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ABSTRACT OF THE DISCLOSURE

Apparatus for separating and isolating the various
solutes in' complex mixtures by density gradient elec-
trophoresis includes: a tube made of electrical insulating
material for receiving a density gradient liquid, means
including a reversible pump for pumping a displacing
liquid into and out of the tube to position the density
gradient liquid within a predetermined portion of the
tube, a light passageway through the tube, a light source
positioned to transmit light rays through the light pas-
sageway, means including a light transducer responsive
to the concentration of liquid in the tube and positioned
to receive the light rays transmitted through the light
passageway, a light filter interposed between the light
passageway and light transducer, and means establishing
an electric field across axially spaced points within the
tube. The means for establishing the electric field consist
of electrodes conmected to a sonrce of D.C. current and
immersed in buffer solutions in communication with the
liguid in the tube; semi-permeable membranes being used
in association with one or both electrodes to prevent
mixing of the buffer solutions with the liquid in the tube.

—— A A S eer——

This invention relates to apparatus for separating and
isolating the wvarious solutes in complex mixtures and
more particularly to improved apparatus for density
gradient electrophoresis.

Electrophoresis refers to a process for the separation
of mixtures of chemicals on the basis of their mobility
in electric fields. Generally, the separation takes place
with the sample liquid suspended in a conductive medium.
When an electric field is applied to the supporting me-
dium the particles of the material to be separated migrate
in a direction dependent upon the sign of their net elec-
trical charge, the migration rate being directly propor-
tional to the net charge and inversely proportional to
friction forces. The friction forces, tending to hold the
particles stationary in the medium, depend upon the size
and shape of the particular particles.

Various techniques have been proposed for making
electrophoretic separations. The classical, moving bound-
ary method involves starting with a uniform mixture of
the material to be separated and a supporting medium,
usually water with a salt buffer added. The medium is
placed in @ vertical tube and an electric field is applied
by means of electrodes affixed to the tube. The bottom
of the tube is bent upwardly to form a U in order to
maintain hydrostatic equilibrium and to eliminate the
possibility of bubbles from the electrodes passing through
the area of interest. As the process progresses, the differ-
ent components of the sample migrate downwardly
through the supporting medium at various, different rates

depending upon their electrophoretic mobility. A bound-

ary forms at the top of each downwardly-moving column
made up of individual particles of given species. If the
tube, containing the supporting medium, is made of trans-
parent material, the tops of the various downwardly-
migrating columns can be determined by the refractive
index gradient method. This technique, however, suffers
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from at least two disadvantages. The range of concentra-
tions of the individual species of particles is limited be-
cause, in order for the boundary to be stable, the density
of the liquid below the boundary must be greater than
that of the liquid above the boundary. Consequently, the
concentration must be great enough so that the overall
demsity of the liquid below the boundary is significantly
greater than that of the supporting liquid above the bound-
ary. This often presents a problem because of agglomera-
tion of the sample particles at high concentrations. In
addition, the boundaries tend to become diffuse because
of diffusion of the particles. Furthermore, it is difficult
to arrange the apparatus so that the migration of both
upward and downward moving boundaries can be studied.

Another prior arrangement generally is referred to as
gel column electrophoresis. The sample is placed at the
top, bottom or middle of a conducting column formed
of a semi-solid gel. An electric field is applied to the
top and bottom of the gel and the particles migrate in a
direction, and at a velocity, depending upon their elec-
trophoretic mobilities. In this method, the material to be
separated is placed in a narrow band in the gel and is
not uniformly distributed throughout the gel. This results
in bands, or zones, of the material migrating either up-
wardly or downwardly, depending upon the sign of their
electrophoretic ‘mobility. The method has the advantage
of eliminating, substantially, degradation of resolution
due to the effects of diffusion and is adapted for a simul-
taneous separation of materials of both positive and
negative mobilities, provided the sample is placed in the
middle of the gel column. However, this method does
not lend itself to monitoring of the separation process
as it is taking place. The location of the various zomes
of the particles, after separation, can be measured by a
suitable technique, such as light absorbance, but it is not
readily possible to make such measurements while the
electrophoretic process is in operation. Furthermore, the
rate of migration is dependent upon absorption and di-
sorption effects between the particles being separated and
the supporting gel. In consequence, the particle migration
Tates are not necessarily dependent solely upon their elec-
trophoretic mobilities. This is a significant disadvantage
when it is desired to measure electrophoretic mobilities.

A third method is density gradient electrophoresis. The
method is somewhat similar to the gel column method
but the supporting medium is a density gradient column
instead of a gel column. The advantage of this method
lies in the fact that the rate of migration of the bands,
or zones, of the particles can be calculated from their
electrophoretic mobilities. However, conventional appara-
tus for density gradient electrophoresis does not provide
a means for monitoring the position of the zones at vari-
ous times throughout the process, only the final positions
of the zones can be measured when the density gradient
column is removed from the apparatus.

