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application numbers are known. FIELD OF THE INVENTION
The present invention relates to the field of inkjet
printers and, discloses an inkjet printing system
using printheads manufactured with
microelectro-mechanical systems (MEMS) techniques.
BACKGROUND OF THE INVENTION Many different types of
printing have been invented, a large number of which
are presently in use. The known forms of print have a
variety of methods for marking the printmedia with a
relevant marking media. Commonly used forms of
printing include offset printing, laser printing and
copying devices, dot matrix type impact printers,
thermal paper printers, film recorders, thermal wax
printers, dye sublimation printers and ink jet
printers both of the drop on demand and continuous
flow type. Each type of printer has its own advantages
and problems when considering cost, speed, quality,
reliability, simplicity of construction and operation
etc. hi recent years, the field of ink jet printing,
wherein each individual pixel of ink is derived from
one or more ink nozzles has become increasingly
popular primarily due to its inexpensive and versatile
nature. Many different techniques on ink j et printing
have been invented. For a survey of the field,
reference is made to an article by J Moore,
"Non-Impact Printing: Introduction and Historical
Perspective", Output Hard Copy Devices, Editors R
Dubeck and S Sherr, pages 207 - 220 (1988). Ink Jet
printers themselves come in many different types. The
utilization of a continuous stream of ink in ink jet
printing appears to date back to at least 1929 wherein
US Patent No. 1941001 by Hansell discloses a simple
form of continuous stream electro-static ink jet
printing. US Patent 3596275 by Sweet also discloses a
process of a continuous ink jet printing including the
step wherein the ink jet stream is modulated by a high
frequency electro-static field so as to cause drop
separation. This technique is still utilized by
several manufacturers including Elmjet and Scitex (see
also US Patent No. 3373437 by Sweet et al)
Piezoelectric ink jet printers are also one form of
commonly utilized ink jet printing device.
Piezoelectric systems are disclosed by Kyser et. al.
in US Patent No. 3946398 (1970) which utilizes a
diaphragm mode of operation, by Zolten in US Patent
3683212 (1970) which discloses a squeeze mode of
operation of a piezoelectric crystal, Stemme in US
Patent No. 3747120 (1972) discloses a bend mode of
piezoelectric operation, Howkins in US Patent No.
4459601 discloses a piezoelectric push mode actuation
of the ink jet stream and Fischbeck in US 4584590
which discloses a shear mode type of piezoelectric
transducer element. Recently, thermal ink jet printing
has become an extremely popular form of ink jet
printing. The ink jet printing techniques include
those disclosed by Endo et al in GB 2007 162 (1979)
and Vaught et al in US Patent 4490728. Both the
aforementioned references disclosed ink jet printing
techniques that rely upon the activation of an
electrothermal actuator which results in the creation
of a bubble in a constricted space, such as a nozzle,
which therebycauses the ejection of ink from an
aperture connected to the confined space onto a
relevant print media. Printing devices utilizing the
electro-thermal actuator are manufactured by
manufacturers such as Canon and Hewlett Packard. As
can be seen from the foregoing, many different types
of printing technologies are 



available. Ideally, a printing technology should have
a number of desirable attributes. These include
inexpensive construction and operation, high speed
operation, safe and continuous long term operation
etc. Each technology may have its own advantages and
disadvantages in the areas of cost, speed, quality,
reliability, power usage, simplicity of construction
operation, durability and consumables. A problem with
inkjet printheads, and especially inkjet printheads
having a high nozzle density, is that ink can flood
across the printhead surface contaminating adjacent
nozzles. This is undesirable because it results in
reduced print quality. Moreover, crosscontamination of
ink across the printhead surface can potentially
result in electrolysis and accelerated corrosion of
nozzle actuators. Previous attempts to minimize ink
flooding across the printhead surface typically
involve coating the printhead with a hydrophobic
material. However, hydrophobic coatings have only had
limited success in minimizing the extent of flooding.
A further problem with inkjet printheads, especially
inkjet printheads having senstitive MEMS nozzles
formed on an ink ejection surface of the printhead, is
that the nozzle structures can become damaged by
cleaning the printhead surface. Typically, printheads
are wiped regularly to remove particles of paper dust
or paper fibers, which build up on the ink ejection
surface. When a wiping mechanism comes into contact
with nozzle structures on the printhead surface, there
is an obvious risk of damaging the nozzles. It would
be desirable to provide a printhead, which minimizes
cross-contamination by ink flooding between adjacent
nozzles. It would be further desirable to provide a
printhead, which allows regular cleaning of the
printhead surface by a wiping mechanism without risk
of damaging nozzle structures on the printhead.
SUMMARY OF THE INVENTION In a first aspect, there is
provided a printhead comprising:a substrate including
a plurality of nozzles for ejecting ink droplets onto
a print medium, each nozzle having a nozzle aperture
defined in an ink ejection surface of the substrate;
and a plurality of formations on the ink ejection
surface, the surface formations being configured to
isolate each nozzle from at least one adjacent nozzle.
In a second aspect, there is provided a method of
operating a printhead, whilst minimizing
cross-contamination of ink between adjacent nozzles,
the method comprising the steps of: (a) providing a
printhead comprising: a substrate including a
plurality of nozzles for ejecting ink droplets onto a
print medium, each nozzles having a nozzle aperture
defined in an ink ejection surface of the substrate;
and a plurality of formations on the ink ejection
surface, the surface formations being configured to
isolate each nozzle from at least one adjacent nozzle;
and (b) printing onto a print medium using said
printhead. In a third aspect, there is provided a
method of fabricating a printhead having isolated
nozzles, the method comprising the steps of: (a)
providing a substrate, the substrate including a
plurality of nozzles for ejecting ink droplets onto a
print medium, each nozzle having a nozzle aperture
defined in an ink ejection surface of the substrate;
(b) depositing a layer of photoresist over the ink
ejection surface; (c) defining recesses in the
photoresist, each recess revealing a portion of the
ink ejection surface surrounding a respective nozzle
aperture; (d) depositing a roof material over the
photoresist and into the recesses; (e) etching the
roof material to define a nozzle enclosure around each
nozzle aperture, each nozzle enclosure having an
opening defined in a roof and sidewalls extending from
the roof to the ink ejection surface; and (f) removing
the photoresist. Optionally, the formations have a
hydrophobic surface. InkJet inks are typically
aqueous-based inks and hydrophobic formations will
repel any flooded ink. Hence,hydrophobic formations
minimize as far as possible any cross-contamination of
ink by acting as a physical barrier and by
intermolecular repulsive forces. Moreover, hydrophobic
formations promote ingestion of any flooded ink back
into respective nozzle chambers and ink supply
channels. Since nozzle chambers are typically
hydrophilic, ink will tend to be drawn back into the
nozzle and away from a surrounding hydrophobic
formation. Optionally, the formations are arranged in
a plurality of nozzle enclosures, each nozzle
enclosure comprising sidewalls surrounding a
respective nozzle, the sidewalls forming a seal with
the ink ejection surface. Hence, each nozzle is
isolated from its adjacent nozzles by a nozzle
enclosure. Optionally, each nozzle enclosure further
comprises a roof spaced apart from the respective
nozzle, the roof having a roof opening aligned with a
respective nozzle opening for allowing ejected ink
droplets to pass therethrough onto the print medium.
Hence, each nozzle enclosure may typically take the
form of a cap, which covers or encapsulates an
individual nozzle on the ink ejection surface. The
roof not only provides additional containment of any
flooded ink, it also provides further protection of
each nozzle from, for example, the potentially
damaging effects of paper dust, paper fibers or
wiping. Typically, the sidewalls extend from a
perimeter region of each roof to the ink ejection
surface. Sidewalls of adjacent nozzle enclosures are
usually spaced apart across the ink ejection surface.
Optionally, the printhead is an inkjet printhead, such
as a pagewidth inkjet printhead. Optionally, the
printhead has a nozzle density, which is sufficient to
print at up to 1600 dpi. The present invention is
particularly beneficial for printheads having a high
nozzle density, because high density printheads are
especially prone to flooding between adjacent nozzles.
BRIEF DESCRIPTION OF THE DRAWINGS Notwithstanding any
other forms that may fall within the scope of the
present invention, preferred forms of the invention
will now be described, by way of example only, with
reference to the accompanying drawings in which: Fig.
1 is a schematic cross-sectional view through an ink
chamber of a unit cell of a printhead according to an
embodiment using a bubble forming heater element;Fig.
2 is a schematic cross-sectional view through the ink
chamber Fig. 1, at another stage of operation; Fig. 3
is a schematic cross-sectional view through the ink
chamber Fig. 1, at yet another stage of operation;
Fig. 4 is a schematic cross-sectional view through the
ink chamber Fig. 1, at yet a further stage of
operation; and Fig. 5 is a diagrammatic
cross-sectional view through a unit cell of a
printhead in accordance with an embodiment of the
invention showing the collapse of a vapor bubble. Fig.
6 is a schematic, partially cut away, perspective view
of a further embodiment of a unit cell of a printhead.
Figs. 7 to 20 are schematic perspective views of the
unit cell shown in Fig. 6, at various successive
stages in the fabrication process of the printhead.
DESCRIPTION OF OPTIONAL EMBODIMENTS Bubble Forming
Heater Element Actuator With reference to Figures 1 to
4, the unit cell 1 of one of the Applicant's
printheads is shown. The unit cell 1 comprises a
nozzle plate 2 with nozzles 3 therein, the nozzles
having nozzle rims 4, and apertures 5 extending
through the nozzle plate. The nozzle plate 2 is plasma
etched from a silicon nitride structure which is
deposited, by way of chemical vapor deposition (CVD),
over a sacrificial material which is subsequently
etched. The printhead also includes, with respect to
each nozzle 3, side walls 6 on which the nozzle plate
is supported, a chamber 7 defined by the walls and the
nozzle plate 2, a multilayer substrate 8 and an inlet
passage 9 extending through the multi-layer substrate
to the 



far side (not shown) of the substrate. A looped,
elongate heater element 10 is suspended within the
chamber 7, so that the element is in the form of a
suspended beam. Theprinthead as shown is a
microelectromechanical system (MEMS) structure, which
is formed by a lithographic process which is described
in more detail below. When the printhead is in use,
ink 11 from a reservoir (not shown) enters the chamber
7 via the inlet passage 9, so that the chamber fills
to the level as shown in Figure 1. Thereafter, the
heater element 10 is heated for somewhat less than 1
microsecond, so that the heating is in the form of a
thermal pulse. It will be appreciated that the heater
element 10 is in thermal contact with the ink 11 in
the chamber 7 so that when the element is heated, this
causes the generation of vapor bubbles 12 in the ink.
Accordingly, the ink 11 constitutes a bubble forming
liquid. Figure 1 shows the formation of a bubble 12
approximately 1 microsecond after generation of the
thermal pulse, that is, when the bubble has just
nucleated on the heater elements 10. It will be
appreciated that, as the heat is applied in the form
of a pulse, all the energy necessary to generate the
bubble 12 is to be supplied within that short time.
When the element 10 is heated as described above, the
bubble 12 forms along the length of the element, this
bubble appearing, in the cross-sectional view of
Figure 1, as four bubble portions, one for each of the
element portions shown in cross section. The bubble
12, once generated, causes an increase in pressure
within the chamber 7, which in turn causes the
ejection of a drop 16 of the ink 11 through the nozzle
3. The rim 4 assists in directing the drop 16 as it is
ejected, so as to minimize the chance of drop
misdirection. The reason that there is only one nozzle
3 and chamber 7 per inlet passage 9 is so that the
pressure wave generated within the chamber, on heating
of the element 10 and forming of a bubble 12, does not
affect adjacent chambers and their corresponding
nozzles. The pressure wave generated within the
chamber creates significant stresses in the chamber
wall. Forming the chamber from an amorphous ceramic
such as silicon nitride, silicon dioxide (glass) or
silicon oxynitride, gives the chamber walls high
strength while avoiding the use of material with a
crystal structure. Crystalline defects can act as
stress concentration points and therefore potential
areas of weakness and ultimately failure.Figures 2 and
3 show the unit cell 1 at two successive later stages
of operation of the printhead. It can be seen that the
bubble 12 generates further, and hence grows, with the
resultant advancement of ink 11 through the nozzle 3.
The shape of the bubble 12 as it grows, as shown in
Figure 3, is determined by a combination of the
inertial dynamics and the surface tension of the ink
11. The surface tension tends to minimize the surface
area of the bubble 12 so that, by the time a certain
amount of liquid has evaporated, the bubble is
essentially disk-shaped. The increase in pressure
within the chamber 7 not only pushes ink 11 out
through the nozzle 3, but also pushes some ink back
through the inlet passage 9. However, the inlet
passage 9 is approximately 200 to 300 microns in
length, and is only approximately 16 microns in
diameter. Hence there is a substantial viscous drag.
