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Compounds having anti-microbial activity are desirable in many applications to prevent the

growth of microbe contaminants. Anti-microbial activit}‘r includes anti-bacterial activity
and anti-fungal activity.

10  Bacteria and fungi are prevalent in the environment. It has been known for very many
years that compounds may be active against either bacteria or fungi. This activity is as a
result of one of many mechanisms. A few compounds have been isolated which are active

against both bacteria and fungi.
15  Anti-microbial compounds have uses in many applications.

The presence of bacteria and/or fungi may, for example, result in spoilage of food products
including agricultural food products such as micronutrients, may contaminate water, either
rendering drinking water unfit for consumption or allowing microbial growth in apparatus
20 through which water may be introduced. Furthermore, the presence of bacteria and/or
fungi on the fabrics or the body is not desirable and the bacteria and/or fungi may be

removed with detergents compositions or personal care products.

WO 97/02010 teaches a number of chelants which may act as anti-bacterial compounds.
25  These chelants are derivatives of succinic acid, glutaric acid and phosphonic acid. WO
97/02010 only teaches that these compounds are anti-bacterial. No indication is given as to

whether these compounds have any other anti-microbial, for example anti-fungal, activity.

The present invention aims to provide a compound or a composition having anti-fungal
30 activity or anti-fungal and anti-bacterial activity. Moreover, in a further aspect, the present
invention aims to provide a compound or a composition having anti-bacterial activity and

preferably improved anti-bacterial activity.
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compound.
10

In a further aspect, the present invention provides use of an amino acid derivative in free
acid or salt form, in which the nitrogen atoms of two or more amino acid molecules are
linked by a hydrocarbyl or substituted hydrocarbyl group, as an anti-bacterial compound,
with proviso that the amino acid derivative is other than a chelant selected from derivatives

15  of succinic acid, glutaric acid and phosphonic acid.

In yet a further embodiment, the present invention provides use of an amino acid derivative
in free acid or salt form, in which the nitrogen atoms of two or more amino acid molecules
are linked by a hydrocarbyl or substituted hydrocarbyl group, and in which the amino acid

20 derivative is optically active, as an anti-bacterial compound.

The present invention also covers anti-fungal and/or anti-fungal and anti-bacterial
compositions comprising the compounds of the present invention including processes for
making the same and uses of the same.

25
The present invention is advantageous as it overcomes the aforementioned problems

associated with the prior art.

In the present specification, unless otherwise indicated, the term anti-microbial means
30 having a microbijostatic effect ie. preventing further microbial growth and/or means having

a microbicidal effect ie. killing microbes already present.



WO 99/ 18791 .
. . . . PCT/GB98/3025
PCT/ GB98/ 0308 WML present i nvention priovi des use of an aning aera 2

derivative in free acid or salt form in which the nitrogen atons of two or
nore ami no acid nol ecules are linked by a hydrocarbyl or substituted
hydr ocar bylIn gheupreseat specifination,f umigssl othorwise: rindicBed; hthe pteam eatti-bacterial imeans

1 whi ch t REVIAE SrBGEROMHGRRGY 5 RVBRITRCREba PGP SEPVIDIBLIT 85n B ked
ant | - Dact orropd o R i e Rl ool P o present 1 nventi on
provi des use of an amno acid derivative in free
5 In the present specification, unless otherwise indicated, the term anti-fungal means having a
fungistatic effect ie. preventing further fungal growth and/or means having a fungicidal

effect ie. killing fungi already present.

In the present specification the term microbe is given its usual meaning, for example as
10  defined in The Penguin Dictionary of Biology, Eighth Edition (1992). The term microbe

includes bacteria, fungi and yeasts.

In the present specification the term bacteria is given its usual meaning, for example as
- defined in The Penguin Dictionary of Biology, Eighth Edition (1992).
15
In the present specification the term fungi is given its usual meaning, for example as
defined in The Penguin Dictionary of Biology, Eighth Edition (1992). The term fungi
includes yeasts.
20  Preferably, the compound used in accordance with the present invention has at least one

chiral centre.

Preferably, the compound used in accordance without the present invention has at least two
chiral centres.

25
Preferably, the compound used in accordance with the present invention has at least one (S)

chiral centre.

Preferably, the compound used in accordance with the present invention has at least two (S)

30 chiral centres.

Preferably, the compound used in accordance with the present invention is optically active.
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The present 1 nvention is advantageous as it overcones the aforenenti oned
probl ens associated with the prior art.

The amino acid derivative may be any one or more of a "neutral” amino acid, a “basic”

amino acid or an "acidic” amino acid.

10  Examples derivatives of neutral amino acids that may be used in the present invention include
derivatives of glycine, alanine, valine, leucine, norléuciﬁe, phenylalanine, tyrosine, serine,
cystine, threonine, methionine, di-iodotyrosine, thyroxine, dibromotyrosine, tryptophan,

proline and hydroxyproline.

15 Examples derivatives of basic amino acids that may be used in the present invention include

derivatives of ornithine, arginine, lysine and histidine.

Examples of derivatives of acidic amino acids that may be used in the process of the present
invention include derivatives of aspartic acid, glutamic acid and b—hyd_roxyglutamic acid.

20
The preferred derivatives of amino acids for the process of the present invention are
derivatives of those- with two carboxyl groups and one amino group - i.e. the acidic amino
acids listed above. Aspartic acid and glutamic acid are the most preferred of the three.

P

25  Specific optical isomers, particularly the L-form, are desirable.

Preferably the compound is selected from the group consisting of L-aspartic acid, L-

glutamic acid or L-phenylalanine, including derivatives thereof.

30 In an alternative embodiment, the present invention relates to the uses or compositions

described herein, wherein the amino acid derivative is partially or completely substituted by a
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Preferably, the compound used in accordance with the present invention comprises at least

one succinate group.

10  Preferably, the compound used in accordance with the present invention comprises at least

one ethylene bridge linking two or more amino acids.

Preferably, the compound used in accordance with the present invention is ethylenediamine
disuccinic acid (EDDS).

