  was  applied 
to  the  first  column.  This  was  eluted  with  3.5  ml  of  pH  buffer.  2.5  ml  of  the  eluate  was  charged  to  the  second 
G-25  column  and  this  was  eluted  with  3.5  ml  of  pH  8  buffer.  This  eluate  had  525  nanomoles  of  thiol  (total) 

35  by  Ellman's  assay.  To  this  was  added  13  mg  of  Pn  14-BuA2-BrAc  and  aged  under  N2  for  7  hours.  It  was 
then  dialyzed  twice  vs.  separate  4  L  charges  of  water  (5  hours  and  16  hours).  A  small  sample  was 
lyophilized  for  amino  acid  analysis.  Found  0.0073  umoles  S-carboxymethyl  homocysteine;  0.104  umoles  of 
lysine.  The  product  was  centrifuged  at  100,000  xg  and  the  pellet  resuspended  in  10  ml  H20  and 
recentrifuged.  Resuspension  in  10  ml  afforded  solution  of  the  Ps-14-BuA2BrAc  NMP  conjugate. 

40  Polysaccharide:Protein  =  0.25 
S-carboxymethylhomocysteine:lysine  =  0.07 

EXAMPLE  5 

45  ANTIBODY  RESPONSE  TESTS  IN  MICE  WITH  S.  PNEUMONIAE 

TYPE  14  POLYSACCHARIDE  -  N.  MENINGITIDIS   B  SEROTYPE 

OUTER  MEMBRANE  PROTEIN  CONJUGATE 

50 

An  S.  Pnuemoniae  type  14  polysaccharide-N.  Meningitidis  B  serotype  outer  membrane  protein  con- 
jugate  solution  prepared  according  to  Example  4  was  tested  for  immunogenic  response  in  mice,  and  the 
results  are  tabulated  below. 

55 

22 



EP  0  186  576  B1 

Serum  A n t i b o d y   R e s p o n s e   of   M i c e  

D o s e ,   RIA  T i t e r   (GMT) 

S a m p l e   meg.  p o l y s .   S p e c i e s   ng  ab  N / m l  

C o n j u g a t e   0 .1   i n f a n t   ICR/Ha  m i c e   1 8 0 4 6 Y Y  

(7  day  o l d )   2 2 2 5 6  

C o n j u g a t e   0.1*  ICR/Ha   mice   1 9 0 2 4  

0.5*  "  "  "  7 4 6 6 4  

C o n j u g a t e   0.5*  CBA/N  mice   7 0 6 6  

P o l y s a c -  

c h a r i d e  

C o n t r o l   0 .5   i n f a n t   ICR/Ha  m i c e   49  

*  R e g i m e n :   i n j e c t e d   i . p .   on  d a y s   0,  7,  28;  b l e d  

d a y s   3 4 - 3 5 .  

**  R e s u l t s   r e p r e s e n t   s e r o l o g y   f rom  two  d i f f e r e n t  

l i t t e r s .  

Claims 

1.  Stable,  covalently-coupled  polysaccharide-protein  conjugates  comprising  neutral  bacterial  polysac- 
charides  and  immunogenic  proteins  coupled  through  bigeneric  spacers,  containing  thioether  bonds, 
wherein  said  bigeneric  spacers  may  be  represented  by  the  formula  A-E-S-B,  wherein  E  is 

0  
II 

O  / \   OR 
II  /  I  (If 

■CCH~N or  - C C H - ,  

0  

where  R  is  H  or  CH3;  A  is 
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WH 
II  I 

- C N ( C H 2 ) m Y ( C H 2 ) n N H - ;  

where  m  is  0  to  4,  n  is  0  to  3,  W  is  0  or  NH,  and  Y  is  CH2,  0,  S,  NR',  or  CHC02H,  where  R'  is  H  or 
Ci  -  or  C2-alkyl,  such  that  if  Y  is  CH2  or  NH,  then  both  m  and  n  are  not  equal  to  zero,  and  if  Y  is  0  or  S, 
then  m  is  greater  than  1  and  n  is  greater  than  1  ;  and  B  is 

where  p  is  1-3,  q  is  0-2,  Z  is  NH2, 

Z 
I 

- (CH2)   CH(CH2)  D - ,  

HO  0  
(  II  Ii 
N-C(CH2)  2 C ,  

C02H  or  H,  and  D  is 

NHCR  '  , 

NR', 

0  
it 
c ,  

where  R'  is  as  defined  above. 

Stable,  covalently-coupled  poly-saccharide-protein  conjugates  according  to  Claim  1,  wherein  the 
bigeneric  spacers  may  be  represented  by  the  formula, 

OH  0  NHCOCH-, 
II  f  ff  I  3 
CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO. 

Polysaccharide-protein  conjugates  according  to  Claim  1  ,  wherein  the  neutral  bacterial  capsular  polysac- 
charide  is  selected  from  the  group  consisting  of  Streptococcus  pneumoniae  types  7F,  14  and  37 
polysaccharides. 

Polysaccharide-protein  conjugates  according  to  Claim  1,  wherein  the  immunogenic  protein  is  a 
meningococcal  B  serotype  outer  membrane  protein  or  edestin  protein. 

