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COMMONWEALTH OF AUSTRALIA
Patents Act

DECLARATION ¥OR A PATENT APPLICATION

In support of the Convention application made by

IMPERIAL CHEMICAL INDUSTRIES PLC

(hereinafter called "applicants") for a patent for an invention entitled:

PROCESS FOR THE DECOMPOSITION OF ACRYLAMIDE

I, ALAN BRYAN BECK
Officer duly appointed, of Imperial Chemical House, Millbank, London,
SW1P 3JF England

do solemnly and sincerely declare as follows:

L.

2,

I am authorised to made this declaration on behalf of the applicant.

Mark Andrev' CARVER and John HINTON both of PO Box 1, Billingham, Cleveland,
England

are the actual inventors of the invention and the facts upon which the
applicant is entitled to make the application is as follows:

Applicant 1s the assignee of the said invention from the actual
lnventors

The basic application for patent or similar protection on which the
application 1s based is identified by country, filing date, and basic
applicant as follows:

Filed in United Kingdom on 16/12/86 appln 8630012

by IMPERIAL CHEMICAL INDUSTRIES PLC

The basic application referred to in paragraph 3 hereof was the
first application made in a Convention country in respect of the
invention the subject of the application.

Declared at Welwyn Garden City,
Herts, England,
Dated 4 December 1987

IMPERIAL CHEMICAL INDUSTRIES PLC

Yo 751 oo

Attornay

Toe: The Commissioner of Patents
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(87) Claim

1. A method for the production of an amidase enzyme of
increased activity wherein microbial «cells or extracts
containing the enzyrie are heated to a temperature in the range
40° to 80°C for a sufficient period and under such conditions
that a significant increase in amidase activity is induced,

8. A process for the decomposition of acrylamide in a
medium containing it in which the medium is contacted with an
enzyme capable of degomposing acrylamide under conditions
| s.itable for the enzyme to decompose the acrylamide wherein
the enzyme is an amidase enzyme which has been heated to a
| ’ temperature in the range 40° to 80°C for a sufficient period
under suitable conditions to increase the activity of the
eNzZyme.

1. A process for the production of acrylic acid or a
salt or ester theyeof in which a medium containing acrylamid
is rontacted with an enzyme capable of decomposinry achIamide
Yo acrylic acid under conditions suitable for the enzyme tj
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decompose the acrylamide to acrylic acid or a salt or ester
thereof wherein the enzyme is an amidase enzyme which has been
heated to a temperature in the range 40° to 80°C for a
sufficient period under suitable conditions to increase the
activity of the enzyme.
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"~ Such treatments increase cost of manufacture and reduce the

Process for the decomposition of acrylamide

This invention relates to a process for the

decomposition of acrylamide, to a wethod for the production of the
enzyme amidase (acylamide amidohydrolase EC No. 3-5-1-4) used in

the decomposition of acrylamide and to a process for the

production of acrylic acid or a salt or ester thereof by

decomposition of acrylamide.

Polyacrylamide polymere, i.e. homo~ and heteﬁo- polymers
of acrylamide, are widely used as flocculants i: thé potable watér
industry, sewage treatment, paper manufacture and mining. However
their utility is restricted and they cannot for instance be used
in connection with foodstuffs because they are generally |
contaminated ﬁith unreacted acrylamide monomer which is a

cumulative neurotoxin and a carcinogen. At present polyacryl-

amides are generally allowed in USA to contain up to 500 ppm of

unreacted acrylamide and thig limit is likely to be introduced

elsewhere. This level of unreacted monomer can be achieved by use

of longer‘polymerisation times and by a "heat treating” process. /

efficiency of the polymers produced by causing branching in these
polymers; Linear polymers have a higher flocculation efficiency“
and are preferréd.‘ There is a need for a reliable process for
reducing the level of unreacted monomer in polyacrylamides without
damage to the polymer to 500 ppm and preferably to even lower
levels (5-10 ppm or lower). If the unreacted monomer present
coizid be reduced reliably to very low levels (155 ppm or less)
polyacrylamides could be considered for uses from which they are

presently excluded, e.g. in the manufacture of food contact

materials or in direct contact with feod.