As a result, the predominant effect of the pressure
rise in the chamber 7 is to force ink out through the
nozzle 3 as an ejected drop 16, rather than back
through the inlet passage 9. Turning now to Figure 4,
the printhead is shown at a still further successive
stage of operation, in which the ink drop 16 that is
being ejected is shown during its "necking phase"
before the drop breaks off. At this stage, the bubble
12 has already reached its maximum size and has then
begun to collapse towards the point of collapse 17, as
reflected in more detail in Figure 21. The collapsing
of the bubble 12 towards the point of collapse 17
causes some ink 11 to be drawn from within the nozzle
3 (from the sides 18 of the drop), and some to be
drawn from the inlet passage 9, towards the point of
collapse. Most of the ink 11 drawn in this manner is
drawn from the nozzle 3, forming an annular neck 19 at
the base of the drop 16 prior to its breaking off. The
drop 16 requires a certain amount of momentum to
overcome surface tension forces, in order to break
off. As ink 11 is drawn from the nozzle 3 by the
collapse of the bubble 12, the diameter of the neck 19
reduces thereby reducing the amount of total surface
tension holding the drop, so that the momentum of the
drop as it is ejected out of the nozzle is sufficient
to allow the drop to break off.When the drop 16 breaks
off, cavitation forces are caused as reflected by the
arrows 20, as the bubble 12 collapses to the point of
collapse 17. It will be noted that there are no solid
surfaces in the vicinity of the point of collapse 17
on which the cavitation can have an effect. Advantages
of Nozzle Enclosures Referring to Figure 6, an
embodiment of the unit cell 1 according to the
invention is shown. The aperture 5 is surrounded by a
nozzle enclosure 60, which isolates adjacent apertures
on the printhead. The nozzle enclosure 60 has a roof 6
1 and sidewalls 62, which extend from the roof to the
nozzle plate 2 and form a seal therewith. An opening
63 is defined in the roof 61, which allows ink
droplets (not shown) to pass through the nozzle
enclosure and onto a print medium (not shown). The
nozzle enclosure 60 minimize cross-contamination
between adjacent apertures 5 by containing any flooded
ink in the immediate vicinity of each nozzle. Flooding
of ink from each nozzle may be caused by a variety of
reasons, such as nozzle misfires or pressure
fluctuations in ink supply channels. The nozzle
enclosure may be formed from or coated with a
hydrophobic material during the fabrication process,
which further minimizes the risk of
cross-contamination. A further advantage of the
printhead according to the invention is that it allows
the nozzle plate 2 of the printhead to be wiped
without risk of damaging the sensitive nozzle
structures. Typically, inkjet printheads are cleaned
by a wiping mechanism as part of a warm-up cycle. The
nozzle enclosures 60 provide a protective barrier
between the nozzles and the wiping mechanism (not
shown). Fabrication Process In the interests of
brevity, the fabrication stages have been shown for
the unit cell of Figure 6 only (see Figures 7 to 20).
It will be appreciated that the other unit cells will
use the same fabrication stages with different
masking. Referring to Figure 7, there is shown the
starting point for fabrication of the thermal inkjet
nozzle shown in Figure 13. CMOS processing of a
silicon wafer provides a silicon substrate 2 1 having
drive circuitry 22, and an interlayer dielectric
("interconnect") 23. The interconnect 23 comprises
four metal layers, which together form a seal ring for
the inletpassage 9 to be etched through the
interconnect. The top metal layer 26, which forms an
upper portion of the seal ring, can be seen in Figure
7. The metal seal ring prevents ink moisture from
seeping into the interconnect 23 when the inlet
passage 9 is filled with ink. A passivation layer 24
is deposited onto the top metal layer 26 by
plasma-enhanced chemical vapour deposition (PECVD).
After deposition of the passivation layer 24, it is
etched to define a circular recess, which forms parts
of the inlet passage 9. At the same as etching the
recess, a plurality of vias 50 are also etched, which
allow electrical connection through the passivation
layer 24 to the top metal layer 26. The etch pattern
is defined by a layer of patterned photoresist (not
shown), which is removed by O2 ashing after the etch.
Referring to Figure 8, in the next fabrication
sequence, a layer of photoresist is spun onto the
passivation later 24. The photoresist is exposed and
developed to define a circular opening. With the
patterned photoresist 51 in place, the dielectric
interconnect 23 is etched as far as the silicon
substrate 2 1 using a suitable oxide-etching gas
chemistry (e.g. (VC F8) . Etching through the silicon
substrate is continued down to about 20 microns to
define a front ink hole 52, using a suitable
silicon-etching gas chemistry (e.g. 'Bosch etch'). The
same photoresist mask 5 1 can be used for both etching
steps. Figure 9 shows the unit cell after etching the
front ink hole 52 and removal of the photoresist 51.
Referring to Figure 10, in the next stage of
fabrication, the front ink hole 52 is plugged with
photoresist to provide a front plug 53. At the same
time, a layer of photoresist is deposited over the
passivation layer 24. This layer of photoresist is
exposed and 



developed to define a first sacrificial scaffold 54
over the front plug 53, and scaffolding tracks 35
around the perimeter of the unit cell. The first
sacrificial scaffold 54 is used for subsequent
deposition of heater material 38 thereon and is
therefore formed with a planar upper surface to avoid
any buckling in the heater element (see heater element
10 in Figure 10). The first sacrificial scaffold 54 is
UV cured and hardbaked to prevent reflow of the
photoresist during subsequent high-temperature
deposition onto its upper surface. Importantly, the
first sacrificial scaffold 54 has sloped or angled
side faces 55. These angled side faces 55 are formed
by adjusting the focusing in the exposure tool
(e.g.stepper) when exposing the photoresist. The
sloped side faces 55 advantageously allow heater
material 38 to be deposited substantially evenly over
the first sacrificial scaffold 54. Referring to Figure
11, the next stage of fabrication deposits the heater
material 38 over the first sacrificial scaffold 54,
the passivation layer 24 and the perimeter scaffolding
tracks 35. The heater material 38 is typically a
monolayer of TiAlN. However, the heater material 38
may alternatively comprise TiAlN sandwiched between
upper and lower passivating materials, such as
tantalum or tantalum nitride. Passivating layers on
the heater element 10 minimize corrosion of the and
improve heater longevity. Referring to Figure 12, the
heater material 38 is subsequently etched down to the
first sacrificial scaffold 54 to define the heater
element 10. At the same time, contact electrodes 15
are defined on either side of the heater element 10.
The electrodes 15 are in contact with the top metal
layer 26 and so provide electrical connection between
the CMOS and the heater element 10. The sloped side
faces of the first sacrificial scaffold 54 ensure good
electrical connection between the heater element 10
and the electrodes 15, since the heater material is
deposited with sufficient thickness around the
scaffold 54. Any thin areas of heater material (due to
insufficient side face deposition) would increase
resistivity and affect heater performance. Adjacent
unit cells are electrically insulated from each other
by virtue of grooves etched around the perimeter of
each unit cell. The grooves are etched at the same
time as defining the heater element 10. Referring to
Figure 13, in the subsequent step a second sacrificial
scaffold 39 of photoresist is deposited over the
heater material. The second sacrificial scaffold 39 is
exposed and developed to define sidewalls for the
cylindrical nozzle chamber and perimeter sidewalls for
each unit cell. The second sacrificial scaffold 39 is
also UV cured and hardbaked to prevent any refiow of
the photoresist during subsequent high-temperature
deposition of the silicon nitride roof material.
Referring to Figure 14, silicon nitride is deposited
onto the second sacrificial scaffold 39 by plasma
enhanced chemical vapour deposition. The silicon
nitride forms aroof 44 over each unit cell, which is
the nozzle plate 2 for a row of nozzles. Chamber
sidewalls 6 and unit cell sidewalls 56 are also formed
by deposition of silicon nitride. Referring to Figure
15, the nozzle rim 4 is etched partially through the
roof 44, by placing a suitably patterned photoresist
mask over the roof, etching for a controlled period of
time and removing the photoresist by ashing. Referring
to Figure 16, the nozzle aperture 5 is etched through
the roof 24 down to the second sacrificial scaffold
39. Again, the etch is performed by placing a suitably
patterned photoresist mask over the roof, etching down
to the scaffold 39 and removing the photoresist mask.
Referring to Figure 17, in the next stage a third
sacrificial scaffold 64 is deposited over the roof 44.
The third sacrificial scaffold 64 is exposed and
developed to define sidewalls for the cylindrical
nozzle enclosure over each aperture 5. The third
sacrificial scaffold 64 is also UV cured and hardbaked
to prevent any refiow of the photoresist during
subsequent high-temperature deposition of the nozzle
enclosure material. Referring to Figure 18, silicon
nitride is deposited onto the third sacrificial
scaffold 64 by plasma enhanced chemical vapour
deposition. The silicon nitride forms an enclosure
roof 6 1 over each aperture 5. Enclosure sidewalls 62
are also formed by deposition of silicon nitride.
Whilst silicon nitride is deposited in the embodiment
shown, the enclosure roof 6 1 may equally be formed
from silicon oxide, silicon oxynitride etc.
Optionally, a layer of hydrophobic material {e.g.
fluoropolymer) is deposited onto the enclosure roof 6
1 after deposition. This extra deposition step may be
performed at any stage after deposition (e.g. after
etching or after ashing). Referring to Figure 19, the
nozzle enclosure 60 is formed by etching through the
enclosure roof layer 61. The enclosure opening 63 is
defined by this etch. In addition, the enclosure roof
material which is located outside the enclosure
sidewalls 62 is removed. The etch pattern is defined
by standard photoresist masking.With the nozzle
structure, including nozzle enclosure 60, now fully
formed on a frontside of the silicon substrate 21, an
ink supply channel 32 is etched from the backside of
the substrate 21, which meets with the front plug 53.
Referring to Figure 20, after formation of the ink
supply channel 32, the first, second and sacrificial
scaffolds of photoresist, together with the front plug
53 are ashed off using an O2 plasma. Accordingly,
fluid connection is made from the ink supply channel
32 through to the nozzle aperture 5 and the nozzle
enclosure opening 63. It should be noted that a
portion of photoresist, on either side of the nozzle
chamber sidewalls 6, remains encapsulated by the roof
44, the unit cell sidewalls 56 and the chamber
sidewalls 6. This portion of photoresist is sealed
from the O2 ashing plasma and, therefore, remains
intact after fabrication of the printhead. This
encapsulated photoresist advantageously provides
additional robustness for the printhead by supporting
the nozzle plate 2. Hence, the printhead has a robust
nozzle plate spanning continuously over rows of
nozzles, and being supported by solid blocks of
hardened photoresist, in addition to support walls.
Other Embodiments The invention has been described
above with reference to printheads using bubble
forming heater elements. However, it is potentially
suited to a wide range of printing system including:
color and monochrome office printers, short run
digital printers, high speed digital printers, offset
press supplemental printers, low cost scanning
printers high speed pagewidth printers, notebook
computers with inbuilt pagewidth printers, portable
color and monochrome printers, color and monochrome
copiers, color and monochrome facsimile machines,
combined printer, facsimile and copying machines,
label printers, large format plotters, photograph
copiers, printers for digital photographic "minilabs",
video printers, PHOTO CD (PHOTO CD is a registered
trade mark of the Eastman Kodak Company) printers,
portable printers for PDAs, wallpaper printers, indoor
sign printers, billboard printers, fabric printers,
camera printers and fault tolerant commercial printer
arrays.It will be appreciated by ordinary workers in
this field that numerous variations and/or
modifications may be made to the present invention as
shown in the specific embodiments without departing
from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to
be considered in all respects to be illustrative and
not restrictive. Ink Jet Technologies The embodiments
of the invention use an ink jet printer type device.
Of course many different devices could be used.
However presently popular ink jet printing
technologies are unlikely to be suitable. The most
significant problem with thermal ink jet is power
consumption. This is approximately 100 times that
required for high speed, and stems from the
energy-inefficient means of drop ejection. This
involves the rapid boiling of water to produce a vapor
bubble which expels the ink. Water has a very high
heat capacity, and must be superheated in thermal ink
jet applications. In conventional thermal inkjet
printheads, this leads to an efficiency of around
0.02%, from electricity input to drop momentum (and
increased surface area) out. The most significant
problem with piezoelectric inkjet is size and cost.
Piezoelectric crystals have a very small deflection at
reasonable drive voltages, and 



therefore require a large area for each nozzle. Also,
each piezoelectric actuator must be connected to its
drive circuit on a separate substrate. This is not a
significant problem at the current limit of around 300
nozzles per printhead, but is a major impediment to
the fabrication of pagewidth printheads with 19,200
nozzles. Ideally, the ink jet technologies used meet
the stringent requirements of in-camera digital color
printing and other high quality, high speed, low cost
printing applications. To meet the requirements of
digital photography, new ink jet technologies have
been created. The target features include: low power
(less than 10 Watts) high resolution capability (1,600
dpi or more)photographic quality output low
manufacturing cost small size (pagewidth times minimum
cross section) high speed (< 2 seconds per page). All
of these features can be met or exceeded by the ink
jet systems described below with differing levels of
difficulty. Forty-five different ink jet technologies
have been developed by the Assignee to give a wide
range of choices for high volume manufacture. These
technologies form part of separate applications
assigned to the present Assignee as set out in the
table under the heading Cross References to Related
Applications. The ink jet designs shown here are
suitable for a wide range of digital printing systems,
from battery powered one-time use digital cameras,
through to desktop and network printers, and through
to commercial printing systems. For ease of
manufacture using standard process equipment, the
printhead is designed to be a monolithic 0.5 micron
CMOS chip with MEMS post processing. For color
photographic applications, the printhead is 100 mm
long, with a width which depends upon the ink jet
type. The smallest printhead designed is IJ38, which
is 0.35 mm wide, giving a chip area of 35 square mm.
