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Sensitive  Determination  of  —  Lactam  Antibiotics" 
Antimicrobial  Agents  and  Chemotherapy,  Oct. 
1980  p.  506—510)  describe  a  rapid  enzymatic 
assay  for  beta-lactam  antibiotics  which  makes  use 

5  of  the  ability  of  these  antibiotics  to  inactivate  a 
specific  D,D-carboxypeptidase  produced  by  the 
bacterium  Actinomadura-R39.  Other  bacterial 
D,D-carboxypeptidases  are  known  to  be  revers- 
ibly  inhibited  by  beta-lactam  antibiotics,  but  the 

io  R39  enzyme  is  preferred  in  that  the  rate  of 
inactivation  is  very  rapid  and  the  reversal  of 
inhibition  is  very  slow.  Thus,  over  short  periods  of 
time,  exposure  of  R39  enzyme  to  a  beta-lactam 
antibiotic  results  in  a  stoichiometric  loss  of  R39 

15  catalytic  activity.  Measurement  of  remaining  R39 
activity  after  exposure  to  test  samples  suspected 
of  containing  a  beta-lactam  antibiotic  provides  a 
rapid  sensitive  assay  for  the  antibiotic. 

The  assay  as  described  by  Frere  et  al  is  similar 
20  to  a  commercial  test  known  as  Penzym™  sold  by 

UCB  Bioproducts,  Brussels,  Be  described  in 
EP—  A—  85,667.  It  is  rather  time-consuming  and 
involves  a  number  of  steps  and  separate 
reagents.  The  first  step  involves  an  incubation, 

25  e.g.,  five  minutes,  of  the  test  sample  with  the 
carboxypeptidase.  If  the  test  sample  contains  a 
beta-lactam  antibiotic,  a  certain  amount  of  the 
enzyme  will  be  inactivated  during  the  incubation 
depending  on  the  amount  of  antibiotic  present. 

30  The  next  step  involves  the  addition  of  a  sub- 
strate  for  the  carboxypeptidase  which  is  a  peptide 
containing  a  carboxyterminal  D-alanine.  This  is 
followed  by  another  incubation  (e.g.,  15  minutes) 
during  which  D-alanine  is  released  from  the  sub- 

35  strate.  Other  reagents  are  added  during  this  incu- 
bation  period  to  measure  the  amount  of  D-alanine 
liberated.  The  liberated  D-alanine  is  oxidized  into 
pyruvic  acid  by  a  D-amino  acid  oxidase  enzyme 
with  simultaneous  formation  of  hydrogen  perox- 

40  ide.  The  hydrogen  peroxide  oxidizes  an  organic 
redox  indicator,  e.g.,  o-dianisidine,  which  pro- 
vides  a  colorimetric  read-out.  Sulfuric  acid  is 
added  at  the  end  of  the  incubation  period  to 
terminate  the  reaction  and  stabilize  the  color 

45  formation.  The  Penzym™  kit  is  supplied  with 
seven  separate  reagents  including:  (1)  the  D,D- 
carboxypeptidase;  (2)  buffer  for  the  D,D-carboxy- 
peptidase;  (3)  substrate  for  the  D,D-carboxypep- 
tidase  ((Acetyl)2-L-Lys-D-ala-D-ala);  (4)  flavin 

so  adenine  dinucleotide,  cofactor  of  the  D-amino 
acid  oxidase;  (5)  peroxidase;  (6)  o-dianisidine  and 
(7)  D-amino  acid  oxidase. 

The  Penzym™  assay  suffers  from  a  number  of 
disadvantages.  Firstly,  the  sequential  addition  of 

55  reagents  in  several  different  steps  is  required. 
Secondly,  the  amount  of  time  required  to  com- 
plete  the  assay,  i.e.,  20  to  30  minutes,  is  con- 
sidered  excessive,  particularly  by  milk  haulers. 
Furthermore,  an  excessive  number  of  separately- 

60  packaged  reagents  must  be  handled. 

Disclosure  of  invention 
The  present  invention  overcomes  the 

aforementioned  disadvantages  and  provides  an 
65  improved  method  for  detecting  bet-lactam  anti- 

Description 

Technical  field 
This  invention  relates  to  an  improved  enzyma- 

tic  method  for  the  detection  of  beta  lactam  anti- 
biotics  in  a  liquid  sample  such  as  milk.  More 
particularly,  it  relates  to  an  improved  assay  for 
beta  lactam  antibiotics  based  on  the  ability  of 
such  antibiotics  to  bind  with  and  inactivate  D,D- 
carboxypeptidase. 

Background  art 
Antibiotic  contamination  of  milk  following 

treatment  of  dairy  cows  for  mastitis  or  other 
infections  is  a  major  problem  in  the  dairy  indus- 
try.  Beta  lactam  antibiotics  (e.g.,  penicillins  and 
cephalosporins)  are  the  most  common  of  such 
contaminants. 

Each  year,  large  quantities  of  milk  must  be 
discarded  due  to  antibiotic  contamination. 
Additional  economic  losses  result  from  the  need 
to  recall  contaminated  milk  products  and  the 
disruption  of  milk  processing,  such  as  cheese  or 
yoghurt  culturing,  due  to  antibiotics  in  milk. 

A  substantial  portion  of  the  loss  due  to  anti- 
biotic  contamination  could  be  avoided  if  a  simple, 
fast  assay  for  antibiotics  in  milk  could  be  made  at 
the  dairy  farm  before  pickup  of  the  milk  by  the 
milk  hauler.  Detection  of  contaminated  milk  at 
this  very  early  point  would  prevent  contamination 
of  larger  quantities  of  uncontaminated  milk  in  the 
milk  haulers  truck  and  at  the  milk  receiving 
station. 