15
Preferably, the compound used in accordance with the present invention is (S;S)

ethylenediamine disuccinic acid {(S,S) EDDS].

_ - The term "EDDS" includes racemic EDDS or optically active isomers thereof, such as
20 (S,S)EDDS, and active salts and active derivatives thereof. Preferably the term means
(S,S)EDDS. or salts thereof. Preferably the EDDS is (S,S)EDDS.

The finding by the applicant that EDDS, derivatives thereof and in particular (S,S) EDDS
act as described above, namely as an anti-fungal and/or anti-bacterial agent, is particularly
25  surprising. It is known that EDDS and (S,S) EDDS are biodegradable. A person skilled in
this art would expect that EDDS would degrade on contact with microbial material such as
bacteria or fungi. As a consequence of this teaching from the art, it is extremely surprising
that EDDS is active as an anti-bacterial and anti-fungal agent and that (S,S) EDDS in
particular is active as an anti-bacterial or an anti-fungal agent.
30
In an alternative embodiment, the present invention relates to the use of an amino acid

derivative as described above as an anti-fungal compound, wherein the compound is
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5 form. Preferably, the amino acid derivative is in its sodium salt form.

In a further embodiment the present invention provides an anti-fungal composition having
as its active agent at least an amino acid derivative in free acid or salt form, in which the
nitrogen atoms of two or more amino acid molecules are linked by a hydrocarbyl or

10  substituted hydrocarbyl group.

In yet a further embodiment the present invention provides a anti-fungal and anti-bacterial
composition having as its active agent at least an amino acid derivative in free acid or sait
form, in which the nitrogen atoms of two or more amino acid molecules are linked by a

15  hydrocarbyl or substituted hydrocarbyl group.

In a further embodiment the present invention provides a composition having just anti-
bacterial activity having as its active agent at least an amino acid derivative in free acid or
salt form, in which the nitrogen atoms of two or more amino acid molecules are linked by
20 a hydrocarbyl or substituted hydrocarbyl group, as an anti-bacterial compound, with
proviso that the amino acid derivative is other than a chelant selected from derivatives of

succinic acid, glutaric acid and phosphonic acid.

In a fufther embodiment the present invention provides an anti-bacterial composition
25 having as its active agent at least an amino acid derivative in free acid or salt form, in
which the nitrogen atoms of two or more amino acid molecules are linked by a hydrocarbyl
or substituted hydrocarbyl group, and in which the amino acid derivative is optically

active.

30 The composition for use in accordance with the present invention may comprise less than

50% w/w amino acid derivative, from 50 to 20% w/w, from 40 to 25 or from 40 to 30%
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occurring amno acid or 5 derivative thereof. The amino acid derivative
may be any one or nore of a "neutral” amno acid, a "basic"
The composition for use in accordance with the present invention may have a pH of from 2

5 to 14 or from 5 to 12; the compositions may have a pH of from 8 to 10, or from 8.5 to
9.5, or approximately 9. Alternatively, the composition may have apH of2to 4, 4 to 6, 6
to 12, 12 to 14.

In a preferred embodiment, the composition for use in accordance with the present

10  invention is in the form of a solution. Preferably, the solution is an aqueous solution.

Anti-microbial including anti-bacterial and /or anti-fungal compounds or compositions have

a large number of uses. Examples of applications in which they may be utilized are

- personal care, industrial, institutional or household cleaning, in particular for sanitary
15 cleaning, metal treatment including metal cleaning, water treatment, electroless plating,
agriculure and food production including dairy cleaning and brewery cleaning, oil

extraction and oil production.

In a further aspect of the present invention, there is provided the use of an amino acid
20  derivative in free acid or salt form, in which the nitrogen atoms of two or more amino acid
molecules are linked by a hydrocarbyl or substituted hydrocarbyl group, in a composition
comprising at least one anti-fungal compound to increase the activity of the at least one
anti-fungal compound. | ” -
25 The applicants have surprisingly found by combining the compound used in accordance
with the present invention with a further anti-fungal compound, the anti-fungal activity of

the other anti-fungal compound is increased.

The compounds for use in accordance with the present invention may be produced by any
30  known technique. Typically, EDDS may be prepared by the process of GB 9607694.8, .
PCT/GB96/00894 or PCT/GB94/02397.
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hydrocarbonyl or substituted hydrocarbonyl group, in which X and Y are attached to aliphatic

or cycloaliphatic carbon atoms, with an amino acid (or salt thereof), wherein the reaction is
carried out in the presence of dissolved cations of an alkaline earth metal or of a transition
10  metal.

In a further embodiment PCT/GB94/02397 discloses a process for the preparation of the
amino acid derivative, in which the nitrogen atoms of two or more amino acid molecules
are linked by a hydrocarbyl or substituted hydrocarbyl group, compriseé reacting, in an
15  aqueous medium at a pH in the range 7-14, a compound of the formula X-A-Y where X and
Y are halo atoms which may be the same or different and A is a hydrocarbyl or substituted
hydrocarbyl group, in which X and Y are attached to aliphatic or cycloaliphatic carbon
atoms, with an amino acid (or salt thereof), including the step of recovering unreacted amino

acid and recycling it to the process.

20
The présent invention will now be described, by way of example only, with reference to
the accompanied drawings in which:-
-Figure T is an illustration of an agar test plate;
25

Figure 2 is an illustration of an agar test plate;

Figure 3 is an illustration of an agar test plate;

30 Figure 4 is an illustration of an agar test plate;

Figure 5 is an illustration of an agar test plate;



Preferably the conmpound is selected fromthe group consisting of L-aspartic
acid, L- glutam owaeedtB7r L-phenyl al ani ne, incuding derivatives PR 03025
30 In an alternative enbodi ment, the present invention rel-ates to the
lises or conpositions described herein, wherein the amno acid derivative is
Partially or conpletely substituted by a WO 99/ 18791

. . (I;?&T/_ G398/ 03025 second -am no acid or derivative -
thereof , sai d anfgwrestis qndllusiration, of an agat fest plate; bei ng an acid conmpound (or
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Figure 8 is an illustration of an agar test plate;

Figure 9 is an illustration of an agar test plate;
10 Figure 10 is an illustration of an agar test plate;

Figure 11 is the structure of EDDS;

Figure 12isa graph;
15

Figure 13 is a graph;

Figure 14 is a graph;

20  Figure 15 is a graph;

Figure 16 is a graph;

Figure 17 is a graph;

25 _
Figure 18 is a graph;
Figure 19 is a graph;

The structure of EDDS is shown in Figure 11.