Japanese Patent Publication No. 79011389 (correéponding
to Japanese kokai No. 53086078) discloses a process for the
decomposition of acrylamide moncmer, e.g. in waste water or in
polyacrylamides by contacting with an intracellular enzyme of
Brevibacterium ammoniogenes preferably of strains ATCC 1641, ATAC

6871 and ATCC 6872, However, despite bteing known for a number of

TR s R S

Sy P

T g




A

[ ]
([ F XN NY]
N .

10

15

20

25

30

35

2 B 34139
years, this process does not appear to have been used commercially

to any significant extent. Moreover Brevibacterium ammoniogenes

enzyme works poorly in polyacrylamide latex systems.
It is desirable that amidase enzymes having increased
activity should become readily évailable commercially.

According to the present‘invéntion we provide a method
for the production of an amidase enzyme of increased activity
wherein microbial cells or extracts containing the enzyme are
heated to a temperature in the range 40° to 80°C for a sufficient
period and under such conditicns that a significant inCrease in

amidase activity is indnced. Microbial cells and extracts having

increased amidase activity produced by the method of the invention

are also included in the scope of the invention,
Further according to the invention we provide a process

for the decomposition of acrylamide in a medium containing it in

.which the medium 1s contacted with an enzyme capable of

decomposing acrylamide under conditions suitable for the enzyme to
decompose the acrylamide wherein the enzyme is an amidase enzyme

which has been heated to a temperature in the range 40° to‘80°C

" for a sufficient period under suitable conditions to increase the

activity of the enzyme.

Further according to the invention we provide a process
for the production of acrylic acid or a salt or ester thereof in
which a medium containing acrylamide is contacted with an enzyme
capable of decomposing acrylamide to acrylic acid under conditions
suitable for the enzyme to decompvse the acrylamide to acrylic
acid:or‘a‘salt or ester thereof wherein the enzyme is an amidase
enzyme which hés been hoated to a temperature in the range 40° to
80°C for a sufficient period under suitable conditions to increase
the activity of the enzyme.

Amidases ara parc of the nitrogen assimilation apparatus
of many cells grown under COnditions-where‘the sole source of
nitrogen is an aliphatic amide.

Thus the metabolic role of amidase is to release ammonia
from said amide, e.g. by the following reactlon:-
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§ :
CH3-C~NH2 + HZO ----- > CH3~C—OH + NH3

The ammonia released is then assimilated into protein
biosynthesis, The aliphatic acid produced may or may not be
assimilated dependent upon the microorganism type.

Amidases can also catalyse the conversion of acrylamide
to acrylic acid by the following reaction:-

CHy = CH]?_NHZ + HpQ ==——= > CHy = CH - ﬁ - OH + NHg
0 0

In the presence of appropriate salts or alcohols the
acrylic uzcid produced can be converted to its salt or ester.

The decomposition process of the ipvention can be used
to decompose acrylamide in any medium in which it occurs. It is
particularly useful for decomposing unreacted acrylamide present
in polyacrylamide polymers and acrylamide present in waste waters,
e.g. waste water from a process for the production of. polyacryl-
amides. Polyacrylamides are produced as polymers of three types
i.e. solution, dry and suspension polymers.

Polyacrylamides are produced as polymers of three
chemical types. These are catlonic, anionic and nonionic polymers
wherein acrylamides may be copolymerised with other monomers, e.g.
acrylic acid. These polymers may be manufactured by one of the
following three basic technolgies:-

Solution polymerisation wherein monomers are polymerised in

aqueous solution to produce a gel-type product;
Dry polymers which are polymers produced as above but which are
subsequently heat dehydrated prior to use;

Latex or suspension polymerisation wherein a solution of monomers

in water is admixed with detergents and a non—aqueous low odour

paraffinic solvent to form a stable suspension of aqueous droplets

within which beads of polymers are formed by additiom of a water
soluble polymerisation initiator to the system.

Latex or suspension polymers form the largest group of
polyacrylamides in terms of market share,

The amidase enzyme used in the decomposition and acrylic

STl 2 o
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acid production processes of the invention may be presenﬁ in any
sultable form in whole microorganism cells or as a crude or
purified enzyme extract. The enzyme can be introduced to the
processes in whole cells in the culture produced initially in the.
method of the invention or in a medium produced after only partial
separation of water and other components from such a cultures
Generally however it is preferred that the cells should be
separated from the culture before being used in the processes.