The printheads each contain 19,200 nozzles plus data
and control circuitry. Ink is supplied to the back of
the printhead by injection molded plastic ink
channels. The molding requires 50 micron features,
which can be created using a lithographically
micromachined insert in a standard injection molding
tool. Ink flows through holes etched through the wafer
to the nozzle chambers fabricated on the front surface
of the wafer. The printhead is connected to the camera
circuitry by tape automated bonding. Tables of
Drop-on-Demand Ink Jets Eleven important
characteristics of the fundamental operation of
individual ink jet nozzles have been identified. These
characteristics are largely orthogonal, and so can be
elucidated as an eleven dimensional matrix. Most of
the eleven axes of this matrix include entries
developed by the present assignee.The following tables
form the axes of an eleven dimensional table of ink
jet types. Actuator mechanism (18 types) Basic
operation mode (7 types) Auxiliary mechanism (8 types)
Actuator amplification or modification method (17
types) Actuator motion (19 types) Nozzle refill method
(4 types) Method of restricting back-flow through
inlet (10 types) Nozzle clearing method (9 types)
Nozzle plate construction (9 types) Drop ejection
direction (5 types) Ink type (7 types) The complete
eleven dimensional table represented by these axes
contains 36.9 billion possible configurations of ink
jet nozzle. While not all of the possible combinations
result in a viable ink jet technology, many million
configurations are viable. It is clearly impractical
to elucidate all of the possible configurations.
Instead, certain ink jet types have been investigated
in detail. These are designated IJOl to IJ45 above
which matches the docket numbers in the table under
the heading Cross References to Related Applications.
Other ink jet configurations can readily be derived
from these forty-five examples by substituting
alternative configurations along one or more of the 11
axes. Most of the IJOl to IJ45 examples can be made
into ink jet printheads with characteristics superior
to any currently available ink jet technology. Where
there are prior art examples known to the inventor,
one or more of these examples are listed in the
examples column of the tables below. The IJOl to IJ45
series are also listed in the examples column hi some
cases, print technology may be listed more than once
in a table, where it shares characteristics with more
than one entry. Suitable applications for the ink jet
technologies include: Home printers, Office network
printers, Short run digital printers, Commercial print
systems, Fabric printers, Pocket printers, Internet
WWW printers, Video printers, Medical imaging, Wide
formatprinters, Notebook PC printers, Fax machines,
Industrial printing systems, Photocopiers,
Photographic minilabs etc. The information associated
with the aforementioned 11 dimensional matrix are set
out in the following tables.A MOLECULE AND CHIMERIC
MOLECULES THEREOF BACKGROUNDOF THE INVENTION FIELD OF
THE INVENTION The present invention relates generally
to the fields of proteins, diagnostics, therapeutics
and nutrition. More particularly, the present
invention provides an isolated protein molecule in or
related to the IL-6 protein family such as G-CSF,
IL-Il, IL-6, LIF or chimeric molecules thereof,
comprising at least a portion of the protein molecule;
wherein the protein or chimeric molecule thereof has a
profile of measurable physiochemical parameters,
wherein the profile is indicative of, associated with
or forms the basis of one or more pharmacological
traits. The present invention further contemplates the
use of the isolated protein or chimeric molecule
thereof in a range of diagnostic, prophylactic,
therapeutic, nutritional and/or research applications.
DESCRIPTION OF THE PRIOR ART Reference to any prior
art in this specification is not, and should not be
taken as an acknowledgment or any form of suggestion
that this prior art forms a part of the common general
knowledge. The IL-6 family of cytokines includes IL-6,
IL-I l , and LIF. Structurally, all members of the
IL-6 family as well as the related protein G-CSF exist
as 4 alpha-helix bundle glycoproteins. The IL-6 family
of proteins and its related proteins exhibit functions
influencing immune responses, inflammation,
hematopoiesis as well as oncogenesis. With respect to
hematopoiesis, IL-6, IL-I l , LIF and G-CSF
specifically function in megakaryocytopoiesis and
platelet production, either alone or in an IL-3 and/or
thrombin dependent fashion. Additionally, LIF, IL-6
and G-CSF play a role in the regulation of very
immature hematopoietic cells. A further function of
G-CSF involves its role in the proliferation
anddifferentiation of hematopoietic progenitor cells
committed to the neutrophil/granulocyte lineage.
Another universal function by the IL-6 family members
is their capacity to induce the expression of hepatic
acute phase proteins. Acute phase proteins are
involved in the nonantigen specific innate immune
response and include C-reactive protein and
mannosebinding protein. These promote inflammation,
activate the complement cascade, and stimulate
chemotaxis of phagocytes. Consistent with the common
functions exhibited by the IL-6 family members is that
their receptors share a common signal transducing
subunit, namely, gpl30. A major clinical utility for
IL-6 family members, as well as G-CSF, is that they
can be used alone or in combination with other
proteins in the treatment of chemotherapy related
neutropenia and thrombocytopenia. Additionally, these
cytokines may be used alone or in combination with
other proteins in the maintenance and differentiation
of stem cells. The biological effector functions
exerted by proteins via interaction with their
respective 



binding proteins means that the IL-6 protein family
and related proteins and their respective ligands or
receptors may have significant potential as
therapeutic agents to modulate physiological
processes. However, minor changes to the molecule such
as primary, secondary, tertiary or quaternary
structure and co- or post-translational modification
patterns can have a significant impact on the
activity, secretion, antigenicty and clearance of the
protein. It is possible, therefore, that the proteins
can be generated with specific primary, secondary,
tertiary or quaternary structure, or co- or
posttranslational structure or make-up that confer
unique or particularly useful properties. There is
consequently a need to evaluate the physiochemical
properties of proteins under different conditions of
production to determine whether they have useful
physiochemical characteristics or other
pharmacological traits. The problem to date is that
production of commercially available proteins are
carried out in cells derived from species that are
evolutionary distant to humans, cells such as
bacteria,yeast, fungi, and insect. These cells express
proteins that either lack glycosylation or exhibit
glycosylation repertoires that are distinct to human
cells and this impacts substantially on their clinical
utility. For example, proteins expressed in yeast or
fungi systems such as Aspergillus possess a high
density of mannose which makes the protein
therapeutically useless (Herscovics, A.O., et al,
FASEB J 7:540-550). Even in non-human mammalian
expression systems such as Chinese hamster ovary (CHO)
cells, significant differences in the glycosylation
patterns are documented compared with that of human
cells. For example, most mammals, including rodents,
express the enzyme (a 1,3) galactotransferase, which
generates Gal (a 1,3)-Gal (b l,4)-GlcNAc
oligosaccharides on glycoproteins. However in humans,
apes and Old World monkeys, the expression of this
enzyme has become inactivated through a frameshift
mutation in the gene. (Larsen et al. J Biol Chem
265:7055-7061, 1990) Although most of the CHO cell
lines used for recombinant protein synthesis, such as
Dux-Bll, have inactivated the gene expressing (a 1,3)
Galactotransferase, they still lack a functional (a 2,
6) sialyltransferase enzyme for synthesis of (a 2,
6)-linked terminal sialic acids which are present in
human cells. Furthermore, the sialic acid motifs
present on CHO cell expressed glycoproteins proteins
are prone to degradation by a CHO cell endogenous
sialidase (Gramer et al. Biotechnology (N. Y.)
13(7):692-S, 1995). As a result, proteins produced
from these non-human expression systems will exhibit
physiochemical and pharmacological characteristics
such as half-life, antigenicity,stability and
functional potency that are distinct from human
cell-derived proteins. The recent advancement of stem
cell technology has substantially increased the
potential for utilizing stem cells in applications
such as transplantation therapy, drug screening,
toxicology studies and functional genomics. However,
stem cells are routinely maintained in culture medium
that contains non-human proteins and are therefore not
suitable for clinical applications due to the
possibility of contamination with non-human infectious
material. Furthermore, culturing of stem cells in
non-human derived media may result in the
incorporation of non-human carbohydrate moieties thus
compromising transplant application. (Martin et al.
Nature Medicine 11 (2). 228-232, 2005). Hence, the use
ofspecific human-derived proteins in the maintenance
and/or differenttiation of stem cells will ameliorate
the incorporation of xenogeneic proteins and enhance
stem cell clinical utility. Accordingly, there is a
need to develop proteins and their receptors which
have particularly desired physiochemical and
pharmacological properties for use in diagnostic,
prophylactic, therapeutic and/or nutritional research
applications and the present invention provides
proteins belonging to the IL-6 protein family and
related proteins for clinical, commercial and research
applications.SUMMARY OF THE INVENTION Throughout this
specification, unless the context requires otherwise,
the word "comprise", or variations such as "comprises"
or "comprising", will be understood to imply the
inclusion of a stated element or integer or group of
elements or integers but not the exclusion of any
other element or integer or group of elements or
integers. Nucleotide and amino acid sequences are
referred to by a sequence identifier number (SEQ ID
NO:). The SEQ ID NOs: correspond numerically to the
sequence identifiers <400>l (SEQ ID NO:1), <400>2 (SEQ
ID NO:2), etc. A summary of the sequence identifiers
is provided in Table 1. A sequence listing is provided
after the claims. The present invention relates
generally to an isolated protein or chimeric molecule
thereof in or related to the IL-6 protein family
comprising a profile of physiochemical parameters,
wherein the profile is indicative of, associated with,
or forms the basis of one or more distinctive
pharmacological traits. More particularly, the present
invention provides an isolated protein or chimeric
molecule thereof selected from the list of G-CSF,
IL-Il, IL-6, and LIF comprising a physiochemical
profile comprising a number of measurable
physiochemical parameters, {[Px] 1, [Px]2, -[PxJn
wherein Px represents a measurable physiochemical
parameter and "n" is an integer >1, wherein each
parameter between and including [Px] 1 to [Px]n is a
different measurable physiochemical parameter, wherein
the value of any one or more of the measurable
physiochemical characteristics is indicative of,
associated with, or forms the basis of, a distinctive
pharmacological trait, Ty, or series of distinctive
pharmacological traits ([Ty]1, [Ty]2 ....[T y]m}
wherein Ty represents a distinctive pharmacological
trait and m is an integer >1 and each of [Ty]1 to
[Ty]m is a different pharmacological trait. As used
herein the term "distinctive" with regard to a
pharmacological trait of a protein or chimeric
molecule thereof of the present invention refers to
one or more pharmacological traits of a protein or
chimeric molecule thereof which are distinctive for
the particular physiochemical profile. In a particular
embodiment, one or more of the pharmacological traits
of an isolated protein or chimeric molecule thereof is
different from, or distinctiverelative to a form of
the same protein or chimeric molecule thereof produced
in a prokaryotic or lower eukaryotic cell or even a
higher eukaryotic cell of a non-human species. In
another embodiment, the pharmacological traits of a
subject isolated protein or chimeric molecule thereof
contribute to a desired functional outcome. As used
herein, the term "measurable physiochemical
parameters" or Px refers to one or more measurable
characteristics of the isolated protein or chimeric
molecule thereof. In a particular embodiment of the
present invention, the measurable physiochemical
parameters of a subject isolated protein or chimeric
molecule thereof contribute to or are otherwise
responsible for the derived pharmacological trait, Ty.