The  current  official  method  for  detection  of 
antibiotics  in  milk  relies  on  the  inhibition  of 
bacterial  growth  by  antibiotics.  These  growth- 
based  assays  require  a  minimum  of  2-1/2  to  3 
hours  to  complete.  They  are  not  practical  as  a 
means  of  detecting  contaminated  milk  at  the  level 
of  the  dairy  farm  or  even  at  the  milk  receiving 
station  prior  to  transferring  the  milk  from  the 
hauler's  truck  to  a  storage  facility. 

Several  rapid  methods  have  been  developed 
for  detecting  beta  lactam  antibiotics  in  milk.  U.S. 
Patent  Nos.  4,239,745  and  4,239,852  (Charm) 
describe  a  rapid  method  for  detecting  an  anti- 
biotic  in  a  liquid  sample  based  on  the  competitive 
binding  of  the  antibiotic  contaminant  in  the 
sample  and  a  tagged  antibiotic  to  receptor  sites 
on  bacterial  cells.  The  commercially-available  ver- 
sion  of  the  Charm  test  requires  the  use  of  expen- 
sive  equipment  and  a  trained  operator. 

Other  proposed  rapid  assays  for  antibiotics  in 
milk  and  other  liquids  are  based  on 
immunochemical  reaction  and  utilize  antibodies 
directed  against  specific  beta-lactam  antibiotics. 
The  disadvantages  of  these  assays  include  a)  the 
detection  of  immunochemical  reactions  requires 
pretreatment  of  the  sample  to  remove  interfering 
materials,  b)  a  mixture  of  antibodies  with 
specificities  for  different  beta  lactam  antibiotics  is 
required,  c)  rapid  detection  at  5  to  30  parts  per 
billion  requires  high  affinity,  rapidly  reacting  anti- 
body  preparations  that  are  difficult  to  acquire. 

Frere  et  al  ("Enzymatic  Method  for  Rapid  and 
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necessary  to  provide  at  least  about  2x10  8  moles 
per  liter  of  enzyme.  The  enzyme,  carried  on  a 
substrate  along  with  the  other  reagents  used  in 
the  assay,  is  combined  with  the  liquid  test  sample 

5  to  be  assayed.  Preferably,  the  test  sample  is 
added  to  the  dry  reagents.  These  reagents,  other 
than  the  carboxypeptidase,  are  generally  present 
in  sufficient  excess  so  as  not  to  limit  or  appreci- 
ably  slow  the  color-producing  reaction.  On  the 

10  other  hand,  large  excesses  should  be  avoided, 
since  these  reagents  are  expensive,  and  large 
excesses  may  have  a  negative  effect  on  the  assay. 

For  speed,  it  is  preferred  that  the  assay  be 
carried  out  at  the  highest  temperature  possible 

15  without  inactivating  the  reagents.  The  optimum 
temperature  is  approximately  50°C.  The  assay  can 
be  run  at  lower  temperatures,  but  reaction  time  is 
much  longer  and  below  about  20°C,  enzyme 
activity  is  too  low  to  be  readily  detected. 

20  The  preferred  D,D-carboxypeptidase  for  use  in 
the  assay  of  the  present  invention  is  available 
from  UCB  Biochemicals,  Brussels,  Belgium.  As 
noted  above,  this  enzyme  is  produced  by  the 
microorganism  Actinomadura  R39.  The  R39 

25  enzyme  is  a  water-soluble  protein  having  a  mole- 
cular  weight  of  53,000. 

The  substrate  for  the  carboxypeptidase  may  be 
any  of  a  number  of  peptides  whose  structure 
includes  a  carboxyterminal  D-alanine.  Examples 

30  of  suitable  substrates  are  described  by  Ghuysen 
et  al.,  Ann.  Rev.  Biochem.,  48,  p.  73—101  (1979).  A 
preferred  substrate  is  N,N-diacetyl-L-lysyl-D- 
alanyl-D-alanine.  Especially  preferred  is  the 
monoacetyl  tripeptide,  N-acetyl-L-lysyl-D-alanyl- 

35  D-alanine,  which  is  hydrolyzed  at  nearly  twice  the 
rate  of  the  diacetyl  tripeptide.  The  amount  of 
substrate  added  to  the  sample  is  preferably  in  the 
range  of  1.0  to  3.0  mg/ml  final  concentration. 

The  reagent  system  which  produces  a  color 
40  change  in  the  present  of  D-alanine  preferably 

includes  D-amino  acid  oxidase  which  oxidatively 
deaminates  D-alanine  to  produce  pyruvate, 
ammonia  and  hydrogen  peroxide.  A  cofactor, 
flavin  adenine  dinucleotide  (FAD),  is  necessary  to 

45  the  activity  of  D-amino  acid  oxidase.  The  D-amino 
acid  oxidase  and  FAD  are  preferably  present  in  an 
amount  ranging  from  0.20  to  2.0  lU/ml  and  0.01  to 
0.15  mg/ml,  respectively. 

The  peroxide  generated  from  D-alanine  is  used 
so  to  oxidize  a  colorless  precursor  to  a  colored 

species  in  a  reaction  catalyzed  by  the  enzyme 
peroxidase.  Peroxidase,  e.g.,  horseradish  perox- 
idase  such  as  that  commercially  available  from 
Sigma  Chemical  Company,  is  included  in  the 

55  reagent  system  in  an  amount  ranging  from  0.01  to 
0.05  mg/ml. 

