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Abrégé:

The invention provides a continuous flow apparatus and method for purifying charged
substances from solutions or suspensions by isoelectric focusing on an industrial scale.
The apparatus comprises a separating chamber, a pair of vertical electrodes (9) located at

the extremes of the apparatus, an anion-or 2 cation-selective membrane (10) located near

each of the electrodes (9) for separating electrode spaces from a central part of the

- F

apparatus, one or more outflow ports (12) for separating liquid fractions at the upper part

)

of the chamber, two secondary outflow ports (11) being provided in the upper parnt of ]
each of the electrode spaces, one or more vertical wall(s) (6) between each of the said
outflow ports partitioning the chamber at least at the height of the said outflow ports

(11,12) and a plurality of vertical permeable partition walls (13) to enable a convection-

free upward flow. The apparatus invention does not require additional amphoteric

buffering solutions to establish a suitable pH gradients, and can be used for purification

of polynucleotides, amino acids, peptides, proteins, organic solvents and beverages.
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METHOD AND APPARATUS FOR CONTINUOUS FLOW ISOELECTRIC
FOCUSING FOR PURIFYING BIOLOGICAL SUBSTANCES

Field of the invention

The present invention relates to purification, isolation, concentration and separation of
organic or biological substances by a novel continuous flow isoclectric focusing method
(contifocusing) and apparatus ‘(contifocuser), a technique which employs an electrically
low—conductive field for concentration or separation of charged substances. Centri-
fugation, filtration, absorption steps Or carrier electrolyte or ampholyte buffers, to
establish suitable pH gradients, are not used.

Isoclectric focusing is a known technique for separating charged molecules such as
proteins from a mixture containing them, using the principle that such charged
amphoteric molecules have a zero net charge at a particular pH, the so-called isoelectric
point (pl value). The compounds will migrate to the pH of their own isoelectric point if
they are subjected to an electric field, and are separated accordingly.

Methods and apparatus for static isoelectric focusing are known, e.g. from WO 79/00942;
EP-A-256552 and US 5,256,269. A shortcoming of this type of arrangement is the small
quantity to be purified, and its collection in a batch-wise operation. The technological
background of the present invention is described in'a continuous flow electrophoresis
apparatus in US 4,465,582 (1982) which employs a controlled fluid flow in the electrode
chambers, which flow is rurnning parallel but separate from the flow in the "working"
chambers.

US 5,160,594 discloses an isoelectrofocusing apparatus having a forced recirculation in
every cell, i.e. a recycling isoelectric focusing process. Recycling is not used in the
preécﬁt invention. The US patent employs a plurality of devices for preventing mixing
of semi-purified and crude amphoteric substances. Additional cooling is required in
every cell to reduce ohmic heating. Strong acids and bases, a catholyte or anolyte, are
confined to the electrode chambers by ion-selective membranes to repel the negatively
or positively charged ions and to establish suitable pH gradients. As opposed to US
5,160,594, the present invention uses ion-selective membranes for different purposes,
namely to sclectively permit passing of low—-molecular substances towards the electrode
space for discarding from the electrode outflow port. All prior art devices require carrier
ampholytes for the working chambers, which have a relatively low conductivity and a

buffering capacity. US 5,160,594 describes a maximum conductivity up to 600 uS/cm,
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which is far less than the conductivity up to 5000 uS/cm of the present invention. Like
other prior art apparatus it is not designed for purification on an industrial scale and, in
addition, US 5,160,594 does not provide examples of substances to be purified.

A continuous flow isoelectric focusing method and apparatus, without using carrier
ampholyte buffers but for use on an industrial scale, are disclosed in Hungarian patent
210,584 (1992). It describes an upward flow system through the chambers by gravitation
into the separation chambers up to the level of the outflow port. The system includes two
non—conductive solution chambers where the second is having two or more solution
outflow ports and a passageway for a downwards flow of the solution from the first
chamber into the bottom of the second chamber. A pair of electrodes are located in the
sccond chamber. A plurality of adjacent partition members are located in the second
chamber and extended there across in order to provide substantially convection-free
solution and current flow pathways in the horizontal direction. A shortcoming of HU
210,584 is the fact that in the inflow solution chamber a gradient can be formed by itself.
The inflow of the solution by dropping is difficult to control. The upward flow system
of the Hungarian patent is less vulnerable to intrinsic gradient formation, alike in the
present invention, but the two—chamber system is complicated and difficult to construct.

In addition, separation of organic solutions occurs at both opposite sides of the second

" scparating chamber closc to the electrodes. Inorganic jons are easily mixing with the

singlc fractions of inorganic or biological substances to be separated. A second separation
step is frequently required.

Descriptioﬁ of the invention

The present invention provides a contifocuser for scparating substances in an clectrically
conductive solution, which apparatus is made from clectrically non—conductive material
and includes a brick~form separating chamber having one liquid inflow, two electrode
space outflows and one or more working solution outflow ports and a passageway for
upward flow of the solution from the bottom up to top outflows. The ratio of the height,
the width and the depth of the separation chamber can be e.g. 3 : 2 : 0.2. A pair of
clectrodes are located in vertical position along both opposite most narrow walls of the
separating chamber. They are adapted to be coupled to an external direct current (DC)
power supply.

The apparatus is ‘divided into three parts by two partitions made from jon-selective
membranes. These partitions are situated in vertical position at both sides of the

apparatus ncar the electrodes, so that they cach separate about 1/25 to 1/15 parts from
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both ends. Both partitions have an opening at the bottom with a diameter of one half of
the inflow pipe of the apparatus. In particular, the one enclosing the cathode space is a
cation—selective membrane and the other is an anion—selective membrane. The ion-
selective membranes have a specificity chosen to permit the transfer of either cations or
anions in order to be eliminated in the waste outflow ports.
At both ends, the waste outflow openings are located near the electrodes at 1/40 to 1/10
from the top rim of the apparatus. The working outflows, for collecting the substances
to be purified, are situated at the same level in the middle. Advantageously, the
contifocuser comprises at least three of said outflow ports. Between the outflow ports,
except in the electrodes spaces, are dividing partitions made from clectrically non-
conductive material, closed in their upper quarter and with small opcnings from bottom
up to c.g. three quarters of their height.
As a further improvement, a plurality of adjacent alternating zigzag-shaped or T-shaped
or multiple T form partition members may be located in the remaining space of the
apparatus between the above-mentioned partitions, but not in the electrode spaces. These
are also made of electrically non-conductive material and are perforated or made from
porous material permeable for ions and molecules in both directions, and extend from
the bottom up to the lowest level of the working outflow port and across the chamber.
The partitions are placed freely over the entire width of the apparatus, and are the novel
means to provide a substantially convection—free solution but provide an undisturbed
flow of electrolytes or amphoteric particles in the horizontal direction. The perforated
membranes are in a spaced—apart relationship in order to provide an undisturbed vertical
flow. This invention has important advantages over prior art devices in that it can process
up to 3.600 L/day of earthworm enzymes (prior art according to HU 210,584: 280-300
L) producing 80,000-170,000 U. of purified enzyme per L/day (HU 210,584: 60,000~
70,000 U.).
Another advantage of this invention is that the solution or suspcnsion may have a
conductivity in the range of 50-5000 uS/cm, instead of 50-2000 uS/cm of the prior art
devices (US 5,160,594 describes in the tables a conductivity up to 600 uS/cm).

In this invention, the solution flows through a chemically inert passageway of said
apparatus, vertically upwards through a plurality of vertical flow paths formed between
the two membrane partiti'ons which separate the spaced electrodes from the working
space in-between. A small part of the solution flows horizontally through small openings

in these partitions. A bias voltage is applied between the electrodes which results in a
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separation of the electrically charged components in horizontal direction across the
apparatus towards the cathode or the anode. The components are collected as they exit
through the outflow ports located near the upper part of the apparatus. The small and low
M.W., and charged components, i.e. metals and ions, move to the electrode spaces. They
exit the app'aratus through waste outflow ports, and are therewith separated from the
higher M.W. substances which move to the centre of the apparatus.