When cells or cell free extracts containing amidase
produced by the method of the invention are heated lo temperatures
in the range 40° to 80°C we have found that, most unusually, the

amidase activity is irreversibly increased by 1.5 to 35 times

dependent upoﬁ the enzyme preparation. This effect 1s greatest at

temperatures in the range 559 to 65°C, especially in the range 589
to 62°C, at pHs in the range 4 to 9, especlally at pHs between 6
and 7 and at protein concentrations in the range 0.1 to 200
mg/ml. Under these conditions little gignificant denaturatfon of
amidase takes place. _ _
Heating suitably takes place for a period in the range

20 minutes to 10 hours, especially 30 minutes to 180 minutes in
some instances. To produce the increased activity the cells or
cell-free enzyme can be heated immediately after they have been
produced by the method of the invention or at some latér time.
The method of the invention can usefully be carried out either as
described above or as a similar process having three steps, i.e; a
first Eerméntacion step in which cells having induced amidase are
grown in a fermenter, a second heat shock step in which cells are
subjected to heating to a tempcrature in the ranges described
above and a third separation step in which a precipitate
containing debris is separated from a supernatant liquid.
containing the enzyme. _

' The amidase enzyme the activity of which is increased by
the method of the invention may be contained in whole microbial

" cells or in crude or purified extracts thereof. The enzyme may be

derived from any suitable microbial source, Suitable bacterial
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sources include strains of the genera Brevibacterium, Pseudomonas,

Alcaligenes, Arthobacter, Corynebacterium, Mycobacterium,

Lactobacillus, Bacillus, Micrococcus, Nocardia and Streptomyces.

Suitable yeasts and fungi include strains of Fusarium and
5 Aspergillus.
Very suitable sources are strains of the specles

Methylophilus methylotrophus in which the enzyme has been induced
Avstralian

as descyibed in our co-pending -British-Patent Application No.
g 22‘?3'(_: 87
by cultivation in a medium containing

10 appropriate nutrients and an amide under cooditions such that the

enzyme is induced in the bacterium,

The species Methylophilus methylotrophus (formerly named

Pseudomonas methylotropha), strains of which may be heated in the

method of the invention, is described in our UK Patent
15 Specification No. 1370892, Strains of this species suitable for
use in the method of the invention have been deposited at the
following 3 culture ‘collections from which cultures are
avallable:-
1, The National Collection of Industrial Bacteria (NCIB),
20 Torrey Research Statioh, PO Box 31, 135 Abbey Road, Aberdeen AB9
8DG, Scotland, UK;

2. The Agricultural Research Culture Collection (NRRL),
1815 North University Street, Peoria, Illinois 61604, USA; and
3. The Fermentation Research Institute (FRI), Agency of

25 Industrial Scilence and Technology, Ministry of International Trade
and Industry, 1 — 3 Higashi l-Chome, Yatabe-machi, Tsukuba-gun,
Ibaragi-ken, Japan.

The corresponding accession numbers assigned to the
strains deposited at these collections are as followsi-

30 NCIB 10508 - 10515 & 10592 = 10596, all inclusive;

. NRRL B 5352 = B 5364 inclusive; and
FRI 1215 = 1227 inclusive.
A preferred strain in which amidase may be irduced
is Methylophilus methylotrophus strain AS-1 (NCIB 10515) which may
35 gsafely be used in treating, e.g: polysrylamide polymers intended

TSR,
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for use in connection with foods« The species Methylophilus

methylotrophus and the above strains, particularly strain AS-1,

have become widely known and are mentioned in numerous

o~ T e
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publicatiions both by us and others. In addition to the deposits
5 ' mentioned akove cultures of them are also held in a number of , :
Universitiss and other laboratories in the UK and in other
countries. Also very sultable for use in the method of the i
inventiow is strain NCIB 11585, available from NCIB, the
production of which by the genetic modification of strain NCIB