Examples  of  dyes  which  reacts  with  peroxide  to 
provide  a  color  change  include  dicarboxidine 
(gamma,  gamma-4,4'-diamino-3,3'-bipheny- 

60  lenedioxy)  dibutyric  acid),  ortho-dianisidine,  4- 
amino-anti-pyrrole  plus  phenol,  ortho-peny- 
lenediamine,  toluidine  and  the  like.  Dicarboxidine 
and  ortho-dianisidine  are  preferred  dyes.  The  dye 
is  preferably  present  in  an  amount  between  0.1 

65  and  0.5  mg/ml. 

biotics  in  a  liquid  sample,  said  method  consisting 
essentially  of  the  steps  of: 

a.  adding  said  sample  to  a  predetermined 
amount  of  D,D-carboxypeptidase,  a  substrate  for 
said  D,D-carboxypeptidase  containing  a  carboxy- 
terminal  D-alanine,  and  a  reagent  system  which 
produces  a  color  change  in  the  presence  of  D- 
alanine,  the  reagents,  other  than  the  D,D-carboxy- 
peptidase,  being  present  in  sufficient  excess  so  as 
not  to  limit  or  slow  appreciably  their  color  produc- 
ing  reaction; 

b.  incubating  said  sample  D,D-carboxypeptid- 
ase  and  substrate  for  a  predetermined  period; 

c.  adding  a  quenching  material  to  terminate  the 
reaction; 

d.  observing  the  color  of  the  reaction  medium, 
characterised  in  that  said  sample,  D,D-carboxy- 
peptidase  and  substrate  are  incubated  simul- 
taneously  in  a  common  reaction  medium. 

The  incubation  temperature  is  in  the  range  of 
about  20°  to  60cC.  Preferably  the  reagent  system 
which  results  in  a  color  reaction  in  the  presence  of 
D-alanine  comprises  a  D-amino  acid  oxidase,  a 
cofactor  for  D-amino  acid  oxidase,  peroxidase, 
and  an  organic  redox  indicator,  e.g.,  o- 
dianisidine,  which  undergoes  a  color  change 
when  oxidized. 

The  present  invention  also  provides  a  reagent 
kit  for  detecting  beta-lactam  antibiotics  in  a  liquid 
sample  comprising  a  predetermined  amount  of 
dry  reagents  comprising  D,D-carboxypeptidase,  a 
substrate  for  the  D,D-carboxypeptidase  contain- 
ing  a  carboxyterminal  D-alanine,  and  a  reagent 
system  which  produces  a  color  reaction  in  the 
presence  of  D-alanine,  said  dry  reagents  being 
carried  on  a  solid  substrate  which  can  be  con- 
tacted  with  the  liquid  sample  in  one  step. 

The  method  of  the  present  invention  is  capable 
of  detecting  concentrations  of  beta-lactam  anti- 
biotics  above  about  0.03  micrograms  per  milliliter 
of  liquid  sample.  It  was  surprising  that  such 
sensitivity  could  be  achieved  without  incubating 
the  D,D-carboxypeptidase  with  the  test  sample 
prior  to  adding  the  other  reagents.  The  method 
can  be  carried  out  in  as  little  as  five  minutes  and 
all  of  the  reagents  (except  for  the  quenching 
material)  are  added  at  one  time. 

The  minimum  equipment  necessary  to  carry 
out  the  method  is  a  device  to  maintain  a  constant 
temperature  such  as  an  oven,  electric  crockpot  or, 
preferably,  a  small  incubator.  The  method  utilizes 
a  minimum  number  of  steps  and  the  kit  permits 
all  assay  reagents  to  be  added  simultaneously. 
The  method  is  extremely  simple  and  rapid, 
especially  suited  to  the  dairy  farmer  or  the  milk 
hauler. 

Detailed  description 
In  order  to  detect  specific  minimum  amounts  of 

beta-lactam  antibiotics,  a  known  amount  of  D,D- 
carboxypeptidase  enzyme  must  be  used.  In  order 
to  detect  a  concentration  of  greater  than  5x10~8 
moles/liter  of  beta-lactam  antibiotic  such  as 
Penicillin  G  in  a  test  sample  to  which  all  of  the 
assay  reagents  are  added  simultaneously,  it  is 
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2,571,457.  The  method  used  to  prepare  the  non- 
woven  material  is  not  critical. 

The  materials  useful  in  preparing  suitable  fibr- 
ous  webs  include  polymers  and  copolymers  of 

5  monomers  which  form  fibrous  webs.  Suitable 
polymers  include  polyalkylenes  such  as  polyethy- 
lene,  polybutylene  and  polypropylene;  polyvinyl 
chloride;  polyamides  such  as  the  various  nylons; 
polystyrene,  polyarylsulfones,  polyesters  such  as 

10  poly(ethylene  terephthalate);  and  polyurethanes 
such  as  polyether  polyurethanes.  Webs  may  also 
be  prepared  from  combinations  of  co-extruded 
polymers  such  as  polyester  and  polyalkylenes. 
Copolymers  of  these  polymers  may  also  be  used. 

15  Webs  may  also  be  combined  with  webs  which  are 
an  intimate  blend  of  fine  fibers  and  crimped 
staple  fibers. 