In this invention, the target substance comprises at least one zwitterionic species
characterised by a pl value, wherein said species is surrounded by amphoteric impurities.
A pH gradient is formed across the apparatus by said impurities when the bias potential
is applied. In the pH gradient, the zwitterionic species are driven to a point with a pH
corresponding to the pI of said species, and is neutralised. Thereafter, the substance flows
in the vertical direction to an outflow port in the upper part of the apparatus.

In order to increase the capacity, two contifocusers can be attached to each other in a
twin configuration, and are separated by waterproof walls. The "twin-focuser" has
common electrode spaces (2,4) at both ends of the apparatus, and one pair of electrodes
serves for both contifocusing chambers. The twin-focuser has a common inflow port (7)
in the centre~bottom of the apparatus where the incoming flow is equally divided
between both contifocusers. From both electrode spaces one or two electrode outflows

can be arranged (11). Twin~focuser has at both sides working outflow ports (12) as in

the original contifocuser. The twin-focuser has a double flow rate and double separation

capacity whilst the electrical energy requirement is increased by one-third only.
Purification, isolation, and concentration of biological substances on an industrial scale
is described. Centrifugation, filtration, absorption steps or additional carrier ampholyte
buffers to establish suitable pH gradients, are not necessary. Multiple dividing and
perforated partitions, permeable for particles in both directions, are placed vertically over
the entire width of the apparatus as the novel means to provide a substantially
convection—free solution, and to create an ﬁndisturbed vertical fluid flow.

The contifocuser is designed for cost—effective purification of e.g. plasmids, peptides,
amino acids, enzymes, immunoglobulins, antigens for diagnostic test kits or for preparing
viral or bacterial (subunit) vaccines, allergens, and for isolating cell populations or
milk—, blood-, or urine~borne recombinant products. The contifocuser can further be

used for elimination of impurities or toxic substances from yeast or bacterial fermentation

- processes, antibiotics, organic solvents, drinking water and beverages.

The contifocuser can also be used for isolating or purifying products which are expressed
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by or extracted from a microorganism (including bacteria, fungi, yeasts, algae and other
mono- or oligocellular organisms) animals (including mammals, insects, invertebrates)
or plant (including seaweeds, plankton, mushrooms, mosses, herbs and higher plants) or
parts Or derivatives thereof. Such products include microbial expression products,
substances ﬁroduced by transgenic mammals such as cows and pigs producing medicinal
products in their milk, and substances extracted from forestry and plantation products.
Examples are natural colours, pesticides, lignin, polyols such as xylitol, carbohydrates,
oligo— and polysaccharides such as xylans and microcrystalline cellulose, dietary and

other fibres, glycoproteins, and lipoproteins.
Brief description of the drawings

Figure 1 is a perspective view of the apparatus of the invention;
Figure 2 is a vertical front view of the apparatus;

Figure 3 is a vertical sectional side view of the apparatus taken along line 3-3/figure 2;
Figure 4 is a vertical sectional side view of the apparatus in twin-configuration, and |
taken along line 3-3/figure 2; |

Figure 5 is an overhead view of the apparatus with zig-zag partitions;

Figure 6 is an overhead view of the apparatus with T-shaped partitions;

Figure 7 is an overhead view of the apparatus in twin—configuration;

Figure 8 is an overhead view of the three types of space partitions of the apparatus;
Figure 9 is an overhead view of the apparatus showing four mounted partitions;
Figure 10 is a plot of the conductivity across the width of the apparatus in operation;
Figure 11 is a schematic side view of the apparatus of the invention.

Description of preferred embodiments |

Apparatus for continuous flow isoelectric focusing, the contifocuser

Reference will now be made to the drawings wherein like parts arc designated with like
numerals. Referring first to Figures 1-11, an apparatus 1 comprises a general rectangular
electrochemically inert container having end walls 2, a bottom panel 3, a front wall 4 and
a back wall 5. Apparatus 1 is provided with a partition 6 vertically attached to the back
wall 5 and front wall 4 between every outflow port except for the electrode spaces
outflows. These partitions are holed or made of porous material in onc third of their
height from the bottom . The back panel 5 has one inflow port 7 at its bottom. The width
of pancl 3 W2 is greater than the width of apparatus 1 W1 (see Fig. 2). Both electrodes
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9 are separated from other parts of apparatus by partition 10 of ion-selective membranes,
i.e. an anion—selective membrane near the anode and a cation—selective membrane near

the cathode. The electrode spaces have in one level with other working outflows 12 at

the. top of apparatus electrode outflows. The space between partitions 6 in apparatus 1

is divided b); a number of less preferred C—shaped partitions (10), or by zigzag-shaped
perforated partitions (13) or by multiple T—shépcd partitions (6) made of porous material
which are placed apart at a distance of 1 cm, 0.5 mm, and 0.3 mm, respectively (see Fig.
8).

As illustrated in figure 8 the invention employs a source of liquid solution containing a

organic or biological substances to be separated, preferably with a conductivity between

" 50 and 5,000 puS/cm. Carrier ampholytes to establish a suitable pH gradient are not used.

The flow from source 14 can be regulated by a suitable valve 15, made of non-
conductive material. The number of working outflow ports 12 will depend on the nature
of the scparation process applied. The separated solutions are collected from each of the
ports 11 into a suitable container 16 as shown in Figure 11. Apparatus. 1 includes one
levelling screw 8 located on one outer end of bottom panel 3, wherein screw 8 is for
adjusting the horizontal level of outflow ports 12 on front wall 4.

Apparatus 1 is provided with a pair of spaced electrodes 9 located adjacent to the end
walls 2. Electrodes 9 extend from substantially'the bottom of apparatus 1 to the top rim
and are mounted in such a way as to be easily inserted and removed such as by a

plurality of retaining brackets. Electrodes 9, which are an anode or a cathode, terminate

in electrical connectors or plugs situated at the tops of end walls 2 in order to facilitate

coupling electrodes 9 to an external power supply, shown as "P" in figure 2. Electrodes
9 are prcfcrably chemically inert as well as being stable against cathodic and anodic
dissolution in the same solution under applied bias conditions. Platinum and carbon have
been used satisfactorily. Additionally, the apparatus walls are preferably formed from or

coated with a chemically and electrically inert material such as teflon, acrylate, ceramic

~ material or glass.

Referring to Figures 5, 6, 7 and 8, apparatus 1 is provided with a plurality of liquid
permeable, vertical C-shaped, zig-zag or T-shaped partition members 13 which extend
vertically between the bottom of apparatus 1 and a point just below the level of outflow

ports 11 and 12 and extend horizontally among waterproof-mounted partitions 6 and 10,

“except in the electrode spaces. C-shaped or zig-zag partition members 13 include a

plurality of openings or holes with a diameter 0.5 to 1 mm, which are equally spaced

[l .
'
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along tho vertical dimension thereof. The T-shaped partition members 13 are made of
poroue material at about 50 um. The vertical partitions 6 are substantially the same
height ae the apparatus 1.