10 10515 is described in our European Patent Specification 35831 B ?
;:'..5 and a number of other publications. 5
o8 Methylophilus methylotrophus amidase properties ﬂ
.::. ; Physiological
:, .: status Inducible
.: ::: 15 Location Cytoplasmin
"% Protein Soluble
Acidic Isoelectriz-point 4.2
., Tetrameric 5 ;
.. e Native MW (Gel permeation) 155,000 i ?
ot 20 Monomer MW (SDS page) 38,000 b
LI Properties pH optimum Acetamide 5 i §
.:..:; : Acrylamide 8 El ;
e Temperature ¥ ﬁ
LA optimum r 60°¢ .
..... 25 : Km Acetamide 0.2 mM % E b
LA Acrylamide 10 oM %
Activities Aeyl amidase |
Acyl transferase
Substrate €<Cy<C3>C,>Cs
130 Acecamide<Acry1amide>propionamide '

Amidase can be induced in 'Methylophilus methylotrophus

when it is cultivated aerobically in a medium containing sources

of carbont, nitrogen, phosphorus afid other appropriate nutrients
with an amide being present under conditions such that amidase is
35 induced in, the bacterial cells. Suitably cultivation takes place
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at a temperature in the range 20° to 40°C, preferably 34° to 38°c,

‘and at a pH in the range 5.0 to 8.0, preferably 5.8 to 7.6.

Cultivation Can.be by batch culture, single stage continuous
culture or multiple stége continuous culture. A suitable dilution
rate for continuous culture is in the range 0,05 hr—l to 0.55

hr~!. Methanol is the preferred carbon source. Any suitable

- amide may be preseht in the culture medium. Acetamide or

formamide are preferred. Other sultable amides include amideé of
carboxylic acids having the formula:~
- R—=C~OH

[

0
Where R is a short chain aliphatic group, i.e. containing.l to 5
carbon atoms, which may be a straight'or.a branched chain.
Preferably the amide is the sole or major nitrogen-source and
culzivation is by continuous culture under nitrogen limitation. A

very suitabie culture medium has the following compositiomi=

Component Amount present/litted_

Phogotioric acid : 1.6 mb

MgS0,, . TH0 : 1.912 g

K50, : 0.952 g

CuS0y « iHy0 : 0.840 mg
ZnS04.Hy0 : 2,568 mg
MnS0 .+ 4Hy0 : 4.04 ng

FeS0,. 7Hy0 : 37.20 mg

Calcium formate : 0.173 g

Nitrogen;is_supplied either from acetamide alone or from acetamide
and émmonia. Cellé are grown in nitrogen excess or nitrogen
limitation at a range of cell concentrations.

Cells produced by continuous, batch or fed batch
fermentation cén be harvested by any suitable means prefersbly by
ultrafiltration or centrifugation‘co produce a slurry iaving 10 =
25% by weight dry solids.

several freeze-thaw cycles or by mechanical breakage in a bead

Suitably this slurry is broken, e.g. by

mill or french pressure device. Cell debris nay then be removed

by centrifugation leaving a crude cell~free extract containing

PR
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amidase. Heat treatment may take place before or after this
centrifugation but preferably before as this gives improved
sedimentation of the product during centrifugation in addition to
stimulating activity. This extract can i1f desired be further
purified by anionic ion exchange chromatography and gel
filtrution. The cell free amidase preparations are suitably
stored cool at 0° to 10°C or as frozen solutions or as freeze
dried preparations prior to hydration and use.

In the process of the invention amidase can be used to
reduce free acrylamide residues occurring in all types of
acrylamide polymers, particularly latices of the three basic
chenical types. When treating a latex an amidase solution is
added to the latex and is dispersed through the latex by setirring
or similar mixing techniques at a level between 1 and 10,000
units/kg latex preferably 100 - 2000 U/kg latex. Incubation of
amidase with the latex results in coaversion of free acrylamide to
acrylic acid or a salt thereof. Incubation tempsratures of 10°c
to 100°C (particulariy 30° to 80°C) are preferred. The latices
are suitably treated over a pH range 3 to 10, preferably 5 to 7.

The amidase with increased activity produced in the
method of the invention counverts acrylamide into acrylic acid.
This reaction can therefore be used as a means for producing
acrylic acid or, when carried out in the presence of a suitable
salt or alcohol, to produce salts or esters of acrylic acid.

The amiddse when heated by the methed of the invention
above exhibits very high activity. This greatly extends the range
of utility of polyacrylamide polymers.

