
EP 0 283 218 B1 Description BRIEF SUMMARY OF THE INVENTION The present
invention relates to a process for the one-step conversion of cephalosporin
C and derivatives thereof to the corresponding 7-aminocephalosporanic acid
(7-ACA) and derivatives comprising treating said cephalosporin C and
derivatives with a cephalosporin C amidase derived from  Arthrobacter
viscosus ATCC 53594, or from any cephalosporin C amidase producing, or
potentially producing descen- dants thereof, or from any expression of the
genetic material of said Arthrobacter viscosus ATCC  53594, or 10  any
cephalosporin C amidase producing, or potentially producing descendants
thereof. Thus, the present invention involves enzymatic cleavage
(deacylation) of the 7-aminoadipoyl sidechain of cephalosporin C. Since the
7-aminoadipoyl sidechain is removed by cleavage of an amide linkage, the
particular enzyme which accomplishes the conversion Is referred to herein
as an amidase. Cephalosporin  C itself is a fermentation product which Is
the starting point for nearly all currently marketed caphalosporins.
However, 15  synthetic manipulation to produce these various commercial
cephalosporins basically starts with  the 7- aminocephalosporanic acid,
which must be derived from the cephalosporin C by cleavage of the 7-
aminoadipoyl sidechain. Currently, the method of choice in the art for
cleaving the 7-aminoadipoyl sidechain is chemical. The basic imino-halide
process requires blocking of  the amino and carboxyl groups on the
7-aminoadipoyl 20  sidechain, and several methods for accomplishing this
are currently used. However, as presently employed, the chemical cleavage
process has serious disadvantages. Among these are the requirements of a
multi- step and complex process, extremely low operating temperatures,
expensive reagents, significant quantities of process by-products resulting
in effluent treatment problems, and purification of a highly impure
starting material before chemical treatment begins. Consequently, there has
been an ongoing search for a 25  microbiological or fermentative process
which would achieve enzymatic deacylation of cephalosporin C to provide
7-aminocephalosporanic acid on a more economic basis than the chemical
process currently in use. However, this search for a successful
microbiological process has largely proved futile. This is a result, as is
made clear in the literature, of the structure, and especially the
stereochemistry, of the aminoadipoyl sidechain of the cephalosporin C
molecule, since penicillin has been successfully deacylated by enzymatic 30
cleavage using penicillin acylase produced by a variety of microorganisms.
Reports of successful one-step enzymatic deacylation of cephalosporin C in
the literature, on the other hand, are often unreproducible or provide only
very marginal yields. Moreover, the isolation of 7-ACA as a reaction
product does  not require that the conversion from cephalosporin C to 7-ACA
proceed by way  of only one enzymatic transformation, i.e., that it be
truly one-step. Other enzymes could possibly transform the cephalosporin  C
into  other 35  compounds which could then be susceptible to cleavage by
cephalosporin C amidase enzyme.  For example, Meiji in Japanese Patent
Publication 53-4093 (see below) described isolation of what they thought to
be cephalosporin C amidase, only to find that the transformation from
cephalosporin C to 7-ACA involved the prior enzymatic conversion of
cephalosporin C to glutaryl-7-ACA by a D- amino acid oxidase. The
intermediate product, glutaryl-7-ACA, was then cleaved by the amidase
enzyme  to produce 7-ACA. 40  See Shibuya et al., Agric. Biol. Chem., 45,
1561-1567 (1981). 



Thus, it was a surprising result to be able to obtain a strain of
Arthrobacter viscosus that could provide significant yields of
7-aminocephalosporanic acid by efficient one-step enzymatic deacylation of
cephalosporin C. Strong evidence that one-step cleavage has been achieved
resides in the one to one molar ratio of the 7-ACA and aminoadipic acid
products isolated from incubation of cephalosporin C with 45 enzyme from
Arthrobacter viscosus, as is described further below. A summary of the
literature which describes these ongoing efforts to achieve enzymatic
cleavage of cephalosporin C is set out below. 50 55 2    EP 0 283 218 B1 1.
One-Step Enzymatic Deacylation:  Ceph C [err] 7-ACA Dev. Ind. Microbial..
5, 349 (1964) U.S. Patent No. 3,239,394 Walton (Merck) 10              Soil
enrichment method     Achromobacter, of screening and sel-
Brevibacterium, ecting for microorgan-     Flavobacterium isms Jap. Pat.
Pub. 53-94093 (1978) Goi et al. (Meiji)                Pseudomonas sp. 20
BN-188 Jap. Pat. Pub. 52-143289 (1977) 25        U.S. Pat. No. 4,141,790
(Meiji)                          Aspergillus sp. Alternaria sp. 30 Jap.
Pat. Pub. 61-21097 (1986) Ichikawa et al. (Asahi)          Pseudomonas Sp.
SE-83 (new species) 40 45 50 55 3 