An isolated protein or chimeric molecule of the
present invention comprises physiochemical parameters
(Px) which taken as a whole define protein molecule or
chimeric molecule. The physiochemical parameters may
be selected from the group consisting of apparent
molecular weight (P1), isoelectric point (pi) (P2),
number of isoforms (P3), relative intensities of the
different number of isoforms (P ), percentage by
weight carbohydrate (P5), observed molecular weight
following N-linked oligosaccharide deglycosylation
(P6), observed molecular weight following N-linked and
O-linked oligosaccharide deglycosylation (P7),
percentage acidic monosaccharide content (P ),
monosaccharide content (P9), sialic acid content
(P1O), sulfate and phosphate content (P11), Ser/Thr :
GaINAc ratio (P12), neutral percentage of N-linked
oligosaccharide content (P 13), acidic percentage of
N-linked oligosaccharide content (P14) neutral
percentage of O-linked oligosaccharide content (P1 ),
acidic percentage of O-linked oligosaccharide content
(P16), ratio of N-linked oligosaccharides (P17), ratio
of O-linked oligosaccharides (P1 )5 structure of
N-linked oligosaccharide fraction (P ), structure of
O-linked oligosaccharide fraction (P20), position and
make up of N-linked oligosaccharides (P2 1), position
and make up of Olinked oligosaccharides (P22),
co-translational modification (P23),
post-translational modification (P 4 acylation (P25),
acetylation (P26), amidation (P27), deamidation (P28),
biotinylation (P29), carbamylation or carbamoylation
(P3o), carboxylation (P 1), decarboxylation (P32),
disulfide bond formation (P33), fatty acid acylation
(P34), myristoylation (P3 ), palmitoylation (P36),
stearoylation (P37), formylation (P3s), glycation
(P39), glycosylation (P40), glycophosphatidylinositol
anchor (P4 1), hydroxylation (P42), 



incorporation of selenocysteine (P43), lipidation
(P44), lipoic acid addition (P45),methylation (P46),
N- or C-terminal blocking (P47), N- or C-terminal
removal (P4s), nitration (P49), oxidation of
methionine (P50), phosphorylation (P5 1), proteolytic
cleavage (P52), prenylation (P53), farnesylation
(P54), geranyl geranylation (P5s), pyridoxal phosphate
addition (P 6), sialylation (P 7), desialylation
(Ps&), sulfation (P59), ubiquitinylation or
ubiquitination (P6o), addition of ubiquitin-like
molecules (P6 1), primary structure (P62), secondary
structure (P6 ), tertiary structure (P quaternary
structure (P05), chemical stability (P66), thermal
stability (P67) . A list of these parameters is
summarized in Table 2. In one embodiment, the G-CSF of
the present invention is characterized by a profile of
physiochemical parameters (Px) and pharmacological
traits (Tx) comprising an apparent molecular weight (P
1) of 1 to 250, such as 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, 4O 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120,
130, 140, 150, 160, 170, 180, 19O5 200, 210, 220, 230,
240, 250 kDa and in a particular embodiment 12 to 37
kDa. The pi (P2) of G-CSF is 2 to 14 such as 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and in a particular
embodiment 4 to 7 with about 2 to 50, such as 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 isoforms and in a particular
embodiment 1 to 16 isoforms (P3) . The observed
molecular weight of the molecule when the N-linked
oligosaccharides are removed (P6) is between 15 and 24
kDa and in a particular embodiment, 15 to 2 1 kDa.
There are no N-linked glycan structures present (P2 1)
in the GCSF of the present invention. The
irnmunoreactivity profile (T13) of the G-CSF of the
present invention is distinct from that of a human
G-CSF expressed in a non-human cell system, in
particular, the protein concentration of the G-CSF of
the present invention is underestimated when assayed
using an ELISA kit which contains a human G-CSF
expressed in a non-human cell system. The
proliferation ability (T ) of the G-CSF of the present
invention is distinct from that of a human G-CSF
expressed in a non-human cell system, in particular,
the proliferation ability (T32) of the G-CSF of the
present invention is greater than that of a human
G-CSF expressed in a non-human cell system.In another
embodiment, an IL-Il of the present invention is
characterized by a profile of physiochemical
parameters (Px) comprising an apparent molecular
weight (P 1) of 1 to 250, such as 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, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
210, 220, 230, 240, 250 kDa and in a particular
embodiment 12 to 32 kDa. The pi (P2) of IL-Il is 2 to
14 such as 2, 3 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
with about 2 to 50, such as 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 isoforms (P3) . The percentage by weight
carbohydrate (P ) of the IL-Il of the present
invention is 0 to 99% such as 0, 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, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
and in a particular embodiment 0 to 40%. In a further
embodiment, an IL-6 of the present invention is
characterized by a profile of physiochemical
parameters (Px) and pharmacological traits (Tx)
comprising an apparent molecular weight (P1) of 1 to
100 kDa, such as 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, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 kDa and in
a particular embodiment 15 to 3 1 kDa. The pi (P2) of
the IL-6 of the present invention is 2 to 12 such as
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and in a
particular embodiment 4 to 9 with about 2 to 50
isoforms, such as 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
isoforms and in a particular embodiment 4 to 50
isoforms (P3). The percentage by weight carbohydrate
(P5) of the IL-6 of the present invention is 0 to 50%
such as 0, 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% and in a
particular embodiment 0 to 32 %. The observed
molecular weight of the IL-6 of the present invention
when the N-linked oligosaccharides are removed (P6) is
between 15 and 3 1 and in a particular embodiment, 15
to 28 kDa. The observed molecular weight of the IL-6
of the present invention when the N- and O-linked
oligosaccharides are removed (P7) is between 15 and 28
and in a particular embodiment, 15 to 25 kDa. The
neutral percentage of Olinked oligosaccharides (P15)
of the IL-6 of the present invention is 5 to 60 %, in
a particular embodiment 11 to 50 % and in an
additional embodiment 16 to 45 %. The acidic
percentage of O-linked oligosaccharides (P16) of the
IL-6 of the present invention is 40 to 95 %, in a
particular embodiment 50 to 89 % and in an additional
embodiment 55 to 84 %. The immunoreactivity profile
(T13) of the IL-6 of the present invention is distinct
from that of a human IL-6 expressed in a non-human
cell system, in particular, the protein concentration
of the IL-6 of the present invention is overestimated
when assayed using an ELISA kit which contains a human
IL-6 expressed in a non-human cell system. The
proliferation ability (T32) of the IL-6 of the present
invention on TF-I cells is distinct from that of a
human IL-6 expressed in a non-human cell system, in
particular, the proliferation ability (T32) of the
IL-6 of the present invention on TF-I cells is greater
than that of a human IL-6 expressed in a non-human
cell system. In another embodiment, a LIF of the
present invention is characterized by a profile of
physiochemical parameters (Px) and pharmacological
traits (Tx) comprising an apparent molecular weight
(P1) of 1 to 250, such as 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, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210,
220, 230, 240, 250 kDa and in a particular embodiment
25 to 50 kDa. The pi (P2) of LIF of the present
invention is 2 to 14 such as 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14 with about 2 to 70, such as 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, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70
isoforms and in a particular embodiment 10 to 42
isoforms (P3) . The percentage byweight carbohydrate
(P5) of the LIF of the present invention is 0 to 99%
such as O5 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,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99% and in a particular
embodiment 25 to 60%. The observed molecular weight of
the LIF of the present invention when the N-lmked
oligosaccharides are removed (P ) is between 15 and 30
kDa and in a particular embodiment, 15 to 25 kDa. The
observed molecular weight of the LIF of the present
invention when the N- and O-linked oligosaccharides
are removed (P7) is between 15 and 30 kDa and in a
particular embodiment, 15 to 25 kDa. The sites of
N-glycosylation (P2 1) of the LIF of the present
invention are N-3 1, N-85, N-118 and N-138 (numbering
from the start of the signal sequence). The
immunoreactivity profile (T13) of the LIF of the
present invention is distinct from that of a human LIF
expressed in a nonhuman cell system, in particular,
the protein concentration of the LIF of the present
invention is underestimated when assayed using an
ELISA kit which contains a human LIF 



expressed in a non-human cell system. The
proliferation ability (T32) of the LIF of the present
invention on TF-I cells is distinct from that of a
human LIF expressed in a nonhuman cell system, in
particular, the proliferation ability (T32) of the LIF
of the present invention is greater than that of a
human LIF expressed in a non-human cell system. In a
particular embodiment, the present invention
contemplates an isolated form of protein or chimeric
molecule thereof in or related to the IL-6 protein
family selected from the group comprising G-CSF,
IL-Il, IL-6 and LIF. An isolated protein or chimeric
molecule of the present invention comprises
distinctive pharmacological traits selected from the
group comprising or consisting of therapeutic
efficiency (T1), effective therapeutic dose (TCID50)
(T ), bioavailability (T3), time between dosages to
maintain therapeutic levels (T4), rate of absorption
(T ), rate of excretion (T6), specific activity (T7),
thermal stability (T ), lyophilization stability (T9),
serum/plasma stability (Ti0), serum half-life (T11),
solubility in blood stream (T12), immunoreactivity
profile (T13), immunogenicity (T14), inhibition by
neutralizing antibodies (T 14A), side effects (T15),
receptor/ligand binding affinity (T16),
receptor/ligand activation (T17), tissue or cell type
specificity (T18), ability to cross biological
membranes or barriers (i.e. gut, lung, blood brain
barriers, skin etc) (T1 ),angiogenic ability (T19A),
tissue uptake (T20), stability to degradation (T2 1),
stability to freeze-thaw (T 2), stability to proteases
(T2 ), stability to ubiquitination (T2 ), ease of
administration (T2 ), mode of administration (T26),
compatibility with other pharmaceutical excipients or
carriers (T 7), persistence in organism or environment
(T2 ), stability in storage (T29), toxicity in an
organism or environment and the like (T3o). In
addition, the protein or chimeric molecule of the
present invention may have altered biological effects
on different cells types (T3 1), including without
being limited to human primary cells, such as
lymphocytes, erythrocytes, retinal cells, hepatocytes,
neurons, keratinocytes, endothelial cells, endodermal
cells, ectodermal cells, mesodermal cells, epithelial
cells, kidney cells, liver cells, bone cells, bone
marrow cells, lymph node cells, dermal cells,
fibroblasts, T-cells, B-cells, plasma cells, natural
killer cells, macrophages, granulocytes, neutrophils,
Langerhans cells, dendritic cells, eosinophils,
basophils, mammary cells, lobule cells, prostate
cells, lung cells, oesophageal cells, pancreatic
cells, Beta cells (insulin secreting cells),
hemangioblasts, muscle cells, oval cells
(hepatocytes), mesenchymal cells, brain microvessel
endothelial cells, astrocytes, glial cells, various
stem cells including adult and embryonic stem cells,
various progenitor cells; and other humanimmortal,
transformed or cancer cell lines. The biological
effects on the cells include effects on proliferation
(T32), differentiation (T33), apoptosis (T3 ), growth
in cell size (T3s), cytokine adhesion (T3 ), cell
adhesion (T37), cell spreading (T38), cell motility
(T39), migration and invasion (T40), chemotaxis (T4
1), cell engulfment (T42), signal transduction (T43),
recruitment of proteins to receptors/ligands (T4 ),
activation of the JAK/STAT pathway (T45), activation
of the Raserk pathway (T4 ), activation of the AKT
pathway (T47), activation of the PKC pathway (T4 ),
activation of the PKA pathway (T49), activation of src
(T50), activation of fas (T5 1), activation of TNFR
(T52), activation of NFkB (T53), activation of p38MAPK
(T54), activation of c-fos (T55), secretion (T56),
receptor internalization (T57), receptor cross-talk
(T5 ), up or down regulation of surface markers (T59),
alteration of FACS front/side scatter profiles (T60),
alteration of subgroup ratios (T6 1), differential
gene expression (T62), cell necrosis (T63), cell
clumping (T6 ), cell repulsion (T65), binding to
heparin sulfates (T66), binding to glycosylated
structures (T67), binding to chondroitin sulfates
(T68), binding toextracellular matrix (such as
collagen, fibronectin) (T6p), binding to artificial
materials (such as scaffolds) (T7o), binding to
carriers (T7 1), binding to co-factors (T72) the
effect alone or in combination with other proteins on
stem cell proliferation, differentiation and/or
self-renewal (T7 ) and the like. These are summarized
in Table 3. The present invention further provides a
chimeric molecule comprising an isolated protein or a
fragment thereof, such as an extra-cellular domain of
a membrane bound protein, linked to the constant (Fc)
or framework region of a human immunoglobulin via one
or more protein linker. Such a chimeric molecule is
also referred to herein as protein-Fc. Examples of
such protein-Fc contemplated by the present invention
include G-CSF-Fc, ILll- Fc, IL-6-Fc and LIF-Fc. Such
protein-Fc has a profile of measurable physiochemical
parameters indicative of or associated with one or
more distinctive pharmacological traits of the
isolated protein-Fc. Other chimeric molecules
contemplated by the present invention include the
protein or protein-Fc or a fragment thereof, linked to
a lipid moiety such as a polyunsaturated fatty acid
molecule. Such lipid moieties may be linked to an
amino acid residue in the backbone of the molecule or
to a side chain of such an amino acid residue. The
present invention further provides a chimeric molecule
comprising an isolated protein or a fragment thereof,
such as an extra-cellular domain of a membrane bound
protein, linked to the constant (Fc) or framework
region of a mammalian immunoglobulin via one or more
protein linker. In another aspect, the mammal Fc or
framework region of the immunoglobulin is derived from
a mammal selected from the group consisting of
primates, including humans, marmosets, orangutans and
gorillas, livestock animals (e.g. cows, sheep, pigs,
horses, donkeys), laboratory test animals (e.g. mice,
rats, guinea pigs, hamsters, rabbits, companion
animals (e.g. cats, dogs) and captured wild animals
(e.g. rodents, foxes, deer, kangaroos). In another
embodiment the Fc or framework region is a human
immunoglobulin, hi a particular embodiment the mammal
is a human. Such a chimeric molecule is also referred
to herein as protein-Fc. Other chimeric molecules
contemplated by the present invention include the
protein or protein-Fc or a fragment thereof linked to
a lipid moiety such as a polyunsaturated fatty acid
molecule. Such lipidmoieties may be linked to an amino
acid residue in the background of the molecule or to a
side chain of such an amino acid residue. The chimeric
molecules of the present invention, including
G-CSF-Fc, IL-Il-Fc, IL-6-Fc and LIF-Fc have a profile
of measurable physiochemical parameters indicative of
or associated with one or more distinctive
pharmacological traits of the isolated protein-Fc.