The invention is illustrated by the following Examples:=
EXAMPLE 1
Heat stimulation of the amidase activity of cell free extracts of

Methylophilus methylotrophus AS=1.,

A series of cell free extracts prepared from
Methylophilus methylotrophus AS—~1 in a citrate-phosphate buffer

system at pH 6.0 and at & cencentvation of 30 wg protein per ml
were heated ia a water bath for perlods of | and 2 hours at a
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series of temperatures between 30° and 70°c. Samples were with-
drawn at various times and were assayed for amidase activity at
30°C. The substrate used in all cases was acrylamide at a
concentration of 100 mM. The assays were performed at 30°C in a
0.1 M citratet 0.2 M phosphate buffer system at pH 6.0.

The results are shown in the Table and show increased
activity under most of the counditions used with the highest
increases being at 60°C. Increases were greater after 2 hours
heating than after ! hour.

Table

l Treatment tAmidase Activity (U/ml)*|Stimulation]
! ! | l
|none | 3.69 | - |
lheating for 1 hr @ 30°C | 3.69 |1 x |
| 50°C | 5.91 | 1.6 % |
! 60°C | 24,65 I 6.7 x |
I 70°C | 14.48 I 3.9 x |
|heating for 2 hrs @ 30°C | 3.7% . | 1.02 % |
| 50°C | 8.86 | 2.04 ¢ |
; 6G°C | 40,06 | 10.8 x |
i 70°C | 2.28 I 0.62 & |

* ] unit is defined as 1 p mole of NH, released per minute.
EXAMPLE 2

Cell-free extracts as described in Example 1 were
incubated at 55°C, 60°C and 65°C respectively. Samples were taken
at various times and assayed for amidase activity as described in
Example l. The results are set out in Figure ! which is a graph
of amidase activity (Units/ml) against activation time (mins) and
show optimal stimulation of amidase activity at 60°C over a peiiod
of two hours. Incubation at lower temperatures results in slower
activation. Imcubation at higher temperatures, e.g. at 65°C,
ghows 4an initial stimulation of rate of activation compared to
60°C but a lower final amidase activity.

«
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EXAMPLE 3

Removal of acrylamide from an anlonic latex.

An anionic latex, Nalfloc type 4 626 produced by the
Nalflac Co. of Cheshire, UK, pH adjusted to 5.9 at 60°C was
treated by addition of an amidase solution produced by the method
of the invention of 300 units per ml activity to a final level of
1000 units amidase per kg latex. Samples were withdrawn at
varying times and were analysed for free acrylamide by high
pressure liquid chromatography (HPLC).
. The results are set out in Figure 2 which is a graph of
free acrylamide (mM) agaimst treatment time (mins) and show a
reduction in free acrylamide level from 1.78 wM (126 ppm) to 0.02
mM (1.4 ppm) within 30 minutes.
EXAMPLE 4
Removal of acrylamide from a cationic late:.

A cationic latex, Nalfloc type 4625-SC, pH adjusted to

6.0 was treated as described in Example 3 with samples being
analysed by HPLC.
The results are set out in Figure 3 which is a graph of

free acrylamide (mM) against treatment time (mins) and show a
reduction in free acrylamide level from 2.2 wM (156 ppm) to 0.02
oM (1.4 ppm) within 45 minutes.
EXAMPLE 5
Removal of acrylamidé from a non=ionic latex.

, A non-ionic latex, Nalfloc type 8361-~SC pH adjusted to

6.0 was treated as described in Example 3 with samples being
analysed by HPLC.

The results are set out in Figure 4 which is a graph of
free acrylamide (mM) against treatment time (mins) and show a
reduction in free acrylamide level from 3.1 mM (220 ppm) to 0.15
oM (10.7 ppm) within 120 minutes.
EXAMPLE 6

A series of cell-free extracts prepared from Methylophus
methylotrophus pH adjusted to pH 5, 6, 7 and 8 by buffer axchange

through Pharmacie RDIO gel filtration columns was incubated at
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0°C at these pH's. Samples were taken for amidase ac’ti;ity
analyeis at various times at pH 6.0 as described in Example 1.