Polysaccharide-protein  conjugates  according  to  Claim  1  ,  wherein  the  neutral  bacterial  capsular  polysac- 
charide  is  Streptococcus  pneumoniae  type  14  polysaccharide,  the  immunogenic  protein  is  a  menin- 
gococcal  B  serotype  outer  membrane  protein  and  the  bigeneric  spacer  may  be  represented  by  the 
formula, 
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OH  0  NHCOCH 
ll  1 !  | 3 
CNCH0CH0CH0CH-,NHCCH-,SCH0CH~CHCO. 

A  process  for  solubilizing  non-polyanionic,  neutral,  bacterial,  polysaccharides  comprising  heating  said 
polysaccharides  in  distilled  water,  removing  the  residual  water  and  dissolving  the  polysaccharide  in  a 
non-aqueous  polar,  aprotic  solvent. 

A  process  according  to  Claim  6,  wherein  5-15%  aqueous  hydrazine  is  added  to  the  distilled  water. 

A  process  according  to  Claim  6,  wherein  the  polysaccharides  are  heated  for  from  30  seconds  to  10 
minutes  at  from  70°-100°C,  the  water  is  removed  by  lyophilization  and  drying  with  P2O5  in  a  vacuum 
and  the  non-aqueous,  polar,  aprotic  solvent  is  dimethylformamide,  dimethylsulfoxide, 
dimethylacetamide,  formamide  or  N,N'-dimethylimidazolidinone. 

A  process  for  covalently-modifying  a  neutral  bacterial  polysaccharide  comprising 
(a)  fragmenting  the  polysaccharide  and  solubilizing  the  fragmented  polysaccharide  in  a  non-aqueous, 
polar,  aprotic  solvent; 
(b)  activating  the  polysaccharide  with  a  bifunctional  reagent;  then 
(c)  reacting  this  activated  polysaccharide  with  a  bis-nucleophile. 

A  process  according  to  Claim  9,  also  comprising  reacting  the  activated  polysaccharide  which  has  been 
reacted  with  a  bis-nucleophile  with  a  reagent  generating  pendant  electrophilic  sites. 

A  process  according  to  Claim  9,  wherein  the  polysaccharide  is  fragmented  by  heating  said  polysaccha- 
ride  in  distilled  water  then  removing  the  water  by  lyophilization  and  drying  with  P2O5  in  a  vacuum;  the 
non-aqueous,  polar,  aprotic  solvent  is  dimethylformamide,  dimethylsulfoxide,  dimethylacetamide,  for- 
mamide  or  N,N'-dimethylimidazolidinone;  the  bifunctional  reagent  is  selected  from  the  group  consisting 
of  carbonic  acid  derivatives, 

wherein  R2  and  R3  are  separately  azolyl;  halides;  or  phenyl  esters;  and  the  bis-nucleophile  is  a  diamine 
of  the  formula,  H2N(CH2)mY(CH2)„NH2,  wherein  m  is  0  to  4,  n  is  0  to  3,  and  Y  is  CH2,  0,  S,  NR', 
CHC02H,  where  R'  is  H  or  a  d-  or  C2-alkyl,  such  that  if  Y  is  CH2  or  NH.then  both  m  and  n  cannot 
equal  zero,  and  if  Y  is  0  or  S,  then  m  is  greater  than  1  and  n  is  greater  than  1  . 

A  process  according  to  Claim  11,  wherein  the  non-aqueous,  polar,  aprotic  solvent  is  dimethylfor- 
mamide,  the  bifunctional  reagent  is  carbonyldiimidazole,  and  the  bis-nucloephile  is  1  ,4-butanediamine. 

A  process  according  to  Claim  10,  wherein  the  reagent  generating  electrophilic  sites  is 

wherein  X'  is  nitrophenoxy,  dinitrophenoxy,  pentachlorophenoxy,  pentafluorophenoxy,  halide,  0-(N- 
hydroxysuccinimidyl)  or  azido,  R  is  H  or  CH3  and  X  is  CI,  Br  or  I;  or  an  activated  maleimido  acid, 

0  

OR ■  1  t 
X 'CCHX,  

25 



EP  0  186  576  B1 

0  
I! 

0  
II 
\  

X ' C ( C H 2 ) p N  

w 

wherein  p  is  1  to  3  and  X'  is  as  defined  above. 

A  process  according  to  Claim  13,  wherein  the  reagent  generating  electrophilic  sites  is  p-nitrophenyl 
bromoacetate. 

A  process  for  preparing  polysaccharide-protein  conjugates  comprising  neutral  bacterial  capsular  poly- 
saccharides  and  immunogenic  proteins  coupled  through  bigeneric  spacers  containing  thioether  bonds, 

(a)  fragmenting  the  polysaccharide  and  solubilizing  the  depolymerized  polysaccharide  in  a  non- 
aqueous,  polar,  aprotic  solvent; 
(b)  activating  the  polysaccharide  with  a  bifunctional  reagent; 
(c)  reacting  this  activated  polysaccharide  with  a  bis-nucleophile; 
(d)  reacting  this  activated  polysaccharide  which  has  been  reacted  with  a  bis-nucleophile,  with  a 
reagent  generating  electrophilic  sites,  thus  forming  a  polysaccharide  with  pendant  electrophilic  sites; 
(e)  independently  reacting  the  immunogenic  protein  with  a  reagent  generating  thiol  groups,  to  form  a 
protein  with  pendant  thiol  groups;  then 
(f)  reacting  the  polysaccharide  with  pendant  electrophilic  sites  with  the  protein  with  pendant  thiol 
groups  to  form  a  polysaccharide-protein  conjugate  which  is  coupled  through  a  covalent  thioether 
bond;  then 
(g)  centrifuging  the  resulting  mixture  to  remove  non-covalently-bonded  polysaccharides  and  proteins. 