10 Preferably, the conpound used in accordance with the present I nvention
conprises &g hﬁﬁ@h one et hyl ene britdge I| king two or nore BET/HB %??P%fs.

Pref erably, e conpound used in accorda ce with the present invention is
et hyl enedi am ne di succinic acid (EDDS). 15 Preferably, the conpound used in
accordance with the present invention is (S, S) ethyl enedi am ne di succinic
acid [(S,S) EDDS] The term "EDDS" includes racem c EDDS or optically-

acti ve i soBRERARAFIONOF EI (S, S)EDDS, and active salts and active
derivatives thereof. Pr ef er abI y the termneans (S, S)EDDS or salts thereof.
Preferably the EDDS is (S, S)EDDS. The finding by the applicant that EDDS

derivative beL&p |
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person skilled in this art woul d expect that EDDS woul d degrade on cont act

with mcrobial material such as
For example, (S,S)EDDS may be prepared according to the following teachings, in which

DBE means 1,2-dibromoethane.

10 A reaction mixture containing 150.1 g L-aspartic acid, 140.0 g of 50% aq. NaOH, and 210.9
g water at a pH of 10.2 at 25°C-together with 57.8 g of DBE was heated at 85°C for 4
hours. During this time an additional 50.1 g of 50% ag. NaOH was added to maintain the
pH. Atthe end of the reaction period the solution was heated to boiling point for 1 hour then
cooled to room temperature and 1633 g of water added. The solution was acidified with 36%

15 | HCI to pH 3 maintaining the temperature below 5S0°C. The solid product was collected by
filtration. The solid product was (S,S)EDDS (51.5 g on 100% basis), representing a yield on
L-aspartic acid charged of 31.3%, no other isomers being detected in the product. In the
mother liquors was 85.7 g unreacted L-aspartic acid. The conversion of L-aspartic acid was .
42.9% and selectivity to (S,S)EDDS was 72.8%.

20 ) .

Introduction

25  The anti-microbial properties of product EDDS were assessed using the agar diffusion

technique.
Materials and Method

30 Direct Sensitivity Test agar plates were inoculated over their entire surface with the

bacteria listed in table 2. Yeast and fungi (table 2) were inoculated onto Yeast Morphology



bacter| a or fungi. As a consequence of this teaching fromthe art,pif/chos/03025
extremely surpri SW EDDS is active as anianti-bacterial and
-__antl -fungal agent and that (S,S) EDDS in particular is active as an
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use in accordance with the present Invention is in the salt
Plugs of agar 1 cm in diameter were removed from the agar plates and the resultant wells

5 filled with EDDS collected from storage vessels. These storage vessels contained EDDS

produced in accordance with the method described above.
Agar plates inoculated with bacterial were incubated at 37°C for 24 hrs. Aeromonas sp
isolated from the product collected from the storage vessels), was also used as a test

10  organism in the agar diffusion assay.

Agar plates inoculated with yeast or fungi were incubated for 72hrs at 30°C.

Intrinsic anti-microbial activity would be apparent by the presence of zones of inhibition

| 15 forming around the product filled -agar wells.

Table 2 TEST ORGANISMS

Bacteria

20
Eschericia Coli
Oseudomonas aeruginosa

Staphylacaccus aureus

P—

25  XYeast and Fungi

Aspergillus niger

Candida albicans

Candida pseudotropicalis
30  Gusarium sp

Mucor sp

Penicillium sp




5 form Preferably, the am no acid derivative is in its sodiumsalt _ form
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The Aeromonas bacterium produced two concentric zones of inhibition in the diffusion

10 assay, the outer measuring 38mm in diameter and the inner measuring 24mm diameter
(Figure 10). This confirms the contaminants susceptibility to the antibacterial properties of
the product.

Table 3 DIAMETER OF ZONES OF INHIBITION

15
Bacteria
Eschericia coli 37mm
Oseudomonas aeruginosa  22mm
20  Staphylococcus auréus 21mm
Yeast and Fungi
Aspergilliis niger 48mm
25  Candida albicans 45mm
Candida pseudotropicalis  56mm
Fusarium sp Omm
Mucor sp 45mm

Penicillium sp Omm



succinic acid, glutaric acid and phosphonic acid. In a furth L yent
t hé present WOY¥MPbn provi des an anti-baggerial conposition?ﬁgﬁﬂgﬁgygﬁg as
-its active agent at |east an amino acid derivative in free acid or salt

form in which the nitrogen atons of two or nore ami no acid nol ecul es are

| i nked by a hydrocarbyl or substituted hydrocarbyl group, and in which the
amno acid derivative is optically active.” 30 The conposition for usein
accor dance JHSCHsSiQfe present invention may conprise |ess than 50% w w am no
acid derivative, from50 to 20%wWw, from40 to 25 or from40 to 30% WO
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less than 1% ww, |ess than 0.05% w w or between 0.05% and 0.01 % w w.

5  detected by agar diffusign assays, with most organisms displaying large zones of inhibition.

The fungi Fusarium sp. and Penicillium sp., were the only organisms to display a partial
resistance to the product. Both fungi produced smaller colonies when in close proximity to
the higher concentrations of the product, i.e. closer to the agar well.

