
ANTIFOULING COMPOUNDS AND USE THEREOF FIELD OF THE
INVENTION The present invention is concerned with
small molecules that exhibit antifouling and/or
antibacterial activity and their use in the control of
bacterial films and organism growth in the marine
environment. BACKGROUND There is a continuing and
growing need to find alternatives to conventional
marine antibacterial and antifouling agents. In
October 2001 , the International Maritime Organisation
(IMO) adopted the International Convention of the
Control of Harmful Antifouling Systems (AFS
Convention) which prohibited the use of organotin
species as antifouling agents in marine coatings
(Harino, 2007). Following this, since 2003, tin-based
paints have been withdrawn by most of the major paint
companies. Subsequent generations of marine coatings
have contained high levels of copper and/or booster
biocides, which are often highly toxic pesticides
developed for agricultural purposes. These additives
have also been shown to build up in the environment
with detrimental side effects and are now regulated in
many parts of Europe (Bellas, 2006). Indeed,
environmental studies of several new antifouling
booster biocides indicate that these complex molecules
may be less degradable than expected as they are
detectable in harbour waters (Voulvoulis, 2006).
Current commercial marine coatings can be divided into
two classes: antifouling and foul-release. Antifouling
coatings use broad-spectrum biocides which kill
foulers by oxidation or, more usually, exposure to
toxic metal ions. Foul-release coatings are mainly
silicon based polymers that are easy to clean, however
the best of these usually also contain additives and
catalysts that kill organisms. Legislation and
agreements, based on the recognition of the
environmentally unacceptable consequences of toxic
antifouling agents such as tributyl tin in coatings,
have prompted interest to develop new less
environmentally pernicious coatings.An approach
reported by Teo et al (an inventor of the present
application) in US 11/265,833, is the use of
pharmaceuticals as antifouling agents. It has been
demonstrated that pharmaceuticals may disrupt the
metamorphosis of fouling organisms. Commercially
available pharmaceuticals, with their known synthesis,
chemical properties and primary mechanism of action in
vertebrates and in humans, were screened as potential
sources of antifouling agents. Whilst eight
pharmaceuticals with promising bioactivity were
reported, there remains the problem that these
pharmaceuticals may accumulate in the marine
environment. Furthermore, some of these
pharmaceuticals suffer from delivery problems because
of poor solubility in sea water. Thus, there remains a
need for marine antibacterial and antifouling agents
which are not only sufficiently bioactive but also
deliverable in seawater and degradable so as to avoid
accumulation. SUMMARY OF THE INVENTION Compounds The
present invention pertains generally to a class of
compounds referred to herein as "antifouling amide
compounds", which compounds have the following general
formula (I) wherein R1 and R2 are independently
selected from optionally substituted aryl, optionally
substituted C1 to C12 alkyl and H; and R3 and R4 are
independently selected from hydroxy, optionally
substituted C1 to C6 alkyl, optionally substituted
phenyl and H. The present invention pertains to such
antifouling amide compounds, which exhibit biocidal or
biostatic properties. Therefore, the antifouling amide
compounds may also be referred to as "biocidal
compounds" or "biostatic compounds".In a first aspect
the present invention provides a use of an antifouling
amide compound of formula (I) in a method of
preventing or reducing fouling. The present inventors
have found that an amide functionality wherein the
nitrogen of the amide is part of a piperidine ring can
provide antifouling activity (including one or both of
antibacterial and anti-settlement activity) and
preferably also levels of degradation which make the
compounds attractive alternatives to known antifouling
compounds. In particular, the observed activity is
surprising because the pharmaceutical loperamide
studied by the present inventors does not include the
amide-piperidine functionality referred to above.
Suitably R1 and R2 are independently selected from
aryl, Ci to Ci0 alky! and H, preferably from aryl, Ci
to C8 alkyl and H, more preferably from aryl, C-i to
C6 alkyl and H. It is also preferred that alkyl is at
least C2, preferably at least C3 alkyl. It is
particularly preferred that R1 and R2 are
independently selected from aryl, C3 to Ci0 alkyl and
H. In each case, the aryl or alkyl may be substituted
and this applies to the subsequent discussion of these
groups herein. The aryl, if present, is preferably C5
to C30 aryl, more preferably C5 to C2 aryl, more
preferably C5to Ci5 aryl, more preferably C5 to Ci2
aryl, more preferably C5 to Ci 0 aryl, more preferably
C5 to C8 aryl, more preferably C5 to C7 aryl and most
preferably C6 aryl, and is optionally substituted.
They aryl may be carboaryl or heteroaryl. Carboaryl is
preferred. A particularly preferred aryl is phenyl.
Suitably the aryl is unsubstituted. Preferably at
least one of R1 and R2 is Ci to Ci2 alkyl, more
preferably Ci to Ci 0 alkyl, more preferably Ci to C8
alkyl and most preferably Ci to C6 alkyl. The present
inventors have found that the presence of an alkyl
chain on the alpha carbon can provide antifouling
activity. In some preferred embodiments, the alkyl is
unsaturated alkyl. In particular, preferably at least
one of R1 and R2 is unsaturated Ci to Ci 2 alkyl, 



preferably unsaturated to Cio alkyl, preferably
unsaturated Ci to C8 alkyl and most preferably
unsaturated C1 to C6 alkyl. Thus, preferably at least
one of R1 and R2 is C2to C -12 alkenyl, more
preferably C2 to C-io alkenyl, more preferably C2 to
C8 alkenyl and most preferably C2 to C6 alkenyl.
Indeed, the present inventors have found that the
addition of unsaturation can provide activity
comparable to the saturated alkyl. In such
embodiments, preferably there is one double bond in
the alkenyl, for example one double bond in Ci to Gi0
alkenyl, or one double bond in C1 to C6 alkenyl.
Suitably the double bond is at the end of the alkenyl
group, i.e. between the Cn and Cn-1 carbons. In other
embodiments, two double bonds are present. C5 and C6
alkenyls are preferred. A particularly preferred
alkenyl is C6 alkenyl, most preferably 5-hexenyl (-CH
2-(CH 2) -CH=CH 2) . A further preferred alkenyl is
-CH=CH-CH=CH-CH 3. Nevertheless, saturated alkyl
groups are preferred. Preferably at least one of R1
and R2 is C3 to C5 alkyl. The present inventors have
found that alkyl groups on the alpha carbon having
between 3 and 5 carbon atoms are particularly useful
in providing antifouling activity whilst also
exhibiting desirable solubility in sea water and
degradability. Preferably at least one of R1 and R2 is
C4 alkyl, more preferably n-butyl. The studies
conducted by the present inventors have shown that a
C4 alkyl group, and in particular n-butyl, on the
alpha carbon can provide surprisingly high levels of
antifouling activity and is degraded at an appropriate
rate. Suitably one of R1 and R2 is aryl (preferably C5
to Ci 5 aryl, more preferably phenyl) and the other is
C-i to C12 alkyl (preferably C2 to C6 alkyl, more
preferably n-butyl). The tests conducted by the
present inventors demonstrate that desirable levels of
antifouling activity are possible with this
substitution pattern. Whilst each of R1 and R2 can be
H, it is preferred that R1 and R2 are not H. In this
connection, the present inventors have found that
di-substitution at the alpha carbon is desirable.
Preferably R1 and R2 are the same. Most preferably R1
and R2 are both n-butyl. The antifouling studies
conducted by the present inventors shows that di
n-butyl substitution at the alpha carbon provides
excellent antifouling activity. In particular, a broad
range of antibacterial activity has been observed as
well as anti-settlement activity. Furthermore, high
therapeutic ratio (TR) values are achieved, indicating
thatsuch compounds provide a useful antifouling effect
whilst having a comparatively low level of toxicity.
Preferably one or both of R1 and R2 are unsubstituted.
Most preferably, both are unsubstituted. Thus, whilst
substitution of R1 and R2 is possible, the present
inventors believe that the best overall performance in
terms of antifouling effect and degradability is
achieved without substitution. In particular, the
absence of halogen substituents has been found to be
particularly desirable, particularly with reference to
the degradability of the compounds. Similarly, the
absence of hydroxy substituents is also preferred.
Preferably one or both of R1 and R2 are saturated.
Most preferably, both are saturated. In other
preferred embodiments, R1 and R2 are both phenyl.
Compounds having this substitution pattern have been
found to exhibit antibacterial activity across a broad
range of bacteria, as well as anti-settlement
activity. Comparatively low levels of toxicity are
also observed for this preferred arrangement. In
certain preferred embodiments, one of R3 and R4 is
hydroxyl and the other is H. In even more preferred
embodiments both of R3 and R4 are H. In other
preferred embodiments, one of R3 and R4 is substituted
Ci - C6 alkyl. Particularly preferred is hydroxy-C-i -
C6 alkyl, preferably -CH2CH2OH. Suitably the other one
of R3 and R4 is H. Preferably one or both of R3 and R4
are unsubstituted. Most preferably, both are
unsubstituted. Thus, whilst substitution of R1 and R2
is possible, the present inventors believe that the
best overall performance in terms of antifouling
effect and degradability is achieved without
substitution. In particular, the absence of halogen
substituents has been found to be particularly
desirable, particularly with reference to the
degradability of the compounds. A particularly
preferred combination of substituents is as follows:
(i) at least one of R1 and R2 is n-butyl (ii) both of
R3 and R4 are HIn such preferred combinations where
only one of R1 and R2 is n-butyl, it is preferred that
the other one is aryl, preferably C5 to C15 aryl, more
preferably phenyl. In the most preferred compounds,
none of the substituents are phenyl and preferably
none of the substituents are aryl. Suitably the
compound is selected from compounds 12.2, 12.1 , 12.7,
12.4, 12.5, 12.6, 12.8, 12.9, 12.10, 12.1 1, 12.12,
11.1, 11.4, 4.1 , 9.3, 4.5, 4.3, 10.5, 10.1, 10.7,
10.3 and 10.4. Preferably the compound is selected
from compounds 12.2, 12.1, 12.7, 12.4, 12.5, 12.8,
12.9, 12.10, 12.1 1, 12.12, 11.1 , 11.4, 4.1 , 9.3,
4.5, 4.3, 10.5, 10.1 , 10.7, 10.3 and 10.4. More
preferably the compound is selected from compounds
12.2, 12.1 , 12.7, 12.4, 12.8, 12.9, 12.10, 12.1 1,
12.12, 11.1, 11.4, 4.1, 9.3, 4.5, 4.3, 10.5, 10.1,
10.7, 10.3 and 10.4. Particularly preferred are
compounds 12.2, 12.1, 12.7, 12.4, 12.8, 12.9, 4.1 and
10.4. Especially preferred are compounds 12.1, 12.2,
12.4,12.7 and 12.8, more preferably compounds 12.1 and
12.2 and most preferably compound 12.2. Also
especially preferred is compound 4.1 . In a further
aspect, the present invention provides a use of a
compound selected from 4.7, 5.1, 5.2, 5.3, 9.1 , 10.3,
10.4, 10.2, 10.1 , 10.7, 10.8, 10.6, 3.2, 10.5, 10.9,
3.3, 3.4, 4.4, 4.6, 4.1, 4.2, 9.3, 9.2, 4.5, 4.3, 8.1,
12.1 , 12.2, 12.4, 12.7, 12.3, 12.8, 12.9, 12.10, 12.1
1, 12.12, 11.2, 11.1, 11.3 and 11.4 in a method of
preventing or reducing fouling. Particularly preferred
are compounds 12.3 and 11.2, especially compound 12.3.
In embodiments, the compounds are selected from
compounds 11.1 and 11.3. 



