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Claim
y~Glutamyltranspeptidase (y-GTP) obtained by

fermentation of Pseudomonas putida ATCC 17390 and/or
Pseudomonas aeruginosa NCTC 10701 and/or Proteus vulgaris
ATC 9634 and/cr Arthrobacter parafineus ATCC 31917 and/or
Pseudomonas fragi DSM 3881 and/or Bacillus subtilis IFO 3025

having a molecular weight range of 20,000 to 60,000, an
isoelectric point of pH 5.0 to 6.5, a pH optimum of 6.5 to
10 with L-y~glutamyl paranitroanilide as substrate, a K of
9 to 36 uM at pH 8 and the ability to hydrolyze adipinyl- or
glutaryl-monoamino- c¢ompounds by fermentation of bacteria.

2.

according fo «¢claim 1 which compriges cultivation of
Pseudomonas putida ATCC 17390 and/or Pseudomonas aeruginosa 4
NCTC 10701 and/or Proteus vulgaris ATC 9634 and/or :
Arthrobactetr parafineus ATCC 31917 andsor Pseudomonas fragi
BSM 3881 And/or Bacillus subtilis IFO 3025 in a nutrient
medium to elicit production of said y~GTP followed by
igolation of said y~GTP.

o Toon

A process for the preparation of the y-GTP
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vy-Glutamyltranspeptidase, its preparation and its

use in animal tissues and in microorganisms,
vy-glutamyltranspeptidases (y-GTP hereinafter) play an
important part in amino acid metabolism and in the
glutathione cycle [Meth. Enzymol. 77, 237 (1981)]). They are
responsible for the transport of various amino acids in the
form of their y-glutamyl derivatives, for the formation of
polyglutamic acid in Bacilli and for the breakdown of
glutathione (y-glutamyl-cysteinyl-glycine).

It has now been found, surprisingly, that some
micro-organisms synthesize y-GTP with the aid of which it is
possible, apart from the abovementioned reactions, to
hydrolyze adipinyl- or dglutaryl-monoamino compounds as well.

Hence the invention relates to 1. A
vy—glutamyltranspeptidase (y-GTP) which can be obtained by
fermentation of bacteria and, furthermore, has the following
characteristics - a molecular weight of 20,000 to 60,000 -
an isoelectric point of pH 5.0 to 6.5 - a pH optimum of 6.5
to 10 with -~ L-glutamyl p-nitreanilide as substrate a K of
9 to 36 yM at pH 8, and the ability to hydrolyze adipinyl-
or flutaryl- monoamino compounds by fermentation of
bacteria. 2. The process for the preparation of the y-GTP
defined under 1, which comprises cultivation of bacteria in ;
a nutrient medium until the enzyme accunulates followed by
isolation of y-GTP from bactetia. 3. The use of the y=GTP
defined under 1 for the enzymatic hydrolysis of adipinyl-or
flutaryl-monoamino compounds.

The inventien, especially its preferred
embodiments, is described in detail hereinafter. The
invention is also defined in the patent claims.
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The y-glutamyltranspeptidase (y-GTP) according to the
invention catalyzes the hydrolysis of glutaryl- or
adipinyl-monoamino compounds, for example those of the

general formula

1 2

R —(CH2)3-%-NH-R
in which R1 denotes a carboxyl, a carboxycarbonyl
ﬁ
(-C~-COOH) or a carboxymethyl group, and R2 denotes resi-
dues of amino acids, dipeptides, cephems, cephams or
derivatives thereof, to give the corresponding acid and
the monoamino compound. 7-Aminocephalosporanic acid
derivatives are preferably used as substrate, in par-
ticutar a-keto-adipinyl- or glutaryl-7-aminocephalo-
sporanic acid.

The enzyme product is found in the periplasmic space of
microorganisms and may be characterized by a molecular
weight of 20,000 to 60,000, preferably 23,000 to 40,000,

An:particutar 30,000 t0:35,000, -and -by-an .isoelectric

point which is at a pH of 5.0 to 6.5, preferably 5.7 to
6.1. The pH optimum of the enzyme product is in the pH
range 6.5 to 10 with L~y-glutamyl paranitroanilide as
substrate. The Ky, of the transpeptidase according to
the invention for the same substrate is 9 to 36 UM, pre-
ferably 15 to 20 uM, in particular 8.1 uM, at pH 8.

The Y~GTP according to the invention is irreversibly in-
hibited in the presence of azaserine or iodoacetamide.
The enzyme is found to be reversibly inhibited in the
presence of copper, mercury and a mixture of serine and
borate, as well as in the presence of 7-~aminocephalo-
sporanic acid.