The electrode spaces dividing partitions 10 are mounted waterproof and their ole is that

the low molecular anions and cations will pass through ion-selection mermbranes from

the working chambers to gither the anodic space or the cathodic space. The small
opening at the basis of the partitions permits a limited flow of the solution through the
clectrode spaces for wa.s'hinguout the concentrated ions, The partitions 6 are waterproof—
mounted in their upper third. Their function is important for apparatus construction and
for gaod separation of liquid fractions separated during the flow through the apparatus
in the last step - before lcaving the spparatus through working outflows 12. The
perforated partition members 13 serve various p{xrposcs. Firstly, the holes or openings
provide horizontal fluid flow across the apparatus 1. The second function of the holes
is to provide pathways for the formaton of a plurality -of horizonta! fonic cumment flow
paths between electrodes 9 when a voltage is established there between. Moreover, the
multiple T-shaped or zig-Zag form of partition mambers 13 faeilitates the formation of
vertical flow channels in- apparatus 1, Fig. 3, 4 and 5, which allow for a continuous

 laminar flow upwards from the bottom 1o the upper part of apparatys 1. Finally,

partitions 13 suppress turbulence and convection horizontally across apparatus 1 between
electrodes 9.
Referring to Figure 9, apparatus 1 has the partitions 6 sealcd along their outer edges 10

feont wall 4 and hack wall § between two neighbouring working outflows 12 to form a
liquid impermeable seal. The dimensions of vach of the sub-chambers are provided with

2 plurality of partition members 13, and are divided by partitions 6, corresponding with
the working outflows 12. In operation, a mixture containing the substences to be
separated is suspended or dissolved in distilled water and the concentration of the starting
substance shall have 2 conductivity in the range of 50-5,000 yS/cm. Apparatus 1 is then
filled by a constant inflow of the solution or suspension into inflow 7. When the
apparatus 1 is filled to a lovel just below ports 11-12, the inflow of solution is
terminated and levelling serew 8 adjusted so that outflow ports 11~12 are horizontally
aligned. Blectrodes 9 are then connected 10 external ‘power supply "P" and a direct
carremt (DC) potential drop applied between electrodes 9 and the solution into the
apparatus 1 is established. The horizontal flow of the compounds of the solution into
apparatus 1 is cstablished because of the electric low—current betwoen electrodes 9.
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During contifocusing, the components of the solution to be separated automatically form
a pH gradient, horizontally across the apparatus, whilst the various zwitterionic
components comprising the starting substance are driven or focused to a position in the
apparatus having a pH corresponding to their own pl value or isoelectric point. The
strongly polarised low—M.W. impurities are focused into the electrode spaces and are
eliminated from the apparatus through the waste outflows of the electrode spaces. Once
the components are separated and neutralised at their own pl, they become immobile in
the electrical field in the horizontal direction, but are still flowing vertically upwards in
flow channels between the partitions 13 towards the upper part of apparatus 1.These exit
via working outflow ports 12, and are collected or discarded. Alternatively, the solution
can be recycled into the original solution, container 14, or into another contifocuser
placed in series. The number of outflow ports 12 of apparatus 1 depend on the number
of components to be separated. When various components with different isoelectric
points have to be separated, a greater number of outflow ports can be used. In order to
make the contifocuser versatile for different substances, apparatus 1 can be constructed
with several outflow ports 12 with sliding members mounted on the interior of front wall
4 to open or close the outflow passageway through poﬁs 12.

Normally, the flow rate per minute is maintained at 1/10th of the chamber volume of

apparatus 1. The relation between the flow rate and the volume of apparatus 1 holds also

“for the apparatus 1 in which the volume is larger by increasing the height whilst

maintaining the width of apparatus 1 constant. The time required for horizontal migration
of charged components in the electric field remains the same. Therefore, increasing the
vertical height of the apparatus permits higher flow rates.If the components have pl
values which are close to each other it might be necessary to increase the resolution with
respect to pH gradient to be formed. This is done by a greater horizontal length of the
apparatus, requiring a longer horizontal migration time of the components and a lower
flow rate. |

Another factor that determines the upper limit of the flow rate is the establishment and
maintenance of a stable pH gradient across the working space of the apparatus. When
the amphoteric impurities within the solution have a distinctly lower M.W. than the
target substances, the pH gradient is established in a shorter time than the transit time
of the components to be purified. The low M.W. components move faster. In addition,
those with extreme pl values (<pH 2 ->pH 12) move into the electrodes spaces via the

ion-selective membranes, and are discarded through the waste outflows. Therewith, the
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pH gradient in the apparatus, which was initially based on the low molecular impurities,
s later maintained by the higher M.W. components.

Figure 10 illustrates thc'steady state conductivity profile across apparatus 1 in operation
and shows that the conductivity is minimal in the working spacc and high in the
clectrode spaces in which the low M.W. and charged components arc concentrated. This
illustrates the usefulness of the contifocuser for elimination of impurities from neutral
liquids such as water, beverages, and organic solvents.

The apparatus of the present invention uses simply a static electric ficld, and can operate
for several days unattended since there are no electrochemical or other devices that
require continuous attention of an operator. The power that results in optimum operating
characteristics for most contifocusing applications, i.e. a fast scparation time with

minimum ohmic heating, lies in the range of 3-50 W.

Industrial purification of carthworm enzymes

The present invention can be used for purification of enzymes from invertebrates such
as the Californian earthworm Eisenia foetida, and a number of non-limiting examples
for industrial application will be presented. The enzymes are produced as follows:
earthworms are grown on agricultural offal, ingest and excrete the entire heap, and
biohumus or vermi—compost is made. An attractant scrves to separate the worms from
biohumus, the worms are washed with tap watcr, destroyed by freezing or sudden
decompression of the air pressure in the vessel, and are homogenised in distilled water.
The worm populations are selected by survival breeding for producing the desired
enzymes at higher concentrations.

A contifocuser in twin—configuration (2 X 25 L volume) is used with a through flow
capacity of 2.5 L/min (3.600 L/day). Daily a total of 2.000 L purificd enzymes can be
harvested from four working outflows (waste outflows are in between). A second
contifocusing run is used for further purification. The protein concentration of both
contifocusing runs yields a protein concentration of 1 g/L. The final yicld of about 1.200
L/day has an average enzyme activity of 80 to 170 U/ml. This compares favourably with
enzymatic activities of similar products based on bacterial fermentation (0.001 to 0.002
U/ml). At the 25th Salon International des Inventions, Geneva, Switzerland, April 1997,
a 10 L contifocuser for carthworm enzyme purification was awarded with a golden

medal.

EXAMPLE 1 - Isolation and purification of natural enzymes from E. foetida

Five novel types of purificd' non-bacterial enzymes are obtained from E. foetida. The
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enzymes for this Example were prepared as follows: Ten kg of a genetically selected
strain of E. foetida were collected. The worms were frozen at =1B°C for 24 hrs and then
thawed in cold water at 4°C, containing 0.1% glyoxal. This erude suspension was,
pogtion after portion, mixed in a high capacity biender and homogenised in 100 L
distilled watey, The solution was centrifuged in a continuous flow centrifuge and the
supernatant introduced into a 2 L. conufocus. Au apparatus with four outflows pors
was used. A voltage of 250 V DC, a 80 mA clectrical cument, and an initial flow rate
of 100 ml/min was ¢stablished. All manipulations were carried out at 4 to 10°C, The
contifocusing run lasted 16 hs. The solution from eacl: working outflow was scparately
eollected, concsponding to the isoelectric points of 8.3, 7.0, 6.5, 3.2 and 2.8. Each active
cnzyme fraction obtained by preparative SDS electrophoresis was hydrolysed by mincral
and peptic hydrolysis, and the amino acid residues were meastred by an automatic amino
acid analyser. Three analyses were counted, and the average number and percentage of
amino acids calculéted. The five enzymes, in the order of decreasing pl values, are:
Eisenase - A basic enzyme mixture having proteolytic activity, a plof 8.3, PH
optinium of 6.0, a M.W. of 13.2kDa and.a azocascin—s;;li:ting activity of 100-120 U/mg
(ohu unit will hydrolyse sulphanilamide—azocasein (Merck Catalogue p.142, 1992) to
produce a colour equivalent by Folin-Ciocatteau reagent to 1.0 uM (=181 pg) of tyrosine
per min at pH 7.5 .and at 37°C A unit (U) of azocascin-splitting activity as a measure
of proteolytic activity is further defined as the amount of enzyme which can split 1 uM
of azocasein per min 88 estimated by UV speetroscopy at 370 om (Tomarcili et al., 1.
Lab. Clin. Medicine 34, 428, 1949). This cnzyme is designated "cisenase”, and has
characteristics as mixed endo- and cxopeptidase with scrine and metalioproteolytic
activity st described in the “Intermational Enzyme Classiftcation Catelogue", ECC
sections 3.4.21.1, 3.4.21.4, 3.4.23.6, 3.4.21.14. It can be used a5 & natural preservatve
e.g. in meat packaging, and for topical skin ‘treatment. '

Fellulase - An enzyme having cellulolytic activity as well as proteolytic activitieé, a pl
of 7.0, a pH optimum of 5.9, and a M.W. of of about 84kDa, This cnzyme is designated
"fellulase”, and hies characteristics of ECC section 3.2.1.4. The celluloiytie activity is
sbout 10-20 U/mg {one unit lberates 1.0 M of glucose from cellulose In one hr, ot pH
5.0 at 37°C). Fellulase ?xerts'its celluiolytic activity in a low-acidic environment.