In a further aspect, the present invention provides a
use of a compound selected from compounds 9.1, 4.7,
5.1, 5.2, 5.3, 10.2, 10.8, 10.6, 3.2, 10.9, 3.3, 3.4,
4.4, 4.6, 4.2, 9.2, 8.1 , 11.2 and 11.3 in a method of
preventing or reducing fouling. In this aspect,
compounds 9.1, 9.2, 4.7, 5.1, 5.2, 5.3, 3.4, 4.4, 4.2
and 11.2 are particularly preferred. Especially
preferred are compounds 9.1 , 4.7, 5.1, 5.2, 5.3 and
4.4. In a further aspect, the present invention
provides novel compound 5.2. This compound has
application in a method of preventing or reducing
fouling.In a further aspect, the present invention
provides a method of preventing or reducing fouling of
a substrate, wherein the method comprises the step of
applying an antifouling amide compound as described
herein to the substrate. Suitably the antifouling
amide compound is applied at in an amount and at a
concentration effective to prevent or reduce fouling.
Preferably the antifouling amide compound is provided
at a standard concentration. In a further aspect, the
present invention provides an antifouling composition
comprising an antifouling amide compound as described
herein. In a further aspect, the present invention
provides a coating composition comprising an
antifouling amide compound. Suitably the coating
composition comprises conventional additives, for
example a binder. Suitably the coating composition is
a paint composition. For example, the composition can
include an acrylate resin. Suitably the coating
composition is a self-polishing paint, preferably an
acrylic self polishing paint, or a silicone coating.
In a further aspect, the present invention provides a
coating comprising an antifouling amide compound as
described herein. In a further aspect, the present
invention provides a substrate having a coating
applied thereto, wherein the coating comprises an
antifouling amide compound as described herein. For
example, the substrate may be a vessel, for example a
boat. In a further aspect, the present invention
provides a bacteriostatic composition comprising an
antifouling amide compound as described herein. In a
further aspect, the present invention provides a
bacteriocidal composition comprising an antifouling
amide compound as described herein. In a further
aspect, the present invention provides a biocidal
composition comprising an antifouling amide compound
as described herein. In a further aspect, the present
invention provides a biostatic composition comprising
an antifouling amide compound as described herein.In a
further aspect, the present invention provides an
antifoulant composition comprising an antifouling
amide compound as described herein. Any one or more of
the optional and preferred features of any of the
aspects may apply, singly or in combination, to any
one of the other aspects. DETAILED DESCRIPTION OF THE
INVENTION Chemical Terms The term "saturated," as used
herein, pertains to compounds and/or groups which do
not have any carbon-carbon double bonds or
carbon-carbon triple bonds. The term "unsaturated," as
used herein, pertains to compounds and/or groups which
have at least one carbon-carbon double bond or
carbon-carbon triple bond. Compounds and/or groups may
be partially unsaturated or fully unsaturated. The
term "carbo," "carbyl," "hydrocarbo," and
"hydrocarbyl," as used herein, pertain to compounds
and/or groups which have only carbon and hydrogen
atoms. The term "hetero," as used herein, pertains to
compounds and/or groups which have at least one
heteroatom, for example, multivalent heteroatoms
(which are also suitable as ring heteroatoms) such as
boron, silicon, nitrogen, phosphorus, oxygen, sulfur,
and selenium (more commonly nitrogen, oxygen, and
sulfur) and monovalent heteroatoms, such as fluorine,
chlorine, bromine, and iodine. The phrase "optionally
substituted," as used herein, pertains to a parent
group which may be unsubstituted or which may be
substituted. Unless otherwise specified, the term
"substituted," as used herein, pertains to a parent
group which bears one or more substitutents. The term
"substituent" is used herein in the conventional sense
and refers to a chemical moiety which is covalently
attached to, or if appropriate, fused to, a parent
group. A wide variety of substituents are well known,
and methods for their formation and introduction into
a variety of parent groups are also well known. Alkyl:
The term "alkyl," as used herein, pertains to a
monovalent moiety obtained by removing a hydrogen atom
from a carbon atom of a hydrocarbon compound
havingfrom 1 to 20 carbon atoms (unless otherwise
specified), which may be aliphatic or alicyclic, and
which may be saturated or unsaturated (e.g., partially
unsaturated, fully unsaturated). Thus, the term
"alkyl" includes the sub-classes alkenyl, alkynyl,
cycloalkyl, cycloalkyenyl, cylcoalkynyl, etc.,
discussed below. In the context of alkyl groups, the
prefixes (e.g., C-i to C4, Ci to C5, etc.) denote the
number of carbon atoms, or range of number of carbon
atoms. For example, the term "C1 to C4alkyl," as used
herein, pertains to an alkyl group having from 1 to 4
carbon atoms. Examples of groups of alkyl groups
include C1 to C4 alkyl ("lower alkyl"), and C2 to C6
alkyl. Note that the first prefix may vary according
to other limitations; for example, for unsaturated
alkyl groups, the first prefix must be at least 2; for
cyclic and branched alkyl groups, the first prefix
must be at least 3; etc. Examples of (unsubstituted)
saturated alkyl groups include, but are not limited
to, methyl (C1), ethyl (C2), propyl (C3) , butyl (C4),
pentyl (C5) and hexyl (C6) . Examples of
(unsubstituted) saturated linear alkyl groups include,
but are not limited to, methyl (C1) , ethyl (C2),
n-propyl (C3) , n-butyl (C4) , n-pentyl (amyl) (C5)
and n-hexyl (C6) . Examples of (unsubstituted)
saturated branched alkyl groups include iso-propyl
(C3) , iso-butyl (C4) , sec-butyl (C4) , tert-butyl
(C4) , iso-pentyl (C5) , and neo-pentyl (C5) .
Alkenyl: The term "alkenyl," as used herein, pertains
to an alkyl group having one or 



more carbon-carbon double bonds. Examples of groups of
alkenyl groups include C2-4alkenyl, C2-7alkenyl,
C2-20alkenyl. Examples of (unsubstituted) unsaturated
alkenyl groups include, but are not limited to,
ethenyl (vinyl, -CH=CH 2) , 1-propenyl (-CH=CH-CH 3) ,
2-propenyl (allyl, -CH-CH=CH 2), isopropenyl
(1-methylvinyl, -C(CH3)=CH2) , butenyl (C4), pentenyl
(C5), and hexenyl (C6) . Hydroxy-^ - C6 alkyl: The
term "hydroxy-C-i - C6 alkyl," as used herein,
pertains to a C -I - C6 alkyl group in which at least
one hydrogen atom (e.g., 1, 2, 3) has been replaced
with a hydroxy group. Examples of such groups include,
but are not limited to, -CH2OH, -CH2CH2OH, and
-CH(OH)CH2OH.Hydrogen: -H. Note that if the
substituent at a particular position is hydrogen, it
may be convenient to refer to the compound or group as
being "unsubstituted" at that position. Aryl: The term
"aryl," as used herein, pertains to a monovalent
moiety obtained by removing a hydrogen atom from an
aromatic ring atom of an aromatic compound, which
moiety has from 3 to 20 ring atoms (unless otherwise
specified). Preferably, each ring has from 5 to 7 ring
atoms. In this context, the prefixes (e.g., C3-20,
C5-7, C5-6 , etc.) denote the number of ring atoms, or
range of number of ring atoms, whether carbon atoms or
heteroatoms. For example, the term "C5-6aryl," as used
herein, pertains to an aryl group having 5 or 6 ring
atoms. Examples of groups of aryl groups include
C3-20aryl, C5-20aryl, C5_i 5aryl, C5-i 2aryl,
C5-1oaryl, C5-7aryl, C5-6aryl, C5aryl, and C6aryl. The
ring atoms may be all carbon atoms, as in "carboaryl
groups." Examples of carboaryl groups include C3-20Ca
rboaryl, C5-20carboaryl, C5-15carboaryl, C5-i
2carboaryl, C5-iocarboaryl, C5-7carboaryl,
C5-6carboaryl, C5carboaryl, and C6carboaryl. Examples
of carboaryl groups include, but are not limited to,
those derived from benzene (i.e., phenyl) (C6) ,
naphthalene (Ci 0) , azulene (C-i0) , anthracene (C14)
, phenanthrene (Ci 4) , naphthacene (Ci 8), and pyrene
(Ci 6) . Examples of aryl groups which comprise fused
rings, at least one of which is an aromatic ring,
include, but are not limited to, groups derived from
indane (e.g., 2,3- dihydro-1H-indene) (C9), indene
(C9) , isoindene (C9) , tetraline
(1,2,3,4-tetrahydronaphthalene (Ci 0) , acenaphthene
(Ci 2) , fluorene (Ci 3) , phenalene (Ci 3) ,
acephenanthrene (Ci 5) , and aceanthrene (Ci 6) .
Alternatively, the ring atoms may include one or more
heteroatoms, as in "heteroaryl groups." Examples of
heteroaryl groups include C3-20heteroaryl,
C5-2oheteroaryl, C5-i5heteroaryl, C5-i 2heteroaryl,
C5-ioheteroaryl, C5-7heteroaryl, C5-6heteroaryl,
C5heteroaryl, and C6heteroaryl. Halo (or halogen): -F,
-Cl 1 -Br, and -I. Hydroxy: -OH.Other Terms As used
herein, the term "fouling" refers to the attachment
and growth of microorganisms and small organisms to a
substrate exposed to, or immersed in, a liquid medium,
for example an aqueous medium, as well as to an
increase in number of the microorganisms and/or small
organisms in a container of the liquid medium.
Accordingly "foulers" or "microfoulers" are used
interchangeably and refer to the organisms that foul a
substrate. Fouling may occur in structures exposed to
or immersed in fresh water as well as in sea water. In
particular, the term may be used to refer to a solid
medium or substrate exposed to, or immersed in sea
water. Accordingly, the term "antifouling" refers to
the effect of preventing, reducing and/or eliminating
fouling. Antifouling agents or compounds are also
called "antifoulants". An antifoulant compound is
usually applied at a standard concentration which is
the concentration that is effective for its purpose.
Accordingly, a concentration less than or below the
standard concentration is one where the antifoulant is
not effective when it is used alone. The term
"substrate" as used herein refers to a solid medium
such as surfaces of structures or vessels exposed to,
or immersed in a liquid medium. The liquid medium may
be fresh water or seawater and may be a body of water
in a manmade container such as a bottle, pool or tank,
or the liquid may be uncontained by any manmade
container such as seawater in the open sea. A
"structure" as used herein refers to natural
geological or manmade structures such as piers or oil
rigs and the term "vessel" refers to manmade vehicles
used in water such as boats and ships. The
"microorganisms" referred to herein include viruses,
bacteria, fungi, algae and protozoans. "Small
organisms" referred to herein can include organisms
that commonly foul substrates exposed to, or immersed
in, fresh water or seawater such as crustaceans,
bryozoans and molluscs, particularly those that adhere
to a substrate. Examples of such small organisms
include barnacles and mussels andtheir larvae. Small
organisms can also be called small animals. The term
"organism" referred to herein is to be understood
accordingly and includes microorganisms and small
organisms. The term "marine organism" as used herein
refers to organisms whose natural habitat is sea
water. The terms "marine microorganism" and "marine
small organism" are to be understood accordingly.
Further, the term "microfouling" refers to fouling by
microorganisms and the term "macrofouling" refers to
fouling by organisms larger than microorganisms such
as small organisms defined above. The terms "biocide"
or "biocidal compound" refer to compounds that inhibit
the growth of microorganisms and small organisms by
killing them. The terms "biostatic" or "biostatic
compound" refer to compounds that inhibit the growth
of microorganisms or small organisms by preventing
them from reproducing and not necessarily by killing
them. The term "degradation" as used herein refers to
the chemical breakdown or 