Accordingly, the present invention provides an
isolated polypeptide encoded by a nucleotide sequence
selected from the list consisting of SEQ ID NOs: 25,
27, 29, 31, 35, 37, 39, 41, 45, 47, 49, 51, 55, 57,
59, 61, 63, 65, 67, or a nucleotide sequence having at
least about 65% identity to any one of the
above-listed sequence or a nucleotide sequence capable
of hybridizing to any one of the above sequences or
their complementary forms under low stringency
conditions. Another aspect of the present invention
provides an isolated polypeptide encoded by a
nucleotide sequence selected from the list consisting
of SEQ ID NOs: 69, 70, 71, 72, following splicing of
their respective mRNA species by cellular processes.
Yet another aspect of the present invention provides
an isolated polypeptide comprising an amino acid
sequence selected from the list consisting of SEQ ID
NOs: 26, 28, 30, 32, 36, 38, 40, 42, 46, 48, 50, 52,
56, 58, 60, 62, 64, 66, 68, or an amino acid sequence
having at least about 65% similarity to one or more of
the above sequences. The present invention further
contemplates a pharmaceutical composition comprising
at least part of the protein or chimeric molecule
thereof, together with a pharmaceutically acceptable
carrier, co-factor and/or diluent. With respect to the
primary structure, the present invention provides an
isolated protein or chimeric molecule thereof, or a
fragment thereof, encoded by a nucleotide sequence
selected from the list consisting of SEQ ID NOs: 25,
27, 29, 31, 35, 37, 39, 41, 45, 47, 49, 51, 55, 57,
59, 61, 63, 65, 67, or a nucleotide sequence having at
least about 60% identity to any one of the
above-listed sequence or a nucleotide sequence capable
of hybridizing toany one of the above sequences or
their complementary forms under low stringency
conditions. Still, another aspect of the present
invention provides an isolated nucleic acid molecule
encoding protein or chimeric molecule thereof or a
functional part thereof comprising a sequence of
nucleotides having at least 60% similarity selected
from the list consisting of SEQ ID NOs: 25, 27, 29,
31, 35, 37, 39, 41, 45, 47, 49, 51, 55, 57, 59, 61,
63, 65, 67 or after optimal alignment and/or being
capable of hybridizing to one or more of SEQ ID 



NOs: 25, 27, 29, 31, 35, 37, 39, 41, 45, 47, 49, 51,
55, 57, 59, 61, 63, 65, 67 or their complementary
forms under low stringency conditions. In a particular
embodiment, the present invention is directed to an
isolated nucleic acid molecule comprising a sequence
of nucleotides encoding a protein or chimeric molecule
in or related to the IL-6 protein family, selected
from the group comprising G-CSF, G-CSFFc, IL-Il,
IL-Il-Fc, IL-6, IL-6-Fc, LIF, LIF-Fc, or a fragment
thereof, an amino acid sequence substantially as set
forth in one or more of SEQ ID NOs: 26, 28, 30, 32,
36, 38, 40, 42, 46, 48, 50, 52, 56, 58, 60, 62, 64,
66, 68 or an amino acid sequence having at least about
60% similarity to one or more of SEQ ID NOs: 26, 28,
30, 32, 36, 38, 40, 42, 46, 48, 50, 52, 56, 58, 60,
62, 64, 66, 68 after alignment. In another aspect, the
present invention provides an isolated nucleic acid
molecule encoding a protein or chimeric molecule in or
related to the IL-6 protein family, selected from the
group comprising G-CSF, G-CSF-Fc, IL-Il, IL-Il-Fc,
IL-6, IL-6-Fc, LIF, LIFFc, or a fragment thereof,
comprising a sequence of nucleotides selected from the
group consisting of SEQ ID NOs: 27, 29, 37, 39, 47,
49, 57, 59, 61, 63, linked directly or via one or more
nucleotide sequences encoding protein linkers known in
the art to nucleotide sequences encoding the constant
(Fc) or framework region of a human immunoglobulin,
substantially as set forth in one or more of SEQ ID
NOs:l, 3, 5, 7, 9, 11, 13, 15, 17 or 19. In a
particular embodiment, the protein linker comprises
IP, GSSNT, TRA or VDGIQWIP. In another aspect, the
present invention provides an isolated protein in or
related to the IL- 6 protein family, selected from the
group comprising G-CSF, G-CSF-Fc, IL-Il,
IL-Il-Fc,IL-6, IL-6-Fc, LIF, LIF-Fc, or a fragment
thereof, comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 28, 30, 38,
40, 48, 50, 58, 60, 62, 64 linked directly or via one
or more protein linkers known in the art, to the
constant (Fc) or framework region of a human
immunoglobulin, substantially as set forth in one or
more of SEQ ID NOs:2, 4 6, 8, 10, 12, 14, 16, 18 or
20. The present invention further extends to uses of
an isolated protein or chimeric molecule thereof
thereof or nucleic acid molecules encoding same in
diagnostic, prophylactic, therapeutic, nutritional
and/or research applications. More particularly, the
present invention extends to a method of treating or
preventing a condition or ameliorating the symptoms of
a condition in an animal subject, said method
comprising administering to said animal subject an
effective amount of an isolated protein or chimeric
molecule thereof. In addition, the present invention
extends to uses of a protein or chimeric molecule
thereof for screening small molecules, which may have
a variety of diagnostic, prophylactic, therapeutic,
nutritional and/or research applications. The present
invention further contemplates using an isolated
protein or chimeric molecule thereof as immunogens to
generate antibodies for therapeutic or diagnostic
applications. The present invention further
contemplates using an isolated protein or chimeric
molecule thereof in culture mediums for stem cells
used in stem cell or related therapy. The subject
invention also provides the use of a protein or
chimeric molecule thereof in the manufacture of a
formulation for diagnostic, prophylactic, therapeutic,
nutritional and/or research applications. The subject
invention also provides a human derived protein or
chimeric molecule thereof for use as a standard
protein in an immunoassay and kits thereof. The
subject invention also extends to a method for
determining the level of human cell-expressed human
protein in a biological preparation.TABLE l Sequence
IdentifierA MOLECULE AND CHIMERIC MOLECULES THEREOF
BACKGROUNDOF THE INVENTION FIELD OF THE INVENTION The
present invention relates generally to the fields of
proteins, diagnostics, therapeutics and nutrition.
More particularly, the present invention provides an
isolated protein molecule in or related to the IL-6
protein family such as G-CSF, IL-Il, IL-6, LIF or
chimeric molecules thereof, comprising at least a
portion of the protein molecule; wherein the protein
or chimeric molecule thereof has a profile of
measurable physiochemical parameters, wherein the
profile is indicative of, associated with or forms the
basis of one or more pharmacological traits. The
present invention further contemplates the use of the
isolated protein or chimeric molecule thereof in a
range of diagnostic, prophylactic, therapeutic,
nutritional and/or research applications. DESCRIPTION
OF THE PRIOR ART Reference to any prior art in this
specification is not, and should not be taken as an
acknowledgment or any form of suggestion that this
prior art forms a part of the common general
knowledge. The IL-6 family of cytokines includes IL-6,
IL-I l , and LIF. Structurally, all members of the
IL-6 family as well as the related protein G-CSF exist
as 4 alpha-helix bundle glycoproteins. The IL-6 family
of proteins and its related proteins exhibit functions
influencing immune responses, inflammation,
hematopoiesis as well as oncogenesis. With respect to
hematopoiesis, IL-6, IL-I l , LIF and G-CSF
specifically function in megakaryocytopoiesis and
platelet production, either alone or in an IL-3 and/or
thrombin dependent fashion. Additionally, LIF IL-6 and
G-CSF play a role in the regulation of very immature
hematopoietic cells. A further function of G-CSF
involves its role in the proliferation
anddifferentiation of hematopoietic progenitor cells
committed to the neutrophil/granulocyte lineage.
Another universal function by the IL-6 family members
is their capacity to induce the expression of hepatic
acute phase proteins. Acute phase proteins are
involved in the nonantigen specific innate immune
response and include C-reactive protein and
mannosebinding protein. These promote inflammation,
activate the complement cascade, and stimulate
chemotaxis of phagocytes. Consistent with the common
functions exhibited by the IL-6 family members is that
their receptors share a common signal transducing
subunit, namely, gpl30. A major clinical utility for
IL-6 family members, as well as G-CSF, is that they
can be used alone or in combination with other
proteins in the treatment of chemotherapy related
neutropenia and thrombocytopenia. Additionally, these
cytokines may be used alone or in combination with
other proteins in the maintenance and differentiation
of stem cells. The biological effector functions
exerted by proteins via interaction with their
respective binding proteins means that the IL-6
protein family and related proteins and their
respective ligands or receptors may have significant
potential as therapeutic agents to modulate
physiological processes. However, minor changes to the
molecule such as primary, secondary, tertiary or
quaternary structure and co- or post-translational
modification patterns can have a significant impact on
the activity, secretion, antigenicty and clearance of
the protein. It is possible, therefore, that the
proteins can be generated with specific primary,
secondary, tertiary or quaternary structure, or co- or
posttranslational structure or make-up that confer
unique or particularly useful properties. There is
consequently a need to evaluate the physiochemical
properties of proteins under different conditions of
production to determine whether they have useful
physiochemical characteristics or other
pharmacological traits. The problem to date is that
production of commercially available proteins are
carried out in cells derived from species that are
evolutionary distant to humans, cells such as
bacteria,yeast, fungi, and insect. These cells express
proteins that either lack glycosylation or exhibit
glycosylation repertoires that are distinct to human
cells and this impacts substantially on their clinical
utility. For example, proteins expressed in yeast or
fungi systems such as Aspergillus possess a high
density of mannose which makes the protein
therapeutically useless (Herscovics, A.O., et l, FASEB
J 7:540-550). Even in non-human mammalian expression
systems such as Chinese hamster ovary (CHO) cells,
significant differences in the glycosylation patterns
are documented compared with that of human cells. For
example, most mammals, including rodents, express the
enzyme 



(a 1,3) galactotransferase, which generates Gal (a
1,3)-Gal (b l,4)-GlcNAc oligosaccharides on
glycoproteins. However in humans, apes and Old World
monkeys, the expression of this enzyme has become
inactivated through a frameshift mutation in the gene.
(Larsen et al J Biol Chem 255:7055-7061, 1990)
Although most of the CHO cell lines used for
recombinant protein synthesis, such as Dux-Bll, have
inactivated the gene expressing (a 1,3)
Galactotransferase, they still lack a functional (a 2,
6) sialyltransferase enzyme for synthesis of (a 2,
6)-linked terminal sialic acids which are present in
human cells. Furthermore, the sialic acid motifs
present on CHO cell expressed glycoproteins proteins
are prone to degradation by a CHO cell endogenous
sialidase (Gramer et al. Biotechnology (N. Y.)
13(7):692-8, 1995). As a result, proteins produced
from these non-human expression systems will exhibit
physiochemical and pharmacological characteristics
such as half-life, antigenicity,stability and
functional potency that are distinct from human
cell-derived proteins. The recent advancement of stem
cell technology has substantially increased the
potential for utilizing stem cells in applications
such as transplantation therapy, drug screening,
toxicology studies and functional genomics. However,
stem cells are routinely maintained in culture medium
that contains non-human proteins and are therefore not
suitable for clinical applications due to the
possibility of contamination with non-human infectious
material. Furthermore, culturing of stem cells in
non-human derived media may result in the
incorporation of non-human carbohydrate moieties thus
compromising transplant application. (Martin et al.