The results are set out in Figure 5 which 1s a graph of
amidase activity (units (U)/ml) agaiﬁsc time of heating (mins) and
show maximum stimulation of amidase at pH 7;0, Incubation at pH
5, 6 and 8 results in significantly less gtimulaiion bf activity.
EXAMPLE 7 | |

A paste comprising whole and partially broken cells of
Methylophilus methylotrophusr produced according to the method of
the invention and having a solids content of 10% was heated at

60°c, Samples were taken at various times for amidase activit
analysis as described in Example 1.

The results are set out in Figure 6 which is a graph of
amidase activity in units (U) per mg dry cell weight (DCW) against

heating time (hrs) and show maximum stimulation of activity after

7 hours increasing from 0.06 U/mg DCW to 1,25 U/mg DCW.

PA/JINA/MP
27 November 1987/L185A.
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The claims defining the invention are as follows:
1. A method for the production of an amidase enzyme of
increaSed activity wherein microbial cells or extracts
coﬁtaining the enzyme‘are heated to a temperature in the range
40° to 80°C for a sufficient period and under such conditions
that a significaht increase in amidase activity is induced.
2. A mefhod as claimed in claim 1 wherein the enzyme 1is
heated whilst it is contained in broken cells and/or
associated with cell debris. ‘
3. A method as claimed in claim 1 or claim 2 wherein the
cells or extracts containing the enzyme are heated te a
% ¢ temperature in the ranga 55° to 65°C.
’ : 4, A method as claimed in claim 3 wherein the cells or
.. extracts containing the enzyme are heated to a temperature in
+ the range 58° to 62°C. -
. 5. A method as claimed in any one of claims 1 to 4
§ wherein the heating of the cells or extracts containing the
LLLE enzyme takes place at a pH in the range 4 to 9,
otee 6. ‘ A method as claimed in any one of claims 1 to 5
wherein the heating of the cells or extracts containing the
enzyme takes place at a proﬁein concentration in the rahge 0.1
egeeat to 200 mg/ml.

.:::‘: 7. | A method as claimed in any one of claims  1 to 6
. wherein the cells or extracts containing the enzyme are heated
| -:3,5 for a period in the range 20 minutes to 10 hours.
: 8. A process for the decomposition of acrylamide in a
| e medium containing it in which the medium is contacted with an

+‘s... enzyme capable of decomposing acrylamide under conditions
‘ suitable for the enzyme to decompose the acrylamide wherein
the enzyme is ah amidase enzyme which has been heated to a
temperatufe‘in the range 40° to 80°C for a sufficient pefiod
under suitable conditions to increase the activity of the
enzyme. ‘ - ‘
9. A process as claimed in claim 8 wherein the enzyme is
one which has been heated to a temperature in the range 40° to
80°C whilst it is contained in broken cells and/or is
associated with cell debris. |
10. A process as claimed in claim 8 or claim 9 wherein
the enzyme has been induced in a strain of Methylophilus
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methylotrophus.

1l. A process for the production of acrylic acid or a
salt or ester thereof in which a medium containing acrylamide
is contacted with an enzyme capable of decomposing acrylamide
to acrylic acid under conditions suitable for the enzyme to
decompose the acrylamide to acrylic acid or a salt or ester
thereof wherein the enzyme is an amidase enzyme which has been
heated to a temperature in the range 40° to 80°C for a
sufficient period under suitable conditions to increase the
activity of the enzyme.

12, A method as claimed in claim 1 substantially as
he.einbefore described with reference to any one of the
examples.

13. A process as claimed in claim 8 or <claim 11
substantially as hereinbefore described with reference to any
one of the examples.

DATED: 6 February 1991
PHILLIPS ORMONDE & FITZPATRICK

Patent Attorneys for:
IMPERIAL CHEMICAL INDUSTRIES PLC
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FIG.1

AMIDASE . HEAT ACTIVATION
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FIG.2

AMIDASE . REMOVAL OF ACRYLAMIDE FROM AN ANMIONIC
LATEX TYPE A626
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FIG.3

~ AMIDASE. REMOVAL OF ACRYLAMIDE FRGM A CATIONIC LATEX
TYPE 4625 - 5C.
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FIG.4

REMOVAL OF FREE ACRYLAMIDE FROM A NONIONIC LATEX
NALFLOC TYPE 8861 - SC.
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FIG.5 AMIDASE HEAT ACTIVATION
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