A  composition  comprising  an  immuno-logically-effective  amount  for  either  active  or  passive  protection 
of  mammalian  species  from  the  bacteremia  caused  by  the  cognate  organism,  of  stable,  covalently- 
coupled  polysaccharide-protein  conjugates  according  to  Claim  1  ,  antisera  derived  from  said  conjugates, 
or  gamma-globulin  or  other  antibody-containing  fractions  of  said  antisera,  and  a  pharmaceutically- 
acceptable  carrier. 

A  composition  according  to  Claim  16,  further  comprising  an  adjuvant. 

A  composition  according  to  Claim  16,  wherein  the  polysaccharide-protein  conjugates  comprise  a 
pneumococcal  type  14  polysaccharide  coupled  through  a  bigeneric  spacer  of  the  formula, 

to  a  meningococcal  B  serotype  outer  membrane  protein,  an  immunologically-effective  amount  is  an 
amount  of  each  of  the  conjugates  in  the  composition  such  that  each  conjugate  contains  from  2-50  u,g  of 
the  polysaccharide  in  the  conjugate  form,  and  the  mammalian  species  is  humans. 

A  composition  for  its  use  in  a  method  of  therapeutic  treatment  for  mammalian  species  against  the 
bacteremia  of  the  cognate  organisms.said  composition  comprising  one  or  more  types  of 
polysaccharide-protein  conjugates  comprising  neutral  bacterial  capsular  polysaccharides  coupled 
through  bigeneric  spacers,  containing  thioether  bonds,  to  immunogenic  proteins,  and  a  member  of  the 
group  consisting  of  a  pharmaceutically-acceptable  carrier,  an  adjuvant,  and  a  pharmaceutically-accept- 
able  carrier  and  adjuvant. 

comprising 
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20.  A  composition  according  to  Claim  19,  wherein  said  polysaccharide-protein  conjugates  comprise  a 
pneumococcal  type  14  polysaccharide  coupled  through  a  bigeneric  spacer  of  the  formula, 

OH  0  NHCOCH, 

CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO, 

to  a  meningococcal  B  serotype  outer  membrane  protein,  the  species  to  be  treated  is  human  neonates, 
io  and  the  effective  amount  of  the  composition  in  a  single  dose  is  an  amount  corresponding  to  25  u,g  of 

the  polysaccharide  in  the  conjugate  form  for  conjugates  of  pneumococcal  polysaccharides. 

21.  A  composition  according  to  Claim  19,  wherein  one  or  two  additional  booster  compositions  of  an  amount 
of  a  polysaccharide-protein  conjugate  comprising  a  polysaccharide-protein  conjugate  comprising  neu- 

15  tral  bacterial  capsular  polysaccharides  coupled  through  bigeneric  spacers  to  immunogenic  proteins 
corresponding  to  25  u,g  of  polysaccharide  in  the  conjugate  form  may  be  administered  to  human 
neonates. 

Revendicatlons 
20 

1.  Conjugues  polysaccharide-proteine  stables,  couples  de  maniere  covalente  comprenant  des  polysaccha- 
rides  bacteriens  neutres  et  des  proteines  immunogeniques  couples  par  I'intermediaire  d'agents  d'inter- 
calation  bigeneriques,  contenant  des  liaisons  thioether,  dans  lesquels  lesdits  agents  d'intercalation 
bigeneriques  peuvent  etre  represented  par  la  formule  A-E-S-B,  dans  laquelle  E  est 

25 
0  

30 

II 
0  

35 
OU 

R  est  H  ou  CH3  ; 

40  A  est 

WH 

-CN(CH2)mY(CH2)nNH-  8 
45 

ou  m  vaut  de  0  a  4,  n  vaut  de  0  a  3,  W  est  0  ou  NH  et  Y  est  CH2,  0,  S,  NR'  ou  CHC02H,  ou  R'  est  H 
ou  un  groupe  alkyle  en  Ci  ou  C2,  de  telle  sorte  que  si  Y  est  CH2  ou  NH,  alors  m  et  n  ne  sont  pas  tous 
les  deux  egaux  a  zero,  et  si  Y  est  0  ou  S,  alors  m  est  superieur  a  1  et  n  est  superieur  a  1  ; 

50 
et  B  est 

55 -(CH2)pCH(CH2)qD- 

ou  p  vaut  1  -  3,  q  vaut  0  -  2,  Z  est  NH2, 
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10 

35 

40 

0 
II 

NHCR1  , 

C02H  ou  H,  et  D  est 

0  HO  0 
i|  1  II  II 
C,  NR1  ,  N-C(CH2)2C, 

ou  R'  est  tel  que  defini  ci-dessus. 

