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Summary of Facts and Subm ssi ons

2770.D

The patent proprietor has appeal ed agai nst the decision
of the opposition division revoking European patent

282 532 (application nunber 87 905 954.1, International
publ i cati on nunber WO 88/02114). The patent relates to
bi omass det erm nati on.

In the opposition proceedings, the opposition was
wi t hdrawn and the opposition division continued to
exam ne the case of its own notion, reference being
made in the decision under appeal inter alia to the
fol |l ow ng docunents:

E(1) "Determ nation of Biomass Concentration by
Capaci tance Measurenent", Gencer et al.
Bi ot echnol ogy and Bi oengi neering, Vol. XX
pages 1097 to 1103 (1979); and

E(3) "Biological Menbranes and Tissue"; Pethig,
pages 207 to 243 (1979).

The deci si on becane focussed on an anended feature

i ncluding the wording "predeterm ned frequency being a
sel ected frequency at which dielectric permttivity
depends substantially on the B-dispersion". Mtters
consi dered by the opposition division in its decision
i ncluded the foll ow ng:

Article 123(2) EPC

The opposition division was of the view that neither as

a whol e nor expressis verbis did the docunents as filed
provi de a clear teaching and support that a frequency
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is to be selected at which the dielectric permttivity
depends substantially on the B-dispersion. This was the
reason the division considered in the Iight of

Article 123(2) EPC that the patent had to be revoked.

Article 84 EPC

In further comrents, the division explained its view
that Article 84 EPC was not satisfied because the
anended feature pertained to a result to be achieved.

Article 54 EPC

| f the anended feature were nonethel ess consi dered
originally disclosed and not able to be defined nore
precisely, then the independent clains would fulfil the
requi renents of Article 52(1) and 54 EPC, since
docunent E(1) does not disclose or suggest a
nmeasurenent within a frequency range wherein the
dielectric permttivity depends substantially on

3- di sper si on.

Article 56 EPC

Starting fromdocunent E(1) and considering the other
cited docunents, there is no inventive step in the
subject matter clainmed in the independent clains.
Docunent E(1) indicates a relationship between

i npedance change of a biol ogical system and bi ol ogi cal
activity as known. Errors had been experienced in a
medi um contai ning ionisable salts. Faced with the
probl em of obtaining reliable results, the skilled
per son woul d consi der docunent E(3), and thus varying
frequency in the range 1 kHz to 100 MHz given in this
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docunent for cellular materials. This corresponds to

t he frequency given in the patent, the subject matter
cl ai med thus bei ng obvi ous over docunment E(1) in view
of document E(3).

During the appeal proceedings, a third party filed
observations on the case, nmaking reference inter alia

t o document

D1 "Dielectric Properties of Yeast Cells", Asam
et al., J. Menbrane Biol.28, pages 169
to 180(1976).

The third party expressed the view that one can
directly and w thout anbiguity deduce from docunent D1
(figures) that suitable frequencies for neasurenent of
bi omass i nclude frequencies of the beta dispersion

The board issued a sutmmons to oral proceedings. In a
conmuni cati on annexed to the sumons to oral

proceedi ngs, the board inter alia observed that it
seened that the specific wording which the opposition
di vision considered contrary to Article 123(2) EPC was
no | onger present in the clains.

The case of the appellant can be sumrari sed as foll ows:

Request s

Mai nt enance of the patent on the basis of the sole

request presented at the oral proceedi ngs (anended
specification).
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d ai ns

The i ndependent clains of the main and sol e request are
wor ded as foll ows:

"1. A nethod for the determnation of biomass in a
culture conprising a suspending fluid and cells, the
met hod conprising generating a signal dependent on the
dielectric permttivity of material in the bulk of the
medi um usi ng el ectrical capacitance neasurenent, at a
predet erm ned frequency, between el ectrodes (4)
nmutual |y spaced in the nedium said frequency being
selected in the half of the &-dispersion which occurs
at lower frequencies but at which &-dispersion is
substantially insignificant such that the dielectric
permttivity varies with the volunme fraction of the
medi um encl osed by the cytopl asm ¢ nenbranes of the
cells, and determ ning said volune fraction fromthe
permttivity dependent signal.

2. A fernmentation process utilising a conprising a
suspending fluid and cells, the process conprising
generating a signal dependent on the dielectric
permttivity of material in the bulk of the culture
using electrical capacitance neasurenent, at a
predet erm ned frequency, between el ectrodes (4)
mutual Iy spaced in the culture or a sanple thereof, and
providing an indication if the permttivity dependent
signal differs froma predeterm ned value or falls
outside a predeterm ned range, and/or altering the
val ue of a process paranmeter to return the signa
towards the predeterm ned value or the predeterm ned
range, said predeterm ned frequency being selected in
the half of the a-dispersion which occurs at | ower
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frequenci es but at which a-dispersion is substantially
insignificant such that the dielectric permttivity
varies with the volunme fraction of the nedi um encl osed
by the cytoplasm c nenbranes of the cells.