The  structure  of  materials  useful  as  fibrous 
substrates  for  the  dry  reagents  may  be  quite 

20  varied.  Non-woven,  microfibrous  webs  are  pre- 
ferred.  Non-woven  webs  have  several  advantages 
over  woven  materials  including  ease  of  manufac- 
ture,  lower  material  cost,  allowance  for  variations 
in  fiber  texture  and  fiber  density,  and  greater 

25  surface  area  for  carrying  more  reagents. 
As  used  herein,  the  term  "non-woven  fibrous 

web"  means  a  sheet  or  pad  of  a  non-woven 
network  of  fibers.  The  term  "microfiber"  means  a 
filament  structure  having  an  average  fiber  dia- 

30  meter  of  less  than  20  microns,  preferably  below 
about  10  microns,  and  the  term  "filament"  means 
a  fiber  of  at  least  60  cm  in  length. 

In  order  to  obtain  dry  formulations  of  the  assay 
reagents,  the  reagents  are  dissolved  or  sus- 

35  pended  in  aqueous  solution,  the  solution  is 
applied  to  the  web,  followed  by  evaporation  of 
the  solvent.  Evaporation  may  be  carried  out  by 
simple  air-drying,  evaporation  in  vacua  or 
lyophilization.  The  formulations  obtained  are 

40  stable,  i.e.,  they  retain  their  enzymatic  activity,  at 
ambient  conditions  for  hours  or  even  days,  e.g., 
up  to  2  weeks.  If  stability  of  weeks  or  months  is 
desired,  it  is  preferred  to  protect  the  formulations 
from  atmospheric  moisture  and  heat.  Such 

45  protection  will  include  separating  the  formulation 
into  a  dry  atmosphere  or  packaging  in  paper, 
plastic  or  metal  foil  containers  or  pouches. 
Temperature  protection  may  include  refrigeration 
or  freezing.  Refrigerated  packages  will  retain  stab- 

so  ility  and  provide  reliable  tests  for  at  least  9 
months. 

The  invention  may  be  further  illustrated  by  the 
following  non-limiting  examples: 

55  Example  1 
Formulation  of  D,D-carboxypeptidase  on  a  non- 
woven  web  and  its  activity 

Microfibrous  web  samples  (polypropylene 
treated  with  about  1%  of  Aerosol  OT®  Surfactant 

60  obtained  from  American  Cyanamid  Co.,  Wayne, 
New  Jersey),  each  sample  measuring  1/8  inch  by 
1/4  inch  and  weighing  about  3.5  to  4.0  mg,  were 
saturated  with  reagents  obtained  from  a  commer- 
cially  availably  Penzym®  kit  (UCB  Biochemicals, 

65  Brussels,  Belgium).  Each  of  five  web  samples  was 

In  order  to  terminate  the  color  producing  reac- 
tion  of  the  assay,  an  acid  which  will  lower  the  pH 
of  the  reaction  medium  below  about  pH  4.0  is 
required.  Strong  inorganic  acids  such  as  sulfuric, 
hydrochloric,  phosphoric  and  the  like  readily 
accomplish  the  lowering  of  the  pH.  If  dicarbox- 
idine  or  orthoanisidine  is  used  as  the  dye,  the 
addition  of  sulfuric  acid  to  a  final  concentration  of 
about  25%  by  volume  provides  an  enhancement 
of  color  in  addition  to  stopping  the  reaction.  It 
may  be  desirable  to  use  an  acid  in  dry  form,  e.g., 
tablet,  for  convenient  use.  For  this  purpose  an 
acid  such  as  sulfamic  acid  or  H3AsO4  may  be 
used.  Of  course,  the  acid  which  terminates  the 
assay  reaction  cannot  be  a  component  of  the 
assay  reagent  package  and  must  be  provided 
separately. 

The  dry  mixture  of  reagents  may  be  provided  in 
alternative  formulations.  In  one  simple  embodi- 
ment  a  tube  contains  the  dried  reagents  as 
several  spots  on  the  inside  surface,  each  of  which 
has  been  applied  to  the  tube  as  a  solution  and 
dried  to  provide  a  solid  residue.  Each  reagent  may 
be  added  separately,  or  in  some  cases  two  or 
more  reagents  may  be  parts  of  the  same  solution. 

In  another  variation,  the  mixture  of  reagents  is 
supplied,  absorbed  and  dried  on  a  fiber  web  of 
inert,  non-cellulosic  material  as  disclosed  in 
US—  A—  4806478. 

The  mixture  of  reagents  is  applied,  for  example, 
in  solution  to  the  web  by  any  suitable  and  con- 
venient  method  which  permits  a  quantitative  or  at 
least  semiquantitative  measure  of  the  amount  of 
reagents  per  unit  volume  of  web.  The  web  may  be 
pre-cut  into  units  of  a  desired  size  and  configura- 
tion,  or  it  may  be  loaded  with  the  reagent  mixture 
and  then  cut  or  divided  into  units  of  a  desired  size 
and/or  configuration.  Suitable  methods  for 
applying  the  reagents  may  be  automated,  semi- 
automated  or  manual.  Manual  methods  include 
pouring,  pipetting  and  spraying.  Preferably,  the 
reagents  are  applied  to  a  dry,  non-woven  fibrous 
web  which  has  been  pretreated  with  a  small 
amount,  for  example,  0.01  to  5%  by  weight,  of  a 
surfactant  to  facilitate  wetting  of  the  web.  The 
surfactant  may  be  cationic,  anionic  or  nonionic, 
and  'is  preferably  inert  with  respect  to  the 
reagents  involved.  For  most  web  materials,  it  is 
necessary  to  use  a  surfactant  in  order  to  obtain 
adequate  wetting  and  spreading  of  the  reagent 
solutions.  With  some  materials  (such  as  poly- 
amide)  which  are  slightly  polar,  some  wetting  is 
obtained  without  surfactant. 