modification of a compound in water, preferably sea
water. The term "growth" as used herein refers to both
the increase in number of microorganisms and small
organisms, as well to the development of a small
organism from juvenile to adult stages. Accordingly,
biocides and biostatics can be applied as a treatment
to a body of liquid or to a substrate surface to
inhibit the growth of microorganisms and small
organisms. As such, biocides and biostatics can be
antifoulants and can prevent, reduce or eliminate
biofilm formation. Accordingly, the terms
"bacteriocidal" and "bacteriostatic" refer to effects
of compounds on bacteria. The term "bioactivity" as
used herein refers to the effect of a given agent or
compound, such as a biocidal or biostatic compound, on
a living organism, particularly on microorganisms or
small organisms. A "biofilm" is a complex aggregation
of microorganisms, usually bacteria or fungi, marked
by the excretion of a protective and adhesive matrix.
Biofilms are also oftencharacterized by surface
attachment, structural heterogeneity, genetic
diversity, complex community interactions, and an
extracellular matrix of polymeric substances. Biofilms
may also be more resistant to antibiotics compared to
unaggregated bacteria due to the presence of the
matrix. The term "pharmaceutical" as it relates to a
use, agent, compound or composition, refers to the
medical treatment of a disease or disorder in humans
or animals. Accordingly, a pharmaceutical compound is
a compound used for the medical treatment of a disease
or disorder in humans or animals. As used herein, the
term "standard concentration" as it pertains to an
anti-fouling agent or compound, refers to the
concentration at which the agent or compound is
effective against microorganisms or small organisms at
which it are directed when that agent or compound is
used alone. Accordingly, the term "effective" means
having a desired effect and the term "below standard
concentration" refers to the level at which the agent
or compound is not effective when used alone. The
inventors have carried out structure-function studies
of the pharmaceutical compounds disclosed in US
11/265,833. The inventors have devised methodology to
de-engineer these molecules and, based on their
understanding of the structure activity relationship
obtained from their studies, have synthesised a number
of compounds whose antifouling potency with respect to
the parent compound is substantially or entirely
conserved, or even increased, whilst simplifying the
structure of the compounds so to encourage rapid
bacterial degradation in water. Specifically, in order
to gain a greater understanding of the
structure-activity relationship of these
pharmaceuticals, one of them, loperamide
hydrochloride, was selected by the present inventors
for more detailed studies. Loperamide hydrochloride is
slightly soluble in water, and soluble in methanol,
isopropyl alcohol and chloroform. It is a white-yellow
powder with a Mw of 513.51 . Its pharmacodynamics in
vertebrates is as follows: loperamide binds to opiate
receptors in the gut wall, inhibiting the release of
acetylcholine and prostaglandins. It is indicated for
the symptomatic control of acute and chronic diarrhoea
(Kleemann, 2001; Budavari, 1996).The syntheses of
structural derivatives were carried out to enable
elucidation of the pharmacophore responsible for
loperamide's observed antifouling effect. Further
synthetic studies then lead to the simplification of
the core structure and adjustment of physical and
chemical properties. Over thirty synthetic compounds
derived from loperamide were synthesised by the
present inventors and tested using three different
bioassays to test for antibacterial and/or antifouling
activity. Antibacterial and/or antifouling activity
was observed for several of the synthetic compounds,
despite the compounds being significantly smaller and
less complex than loperamide. The present invention
therefore provides a number of compounds derived from
the de-engineering of loperamide, which compounds
retain some or all of the bioactivity of loperamide.
Indeed, some compounds surprisingly demonstrate higher
levels of activity that loperamide. In addition, the
present inventors have found that small structural
changes may alter the biodegradability of the
compounds, suitably to increase the probability that
they will biodegrade faster in the environment. Thus,
unlike existing molecules, including pharmaceuticals,
suggested for use as an antifouling or antibacterial
agent, the molecules identified by the present
inventors are not only bioactive but structurally
simple and biodegradable. Accordingly, these molecules
will be useful for a variety of antifouling
applications for the prevention of marine growth. For
example, the molecules can be used as additives in
marine antifouling coatings, biocides in the treatment
of seawater and the prevention of fouling in processes
using seawater, such as cooling towers and in
desalination. Furthermore, several bioactive compounds
also demonstrated enhanced water solubility as
compared to loperamide. In preferred embodiments these
molecules are incorporated into coatings in such a way
that they are protected from premature degradation but
released at a predetermined target time, after which
they are degraded by bacteria in the environment. The
skilled reader will be aware that the state of the art
inpolymer/coating chemistry provides several ways to
deliver molecules in this way, depending on the
requirements of the application. In preferred
embodiments, these compounds are incorporated into
conventional antifouling coatings as antifouling
agents for the prevention of marine growth. For
example, the compounds can be blended into existing
acrylate paints and are therefore practical
alternatives to the current coating options. In
particular, these compounds may be offered as
environmentally safer alternatives to reduce use of
existing booster biocides in existing coating
formulations, as a replacement for 



poorly-degradable existing booster biocides, and/or
augment existing coating formulations to improve
performance. In this connection, a number of the
compounds are oils and suitably compatible for
incorporation into coatings, for example siliconbased
foul-release coatings. In embodiments, this
compatibility may impart the coatings with increased
effectiveness such that the coated substrate benefits
from additional protection. Furthermore, these
compounds may be applied in such way to reduce or
replace copper/metal present in conventional
antifouling coatings, thereby reducing the
environmental impact of antifouling coatings.
Suitably, the compounds may be used in the removal of
marine organisms in seawater treatment processes such
as in ballast water treatment and for control of
marine growth in cooling water and desalination
processes. The compounds are particularly suited to
processes where rapid degradation/removal of the
active agent is necessary to prevent environmental
contamination and for compliance purposes. All of the
compounds exhibiting antibacterial and/or antifouling
activity are amides. Synthesis of Compounds Several
methods for the chemical synthesis of compounds of the
present invention are described herein. These and/or
other well known methods may be modified and/or
adapted in known ways in order to facilitate the
synthesis of additional compounds within the scope of
the present invention. The amides may be prepared in
excellent yield from the corresponding carboxylic acid
through the use of an amide coupling reagent as
depicted below:where R1, R2, R3, R4 = alkyl, aryl,
heteroaryl Alternatively, the amides may be prepared
from the corresponding acid chloride in the presence
of base: where R1, R2, R3, R4 = alkyl, aryl,
heteroaryl In addition, selected amides were
synthesised through the ring opening of a
dihydrofuraninium salt: where R1, R2, R3, R4 = alkyl,
aryl, heteroaryl The structures of the compounds
tested are given below.INFLUENZA SEQUENCES FIELD The
present invention relates to the fields of medicine,
cell biology, molecular biology and genetics. More
particular, the invention relates to methods of
nucleic acid sequences . suitable for use in detecting
a pathogen or products thereof in a sample. BACKGROUND
Influenza is a frequently underestimated infectious
disease which can result in high morbidity and
mortality rates especially in elderly persons and in
high-risk patients. Influenza A and influenza B
viruses are responsible for genuine virus influenza
which is contracted by several 100 million persons
worldwide each year. The influenza A and B viruses
primarily infect the nasopharyngeal and oropharyngeal
cavities and initially cause general respiratory
symptoms in the affected persons. It is not possible
even for experienced medical professionals to very
reliably diagnose influenza solely on the basis of the
patient's clinical symptoms since other viruses which
infect the nasal or pharyngeal cavity such as
adenoviruses, parainfluenza viruses or respiratory
syncitial viruses (RS viruses) cause similar symptoms.
Influenza A is an infectious disease of animals caused
by type A strains of the influenza virus that normally
infect birds, and less commonly, pigs. There are many
subtypes of the influenza A virus. These subtypes are
based on the haemagglutinin (HA) segment, which has 16
varieties (Hl -H16) and neuraminidase (NA) segment,
which has 9 varieties (Nl- N9). The reason for the
high degree of genetic and hence immunological
variability especially of the influenza A viruses is
due to the fact that a genetic shift (reassortment of
the viral genes) can also occur in rare cases in
addition to the usual genetic drift (point mutation).
This is due to the fact that, in contrast to other
viruses, the genome of the influenza viruses is
segmented and that influenza A is a pathogen in humans
as well as in animals. Influenza B infects only
humans. Due to the high medical importance of
influenza infections, almost every country in the
world now has a nationally organized influenza
monitoring system. For this scheme general
practitioners remove swabs from the nose and/or throat
and send them to the respective national reference
centre. The influenza A/B viruses are then usually
detected byeluting the swabs and subsequently
culturing the patient specimens on mammalian cells
such as MDCK cells (Madine-Darby Canine Kidney cells).
The culture in these special laboratories can take up
to 14 days and is thus not of immediate relevance for
the diagnosis of the individual patients. Rather the
goal of the national reference centres is to type and
subtype the cultured viruses and to report the results
to the World Health Organisation (WHO). The job of the
vaccine manufacturer is then to adapt next year's
influenza vaccines to the latest circulating viral
strains on the basis of the annual WHO recommendation.
Rapid and reliable detection of influenza A virus
infection is therefore very important. Current
laboratory methods of detecting influenza A and B
infections commonly involve antigen detection,
isolation in cell culture, or detection of
influenza-specific RNA by reverse transcriptase
polymerase chain reaction (RT-PCR). There is a huge
problem in using antigen detection due to the
sensitivity of such tests. The rapid test kits
generally provide results within 24 hours and are
approximately 70% sensitive for detecting influenza
and approximately 90% specific. The sensitivity of the
rapid test kits means that as many as 30% of samples
may yield false negatives, and the tests are not
multiplexed. Each of these assay techniques has
advantages and disadvantages that make them more or
less suitable for use in public health laboratories,
or hospital-based laboratories, but none of these
existing assays are currently employed at point-of
care: They are all conducted in a laboratory and
usually results are not produced rapidly enough to
impact on the prescribed treatment. Virus isolation in
cell culture is both laborious and time intensive.
Currently as stipulated by the World Health
Organization, recommended diagnostic methods for the
identification of avian influenza A virus in human are
immunofluorescence 



assay (IFA), virus culture and PCR assays. Both IFA
and virus culture methods are laborious and are not
feasible for large amounts of samples. The threat of
an influenza pandemic has propelled the need of a new
influenza diagnostic test system that should be able
to do fast and reliable detection of human influenza,
with the capability to identify and differentiate
seasonal influenza A and B from novel influenza A as
well as detecting newly emergent influenza A strains.
Rapid specific and sensitive detection and typing of
influenza virus and identification of its various
strains is critical to identification and control of a
potential human pandemic.There is also a perceived
need for an informative influenza assay that can be
performed in the field, i.e., at the point of care
("POC"). SUMMARY According to a 1st aspect of the
present invention, we provide a nucleic acid sequence
as shown in Table Dl or Table D2, or a variant,
homologue, derivative or fragment thereof. There is
provided, according to a 2nd aspect of the present
invention, a combination of two or more such
sequences. The combination may comprise two or more
sequences set out in Table Dl . The combination may
further comprise one or more or all of the sequences
set out in Table D3. The combination may comprise two
or more sequences set out in Table D2. The combination
may further comprise one or more or all of the
sequences set out in Table D4. We provide, according
to a 3rd aspect of the present invention, a nucleic
acid or combination set out above, in which the
nucleic acids are immobilised, for example in the form
of an array such as a microarray. The array may
comprise a combination set out above. The array may
comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52 or 53
or more nucleic acid sequences. As a 4th aspect of the
present invention, there is provided use of a nucleic
acid sequence or a combination set out above as a
primer or primers for nucleic acid amplification. We
provide, according to a 5th aspect of the present
invention, use of a nucleic acid sequence or a
combination set out above as a probe or probes for
nucleic acid hybridisation. The present invention, in
a 6 aspect, provides use of a nucleic acid sequence or
a combination set out above in a method of detecting
an influenza virus. In a 7th aspect of the present
invention, there is provided use of a nucleic acid
sequence or a combination set out above in a method of
determining the strain of an influenza virus.According
to an 8th aspect of the present invention, we provide
use of a nucleic acid sequence or a combination set
out above in a method of diagnosis of influenza. We
provide, according to a 9th aspect of the invention, a
method of detecting influenza in an individual, the
method comprising detecting an influenza virus or a
strain thereof in a sample of an individual by a
method set out above. There is provided, in accordance
with a 10th aspect of the present invention, a method
of treatment or prevention of influenza in an
individual, the method comprising detecting influenza
in an individual set out above and administering a
suitable treatment or prophylactic to the individual.
The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
chemistry, molecular biology, microbiology,
recombinant DNA and immunology, which are within the
capabilities of a person of ordinary skill in the art.
Such techniques are explained in the literature. See,
for example, J. Sambrook, E. F. Fritsch, and T.
Maniatis, 1989, Molecular Cloning: A Laboratory
Manual, Second Edition, Books 1-3, Cold Spring Harbor
Laboratory Press; Ausubel, F. M. et al. ( 1995 and
periodic supplements; Current Protocols in Molecular
Biology, ch. 9, 13, and 16, John Wiley & Sons, New
York, N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996,
DNA Isolation and Sequencing: Essential Techniques,
John Wiley & Sons; J. M. Polak and James O'D. McGee,
1990, In Situ Hybridization: Principles and Practice,;
Oxford University Press; M. J. Gait (Editor), 1984,
Oligonucleotide Synthesis: A Practical Approach, IrI
Press; D. M. J. Lilley and J. E. Dahlberg', 1992,
Methods of Enzymology: DNA Structure Part A: Synthesis
and Physical Analysis of DNA Methods in Enzymology,
Academic Press; Using Antibodies :A Laboratory Manual
: Portable Protocol NO. I by Edward Harlow, David
Lane, Ed Harlow (1999, Cold Spring Harbor Laboratory
Press, ISBN 0-87969-544-7); Antibodies : A Laboratory
Manual by Ed Harlow (Editor), David Lane (Editor) (
1988, Cold Spring Harbor Laboratory Press, ISBN 0-
87969-314-2), 1855. Handbook of Drug Screening, edited
by Ramakrishna Seethala, Prabhavathi B. Fernandes
(2001, New York, NY, Marcel Dekker, ISBN
0-8247-0562-9); and Lab Ref: A Handbook of Recipes,
Reagents, and Other Reference Tools for Use at the
Bench, Edited Jane Roskams and Linda Rodgers, 2002,
Cold Spring Harbor Laboratory, ISBN 0- 87969-630-3.
Each of these general texts is herein incorporated by
reference.BRIEF DESCRIPTION OF THE FIGURES Figure 1 is
a fluidic diagram that illustrating a Lab-on-Chip
described here. A. VereChip- Lab-on-Chip B. VereID
BioSystem. Figure 2 is a diagram showing an overview
of VereFlu(tm) Influenza A/B Detection. Figure 3 is a
diagram showing the VereFlu Microarray Probe Panel.
Figure 4 is a diagram showing the specificity of the
probes on the microarray panel for the HA gene of the
H5 type/ H5N1 subtype of influenza A. Figure 5 is a
diagram showing the specificity of the probes on the
microarray panel for the NA gene of the H5 type/ H5N1
subtype of influenza A. Figure 6 is a diagram showing
the specificity of the probes on the microarray panel
for H7 type of influenza A. Figure 7 is a diagram
showing the specificity of the probes on the
microarray panel for H9 type/ H9N2 subtype of
influenza A. Figure 8 is a representative microarray
image for H5N1 influenza virus detected by the VereFIu
microarray . Figure 9A is a diagram showing tip
placement into an inlet hole during sample loading.
Figure 9B is a diagram showing a pipette sketch
indicating the different stop positions. 