2.  Conjugues  polysaccharide-proteine  stables,  couples  de  maniere  covalente,  selon  la  revendication  1, 
15  dans  lesquels  les  agents  d'intercalation  bigeneriques  peuvent  etre  represented  par  la  formule 

OH  0  NHCOCH3 
II  I  II  I 

2o  
CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO. 

3.  Conjugues  polysaccharide-proteine  selon  la  revendication  1  ,  dans  lesquels  le  polysaccharide  capsulaire 
bacterien  neutre  est  choisi  dans  le  groupe  comprenant  les  polysaccharides  de  Streptococcus  pneumo- 

25  niae  de  types  7F,  14  et  37. 

4.  Conjugues  polysaccharide-proteine  selon  la  revendication  1  ,  dans  lesquels  la  proteine  immunogenique 
est  une  proteine  de  membrane  externe  du  serotype  meningococcique  B  ou  une  proteine  edestine. 

30  5.  Conjugues  polysaccharide-proteine  selon  la  revendication  1  ,  dans  lesquels  le  polysaccharide  capsulaire 
bacterien  neutre  est  un  polysaccharide  de  Streptococcus  pneumoniae  de  type  14,  la  proteine  immuno- 
genique  est  une  proteine  de  membrane  externe  du  serotype  menincoccique  B  et  I'agent  d'intercalation 
bigenerique  peut  etre  represente  par  la  formule, 

OH  0  NHCOCH3 
II  I  "  1 
CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO. 

6.  Procede  pour  solubiliser  des  polysaccharides  bacteriens,  neutres,  non  polyanioniques,  qui  comprend  le 
chauffage  desdits  polysaccharides  dans  de  I'eau  distillee,  I'elimination  de  I'eau  residuelle  et  la 
dissolution  du  polysaccharide  dans  un  solvant  aprotique,  polaire,  non  aqueux. 

45  7.  Procede  selon  la  revendication  6,  dans  lequel  on  ajoute  de  I'hydrazine  aqueuse  a  5  -  15  %  a  I'eau 
distillee. 

8.  Procede  selon  la  revendication  6,  dans  lequel  on  chauffe  les  polysaccharides  pendant  de  30  secondes 
a  10  minutes  a  70°  -  100°  C,  on  elimine  I'eau  par  lyophilisation  et  sechage  avec  P2O5  sous  vide  et 

50  dans  lequel  le  solvant  aprotique,  polaire,  non  aqueux  est  le  dimethylformamide,  le  dimethylsulfoxyde,  le 
dimethylacetamide,  le  formamide  ou  la  N,N'-dimethylimidazolidinone. 

9.  Procede  pour  modifier  de  maniere  covalente  un  polysaccharide  bacterien  neutre  qui  comprend 
(a)  la  fragmentation  du  polysaccharide  et  la  solubilisation  du  polysaccharide  fragmente  dans  un 

55  solvant  aprotique,  polaire,  non  aqueux  ; 
(b)  I'activation  du  polysaccharide  avec  un  reactif  bifonctionnel  ;  puis 
(c)  la  reaction  de  ce  polysaccharide  active  avec  un  reactif  bis-nucleophile. 
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10 

10.  Procede  selon  la  revendication  9,  qui  comprend  egalement  la  reaction  du  polysaccharide  active  que 
Ton  a  fait  reagir  avec  un  reactif  bis-nucleophile,  avec  un  reactif  produisant  des  sites  electrophiles 
accroches. 

5  11.  Procede  selon  la  revendication  9,  dans  lequel  le  polysaccharide  est  fragmente  par  chauffage  dudit 
polysaccharide  dans  de  I'eau  distillee  puis  elimination  de  I'eau  par  lyophilisation  et  sechage  avec  P2O5 
sous  vide  ;  le  solvant  aprotique,  polaire,  non  aqueux  est  le  dimethylformamide,  le  dimethylsulfoxyde,  le 
dimethylacetamide,  le  formamide  ou  la  N,N'-dimethylimidazolidinone  ;  le  reactif  bifonctionnel  est  choisi 
dans  le  groupe  comprenant  les  derives  de  I'acide  carbonique, 

10 
0 

R2-C-R3, 

15  ou  R2  et  R3  sont  separement  un  groupe  azolyle  ;  des  halogenures  ;  ou  des  esters  phenyliques  ;  et  le 
reactif  bis-nucleophile  est  une  diamine  de  formule,  H2N(CH2)mY(CH2)nNH2,  dans  laquelle  m  vaut  de  0  a 
4,  n  vaut  de  0  a  3,  et  Y  est  CH2,  0,  S,  NR',  CHC02H,  ou  R'  est  H  ou  un  groupe  alkyle  en  C1  ou  C2,  de 
telle  sorte  que  si  Y  est  CH2  ou  NH,  alors  m  et  n  ne  peuvent  pas  tous  les  deux  etre  egaux  a  0,  et  si  Y 
est  0  ou  S,  alors  m  est  superieur  a  1  et  n  est  superieur  a  1  . 