EP 0 283 218 B1 Fr. Pat. 2,241,557 (1975) (Aries)
Bacillus cereus var. fluorescens Ger. Pat. 3,447,023 (1986) 10(Hoechst) In
the presence of        Bacillus 15           a-keto acids; enzyme
licheniformis is D-amino acid transaminase 20 2.  One-Step Enzymatic
Deacylation:  Penicillin [err]  6-APA Jap. Pat. Pub. 58-190399 25
(Shionogi)                       Bacillis megaterium var. 30
penicilliticum 3. Two-Step Enzymatic Deacylation:  Ceph C [err]    7-ACA 35
U.S. Pat. 3,960,662 Agric, Biol. Chem. 45, 1561-67 (1981) Fuijii et al.
(Toyo Jozo) 40 Deamination with D-amino   Pseudomonas sp. acid oxidase
followed 45           by deacylation 50 55 4    EP 0 283 218 B1 4.
Enzymatic Deacylation:  GL-7-ACA*  [err]  7-ACA 5          Jap. Pat. Pub.
52-128293 (1977) 



53-86094  (1978) (Toyo Jozo)                      Bacillus, Arthrobacter,
10 Alcaliaenes 5.  Enzymatic Deacylation:  Other [err]  7-ACA 15 Process
Biochem.,11. 21 (1976) Fujii et al. (Toyo Jozo) 20 phenylacetyl 7-ADCA
Bacillus [err] 7-ADCA               megaterium 25 U.S. Pat. No. 3,522,250
Kerwin et al. (American Home Products) 30               cephalothin [err]
7-ACA       Escherichia coli 35         Jap. Pat. Pub.. 50-10718.6 (Toyo
Brewing) phenylacetamido 7-ACA      Arthrobacter, derivatives are
Bacillus, deacylated                 Escherichia, Kluyvera, 45
Micrococcus, Nocardia, Proteus. 50
Xanthomonas, 55 5    EP 0 283 218 B1 6.  Enzvmatic Acylation:  7-ACA [err]
Other Jap. Pat. Pub. 54-110394 (Banyu) 7-ACA           cephapirin
Arthrobacter 10 viscosus 



*GL-7-ACA - glutaryl 7-ACA or deaminated ceph C DETAILED DESCRIPTION OF THE
INVENTION 20 In accordance with the present invention there is provided a
process for the one-step conversion of cephalosporin C and derivatives
thereof of the formula: 25 [err] 30
[err] where [err] [err] 40 where R' and R" are independently hydrogen or a
readily removable carboxyl or amino covering group, respectively; or any
7-position sidechain known in the art of cephalosporin antibacterial
compounds; [err]   is -H; 45    [err]   is -H or [err] 50 or [err], where
[err] is -H, -H, or [err] 55 [err] 6    EP 0 283 218 B1 and M    is [err];
-H; alkali metal or other pharmaceutically acceptable salt;
pharmaceutically acceptable ester ; or readily removable carboxyl covering
group; to a  7-aminocephalosporanic acid of the formula: [err] [err]
COMPRISING: treating a compound of Formula I with an enzyme, cephalosporin
C amidase, capable of converting a 20  compound of Formula I to a compound
of Formula 11 in one step; said enzyme CHARACTERIZED  BY having been
derived from Arthrobacter viscosus ATCC 53594, or from any cephalosporin C
amidase producing, or potentially producing descendants thereof, or from
any 