Figure 10 is a diagram showing IN and PCR sealing
clamps. Figure 11 is a diagram showing a bottom view
of IN (left) and PCR (right) clamps. Figure 12 is a
diagram showing alignment holes for IN and PCR (or
Hyb) clamps. Figure 13 is a diagram showing a closed
chip ready for the PCR thermal cycles. Figure 14 is a
diagram showing microarray chamber filling. Left:
Microarray chamber is half filled after loading only
one inlet. Right: Microarray chamber completely
filled.Figure 15 is a diagram showing a clamp for the
detection area sealing during the hybridization phase
(bottom view). Figure 16A is a diagram showing a first
sealing step during hybridization phase placing inlet
clamp. Figure 16B is a diagram showing a closed chip
ready for the hybridization. DETAILED DESCRIPTION As
noted in the "Background" section, the increasingly
viable threat of an epidemic and/or pandemic drives
the need for a fast and reliable detection of human
influenza, with the capability to detect, identify and
differentiate seasonal influenza A and B from novel
influenza A as well as detecting newly emergent
influenza A strains. We describe a nucleic acid
sequence as shown in Table Dl or Table D2, or a
variant, homologue, derivative or fragment thereof.
The sequence may comprise a sequence set out in Table
D3 or Table D4. A combination of two or more sequences
is also provided. The nucleic acid sequence or
combination may be used for detection of influenza or
discrimination between strains of influenza. The
methods and compositions described here enable
influenza assays to be performed in the field, i.e.,
at the point of care. POC assays compatible with more
extensive laboratory analysis, such as sequencing of,
for example, HA and NA may enable savings in time and
money. This may also allow the evolution of a viral
disease and viral genomics to be analyzed in
real-time. The methods and compositions described here
may provide a rapid, sensitive and accurate method to
detect, differentiate and identify various sub-types
and strains of an influenza A and/or B virus. The
methods and compositions described here may provide
signature sequences of various influenza A and B
viruses that may be useful in detecting the presence
and identification of a particular influenza strain
and/or sub-type. The nucleic acid sequences described
here may be used to detect for example influenza A,
influenza B, and the like. The methods and
compositions described here also enable use of
polymerase chain reaction for the detection of
influenza infection. PCR is widely recommended and
used due toits high sensitivity and specificity. PCR
tests are used as both testing and confirmation in the
detection of H5N1 . RT-PCR is increasingly becoming
popular due to its specificity, sensitivity and
turn-around time. By using RT-PCR techniques with
defined primers, it is possible to provide a viral
detection as well as subtype identification. The
methods and compositions described here may allow fast
and reliable detection of human influenza, with the
capability to identify and differentiate seasonal
influenza A and B from novel influenza A as well as
detecting newly emergent influenza A strains. We
describe as an example a test system comprising a
plurality of PCR primer pairs, used to reverse
transcribe low amounts of influenza viral RNA from
sample, amplify them and a plurality of probes to
hybridize amplicons for the accurate detection,
differentiation and identification of the influenza
strains and subtypes. INFLUENZA SEQUENCES We describe
a number of nucleic acid sequences. The sequences may
be used for any means for which nucleic acid sequences
are suitable. For simplicity, the nucleic acid
sequences the subject of this disclosure may be
referred to as "influenza sequences". The "influenza
sequence" may comprise a sequence corresponding to a
portion of an influenza nucleic acid sequence, for
example, an influenza gene. The influenza gene may
comprise a gene from or of an influenza virus. The
"influenza sequences" may further comprise other
nucleic acid residues which have no such
correspondence. The influenza sequence may comprise a
sequence set out in Table Dl . The influenza sequence
may comprise a sequence set out in Table D2. The
influenza sequence may comprise a sequence set out in
Table D3. The influenza sequence may comprise a
sequence set out in Table D4. The influenza sequence
may comprise a variant, homologue, derivative or
fragment of any such sequence. Combinations of any of
these sequences are also included. We provide for
pairwise combinations of the sequences in Table Dl,
for example, a combination of SEQ ID NO: 1 and SEQ ID
NO: 2, a combination of SEQ ID NO: 3 and SEQ ID NO: 4,
a combination of SEQ ID NO: 5 and SEQ ID NO: 6, a
combination of SEQ ID NO: 7 and SEQ ID NO: 8, a
combination of SEQ ID NO: 9 and SEQ ID NO: 10, a
combination of SEQ ID NO: 11 andSEQ ID NO: 12, a
combination of SEQ ID NO: 13 and SEQ ID NO: 14, and a
combination of SEQ ID NO: 15 and SEQ ID NO: 16.
Combinations of such combinations are also provided.
We provide for a combination comprising SEQ ID NO: 1
to SEQ ID NO: 14, and optionally SEQ ID NO: 15 and SEQ
ID NO: 16, as shown in Table Dl . We further provide
for a combination comprising all the sequences shown
in Table Dl, i.e., SEQ ID NO: 1to SEQ ID NO: 16. We
provide for combinations of the sequences in Table D2,
for example, a combination comprising SEQ ID NO: 17 to
SEQ ID NO: 53, as shown in Table D2. We further
provide for a combination comprising all the sequences
shown in Table D2, i.e., SEQ ID NO: 17 to SEQ ID NO:
53. The influenza virus may comprise influenza A
virus. The influenza virus may comprise a human
influenza virus or an animal influenza virus. The
influenza virus may comprise avian influenza virus
("bird flu"). The influenza gene may include the HA
(hemagglutinin) gene or the NA (neuraminidase) gene.
The influenza sequences described here may be single
stranded or double stranded. The influenza sequences
described here may in particular be capable of binding
to a relevant influenza gene. The influenza gene may
comprise DNA, RNA, mRNA, cDNA, etc, or 



a portion thereof. The influenza gene may include the
HA (hemagglutinin) gene or the NA (neuraminidase)
gene, or both. Other genes may be detected as part of
the process. The sequences may be used to detect the
presence of influenza nucleic acids in a sample. They
may be used to detect the presence of influenza
viruses or products thereof in a sample. They may be
used to detect the presence of influenza viruses of
particular strains in a sample. They may be used to
discriminate between these strains. Size of Nucleic
Acids The size of the influenza nucleic acid
sequences, including primers and probes, may vary, as
will be appreciated by those in the art, in general
varying from 5 to 100 nucleotides inlength, for
example between 10 and 100, such as 15 and 50 and from
10 to 35, depending on the use and amplification
technique. Generally the sequence, for example the
probe or primer, may include a target pathogen
specific sequence sufficient to confer specific
amplification or hybridization to the respective
influenza DNA. The nucleic acid sequences disclosed
here may further comprise other components, such as
adapter sequences. Where present, the adapter sequence
may range for example from 15-25 nucleotides in
length, for example 20. The target specific portion of
the sequence may be from 15- 50 nucleotides in length.
In addition, the sequence may include one or more
additional amplification priming sites. Probe Design
For probe design, sequences of different strains of
each subtype may be extracted from established
databases such as NCBI and assessed for potential
probe sites with the following parameters; i. Unique
sequences that can differentiate between different
strains of influenza ii. Pre-determined microarray
hybridization conditions iii. Probe melting
temperature iv. Hairpin forming potential v. Length of
probe vi Binding Free Energy A good probe should have
maximum hybridization with its target, minimum
crosshybridization with its non-targets and a good
fluorescence with for example Signal median /
Background median > 3 * max (Signal med / Background
med) of Negative Controls. Probe length of 25-mer may
be used to achieve a balance between specificity and
tolerance for mismatches between different strains of
the same subtype. The potential probes may be spotted
onto the microarray and tested again. Probes that do
not work or displayed cross-hybridization may be
removed and redesigned. Whenever feasible, probes that
span the beginning, middle and end of the target PCR
fragments are selected. This is to ensure thateven if
mutation arises on one region of the target fragment,
we can still detect the virus from the remaining two
regions. In instances where probes generated by the
software do not work, probes may be be designed
manually. The manually designed probes may be
subjected to and assessed with the same parameters by
the software. However, certain compromises may have to
be made to the parameters in special cases. The probes
may be then spotted and analyzed again. The process
may be repeated until the required number of probes
and their required specifications are met. The
sequences of the different strains of each subtype may
be aligned and potential probes sites for each subtype
may be identified. Sites flanking regions of about
150-300 bp and containing the most number of potential
probe sites may be used to design the primers. Once
primer sets of each subtype are designed, they may be
tested against all the other subtype controls for
cross-primings in a multiplexing condition. Any
primers exhibiting crosspriming tendencies may be
redesigned and may be repeated until the cross-priming
problem is solved. A same parallel set of experiments
may be carried out on a thermal cycler and results
visualized on suitable equipment such as an Agilent
Bioanalizer to verify the LOC results. Immobilisation
The influenza sequences may be immobilised, for
example by being bound to a substrate. In one
embodiment of the methods and compositions described
here, detection of the amplified products described
above may make use of arrays. By "substrate" or "solid
support" or other grammatical equivalents we mean any
material to which a capture probe can be immobilized.
As will be appreciated by those in the art, the number
of possible substrates is very large. Possible
substrates include, but are not limited to, glass and
modified or functionalized glass, plastics (including
acrylics, polystyrene and copolymers of styrene and
other materials, polypropylene, polyethylene,
polybutylene, polyurethanes, TeflonJ, etc.),
polysaccharides, nylon or nitrocellulose, resins,
silica or silicabased materials including silicon and
modified silicon, carbon, metals, inorganic glasses,
plastics, and a variety of other polymers. In general,
the substrates allow optical detection and do not
themselves appreciably fluoresce. Generally the
substrate is flat, although as will be appreciated by
those in the art, other configurations of substrates
may be used as well.The substrate may comprise a
silicon base. The influenza sequences may be provided
in a spaced conformation, for example a regular space
conformation, for example in the form of an array. The
array may comprise a microarray. Methods of producing
nucleic acid arrays are known in the art. The array
may comprise one or more of the influenza sequences
set out in Table D2. The array may comprise one or
more of the influenza sequences set out in Table D4.
The array may comprise a plurality of such sequences.
The array may comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52 or 53 such sequences. The array may
comprise one or more control sequences. Sample The
methods and compositions described here may be used
for detecting influenza viruses or sequences in a
sample. The sample may comprise a biological sample.
The sample may be taken from an individual, which may
be a human or animal. The sample may comprise any
number of things, including, but not limited to,
bodily fluids (including, but not limited to, blood,
nasopharyngeal secretions, urine, serum, lymph, 