Purified samples of the five enzymes Weie analysed for their funetional and physical
protein characteristics, The data are summarised in two tables:
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Table 1
Functional and physical protein characteristics of E. foetida enzymes
eisenase fellulase fetilase fetipase wormase
pl* - 83 7.0 6.5 32 28
pH optimum 6.0 59 7.2 46 3.6
range 250%° 42-8.1 4.4-7.1 5.8-8.6 3.6-5.9 2.7-53
T optimum °C 50 45 60 50 50
range =50%" 25-60 10-55 30~65 25-60 5-70
M.W. kDa (gel)* 17 67 36 18 31
M.W. kDa (calc.)® 13.2 x 54 + 29 + 14.5 + 25
aminoacids’ 110 446 240 120 205
% of basic a.a. 23 4 6 25 15
% of acidic a.a. 0 7 5 7 22
proteolytict + + | - e +
Ser; Asn Arg; Tip
a~-amylolytict - - . + - -
p-amylolytic’ - - + - -
cellulolytic' - + - - -
lipolytic! - - - +
Michaelis (mM)* 1.76 0.85 1.60 0.88 0.35

* Isoelectric point determined by contifocusing.

b Range with = 50% activity of the maximum activity.

¢ Determined from SDS-PAGE. '

¢ Calculated from amino acid content (non—glycosylated).

¢ Total number determined by complete hydrolysis.

f Determined by activity on polyserine, polyarginine, polytryptophan and poly-Trp,Arg

¢ Determined by activity on starch at 37°C and at pH 6.9

» Determined by activity on starch at 20°C and at pH 4.8 (In this study by preparative SDS
electrophoresis only o-amylase was obtained, in one enzymatic active line. The loss of f-
amylase might be due to dissociation in SDS).

i Determined by activity on Cellulose azure (Merck) Fernley, N.H., Biochem.J., 87, 90 (1963)
i Determined by activity on Triglyceride No.339 (Merck) '

X Michaelis constant determined on the specific substrate for each individual enzyme.

' Indicating an enzyme activity in the order of 0.1 U.
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Table 2
- Amino acid composition of E. Joetida cnzymes (valucs + 3%)
smino acid ciscnase fcliulase ' fetilase fetipase | wormase
number of a3, | 110 240 446 - 120 205
5 Ala 4.46 12.3 15.8 2.6 33
B-Alanine 0 3.7 0.7 : 4.1 4.8
Arg 10.30 20 | 10 6.8 3.2
" Asp + Asn 17.24 4.0 . 098 5.8 12.3
Cys 689 40 1.2 0 T
10 Gly + Gin 6.89 5.5 7.6 | 8.3 12.9
Gty 13.79 14.5 12,1 .5 65
Hie' - 3.45 40 29 8.5 8.1
lle 250 2.0 0 0 16
Loy 345 10.2 0.0 &R 3.2
15 Lys 1034 o 0 8.5 32
Mat 345 0 0 . 4,1 48
Pho 3.45 6.2 a1 22 a2
Hydroxy-—Pro . -0 0 0 RS 81
Pro 0 o 152 2 97
20 Ser - 3.45 12.0 10.7 ‘ 3.1 a2
The o 36 2.4 07 1.6
Tp 0 2.0 2.0 1.7 1.6
Tyr 6.89 0 0 51 . A8
Val A 3,45 14.0 13.6 3.4 1.6
25 Fetilase - An enzyme having ot- and p- amylolytic and particularly proteolytic activities,

""aplof 6.5, a pH optimum 0f 7.2, 3 M.W. of about20kDa, and an azocasein-splitmg
activity of 80~100 U/mg. This enzyme i§ designated "fetilase”, and has characteristics
of BOC scetions 3.2.1.1, 3.2.1.2, 3.4,22.6. The amylolytic activity of fetilase is about 20~
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40 Uiy (one unit libaratas 10 mg maltose from starch in 3 min, at pH 6.9 at 37°C (P-
Bernfeld: “Methods in Enzymology 1,149,1955). Fetilase can be used as a substitute for
jow barley amylase in the beer brewing process, and as a substitwe for pancrestic

cpzyme in medicaments. -

Fetipase -~ An ¢nzyme having lipolytic and *a shight proteolytic activity, a pl of 3.2, apH
optimum of pH 46,2 MW.of about 14.5 kDa, and a azocasein—splitting activity of 80-
100 U/mg. This enzyme is designated "fetipase”, and has characteristics of ECC sections
3,1.1.1, 3.1.13, 3.4,2‘.'6. The lipolytic activity of fevpase is 20 U/mg (one unit
hydrolyses 1.0 meq. of fatty acid from a tﬁglyceﬂdc per hr, at pH 7.,7 and at 37°C.
Fetipase can be used 2s an active substance in washing compositions.

* Wormase - An acidic enzyme mixture having proteotytic activity, a pl of about 2.8, a

pH optimum of 3.6, a M.W. of about 31 kDa and 2 azocasein-splitting activity of 80-
100 U/mg (one unit will hydrolyse casein to produce 3 colour equivalent ta 1.0 pM (181

‘ug) of tyrosine per min at pH 7.5 and at 37°C, This enzyme is designated "worniase”,

and has characteristics according EEC sections 3.4.23.1, 3.4. 23,6, and 3.4,22.3, Wormase

can be used in washing powders, in the food and beverage industry, in particular for
splitting undesired proteings at a relatively low pHj in fruit juiccé, beer and wine a pH in
the range of 3.9-6.0 is common. 1t reduces the protein content by about 70% and allows
a reduction, of may climinate, filtration steps in the production process of beverages.

Example 2~ E. faeridg, enzyme mixrures for industrialpumposes

Enzymmix is a multi-enzyme composition consisting of 2 mixture of wormase, eisenase,
fotipase, and fetilase in a ratio of 30 : 40 : 15 : 19, and ‘with activities as follows:
wormase = 65-90 U/ml; cisenase = 80-100 U/ml; fotilase = 60-90 U/ml; fetipase = 60=
00 U/ml. Enzymmix splits and degrades by hydrolysis mainly proteins, starch and ﬁpidé.
Protein residues (from beer and winc), starch, muscle f:roteins (in ‘meat and bacoi) are
partially split or degraded. An improvement of taste is obtained. Enzymmix can replace
bacterial purification of waste water, and without acration. Enzymmix can be used in
piological washing powders, washing powders, cleaning products, soaps, tooth pastes,
shampoos ete. Enzynunix can be used in combinaton with a surfactant, sec below. .
Enzymmix was able 10 reduce thc'c.omcntration_ of polychlorobiphcnyis (PCRB') in
contaminated water from 40 to $ yp/L, Enzymmix docs nat cause allergies, eczema or
toxic effect for the human skin or body. 1t containg 30 X less total protein than similar
products produced by bacterial fermentation. '
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Recultol is for remediation of soil which is polluted by mineral oil contaminants.in
particular. It is composed of enzymmix and a half volume of a long~chain- (C,,)
dicarboxylic acid surfactant, called "laurylan". Recultol can be applied directly on the
soil, by spraying the afflicted areas twice, or can be added to water-enforced circulating
in the sub-soil area. One ml of recultol is able to split about 50 mg of contaminant. The
average dose for soil to be remediated is 300-700 L/HA plus 150-300 L of laurylan.
Recultol can also be used for accelerated decomposition of garbage dump sites. A special
application is for cleaning of oil tankers since its enzymatic activity is not disturbed by
higher salt concentrations. Remediation of oil spills on sea can be done with enzymmix
bound to a carrier, preferrably a degradable product, with a density that floats on top of
oil phase and another with a phobicity for the water—oil phase. Both preparations include
a degradable colour, red or white, obtained by contifocusing from plants.The colour of
the upper surface will alter from white to pink. In the case of solid surfaces, cement,
concrete, railways etc., remediation by recultol is done under high prcésurc with a

mixture of 1 L of enzymmix and 1 L of laurylan in 1,000 L warm water (up to 50°C).