Nature Medicine 11 (2):22%-232, 2005). Hence, the use
ofspecific human-derived proteins in the maintenance
and/or differenttiation of stem cells will ameliorate
the incorporation of xenogeneic proteins and enhance
stem cell clinical utility. Accordingly, there is a
need to develop proteins and their receptors which
have particularly desired physiochemical and
pharmacological properties for use in diagnostic,
prophylactic, therapeutic and/or nutritional research
applications and the present invention provides
proteins belonging to the IL-6 protein family and
related proteins for clinical, commercial and research
applications.SUMMARYOF THE INVENTION Throughout this
specification, unless the context requires otherwise,
the word "comprise", or variations such as "comprises"
or "comprising", will be understood to imply the
inclusion of a stated element or integer or group of
elements or integers but not the exclusion of any
other element or integer or group of elements or
integers. Nucleotide and amino acid sequences are
referred to by a sequence identifier number (SEQ ID
NO:). The SEQ ID NOs: correspond numerically to the
sequence identifiers <400>l (SEQ ID NO:1), <400>2 (SEQ
ID NO:2), etc. A summary of the sequence identifiers
is provided in Table 1. A sequence listing is provided
after the claims. The present invention relates
generally to an isolated protein or chimeric molecule
thereof in or related to the IL-6 protein family
comprising a profile of physiochemical parameters,
wherein the profile is indicative of, associated with,
or forms the basis of one or more distinctive
pharmacological traits. More particularly, the present
invention provides an isolated protein or chimeric
molecule thereof selected from the list of G-CSF,
IL-Il, IL-6, and LIF comprising a physiochemical
profile comprising a number of measurable
physiochemical parameters, ([Px 1, [Px]2,.. .[Px]n
wherein Px represents a measurable physiochemical
parameter and "n" is an integer >1, wherein each
parameter between and including [Px 1 to [Px]n is a
different measurable physiochemical parameter, wherein
the value of any one or more of the measurable
physiochemical characteristics is indicative of,
associated with, or forms the basis of, a distinctive
pharmacological trait, Ty, or series of distinctive
pharmacological traits ([Ty]1, [Ty]2 ....[T y]m}
wherein Ty represents a distinctive pharmacological
trait and m is an integer > 1 and each of [Ty]1 to
[Ty]m is a different pharmacological trait. As used
herein the term "distinctive" with regard to a
pharmacological trait of a protein or chimeric
molecule thereof of the present invention refers to
one or more pharmacological traits of a protein or
chimeric molecule thereof which are distinctive for
the particular physiochemical profile. In a particular
embodiment, one or more of the pharmacological traits
of an isolated protein or chimeric molecule thereof is
different from, or distinctiverelative to a form of
the same protein or chimeric molecule thereof produced
in a prokaryotic or lower eukaryotic cell or even a
higher eukaryotic cell of a non-human species. In
another embodiment, the pharmacological traits of a
subject isolated protein or chimeric molecule thereof
contribute to a desired functional outcome. As used
herein, the term "measurable physiochemical
parameters" or Px refers to one or more measurable
characteristics of the isolated protein or chimeric
molecule thereof. In a particular embodiment of the
present invention, the measurable physiochemical
parameters of a subject isolated protein or chimeric
molecule thereof contribute to or are otherwise
responsible for the derived pharmacological trait, Ty.
An isolated protein or chimeric molecule of the
present invention comprises physiochemical parameters
(Px) which taken as a whole define protein molecule or
chimeric molecule. The physiochemical parameters may
be selected from the group consisting of apparent
molecular weight (Pi), isoelectric point (pi) (P2),
number of isoforms (P3), relative intensities of the
different number of isoforms (P ), percentage by
weight carbohydrate (P5), observed molecular weight
following N-linked oligosaccharide deglycosylation
(P6), observed molecular weight following N-linked and
O-linked oligosaccharide deglycosylation (P7),
percentage acidic monosaccharide content (P ),
monosaccharide content (P9), sialic acid content (P
10), sulfate and phosphate content (P11), Ser/Thr :
GaINAc ratio (Pi2), neutral percentage of N-linked
oligosaccharide content (P13), acidic percentage of
N-linked oligosaccharide content (Pi4), neutral
percentage of O-linked oligosaccharide content (P15),
acidic percentage of O-linked oligosaccharide content
(Pi ), ratio of N-linked oligosaccharides (Pi7), ratio
of O-linked oligosaccharides (P18), structure of
N-linked oligosaccharide fraction (P ), structure of
O-linked oligosaccharide fraction (P20), position and
make up of N-linked oligosaccharides (P2 1), position
and make up of Olinked oligosaccharides (P22),
co-translational modification (P23) post-translational
modification (P2 ), acylation (P25), acetylation
(P26), amidation (P27), deamidation (P 8),
biotinylation (P29), carbamylation or carbamoylation
(P30), carboxylation (P31), decarboxylation (P32),
disulfide bond formation (P33), fatty acid acylation
(P34), myristoylation (P3 ), palmitoylation (P36),
stearoylation (P37), formylation (P38), glycation
(P39) glycosylation (P40), glycophosphatidylinositol
anchor (P4 1), hydroxylation (P 2), incorporation of
selenocysteine (P43), lipidation (P44), lipoic acid
addition (P45),methylation (P4 ), N- or C-terminal
blocking (P47), N- or C-terminal removal (P ),
nitration (P49), oxidation of methionine (P50),
phosphorylation (P5 1), proteolytic cleavage (P52)
prenylation (P53), farnesylation (P54), geranyl
geranylation (P55), pyridoxal phosphate addition
(P56), sialylation (P57), desialylation (P58),
sulfation (P5 ), ubiquitinylation or ubiquitination
(P6o), addition of ubiquitin-like molecules (P6 1),
primary structure (P62), secondary structure (P63),
tertiary structure (P64), quaternary structure (P6 ),
chemical stability (P6 ), thermal stability (P67) . A
list of these parameters is summarized in Table 2. In
one embodiment, the G-CSF of the present invention is
characterized by a profile of physiochemical
parameters (Px) and pharmacological traits (Tx)
comprising an apparent molecular weight (P1) of 1 to
250, such as 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, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230,
240, 250 kDa and in a particular embodiment 12 to 37
kDa. The pi (P2) of G-CSF is 2 to 14 such as 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and in a particular
embodiment 4 to 7 with about 2 to 50, such as 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 isoforms and in a particular
embodiment 1 to 16 isoforms (P3) . The observed
molecular weight of the molecule when the N-linked 



oligosaccharides are removed (P6) is between 15 and 24
kDa and in a particular embodiment, 15 to 2 1 kDa.
There are no N-linked glycan structures present (P2 1)
in the GCSF of the present invention. The
immunoreactivity profile (T13) of the G-CSF of the
present invention is distinct from that of a human
G-CSF expressed in a non-human cell system, in
particular, the protein concentration of the G-CSF of
the present invention is underestimated when assayed
using an ELISA kit which contains a human G-CSF
expressed in a non-human cell system. The
proliferation ability (T32) of the G-CSF of the
present invention is distinct from that of a human
G-CSF expressed in a non-human cell system, in
particular, the proliferation ability (T32) of the
G-CSF of the present invention is greater than that of
a human G-CSF expressed in a non-human cell system.In
another embodiment, an IL-Il of the present invention
is characterized by a profile of physiochemical
parameters (Px) comprising an apparent molecular
weight (P1) of 1 to 250, such as 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, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
210, 220, 230, 240, 250 kDa and in a particular
embodiment 12 to 32 kDa. The pi (P2) of IL-Il is 2 to
14 such as 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
with about 2 to 50, such as 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 isoforms (P3) . The percentage by weight
carbohydrate (P5) of the IL-Il of the present
invention is 0 to 99% such as 0, 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, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
and in a particular embodiment 0 to 40%. In a further
embodiment, an IL-6 of the present invention is
characterized by a profile of physiochemical
parameters (Px) and pharmacological traits (Tx)
comprising an apparent molecular weight (P1) of 1 to
100 kDa, such as 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, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 kDa and in
a particular embodiment 15 to 3 1 kDa. The pi (P2) of
the IL-6 of the present invention is 2 to 12 such as
2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and in a
particular embodiment 4 to 9 with about 2 to 50
isoforms, such as 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
isoforms and in a particular embodiment 4 to 50
isoforms (P3). The percentage by weight carbohydrate
(P ) of the IL-6 of the present invention is 0 to 50%
such as 0, 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% and in a
particular embodiment 0 to 32 %. The observed
molecular weight of the IL-6 of the present invention
when the N-linked oligosaccharides are removed (P6) is
between 15 and 3 1 and in a particular embodiment, 15
to 28 kDa. The observed molecular weight of the IL-6
of the present invention when the N- and O-linked
oligosaccharides are removed (P7) is between 15 and 28
and in a particular embodiment, 15 to 25 kDa. The
neutral percentage of Olinked oligosaccharides (P15)
of the IL-6 of the present invention is 5 to 60 %, in
a particular embodiment 11 to 50 % and in an
additional embodiment 16 to 45 %. The acidic
percentage of O-linked oligosaccharides (P16) of the
IL-6 of the present invention is 40 to 95 %, in a
particular embodiment 50 to 89 % and in an additional
embodiment 55 to 84 %. The immunoreactivity profile
(T13) of the IL-6 of the present invention is distinct
from that of a human IL-6 expressed in a non-human
cell system, in particular, the protein concentration
of the IL-6 of the present invention is overestimated
when assayed using an ELISA kit which contains a human
IL-6 expressed in a non-human cell system. The
proliferation ability (T32) of the IL-6 of the present
invention on TF-I cells is distinct from that of a
human IL-6 expressed in a non-human cell system, in
particular, the proliferation ability (T32) of the
IL-6 of the present invention on TF-I cells is greater
than that of a human IL-6 expressed in a non-human
cell system. In another embodiment, a LIF of the
present invention is characterized by a profile of
physiochemical parameters (Px) and pharmacological
traits (Tx) comprising an apparent molecular weight
(P1) of 1 to 250, such as 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, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210,
220, 230, 240, 250 kDa and in a particular embodiment
25 to 50 kDa. The pi (P2) of LIF of the present
invention is 2 to 14 such as 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14 with about 2 to 70, such as 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, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70
isoforms and in a particular embodiment 10 to 42
isoforms (P3) . The percentage byweight carbohydrate
(P5) of the LIF of the present invention is 0 to 99%
such as 0, 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,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99% and in a particular
embodiment 25 to 60%. The observed molecular weight of
the LIF of the present invention when the N-linked
oligosaccharides are removed (P ) is between 15 and 30
kDa and in a particular embodiment, 15 to 25 kDa. The
observed molecular weight of the LIF of the present
invention when the N- and 0-lmked oligosaccharides are
removed (P7) is between 15 and 30 kDa and in a
particular embodiment, 15 to 25 kDa. The sites of
N-glycosylation (P2 1) of the LIF of the present
invention are N-3 1, N-85, N-118 and N-138 (numbering
from the start of the signal sequence). The
immunoreactivity profile (T13) of the LIF of the
present invention is distinct from that of a human LIF
expressed in a nonhuman cell system, in particular,
the protein concentration of the LIF of the present
invention is underestimated when assayed using an
ELISA kit which contains a human LIF expressed in a
non-human cell system. The proliferation ability (T32)
of the LIF of the present invention on TF-I cells is
distinct from that of a human LIF expressed in a
nonhuman cell system, in particular, the proliferation
ability (T32) of the LIF of the present invention is
greater than that of a human LIF expressed in a
non-human cell system. In a particular embodiment, the
present invention contemplates an isolated form of
protein or chimeric molecule thereof in or related to
the IL-6 protein family selected from the group
comprising G-CSF, IL-Il, IL-6 and LIF. An isolated
protein or chimeric molecule of the present invention
comprises distinctive pharmacological traits selected
from the group comprising or consisting of therapeutic
efficiency (T1), effective therapeutic dose (TCID50)
(T ), bioavailability (T3), time between dosages to
maintain therapeutic levels (T4), rate of absorption
(T ), rate of excretion (T6), specific activity (T7),
thermal stability (T ), lyophilization stability (T ),
serum/plasma stability (T1O), serum half-life (T11),
solubility in blood stream (T12), immunoreactivity
profile (T1 ), immunogenicity (T14), inhibition by
neutralizing antibodies (T 14A), side effects (T15),
receptor/ligand binding affinity (T16),
receptor/ligand activation (T17), tissue or cell type
specificity (T18), ability to cross biological
membranes or barriers (i.e. gut, lung, blood brain
barriers, skin etc) (T1 ),angiogenic ability (TJ9A),
tissue uptake (T2o), stability to degradation (T 1)
stability to freeze-thaw (T 2), stability to proteases
(T23), stability to ubiquitination (T24), ease of
administration (T25), mode of administration (T26),
compatibility with other pharmaceutical excipients or
carriers (T27), persistence in organism or environment
(T2 ) stability in storage (T29), toxicity in an
organism or environment and the like (T3o). 