expression of the genetic material of said Arthrobacter viscosus ATCC
53594, or any cephalosporin C amidase producing, or potentially producing
descendants thereof. 25    In accordance with the present invention, there
Is also provided the microorganism Arthrobacter viscosus ATCC 53594, or any
cephalosporin C amidase producing, or potentially producing descendants
thereof. In accordance with the present invention there is further provided
the genome of Arthrobacter viscosus ATCC 53594, or any cephalosporin C
amidase producing, or potentially producing descendants thereof, or 30 any
portions of said genomes capable of expressing said cephalosporin C
amidase. In accordance with the present invention there is still further
provided an enzyrrme, cephalosporin C amidase, capable of converting a
compound of Formula I to a compound of Formula II in one step, said enzyme
characterized by having  been derived from  Arthrobacter viscosus ATCC
53594, or from any cephalosporin C amidase producing, or potentially
producing descendants.thereof,or from any expression 35  of the genetic
material of said Arthrobacter viscosus ATCC 53594, or any cephalosporin C
amidase producing, or potentially producing descendants thereof. With
reference to the compounds of Formula I above, the group [err] defines, in
a preferred embodiment, the moiety 40      [err] 45 which is the
cephalosporin C 7-aminoadipoyl sidechain. Here, both R' and R" are
hydrogen. Since conventional covering groups for both the carboxyl and the
amino groups of this aminoadipoyl sidechain are well known, R' and R" have
also been defined to include readily removable carboxyl  or amino covering
groups, respectively. The expression "readily removable carboxyl or amino
covering groups" means a conventional substitu- 50 ent which takes the
place of the hydrogen of the carboxyl or amino group and thereby prevents
said group from reacting with any reagents employed in any subsequent
synthesis. Such covering of the carboxyl and amino group is often necessary
to prevent unwanted competing reactions Involving said groups from taking
place. Thus, all of these compounds are intermediates. The conventional
covering substituent must also be "readily removable", by which is meant
that it is selectively removable, i.e., It is not likely to be removed 55
during the course of ordinary procedures which are to be carried out on the
cephalosporin nucleus and sidechains, while, on the other hand, it is
likely to be removed by procedures which are not so harsh as to disturb the
basic ring structure of the cephalosporin nucleus or unprotected
substituents thereon. 7    EP 0  283 218 B1 [err] also Includes any
7-position sidechain known in the art of cephalosporin antibacterial
compounds Since the cephalosporin C amidase of the present invention is
capable of recognizing the amide linkage and remaining portion of the
cephalosporin C molecule as a whole, it is contemplated that  other
sidechains known In the art of cephalosporin antibacterial compounds, which
all have that amide linkage and remaining 



portion of the cephalosporin C molecule in common, would not substantially
interfere with the enzymatic cleavage, and would thus be removed in a
manner analogous to the removal of the 7-aminoadipoyl sidechain of
cephalosporin C. Such cleavage of known 7-position sidechains may well be
of value in further derivatization of known cephalosporin antibacterial
compounds. The group [err] is defined to include various substituents
characteristic of typical fermentation products.. 10  e.g., for
cephalosporin C, [err] would be [err] where [err] is 15
[err] It is contemplated that none of the substituents defining [err] would
in any way interfere with the enzymatic action of the cephalosporin C
amidase of the present invention, largely for the reasons discussed above.
Thus, it has been found that, in accordance with the method  of the present
invention, desacetox- 20 ycephalosporin C [err] is converted to
7-aminodesacetoxycephalosporanic acid (7- ADCA) to an extent essentially
equivalent to the conversion of cephalosporin C to  7-aminocephalosporanic
acid (7-ACA). This indicates that the functional group at the 3-position is
not crucial to the binding  of . substrate to the enzyme. The process of
one-step enzymatic conversion of cephalosporin C and derivatives to 7- 26
aminocephalosporanic acid and derivatives with which the present invention
Is concemed may  be schemati- cally represented as follows: 30
[err] [err]                        [err] [err] [err] More particularly, the
conversion of cephalosporin C to 7-aminocephalosporanic acid may  be
illustrated as follows: [err] [err] [err] 46 [err] [err] [err] [err] The
process of the present invention may be carried out in any way which
effectively brings  the 55  cephalosporin C amidase of the present
invention into contact with the compounds of. Formulal  so  that enzymatic
conversion of these compounds to the compounds of Formula .11 can take
place. This is the definition of the term "treating" in Its broadest
context. Ordinarily, it. would be. preferred to employ a cell. free broth
of crude cephalosporin C or derivative as the feed stream and treat it in a
batch-wise fashion with 8   