Sanamor is a liquid washing tool which contains enzymmix, a surfactant and a
disinfectant, 0.1% glyoxal. Sanamor can be used for washing of pipes and equipment of
the meat, milk and food industry. Sanamor is an alternative for acids and hydroxides
which require high temperatures and have to be washed-out by large amounts of water.
Sanamor has a dilution factor of 1:100 to 1:200, works at a temperaturc of 40°C. Only
one wash with a standing time of 20 min is required. $anamor has the additional benefit
of eliminating deposits and tartar in the hidden corners of the pipes. It cleaves the
organic stroma. Thereafter, the enzymes plus hydrolysed products are washed out by one
rinse of the total pipe system. Sanamor can be used for reducing NH, emission in
chicken houses by regular spraying the chickens and their litter. Since about two-third
of the NH, emission in the chicken house is generated by bacterial processing in

litter treatment of the litter is essential.

Enzympremix is the same mixture, but the enzymes are now absorbed in a suitable
carrier such as zeolite or bentonite. The feedmix can be administcred to feed of broiler
chickens and of pigs as growth promoter and to enhance feed conversion. It decreases
a.0., the energy required for the synthesis of the animal's own enzymes. During trials
with enzympremix, no side cffects or toxicity were observed in the treated animals or in
the animal caretakers. It was not possible to determinc the lethal dose in micc because

this material was apparently consumed as normal fooc,
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For this Example, enzymmix was prepared for a comparative trial in two groups- of
10.000 broiler chickens of Omega BT Kft., 1078 Budapest, Hungary. Both groups were
fed with baby starter feed during the first week of life, both groups received high energy
feed with antibiotics from the second week onwards, and a final mixture without anti-
biotics during the last (7th) week. Water was supplied ad libitum. The only difference
between the groups was the addition, during mixing of the feed mixture, of onc L of
enzymmix to cach ton fced supplied from the sccond day of life onwards. Significant
differences were observed between the two groups after the desired bodyweight was
achicved, all in favour of the group which received enzymmix. The diffcrences were: (1)
Faster growth performance in shorter time, resulting in 200 g higher final bodywcight
per bird (an average of 2.000 g obtained in 36 days vs. 1.800 g in 42 days), (2) 9.5 %
better feed conversion in the cnzyme group, (3) Reduction of total losses by 52% (total
mortality of 5.5% vs. 11 .5%). The combination of adding enzymmix to the feedmix and
spraying of flocks and litter with sanamor, with intervals of 4 days, resulted in a pleasant
odour of the chicken house of the enzymmix group. Herewith a significant 1owcr degree
of NH, emission was obtained but not precisely measured. The total NH, emission in

such situations can be reduced by 70%

EXAMPLE 3 — Isolation of lysozyme

Lysozyme is an enzyme that is present in tears and egg white. For this Example, egg
white was collected from 2,000 eggs (about 50 L) and diluted in ice—cold distilled water,
up to 150 L. All manipulations were done at 4°C. The solution was filtered and
‘ntroduced into a 4 L contifocuser having three working outflow ports (plus two
electrode outflows). The contifocuser was initially filled with distilled water. The flow
rate was adjusted at 75 ml/min, a DC 1,000 Volts was established, and the initial power
of the system was 1.5 W. After adding the crude egg white suspension, the power raised
to 10.5 W. The contifocusing lasted 34 hrs. Fourty L of this material was collected from
the working outflow port nearest to the cathode, at pH 10.5, containing lysozyme at a
concentration of 200 U/ml. This suspension was gradually introduced into a 1 L
contifocuser with three working and two electrode outfirw ports. The flow rate with
distilled water was adjusted at 10 ml/min, 1,000 V/ DC. The initial output was 1.6 W
but raised to 5 W after adding the lysozyme suspension. The contifocusing lasted 3 days.
The outflow nearest to the cathode, at pH 10.5, was collected. The analysis yielded now
a lysozyme activity of 1,500 U/ml. This fraction of 12 L was thereafter introduced in

four fractions onto 200 x 1500 mm chromatographic columns packed by a molecular
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sieving gel, Spheron P-200, and 25 ml fractions were collected. In each, the protein
content and the lysozyme activity were determined. Five protein peaks were observed.
The first peak contained purified lysozyme at a protein-splitting activity of 20,000 U/g.
Bacillus subtilis strains are of fundamental importance for basic science, medicine and
industry. The entire genome has recently been sequenced (Nature 390, p237 and p1249,
1997) by joint efforts of several laboratories. The sequences of this spore-forming

Gram-positive bacterium provides clues for antibiotic resistancc of Gram-positive

pathogens, and encode for several enzymes which have industrial application.

For this Example, Bacillus subtilis strain A-200 was cultivated in a 500 L fermenter
vessel for 12 hrs at 37°C. The bacterial growth was arrested after a spectrophotometric
measurement at S50 nm yielding a value > 0.5. The bacterial mass was separated from
the medium with a separator. The supernatant was introduced into a 10 L contifocuser,
a flow rate of 250 ml/min and 350 V of DC was applied. A contifocuser with three
working outflow ports was used, having two outflows at both electrode sides and one in
the middle of apparatus. The electrode outflows were discarded, and the solution from
the middle outflow was introduced into a second contifocuser of 5 L. Again an apparatus

with three outflow ports was used, and the purified a~amylase collected from the middle.

- The flow rate was adjusted to 100 ml/min and 500 V of DC was applied. The outflow

port in the middle yielded relatively pure o-amylase with an amylolytic activity of 200
U/g.

- ti

For this Examplc, commercial insulin (NovoNordisk, DK) was suspended in distilled
water, at 1 mg/ml. Three L of this suspension were introduced into a 1 L contifocuser
having five outflow ports (two electrode outflows and three ports for collecting a
working solution). The conditions were: A 25 ml/min flow rate, 400 V DC, and an
electrical current resulting in 8 W power. The contifocusing lasted two hrs. From the first
working outflow port, near the anode, 800 ml of purified insulin was collected. A control
PAGE analysis demonstrated in the original non-treated insulin preparation four lanes
between 12-8 kB. After the contifocusing run only one lane at 10 kB was observed,

corresponding to purified insulin. If the insulin needs to be further purified, an additional

gel chromatography run can be arranged using 2 100 x 500 mm-chromatographic column

packed with Spheron P-20. Purified insulin appears in the first protein peak.
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EXAMPLE 6 - Purification of lysin

Technical grade lysin is available from different sources. It is used as a source of amino
acids for upgrading feed for farm animals. If a higher purity of lysine is required, several
complicated steps have to be made and the final product becomes morc expensive. For
this Examplc,’this invention was used for purification of lysin. Technical grade lysin was
diluted in distilled water to a concentration of 3 %. The conductivity was 2.000 pS/cm.
Five hundred L of this solution was introduced into a 3 L contifocuser, having five
outflows situated as in Example 5. The purified lysin was collected from the first outflow
port. This material had a conductivity of about 500 uS/cm, and the concentration of lysin

was >15 %. The loss of input protein material was about 5-10%, but this included the

‘loss of impuritics resulting from the original bacterial fermentation.