saliva, anal and vaginal secretions, perspiration and
semen, of virtually any organism, for example
mammalian samples, environmental samples (including,
but not limited to, air, agricultural, water and soil
samples); biological warfare agent samples; research
samples; purified samples, such as purified genomic
DNA, RNA, proteins, etc.; raw samples (bacteria,
virus, genomic DNA, etc. As will be appreciated by
those in the art, virtually any, or no, experimental
manipulation may have been done on the sample. The
nucleic acid sequences described here may for example
be used for example in a molecular diagnostic test for
influenza. Such a test may be conducted for example
using standard RNA extraction protocols, Reverse
Transcription-Polymerase Chain Reaction (RTPCR), etc.
Nucleic Acid Amplification As is outlined more fully
below, probes may be made to hybridize to target
sequences such as amplicons to determine the presence
or absence of the target sequence in a sample.Primers
may also be made to amplify target sequences to
determine the presence or absence of the target
sequence in a sample. The influenza sequences may
therefore be used as nucleic acid primers. The primers
may comprise one or more influenza sequences set out
in Table Dl . They may comprise one or more influenza
sequences set out in Table D3. A target sequence from
a sample may be amplified to produce a secondary
target, e.g. the amplicon, that may be detected by the
methods described in this document. The target
sequence may be any length, with the understanding
that longer sequences are more specific. The
complementary target sequence may also take a number
of forms. For example, it may be contained within a
larger nucleic acid sequence, e.g. all or part of a
gene or mRNA, a restriction fragment of a plasmid or
genomic DNA, among others. The amplification reaction
may comprise binding between the influenza sequence
and a target. A primer nucleic acid may be contacted
to the target sequence to form a hybridization
complex. The primer may then be used to amplify the
target sequence, as described in further detail below.
By "primer nucleic acid" herein is meant a probe
nucleic acid that will hybridize to some portion, i.e.
a domain, of the target sequence. The primers may be
used for amplification of nucleic acids by any means
known in the art. For example, PCR (polymerase chain
reaction) may be employed. As another example, RT-PCR
(reverse transcription - polymerase chain reaction)
may be employed. Other amplification methods may also
be used, for example, LCR (ligase chain reaction),
dePCR (digital polymerase chain reaction), Long PCR,
Quantitative End-Point PCR, Quantitative Real-Time
PCR, Rapid Amplification of cDNA Ends (RACE), TMA,
NASBA, etc. These methods are known in the art, and
methods for employing the influenza sequences for use
in such methods will be evident to the skilled reader.
The influenza sequences may be provided as
combinations. For example, we disclose a combination
of any two or more sequences set out in Table Dl . The
combination may comprise two sequences, corresponding
to a forward primer and a reverse primer, as set out
in Table Dl . The combination of two sequences may
include a forward primer for a particular gene and a
reverse primer for that gene. Combinations of such
pair-wise combinations are also provided.Nucleic Acid
Hybridisation and Detection The amplified amplicons
may be detected using probes comprising the nucleic
acid sequences described here. Thus, the influenza
sequences may be used as probes. The probes may
comprise one or more influenza sequences set out in
Table D2. They may comprise one or more influenza
sequences set out in Table D4. For this purpose, the
nucleic acid sequences described here, including the
probes, may be designed to be complementary to a
target sequence. This may comprise either the target
sequence of the sample or to other probe sequences, as
is described below, such that hybridization of the
target sequence and the probes of the may occur. As
outlined below, this complementarity need not be
perfect; there may be any number of base pair
mismatches which will interfere with hybridization
between the target sequence and the single stranded
nucleic acids as described here. However, if the
number of mutations is so great that no hybridization
can occur under even the least stringent of
hybridization conditions, the sequence is not a
complementary target sequence. Thus, by "substantially
complementary" herein is meant that the probes are
sufficiently complementary to the target sequences to
hybridize under normal reaction conditions. The
influenza nucleic acid sequences described in this
document may be used in solution for conventional
nucleic acid hybridisation. The hybridisation may be
performed under stringent hybridisation conditions or
non-stringent hybridisation conditions. An example of
a stringent hybridisation condition is 65C and 0.IxSSC
(IxSSC = 0.15 M NaCl, 0.01 5 MNa3 Citrate pH 7.0). A
further example of a hybridisation condition is 48 mM
phosphate Buffer, 1742.4 mM NaCl, 0.24% Tween 20, 4.8X
Denhardt's solution, 2.4 nM probe or probes (e.g., 3
probes) - phosphate buffer comprises 12.96 mM KCl and
657.6 mM NaCl. A variety of hybridization conditions
may be used in the methods and compositions described
here, including high, moderate and low stringency
conditions. Stringent conditions are
sequence-dependent and will be different in different
circumstances. Longer sequences hybridize specifically
at higher temperatures. The hybridization may be done
at prederminated temperature for 30min using Phosphate
Buffered Solution, NaCl, KCl, Tween 20 and Denhardt's
solution.Methods of using such nucleic acid sequence
probes for the detection of target nucleic acid
sequences are known in the art, and are described in
for example, Maniatis et al. The probes may be
labelled for the purpose of amplification or detection
or both. The labelling may comprise any signal
producing entity. A label may for example comprise a
chemical, moiety or molecule that allows detection of
the label together with any molecule, surface or
material to which the label is applied, attached,
coupled, hybridized or bound to. Examples of labels
include dyes, radiolabels, fluorescent labels,
magnetic labels and enzymatic labels. The label may in
particular comprise a radioactive label, such as 32P.
The label may 



comprise a non-radioactive label such as digoxigenin.
The signal may be detected by any suitable means known
in the art. The hybridisation may be performed with
the influenza sequences in solution or immobilised,
for example, where an array of probe sequences is
employed.. Two Chamber Chip In some embodiments of the
methods and compositions described here, a two
component or two chamber system may be used. For
example, the methods described here may be carried out
on a "chip", referred to for convenience as a
VereChip. In a two chamber system, a first chamber or
compartment may comprise a space for nucleic acid
amplification. The first chamber may therefore
comprise a micro-reactor, such as a nucleic acid
amplification micro-reactor chamber, e.g., a PCR
micro-reactor. The first chamber may be used for
reverse transcription (see below). A second chamber
may comprise a space for nucleic acid hybridisation.
The second chamber may therefore comprise a
hybridization chamber. The second chamber may comprise
immobilised probes for example in the form of an
array. The two chambers may be connected, for example
fluidly connected such that fluid may flow from one
chamber to the other. The flow may be controlled. The
flow may be one way; for example, fluid may be allowed
to flow from the first chamber to the second
butprevented from flowing from the second chamber to
the first. The chip may comprise a valve or stopper
for this purpose. Where a method using such a two
chamber chip is employed, nucleic acid amplification
may be conducted in the first chamber to produce
amplicons. The amplicons are then moved from the first
chamber to the second chamber of the chip where they
undergo hybridization of the probes to the target
amplicons. Examples of such chips are described in the
following patent documents, and the skilled reader
will readily be able to make such a chip from these:
FR 1043770, GB 1043770, IT 1043770, FR 1049157, GB
1049157, DE 1123739, IT 1123739, GB 1123739, FR
1123739, IT 1161985, GB 1161985, FR 1161985, FR
1182602, DE 1182602, IT 1182602, FR 1193214, IT
1193214, GB 1193214, US 6376291, US 6504226, US
6670257, US 20010024820, US 20010049200, US
20020017660, US 20030057199, US 20020045244, US 200301
19289, US 20040206749, US 20040226908, US 20040235149,
US 20040106290, US 20040164068, US 20020097900, US
20050136598, US 20050181392, US 20050282221, US
20050155860, US 20040141856, DE 1161985, DE 1193214,
DE 1043770, DE 1049157, EP 1130631, EP 1326279, EP
1400600, EP 1403383, EP 1452993, EP 1535665, EP
1535878, EP 1541991, EP 1547688, EP 1618955, EP
1764418, EP 1885646, EP 1914226, EP 2051935, CN
101200447, WO 2006120221, JP 2006237643, WO
2007091280, WO 2007091281, WO 200714181 1, US
20040132059, US 20040191804, US 20040227207, US
20050142597, US 20050176037, US 20050233440, US 200601
15828, US 20070125650, US 20070252224, US 20080 118405
and US 20080 1382 10. Reverse Transcription and One
Step RT-PCR An influenza viral assay (or an assay of
any RNA virus) may involve reverse transcription (RT)
as a first step of a detection reaction. During
reverse transcription RNA sequences are converted to
complementary DNA (cDNA), providing a cDNA template
for PCR amplification. An approach to RT-PCR is the
use of a "One-Step RT-PCR system." In a system of this
type, reagents for both RT and PCR may be added to a
sample in a single mixture and loaded into a chip, for
example comprising probe sequences.. The RT and PCR
enzymecatalyzed reactions may be carried out
sequentially in the PCR micro reactor of the
chip,taking advantage of the different
thermostabilities of the enzymes involved (typically,
a thermolabile reverse transcriptase and a
thermostable DNA polymerase) and by setting an
appropriate thermal profile. An initial incubation at
non-denaturing temperature allows RT to occur first.
The temperature then can be raised to initiate PCR.
The temperature and duration of RT and PCR steps can
be readily determined by one of skill in the art. In
one embodiment, an RT step can be performed for from
less than 2 minutes to more than 60 minutes at a
temperature of from approximately 50-60 degree. C. and
a DNA-polymerase step can be performed at
approximately 95 degree. C. for several cycles as
discussed elsewhere. Controls The methods described
here may further involve the use of controls. Thus,
for example, a control of non-human and non-viral may
be co-amplified with the target nucleic acid. Such a
control may be used to control the integrity of
reagents, equipments and the presence of inhibitors,
etc. This control can be observed in all tests even in
the absence of influenza. In one embodiment, the
control may be generated by amplification of an
internal control target and hybridized to a
complimentary probe. Hybridization control probes may
also be employed. Such hybridisation controls may be
spotted onto the microarray to serve as a control to
the hybridization process. Such control sequences or
probes may comprise for example phytochromobilin
synthase HY2 protein from Arabidopsis thaliana.
Subtype and Strain Identification Using the
information obtained from an amplification reaction,
various strains and sub-types of an influenza virus
may be distinguished from each other and the strain
and subtype identified. Specifically, an assay may be
used to provide a positive or negative (yes/no)
determination of the likely presence or absence of
influenza virus types A and B as well as sub-type
identification of Hl, HlNl, H3, H3N2, H5, H5N1, H7,
H9, H9N2 and Influenza B, etc in a sample.An assay may
also be used to monitor for one or more mutations in
an influenza virus strain. Mutations in an influenza
virus, within, for example the HA and NA, can alter
viral infectivity and lethality in different hosts and
different tissues, and may also be detected using the
methods and compositions described here. Gene and
Variant Detection 