EP0 283 218 B1 crude cephalosporin C amidase broth. .This approach
realizes. the greatest efficiencies  since it  does  not require any
substantial purification of the reactants initially. Of course
modifications are possible. E.g. the reactants may be purified to  whatever
extent desired before being  brought  into contact with each other. Also,
it would be possible to carry out the process In a continuous manner rather
than batch-wise.The 5 contacting of the reactants themselves may be
modified In various ways in keeping with advances in process technology.
Thus, an. immobilized, enzyme column may be employed for the  cephalospoin
C amidase with the compound of Formula I being passed through the column.
Another example of  such process technology Is that relating to membrane
reactors  Another alternative process for contacting the reactants would be
to culture the Arthrobacter viscosus ATCC 53594 or descendants, in the same
10  fermentation broth used to produce the  cephalosporin C or derivative
reactant. It would  also be possible to modify that fermentation broth once
the cephalosporin C or derivative is produced  and then introduce the
Arthrobacter viscosus ATCC 53594 , or  decendants, culturing  it to produce
the cephalosporin C amidase. This approach, however, is not likely to
provide optimum yields. The preferred method of contacting the reactants is
by way of the immobilized erizyme column described above. 15     Further
below working examples describe the method currently employed to
demonstrate the enzymatic deacylation of cephalosporin C which involves a
preliminary purification of the cephaosporin  C amidase, largelyfor the
purpose of increasing the concentration. of.enzyme  and thus promoting the
production of higher amounts of 7-aminocephalosporanic acid. Consequently,
the working examples would not necessarily be suggestive of methods which
would be ulitized for commercial production. 20     There are techniques
well known in the fermentation art for improving the yields of desired
products .          produced by various strains of  microorganisms. For
example, a given producing strain may be irradiated or exposed to other
stimuli known to greatly increase the ongoing  mutation of the genetic
material of the microorganism. By using a sensitive screen, it is then
possible to select from the many mutations thus produced only those which
result in an. enhanced production of the desired product. In this way, it
is usually 25  possible to continually improve the output of a producing
strain  through its various selected decendants. With regard to the present
invention, similar improvements in output of cephalosponrin C amidase  by
selected descendants of Arthrobacter viscosus ATCC 53594, may be achieved.
A satisfactory screen for this purpose  is the use of high performance
liquid chromatography which can  detect the  enzymatic cleavage products
at. very low concentrations  thus clearly establishing that cephalosporin C
amidase  has- 30  been: produced by  any particular descendant in question.
It is also possible that this selection process  will. provide descendants
which produce a more efficient cephalosporin C amidase, thus giving higher
yields in the enzymatic conversion of cephalosporin C to
7-aminocephalosporanic acid. All such descendants of Arthrobacter viscosus
ATCC 53594, are within the  scope of the present invention, as  are  all of
the  more efficient cephalosporin C amidases just described. 35
Techniques are also now available whereby it is possible to manipulate the
genetic material i.e. the genome of a microorganism whereby  all or
selected portions thereof may be  expressed outside the microorganism,
e.g., In another microorganism  such as E. coli. The use of restriction
endonucleases makes 



it possible to divide up the genetic material of Arthrobacter viscosus ATCC
53594, or cephalosporin C amidase producing, or potentially producing
descendants thereof, and  recombine it with the genetic material 40 of some
other microorganism or living matter in such a way that the genetic
material is expressed, i.e., proteins are assembled pursuant to the
messenger RNA code to produce cephalosporin C amidase. Various introns and
other genetic codes may be involved in this process, as is well understood
in the art. In fact, advances in this technology may be readily adapted to
such expression. For example, it may be possible to employ cell parts and
mRNA, ex vivo, to achieve expression outside of a living system. The basic
purpose 45 of any of the types of expression described above, however,
would be the same:  to increase the amount of cephalosporin C amidase
capable of being produced by the given genetic material of the Arthrobacter
viscosus ATCC 53594, or particular descendant in question. It might also be
possible, though, to change the genetic material so as to produce a more
efficient cephalosporin C amidase in accordance with a specified knowledge
of the overall desired binding characteristics of such an enzyme.
Accordingly, any expression of 50 the genetic material of Arthrobacter
viscosus ATCC 53594, or any cephalosporin C amidase producing, or
potentially producing descendants thereof which produces a cephalosporin C
amidase of the present invention, is within the scope of the present
invention. The expression "cephalosporin C  amidase producing, or
potentially producing descendants" as used herein, simply reflects the fact
that not  all descendants will be cephalosporin C amidase producing and
that 55       these non-producers form no part of the present invention,
but that it is possible, on the other hand that a non-producer has genetic
material which can  be expressed to produce cephalosporin C amidase, but
that expression does not take place because of some other feature encoded
in the genetic material. Such   a descendant is a "potentially producing"
one and clearly does form a part of the present invention.    EP 0283 218
B1 The strain described above has been deposited with the American Type
Culture Collection (ATCC) on 16 March 1987 and has been assigned deposit
number 53594. In order to  demonstrate the enzymatic deacylation of
cephalosporin C to give 7-aminocephalosporanic acid (7-ACA), the general
procedure illustrated below has been followed: Enzyme preparation: slant
culture washed with sterile water to
[err] inoculate liquid seed medium [err] 24  hr  at  [err] inoculate liquid
production medium 20                                                 [err]
41 hr  at  [err] harvest cell suspension and centrifuge to remove  cells 25
concentrate and partially purify activity by fraction- ation with [err]at
60-80% of saturation 