Suitable  fibrous  webs  for  use  according  to  the 
present  invention  are  prepared  by  methods 
known  in  the  art.  Non-woven  webs  may  be 
prepared  by  melt-blowing  as  is  known  to  those 
skilled  in  the  art  and  described  in,  for  example, 
U.S.  Patent  No.  3,978,185  and  V.  A.  Wente  et  al. 
"Manufacture  of  Superfine  Organic  Fibers", 
Naval  Research  Laboratories  Report  No.  4364, 
Naval  Research  Laboratories,  Washington,  D.C. 
(U.S.  Document  No.  111437).  Alternative  tech- 
niques  such  as  solution-blowing  can  also  be  used 
as  described,  for  example,  in  U.S.  Patent  No. 
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(A)  D,D-carboxypeptidase  (R-39,  UCB  Biochem- 
icals),  5x10~7  moles  per  liter 

(B)  N,N-diacetyl-L-lysyl-D-alanyl-D-alanine,  20 
mg  per  ml 

(C)  ortho-dianisidine,  5  mg  per  ml 
(D)  flavin  adenine  dinucleotide,  1.25  mg  per  ml 

(0.40  ml);  D-amino  acid  oxidase,  5  mg  per  ml 
ammonium  sulfate  suspension,  Sigma  Chemical 
Company  (0.10  ml);  and  peroxidase,  6.6  mg  per 
ml  ammonium  sulfate  suspension,  Sigma 
Chemical  Company  (0.25  ml)  and 

(E)  trishydroxymethylaminomethane,  60  mg 
per  ml  (0.5  M),  Sigma  Chemical  Company  were 
used. 

To  each  tube  were  added  separate  drops  of  4.5 
microliters  of  (A),  3.7  microliters  of  (B),  2.8 
microliters  of  (C)  5.0  microliters  of  (D)  and  2.0 
microliters  of  (E).  The  tubes  were  then  frozen  for 
one  hour  at  -40°F  and  dried  and  lyophilized  for 
two  hours  at  25°F.  Each  tube  was  then  capped 
and  stored  in  a  cold  (4°C)  desiccator. 

Aqueous  solutions  of  Penicillin  G  at  concen- 
tration  of  1.0,  0.60  and  0.20  units  (1  unit=0.6 
micrograms  of  the  sodium  salt)  per  milliliter 
were  prepared.  Each  of  these  solutions  was  then 
diluted  with  milk  to  yield  solutions  with  concen- 
trations  of  0.05,  0.03  and  0.01  units  per  milliliter 
in  milk. 

Assays  were  carried  out  on  each  of  the  concen- 
trations,  comparing  the  pure  milk  as  a  blank.  The 
assays  were  carried  out  using  the  tubes  contain- 
ing  dried  assay  reagents  prepared  above.  To 
each  tube  was  added  50  microliters  of  a  given 
concentration  of  milk,  the  tube  was  shaken  by 
hand  for  0.5  minute  then  incubated  at  50°C  for  10 
minutes.  Fifty  microliters  of  50%  aqueous  sul- 
furic  acid  was  then  added  to  stop  the  reaction. 
The  results  are  shown  below: 

saturated  with  5  microliters  of  a  solution  pre- 
pared  by  reconstituting  a  vial  from  the  Penzym® 
kit  containing  D,D-carboxypeptidase  and  HEPES 
buffer  with  500  microliters  of  water.  The  moist 
webs  were  lyophilized  to  dryness  and  stored 
desiccated  at  4°C.  Six  1/4  inch  web  squares 
(treated  with  surfactant  as  noted  above)  were 
saturated  with  5  microliters  of  a  solution  pre- 
pared  by  reconstituting  a  vial  from  the  Penzym® 
kit  containing  N,N-diactyl-L-lysyl-D-alanyl-D- 
alanine  and  ortho-dianisidine  with  500  microli- 
ters  of  water  and  10  microliters  of  a  suspension 
from  a  Penzym®  vial  containing  D-amino  acid 
oxidase,  peroxidase  and  flavin  adenine  dinuc- 
leotide.  The  moist  webs  were  lyophilized  and 
stored  desiccated  at  4°C. 

Solutions  of  Penicillin  G  in  whole  milk  at  con- 
centrations  of  0.1;  0.05;  0.03  and  0.01  units  of 
Penicillin  G  per  milliliter  were  prepared. 

All  tests  were  run  by  reacting  for  fifteen 
minutes  at  50°C,  then  measuring  the  color 
obtained.  A  blank  assay  was  run  with  50  microli- 
ters  of  a  pure  milk  sample  plus  a  web  containing 
dry  D,D-carboxypeptidase  and  buffer  and  a  web 
containing  all  of  the  other  essential  components 
of  the  assay.  A  dark  pink  color  was  obtained 
indicating  the  presence  of  D-alanine  and  the 
absence  of  any  beta-lactam  antibiotic. 

A  blank  assay  was  run  with  50  microliters  of  a 
pure  milk  sample  plus  a  web  containing  all  of  the 
essential  components  of  the  assay  except  D,D- 
carboxypeptidase.  No  color  developed  (as 
expected)  since  an  essential  component  of  the 
assay  was  missing. 