The influenza sequences described here may in
particular be capable of binding to a relevant
influenza gene of an influenza strain. The influenza
sequences may therefore in particular be capable of
binding to HA (hemagglutinin) or NA (neuraminidase)
variants from different influenza strains. They may be
used to target the HA gene or the NA gene or both. The
influenza sequences may be such that they are capable
of binding to certain gene variants and not others.
The influenza sequences may be capable of binding to
only one gene variant. Thus, we disclose influenza
sequences comprising nucleic acid sequences capable of
binding to different HA gene variants. We disclose
influenza sequences comprising nucleic acid sequences
capable of binding to a Hl gene variant. We disclose
influenza sequences comprising nucleic acid sequences
capable of binding to a H3 gene variant. We disclose
influenza sequences comprising nucleic acid sequences
capable of binding to a H5 gene variant. We disclose
influenza sequences comprising nucleic acid sequences
capable of binding to a H7 gene variant. We disclose
influenza sequences comprising nucleic acid sequences
capable of binding to a H9 gene variant. We further
disclose influenza sequences comprising nucleic acid
sequences capable of binding to different N gene
variants. We disclose influenza sequences comprising
nucleic acid sequences capable of binding to an Nl
gene variant. The influenza sequences may be used to
discriminate between different strains of flu virus.
For example, they may be used to discriminate between
HlNl, H3N2, H5N1 and H9N2. The sequences may be used
to detect the HA genes of subtypes HlNl , H3N2, H5N1,
H7, H9N2 and Influenza B. The sequences may be used to
detect NA genes of subtypes HlNl and H5N1 , for
example. They may be used in a microarray to identify
the abovementioned specific strains of human Influenza
A and B.Multiplex Detection The nucleic acid sequences
described here may be used in a method of multiplex
detection of targets. In such an embodiment, the
primers or primer sets may be designed in such a way
that each primer set primes a fragment that is as
short as possible. This may be done to increase
hybridization efficiency and to achieve shorter PCR
cycling time while flanking as many potential probe
sites as possible. In such an embodiment, the length
of the primers may be about 30-mer to allow for higher
reverse transcription and annealing temperature to
improve specificity. The sequences of the different
strains of each subtype may be aligned and potential
probes sites for each subtype may be identified. Sites
flanking regions containing the most number of
potential probe sites may then be used to design the
primers. The methods described in this document may
therefore be multiplexed. As an example, more than one
primer pair may be used in combination with one or
more probes to amplify and detect specific target
nucleic acid sequences of influenza. In some
embodiments, target specific sequences from the
influenza A and B may include the use of the primers
and probes as set forth in Table Dl and D2. For
example, in some embodiments, we provide for the use
of all PCR primers in Table Dl and all the probe
sequences in Table D2. The influenza sequences may be
used in any method for which nucleic acid sequences
are generally suitable. They may in particular be used
as primers or probes for the detection of influenza,
for example as described above. Assay Reagents Assay
reagents, for example, comprising the primers and
probes described above, may be provided as a kit or a
consumable. The reagents may be supplied as a
lyophilized preparation. Each reagent can be supplied
separately or as a mixture of one or more reagents.
Reagents also can be supplied on a substrate, such as
a bead. A lyophilized reagent can be stable for more
than one year.INFLUENZA SEQUENCES (TABLE Dl) HlNl F
deg and HlNlR deg are sequences suitable for use as
primers for the detection of HlNl strains, including
Swine Flu (HlNl) and seasonal HlNl flu. NA HlNl F and
NA HlNl R are sequences suitable for use as primers
for the detection of NA of HlNl. H3N2 873U22 and H3N2
1207L23 are sequences suitable for use as primers for
the detection of H3N2. H5N1HA 517U21 and H5N1 HA
769L25 are sequences suitable for use as primers for
the detection of HA of H5N1 . H5N1NA 542U24 and H5N1NA
820L24 are sequences suitable for use as primers for
the detection of NA of H5N1 .H7 1185U23 and H7 1475L23
are sequences suitable for use as primers for the
detection of H7. H9N2 581 U23 and H9N2 894L23 are
sequences suitable for use as primers for the
detection of H9N2. FluB_743U21 and FIuB l 041 L22 are
sequences suitable for use as primers for the
detection of Influenza B. INFLUENZA SEQUENCES (TABLE
D2) Target Probes Sequence 5'-3' SEQ ID HA gene of HA
HlNl 1OH AAATCCAGAGTGTGAATCACTCTCCA NO: 17 Hl and HlNl
SEQ ID HA gene of HA HlNl H H
TTGGGTAACTGCAGCGTTGCCGGGTG NO: 18 Hl and HlNl SEQ ID
HA gene of HA HlNl 12H TGGAAAACTATGTCTATTAAAAGGAA NO:
19 Hl and HlNl SEQ ID HA gene of HA HlNl 13H
GTCAACCTGCTTGAGGACAGTCACAA NO: 20 Hl and HlNl SEQ ID
HA gene of HA_H1_1 AGAATCAACTACTACTGGACTCTGC NO: 2 1
Hl and HlNl SEQ ID HA gene of HA HlNl _5
ATCAGGAATCATCACCTCAAATGCA NO: 22 Hl and HlNl 



SEQ ID HA gene of HA HlNl 6 CTTTCCAGAATGTACACCCAGTTACA
NO: 23 Hl and HlNl SEQ ID Swine HA HA__H1N1_.10
AAATCCAGAGTGTGAATCACTCTCCA NO: 24 gene of HlNl SEQ ID
Swine HA HA__H1N1_.1 1 TTGGGTAAATGTAACATTGCTGGCTG NO:
25 gene of HlNl SEQ ID Swine HA HA__H1N1_.12
CGGGAAACTATGCAAACTAAGAGGGG NO: 26 gene of HlNl SEQ ID
Swine HA HA_.H1N1_.13 GTTAACCTTCTAGAAGACAAGCATAA NO:
27 gene of HlNlMETHOD AND APPARATUS FOR MAINTAINING
FLOW METER TUBE AMPLITUDE OVER A VARIABLE TEMPERATURE
RANGE TECHNICAL FIELD The present invention relates to
a flow meter, and more particularly, to a flow meter
capable of maintaining a constant flow tube amplitude
over a variable temperature range. BACKGROUND OF THE
INVENTION It is generally known to use Coriolis effect
mass flow meters to measure mass flow and other
information for materials flowing through a conduit in
the flow meter. Exemplary Coriolis flow meters are
disclosed in U.S. Patent 4,109,524, U.S. Patent
4,491,025, and Re. 31,450 all to J.E. Smith et al.
These flow meters have one or more conduits of
straight or curved configuration. Each conduit
configuration in a Coriolis mass flow meter has a set
of natural vibration modes, which may be of simple
bending, torsional, or coupled type. Each conduit can
be driven to oscillate at a preferred mode. Material
flows into the flow meter from a connected pipeline on
the inlet side of the flow meter, is directed through
the conduit or conduits, and exits the flow meter
through the outlet side of the flow meter. The natural
vibration modes of the vibrating, material filled
system are defined in part by the combined mass of the
conduits and the material flowing within the conduits.
When there is no flow through the flow meter, a
driving force applied to the conduit causes all points
along the conduit to oscillate with identical phase or
small initial fixed phase offset which can be
corrected. As material begins to flow through the flow
meter, Coriolis forces cause each point along the
conduit to have a different phase. For example, the
phase at the inlet end of the flow meter lags the
phase at the centralized driver position, while the
phase at the outlet leads the driver. Pickoff sensors
on the conduit(s) produce sinusoidal signals
representative of the motion of the conduit(s).
Signals output from the pickoff sensors are processed
to determine the phase difference between the pickoff
sensors. The phase difference between the two or more
pickoff sensors is proportional to the mass flow rate
of material through the conduit(s). Meter electronics
generates a drive signal to operate the driver and
determines a mass flow rate and other properties of a
material from signals received from the
pickoffsensors. The driver may comprise one of many
well known arrangements, however, a magnet mounted to
one conduit and an opposing drive coil mounted to the
other conduit or a fixed base has received great
success in the flow meter industry. An alternating
current is passed to the drive coil for vibrating both
conduits at a desired flow tube amplitude and
frequency. It is also known in the art to provide the
pickoff sensors as a magnet and coil arrangement very
similar to the driver arrangement. However, while the
driver receives a current which induces a motion, the
pickoff sensors can use the motion provided by the
driver to induce a voltage. The general operating
principles of the driver and pickoff sensors are
generally known in the art. In many applications, the
drive signal is determined at least in part by the
pickoff signals. Once an initial drive signal is
applied to the driver to induce the meter to vibrate,
the pickoff sensors maintain a certain velocity. It is
known in the art for the meter electronics to control
the drive signal according to "displacement" or
"positional" type control. In other words, meter
electronics generates and applies drive signals to the
driver that maintain a certain amplitude in the
pickoff signals. The amplitude of the voltage signal
generated by the movement of the pickoff is generally
designed to be proportional to the amplitude of the
sinusoidal displacement of the flow tube, and this
relationship is often expressed in terms of
voltage/hertz. The pickoff signal amplitude is a
function of the following components: the frequency of
pickoff oscillation, the pickoff s magnetic field, the
pickoff coil wire length, and the pickoff s amplitude
of motion. It is typical in the art for the system
frequency of operation to be measured by the
electronics, while both the magnetic field and the
coil wire length are assumed to be constants. Control
of the flow tube displacement amplitude is therefore
accomplished by maintaining a target pickoff signal
voltage amplitude, often expressed in terms of
voltage/hertz. A problem arises with this amplitude
relationship when the flow meter is exposed to either
high environment temperatures or high process fluid
temperatures. Both can cause the driver and pickoff
sensor temperatures to increase. As the temperature
increases, the magnetic field of both the driver and
the pickoff sensors decreases thus causing the pickoff
output voltage to decrease If the drive signal is set
to maintain the pickoff output voltage as a constant
voltage/Hertz relationship, the drive signal is then
increased, which increases the flow tube displacement
amplitude in orderto increase the pickoff voltage
amplitude. The resulting higher flow tube amplitude
causes several unwanted effects. From a structural
viewpoint, the higher tube amplitude results in higher
tube stresses. Differing flow tube amplitudes can also
drive unwanted vibrational modes which impress
themselves onto the pickoff signal causing measurement
errors. Additionally, the higher tube amplitude
requires more drive power. In many situations, the
power available may be limited by safety approval
ratings or by manufacturing specifications. The drive
power requirements are increased to an even greater
degree in high temperature environments because the
drive magnet's efficiency decreases. There is a need
in the art to provide a method for maintaining a 



constant flow tube amplitude in the presence of high
temperatures. The present invention solves this and
other problems and an advance in the art is achieved.
ASPECTS According to an aspect of the invention, a
method for operating a flow meter including a driver
and pickoff sensors coupled to a flow tube, the driver
being adapted to vibrate the flow tube in response to
a drive signal, the method comprises the steps of:
setting a target pickoff voltage; measuring a flow
meter temperature; generating a temperature
compensated target pickoff voltage; and controlling
the drive signal to maintain the temperature
compensated target pickoff voltage. Preferably, the
method further comprises the step of identifying a
magnetic material of the pickoff sensors and wherein
the step of generating a temperature compensated
target pickoff voltage comprises compensating for a
change in a magnetic field strength of the pickoff
sensors. Preferably, the step of generating a
temperature compensated target pickoff voltage
comprises adjusting the target pickoff voltage using a
coefficient of Br for the magnetic material of the
pickoff sensors. Preferably, the step of generating a
temperature compensated target pickoff voltage
comprises using the following correlation:
Temp.Coef.Br x Pickoff voltage =tube amplitude x
magneticfield strength x coillength .
frequencyPreferably, the method further comprises the
step of setting a meter design temperature, wherein
the temperature compensated target pickoff voltage is
substantially equal to the target pickoff voltage when
the measured meter temperature is within a threshold
limit of the meter design temperature. Preferably, the
threshold limit comprises a user settable value.
Preferably, the threshold limit comprises a
predetermined value based on the pickoff sensors.
Preferably, the step of generating a temperature
compensated target pickoff voltage comprises
retrieving a stored value based on a difference
between a meter design temperature and the measured
meter temperature. According to another aspect of the
invention, a method for operating a flow meter
including a driver and pickoff sensors coupled to a
flow tube, the driver being adapted to vibrate the
flow tube in response to a drive signal, the method
comprises the steps of: setting a target pickoff
voltage; measuring a flow meter temperature; comparing
the measured flow meter temperature to a meter design
temperature; and generating a temperature compensated
target pickoff voltage if the measured flow meter
temperature varies from the meter design temperature
by more than a threshold limit. Preferably, the method
further comprises the step of controlling the drive
signal to maintain the temperature compensated target
pickoff voltage. Preferably, the method further
comprises the step of identifying a magnetic material
of the pickoff sensors and wherein the step of
generating a temperature compensated target pickoff
voltage comprises compensating for a change in a
magnetic field strength of a pickoff sensor magnet.
Preferably, the step of generating a temperature
compensated target pickoff voltage comprises adjusting
the target pickoff voltage using a coefficient of Br
for the pickoff sensor magnet. Preferably, the step of
generating a temperature compensated target pickoff
voltage comprises using the following
correlation:Temp.Coef .Br Pickoff voltage , . . . r. ,
, , .,, , = tube amplitude x magneticfield strength x
coillength . frequency Preferably, the step of
generating a temperature compensated target pickoff
voltage comprises retrieving a stored value based on a
difference between a meter design temperature and the
measured meter temperature. Preferably, the threshold
limit comprises a user settable value. Preferably, the
threshold limit comprises a predetermined value based
on the pickoff sensors. According to another aspect of
the invention, a method for maintaining a flow tube
amplitude of a flow meter over a variable temperature
range, comprises the steps of: applying a drive signal
to a driver coupled to a flow tube, the driver adapted
to maintain a target pickoff voltage of a plurality of
pickoff sensors coupled to the flow tube; measuring a
flow meter temperature; generating a temperature
compensated target pickoff voltage using a temperature
coefficient of Br for a magnetic material of the
plurality of pickoff sensors; and controlling the
drive signal to maintain the temperature compensated
target pickoff voltage, when the difference between
the measured flow meter temperature and a meter design
temperature exceeds a threshold limit. Preferably, the
step of controlling the drive signal comprises
adjusting the drive power. Preferably, the threshold
limit comprises a user settable value. Preferably, the
threshold limit comprises a predetermined value based
on the pickoff sensors. 