10
The inhibitory activity of the product was effective against bacteria, fungi and yeast.

ACTIVITY OF EDDS IN CHALLENGE TESTS
Materials and method -
15
10mi aliquots of product EDDS were transferred to sterile containers, and each container
was inoculated with a prepared suspension of one of the organisms:listed in Table 4.
Similar volumes of sterile distilled waster were also inoculated with these organisms and
represented non-inhibitory controls.
20
Test and control samples were incubated at 30°C. On days 1, 3, 5 and 7, 100pl-aliquots
| ~were removed from each container and used to prepare a series of ten fold dilutions.
100p1 of each dilution was inoculated onto blood agar plates (deromonas sp) or Saborauds
‘media (fungi/yeast). After incubation at appropriate temperatures the number of colony
25 forming units in each dilution was noted, and the concentration of bacteria, yeast or fungi

in each original inoculum was calculated.
Table 4 ORGANISMS EMPLOYED IN CHALLENGE TESTS

30 ... —Aeromonas. spp
Candida pseudotropicalis

Fusarium spp -



The conposition for use in accordance with the present
pH of from 2wH99/181114 or from5 to 12;

from8 to

conposition may have a pHof 2 to 4, 4to 6, 6 to 12,
t he conposition for use in accordance with the

P eten o1 %P&Hhﬁfﬁ Preferably

10, or from8.5to 9

.5, or

hp ' NE !
present 10 |nvent|%pn Is in the formof a solution.

solution is an aqueous sol ution.
and /or anti-fungal
Exanpl es -0

i ndustri al
15 cl eani

Anti-m crobi al

t he

I nventi on may have a
i‘ge conposi tions may PEIIGBIFOMS of -

approximately 9. Alternatively, the-

12 to 14. In

a

i ncludi ng anti-bacteri al
conmpounds or conpositions have a | arge nunber of uses.
| ications in which they may be utilized are personal care,

, institutional or household cleaning, in particular for sanitary

ng, netal treatnent

i ncl udi ng net al

cl eani ng,

wat er treatnent,

el ect r obes Sep Fiputeddl2 t8d0i ity & and food production including dairy
cl eaning and brewery cl eani ng,
further aspect of the present

am no acid

atons of t

10

15

20

25

30

Col F ing Uni I

Organism

Aeromonas sp. Dist.water
EDDS

C.pseudotropicalis Dist water
EDDS

Fusarium sp. Dist water
EDDS

Penicillium sp. Dist water

) EDDS

ND = Not detected

oil extraction and oi
there is provided the use of an

T35 SSEHHRTV AP GEMIERDAKGANEMS N DSBS AND DIVHITED RFATER' 09"

i nventi on,

Day 0
5.1x10°
7.2x10°

1.6x10°
9.8x10*

4.4x10*
1.4x10*

98x10°
6.3x10°

Day 1
4.8x10°
ND

1.4x10°
1.3x10°

5.8x10°
ND

1.3x10°
1.2x10°

Day 3.
2.2x10°
ND

3.1x10°
ND

1.4x10°
ND -

4.0.10°
9.5x10*

Day §
2.0x10°

2.5x10°
ND

9.6x10°
ND

2.5x10°
8.9x10*

producti on.

. Day 7

3.0x10°
ND

3.6x10°
ND

3.0x10°
ND

2.4x10°
7.4x10°

In a

All orgaﬂiéms used in the challenge test were able to survive in significant numbers in

distilled waster, and some appeared to showed evidence of growth (see data in Figures 12

to 19). This confirmed the viability of the test organisms during the period of the study.

Fusarium and Penicillium were selected for the challenge test because of their partial

resistance to EDDS displayed in the agar diffusion assays. Conversely Aeromonas and C.

as detected by agar diffusion assay.

-pseudotropicalis were included as control organisms because of their sensitivity to EDDS,



nol ecul es are |inked by a hydrocarbyl -or substituted hydroca in
a conpositi WO MBI si ng at | east one angk-fungal conmpound tga}ﬂgé{g@gst he

activity of the at |east one anti-fungal conpound. 25 The applicants have
surprisingly found by conbining the conpound used in accordance with the

present i nyerimonds whd O. PsdudbirblREald Wére hlsd Gabcep GBI @ BHDS Haha Bhdilehst B! as
activity of the other anti-fungal conpound is increased. The conpounds + or

use i n accaoeithen cegapismhwahdeigptessiarsignificaph numbersfiiprbBay i of thestudyy any 30
known t echni que. Typically, EDDS nay be prepared by the process of GB
9607694. 8, PCT/ GB96/ 00894 or PCT/ GB94/02397. PCT/ GB98/ 03025 WD 99/ 18791 -

8 Although Fusarium displayed low sensitivity to EDDS in the agar diffusion assay, it was
5 . very susceptible in the challenge test, as none of the original inoculum was detected on Day

1 or throughout the rest of the study.

There was a significant reduction in the concentration of Penicillium during the challenge
test, although small numbers of this organism remained viable in EDDS throughout the 7
10  days of the study.

None of the rest organisms appeared capable of exponential growth in EDDS, notably

including those that disf:layed some resistance to the inhibitory properties of EDDS by agar

diffusion. '
15

Modifications of the present invention will be apparent to those skilled in the art.



Preferably the EDDS is (S, S)EDDS as prepared by the process of
PCT/'GB94/ 023%0 si1smd 2 Novenber 1994. In short, PCT/ GB94/ 023PCTHEBREs a

process for the preg i of—ai1e 1ci~él5derivati_ves -ﬁ#mwl\o;\;igt
form in which the rﬁ[ﬂ'ﬂ‘géggEEﬂ'%BEﬁN WO OF nore am no agaf.ol ecure
| i nked by 2 h{&rgca bony! ReffLACEBst i t uf ed hydr ocar bonyl 7& glmmw’ﬂ |

a G Q!&"Lhe

conpri ses g, in an aqueous nmedlumat a pHin the
conpound of the formula X-A-Y where X and Y are hal o ‘atoms whi ch hay

sane or different and A is a hydrocarbonyl or substituted hydrocarbonyl
group, in vihi Use ¥f amdmifocacid ddrivativecih free adid phailt forar, in whichathe plitadgen atamsoon
atons, with an amno acid_(or salt thereof), wherein the reaction jis