3. Apparatus for performng a fernentation utilising
a culture conprising a suspending liquid and cells, the
process conprising a fernmenter (2) containing the
culture, electrodes (4) nutually spaced in the
fermenter (2) so as to be in contact with the culture;
and neans (6) for generating a signal dependent on the
dielectric permttivity of material in the bulk of the
culture using electrical capacitance nmeasurenent

bet ween the el ectrodes (4), at a predeterm ned
frequency which is selected in the half of the

a- di spersion which occurs at | ower frequencies but at
whi ch a-dispersion is substantially insignificant such
that the dielectric permttivity varies with the vol une
fraction of the medi umencl osed by the cytoplasmc
menbranes of the cells.”

Argunent s

The invention solves the problemof providing a
guantitative bionmass determnation in a culture.

Al t hough docunent E(1) suggests using capacitance
guantitatively, it provides no clear and correct
teaching on the practical validity or relationship of

t he nmeasured values and bul k cell content. Docunent E(3)
does not identify R-dispersion as the only frequency
relevant for cellular material. It is inportant to take
particular care in assessing the position of the
skilled person at the priority date of the patent as
there is a significant danger of using hindsight in the
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present case. On the one hand there are disclosures

i ke docunent E(1) relating to neasurenents in cultures,
where many paraneters could be neasured, and on the

ot her rather nore academ c docunents |ike docunent D1
concerned with cell structure. The latter docunents
have a different point of view and start with a given
val ue of cell concentration in rather sterile
conditions, i.e. biomass concentration in a culture is
not determned. It is not disputed that it is intuitive
for a scientist that properties probably change with
concentration, but this generality does not correspond
to what is clained. The patent teaches the nmmjor step
involved in relation to real cultures, i.e. specific

use of the |lower part of the R-dispersion.

At the end of the oral proceedings, the board gave its

deci si on.

Reasons for the Decision

1

2.2

2770.D

Adm ssibility of the appeal

The appeal conplies with the provisions nmentioned in
Rul e 65(1) EPC and is therefore adm ssible.

Amendnents (Article 123(2) and (3) EPQO

The wordi ng objected to by the opposition division is
no | onger present in the independent cl ains.

Conmpared to the claimas granted, the independent
cl ai ms have been restricted by introduction of the
wording "in the half of the &-dispersion which occurs
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at lower frequencies but at which &-dispersion is
substantially insignificant". Support for this
amendnment can be found on in the docunents as filed
(see page 5, lines 26 et seq. of WO 88/02114).
Consistent with clainms 2 and 3, in claim1 the wording
"determ nation of biomass in a nmediunt is replaced by
the nore restricted wording "determ nati on of bionmass
inaculture". Simlar amendnents have been effected in
the introductory part of the specification.

Accordingly, the board is satisfied the amendnents are
in conpliance with Articles 123(2) and (3) EPC.

Clarity (Article 84 EPQ

The i ndependent clains as now anended do not define a
result to be achieved but selection of a frequency in
the half of the a-dispersion which occurs at | ower
frequenci es but at which a-dispersion is substantially
insignificant. The board considers dispersion clear to
the person skilled in the art and observes that it is
mentioned in the prior art and al so explained in the
patent (see the paragraph bridging colums 3 and 4).
Thus in the context of the amendnment nade, the board is
satisfied as to clarity and thus conpliance with
Article 84 EPC.

Pertinent prior art docunents

Docunent E(1)

The approach enpl oyed in bionmass determ nation is based

on electrical inpedance of fernentation broths and a
prime objective is to develop a quantitative
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rel ati onship as neans of nonitoring cellular
concentration in industrial fernmenters. Use was nade
experinmentally of a four prong plati num el ectrode,
potential being neasured in a frequency range of 1

to 20 kHz. The capacitance of the culture was found to
increase with increasing nunber of yeast cells therein.
In experinments where |arge anounts of salts are present,
doubl e | ayer capacitance becanme significant in
conparison with solution capacitance. Therefore the
nmeasur enent of capacitance due to mcrobial cells
becane difficult. An electrode systemis being

devel oped that can neasure capacitance of m crobial
cultures in a nmedium containing ionisable salts.
Docunent E(1) concludes by stating that a cel
concentration nmeasurenment has been described that gives
reliable and reproducible results when conductance of
the fernmentation broth is | ow. However when the
conductivity of the suspending nmediumis high or when
ionisable salts are present, the nethod fails to detect
capaci tance changes corresponding to changes in yeast

cell concentration

Docunent E(1) nmakes reference to docunent D1 as show ng
[imting value of dielectric constant is strongly
dependent on cell volune fraction. Thus the capacitance
of the mediumis expected to change dependent on the
nunber of yeast cells.

Docunent E(3)

Figure 7.8 shows frequency variation of relative
permttivity obtained for biological tissue. A low
frequency region is associated with interfacial
phenomena. An internmedi ate frequency region is
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associated wth the capacitance of cell nenbranes,
where the effect of nmenbrane capacitance falls as the
frequency increases until around 100 Mz only the intra
and extra cellular fluids dom nate the dielectric
properties. Relatively steady permttivity value in the
range 100 to 3000 MHz is essentially governed by the
wat er content of the tissue. Figure 7.9 shows variation
of permttivity for |ow and high water contents.