20 
12.  Procede  selon  la  revendication  11,  dans  lequel  le  solvant  aprotique,  polaire,  non  aqueux  est  le 

dimethylformamide,  le  reactif  bifonctionnel  est  le  carbonyldiimidazole  et  le  reactif  bis-nucleophile  est  la 
1  ,4-butanediamine. 

25  13.  Procede  selon  la  revendication  10,  dans  lequel  le  reactif  engendrant  des  sites  electrophiles  est 

OR 
II  I 

X'CCHX, 

30 

35 

40 

ou  X'  est  un  groupe  nitrophenoxy,  dinitrophenoxy,  pentachlorophenoxy,  pentafluorophenoxy,  halogenu- 
re,  O-(N-hydroxysuccinimidyle)  ou  azido,  R  est  H  ou  CH3  et  X  est  CI,  Br  ou  I  ;  ou  un  acide  maleimido 
active, 

ii  /  1 
X ' C f C H ^ p N ^  

0  
II 

45  dans  lequel  p  vaut  de  1  a  3  et  X'  est  tel  que  defini  ci-dessus. 

14.  Procede  selon  la  revendication  13,  dans  lequel  le  reactif  engendrant  des  sites  electrophiles  et  le 
bromoacetate  de  p-nitrophenyle. 

50  15.  Procede  de  preparation  de  conjugues  polysaccharide-proteine  comprenant  des  polysaccharides  capsu- 
laires  bacteriens  neutres  et  des  proteines  immunogenes  couples  par  I'intermediaire  d'agents  d'interca- 
lation  bigeneriques  contenant  des  liaisons  thioether,  qui  comprend 

(a)  la  fragmentation  du  polysaccharide  et  la  solubilisation  du  polysaccharide  depolymerise  dans  un 
solvant  aprotique,  polaire,  non  aqueux  ; 

55  (b)  I'activation  du  polysaccharide  avec  un  reactif  bifonctionnel  ; 
(c)  la  reaction  de  ce  polysaccharide  active  avec  un  reactif  bis-nucleophile  ; 
(d)  la  reaction  de  ce  polysaccharide  active  que  Ton  a  fait  reagir  avec  un  reactif  bis-nucleophile,  avec 
un  reactif  engendrant  des  sites  electrophiles,  pour  former  ainsi  un  polysaccharide  avec  des  sites 
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electrophiles  accroches  ; 
(e)  la  reaction,  de  maniere  independante,  de  la  proteine  immunogenique  avec  un  reactif  engendrant 
des  groupes  thiol,  pour  former  une  proteine  avec  des  groupes  thiol  accroches  ;  puis 
(f)  la  reaction  du  polysaccharide  avec  des  sites  electrophiles  accroches  avec  la  proteine  avec  des 

5  groupes  thiol  accroches  pour  former  un  conjugue  polysaccharide-proteine  qui  est  couple  par 
I'intermediaire  d'une  liaison  thioether  covalente  ;  puis 
(g)  la  centrifugation  du  melange  resultant  pour  eliminer  les  polysaccharides  et  les  proteines  non  lies 
de  maniere  covalente. 

io  16.  Composition  comprenant  une  quantite  immunologiquement  efficace,  pour  la  protection  soit  active  soit 
passive  des  especes  mammiferes  vis-a-vis  des  bacteriemies  provoquees  par  I'organisme  apparente, 
des  conjugues  polysaccharide-proteine  stables,  couples  de  maniere  covalente,  selon  la  revendication  1  , 
des  antiserums  provenant  desdits  conjugues,  ou  une  gamma-globuline  ou  d'autres  fractions  contenant 
I'anticorps  desdits  antiserums,  et  un  vehicule  pharmaceutiquement  acceptable. 

15 
17.  Composition  selon  la  revendication  16,  qui  comprend  en  outre  un  adjuvant. 

18.  Composition  selon  la  revendication  16,  dans  laquelle  les  conjugues  polysaccharide-proteine  compren- 
nent  un  polysaccharide  pneumococcique  de  type  14  couple  par  I'intermediaire  d'un  agent  d'intercala- 

20  tion  bigenerique,  de  formule, 

OH  0  NHCOCHo 
Hi  II  ' 

25  CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO, 

a  une  proteine  de  membrane  externe  de  serotype  meningococcique  B,  une  quantite  immunologique- 
ment  efficace  est  une  quantite  de  chacun  des  conjugues  dans  la  composition  telle  que  chaque 
conjugue  contienne  de  2  a  50  ug  du  polysaccharide  sous  la  forme  conjuguee,  et  I'espece  mammifere 

30  est  I'homme. 

19.  Composition  pour  son  utilisation  dans  un  procede  de  traitement  therapeutique  pour  les  especes 
mammiferes  vis-a-vis  des  bacteriemies  des  organismes  apparentes,  ladite  composition  comprenant  un 
ou  plusieurs  types  de  conjugues  polysaccharide-proteine  comprenant  des  polysaccharides  capsulaires 

35  bacteriens  neutres  couples,  par  I'intermediaire  d'agents  d'intercalation  bigeneriques  contenant  des 
liaisons  thioether,  a  des  proteines  immunogeniques,  et  un  representant  du  groupe  comprenant  un 
vehicule  pharmaceutiquement  acceptable,  un  adjuvant  et  un  adjuvant  et  vehicule  pharmaceutiquement 
acceptable. 