Preferably, the step of generating a temperature
compensated target pickoff voltage comprises using the
following correlation: Temp.Coef.Br x Pickoff voltage
=tube amplitude x magneticfield strength x coillength
. frequencyPreferably, the step of generating a
temperature compensated target pickoff voltage
comprises retrieving a stored value based on a
difference between the meter design temperature and
the measured meter temperature. According to another
aspect of the invention, a flow meter, comprising: a
flow tube; a driver coupled to the flow tube and
adapted to vibrate the flow tube in response to a
drive signal; a plurality of pickoff sensors coupled
to the flow tube; and meter electronics configured to:
set a pickoff voltage; monitor a flow meter
temperature; generate a temperature compensated
pickoff voltage; and control the drive signal to
maintain the temperature compensated target pickoff
voltage. Preferably, the meter electronics is further
configured to identify a magnetic material of the
pickoff sensors and generate the temperature
compensated pickoff voltage by compensating for a
change in a magnetic field strength of the pickoff
sensors. Preferably, the meter electronics is further
configured to adjust the target pickoff voltage using
a coefficient of Br for the magnetic material of the
pickoff sensors. Preferably, the meter electronics is
further configured to generate a temperature
compensated target pickoff voltage using the following
equation: Temp.Coef. Br x Pickoff 'voltage , . . . r.
, , , .,, , = tube amplitude x magneticjield strength
x coillength . frequency Preferably, the meter
electronics is further configured to set a meter
design temperature, wherein the temperature
compensated target pickoff voltage is substantially
equal to the target pickoff voltage when the measured
meter temperature is within a threshold limit of the
meter design temperature. Preferably, the meter
electronics is further configured to accept a user
settable value for the threshold limit. Preferably,
the meter electronics is further configured to store a
predetermined value for the threshold limit based on
the pickoff sensors.Preferably, the meter electronics
is further configured to retrieve a stored value based
on a difference between a meter design temperature and
the measured temperature and use the stored value to
generate the temperature compensated pickoff voltage.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 shows a flow
meter 100 according to an embodiment of the invention.
FIG. 2 illustrates a flow diagram of the operations
performed by meter electronics. FIG. 3 illustrates
another flow diagram of the operations performed by
meter electronics showing how the control algorithm
maintains a constant flow tube amplitude after the
initial running conditions of FIG. 2 have been set.
FIG. 4 illustrates an initialization flow diagram of
the operations performed by meter electronics
according to an embodiment of the invention. DETAILED
DESCRIPTION OF THE INVENTION FIGS. 1 - 4 and the
following description depict specific examples to
teach those skilled in the art how to make and use the
best mode of the invention. For the purpose of
teaching inventive principles, some conventional
aspects have been simplified or omitted. Those skilled
in the art will appreciate variations from these
examples that fall within the scope of the invention.
Those skilled in the art will appreciate that the
features described below can be combined in various
ways to form multiple variations of the invention. As
a result, the invention is not limited to the specific
examples described below, but only by the claims and
their equivalents. FIG. 1 shows a flow meter 100 and
meter electronics 20 according to an embodiment of the
invention. According to an embodiment of the
invention, the flow meter 100 comprises a Coriolis
flow meter. The present invention, however, is not
limited to applications incorporating Coriolis flow
meters, and it should be understood that the present
invention could be used with other types of flow
meters. Meter electronics 20 is connected to the flow
meter assembly 100 via leads 110, 111, 111', and 112
to provide temperature, density, mass flow rate,
volume flow rate, and totalized mass flow information
over path 26. Meter drive and pickoff signals are also
transmitted over path 26.The flow meter assembly 100
comprises a spacer 103 enclosing the lower portion of
the flow tubes 101, 102 which are internally connected
on their left ends to flange 104 via its neck 108 and
which are connected on their right ends via neck 120
to flange 105, and manifold 107. Also shown in FIG. 1
are the outlet 106 of flange 105, left pickoff LPO,
right pickoff RPO, and driver D. Flow meter 100 is
adapted when in use to be connected via flanges 104
and 105 to a pipeline or the like. The right pickoff
RPO is shown in some detail and includes magnet
structure 115 and coil structure 116. Although only
two pickoff sensors LPO, RPO are shown, it should be
understood that any number of pickoff sensors could be
used. Also attached to the flow meter assembly 100 is
a temperature measurement device such as an RTD
sensor. Although only one RTD is shown attached to
meter assembly 100, this is purely for clarity and it
should be understood that in practice, an RTD or other
temperature measuring device may be connected to each
of the pickoff sensors LPO, RPO as well as the driver
D. Each of the RTD sensors can be connected to the
meter electronics 20 via leads, such as lead 112.
Meter electronics 20 is adapted to apply a drive
signal to the driver D via lead 110. The alternating
polarity of the drive signal causes the tubes 101 and
102 to vibrate 



at a given flow tube amplitude and frequency. The flow
tube amplitude and frequency vary depending on the
drive signal provided by meter electronics 20. In
response to the flow tube vibration, the magnet and
coil assembly of the pickoff sensors LPO and RPO
induce voltages which are received by meter
electronics 20 via leads 111 and 111' respectively.
According to an embodiment of the invention, meter
electronics 20 controls the meter assembly 100
according to the "displacement" or "positional" type
control method. Therefore, meter electronics 20 sets
the drive signal with the attempt to maintain a target
pickoff voltage. The target pickoff voltage may be set
by the user in the field, or alternatively, may be
chosen in advance. In some embodiments, a default
target pickoff voltage may be set based on the flow
meter detected and/or the process fluid. The drive
power provided by meter electronics 20 must be large
enough to overcome the meter's damping and spring
forces and to maintain a sufficient tube amplitude to
maintain the target pickoff voltage. The pickoff
voltage can be calculated as follows. As the flow
tubes 101 and 102 vibrate due to the driver D, the
magnet and coil assembly of the pickoffs LPO, RPO
induce a pickoff voltage. The pickoff voltageproduced
is a function of four attributes of the meter assembly
and can be represented as follows. Pickoff voltage
=tube amplitude x frequency x magneticfield strength x
coillength (1) However, the frequency is subject to
fluctuations based on the process fluid density and
temperature and thus can present issues in controlling
the pickoff voltage. On the other hand, if instead of
attempting to maintain a target pickoff voltage, meter
electronics 20 attempts to maintain a pickoff voltage
expressed in terms of voltage/hertz, the expression is
automatically compensated for changes in sensor
frequency due to fluctuations in process fluid density
and temperature. Therefore, the pickoff voltage can be
better expressed as: Pickoff voltage , , , , " , =
tube amplitude x magneticfield strength x coillength
(2) frequency The relationship represented by equation
2 provides an adequate representation of the pickoff
voltage for many applications. By assuming a constant
magnetic field strength and a constant coil length,
the pickoff voltage can be kept at its target by
adjusting only the tube amplitude, which can be
controlled by the drive signal, as is generally known
in the art. FIG. 2 illustrates a flow diagram of an
initialization algorithm 200 performed by meter
electronics 20 to operate flow meter assembly 100. The
algorithm 200 may be stored in a processor or the like
and retrieved by meter electronics 20 or some other
processor or software program. Initialization
algorithm 200 assures start up of the flow meter
assembly 100 regardless of the type of flow meter or
process fluid being measured. Process 200 starts in
step 201 where meter electronics 20 identifies the
particular flow meter being used. The identification
may be accomplished by sending/receiving a signal to
the flow meter 100, or alternatively, a user may
manually identify the flow meter 100. Once the flow
meter 100 is identified the target pickoff voltage is
set in step 202. The target pickoff voltage may be set
based on the particular flow meter being used, or
alternatively, the target pickoff voltage may be set
based on user parameters input manually. In step 203
the tube period is determined. The tube period is
needed in conjunction with the pickoff voltage in
order to achieve proper drive control. In step 204 the
drive power is adjusted to maintain the target pickoff
voltage.This is the set point for the drive algorithm
and is sometimes referred to as a displacement target.
Once the drive power is set, initialization routine
200 is complete. FIG. 3 illustrates a process 300 for
normal operation of the flow meter 100 performed by
meter electronics 20. Once the drive target is set in
process 200, meter electronics 20 sends the desired
drive target to the driver D in step 301. The drive
target comprises the drive signal sent to the driver
D, which in turn vibrates the flow tubes 101 and 102.
In step 302, the pickoff sensors LPO, RPO continually
send signals to meter electronics 20 indicating the
pickoff voltage. This pickoff voltage is converted to
a pickoff voltage as shown in equation (2) above. In
step 303, meter electronics 20 determines whether the
actual pickoff voltage is equal to the target pickoff
voltage. If the answer is yes, the process returns to
step 302 to check the pickoff voltage once again.
Meter electronics 20 can continually measure the
pickoff voltage for a comparison to the target pickoff
voltage. If however, the actual pickoff voltage is
different from the target pickoff voltage, or
alternatively, exceeds a predetermined threshold
difference, process 300 continues to step 304 to
adjust the desired drive target. Therefore, if the
actual pickoff voltage is not equal to the target
pickoff voltage, process 300 changes the only known
variable, tube amplitude, by changing the drive
signal. The modified drive signal is sent to the
driver D in step 305. The process 300 returns again to
step 302 where the pickoff voltage is determined once
again. The process 300 described above provides
adequate flow meter operation so long as the
temperature of the system remains substantially
constant or within a threshold difference of a meter
design temperature. A problem arises however, when the
temperature of the pickoff sensors LPO, RPO, or the
driver D rises above the ambient meter design
temperature, typically 2O0C (680F). It should be
understood that the flow meter 100 may have a design
temperature different than 2O0C (680F) and the
particular design temperature should not limit the
scope of the invention. Similarly, while the
description that follows mainly addresses a rise in
temperature, the correction is equally applicable to
drops in temperature. The problems associated with
temperature changes arise in part because as the
temperature of the permanent magnet of the pickoff
sensors LPO, RPO, and driver D rises, the magnetic
field strength associated with those magnets is
reduced. Similarly, when the temperature of the
permanent magnet of the pickoff sensors, LPO, RPO, and
the driver D drops, the magnetic field strength
associated withthose magnets increases. Recall from
equation (2) that the pickoff voltage is determined in
part by the magnetic field strength. Therefore, in
high temperature environments the 