The preparation is carried out with the aid of micro~
organisms. Screening revealed bacteria, in particular

the genera Pseudomonas, Proteus, Arthrobacter and Bacillus,
which provide good yields of the y~GTP according to the
iavention; suitable and preferred examples are:
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Pseudomonas putida ATCC 17390, Pseudomonas
aeruginosa NCTC 10701, Proteus vulgaris ATCC 9634,
Arthrobacter parafineus ATCC 31917 and Pseudomonas fragi DSM
3881 and Bacillus subtilis IFO 3025. The enzyme is
particularly preferably obtained from pseudomonas fragi DSM
3881. Mutants and variants of the said microorganisms are
also suitable. All these microorganisms are reasonably
available to the public from the depository institutions at
which they are deposited.

The microorganisms are cultured aerobically, singly
or in mixed cultures, for example submerged with shaking or
stirring in shaken flasks or fermenters, where appropriate
with the introduction of air or oxygen. The fermentation
can be carried out in a temperature range of about 20 to
37°C, preferably at about 25 to 30°C, in particular at 28 to
30°C. Fermentation is carried out in a pH range between 5
and 8.5, preferably between 5.5 and 8.0. Under these
conditions, detectable accumulation of the enzymes in the
culture broth is generally found after 1 to 3 days. The
synthesis of y-GTP starts in the late log phase and reaches
its maximum in the stationary phase of growth. The
production of the periplasmic enzyme can be followed with
the aid of activity assays by HPLC analysis or photometry.

The nutrient selution used for the production of
y-GTP contains 0.2 to 5%, preferably 0.5 to 2%, or organic
nitrogen compounds, as well as inorganiec salts. Suitable
organic nitrogen compounds are: amino acids, peptones, also
meat extracts, ground seeds, for example of corn, wheat,
beans, soybean or the cotton plant, distillation residues
from the production of alcohol, meat meals or yeast
extracts. Examples of inorganic salts which the nutrient
solution may contain are chlorides, carbonates, sulfates or
phosphates of the alkali metals or alkaline earth metals,
iton, zine and manganese, as well as ammonium salts and
nitrates.
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Addition of assimilable carbohydrates increases the

yield of biomass.
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Carbohydrates are also added in the
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abovementioned concentrations. Examples of preferred
sources of carbon which can be added to the nutrient
solution are sugars, such as glucose or sucrose, as well
as carbohydrate-containing natural products, such as malt
5 extract.

Although the optimum fermentation conditions differ for
each microorganism, they are either already known to the
expert or can be established in simple preliminary tests.
10
Purification can be carried out by classical processes
via Lysozyme digestion, ammonium sulfate precipitation
and ion exchange and gel permeation chromatography. The
enzyme can be coupled by conventional methods (Colowick
15 and Kaplan, Meth. Enzymol., vol. XLIV).

It is possible to use for the enzymatic reaction not only
whole cells in free or immobilized form, with the ad-
dition of B-lLactamase inactivators, for example clavu-

.20 ..lanic..acid..or -thienamycin, but -atso-theisol'ated enzyme

product, which can alsc be carrier-bound. Examples of
suitable materials for the immobilization of whole cells
are chitosan, alginate, x-carrageenan, polyacrylohydra-
zides and other known substances from processes known

25 from the literature (K. Venkatsubramanian, Immob. Cells
(1979), ACS Symposium Series, p. 106).

The y-GTP according to the invention has industrial im-
portance, especially for obtaining 7-aminocephalospordnitc

30 acid from cephalosporin C, in particular since disclosure
of a yeast, namely Trigonopsis variabilis (German Offer-
legungsschrift 2,219,454) with whose aid it is possible
to produce high yields of glutaryl~7-aminocephalosporanic
acid from cephalosporin €. This compound can now be hy-

35 drolyzed with y-gLutamyltranspeptidase to give good yields
of 7-aminocephalosporanic acid. This closes a gap in the
enzymatic breakdown of cephalosporin € te 7-aminocephalo-
sporanic acid, which is industrially important for the
semisynthetic cephalosporins.
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A further description of the invention is given in the
indicated, per-

examples which follow. Unless otherwise

centage data relate, as they do in the previous descrip-
tion, to weight.
Example 1

The Y-GTP-producing microorganism strains are maintained

on agar slants of the following composition:

Glucose 1 )4
Casein-peptone 0.4 %
Meat extract 0.4 %
Yeast extract 0.05%
Liver extract 0.05%
NaCl 0.25%

pH 7.2
The slants are 28°C for 2 days.

mL of physiological saline,

incubated at The cells
are then rinsed off with 10
and 1 ml of this suspension is used to inoculate a 50 ml
.composition in a 300 mlL cap-

acity Erlenmeyer flask:

Peptone 1 %
Malt extract 0.5 %
pH 7.0

The flask is incubated at 30°C in a rotary shaker at
190 rpm for 24 hours. 2.5 mlL of this culture are used to

inoculate 50 ml Qf main culture:

A) Gram-negative bacteria B) Bacilli
Peptone 1 4 Peptone 0.12 %
Meat extract 0.5 % Yeast extract 0.12 %
NaClL 0.5 % Glucdse 0.25 %
KH2PO4 0.1 % Na lactate (60%) 5.6 ml
KaHPO, 0.1 % NH4CL 0.2 %
MgSO04X7H20 0.05% KaHPO, 0.12 %
pH 7.0 KHaPO, 0.034 %
MgSO0, x 7 Hp0 0.025 %
NaCt 0.5 %
KCL 0.5 2
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B) Bacilli

CaClp x 2 Hp0 0.0015 %
MnCly x & H»0 0.0007 %
Fe(NHg)citrate 0.00015 %

The culture is incubated at 28°C, shaking at 190 rpm,
for 24 hours and is then harvested by centrifugation.

Y-GTP activities for some strains are Listed in the
table below:

Strain Y-GTP (mU/ml culture solution)
Ps. putida ATCC 17390 13

Ps. aeruginosa NCTC 10701 11

Proteus vulgaris ATCC 9634 26

Arthrobacter parafineus

ATCC 31917

Ps. fragi DSM 3881 37

B. subtilis IFO 3025 31

Example 2

A preculture of Ps. fragi DSM 3881 is cultured in analogy
to Example 1. 50 mL of this culture are used to inocu-

Late 2 L of main culture solution in a 5 L fermenter.
The strain is cultured at 28°C under an oxygen partial
pressure of 70%. The y-~GTP production is followed by
photometry, and the culture is harvested at the maximunm
enzyme titer. Under the said conditions, a y-GTP titer

of 50 mU/ml of culture solution is reached.
Example 3

1 g of the cells obtained as in Example 2 is mixed with
2 ml of digestion buffer of the following composition:
20 mM TRIS

10 mM EDTA pH 7.6

12 mM MgS04 x 7THR0

.
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After preparation of the suspension, the following ad-
ditions are made:
Lysozyme: 0.8 mg/ml
DNAse: 10 mg/mL, 30 ul of this in 1 mlL of suspension.

The mixture is incubated at room temperature for 15 min-
utes. The Lyzed cells are spun down at 30,000 xg. A 2%
strength protamine sulfate solution is mixed, in a amount
of 20% by volume, with the supernatant. The precipitate
10 is removed by centrifugation and discarded. The super-
natant is subjected to fractional precipitation with ammo-
nium sulfate (50-80% saturation). The pellet is taken up,
again, in 1/20 of the original volume, in 0.1 M citrate
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buffer, pH 5.0.

carried out,

against 20 mM citrate buffer, pH 5.0.
applied to a carboxymethylcellulose column.

The retentate
6 ml of CM-

A heat treatment (1 h, 37°C) is then
followed by centrifugation and dialysis

is

celtluloese 52 from Whatman are used for each mL of enzyme

solution. The eluent used is 20 mM citrate buffer, pH

5.0, with -a- Uinear .sodium chloride~gradient (0 to 0.5 M).

The active fractions (HPLC assay) are dialyzed against

10 mM TRIS buffer, pH 8.0, and further purified on a DEAE-
cellutose cotumn (DE 52, Whatman).

(0 to 0.3 M).

The eluent used is
20 mM TRIS buffer, pH 8.0, with a Linear NaCl gradient

The fraction with the highest activity (photometer assay)

is used for subseguent investigations.

Example &

W e SR

1 mL of an enzyme product prepared as in Example 3 is con-
centrated 5:1 and applied to a column of crossliinked

35 4&garose 6:§uperose 12, Pharmacia). The mobile phase used
is 50 mM potassium phosphate buffer, pH 7.0, containing
0.15 M NaclL. The pumping rate is 0.3 mt per minute. The
Yy=glutamyltranspeptidase is eluted with 15.4 mL of buffer.
It can be detected using L-~y=-glutamyl p-NOp-~anilide and
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the cleavage of glutaryl-7-aminocephalosporanic acid to
7-aminocephalosporanic acid. The molecular weight range
of the y-GTP corresponds to 30,000 - 35,000.