40  20.  Composition  selon  la  revendication  19,  dans  laquelle  lesdits  conjugues  polysaccharide-proteine  com- 
prennent  un  polysaccharide  pneumococcique  de  type  14  couple,  par  I'intermediaire  d'un  agent 
d'intercalation  bigenerique,  de  formule, 

45  OH  0  NHCOCH3 
l|  I  II  1 
CNCH2CH2CH2  CH2NHC  CH2  S  CH2  CH2  CHCO  , 

a  une  proteine  de  membrane  externe  de  serotype  meningococcique  B,  I'espece  a  traiter  est  un 
50  nouveau-ne  humain,  et  la  quantite  efficace  de  la  composition  dans  une  dose  unique  est  une  quantite 

correspondant  a  25  ug  du  polysaccharide  dans  la  forme  conjuguee  pour  les  conjugues  des  polysac- 
charides  pneumococciques. 

21.  Composition  selon  la  revendication  19,  dans  laquelle  une  ou  deux  compositions  supplementaires  de 
55  rappel  d'une  quantite  d'un  conjugue  polysaccharide-proteine  comprenant  un  conjugue  polysaccharide- 

proteine  comprenant  des  polysaccharides  capsulaires  bacteriens  neutres  couples  par  I'intermediaire 
d'agents  d'intercalation  bigeneriques  a  des  proteines  immunogeniques,  correspondant  a  25  ug  de 
polysaccharide  sous  la  forme  conjuguee,  peuvent  etre  administrees  a  des  nouveau-nes  humains. 
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Patentanspruche 

1.  Stabile,  kovalent  gekoppelte  Polysaccharid-Protein-Konjugate,  welche  neutrale  bakterielle  Polysacchari- 
de  und  immunogene  Proteine  enthalten,  die  uber  Thioetherbindungen  enthaltende  zweifache  Bindeglie- 

5  der  gekoppelt  sind,  worin  die  zweifachen  Bindeglieder  durch  die  Formel  A-E-S-B  dargestellt  werden 
konnen,  worin  E 

10 

30 

40 

45 

0  1L  OR 
II 

-CCH2N  I  Oder   -CCH- 

15  ist, 

worin  R  H  oder  CH3  ist;  A 

20 WH 
■t  i 

-CN  (CH~  )  Y  (CH~  )  _NH- 2.  m  Z  n  

ist;  worin  m  0  bis  4  ist,  n  0  bis  3  ist,  W  0  oder  NH  ist  und  Y  CH2,  0,  S,  NR'  oder  CHC02H  ist,  worin  R' 
25  H  oder  Ci-  oder  C2-Alkyl  ist,  so  da/S  wenn  Y  CH2  oder  NH  ist,  dann  sowohl  m  und  n  nicht  gleich  Null 

sind,  und  wenn  Y  0  oder  S  ist,  dann  m  gro/Ser  als  1  und  n  gro/Ser  als  1  ist; 

und  B 

-  (CH-  )  CH  (CH-  )  D- 2  p  2  q  

35  ist,  worin  p  1  bis  3  ist,  q  0  bis  2  ist,  Z  NH2, 

0  

NHCR'  , 

C02H  oder  H  ist  und  D 

O  HO  0  
ii  i  ii  it 
C,  NR1  ,  N-C(CH2)  2C 

ist,  worin  R'  wie  vorstehend  definiert  ist. 

50  2.  Stabile,  kovalent  gekoppelte  Polysaccharid-Protein-Konjugate  nach  Anspruch  1,  worin  die  zweifachen 
Bindeglieder  durch  die  Formel 

OH  0  NHCOCHj 

CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO 

wiedergegeben  sein  konnen. 
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Polysaccharid-Protein-Konjugate  nach  Anspruch  1,  worin  das  neutrale  bakterielle  Hull-Polysaccharid 
aus  der  aus  Polysacchariden  von  Streptococcus  pneumoniae,  Typen  7F,  14  und  37,  bestehenden 
Gruppe  ausgewahlt  ist. 

Polysaccharid-Protein-Konjugate  nach  Anspruch  1,  worin  das  immunogene  Protein  ein  au/Seres  Mem- 
branprotein  vom  Meningococcus-B-Serotyp  oder  ein  Edestin-Protein  ist. 

Polysaccharid-Protein-Konjugate  nach  Anspruch  1,  worin  das  neutrale  bakterielle  Hull-Polysaccharid  ein 
Polysaccharid  von  Streptococcus  pneumoniae,  Typ  14,  ist,  das  immunogene  Protein  ein  au/Seres 
Membranprotein  vom  Meningococcus-B-Serotyp  ist  und  das  zweifache  Bindeglied  durch  die  Formel 

OH  0  NHCOCH3 

CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO 

wiedergegeben  sein  kann. 

Verfahren  zum  Loslichmachen  von  nicht-polyanionischen,  neutralen,  bakteriellen  Polysacchariden  durch 
Erhitzen  der  Polysaccharide  in  destilliertem  Wasser,  Entfernen  des  Restwassers  und  Losen  des 
Polysaccharids  in  einem  nicht  wassrigen  polaren  aprotischen  Losungsmittel. 