Docunent D1

Figure 1 shows frequency dependency of dielectric
constant of yeast cell suspensions in various vol une
fractions. The suspending nediumis KO, various vol ume
fractions being obtained by dilution. Dielectric
constant showed a renmarkabl e dependence on frequency
and volune fraction. The dielectric dispersions are
assigned to the B-dispersion. The docunent goes on to
explain an electrical nodel for yeast cells.

Novelty (Article 54 EPC)

Since the frequency given in docunent E(1) |ies outside
t he B-di spersion, no disclosure of selection of the [3-
di spersion can be found, |et alone a disclosure of the
hal f of the &-dispersion which occurs at |ower
frequenci es but at which a-dispersion is substantially
insignificant. Wile docunent E(3) or D1 show for given
concentrations permttivity and frequency relations

i ncluding the B-dispersion, these disclosures |ack a
feature pertaining to "generating a signal"” and
subsequent features associated with biomass

determ nation, fernentation or neans therefor as

recited in the independent clains. Selection of the
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part of the R-dispersion clained is not nentioned in
ei t her docunent. None of the other docunents in the
file are nore pertinent to the subject matter clained
t han docunents E(1), E(3) or D1.

Accordingly, the board is satisfied as to the novelty
of the subject matter of independent clainms 1, 2 and 3.

| nventive step (Article 56 EPC)

The docunents concerned with properties of biol ogical
materials do not represent the closest prior art, since
in the case of docunent D1 concentrations are "given",
and not determ ned, for the purpose of discussion of
dielectric properties of yeast cells and in the case of
docunent E(3) the general discussion of fluid and water
content of biological tissues is further away. In
agreement with the first instance, the board thus sees
docunent E(1) as representing the closest prior art as
it is concerned with biomass determ nation in

fermenters, especially based on electrical inpedance.

The probl em sol ved by the frequency being selected in
the half of the a-dispersion which occurs at | ower
frequenci es but at which a-dispersion is substantially
insignificant is inproving quantitative bionass
determ nation. According to docunent E(1) a reliable
nmeasur enent of concentration is already provided by its
teaching at | ow conductance of the fernmentation broth,
the skilled person is thus not notivated towards
"inmproving" in vacuo but is led to start fromthe
difficulty nmentioned with capacitance determ nation in
the presence of large anpbunts of salts. Contrary to
opposi tion division, the board however considers that
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just this disclosure | eads away fromthe invention
because the focus is put on the el ectrode structure as
the way to solve the difficulty. As the skilled person
expects this neasure will solve the difficulty, the
approach used woul d necessarily be tied thereto and
thus there is no reason for also or alternatively

consi deri ng changi ng frequency. Even supposing the |ead
to the electrode structure were to be ignored by the
skill ed person, why should frequency as opposed to any
ot her process paraneter or other structural feature of
the cell be chosen for solving the difficulty? Wile
the skilled person m ght expect sone relation to exi st
bet ween concentration and frequency, such a relation
woul d al so be expected between other process paraneters
and concentration. Neverthel ess, supposing for the sake
of argument that, consequent to dispersion shown for

di fferent given concentrations in docunent D1, the
skill ed person coul d consider an approach invol ving
changi ng frequency, the view of the board is that it is
not obvious that this approach woul d have been pursued.
This is because docunent D1, which is taken into
account in the discussion in docunent E(1), is, despite
its showi ng R-di spersion, not picked up by the author
of document E(1) as suggesting selecting frequency as a
way towards solving the difficulty faced. This
indicates to the board that the author of docunment E(1)
did not recognise the significance of frequency in the
- di spersion as alternative to el ectrode construction,
contrary to the suggestion of the third party that this
docunent |l eads to suitable frequencies in this context.
There is therefore a series of doubtful steps necessary
even to reach selecting a frequency in the (- dispersion,
whi ch the board can only see being notivated by

hi ndsi ght. Even then, such use of hindsight does not
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lead to a frequency in the half of the R-dispersion as
specified in the independent cl ains.

6.3 The region shown in Figure 7-8 of docunent E(3) for
cellular materials could also only be chosen as
providing the solution to the difficulty identified in
docunent E(1) using simlar hindsight considerations,
as in this case too there are no objective reasons for
the skilled person, when faced with the difficulty
defined in docunent E(1), to nove away from the
sol ution suggested in relation to el ectrode
construction to frequency sel ection, nor any reason to
expect then to choose the half of the R-dispersion
specified in the independent cl ains.

6.4 The board is therefore satisfied that the subject
matter of independent clains 1 to 3 is not obvious to a
person skilled in the art. This conclusion is not
affected by the other | ess relevant docunents in the
file. Accordingly, the subject matter of independent is
considered as involving an inventive step. A simlar
concl usion applies to dependent clains 4 to 6 which
depend fromone or nore of these independent cl ains.

2770.D
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Or der

For these reasons it is decided that:

1. The deci sion under appeal is set aside.

2. The case is remtted to the first instance with the
order to maintain the patent with the anended
specification as filed at the oral proceedings.

The Regi strar: The Chai r man:

P. Muartorana A G Klein
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