carried outofi FVa 196 BPEs 8RR Gridymoleshlrs qate o linksds bBf 2 BydrgoRehyl rer substifitsdet ol
or of actr | E{g% . r enbodi ment PCT/ GB94/ 02397 .
di scl osgs gﬁ%frotgé@glsgrgg?, he%ﬁtrleﬁé)%ragfﬂgr%&ugg' the am no acid derivative, in
whi ch the nitrogen atons of two or nore am no acid nol ecules are |inked by
a hydrocarbyl or substituted_ hydrocarbyl group, conprises reacting, in an
15 = aqueods Heeipiian aming 3sid desiverive inafiepeacid o salj forghyia (whichothe wifgogea raiams
XA Y wher e X 2'Gr more amino acid molecules are linked by a hydrocarbyl or substituted
hydrocarbyl group, as an anti-fungal and anti-bacterial compound.
10
3. Use of an amino acid derivative in free acid or salt form, in which the- nitrogen atoms
of two or more amino acid molecules are linked by a hydrocarbyl or substituted
hydrocarbyl group, as an anti-bacterial compound, with proviso that the amino acid
derivative is other than a chelant selected from derivatives of succinic acid, glutaric acid

15  and phosphonic acid.
4. Use of a compound as defined in claim 3 as an anti-bacterial and anti-fungal compound.

5. Use according to any one of claims 1 to 4 wherein the amino acid derivative has at least

20  one chiral centre.

6. Use according to claim 5 wherein the amino acid derivative has at least two chiral

centres.

25 7. Use according to claim 6 wherein the amino acid derivative is ethylene diamine
disuccinic acid (EDDS).

8. Use according to claim 5, 6 or 7 wherein the amino acid derivative has at least one (S)
chiral centre.

30
9. Use according to claim 8 wherein the amino acid derivative has at least two (S) chiral

centres. —_
This Sheet Has Been Rep

i



Y are halo atons which may be the same or di.fferent and Ais ShBY!
or substitut é‘bpﬁg/&ﬁqabar yl_group, in chiX and Y are attachq’ﬁ(((s)gm-

al i phatic or cycloali pha'[Hls &mgmqmsagm with an anino acid (or.salt
thereof), including thg stepRppLAcEpoveri pg unreacted amno acid and
recycling it to the prd nt invention will now be

d i bed, b f th f to the i ed -
dravi ngs | n 4 dfse.of gL  if e e S GG AP HIFTL U RORED. atoms
Figure 2 is gp dobl Bsthére! il 288 aﬁ%ukgsahepiﬁ&e% bl §Uffarctat Byl 2 substiputed.

illustration of an agar test plate; gure 4 |g an | %stratlon 0
agar test pl aydrocdrbyjugrourh dnd iarwhith tlmtmihommd)ﬁeramxagw optizally pttimes as an antl-

5  bacterial compound.

11. Use according to claim 9 or 10 the amino acid derivative is [S,S] ethylene diamine
disuccinic acid [(S,S) EDDS].

10 12, Use of a composition comprising an amino acid derivative as defined in claim 1 as an

anti-fungal composition.

13. Use of a composition comprising an amino acid derivative as defined in claim 2 as an
anti-fungal and anti-bacterial composition.

15
14. Use of a composition comprising an amino acid derivative as defined in claim 3 as an

anti-bacterial composition.

15. Use according to claim 12, 13 or 14 wherein the compound comprises less than 50%

20 w/w of the composition.

16. Use according to claim 12, 13 or 14 wherein the compound comprises less than 40%
w/w of the composition.

~ -

25 17. Use according to claim 12, 13 or 14 wherein the compound comprises less than 30%

T
T e L O Mos %

18. Use according to claim 12, 13 or 14 wherein the compoun& comprises less than 10% |
w/w of the composition. ' | |

30
19. Use according to claim 12, 13 or 14 wherein the compound comprises less than 1%

w/w of the composition.

Sheet Has Been Replaced -
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WD 99/ 18791

PCT/ GB98/ O3WBIWI8H e 6 is an illustrati org of an agar test pT%Y’G”%“s&’lfre 7
is an illustration |ofH|g/SHEERHASSBEENDate; 5 Figure 8 is an illustration of
an agar test plate;f Fi gURgpIROE® an il ustration of an agar test plate; 10
Figure 10 is an ill jar test plate; Figure 11 is the

structure of EDDS;, Figure 12 is a_graph; 15 Figure 13 is a graph;, Figure 14
is a graph; 20. Use according to claim 12, 13 or 14 wherein the compound comprises less than 0.05%

@31

w/w of the composition.

5 21. Use according to any one of claims 12 to 20 wherein the composition has a pH in the

nogesw 12 R O

22. Use according to claim 21 wherein the composition has a pH in the range 8 to 10.

10 23. Use of an amino acid derivative in free acid or salt form, in which the nitrogen atorms
of two or more amino acid molecules are linked by a hydrocarbyl or substituted
_hydrocarbyl group, in a composition comprising at least one anti-fungal compound to

increase the activity of the at least one anti-fungal compound.

This Sheet Has Been Replaced

T




20 Flgure 15 |s aﬁﬂraph" Figure 16 is a graph; Figure 17 is a graph; 25
Figure 18 is L Figure 19 is a graph; 30 EDDS The structHCE/GBbS/E{EES
is shown in F| gure 11. PCT / GB98/ 03025 WD 99/ 18791

10 PREPARATI ON OF EDDS 114

F'G 2 Inhibition of Pseudomonas sp by EDDS

SUBSTITUTE SHEET (RULE 26)



A preferred hod for making EDDS is disclosed in co-pending PCT patent
appl i cation ORN8TReT GB94/ 02397 filed 2 Novermber. 1994, ThesECTEBAEE25r e
descri bed above. For exanple, (S, S)EDDS nmay be prepared according to the
foll owi ng teachings, in which DBE nmeans 2/f4di bronoethane. 10 A reaction
m xture containing 150.1 g L-aspartic acid, 140.0 g of 50% aq. NaOH, and
210.9 g water at a pH of 10.2 at 25[err]C together with 57.8 g of DBE was
heated at 85[err]C for :4 hours. During this.tinme an additional 50.1 g of
50% agq. NaOH was added to nm e +the end of the reaction
' 1 hour then cooled to
ution was acidified with
3] ow 50[err] C. The solid
t was (S, S)EDDS (51.5
cid charged of 31.3
kit he not her |iquors
L-aspartic acid was

36%15 HA to pH 3
product was collec
g on 100% basi s),
% no other isone
was 85.7 g unreaé
42.9% and sel ect.