Verfahren  nach  Anspruch  6,  worin  dem  destillierten  Wasser  5  bis  15  %iges  wassriges  Hydrazin 
zugefugt  wird. 

Verfahren  nach  Anspruch  6,  worin  die  Polysaccharide  30  Sekunden  bis  10  Minuten  auf  70  °C  bis 
100°  C  erhitzt  werden,  das  Wasser  durch  Gefriertrocknung  und  Trocknung  mit  P2O5  im  Vakuum 
entfernt  wird  und  das  nicht  wassrige,  polare,  aprotische  Losungsmittel  Dimethylformamid,  Dimethylsulf- 
oxid,  Dimethylacetamid,  Formamid  oder  N,N'-Dimethylimidazolidinon  ist. 

Verfahren  zur  kovalenten  Modifizierung  eines  neutralen  bakteriellen  Polysaccharids  durch 
(a)  Fragmentieren  des  Polysaccharids  und  Loslichmachen  des  fragmentierten  Polysaacharids  in 
einem  nicht  wassrigen,  polaren,  aprotischen  Losungsmittel; 
(b)  Aktivieren  des  Polysaccharids  mit  einem  bifunktionellen  Reagens;  danach 
(c)  Reagieren  dieses  aktivierten  Polysaccharids  mit  einem  Bis-Nukleophil. 

Verfahren  nach  Anspruch  9,  welches  ferner  das  Umsetzen  des  aktivierten  Polysaccharids,  das  mit 
einem  Bis-Nukleophil  umgesetzt  worden  ist,  mit  einem  anhangende  elektrophile  Stellen  generierenden 
Reagens  umfa/St. 

Verfahren  nach  Anspruch  9,  worin  das  Polysaccharid  durch  Erhitzen  des  Polysaccharids  in  destilliertem 
Wasser  fragmentiert  wird,  danach  das  Wasser  durch  Gefriertrocknen  und  Trocknen  mit  P2O5  im 
Vakuum  entfernt  wird;  das  nicht  wassrige,  polare,  aprotische  Losungsmittel  Dimethylformamid,  Dime- 
thylsulfoxid,  Dimethylacetamid,  Formamid  oder  N,N'-Dimethylimidazolidinon  ist;  das  bifunktionelle  Rea- 
gens  aus  der  aus  Carbonsaurederivaten, 

O 
3  "  3 R  -C-R  , 

worin  R2  und  R3  getrennt  Azolyl,  Halogenide  oder  Phenylester  darstellen,  ausgewahlt  ist;  und  das  Bis- 
Nukleophil  ein  Diamin  der  Formel  H2N(CH2)mY(CH2)nNH2  ist,  worin  m  0  bis  4  ist,  n  0  bis  3  ist  und  Y 
CH2,  O,  S,  NR',  CHCO2H  ist,  worin  R'  H  oder  ein  C1-  oder  C2-Alkyl  ist,  dergestalt,  da/3  wenn  Y  CH2 
oder  NH  ist,  dann  m  und  n  beide  nicht  gleich  Null  sein  konnen,  und  wenn  Y  0  oder  S  ist,  dann  m 
gro/Ser  als  1  und  n  gro/Ser  als  1  ist. 

Verfahren  nach  Anspruch  1  1  ,  worin  das  nicht  wassrige,  polare,  aprotische  Losungsmittel  Dimethylfor- 
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5 

mamid  ist,  das  bifunktionelle  Reagens  Carbonyldiimidazol  ist  und  das  Bis-Nukleophil  1  ,4-Butandiamin 
ist. 

13.  Verfahren  nach  Anspruch  10,  worin  das  elektrophile  Stellen  generierende  Reagens 
5 

OR 

X'CCHX 

io  ist,  worin  X'  Nitrophenoxy,  Dinitrophenoxy,  Pentachlorphenoxy,  Pentafluorphenoxy,  Halogen,  0-(N- 
Hydroxysuccinimidyl)  oder  Azido  ist,  R  H  oder  CH3  ist  und  X  CI,  Br  oder  I  ist;  oder  eine  aktivierte 
Maleinimidosaure 

0  
15  0  

X ' C ( C H 2 ) p N x ^ J   , 

0  

worin  p  1  bis  3  ist  und  X'  wie  oben  definiert  ist. 

14.  Verfahren  nach  Anspruch  13,  worin  das  elektrophile  Stellen  generierende  Reagens  p-Nitrophenylbrom- 
acetat  ist. 

20 

25 
15.  Verfahren  zur  Herstellung  von  Polysaccharid-Protein-Konjugaten,  welche  neutrale  bakterielle  Hull- 

Polysaccharide  und  immunogene  Proteine  enthalten,  die  uber  Thioetherbindungen  enthaltende  zweifa- 
che  Bindeglieder  gekuppelt  sind,  durch 

(a)  Fragmentieren  des  Polysaccharids  und  Loslichmachen  des  depolymerisierten  Polysaccharids  in 
30  einem  nicht  wassrigen,  polaren,  aprotischen  Losungsmittel; 