A  group  of  assays  was  run  using  each  of  the 
milk  solutions  of  Penicillin  G  prepared  above. 
Fifty  microliters  of  each  milk  solution  was 
reacted  with  a  pair  of  webs  containing  all  of  the 
essential  components  of  the  assay,  (i.e.,  one  web 
containing  the  D,D-carboxypeptidase  and  louffer, 
the  other  web  containing  the  remaining 
reagents.)  Pink  colors  were  obtained  for  concen- 
trations  of  Penicillin  G  of  0.01  and  0.03  units  per 
milliliter,  indicating  the  assay  was  not  sensitive 
to  these  low  concentrations.  No  color  was 
obtained  at  concentrations  of  Penicillin  G  of  0.05 
and  0.10  units  per  milliliter,  indicating  the  pre- 
sence  of  Penicillin  G. 

All  of  the  essential  ingredients  including  the 
D,D-carboxypeptidase  may  be  coated  on  a  single 
web.  However,  reaction  of  the  enzyme  with  its 
substrate  must  be  minimized.  This  requires  care- 
ful  handling  of  the  reagents.  In  the  recom- 
mended  procedure,  all  reagents  except  the  D,D- 
carboxypeptidase  are  coated  on  the  web,  which 
is  then  lyophilized.  Thereafter,  the  D,D-carboxy- 
peptidase  is  added,  preferably  to  the  back  side  of 
the  web  relative  to  the  other  reagents,  and  the 
web  cooled  as  rapidly  as  possible  to  -40°C  or 
colder  for  lyophylization. 

Example  2 
A  set  of  10  clear  polystyrene  tubes  (12x75 

mm)  was  prepared  for  used  in  a  beta-lactam 
antibiotic  assay.  Stock  solutions  of 
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TABLE  I 
Concentration  of 

Penicillin  G  Pink  Presence  of 
(units/ml)  Color  Penicillin 

0.05  No  + 

0.03  Slight  ± 

0.01  Yes 

0.00  (blank)  Yes 
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Claims 

1.  A  method  of  detecting  a  beta-lactam  anti- 
biotic  in  a  liquid  sample  comprising: 

a.  adding  said  sample  to  a  predetermined 
amount  of  D,D-carboxypeptidase,  a  substrate  for 
said  D,D-carboxypeptidase  containing  a  carboxy- 
terminal  D-alanine,  and  a  reagent  system  which 
produces  a  color  change  in  the  presence  of  D- 
alanine,  the  reagents,  other  than  the  D,D-car- 
boxypeptidase,  being  present  in  sufficient  excess 
so  as  not  to  limit  or  slow  appreciably  their  color 
producing  reaction; 
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Alanin  eine  Farbveranderung  erzeugt,  wobei  die 
Reagentien,  mit  Ausnahme  der  D,D-Carboxypep- 
tidase,  in  einem  so  grolSen  OberschulS  vorhanden 
sind,  da(J  sie  ihre  farberzeugende  Reaktion  nicht 

s  begrenzen  oder  merklich  verlangsamen; 
b.  die  Probe,  die  D,D-Carboxypeptidase  und  das 

Substrat  wahrend  eines  vorherbestimmten  Zeit- 
raums  bebriitet  werden; 

c.  zum  Beendigen  der  Reaktion  ein  Abschreck- 
w  material  zugesetzt  wird; 

d.  Die  Farbe  des  Reaktionsmediums  beobachtet 
wird, 

dadurch  gekennzeichnet,  dalS  die  Probe,  die 
D,D-Carboxypeptidase  und  das  Substrat  gleich- 

15  zeitig  in  einem  gemeinsamen  Reaktionsmedium 
bebrutet  werden. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  die  Fliissigkeitsprobe  Milch  ist. 

3.  Verfahren  nach  Anspruch  1  oder  Anspruch  2, 
20  dadurch  gekennzeichnet,  daG  die  D,D-Carboxy- 

peptidase  die  von  dem  Actonomadurastamm  R39 
erhaltene  ist. 

4.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  daft  das 

25  Substrat  fur  die  D,D-Carboxypeptidase  aus  der 
Gruppe  ausgewahlt  ist,  die  aus  dem  N,N-Diacetyl- 
L-iysyl-D-alanyl-D-alanin  und  dem  N-Acetyl-L- 
lysyl-D-alanyl-D-alanin  besteht. 

5.  Verfahren  nach  einem  der  vorhergehenden 
30  Anspruche,  dadurch  gekennzeichnet,  date  das  in 

Gegenwart  von  D-Alanin  eine  Farbveranderung 
erzeugende  Reagenssystem  D-Amcnosaureoxi- 
dase,  eine  Cofaktor  fur  D-Aminosaureoxidase, 
Peroxidase  und  einen  Farbstoff  enthalt,  der  in 

35  Gegenwart  von  Peroxid  aus  einem  farblosen  in 
einen  farbigen  Zustand  ubergeht. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekenn- 
zeichnet,  dalS  der  Cofaktor  Flavinadenindinucleo- 
tid  ist. 

40  7.  Verfahren  nach  Anspruch  5  oder  Anspruch  6, 
dadurch  gekennzeichnet,  daft  der  Farbstoff  aus 
der  Gruppe  ausgewahlt  ist,  die  aus  dem  O-Diani- 
sidin  und  dem  Dicarboxidin  besteht. 