F'G 4 Inhibition of Candida albicans by EDDS

SUBSTITUTE SHEET (RULE 26)



20 ANTI - M CROBI AL STUDI ES | ntroduction 25 The anti-m crobial properties
of product EBBBIUR7Rl assessed using the. agar diffusion techni §GE/GBIRHOI25al s
and Met hod 30 Direct Sensitivity Test agar pl-ates were inocul ated over
their entire surface with the bacteriadmgted in table 2. Yeast and fungi
(table 2) were inocul ated onto Yeast Morphol ogy WO 99/ 18791

PCT/ GB98/ 03025 Agar. lnocula were prepared to a concentration that would
produce a §

HG 6 Inhibition of Mucor sp by EDDS

SUBSTITUTE SHEET (RULE 26)



Plugs of agar 1 cmin dianmeter were renoved fromthe agar plates and the
resul tant welgodms7efilled with EDDS col | ected from storage ve€TEB3s/0PREse
storage vessel s contai ned EDDS produced in accordance with the nethod
descri bed above. Agar plates inocul ated4yij4h bacterial were incubated at
37C for 24 hrs. Aerononas sp isolated fromthe product collected fromthe
storage vessels), was also used as a test 10 organismin the agar -
di ffusion g ;

for 72hrs a bNnt
by the pres
filled agar

OCseudonbna

FlG 8 Partial inhibition of Penicillium sp by EDDS

SUBSTITUTE SHEET (RULE 26)



St aphyl ococcus aur eys g?/ g Yeast. and Fungi Aspergillus niger Candi da
al bi cans Candi da pseu(a }83 calis 30 GQusarium sp Mucor sp Peni cil | ipgfSibs/o302s
PCT/ GB98/ 03025 WD 99/ 18791 12 Results

5/14

FIG. 10

Inhibition of contaminant Aeromonas sp by EDDS
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EDDS col | ected from both storage vessels, produced zones of inhibition to
varyi ng degr ¥Q9%1879hgai nst .al|l bacteria, all yeast, ‘all fungpctonesoisks e 3
and figures 1 to 9). The susceptible fungi -producéd the |argest zones of

i nhi bition. The Aeronopnas bacterium progged two concentric zones of
inhibition in the diffusion 10 assay, the outer neasuring 38mmin

di aneter and the inner neasuring 24mnmdi aneter (Figure 10). This confirns
the contami nants susceptibility to the antibacterial properties of the ~
product. Table 3 DI AVETER OF ZONES OF I NHI BI TION 15 Bacteria Eschericia

col i ' 37mm Oseudononas aer ugi nosa 22mm 20 St aphyl ococcus aur eus
21mm Yeast and Fungi o '

FIG.T

SUBSTITUTE SHEET (RULE 26)



Aspergill us riger 48mm 25 Candi da al bi cans 45mm Candi da

pSeudotropicalis SEMMAREri um sp Omm Mucor sp PCT/GB98/03025
45nin Penicilliumsp - ~ Omm . WD 99/18791
1 . PCT/ GB98/ 03025 Di scugpgigon Anti-bacterial and
a fungal / yeast activity was exhibited by the product EDDS, as 5
deteeted by agar diffusion assays, with nost organi sns displaying |arge -
zanes of inhibition. The fungi Fusariumsp. and Penicilliumsp., were the
onl y.organisns to display a partial
- ~
)
(]
wn
]
(]
7]
o
(]
w
» c
5 3 3
w @ o
= s
w c o | S
g 2 > | €
Zz £ @ | ©
w o 0|a
= 2 <
. < -
I ©O
O F
2
c
3
w —
E
[/7]
E -
- - @ >
g ]
S af
Q
o
o
= N
5 ~
8 O
o L -
3
o
£
= /
o
o
= ¢)

60

40

20
0

SUBSTITUTE SHEET (RULE 26)



resistance to the product. Both fungi produced snaller col onies when in.

cl ose proxi Rydvoigei he hi gher concentrations of the product, PET/&BY¥PHREr t o
the agar -well.. 10 The inhibitory activity of the product was -effective

agai nst bacteria, fungi and yeast. ACghyl TY OF EDDS | N CHALLENGE TESTS
Materials and nethod 15 10m aliquots of product EDDS were transferred to
sterile containers, and each container was inoculated wth a prepared -
suspensi on of one of the organisns listed in Table 4. Simlar vol unmes of
sterile distilled waster were al so inoculated with these organi sns and
represented non-inhibitory controls. 20 Test and control sanpkes were

i ncubat ed at 30[ err Fe—Gr—day-s—tr—3—5 OO e rh—at-guFt s were
renmoved from each contai ner and used to e a seriies of |t@n fold
di | uti ons.
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100[err]l of each dilution was inocul ated onto bl ood agar plates (Aeronpbnas

sp} or Saborauds - nwedigngfowngi / yeast). After incubation at appropri RGT/GBIB/03025
t erperat ures the nunmber of col ony 25 formng units in each dilution was
net.ed: and the concentration of bacteria, yeagnigor fungi in each original

¥ gum was cal cul ated. Table 4 ORGANI SM5 EMPLOYED | N CHALLENGE TESTS 30
Agtvrwpnas spp Candi da pseudotropicalis Fusarium.spp WO 99/1 8791 14 ~
PCT/ G898/ 03025 Penicillium spp '