(b)  Aktivieren  des  Polysaccharids  mit  einem  bifunktionellen  Reagens; 
(c)  Umsetzen  dieses  aktivierten  Polysaccharids  mit  einem  Bis-Nukleophil; 
(d)  Umsetzen  dieses  aktivierten  Polysaccharids,  das  mit  einem  Bis-Nukleophil  umgesetzt  worden  ist, 
mit  einem  elektrophile  Stellen  generierenden  Reagens  unter  Ausbildung  eines  Polysaccharids  mit 

35  anhangenden  elektrophilen  Stellen; 
(e)  unabhangig  davon  Umsetzen  des  immunogenen  Proteins  mit  einem  Thiolgruppen  generierenden 
Reagens  zur  Bildung  eines  Proteins  mit  anhangenden  Thiolgruppen;  danach 
(f)  Umsetzen  des  Polysaacharids  mit  anhangenden  elektrophilen  Stellen  mit  dem  Protein  mit 
anhangenden  Thiolgruppen  unter  Bildung  eines  Polysaccharid-Protein-Konjugats,  das  durch  eine 

40  kovalente  Thioetherbindung  gekuppelt  ist;  danach 
(g)  Zentrifugieren  der  resultierenden  Mischung  zur  Entfernung  nicht  kovalent  gebundener  Polysac- 
charide  und  Proteine. 

16.  Zusammensetzung,  welche  eine  immunologisch  wirksame  Menge  fur  entweder  den  aktiven  oder  den 
45  passiven  Schutz  von  Saugetierspezies  vor  durch  den  stammverwandten  Organismus  verursachter 

Bakteriamie  an  stabilen,  kovalent  gekuppelten  Polysaccharid-Protein-Konjugaten  nach  Anspruch  1,  von 
diesen  Konjugaten  abgeleitete  Antiseren  oder  Gamma-Globulin  oder  andere  antikorperhaltige  Fraktio- 
nen  dieser  Antiseren  sowie  einen  pharmazeutisch  annehmbaren  Trager  enthalt. 

50  17.  Zusammensetzung  nach  Anspruch  16,  welche  weiterhin  ein  Adjuvans  enthalt. 

18.  Zusammensetzung  nach  Anspruch  16,  worin  die  Polysaccharid-Protein-Konjugate  ein  Pneumokokken 
Typ  14-Polysaccharid  umfassen,  das  durch  ein  zweifaches  Bindeglied  der  Formel 

55 
OH  O  NHCOCH. 
ii  i  ii  i  - 
CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO 
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an  ein  au/Seres  Membranprotein  vom  Meningococcus-B-Serotyp  gekuppelt  ist,  eine  immunologisch 
wirksame  Menge  eine  Menge  eines  jeden  der  Konjugate  in  der  Zusammensetzung  dergestalt  ist,  da/S 
jedes  Konjugat  2  bis  50  u,g  des  Polysaccharids  in  der  Konjugatform  enthalt,  und  die  Saugetierspezies 
der  Mensch  ist. 

5 
19.  Zusammensetzung  zur  Verwendung  in  einem  Verfahren  zur  therapeutischen  Behandlung  von  Sauge- 

tierspezies  gegen  Bakteriamie  des  stammverwandten  Organismus,  welche  Zusammensetzung  ein  oder 
mehrere  Typen  von  Polysaccharid-Protein-Konjugaten  enthalt,  die  neutrale  bakterielle  Hull-Polysaccha- 
ride  umfassen,  die  uber  Thioetherbindungen  enthaltende  zweifache  Bindeglieder  an  immunogene 

io  Proteine  gekuppelt  sind,  sowie  wenigstens  ein  Glied  der  aus  einem  pharmazeutisch  annehmbaren 
Trager,  einem  Adjuvans  und  einem  pharmazeutisch  annehmbaren  Trager  und  Adjuvans  bestehenden 
Gruppe. 

20.  Zusammensetzung  nach  Anspruch  19,  worin  die  Polysaccharid-Protein-Konjugate  ein  Polysaccharid 
is  vom  Pneumokokken-Typ  14  enthalten,  das  uber  ein  zweifaches  Bindeglied  der  Formel 

OH  0  NHCOCH 
II  I  n  I  -5 

20 CNCH2CH2CH2CH2NHCCH2SCH2CH2CHCO 

an  ein  au/Seres  Membranprotein  vom  Meningokokken-B-Serotyp  gekuppelt  ist,  die  zu  behandelnde 
Spezies  menschliche  Neugeborene  sind  und  die  wirksame  Menge  der  Zusammensetzung  in  einer 
einzelnen  Dosis  eine  25  u,g  des  Polysaccharids  in  der  konjugierten  Form  fur  Konjugate  von  Pneumo- 

25  kokkenpolysacchariden  entsprechende  Menge  ist. 

21.  Zusammensetzung  nach  Anspruch  19,  worin  eine  oder  zwei  zusatzliche  Booster-Zusammensetzungen 
einer  Menge  eines  Polysaccharid-Protein-Konjugats  entsprechend  25  u,g  Polysaccharid  in  der  Konjugat- 
form  an  menschliche  Neugeborene  verabreicht  werden  konnen,  welches  ein  Polysaccharid-Protein- 

30  Konjugat  umfa/St,  das  uber  zweifache  Bindeglieder  an  immunogene  Proteine  gekuppelte  neutrale 
bakterielle  Hull-Polysaccharide  enthalt. 
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