In addition, the protein or chimeric molecule of the
present invention may have altered biological effects
on different cells types (T3 1), including without
being limited to human primary cells, such as
lymphocytes, erythrocytes, retinal cells, hepatocytes,
neurons, keratinocytes, endothelial cells, endodermal
cells, ectodermal cells, mesodermal cells, epithelial
cells, kidney cells, liver cells, bone cells, bone
marrow cells, lymph node cells, dermal cells,
fibroblasts, T-cells, B-cells, plasma cells, natural
killer cells, macrophages, granulocytes, neutrophils,
Langerhans cells, dendritic cells, eosinophils,
basophils, mammary cells, lobule cells, prostate
cells, lung cells, oesophageal cells, pancreatic
cells, Beta cells (insulin secreting cells),
hemangioblasts, muscle cells, oval cells
(hepatocytes), mesenchymal cells, brain microvessel
endothelial cells, astrocytes, glial cells, various
stem cells including adult and embryonic stem cells,
various progenitor cells; and other humanimmortal,
transformed or cancer cell lines. The biological
effects on the cells include effects on proliferation
(T32), differentiation (T33), apoptosis (T34), growth
in cell size (T3 ), cytokine adhesion (T3 ), cell
adhesion (T 7), cell spreading (T38), cell motility
(T3g), migration and invasion (T40), chemotaxis (T4
1), cell engulfment (T42), signal transduction (T43),
recruitment of proteins to receptors/ligands (T4 ),
activation of the JAK/STAT pathway (T45), activation
of the Raserk pathway (T46), activation of the AKT
pathway (T47), activation of the PKC pathway (T48),
activation of the PKA pathway (T4c>), activation of
src (T50), activation of fas (T 1), activation of TNFR
(T52), activation of NFkB (T53), activation of p38MAPK
(T54), activation of c-fos (Ts5), secretion (T56),
receptor internalization (T57), receptor cross-talk
(T5 ), up or down regulation of surface markers (T59),
alteration of FACS front/side scatter profiles (T60),
alteration of subgroup ratios (T 1), differential gene
expression (T62), cell necrosis (T ), cell clumping
(T6 ), cell repulsion (T65), binding to heparin
sulfates (T66), binding to glycosylated structures
(T67), binding to chondroitin sulfates (T68), binding
toextracellular matrix (such as collagen, fbronectin)
(T69), binding to artificial materials (such as
scaffolds) (T70), binding to carriers (T7 1), binding
to co-factors (T72) the effect alone or in combination
with other proteins on stem cell proliferation,
differentiation and/or self-renewal (T73) and the
like. These are summarized in Table 3. The present
invention further provides a chimeric molecule
comprising an isolated protein or a fragment thereof,
such as an extra-cellular domain of a membrane bound
protein, linked to the constant (Fc) or framework
region of a human immunoglobulin via one or more
protein linker. Such a chimeric molecule is also
referred to herein as protein-Fc. Examples of such
protein-Fc contemplated by the present invention
include G-CSF-Fc, ILll- Fc, IL-6-Fc and LIF-Fc. Such
protein-Fc has a profile of measurable physiochemical
parameters indicative of or associated with one or
more distinctive pharmacological traits of the
isolated protein-Fc. Other chimeric molecules
contemplated by the present invention include the
protein or protein-Fc or a fragment thereof, linked to
a lipid moiety such as a polyunsaturated fatty acid
molecule. Such lipid moieties may be linked to an
amino acid residue in the backbone of the molecule or
to a side chain of such an amino acid residue. The
present invention further provides a chimeric molecule
comprising an isolated protein or a fragment thereof,
such as an extra-cellular domain of a membrane bound
protein, linked to the constant (Fc) or framework
region of a mammalian immunoglobulin via one or more
protein linker. In another aspect, the mammal Fc or
framework region of the immunoglobulin is derived from
a mammal selected from the group consisting of
primates, including humans, marmosets, orangutans and
gorillas, livestock animals (e.g. cows, sheep, pigs,
horses, donkeys), laboratory test animals (e.g. mice,
rats, guinea pigs, hamsters, rabbits, companion
animals (e.g. cats, dogs) and captured wild animals
(e.g. rodents, foxes, deer, kangaroos). In another
embodiment the Fc or framework region is a human
immunoglobulin, hi a particular embodiment the mammal
is a human. Such a chimeric molecule is also referred
to herein as protein-Fc. Other chimeric molecules
contemplated by the present invention include the
protein or protein-Fc or a fragment thereof linked to
a lipid moiety such as a polyunsaturated fatty acid
molecule. Such lipidmoieties may be linked to an amino
acid residue in the background of the molecule or to a
side chain of such an amino acid residue. The chimeric
molecules of the present invention, including
G-CSF-Fc, IL-Il-Fc, IL-6-Fc and LIF-Fc have a profile
of measurable physiochemical parameters indicative of
or associated with one or more distinctive
pharmacological traits of the isolated protein-Fc.
Accordingly, the present invention provides an
isolated polypeptide encoded by a nucleotide sequence
selected from the list consisting of SEQ ID NOs: 25,
27, 29, 31, 35, 37, 39, 41, 45, 47, 49, 51, 55, 57,
59, 61, 63, 65, 67, or a nucleotide sequence having at
least about 65% identity to any one of the
above-listed sequence or a nucleotide sequence capable
of hybridizing to any one of the above sequences or
their complementary forms under low stringency
conditions. Another aspect of the present invention
provides an isolated polypeptide encoded by a
nucleotide sequence selected from the list consisting
of SEQ ID NOs: 69, 70, 71, 72, following splicing of
their respective mRNA species by cellular processes.
Yet another aspect of the present invention provides
an isolated polypeptide comprising an amino acid
sequence selected from the list consisting of SEQ ID
NOs: 26, 28, 30, 32, 36, 38, 40, 42, 46, 48, 50, 52,
56, 58, 60, 62, 64, 66, 68, or an amino acid sequence
having at least about 65% similarity to one or more of
the above sequences. The present invention further
contemplates a pharmaceutical composition comprising
at least part of the protein or chimeric molecule
thereof, together with a pharmaceutically acceptable
carrier, co-factor and/or diluent. With respect to the
primary structure, the present invention provides an
isolated protein or chimeric molecule thereof, or a
fragment thereof, encoded by a nucleotide sequence
selected from the list consisting of SEQ ID NOs: 25,
27, 29, 31, 35, 37, 39, 41, 45, 47, 49, 51, 55, 57,
59, 61, 63, 65, 67, or a nucleotide sequence having at
least about 60% identity to any one of the
above-listed sequence or a nucleotide sequence capable
of hybridizing toany one of the above sequences or
their complementary forms under low stringency
conditions. Still, another aspect of the present
invention provides an isolated nucleic acid molecule
encoding protein or chimeric molecule thereof or a
functional part thereof comprising a sequence of
nucleotides having at least 60% similarity selected
from the list consisting of SEQ ID NOs: 25, 27, 29,
31, 35, 37, 39, 41, 45, 47, 49, 51, 55, 57, 59, 61,
63, 65, 67 or after optimal alignment and/or being
capable of hybridizing to one or more of SEQ ID NOs:
25, 27, 29, 31, 35, 37, 39, 41, 45, 47, 49, 51, 55,
57, 59, 61, 63, 65, 67 or their complementary forms
under low stringency conditions. In a particular
embodiment, the present invention is directed to an
isolated nucleic acid molecule comprising a sequence
of nucleotides encoding a protein or chimeric molecule
in or related to the IL-6 protein family, selected
from the group comprising G-CSF, G-CSFFc, IL-Il,
IL-Il-Fc, IL-6, IL-6-Fc, LIF, LIF-Fc, or a fragment
thereof, an amino acid sequence substantially as set
forth in one or more of SEQ ID NOs: 26, 28, 30, 32,
36, 38, 40, 42, 46, 48, 50, 52, 56, 58, 60, 62, 64,
66, 68 or an amino acid sequence having at least about
60% similarity to one or more of SEQ ID NOs: 26, 28,
30, 32, 36, 38, 40, 42, 46, 48, 50, 52, 56, 58, 60,
62, 64, 66, 68 after alignment. In another aspect, the
present invention provides an isolated nucleic acid
molecule encoding a protein or chimeric molecule in or
related to the IL-6 protein family, selected from the
group comprising G-CSF, G-CSF-Fc, IL-Il, IL-Il-Fc,
IL-6, IL-6-Fc, LIF, LIFFc, or a fragment thereof,
comprising a sequence of nucleotides selected from the
group consisting of SEQ ID NOs: 27, 29, 37, 39, 47,
49, 57, 59, 61, 63, linked directly or via one or more
nucleotide sequences encoding protein linkers known in
the art to nucleotide sequences encoding the constant
(Fc) or framework region of a human immunoglobulin,
substantially as set forth in one or more of SEQ ID
NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17 or 19. In a
particular embodiment, the protein linker comprises
IP, GSSNT, TRA or VDGIQWIP. In another aspect, the
present invention provides an isolated protein in or
related to the IL- 



6 protein family, selected from the group comprising
G-CSF, G-CSF-Fc, IL-Il, IL-Il-Fc,IL-6, IL-6-Fc, LIF,
LIF-Fc, or a fragment thereof, comprising an amino
acid sequence selected from the group consisting of
SEQ ID NOs: 28, 30, 38, 40, 48, 50, 58, 60, 62, 64
linked directly or via one or more protein linkers
known in the art, to the constant (Fc) or framework
region of a human immunoglobulin, substantially as set
forth in one or more of SEQ ID NOs:2, 4, 6, 8, 10, 12,
14, 16, 18 or 20. The present invention further
extends to uses of an isolated protein or chimeric
molecule thereof thereof or nucleic acid molecules
encoding same in diagnostic, prophylactic,
therapeutic, nutritional and/or research applications.
More particularly, the present invention extends to a
method of treating or preventing a condition or
ameliorating the symptoms of a condition in an animal
subject, said method comprising administering to said
animal subject an effective amount of an isolated
protein or chimeric molecule thereof. In addition, the
present invention extends to uses of a protein or
chimeric molecule thereof for screening small
molecules, which may have a variety of diagnostic,
prophylactic, therapeutic, nutritional and/or research
applications. The present invention further
contemplates using an isolated protein or chimeric
molecule thereof as immunogens to generate antibodies
for therapeutic or diagnostic applications. The
present invention further contemplates using an
isolated protein or chimeric molecule thereof in
culture mediums for stem cells used in stem cell or
related therapy. The subject invention also provides
the use of a protein or chimeric molecule thereof in
the manufacture of a formulation for diagnostic,
prophylactic, therapeutic, nutritional and/or research
applications. The subject invention also provides a
human derived protein or chimeric molecule thereof for
use as a standard protein in an immunoassay and kits
thereof. The subject invention also extends to a
method for determining the level of human
cell-expressed human protein in a biological
preparation.TABLE l Sequence IdentifierTITLE:
BIOSTATIC POLYMER FIELD OF THE INVENTION This
invention relates to a polymer composition which is
biostatic or biocidal, and to a method for treating a
surface to prevent microbial colony growth thereupon.
The composition may be formed into a film, and the
film will resist microbiological growth for a long
period. BACKGROUND OF THE INVENTION Any discussion
ofihe prior art throughout the specification should in
no way be considered as an admission that such prior
art is widely known or forms part of common general
knowledge in the field. It is well known that
infection may be transmitted from one person to
another by direct contact, by inhalation of air borne
infectious particles, or by contact with infectious
fluids. Infection is also commonly transmitted
indirectly for example by contact with a surface that
has itself become infected by contact with an infected
person, or with infected airborne particles, or
fluids. For example hospital taps are a notorious for
their potential to transmit infection and this has
been to some extent alleviated by the use of elbow
lever taps. But inside hospitals microbial agents such
as bacteria, spores, viruses and fungi can also be
indirectly transmitted by staff handling instruments,
instrument sterilizing baths, door handles, and by
touching many other surfaces. Both inside and outside
of hospitals infections are spread via contact with
toilet cubicle surfaces, toilet
flushingbuttons/levers, toilet doorhandles, telephone
handsets, lift buttons, furniture and building
surfaces, documents, and utensils to name but a few of
countless examples. Surfaces of all of these typically
harbour significant and rapidly growing colonies of
microbes, moulds and the like. The risk of infection
from such like surfaces is reduced by regular cleaning
with disinfectant solutions. However it is not
practical to wipe such surfaces sufficiently often to
provide effective disinfection. No disinfectants for
application to surfaces have been sufficiently durable
to maintain a biostatic surface for long periods in
use. Attempts to incorporate disinfectants into the
surface for slow release have either not proven
sufficiently durable, or have not been sufficiently
effective or have been too toxic or expensive and none
has been commercially successful. It is an object of
the present invention to overcome or ameliorate at
least one of the disadvantages of the prior art, or to
provide a useful alternative. BRIEF DESCRIPTION OF
INVENTION According to a first aspect the invention
provides a method effective for at least a week for
prevention of microbial colony growth on a surface
comprising the step of covering the surface with a dry
or substantially dry film formed from a composition
comprising a polyvinyl alcohol and a quaternary
ammonium compound. Preferred embodiments of the
invention are effective for at least a week for
prevention of microbial colony growth, and in some
cases many months. According to a second aspect the
invention provides a composition effective for at
least a week for prevention of microbial colony growth
on a surface comprisinga dry or substantially dry film
formed from a composition containing a complex formed
between a polyvinyl alcohol and a quaternary ammonium
compound. The present invention provides a polymeric
material which can be coated onto a surface from a
solution or emulsion and dried or allowed to dry to a
dry film, although in less preferred embodiments, the
film is substantially dry but may retain some
moisture. Preferably, the surface of the film remains
biostatic for long periods. By biostatic is meant that
microbial colonies (if any) on the surface do not grow
or multiply. By "long periods" in this context is
meant a period of at least a week, preferably weeks,
months, and more preferably years. Unless the context
clearly requires otherwise, throughout the description
and the claims, the words 'comprise', 'comprising',
and the like are to be construed in an inclusive sense
as opposed to an exclusive or exhaustive sense; that
is to say, in the sense of "including, but not limited
to". In preferred embodiments a composition according
to the invention is coated onto an inanimate surface
(for example a bench top), by being wiped on as a
film, or by being sprayed onto the surface. The
composition may then be wiped off the inanimate
surface and serves to (a) disinfect the surface to
which it is applied, (b) cleans the surface and (c)
leave a residual transparent residual film which is
biostatic for at least a week, and preferably many
weeks. The composition need not be wiped off and in
the case of for example of an air-conditioning duct
interior, the sprayed composition may simply be left
to dry. In other preferred embodiments an article may
be coated (for example onto sheet material) by knife
coating or calendering or spraying or by dipping it
into a solution or emulsion of the polymer and drying
the film or allowing the film to dry. In preferred
embodiments of the invention thequaternary ammonium
compound is present in the range of from 0.5% to 75%
w/w of the dried composition. The present inventors
have discovered that a combination of a polyvinyl
alcohol with from 0.5% to 75% w/w of a quaternary
ammonium biocide results in a composition which is
biostatic, that is to say on which micro organisms do
not grow. The composition may be used to form a film
with which to coat a surface, and which is biostatic
and remains so for long periods. The combination may
optionally include adhesion promoters, vehicles,
pigments and the like. Desirably, the film forming
composition contains one or more surfactants which are
selected so as not to deactivate the quaternary
ammonium compound and which due to their low surface
tension ensure thorough wetting of an underlying
inanimate substrate penetrating into any scratches or
cracks. Preferred surfactants are selected from
non-ionic, cationic or amphoteric surfactants.