EXAMPLE 7 — Purification of whisky

For most alcoholic distillates, one or two distillation steps are required for climination
of various undesirable substances such as amyl acetates, cthy! hexanate, ethyl octanoate,
ethyl decanoate, ethyl dodecanoate, that deteriorate the taste in particular. Elimination of
these undesirable fractions can only be achieved additional distillation procedures. The
present invention provides a cost—effective purification. For this Example, whisky of a
Canadian brand was introduced into a 10 L contifo.cuscr. The flow rate was 1 L/min, the
DC power was adjusted at 1,000 V and 10 mA, resulting in 10 W. Three working out-

flows were used (two electrode outflows and one port in the middie). The whisky

_ obtained from all outflow ports was subjected to a panel of specialists that judged

differences in colour, smell and taste for the three outfiows. Only the sample collected
from the third outflow port required another distillation. The other two were mixed, and
improved the quality and taste. Gas chromatography yielded a change of the single
components as follows: amyl acetates, a decrcas:c from 0.04 to 0.01 mg/100 ml, ethyl
hexanoate from 0.05 to 0.02, ethyl octanoate ~ from 0.03 to 0.01, ethyl decanoate — from
0.025 to 0.001, ethy] dodecanoate — from 0.01 to 0.005 mg/100 ml.

- Purificati vodka
For this Example, 20 L of vodka of local Slovakian and Dutch brands were introduced

into a 3 L contifocuser. The flow rate was 3 L/hr, the initial DC power was set at 275

V and 80 mA, resulting in 22 W. Due to the elimination of electrolytes via the waste

“outfiows, the conductivity decreased. The power was raised to 750 V as the current

decreased, resulting in 12-18 W. Two working outflows were attached to 40% and 60%
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of the working chambers. An alcohol percentage of 41% was measured in the two
working outflows as well-as in the waste outflows. The vodka obtained from the first
working outflow from the cathodic side had a "sharp" taste and can be used for as "clea-
ning" alcohol. The second working outflow yielded vodka with a "soft" taste. The con-
centration of Iiolyunsaturatcd fatty acids and of aldehydes decreased by 75% and 80%.

At the 25th Salon Intemational des Inventions, Geneva, Switzerland, April 1997, the

presentation was awarded with a golden medal.

The contifocuser in twin—configuration for purification of vodka has a through flow
capacity of SL/min and 7.200 L/day. A total of 6.800 L purified vodka is obtained per
day. During this purification polyunsaturated fatty acids and aldehydes decrease by 68%
to 88%.

EXAMPLE 9 - Purification of wine

Natural wines may contain high concentrations of acidic components. In addition, the
quality becomes inferior by excessive fermentation or rotting caused by residual yeast
products. The acid characteristics or artificial taste are difficult to eliminate employing
the usual procedures. The present invention provides a technical solution for improving
wine quality as demonstrated by this Example: 50 L of a Tocai wine, having an acid
taste and a pH value of 3.8, was introduced into a 10 L contifocuser. A 200 ml flow
fate/min was adjusted and 250 V of DC was established between the electrodes. An
apparatus with three working outflow ports, including two waste outflows, was used. The
scparation lasted 4 hrs. The outflows were subjected to a panel of professional wine
tasters and judged for colour, smell and taste. The improved wine was collected from the
working outflow port in the middle and from the cathode outflow port. The samples were
mixed together and yielded an improved wine quality with a pH-value of 5.2. Eighty
percent of the input volume was recovered. The conductivity decreased from 1.670 uS

to 1.200 pS, indicating that undesired charged low M.W. substances were eliminated.
— Purificati e

Purification and production of quality drinking water is dependent of the original water
supply. The last steps of purification are usually the most expensive or difficult. Bacterial
contaminations can be eliminated by absorption filters but chemical pollutions arc more

difficult to handle, e.g. nitrites, nitrates, and various metals create greater problems.

This invention provides a tool to achieve water purification on a relatively small scale,

for example for households, caravans, farms and factories, at a minimal cost for energy
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and equipment. The maximum salt concentration that can be handled by an apparatus .
according this invention is about 900~1,200 mg/L. Thercfore desalination of seawater
cannot be performed with this contifocuser. The maximum performance by one unit, with
an internal volume of L, is about 150 L/day. If placed in parallel, c.g. five units can
purify about 750 L/day.

For this Example, ina 10 L contifocuser with one working outflow port and having two
outflow ports ncar the electrodes, a through flow at 1 L/min was introduced. The DC
power was adjusted at 100 V, and a current resulting in 25 W. As the analysis
underneath indicates, the middle outflow port yielded purified drinking water, whilst the
clectrode outflows comprised the bulk of undesirable ions and elements. The loss of

water volume was 15 to 20%. The results of the analysis of this experiment were as

follows:

Coniponent before after ~ Component before after
Copper 8.7 1.6 - Zinc 71.0 12.4

Iron 123 1.2 Arsenic 0.12 0.04
Nickel 0.05 trace Lead 0.71 0.05
Chromium 3.14 0.8 Cadmium trace none
Mercury 0.05 trace

"The quality of drinking water obtained from the middle working outflow port can be

regulated by adjusting the voltage, power and/or the flow rate. The chamber volume or
the number of apparatus can be arranged for the conditions required, e.g. a calculation
is made for a farm with 200 cattle that use decp-well drinking water. The cattle need
about 40,000 L/day or 40,000 : 24 : 60 = 28 L flow rate/min. Therefore, six 10 L

contifocusers with a 5 L/flow rate/min are requircd.

EXAMPLE 11 - Isolation of immunoglobulins

11a. Mouse: For this Example we used 300 ml of a serum pool of mice which were
immunised with rabbit IgG (Sevac, Prague). The scrum was diluted 1:3 with ice—cold
distilied water, and 1,200 m! of this solution was appli~d onto a 1 L contifocuser with
five pre-determined outflow ports. The contifocuser was initially filled with distilled
water. The flow was adjusted at 8 mi/min, a DC power of 1,000 V was used and the
initial output of the system was 1.6 W. After addition of serum, the power raised to 5
W as the result of increased conductivity. The contifocusing run lasted about 3 hrs. All
five outflows were tested for immunoglobulins by 'immunoclectrophorésis.

Immunoglobulins were detected at the second outflow port from the anodic side, between
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pH 4 and 6. The anti-IgG titre of this outflow was 1 : 128, as tested by a passive
hacmagglutination test using an antiserum against rabbit IgG. Of this material, 180 ml
was introduced onto a chromatographic column, packed by Spheron P-200, and equi-
librated by distilled water. Ten m] fractions were collected, and tested for the presence
of immunoglbbulins. Four protein peaks were demonstrated. Scmi-purified immuno-
globulins were present in a concentration of 0.5 mg/ml in the first peak. The passive
haemagglutination test yiclded now an anti-IgG titre of 1 : 1024. All samples from this

peak were collected and concentrated for further use by freeze~drying.