Assa    y of activity:   incubate 0.9 ml enzyme with 0.1 ml 20 mg/ml
cephalosporin C; after 3 hours at[err] 30                       determine
7-ACA by HPLC assay in more particular detail , that general, procedure is
defined as follows: EXAMPLE 1 Preparation and Assay of Cephalosporin C
Amidase Activity from Cultures of Arthrobacter Viscosus Culture Conditions
1. Strain is maintained on CM agar plates or slants of the following
composition: 40 component               g/l 45                   beef
extract            1.5 yeast extract   3.0 casitone                4.0
medium is adjusted to peptone                 6.0  pH 6.4 before glucose
1.0  sterilization soluble starch 20.0 agar                   15.0 10    EP
0283218 B1 2. Reisolated colonies are obtained by streaking on CM plates
followed by incubation for 48 hr at [err]. Isolated colonies are used to
inoculate CM slants (8 ml per 18mm tube) to obtain confluent growth. 3. The
slant cultures are washed with 5 ml sterile distilled water to obtain a
cell suspension. One ml is used to inoculate seed medium (20 ml per 250 ml
Erlenmeyer flask) of the following composition: component             g/l -
- - - - - - -  - beef extract          1.5 10 yeast extract   3.0 casitone
4.0   adjust to pH 7.0 glucose               1.0   before  sterilization 15
soluble  starch 20.0 4. Following Incubation at 30 C for 24 hr on a rotary
shaker (220 rpm), 1 ml of the seed culture is used to 20   inoculate 20 ml
production medium in a 250 ml Erlenmeyer flask (same composition as seed
medium). Incubation on a shaker is continued for 41 hr at 30 C. Enzyme
Recovery 25    1. Cells from production medium are removed by
centrifugation (15000 x g,  15 min at 4 C) and the supernatant fraction is
collected. During  each step of enzyme recovery, the preparation is
maintained at 



0-4 C. 2. The volume of supernatant is measured and solid ammonium sulfate
is added slowly to give 60% of saturation at [err]. After stirring for 15
min, the mixture is allowed to sit for 30 min at [err]. 30    3. The
mixture is centrifuged (15000 x g, 25 min at [err]) and the pellet is
discarded. The volume  of the supematant is measured and the supernatant is
brought  to 80% of saturation by addition of solid ammonium sulfate while
stirring at [err]. After stirring for an additional 15 min, the mixture is
allowed to sit for 1 hr at 0 C. 4. The pellet is collected by
centrifugation for 25 min at 15000 x g at 4 C. The pellet is resuspended in
35    1/20 to 1/50 volume (relative to the original volume of the culture
supernatant) with buffer of the following composition: 50 mM TES/NaOH, pH
7.5 containing 0.1 M  NaCI, 1 mM dithiothreitol, and 5% (w/v) glycerol. If
necessary, the resulting mixture is clarified by brief centrifugation and
the supernatant is filtered through a 0.45 um Nylon-66 membrane before
assay of activity. If activity assays are not performed at the time of
enzyme preparation, the samples may be stored for at least 3 weeks at
[err]. 40 Activity Assay 1. The substrate stock solution is prepared by
dissolving 20 mg potassium cephalosporin C in 1 ml buffer (composition
above) and filtered through a 0.45 um Nylon-66 membrane. 45    2.
Cephalosporin C stock solution (0.1 ml) is added to recovered enzyme (0.9
ml) and the mixture is placed in a water bath at 37 C. Following 3-6 hr
incubation, formation of 7-ACA is monitored by HPLC. The following
chromatography conditions are used: mobile phase   50 mM [err], pH 4.7 flow
rate     2.0 ml/min 50    column        Nucleosil 10 C18 (Machery-Nagel),
0.4 X 25 cm temperature    ambient detector      260 nm sample size    20
ul instrument    Spectra-Physics or equivalent 55     Retention time of
7-ACA standard is ca. 6.0 min under these conditions.    EP 0 283 218 B1
Activity Assays ofRepresentative Preparations 1. Typically, pooled cultures
from flask fermentations are used to give supernatarit volumes of 350-400
2. After concentration 20- to 50-fold using the ammonium  sulfate
procedure described above enzyme preparations produce 9-25 ug/ml 7-ACA in
the reaction mixtures after 3 hr incuC. gher levels are produced with
extended incubation times (up to 6 hr at [err]). 10
TABLE I Comparison of Amidase Activity  in 