Conventional 



formulation wisdom teaches that a combination of a
surfactant with a quaternary ammonium compound would
deactivate the quaternary compound and/or dry to a
sticky surface which attracts dust and other
proteinaceous residues which have a tendency to
deactivate quaternary ammonium biocides. The present
inventors have discovered that a complex is formed
between the polyvinyl alcohol and the quaternary
compound which is not sticky in the presence of
efficacious levels of quaternary compatible
surfactants. Evidence for complex formation resides in
a significant shift in the infra red spectrum of a the
OH group peak from 3296cn>1 in pure polyvinyl alcohol
to 3346 cp> 1 in mixtures with the quaternary ammonium
biocide indicative of very significant levels of
hydrogen bonding.In preferred embodiments the
combination is prepared as an aqueous solution which
dries to a clear hard film on which micro organisms
will not grow. The solution may be applied by wiping,
brushing spraying, dipping onto an inanimate surface
and drying or allowing drying. Compositions according
to the invention may be formed into films for example
on door handles, tap handles, toilet seats, telephone
handsets, air conditioning ducts, bench tops, or the
like. The term "polyvinyl alcohol" as herein used
includes all resins made by the hydrolysis
(saponification) of polyvinyl esters, for example
polyvinyl acetate. The properties of the resins vary
according to the degree of polymerization of the
parent polyvinyl ester and the extent of the
hydrolysis (saponification degree). In the case of a
polyvinyl alcohol prepared from polyvinyl acetate the
structure of polyvinyl alcohol may be represented by
-CH 2CHOH (CH2CHOH)1n - where "1+m" is the degree of
polymerization. On partial hydrolysis proportional
amounts of residual CH2COO- groups are distributed
along the chain in place of OH and the amount of such
acetate groups expressed as a percentage is the
acetate content. Thus in polyvinyl alcohol of 70%
acetate content, 30% of the acetate groups of the
original polyvinyl acetate were hydrolysed to hydroxyl
groups, and 70% remain as acetate groups. This may be
referred to as 70% acetate content or as a 30%
alcohol. In grades having above 90% alcohol (less than
10% acetate), the polyvinyl alcohol tends to be only
readily soluble in hot water (above 9O0C) although
this also varies to an extent with degree of
polymerization.The term "polyvinyl alcohol" as used
herein includes all suitable grades, degrees of
saponification and degrees of polymerization.
Polyvinyl alcohols may also be made by hydrolysing
polyvinyl esters other than acetates, and the same
principles apply to the polyvinyl alcohols so formed
which may also be used in the invention. However,
preferred embodiments of the invention utilize
polyvinyl alcohol having an average degree of
hydrolysis of greater than 96 mole % hydrolysis, since
such compositions are more resistant to removal from a
surface to which they are applied by cold or warm
water and are less likely to be removed from a treated
surface onto the skin by human contact. Quaternary
Ammonium compounds for use in the invention The
invention has been exemplified by reference to n-alkyl
dimethyl benzyl ammonium chloride (also known as
benzalkonium chloride) as the highly preferred
quaternary biocide. Alkyl benzyl quaternary biocidal
compounds are preferred; however those skilled in the
art will recognise that other biocidal quaternary
ammonium antimicrobial compounds may be used in the
present invention. It is preferred that the biocidal
quaternary ammonium antimicrobial compound is selected
from the group having a general formula:Wherein R1R"
R"1R"" are alkyl radicals that may be the same or
different, substituted or unsubstituted, branched or
unbranched, and cyclic or acyclic. X is any anion but
preferably a halogen, more preferable chlorine or
bromine. Highly preferred antimicrobial compounds are
mono-long chain, tri-short chain, tetralkyl ammonium
compounds, di-long-chain, di-short chain tetralkyl
ammonium compounds and mixtures thereof. By "long"
chain is meant about C 6 - C 30 alkyl, and by "short"
chain is meant C 1 - C 5 alkyl, preferably Cl - C 3,
or benzyl, or C 1 - C 3 alkylbenzyl. Examples include
monoalkyltrimethyl ammonium salts such as
cetyltrimethyl ammonium bromide (CTAB),
monoalkyldimethylbenzyl compounds or dialkylbenzyl
compounds. Quat. biocides such as chlorhexadine
gluconate may be employed. The most highly preferred
compounds for use in the invention have at least one
benzyl radical which may be a substituted benzyl.
Examples include C 8 - C 22 dimethyl benzyl ammonium
chloride , C 8 - C 22 dimethyl ethyl benzyl ammonium
chloride and di- C 6 - C 20 alkyl dimethyl ammonium
chloride The quaternary ammonium compound is
incorporated for broad spectrum (gram positive and
gram negative) antibacterial properties. Although the
quaternary ammonium compound may comprise from 0.5%to
75% w/w of the dried film composition, it is preferred
to employ more than 2% w/w of the dried film
composition. Desirably the composition includes one or
more surfactants which are compatible with (i.e. do
not deactivate) the quaternary ammonium compound.
Surfactants selected from non-ionic, cationic and
amphoteric surfactants are preferred for example non
ionic surfactants such as C12 to Cl 8 straight chain
alcohol or ethoxylated alcohols or cocamine oxides.
However other examples include branchchain and
aromatic ethoxylated surfactants. An example of a
suitable cationic surfactant is polyethylene
glycol-2-cocamine and an example of a suitable
amphoteric surfactant is coco-betaine. Examples of the
invention Example 1 Manufacture of composition
according to the invention. A composition was
manufactured having the composition shown in table 1:
The following procedure was employed:.  About one
quarter of the amount of water required (about 724 Kg)
was placed into a cleaned and sanitized water jacketed
mixing tank.  The mixer was started. Polyvinyl alcohol
was added slowly  The temperature was raised to
80-900C while stirring  Mixing was continued for
another hour or until the Polyvinyl alcohol was
dissolved at this temperature.  The tank was then
cooled while mixing in the remaining water.  The
solution was cooled to below 40 0C and the Teric LA8
added.  The combination was mixed for 5 minutes and
then the quaternary compound (Barquat MB-80) was
added. The combination was stirred for a further 10
mins, the pH adjusted to 7.0 and make up water added
as required.Table 1 composition The polyvinyl alcohol
has a degree of saponification in the range 80%- 95%,
more usually about 87.5% and a viscosity of 3.0-3.7
MPa.s(cp) The composition according to the invention
was spread on a metal (aluminium) surface using a
knife coater and allowed to dry to form a clear film.
The dry film was inoculated with Pseudomonas Originosa
ATCC 15442 (6.1 log concentration). After 1 hour it
was found that the population had reduced to less than
1 log. After 24 hours the population had reduced to
zero. After 7 days the populationwas zero. After 30
days the micro-organism population on the surface was
still zero. These tests are ongoing and the inventors
are confident that the surfaces will maintain the
bacteriostatic properties for a very long period. The
results achieved using Aspergillus Niger ATCC16404
were the same or better showing resistance to
colonization by both bacteria and fungi. The same
results were achieved by casting films containing only
the polyvinyl alcohol and the quat in ratios of from
0.5% up to 75%. Compositions according to examples 2
and 3 below were also made using the above method with
similar results. 



Example 2 Water 95.6.0% w/w Polyvinylalcohol 1.2% w/w
(low molecular weight; % hydrolysis 96.5% - 99.0%)
Ethoxylated C12 to C18 straight chain alcohol 0.2% w/w
Benzalkonium chloride 3.0% w/w Adjust pH to 7.0 with
NaOH or HCl Water QS 100%Example 3 Water 96.0% w/w
Polyvinylalcohol 1.5 % w/w (low molecular weight;
%hydrolysis 96.5% - 99.0%) Ethoxylated C12 to C18
straight chain alcohol 0.2% w/w Benzalkonium chloride
1.2% w/w Adjust pH to 7.0 with NaOH or HCl Water QS
100% Films made from compositions according to
Examples 1, 2, and 3 were all deemed to be effective
for prevention of microbial colony growth in
accordance with method AOAC 955.17 after 1, 7, and 30
days. Example 4 Water 77.5% w/w Polyvinylalcohol 8.0
%w/w (low molecular weight; %hydrolysis 96.5% - 99.0%
TericBL8 1.0% w/w Benzalkonium chloride 8.0% w/w
Phenoxy ethanol 1.0% w/w EDTA 4 Na 0.5%w/w Water QS
100%Biostatic properties of a dry film made from a
composition according to example 4 wiped onto an
inanimate surface were tested according to ASTM E2180
-01 immediately after drying (t=0); after 7 days; and
after 30 days with the following results: Compositions
according to the invention may be coated on and are
effective on a wide range of surfaces including
without limitation paper, textiles, plastics, metals,
glass, and ceramics. These materials may be coated
onto articles, (for example paper cups or food
containers, or onto other surfaces. Those skilled in
the art will be able to select combinations of
polyvinyl alcohols and quaternary ammonium compounds
for use in the invention based on the teaching hereof
and to select appropriate ratios according to intended
end product use. The invention extends to include the
combination, solutions of the combination in
appropriate solvents, and films formed from the
combination with or without solvents.THE CLAIMS
DEFINING THE INVENTION ARE AS FOLLOWS: 1. A method
effective for at least a week for prevention of
microbial colony growth on a surface comprising the
step of covering the surface with a dry or
substantially dry film formed from a composition
comprising a polyvinyl alcohol and a quaternary
ammonium compound. 2. A method according to claim 1
wherein the film is formed on an inanimate surface. 3.
A method according to claim 1 or claim 2 wherein the
film is formed in situ by coating the surface with a
solution or emulsion comprising a polyvinyl alcohol
and a quaternary ammonium compound and then causing or
allowing it to dry or substantially dry. 4. A method
according to any one of the preceding claims wherein
the film is effective for prevention of microbial
colony growth thereon for at least four weeks. 5. A
method according to any one of the preceding claims
wherein the polyvinyl alcohol has a hydrolysis range
of greater than 96 mole % 6. A method according to any
one of the preceding claims wherein the quaternary
ammonium compound comprises from 0.5%to 75% w/w of the
dried film composition 7. A method according to any
one of the preceding claims wherein the quaternary
ammonium compound is an alkyl benzalkonium compound 8.
A method according to any one of the preceding claims
wherein the quaternary ammonium compound is an n-alkyl
dimethyl benzyl ammonium halide. 9. A method according
to any one of the preceding claims wherein the
polyvinyl alcohol forms a complex with the quaternary
compound10. A method according to any one of the
preceding claims wherein the composition further
includes a surfactant which does not inactivate the
quaternary compound 11. A method according to claim 10
wherein the surfactant is a C12 to C18 straight chain
alcohol 12. A composition effective for at least a
week for prevention of microbial colony growth on a
surface comprising a dry or substantially dry film
formed from a composition containing a complex formed
between a polyvinyl alcohol and a quaternary ammonium
compound. 13. A composition according to claiml2
further comprising a surfactant which does not
inactivate the quaternary compound. 14. A composition
according to claim 12 or claim 13 wherein the
polyvinyl alcohol has an average degree of hydrolysis
of greater than 96 mole % J5. A composition according
to any one of claims 12 to 14 wherein the quaternary
ammonium compound comprises from 0.5%to 75% w/w of the
dried film composition 16. A composition according to
any one of claims 12 to 15 wherein the quaternary
ammonium compound is an alkyl benzalkonium compound
17. A composition according to any one of claims 12 to
16 wherein the quaternary ammonium compound is an
n-alkyl dimethyl benzyl ammonium halide. 18. A
composition according to any one of claims 12 to 17
wherein the composition comprises polyvinyl alcohol
and a quaternary ammonium compound in an aqueous
solution or emulsion.19. A composition according to
any one of claims 13 to 18 wherein the surfactant is a
non-ionic, cationic or amphoteric surfactant 20. A
composition according to any one of claims 13 to 19
wherein the surfactant comprises a C12 to C18 straight
chain alcohol or ethoxylated alcohol 2 1. A method
substantially as herein described with reference to
any one of the examples 22. A composition
substantially as herein described with reference to
any one of the examples 