8.  Verfahren  nach  einem  der  vorhergehenden 
45  Anspruche,  dadurch  gekennzeichnet,  daft  das 

Abschreckmittel  Schwefelsaure  ist. 
9.  Materialsatz  zum  Nachweis  von  beta-Lactam- 

Antibiotika  in  Milch,  mit  vorherbestimmten  Men- 
gen  einer  D,D-Carboxypeptidase,  eines  ein  D- 

50  Alanin  mit  endstangem  carboxy  enthaltenden 
Substrats  fur  die  Carboxypeptidase  und  eines 
Reagenssystems,  das  in  Gegenwart  von  D-Alanin 
eine  Farbveranderung  erzeugt,  wobei  die  D,D- 
Carboxypeptidase,  das  ein  D-Alanin  mit  endstan- 

55  digem  Carboxy  enthaltende  Substrat  und  das 
Reagenssystem  in  getrockneter  Form  auf  einem 
festen  Substrat  vorhanden  sind,  das  in  einem 
Schritt  mit  einer  Flussigkeitsprobe  in  Beriihrung 
gebracht  werden  kann. 

so  10.  Materialsatz  nach  Anspruch  9,  dadurch 
gekennzeichnet,  daft  das  in  Gegenwart  von  D- 
Alanin  eine  Farbveranderung  erzeugende  Rea- 
genssystem  D-Aminosaureoxidase,  einen  Cofak- 
tor  fur  D-Aminosaureoxidase,  Peroxidase  und 

65  einen  Farbstoff  enthalt,  der  in  Gegenwart  von 

b.  incubating  said  sample  D,D-carboxypeptid- 
ase  and  substrate  for  a  predetermined  period; 

c.  adding  a  quenching  material  to  terminate  the 
reaction; 

d.  observing  the  color  of  the  reaction  medium, 
characterised  in  that  said  sample,  D,D-carboxy- 
peptidase  and  substrate  are  incubated  simul- 
taneously  in  a  common  reaction  medium. 

2.  A  method  according  to  claim  1  wherein  said 
liquid  sample  is  milk. 

3.  A  method  according  to  claim  1  or  claim  2 
wherein  said  D,D-carboxypeptidase  is  that 
obtained  from  Actinomadura  strain  R39. 

4.  A  method  according  to  any  preceding  claim 
wherein  said  substrate  for  said  D,D-carboxypep- 
tidase  is  selected  from  the  group  consisting  of 
N,N-diacetyi-L-lysyl-D-alanyl-D-alanine  and  N- 
acetyl-L-lysyl-D-alanyl-D-alanine. 

5.  A  method  according  to  any  preceding  claim 
wherein  said  reagent  system  which  produces  a 
color  change  in  the  presence  of  D-alanine  com- 
prises  D-amino  acid  oxidase,  a  cofactor  for  D- 
amino  acid  oxidase,  peroxidase  and  a  dye  which 
changes  from  a  colorless  to  a  colored  species  in 
the  presence  of  peroxide. 

6.  A  method  according  to  claim  5  wherein  said 
cofactor  is  flavin  adenine  dinucleotide. 

7.  A  method  according  to  claim  5  or  claim  6 
wherein  said  dye  is  selected  from  the  group 
consisting  of  O-dianisidine  and  dicarboxidine. 

8.  A  method  according  to  any  preceding  claim 
wherein  said  quenching  material  is  sulfuric  acid. 

9.  A  kit  for  detecting  beta-lactam  antibiotics  in 
milk  comprising  predetermined  amounts  of  a 
D,D-carboxypeptidase,  a  substrate  for  said  car- 
boxypeptidase  containing  a  carboxyterminal  D- 
alanine,  and  a  reagent  system  which  produces  a 
color  change  in  the  presence  of  D-alanine,  said 
D,D-carboxypeptidase,  substrate  containing  a  car- 
boxyterminal  D-alanine  and  reagent  system  being 
present  in  dried  form  on  a  solid  substrate  which 
can  be  contacted  with  a  liquid  sample  in  one  step. 

10.  A  kit  according  to  claim  9  wherein  said 
reagent  system  which  produces  a  color  change  in 
the  presence  of  D-alanine  comprises  D-amino 
acid  oxidase,  a  cofactor  for  D-amino  acid  oxidase, 
peroxidase  and  a  dye  which  changes  from  a 
colorless  to  a  colored  species  in  the  presence  of 
peroxide. 

11.  A  kit  according  to  claim  9  or  claim  10 
wherein  said  solid  substrate  is  a  reaction  vessel 
having  said  dry  reagent  formulation  coated  in 
discrete  areas  on  the  interior  surface  thereof. 

12.  A  kit  according  to  claim  11  wherein  said 
vessel  is  a  glass  or  plastic  tube. 

Patentanspruche 

1.  Verfahren  zum  Nachweis  eines  beta-Lactam- 
Antibiotikums  in  einer  Flussigkeitsprobe,  in  dem 

a.  die  Probe  einer  vorherbestimmten  Menge 
D,D-Carboxypeptidase  eines  ein  D-Alanin  mit 
endstandigem  Carboxy  enthaltenden  Substrats 
fiir  die  D,D-Carboxypeptidase  und  eines  Reagens- 
systems  zugesetzt  wird,  das  in  Gegenwart  von  D- 
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revendications  precedentes,  caracterise  en  ce 
que  le  systeme  de  reactifs,  qui  produit  un  chan- 
gement  de  couleur  en  presence  de  D-alanine, 
comprend  de  la  D-aminoacide  oxydase,  un 

5  cofacteur  pour  la  D-aminoacide  oxydase,  de  la 
peroxydase  et  un  colorant  qui  passe  d'un  etat 
incolore  a  un  etat  colore  en  presence  de 
peroxyde. 