decrease in magnetic field strength also decreases the
pickoff voltage, which meter electronics 20 is
programmed to maintain. In order for the pickoff
voltage to generate the same amplitude signal (mV/Hz),
the flow tubes 101, 102 must move a greater distance,
i.e., the flow tube amplitude must increase. An
increase in flow tube amplitude is not necessarily
desired as it creates the potential for vibration
related changes in the pickoff signal as well as
additional tube stress. Furthermore, the drive signal
must be increased in order to generate the increase in
flow tube amplitude. Therefore, a greater amount of
power is consumed during operation at increased
temperatures. In addition to the pickoff sensors'
magnetic field being reduced at higher temperatures,
the drive magnet also has a reduced magnetic field
strength at higher temperatures and does not respond
as efficiently to the pickoff sensors' LPO, RPO
demands for higher amplitude as it would at lower
temperatures. The resulting drive inefficiency
requires more drive current from the transmitter and
therefore reduces the reserve amount of intrinsically
safe drive current available to drive the tubes 101
and 102 in high fluid damping conditions. This
decrease in magnetic field strength associated with
increased temperatures is well known in the magnetic
industry as the "Temperature Coefficient of Br." The
decrease in magnetic field strength is not a permanent
loss and returns to the previous value as the
temperature goes down. The temperature coefficient of
Br is based on the type of magnetic material used and
forms a part of the material specifications of all
magnets manufactured. The temperature coefficients of
many common magnets are known and are expressed as a
-% magnetic field density per 0C. For example, it is
known in the Coriolis flow meter industry to use
samarium cobalt magnets, which have a temperature
coefficient of Br of approximately -.035%/C. It should
be understood that the precise coefficient of Br will
depend on the particular magnet used and the use of
samarium cobalt magnets should not limit the scope of
the invention. According to an embodiment of the
invention, a change in temperature is compensated for
by generating a temperature compensated target pickoff
voltage. The temperature compensated target pickoff
voltage may compensate for changes in thepickoff
voltage attributable to a change in the flow meter's
temperature. The temperature compensated target
pickoff voltage may be calculated using the
temperature coefficient of Br, or by using another
temperature compensating value. Furthermore, the
temperature compensated target pickoff voltage may be
obtained from a stored value. The stored value may be
based on a difference between a measured meter
temperature and a meter design temperature. According
to another embodiment, the stored value may be based
on previously obtained data. It should be understood
that the present invention should not be limited to
the use of the temperature coefficient of Br. However,
if the temperature coefficient of Br for the magnet
used in the pickoff sensors LPO, RPO and the driver D
is inserted into equation (2), a temperature
compensated target pickoff voltage can be calculated
using equation (3). Temp.Coef .Br x Pickoff voltage ,
, , , " , = tube amplitude x magneticjield strength x
coillength (3) frequency If equation (3) is used in
determining the temperature compensated target pickoff
voltage, the tube amplitude can be stabilized even in
environments of increased temperature. This is because
even though the magnetic field strength decreases as
temperature increases, the temperature compensated
target pickoff voltage of equation (3) compensates for
this decrease in magnetic field strength. Therefore,
meter electronics 20 does not attempt to increase the
decreased pickoff voltage created by an increased
temperature. Instead, meter electronics 20 determines
a new temperature compensated target pickoff voltage,
which takes into account the change in temperature.
FIG. 4 illustrates a process 400 performed by meter
electronics 20 for operating the flow meter 100
according to an embodiment of the invention. Process
400 starts in step 401 by initializing flow meter
operation. The initialization can include the steps of
process 200 shown in FIG. 2, or alternatively, can
include another initialization routine that would
identify the particular flow meter and set an initial
target pickoff voltage. Process 400 continues in step
402 by identifying the particular magnetic material
used in the pickoff sensors LPO, RPO and the driver D
is determined. Step 402 may not be necessary if the
magnetic material is already known. Once the magnetic
material is known, meter electronics 20 obtains a
temperature coefficient of Br for the magnets instep
403. The temperature coefficient of Br can be obtained
from stored values or alternatively, can be entered
manually by a user. It should be understood that
although in many applications, the type of magnet used
in the pickoff sensors and the driver are of the same
material, a different type of magnet could be used, in
which case, multiple coefficients of Br would need to
be used to compensate for a change in temperature. In
step 404 a target pickoff voltage is set. The target
pickoff voltage can be a user settable value, or may
be based on a meter design temperature. As mentioned
above, a flow meter, such as flow meter 100 may have a
meter design temperature. Therefore, the target
pickoff voltage may be based on the magnetic
properties of the driver and pickoff coils at the
meter design temperature. In step 405, a flow meter
temperature is obtained using, for example, RTD
sensors. The flow meter temperature may be
representative of the process fluid temperature.
According to another embodiment of the invention, the
flow meter temperature may represent the temperature
of the driver D or pickoff sensors LPO, RPO. According
to yet another embodiment, the flow meter temperature
may represent the temperature of the flow tubes 101,
102. Based on the temperature received in step 405, a
temperature compensated target pickoff voltage may be
generated in step 406. According to one embodiment,
the temperature compensated target pickoff voltage is
only generated in step 406 if the difference between
the meter design temperature and the temperature
measured in step 



405 exceeds a threshold limit. The threshold limit may
be user settable. Alternatively, the threshold limit
may be based on the particular flow meter used. In yet
other embodiments, the threshold limit is based on the
magnetic material used for the pickoff sensors, LPO,
RPO. Using the measured temperature, the meter design
temperature and equation (3), the temperature
compensated pickoff voltage can be calculated. In step
407 the drive power is adjusted in order to achieve
the temperature compensated target pickoff voltage.
This new drive power is sent to the driver D in step
408. This process 400 can be iterated by continually
obtaining a new flow meter temperature for a
predetermined amount of time or until a user ends
process 400. The process 400 can be used to control
the drive signal sent by meter electronics 20 to
maintain the temperature compensated target pickoff
voltage rather than the initially set target pickoff
voltage. Thus, although the pickoff voltage changes
withtemperature, the target pickoff voltage is
adjusted to compensate for changes in the pickoff
voltage that are attributable to a change in
temperature. According to one embodiment, the
temperature compensated target pickoff voltage is
generated using the Temperature Coefficient of Br in
order to compensate for the change in the magnetic
field properties of the magnets used in the pickoff
sensors LPO, RPO. Therefore, meter electronics 20 does
not raise the tube amplitude in response to a
decreased pickoff voltage caused by a rise in
temperature, but instead generates a new temperature
compensated target pickoff voltage, which takes into
account the change in the magnetic field strength. The
present invention provides a method that can both
decrease the power demanded by the flow meter and also
increase the flow tube life. The detailed descriptions
of the above embodiments are not exhaustive
descriptions of all embodiments contemplated by the
inventors to be within the scope of the invention.
Indeed, persons skilled in the art will recognize that
certain elements of the above-described embodiments
may variously be combined or eliminated to create
further embodiments, and such further embodiments fall
within the scope and teachings of the invention. It
will also be apparent to those of ordinary skill in
the art that the above-described embodiments may be
combined in whole or in part to create additional
embodiments within the scope and teachings of the
invention. Thus, although specific embodiments of, and
examples for, the invention are described herein for
illustrative purposes, various equivalent
modifications are possible within the scope of the
invention, as those skilled in the relevant art will
recognize. The teachings provided herein can be
applied to other flow meters, and not just to the
embodiments described above and shown in the
accompanying figures. Accordingly, the scope of the
invention should be determined from the following
claims.CLAIMS We claim: 1. A method for operating a
flow meter including a driver and pickoff sensors
coupled to a flow tube, the driver being adapted to
vibrate the flow tube in response to a drive signal,
the method comprising the steps of: setting a target
pickoff voltage; measuring a flow meter temperature;
generating a temperature compensated target pickoff
voltage; and controlling the drive signal to maintain
the temperature compensated target pickoff voltage. 2.
The method of claim 1, further comprising the step of
identifying a magnetic material of the pickoff sensors
and wherein the step of generating a temperature
compensated target pickoff voltage comprises
compensating for a change in a magnetic field strength
of the pickoff sensors. 3. The method of claim 2,
wherein the step of generating a temperature
compensated target pickoff voltage comprises adjusting
the target pickoff voltage using a coefficient of Br
for the magnetic material of the pickoff sensors. 4.
The method of claim 3, wherein the step of generating
a temperature compensated target pickoff voltage
comprises using the following equation: Temp.Coef.Br x
Pickoff voltage =tube amplitude x magneticfield
strength x coillength . frequency 5. The method of
claim 1, further comprising the step of setting a
meter design temperature, wherein the temperature
compensated target pickoff voltage is substantially
equal to the target pickoff voltage when the measured
meter temperature is within a threshold limit of the
meter design temperature. 6. The method of claim 5,
wherein the threshold limit comprises a user settable
value.7. The method of claim 5, wherein the threshold
limit comprises a predetermined value based on the
pickoff sensors. 8. The method of claim 1, wherein the
step of generating a temperature compensated target
pickoff voltage comprises retrieving a stored value
based on a difference between a meter design
temperature and the measured meter temperature. 9. A
method for operating a flow meter including a driver
and pickoff sensors coupled to a flow tube, the driver
being adapted to vibrate the flow tube in response to
a drive signal, the method comprising the steps of:
setting a target pickoff voltage; measuring a flow
meter temperature; comparing the measured flow meter
temperature to a meter design temperature; and
generating a temperature compensated target pickoff
voltage if the measured flow meter temperature varies
from the meter design temperature by more than a
threshold limit. 10. The method of claim 9, further
comprising the step of controlling the drive signal to
maintain the temperature compensated target pickoff
voltage. 11. The method of claim 9, further comprising
the step of identifying a magnetic 



material of the pickoff sensors and wherein the step
of generating a temperature compensated target pickoff
voltage comprises compensating for a change in a
magnetic field strength of a pickoff sensor magnet.
12. The method of claim 11, wherein the step of
generating a temperature compensated target pickoff
voltage comprises adjusting the target pickoff voltage
using a coefficient of Br for the pickoff sensor
magnet.13. The method of claim 12, wherein the step of
generating a temperature compensated target pickoff
voltage comprises using the following equation:
Temp.Coef.Br x Pickoff voltage =tube amplitude x
magneticfield strength x coillength . frequency 14.
The method of claim 9, wherein the step of generating
a temperature compensated target pickoff voltage
comprises retrieving a stored value based on a
difference between a meter design temperature and the
measured meter temperature. 15. The method of claim 9,
wherein the threshold limit comprises a user settable
value. 16. The method of claim 9, wherein the
threshold limit comprises a predetermined value based
on the pickoff sensors. 17. A method for maintaining a
flow tube amplitude of a flow meter over a variable
temperature range, comprising the steps of: applying a
drive signal to a driver coupled to a flow tube, the
driver adapted to maintain a target pickoff voltage of
a plurality of pickoff sensors coupled to the flow
tube; measuring a flow meter temperature; generating a
temperature compensated target pickoff voltage using a
temperature coefficient of Br for a magnetic material
of the plurality of pickoff sensors; and controlling
the drive signal to maintain the temperature
compensated target pickoff voltage, when the
difference between the measured flow meter temperature
and a meter design temperature exceeds a threshold
limit. 18. The method of claim 17, wherein the step of
controlling the drive signal comprises adjusting the
drive power.19. The method of claim 17, wherein the
threshold limit comprises a user settable value. 20.
The method of claim 17, wherein the threshold limit
comprises a predetermined value based on the pickoff
sensors. 21. The method of claim 17, wherein the step
of generating a temperature compensated target pickoff
voltage comprises using the following equation:
Temp.Coef. Br x Pickoff 'voltage , . . . r. , , , .,,
, = tube amplitude x magneticjield strength x
coillength . frequency 22. The method of claim 17,
wherein the step of generating a temperature
compensated target pickoff voltage comprises
retrieving a stored value based on a difference
between the meter design temperature and the measured
meter temperature. 23. A flow meter (100), comprising:
a flow tube (101, 102); a driver (D) coupled to the
flow tube (101, 102) and adapted to vibrate the flow
tube (101, 102) in response to a drive signal; a
plurality of pickoff sensors (LPO, RPO) coupled to the
flow tube (101, 102); and meter electronics (20)
configured to: set a pickoff voltage; monitor a flow
meter temperature; generate a temperature compensated
pickoff voltage; and control the drive signal to
maintain the temperature compensated target pickoff
voltage. 24. The flow meter (100) of claim 23, wherein
the meter electronics (20) is further configured to
identify a magnetic material of the pickoff sensors
(LPO, RPO) and generate the temperature compensated
pickoff voltage by compensating for a change in a
magnetic field strength of the pickoff sensors (LPO,
RPO).25. The flow meter (100) of claim 24, wherein the
meter electronics (20) is further configured to adjust
the target pickoff voltage using a coefficient of Br
for the magnetic material of the pickoff sensors (LPO,
RPO). 26. The flow meter (100) of claim 25, wherein
the meter electronics (20) is further configured to
generate a temperature compensated target pickoff
voltage using the following equation: Temp.Coef. Br x
Pickoff 'voltage , . . . r. , , , .,, , = tube
amplitude x magneticjield strength x coillength .
frequency 27. The flow meter (100) of claim 23,
wherein the meter electronics (20) is further
configured to set a meter design temperature, wherein
the temperature compensated target pickoff voltage is
substantially equal to the target pickoff voltage when
the measured meter temperature is within a threshold
limit of the meter design temperature. 28. The flow
meter (100) of claim 27, wherein the meter electronics
(20) is further configured to accept a user settable
value for the threshold limit. 29. The flow meter
(100) of claim 27, wherein the meter electronics (20)
is further configured to store a predetermined value
for the threshold limit based on the pickoff sensors
(LPO, RPO). 30. The flow meter (100) of claim 23,
wherein the meter electronics (20) is further
configured to retrieve a stored value based on a
difference between a meter design temperature and the
measured temperature and use the stored value to
generate the temperature compensated pickoff voltage. 