Day 7

Day 5

Day 3
- (. pseudotropicalis

CHALLENGE TESTS
Survival of C. pseudotropicalis in EDDS

Day 1

120 Thousands of Micro-organisms /mi
FIG.14

100
80
60
40
20

0
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See Figures 12 to 19 and table 5. TABLE 5. SURVI VAL OF

Results 5
M -CROORGANI S d9xisz#iDS AND DI STI LLED WATER Col ony For m ng Uni peT/GBp8/6802510
Organi sm - Day 0 . Day 1 Day 3 Day 5
Day7 Aeronobnas sp. D st.water 5.8x40[ err] 4.8x10[err]
2.2x10[ err] 2. 0x10[ err] 3.0x10[ err] EDDS 7.2x104 ND
ND ND ND 15 C. pseudotropicalis Di st water 1.6x10[err]
1.4x10[err] 3. 1x10[err] 2.5x10[ err] 3.6x10[ err] EDDS
9. 8x10[ err] 1. 3x10[ err] ND ND ND Fusarum sp.
D st water 4.4x10[err] 5.8x10[err] 1.4x10[ err] 9. 6x10kerr]
3.0x10[ err] EDDS . B~ NB ND > ND 20
Penicillium sp. Dil st er 198x10[err] 1.3x10[err] ha8. 10[err]
2.5x10[err] 2.4x1¢[err] :
1o}
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EDDS 6. 3x10[ err] 1.2x10[ err] 9. 5x10[ err] 8. 9x10[ err

7.4x10[ err] Woonsw detected 25 Al organisns used in the cHEFVERGONRs
were able to survive in significant nunbers in distilled waster, and soire
appeared to showed evi dence of growth Tifide data in Figures 12 to 19). This
confirmed the viability of the test organi sns during the period of the
study. 30 Fusarium and Penicillium were selected for the challenge test.
because of their partial resistance to EDDS di splayed in the agar diffusion
assays. Conversely Aerononas and C. pseudotropicalis were incladed as
control organi snms begauseroi—thei—sensitiwi-ty—to-EDDS—as—detct ed by agar
di ffusi on assay. WO 997 18791l 151

PCT/ GB98/ 3025 .

Day 5

Fusarium sp

Day 3

CHALLENGE TESTS
Survival of Fusarium sp. in product EDDS

4

Thousands of Micro—organisms /mi

Day 1

\
\
FIG.16

16
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12
10
8
6
4
2
0
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Aerononas and C. pseudotropicalis were also susceptible to EDDS in the

chal | enge t esyooossEl t her organi smwas detected in signifi c aRCTIGRIBAI02S

fromDay 1 of the study. Although Fusarium di spl-ayed | ow sensitivity to

EDDS in the agar diff

chal | enge test, as none of the original
t hroughout the rest of the study. There was a significant

concentration of Peni

of the study. None of

usion assay, it wignd very susceptible in the

cilliumduring the chall'enge test, although snall
nunbers of this organi smrenmained viable in EDDS throughout the 7 10

i nocul um was detected on Day 1 or
reduction in the

days

the rest organisps appeared capable of ewponenti al

growt h in EDDS, -not af
the inhibitory proper
the present inventi or

CHALLENGE TESTS
Survival of Fusarium sp. in distilled water

Thousands of Micro-organisms /ml

1600
1400
1200
1000
800
600
400
200

|y including thoskp tthat di splayed gone re& stance to
tiesiof EDDS by an diffiusi on. 15iModi fli cati ons of
willi be apparegnt}j td thode skilllediin the art.

N
Day 5

Day 1
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Day 3

—— Fusarium sp|.
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16 Substitute sheet - 4 July 2000 CLAIMS 1. Use of ang |
derivative | WY& ci d -or salt f'or% as an anti -fungal corrpoung‘[?(;l%g{y%&ﬂhéj
the nitrogen atons of two or nore am no acid nol ecules are |inked by a
hydrocarbyl or 5 substituted hydroca®Bil group, wherein the amino acid is
a naturally occurring amino acid; and wherein the amino acid derivative has
at | east one chiral centre. 2. Use of an amno acid derivative in free acid
or salt formas an anti-fungal and anti- 10 bacterial conpound, in which
the nitrogen atons of two or nore amno acid nolecules are |inked by a
hydrocarbyl or subst F+tted—hyereearby—greup—nwhererr—trhe—am ng acid is a
natural ly occurring pm no iaci d; iand wherei ni the gm no acjd derBvati ve has
at | east one chiral fentre.

Day 5

Penicillium sp

Day 3

CHALLENGE TESTS
Survival of Penicillium sp. in EDDS

Day 1

Thousands of Micro-organisms /mi

\
N\

N
0

700
600
500
400
300
200
100
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15 .3. Use of an amno acid derivative in free agid or salt formas an
anti- bact er igh of; und, in which the nitrogen atons of two PCTABPS03MRS NO
acid nolecules are |linked by a hydrocarbyl or -substituted hydrocarbyl-
group, wherein the amno acid is a natigmal | y occurring am no acid; and
wherein the am no acid derivative has at |east one chiral centre; and 20
wherein the anino acid derivative is other than a chel ant selected from
derivatives of succinic acid, glutaric acid and phosphonic acid. 4. Use of
a conpound as defined in claim3 as an anti-bacterial and antj-fungal
compound. 25 5. Use according to any one of the preceding cgbins wher ein

the am no acid deriV st two chiral centres. .E}Be accordi ng
to claim1l or 2 wher id deriwvative isi ethylerjedi am ne
di succinic acid (EDO cording {to any dne of tHe preceding
clainms wherein the & tive has at
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| east one (S) chiral centre. 17 Substitute sheet - 4 July 2000 8.
Use according to claim7 wherein the am no acid derivative has at |east two
(S) chiral centres. 9. Use of an anino acid derivative in free acid or salt
formras an anti-bacterial conpound, inqg Wwhi c\d;usg\ﬂu@éghgg{e[l@jayszqﬁotm
or nore amno acid nolecules are |inked by a hydrocarbyl or substituted
hydrocarbyl group, in which the amno acid derivative is optically active,
and wher ei niﬂMﬁﬁ no acid is a naturally occurring amno acid. 10  10.
Use according to claim1, 2 or 9 the amno acid derivative is [S, S
et hyl ene di am ne disuccinic acid [(S,S) EDDS]. '

1. Use of an amino acid derivative in free acid or salt form as an anti-fungal compound, in

which the nitrogen atoms of two or more amino acid molecules are linked by a hydrocarbyl or

5 substituted hydrocarbyl group,

wherein the amino acid is a naturally occurring amino acid; and ) ”","J "mj "l"" "I’sl " l",

wherein the amino acid derivative has at least one chiral centre.