6.  Procede  suivant  la  revendication  5,  caracte- 
w  rise  en  ce  que  le  cofacteur  est  un  dinucleotide 

de  flavine  adenine. 
7.  Procede  suivant  la  revendication  5  ou  la 

revendication  6,  caracterise  en  ce  que  le  colo- 
rant  est  choisi  dans  le  groupe  comprenant  la  o- 

is  dianisidine  et  la  dicarboxidine. 
8.  Procede  suivant  I'une  quelconque  des 

revendications  precedentes,  caracterise  en  ce 
que  la  matiere  d'inactivation  est  I'acide  sulfuri- 
que. 

20  9.  Trousse  pour  deceler  des  antibiotiques  de 
beta-lactame  dans  du  lait,  comprenant  des 
quantites  predetermines  d'une  D,D-carboxy- 
peptidase,  d'un  substrat  pour  cette  carboxypep- 
tidase  contenant  une  D-alanine  a  carboxy  termi- 

25  nal,  et  d'un  systeme  de  reactifs  qui  provoque 
un  changement  de  couleur  en  presence  de  D- 
alanine,  cette  D,D-carboxypeptidase,  ce  substrat 
contenant  une  D-alanine  a  carboxy  terminal  et 
ce  systeme  de  reactifs  etant  presents  sous 

30  forme  sechee  sur  un  substrat  solide  qui  peut 
etre  mis  en  contact  avec  un  echantillon  liquide 
en  une  seule  etape. 

10.  Trousse  suivant  la  revendication  9, 
caracterisee  en  ce  que  le  systeme  des  reactifs 

35  qui  produit  un  changement  de  couleur  en  pre- 
sence  de  D-alanine  comprend  de  la  D-aminoa- 
cide  oxydase,  un  cofacteur  pour  la  D-aminoa- 
cide  oxydase,  de  la  peroxydase  et  un  colorant 
qui  change  d'un  etat  incolore  a  un  etat  colore 

40  en  presence  du  peroxyde. 
11.  Trousse  suivant  la  revendication  9  ou  la 

revendication  10,  caracterise  en  ce  que  le  subs- 
trat  solide  est  constitue  par  un  recipient  de 
reaction  comportant  la  formulation  susdite 

45  anhydre  de  reactifs  en  application  en  zones  dis- 
tinctes  sur  sa  surface  interieure. 

12.  Trousse  suivant  la  revendication  11, 
caracterisee  en  ce  que  ce  recipient  est  un  tube 
en  verre  ou  en  matiere  plastique. 

50 

Peroxid  aus  einem  farblosen  in  einen  farbigen 
Zustand  ubergeht. 

11.  Materialsatz  nach  Anspruch  9  oder  10, 
dadurch  gekennzeichnet,  dalS  das  feste  Substrat 
ein  ReaktionsgefaK  ist,  auf  dessen  Innenwan- 
dung  in  diskreten  Flachen  mit  dem  trockenen 
Reagentienansatz  iiberzogen  ist. 

12.  Materialsatz  nach  Anspruch  11,  dadurch 
gekennzeichnet,  daS  das  GefaG  ein  Glas-  oder 
Kunststoffrohr  ist. 

Revendications 

1.  Procede  de  detection  d'un  antibiotique  de 
beta-lactame  dans  un  echantillon  liquide,  com- 
prenant: 

(a)  I'addition  de  cet  echantillon  a  une  quan- 
tite  predeterminee  de  D,D-carboxypeptidase, 
d'un  substrat  pour  cette  D,D-carboxypeptidase 
contenant  une  D-alanine  a  carboxy  terminal,  et 
d'un  systeme  de  reactifs  qui  produit  un  change- 
ment  de  couleur  en  presence  de  D'alanine,  les 
reactifs,  autres  que  la  D,D-carboxypeptidase, 
etant  presents  en  un  exces  suffisant  pour  ne 
pas  limiter  ou  ralentir  de  facon  appreciable  leur 
reaction  de  production  de  couleur; 

(b)  I'incubation  de  cet  echantillon,  de  la  D,D- 
carboxypeptidase  et  du  substrat  pendant  une 
periode  predeterminee; 

(c)  I'addition  d'une  matiere  d'inactivation 
pour  arreter  la  reaction; 

(d)  ('observation  de  la  couleur  du  milieu  de 
reaction, 

caracterise  en  ce  que  I'echantillon  susdit,  la 
D,D-carboxypeptidase  et  le  substrat  sont 
incubes  simultanement  dans  un  milieu  de  reac- 
tion  commun. 

2.  Procede  suivant  la  revendication  1,  caracte- 
rise  en  ce  que  I'echantillon  liquide  est  du  lait. 

3.  Procede  suivant  la  revendication  1  ou  la 
revendication  2,  caracterise  en  ce  que  la  D,D- 
carboxypeptidase  est  celle  qui  est  obtenue  de 
la  souche  Actinomadura  R39. 

4.  Procede  .  suivant  I'une  quelconque  des 
revendications  precedentes,  caracterise  en  ce 
que  le  substrat  pour  la  D,D-carboxypeptidase 
est  choisi  dans  le  groupe  comprenant  le  N,N- 
diacetyl-L-lysyl-D-alanyl-D-alanine  et  le  N-acetyl- 
L-lysyl-D-alanyl-D-alanine. 

5.  Procede  suivant  I'une  quelconque  des 
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