11b. Human: For this Example, a human serum pool with antibodies against hepatitis

B virus antigens (HBsAg) was purified. Two L of serum were diluted by distilled water

up to 8 L, i.e. dilition factor 1:4, and were saturated up to 8 M by urea; 0.1 % of

glyoxal was added. The final 10 L volume was introduced into a 1 L contifocuser with
four outflow ports. The flow rate was adjusted at 0.25 L/hr and the initial output of DC
power was 10 W. After addition of serum, the power raised to 14 W. The contifocusing
run lasted S hrs. The bulk of proteins, 8 mg/ml and including the specific antibodies, was
collected from the second outflow port from the anodic side, at pH 5.6. A total of 2 L
was collected. Immunoglobulins against HBsAg were present at a titre of 1 : 512 in the
immunodiffusion test. The HBsAg antibodies were further purified by gel chromato-

graphy as follows: The semi-purified serum sample was divided into five parts of 400

ml, and each of them was introduced onto a separate chromatographic column, packed
by Spheron P-200. Four protein peaks were obtained. The first peak contained specific
antibodies. The total yield of specific antibodies from five gel chromatography runs was
collected and diluted in a total volume of 4,500 ml distilled water. Thereafter, the
contifocusing run was repeated as above. Anti-HBsAg was now collected from two

working outflow ports in the middle, at pH 5.1 and pH 5.4.

The present invention enables efficient preparation of an anti—antibody directed against

the entire spectrum of immune responses induced by e.g. an enzyme, a protease, a toxin,

- or a viral or bacterial surface protein. In the network theory of immunc regulation (Jerne:

Ann.Immunol.125: 373-389) the mimicry properties of anti-idiotype antibodies were
described as the functional internal image of antigens. We have initiated pilot studies for
the preparation of anti-idiotype vaccines against classic swine fever virus, belonging to

the Pestivirus genus, using this invention for purifying immunoglobulin fractions.

11c. Swine: For this Example, five pigs at a body weight of 100 kg were immunised

with a commercial swine fever virus (SFV) vaccine based on the Chinese C strain. The
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pigs were killed 5 weeks after immunisation and exsanguinated. A serum pool of 10 L
was obtained by centrifugation at 800 rpm. The serum was 3 X diluted in distilled-water,
and 30 L was saturatcd'up to 8 M by urea; 0.1 % glyoxal was added. This material was
introduced into a 2 L contifocuser with five outflow ports. The conditions were adjusted
at a 100 mi/min flow rate and 250 V DC power at the beginning. The contifocusing run
lasted 5 hrs. Specific antibodies against SFV were observed in the samples collected
from two outflow ports, from the first working outflow port at pH 4.5 and from the
second at pH 6.2. A SFV neutralisation (VNT) testkit (Sevac, Prague) was used (Since
this was a totally unexpected observation, the original SFV vaccine was subjected to a
contifocusing run as well in which was demonstrated that this SFV vaccine comprised
two populations of SFV, probably comprising the SFV E, (gp55) and SFV E®™ epitopes
which both induce neutralizing antibodies against SFV. The VNT showed that both virus

peaks were SFV specific, and no contamination with BVD virus was detected). Thus,

two anti-SFV serum fractions of L were obtained. Both fractions were freeze dried, then

diluted in 0.9% NaCl in distilled water up to a protein concentration of 3 mg/ml, and
were separately introduced onto chromatography columns packed with Spheron P-40,
each in a single run. The pH 6.2 fraction yielded one protcin fraction which had a VNT
antibody titre of 1 : 512. The pH 4.5 fraction yiclded four protein fractions after gel
chromatography. Two peaks were SFV antibody—positive with VNT antibody titres of
1:64. The three single SFV antibody-positive fractions as well as all three SFV
antibody—positive fractions combined will be used for immunisation of goats to
investigate whether this invention can be used for preparing an anti-idiotype vaccine

against swine fever.

EXAMPLE 12 - Preparation of a novel sub-unit vaccine against E.coli_infections

According the prior art a series of vaccines were developed directed against various
adhesion factors of E(scherichia) coli. For each adhesion factor a separate fermentation
step was used. This Example describes an unique multifactorial recombinant sub—unit
vaccine against E. coli infections of cattle, swine and sheep for Wthh only one bacterial
fermentation step is required. The second improvement is its manufacture according this
invention: A genetically modified E. coli construct was made from a K 88 ab antigen-
carrying E.coli, strain G-7 (obtained from the Veterinary Faculty, University of Kosice,
SK); a K 88 ac strain U-200 (State Veterinary University, Montevideo, Uruguay); a K-
99 and an Lt enterotoxin antigen—holding strain S-IH (CZ Collection of Microorganisms,
Brno, SK), and from a 987-P strain (Dr. Salajka, Ivanovice na Hane, CZ). Plasmids
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encoding the antigens were cloned using the restriction enzymes Bgll, Bglll and Pst. Via
analytical and preparative PAGE, DNA chains of 20-90 kDa were isolated and ligated
by Lambda 14 ligase in various combinations. The constructs were transfected into a
plasmid free E. coli strain H-110 by electroporation. Two constructs were selected which
encoded resistance against chloramphenicol and tetracyclines, and which contained all
of the above~mentioned adhesion factors and enterotoxins. The integration and
expression of K88 ab, ac, K99, 987/P and Lt éntcrotoxin genes was tested by haem-—
agglutination tests. Fifty sequential bacterial cultivation steps were used to prove the
stability c;f integration and expression for all foreign antigens. The modified E. coli strain
H-110 was cultivated in a 300 L fermenter. After 8 hrs cultivation, the bacterial culture
was collected and subjected to centrifugation at 800 rpm. A total of 750 g of bacterial
sediment was harvested and this material was subjected to shearing of the surface
proteins (fimbriae) in 20 L ice—cold distilled water for 10 min. After the first shearing,
the solution was centrifuged again at 3,000 rpm and the supernatant collected. The
remaining sediment was diluted in 20 L ice-cold distilled water, 750 g of glass beads
were added and mixed for 10 min. The surface proteins were further purified in a
contifocuser with nine outflow ports, two near the electrodes, four working outflows, and
three waste outflows in between. The contifocusing run was performed at 75 mi/min flow
rate, S00 V DC, 14 W, 4°C, and lasted 9 hrs. The solutions from the 2nd, 4th, 6th and
8th (working) outflow ports, corresponding to pH values ranging from pH 4.5-5.0, pH
6.0-7.0, pH 7.0-7.5, and pH 9.5-10.0, yielded respectively the purified fractions
containing resp. K 88 ab, ac; 987-P; enterotoxin LT; and K 99 antigens. The titres are
determined by a passive haemagglutination test, and the purified antigens can be diluted
5-10 X to a titre of 1:512. Concentration steps are not required. A stable oil-emulsion
was prepared including 0.5 mg/ml of K88 ab, ac, K99, 987/P, and Lt. enterotoxin
antigens. An adjuvant (Spe-col®, ZO%W/W , ID-DLO Institute, Lelystad, NL) and 0.1%
glyoxal were added. This novel recombinant sub—unit vaccine was used to vaccinate
pregnant cows at 5 weeks before parturition in order to obtain passive immunity in
offspring. The observed maternal antibody titres in calves were 2 to 3-fold higher than
observed for prior art vaccines. A lower loss (1.5 %) by E. coli diarrhoea and E. coli
sepsis was observed. Challenge experiments with pathogenic E. coli strains (2 ml
containing 10° bacterié /ml) did not result in a higher mortality. This vaccine can
particularly be used in husbandry operations'whcre antibiotics arc not available or not

wanted for other reasons.
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EXAMPLE. 13 — Purification of polynucleotides

Prior art isoelectrofocusing procedures have been used for purification based on anti-
biotics resistance heterogeneity of DNA plasmids carrying adhesion factors of E. coli,
a causative agent of E. coli diarrhoea and sepsis. For this Example, DNA plasmids were
isolated by standard procedures according to Maniatis et al., J. Bacteriology (1982), from
E. coli strains F 027 (plasmid RMS 151), C 600 (RSF 1010) and J 53 (pSa). A 3%
glycerol solution in distilled water was used for diluting the DNA plasmids. A volume
of 1 L of each plasmid, containing about 7 ug of pure DNA/100 ml, was used for a
contifocusing run. A small 0.5 L contifocuser with nine working outflows was used. The
flow rate was SO ml/hr. The separation lasted 10 hrs for each plasmid preparation. The
following results were obtained: Plasmid RMS 151 was separated into two fractions, and
these were demonstrated in the first and the third anodic outflow ports, at pH 2.7 and
4.1. On the basis of resistance against antibiotics was shown that isoelectric fractionation
of plasmid DNA yielded fractions with different properties i.e. the original plasmid RMS
151 held a resistance against both tetracyclines and ampicillin, but now one fraction
showed resistance against tetracyclin and the other against ampicillin only. Plasmid pSa
was fractionated into three fractions, and which appeared in the first, second and third
anodic outflow ports, at pH 2.1, 3.4 and 4.2 respectively. Plasmid RFS 1010, however,
remained homogeneous after the contifocusing run, and only one fraction having
resistance against both tetracyclin and ampicillin was collected from the second anodic
outflow port, at pH 2.9. By UV spectrophotometric measurement was demonstrated that
the plasmid concentration increased to 20-28 ug DNA/100 ml, indicating a 4-fold
concentration of the original sample. A similar concentration was measured for each
fraction of the RMS 151 and pSa plasmids.