Shake Flasks and stirred Jar Fermentations U/[err] Sample No.
Mode               U/ML           (Normalizes) 20 1.              flask
8.9               0 .43 2.              "            24.9           0.50 3.
33.9                                                         0.72 4.
36.4              0.72 14.4              0.29 5.
0.43 6. 7.              stirred jar  33.9               0.72 8.
38.1                0.76 [err] unit is defined as the amount of enzyme that
catalyzes the formation of 1 ug/ml 7-ACA  in 3 hr  at 37 C in the presence
of 2 mg/ml cephalosporin 40  C.  Normalized values  indicate the amount of
enzyme calculated to be present in the original culture supernatant
assuming complete recovery of activity during ammonium sulfate
precipitation. 45 [err] jar fermentations used the same production medium
as flask fermentations  (10  i per  15 50        1 jar). The higher
production levels in the stirred jar fermenter will be noted.It is
anticipated enzyme production in stirred jars would be required for
industrial application of the pres .12    EP 0 283 218 B1 EXAMPLE 2
Desacetoxycephalosporin C (DOAC) 7-Aminodesacetoxycephalosporanic Acid
(7-ADCA) As  already described   above, desacetoxycephalosprin  C  (DOAC)
may be converted  to 7- aminodesacetoxycephalosporanic acid(7-ADCA)using
the enzyme and method of the present invention. This conversion may be
illustrated as follows: [err] [err] 



20  Cephalosporin C amidase,prepared  as described above in Example 1  was
incubated wiuth 2 mg/ml DAOC for 3  hrs at [err].The reaction mixture
required  a pre-chromatography separation  step  using XAD-16[err] (Rohm
and Haas) macroreticular   water-insoluble  cross-linked  adsorbent polymer
to remove  coeiuting contaminants.Chromatography was carried out in
accordance with the procedures described above in Example  1 (except  that
the mobile phase consisted of 1 liter deionized water, 1.88 g hexyl sodium
sulfnate,2.025 ml phosphoric acid, and 25 ml acetonitrile, pH 2.75), and
established that approximately 0.5 to 1.0% of the original DOAC substrate
had been  converted to 7-ADCA. EXAMPLE 3 One-step  Enzymatic  Conversion
of Cephalosporin  C to 7-Aminocephalosporanic Acid:  Direct Measurement In
order to  provide  further evidence that the conversion  of cephalosporin
C to 7-aminocephalosporanic 35  acid: (7-ACA) in accordance with the
present invention is indeed a one-step  process  accomplished by a single
enzyme(cephalosporin C amidase),  cleavage was carried out as described
above in  Example. 1; but in addition to measuring formation of 7-ACA by
HPLC as described in Example 1, the appearance  of the other cleavage
product, aminoadipic acid,  was measured as well. This was done using a
Beckman 6300 High Performance Analyzer. The enzyme was incubated with
cephalosporin C(2 mg/ml final concentration) 40 for 4 hours at [err]. The
results are illustrated In the table of values below. TABLE II
Concentrations of Aminoadipic Acid and 7-ACA Isolated from incubations of
Cephalospodin C with 45 Amidase Enzyme from Arthrobacter viscosus 50 13
EP  283 218 B1 TABLE  II Concentrations  of   Aminoadipic Acid and 7-ACA
Isolated from  Incubations of Cephalosporin C with Amidase Enzyme from
Arthrobacter  viscosus 10                            Aminoadipic
Moles Acid           7-ACA       aminoadipic    acid Sample No.
ug/ml           ug/ml          moles  7-ACA 1            22             30
1.2 2                 19             29-42*              1.1-0.7* 20 *
The  7-ACA analysis  on this sample was performed on very dilute solutions
making the confidence level       for  7-ACA quantification lower than the
25 