2. Use of an amino acid derivative in free acid or salt form as .an anti-fungal and anti-
10  bacterial compouﬁd, in which the nitrogen atoms of two or more amino acid molecules are
linked by a hydrocarbyl or substituted hy&ocmbyl group,
_ wherein the amino acid is a naturally occurring amino acid; and

wherein the amino acid derivative has at least one chiral centre.

15 3. Use 6f an amino acid derivative in free acid or salt form as an anti-bacterial compound, in
which the nitrogen atoms of two or more amino acid molecules are linked by a hydrocarbyl or
substituted-hydrocarbyl group,
wherein the amino acid is a naturally occurring amino acid; and
wherein the amino acid derivative has at _least one chiral centre; and ‘

20  wherein the amino acid derivative is other than a chelant selected from derivatives of succinic

. acid, glutaric acid and phosphonic acid.
4.Use ofa compound as defined in claim 3 as an anti-bacterial and anti-fungal compound.

25 5. Use according to any one of the preceding claims wherein the amino acid derivative has at
least two chiral centres.

6. Use according to claim 1 or 2 wherein the amino acid derivative is ethylene diamine
disuccinic acid (EDDS).
30

7. Use according to any one of the preceding claims wherein the amino acid derivative has at
lea_st one (S) chiral centre.

REPLACEMENT SHEET
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11. Use of a conposition conprising an am no acid derivative as defined in
claim1l as an anti-fungal conposition. 15 12. Use, of a conposition
conprisitng an amno acid derivative as defined in claim?2 as an anti-fungal

and anti-bacterial conposition. 13. Use7of a coupesititecshexdpt Usiyn2000
am no acid derivative as defined in claim3 as an 20 anti-bacteri al

conposition. 14. Use according to claim 11, 12 or 13 wherein the corrpound

conpri ses | t han SO(V W/W (o) he. conmposi ti @ di

clam 1t 1805 X0 b e wbaRC ARt i sebie B R BT SR | e
conposi ti ongentes. Use accord| ng to claim1l, 12 or 13 \/\herel n 't he conpound
conprises less than 30% w w of the conposi t ion. 30

9. Use of an amino acid derivative in free acid or salt form as an anﬁ-bacter{al compound, in
5  which the nitrogen atoms of two or more amino acid molecules are linked by a hydrocarbyl or
. substituted hydrocarbyl group,

in which the amino acid derivative is optically active, and - “l ml“ I““ ||||I “ |“| :
wherein the amino acid is a naturally occurring amino acid. | I!'l L e 1

- 10 10. Use according to claim I, 2 or 9 the amino acid derivative is [S,S] ethylene diamine
disuccinic acid [(S,S) EDDS].

11. Use of a composition bomprisi.ng an amino acid derivative as defined in claim 1 as an
anti-fungal composition.
15

12. Use of a composition comprising an amino acid derivative as defined in claim 2 as an

anti-fungal and anti-bacterial composition.

13. Use of a composition comprising an amino acid derivative as defined in claim 3 as an

20  anti-bacterial composition.

14. Use according to claim 11, 12 or 13 wherein the compound comprises less than 50% w/w

of the composition.

25  15. Use according to claim 11, 12 or 13 wherein the compound comprises less than 40% w/w

of the composition.

16. Use according to claim 11, 12 or 13 wherein the compound comprises less than 30% w/w
of the composition.
30 '

17. Use according to claim 11, 12 or 13 vs}herein the compound comprises less than 10% w/w
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of the composition.




17. Use according to claim1l, 12 or 13 wherein the conpound conprises |ess
~than 10% w w of the conposition. 18 Substitute sheet - 4 July
2000 18’ Use according to claim11l, 12 or 13 wherein the conpound conprises

| ess"than 1% w w of the conposition. 1§g Use aSupgtitite sheet!-24 Ouhd 2009 or
13 wherein the conmpound conprises less than 0.05%5 ww of the

conposition. 20. Use according to any one of clains 11 to 19 wherein the
conposition has a pHin the range 5 to 12. 10 21. Use according to claim
20 wher ei n t&h&se eeroeding toorkeimald, 42 pHL3 wherpia thexeniepognd epmpisepless thare1%GrW/ah

am no acid &ecﬁéé/o%ﬂo‘éﬁioﬁ.” free acid or salt formin a conposition conprising
at - .

19. Use according to claim 11, 12 or 13 wherein the compound comprises less than 0.05%

5  w/w of the composition.

20. Use according to'any one of claims 11 to 19 wherein the composition has a pH in the

range 5 to 12.
10 21. Use according to claim 20 wherein the composition has a pH in the range 8 to 10.

*22. Use of an amino acid derivative in free acid or salt form in a composition comprising at

* least one anti-fungal compound to increase the activity of the at least one anti-fungal
compound, '

15 in which the nitrogen atoms of two or more amino acid molecules are linked by a hydrocarbyl

or substituted hydrocarbyl group, _
‘wherein the amino acid is a naturally occurring amino acid; and T

wherein the amino -ac.:id derivaﬁve has at ',lj:aSt éne chiral centre. .. I I I*" I "c I m’!l "!” ”,ll ” I!,I :
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