Example 5

Biomass prepared as in Example 2 is worked up in analogy
to Exampte 3, up to and including the heat treatment.
Dialysis against 20 mM potassium phosphate buffer, pH
5.5, is then carried out. Carboxymethylce‘lulose (CM 52
from Whatman) is added to the retentate until the super-
natant is lactamase-free. Dialysis against 10 mM TRIS,
pH 8.0, is followed by chromatography on a DEAE~cellulose
cotumn (PE 52, Whatman) with four times the volume. The
eltuant used is 20 mM TRIS buffer, pH 8.0, plus a Llinear
gradient of 0.1 M NaCl. The active fractions are found
using the photometer assay, and then the enzyme 1is pre-
cipitated with 80% ammonium sulfate. The pellet is taken
up in 50 mM potassium phosphate buffer, pH 7.0, and 0.15 M
NaCi “concentrated 25:1). -

Further purification is carried out on a column packed
with & copolymer of dextran and acryltamide &Ekephacryl,
Pharmacia). The column used for 3.5 mlL of concentrate
has the dimensions 2.5 x 82 cm. The eluting buffer is
50 mM potassium phosphate buffer, pH 7.0. The active
fractions found using the HPLC assay are concentrated
with ammonium sulfate. The pellet is taken up in 20 mM
potassium phosphate buffer, pH 6.0.

Examplte 6

The following mixture is chosen for preparative reaction
of glutaryl-7-aminocephalosporanic acid:

100 ul of enzyme concentrate prepared as in Example 3, and
100 ul of 40 mM glutaryl-7-aminocephalosporanic acid,
dissolved in 20 mM potassium phosphate buffer, pH 6.0,
incubating at a temperature of 33%.
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Atiquots are removed every hour and examined by HPLC for

the production of 7-aminocephalosporanic acid. 52% of

the mixture has reacted after about 2.5 hours. Increasing
the pH stepwise to 7.0 results in a maximum reaction of
70% after a total of 8 hours.

Example 7

Determination of y-GTP activity

a)

b)

HPLC assay

50 ul of 80 mM glutaryl-7-aminocephalosporanic acid
are mixed with 100 to 140 ul of 250 mM potassium
phosphate buffer, pH 5.0, and 10 to 50 ul of enzyme
sotution, and the mixture is incubated at 33%C

20 ul samples are taken every 10 minutes. The re-
action is stopped with 20 ut of methanol. Centri-
fugation and dilution in the ratio of 1:10 with water
are carried out. A 10 ul sample is examined by HPLC
for the 7-aminocephalosporanic acid content.

.Stationary phase:. .C-18-silica gel

Mobile phase: KHpPO4, 50 mM in Hy0, MeOH (80:20)
+ 0.001% tetrabutylammonium suifate
Photometric assay
600 ul of L=-y-glutamyl p-nitroanilide (166 uM)
300 Ll of potassium phosphate buffer, pH 5.7, 50 mM and
100 ul of culture solution are mixed together and
incubated at 37%c.

1
€405 = 9620 mol.cm
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. vy-Glutamyltranspeptidase {vy-GTP) obtained by
fermentation of Pseudomonas putida ATCC 17390 and/or
Pseudomonas aeruginosa NCTC 10701 and/or Proteus vulgaris
ATC 9634 and/or Arthrobacter parafineus ATCC 31917 and/or

Pseudomonas fragi DSM 3881 and/or Bacillus subtilis IFO 3025
having a molecular weight range of 20,000 to 60,000, an
isoelectric point of pH 5.0 to 6.5, a pH optimum of 6.5 to
10 with L-y-glutamyl paranitroanilide as substrate, a K of
9 to 36 uM at pH 8 and the ability to hydrolyze adipinyl- or
glutaryl-moncamino- compounds by fermentation of bacteria.

2. A process for the preparation ef the y-GTP
according to «claim 1 which comprises cultivation of
Pseudomonas putida ATCC 17390 and/or Ps¢udomonas aeruginosa
NCTC 10701 and/or Proteus 'vulgaris ATC 9634 and/or
Arthrobacter parafineus ATCC 31917 and/or Pseudomonas fragi
DSM 3881 and/or Bacillus subtilis IFO 3025 in a nutrient
medium to elicit production of said y-GTP followed by
isolation of said y-GTP.

3. The process as claimed in claim 2 wherein the
fermentation is carried out in a temperature range from 20
to 37°C.

4. The process as claimed in claim 2 or 3 wherein the
fermentation is carried out in a temperature range from 25
to 30°C.

5. The process as claimed in one or more of claims 2
to 4 wherein the fermentation is carried out at a pH of 5 to
8.5.
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6. The use of the y-GT? as claimed in claim 1 or of
the y-GTP ebtained as claimed in any one of claims 2 to 5
for the enzymatic hydrolysis of adipinyl- or glutaryl-
monoamino compounds.

7. The use of the y-GTP as claimed in claim 1, or of
the y-GTP obtained according to an' &ne of claims 1 to 5 for

the enzymatic hydrolysis of «-keto-adipinyl- or glutaryl-7-
aminocephalosporanic acid.

DATED this 12th day of December, 1990.

HOECHST AKTIENGESELLSCHAFT

WATERMARK PATENT &
TRADE MARK ATTORNEYS
'"THE ATRIUM’, 2ND FLOOR
290 BURWOOD ROAR
HAWTHORN  VIC. 3127
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