other sample. 30  The one to one molar ratio of isolated products is good
evidence for a one-step conversion of cephalosporin C to 7-ACA by the
amidase enzyme. Claims 7-aminocephaloporanic acid and derivatives
comprising treating said  cephalosporin C and and derivatives with a
cephalosporin C amidase   derived from   Arthrobacter viscosus   ATCC 53594
,or from any cephalosporin C amidase producing , or   potentially producing
descendants thereof. 40 2. A process for the one-step conversion of
cephalosporin C and derivatives thereof of the  formula 2 [err] 50 where R1
is [err] [err] [err]    EP 0 283 218 B1 *    C    L     M  S * -TABLE  II
Concentrations  of  Aminoadipic Acid  and  7-ACA  Isolated from Incubations
of Cephalosporin C with Amidase Enzyme from Arthrobacter viscosus
Aminoadipic                              Moles Acid             7-ACA
aminoadipic acid Sample No.    ug/ml                        ug/ml
moles 7-ACA 15 1                   22               30                   1.
2 2                   19               29-42*               1.1-0.7* *
The 7-ACA analysis on this sample was performed on very dilute solutions
making the confidence 25               level for 7-ACA quantification lower
than the other sample. 30     The one to one molar ratio of isolated
products is good evidence for a one-step conversion of cephalosporin C to
7-ACA by the amidase enzyme. Claims 35  1. A process for the one-step
conversion of cephalosporin C and derivatives thereof to the corresponding 



7-aminocephalosporanic acid and derivatives comprising treating said
cephalosporin C and derivatives with a cephalosporin C amidase derived from
Arthrobacter viscosus ATCC 53594, or from any cephalosporin C amidase
producing, or potentially producing descendants thereof. 40 2. A process
for the one-step conversion of cephalosporin C and derivatives thereof of
the formula: [err] [err] 45 [err] 50 where [err]   is 55
[err] 1 4    EP 0 283 218 B1               *  C  L   M  S  * [err] [err]
[err] [err] [err] 15 and M    is [err]; -H  alkali  metal  or  other
pharmaceutically acceptable  salt; pharmaceutically  acceptable ester; or
readily removable carboxyl covering group: to a 7-aminocephalosporanic acid
of the formula: 20 30     COMPRISING: treating a compound of Formula I with
an enzyme, cephalosporin C amidase, capable  of  converting a compound of
Formula I to a compound of Formula II in one step; said. enzyme
CHARACTERIZED BY. having been derived from  Artthrobacter viscosus ATCC
53594,or from any cephalosporin C amidase producing,  or potentially
producing descendants thereof. A process according to Claim 2 wherein: the
compound of Formula  is  cephalosprin C and the compound of Formula II is
7-aminocephalosporanic acid. 4.  The microorganism Arthrobacter viscosus
ATCC 53594, or any cephalosporin C amidase producing, or 40    potentially
producing descendants thereof. 5. Arthrobacter viscosus ATCC 53594.
Patentansprflche 