The advantage of this invention for DNA purification is that purified plasmids are
obtained on the basis of distinct pl values, through different resistance against antibiotics,
and at the same time a 4-fold concentration is achicved. Both arc important for large—

scale manufacturing,.
EXAMPLE. 14 ~ Purificati E i

Prior art isoelectrofocusing procedures were used to purify a commercial tetracyclin pre-
paration obtained from Spofa CSFR (United Pharmaceutical Works, CZ). Tetracyclin was
separated into four peaks with distinct colour and pH value, and one fraction showed an

increased bactericidal activity in antibiotics resistance tests against E. coli and two
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Streptococcus spp. The purified sample collected at pH 6.8 demonstrated 94% inhibition
as compared with 85% for the original tetracyclin. One fraction collected at pH 2.3,
contained leukotrienes, a group of biologically active metabolites of arachidonic acid
with three conjugated double bonds, which cause toxic and allergic reactions. Such
polyunsatufated fatty acids can be eliminated during the production process with the

present invention.

For this Example, 200 g of the same brand of commercial tetracyclin was dissolved in
2 L of distilled water containing 30% ethyl alcohol and introduced into a 800 m! conti-
focuser with eight working outflow ports. The flow rate was adjusted at 40 ml/min and
the initial output of DC power was adjusted at 4 W. Four fractions were collected from
every odd outflow port, i.e. at pH 2.2 with a brown colour, at pH 6.8 with a bright
yellow colour, at pH 7.9 with an orange-yellow colour, and at pH 9.2 with an orange
colour. Four waste outflows are in between. The bactcricidal activity of the four fractions
;vcrc tested against E.coli G7 strain and against Streptococcus aureus, Cat. No. 644 527
(Czech Collection of Microorganisms). Full bacterial growth around the disk was marked
as “ - ”, an empty area of the size of the disk as “ +.”, absence of bacterial growth in
an area of twice the disk size “ + ”, and greater “+++”. The bactericidal activities of the
fractions at pH 2.2, 6.8, 7.9, and 9.2 were scoréd against both strains, and were scored
from the anodic side, as follows: ' |

&« » [13 »
—

, “+++ 7, “++ 7, and “ + 7. These results indicate that a contifocuser in twin—
configuration (2 X 25 L volume) can be used with a through flow capacity of 2.5 L/min
(3600 L/day). Daily a total of 360 L purified tetracyclin can be harvested from the
outflow port at pH 6.8. Pilot studies can determine whether for other antibiotics a similar

enhancement of bactericidal activity and elimination of toxic products can be obtained.
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CLAIMS

-1 A continuous flow apparatus for scparating charged substances in liguid medium
by isoclectric focusing, comprising a scparating chamber (1), a pair of vertical clectrodes
(9) located in the scparating chamber at the extremes of the cross-scction thercof, two
or morc primary outflow ports (12) at the same height in the upper part of the chamber,

a vertical wall (6) between cach of said two or more outflow ports partitioning, the

W

chamber at lcast at the height of said outflow ports, characterised in that it further
compriscs a vertical cation-scleclive membrane (10) located near the cathode and a
vertical anjon-sclective membranc (10) located near the anade for scparating the
clectrode spaces from a central part of the liquid chamber, said cation-sclcctive and
AD anion—sclective membrane allowing the passage of low-molecular weight cations and
anions, respectively, from said central part to said clectrode spaces, said ion-selective
membranes being cssentially impermeable to high-molecular weight substances, a
sccondary outflow port (11) being provided in the upper part of the chamber in cach of
the clectrode spaces, the apparatus furlher comprising vertical permcable partition walls

15 (13) that arc structurcd so as to prevent horizontal turbulence.

2. The continuous Mow isoclectrofocusing apparatus according to claim 1, wherein

said vertical permeable partition walls (13) are T-shaped walls.

3. The continuous flow isoclectrofocusing apparatus according to claim 1, wherein

said vertical permeable partition walls (13) arc zigzag shaped walls.

20 4. The continuous flow isoclectrofocusing apparatus according to any onc of claims

1-3, comprising at lcast three of said primary outflow ports (12).

5. The continuous flow isoclectrofocusing apparatus according to any onc of claims
1-4, further comprising a vertical cross—wall, substantially perpendicular to said vertical

walls, with outflow porls being provided on cither side of said cross—wall,

2.5 0. A mecthod of scparating or purifying a substancc from an aqucous mixture,
characterised by using the continuous flow isoclectric focusing, apparalus according o

any onc of claims 1-5.

7. The method according to clim 6, whercin a single upward flow ol aquecous

mixture is maintaincd.

SV The method according to claim 7, whercin said single flow is hetween 25 and 250

L per L per day.
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9. The method according to any onc of claims -8, wherein substances to he
scparatcd comprisc impuritics in drinking waltcr or other heverages whether or not
containing alcohol,
10, The method according lo any onc of claim 6-8, whercin said substance is a poly-

pucleotide, an amino acid, a peptide, a protein, including antigens and immunoglobulins,

an cnzymic, an antibiotic, an allergen, an alkaloid, or a component from a cell culturc.

11,  The method according to any onc of claim 6-8, whercin said substance is a
substance cxpressed by or extracted from a microorganism, a terrestrial or marine animal

or plant or parts or derivatives thercof.

12, A mcthod of manufacturing a vaccine comprising purifying an antigen with the

method of claim 10 and combining the purificd antigen with further vaccine components.

13. A method of manufacturing a test kit comprising puriflying an antigen with the

method of claim 10 and combining the purificd antigen with further test kit components.

14, A purificd hydmlylic cnzyme derived. from carthworms, cspecially form the
specics E. foetida, corresponding to eiscnase, fcltulasc, fetilase, [ctipasc, and wormase,
having an isoclectric point determined by continuous isoclectric focusing of 8,3, 7.0, 6.5,
3.2 and 2.8, respectively, and having a molecular weight determined by SDS-PAGE of

17, 67, 36, 18 and 31 kDa, respectively, or i mixture of two or more thereof.

15. - Usc of an cnzymce according to claim 14 or mixture thereof for remediation of

soil and subsail watcr, oil spills in sca water, [or wasle waler treatment, and for cleaning

of sca ships (tankers).

16. Usc of an cnzymc according to claim 14 or mixture thereof for cleaning

staughterhouscs, milking machincs, (carywashing machines, bathrooms, floors, pipes or

cquipmicnts.
17.  Usc of an cnzyme according to claim 14 or mixture thercol as a growth promoter.
18.  Usc of an cnzyme accoiding to claim 14 or mixture thereof for adour treatineit

or reducing ammonia cmission.
19, Use of an cazyme according to c¢iiim 14 or mixture thereof in shampoo or
toathpasie.

~e

20.  Usc of fetilase according to claim 14 as a brewing aid.

vl
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