48 1. Vertahren zur einstullgen Umwandlung von Cephalosporin C und
Deuivaten davon in die entsprechende 7-Aminocephalosporanstiure und
Derivate, urmfassend die Behandlung des Cephatosporins C und der Derivate
mit elner Cephalosporin-C-Amidase, abgeleitet von Arthrobacter viscosus
ATCC 53594 oder von bellebigen, Cephalosporin-C-Amidase bildenden oder
polentiell bildenden Abkdmmlingen davon. s0 .55~~~~~~~~~~~~~~~~~~    EP. O
283 218.B131                       cl 1Ll II11!DID ..      . .    .
.)    .   .                                        . 4 , .       :2.
Ver'ahrn zur einstufgejn*Umwandlung von Cephaiosporin C und Derivaton
davoirl ;;,,,-m. . .   . .....  ....... ee'~~~- >r
'' R .;,;:~~~~~ ~ 10                                        *           :
. -hi der 15 HO2C-CH(CH2) 3C- ;. I
~~~~~~~~NH2 - 0 i20 R2   -H; R3   -H odor 0 25 -OCCH3 oder CH2R4 ist, wobel
-   30      i4   -H. -OH odor -OCNH2 36
~~~~~~~~~~0 .st, und M     ,H. Alkalimetall odor sin anderes pharmazeutisch
annehmbares Salz, ein pharmazeudsch annehmbarer Eister odor sine Ielcht
entlembare, eine Carboxylgruppe, sch~tzende (covering) 40
Gruppe ist, in .ene 7-Amino-cephalosporansdure der Foffnel 'H ~  ~      ~
~      ' N 2 50~~~~~~~~ umnfassend die Behandlung elner Verbindlung der
Forrnel I mit einemn Enzym, gephalosporip-C- 



Amkclase, dlas in der Lag. ist, sine Verbindung der Formel I in elner Stufe
in eins Verbindung der Formnel II umzuwandeln, wobel dlas Enzym dadurch
geltennzelchnet 1st, daB es .abgeleltet ist. von 55 Arthrobacter viscosus
ATCC 53594 odor von. beliebigen, Cephalospotin-G-Amidase .bildenden odor
potentiell bildenden Abkdmmlingen dlavonm :16    EP O 283 218 B1    .
!IllJ  11111311 li II II: 3  VerFahren nach Anspruch 2, wobei die
.Verbindung der Formel I Cephalosporin C';und die :erbindwig der Formel 11
7-Aminocephalosporansdure !st. 4. Mikroorganismus Arthrobacter viscosus
ATCC 53594 oder beliebige Cephalosporin-7Amid~ajse bildende 5      odor
potentiell bildende Abkdmmilnge devon. 6, Arthrobacter viscosus ATCC 53594.
Revendlcatlons 10 1. Proc6d6 de transformation en une etape de
cephalosporine C et de ses defives pour donner l'acide 7-
aminoc6phalosporanique correspondant et ses derives, dans loquel on traite
laditeoc6phalosporioe iC et ses ddriv6s avec une cephalosporlne C amidase
d~rivee d'Arthrobacter viscosus ATCC 03594,. ou de. n'limporte lequel de
ses descendants producteur ou potentieliment pFrducteur do *~phaiosporine C
1s     amidase. 2. Proc~d6 de transformation en une etape de c~phalosporine
C et de ses.ddriv6s de formule 20
R2 I 25                                             (I.)   COOK dans
laquelle R'   represente 30 H  02C-CH(CHC2)3.. -. 2  l     2 3
i , 2 35 R2   represente -H; R3   represente -H, 40
0 -O&H2 45             ou CH2R4, R4   represente -H, -OH, ou 0 



so~~~~~~~~ 50    .                                          -CH et 55
M    reprdsente e; -H; un m6tal alcalin ou un autre sel pharmacoutiquement
acceptable un ester pharmaceutiquement acceptable ; ou un groupe protecteur
de carboxyle facile a enlever; en un acide 7-aminoc~phalosporanique
de'fonnule: 17    EP 0 283.218 B1 0 osd do:forMule I avo:.une enzyme.
Iarc6ph on tramte un COM dO         Ien un compos6 de formula lienp one
U6taPO; trans ormer un comPoS6                         d*ved'Athrbc
As@s1AC                  -C ladie ezyme6tat caract~ris~e on co qu'eile est
drvedAtrbCo  icsSAO   39.o do. Onmpoft lecluel do. ses doesncflanfts
producteur Cu potentiletmftrd(u  ecphOSrflC -5 amidase. 15'l -a  Proc~d6
selon la revendication 2, dans.loquel le compos4 do formule I   Ist
la'cephalosfporC et'bo compose de formule .11 eAt I'acide
7-aminoc6phalosporanique. 20 4w MicroorgaflSme Arirobacter viscosus ATCC
53594, ou n'impofte lequel do ses, descenidiants produc- teur ou
potentelldrdphalospone C amidase. s. Arthrobacter viscosus ATCC 53594, 25
Z~~~~~~~~~~~~~~~~~~~~~ 30 -.5 40 45 55 -18    