Apparatus made in accordance with this invention
comprises a vertical tube having a dense supporting fluid
in the bottom portion, a density gradient column which
includes the chemical sample disposed over the dense
fluid, and a low density fluid at the top. Electrodes are im-
mersed in electrolyte solutions disposed near the top and
the bottom of the tube. Semi-permeable membranes are
utilized to permit ionic current flow from the electrolyte
solutions to the fluid columns contained within the ver-
tical tube while isolating such solutions from the columns.
Additionally, the lower electrode is isolated from the col-
umns of fluids by two stages of successively less dense
electrolyte solutions, thereby to prevent entry of the elec-
trolyte into the fluid column by osmosis, the concentra-
tion of the first stage being adjusted with respect to the
concentration of the column so as to equalize the osmotic
pressures. At an intermediate position of the tube, moni-
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toring windows are provided to permit the passage of
light rays from a suitable source, through the fluid col-
umn and to a light transducer. To fractionate a sample
into its constituents, the electrodes are connected fo a
D.C. voltage source, thereby causing a current to flow
through the fluid column. This causes the particles of the
sample to migrate at a rate depending upon their electro-
phoretic mobility. During migration, particles of similar
elecrophoretic mobility tend to collect in zones. Means
are provided for monitoring the extent to which the sam-
ple has been fractionated into zones. Such means include
a pump for adding or withdrawing the dense supporting
finid from the tube, thereby to move the sample through
the light beam at any desired stage of the electrophoretic
process. When the monitoring device reveals that the de-
sired fractions have been obtained, additional support
fluid is-forced into the bottom of the tube to force the den-~
sity gradient column out at the top for collection by a con-
ventional fraction collector.

An object of this invention is the provision of im-
proved apparatus for density gradient electrophoresis
which apparatus includes means for monitoring the ex-
tent to which a chemical sample has been fractionated as
the fractionating process progresses.

An object of this invention is the provision of frac-
tionating apparatus of the density gradient electrophoresis
class, which apparatus includes means for the convenient
introduction of a density gradient column and a sample
to be fractionated as well as the physical removal of the
fractions from the apparatus after the electrophoretic
process has been completed.

These and other objects and advantages of the inven-
tion will become apparent from the following descrip-
tion when taken with the accompanying drawings. It will
be understood, however, that the drawings are for pur-
poses of illustration and are not to be construed as defin-
ing the scope or limits of the invention, reference being
had for the latter purpose to the claims appended hereto.

In the drawings wherein like reference characters de-
note like parts in the several views:

FIGURE 1 is a vertical, central, cross-sectional view
of a portion of the apparatus made in accordance with
this invention;

FIGURE 2 is a similar, fragmentary view showing the
central portion of the apparatus and drawn to an enlarged
scale;

FIGURES 3 and 4 are simplified representations cor-
responding to FIGURE 1 to show the positions of the
liquids contained in the central tubes at various stages
in the operating cycle of the apparatus; and

FIGURE 5 is a diagrammatic representation of the
complete apparatus.

Reference now is made to FIGURE 1. The apparatus
comprises a vertically-disposed tube 10 made of a ma-
terial having good thermal conductance such as, for ex-
ample, aluminum. Disposed within this tube are a pair
of axially-aligned tubes 11 and 11’, the latter constituting
an inner liner for the tube 10 and being made of a suita-
ble plastic, such as polypropylene, which is substantially
non-wetting, does not absorb a surface film of water,
and is non-conducting to prevent short circuiting of an
electric field within it. As will be described hereinbelow,
the electrophoretic separation of a fluid mixture takes
place within the tubes 11 and 11’. The metal, outer tube
10 passes through a central hole formed in the metal sup-
port block 12 and carries a pair of sealing rings 13. This
block. also made of a material having a good thermal
conductance, such as aluminum, has diametrically-aligned
holes 15, 15’ formed through the walls thereof, the hole
15 terminating in an enlarged-diameter bore for accom-
modating a portion of a lamp 16, said lamp being mount-
ed to abut a resilient washer 17, thereby to maintain a
fixed lamp orientation in the optical system of the ap-
paratus. The lamp is enclosed within a housing 18 which
is secured to the block 12, by suitable means, and pro-
vided with perforations for heat dissipation.
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As best shown in the enlarged view of FIGURE 2,
diametrically-opposed holes 20, 20" are formed through
the wall of the metal tube 10, which holes communicate
with the respective holes 15, 15’ formed in the support
block 12. Clampingly secured between adjacent ends of
the tubes 11, 11’ is a window in the form of a quartz ring
21. The hole 15', formed in the block 12, is provided
with an internal thread receiving the threaded metal plug
22 carrying a light filter 23 and a photocell 24. It will be
noted the end of the plug has formed therein a hole 25
aligned with the hole 20°. It will be apparent that the
aligned holes 25, 20’ and 20 and the quartz ring 21 form
a passageway way for light rays from the lamp to the
photocell.

Referring now to the upper portion of FIGURE 1, a
tube 27, carrying sealing rings 28, has its lower portion
extending into a central hole formed in an upper fitting
29 preferably made of a transparent, non-conducting
plastic such as polymethyl methacrylate. The tube 27,
made of a transparent, non-wetting plastic, such as poly-
carbonate, has an inside diameter corresponding to that
of the tube 11 and the ends of these tubes are in abutting
engagement, The lower portion of the tube 27 is provided
with four ports 30 oriented at an angular spacing of 90°.
Each port communicates with radially-extending open-
ings 31 formed in the fitting 29, and each of such open-
ings communicating with radial holes 32 formed in the
fitting wall. A cylindrical chamber or trough 34, pref-
erably made of a transparent, non-conducting plastic, is
secured to the fitting 29 and contains a buffer salt solution
35 in which is immersed an upper electrode 36. This
solution fills the openings 31, vents 37 being provided
in the fitting to allow air to escape, thereby to insure the
complete filling of such openings by the buffer solution.
The ports 30, in the tube 27, are covered by a tubular,
semi-permeable membrane 38, such as cellophane. Tonic
current flow from the electrode is conducted by the buf-
fer solution and passes through the membrane into a
liquid contained within the tube 27. The purposes of the
membrane is to prevent liquid flow between the tube
and the buffer solution. The tube 27 serves as a container
for the density gradient column and also provides a
necessary clearance space for a conducting covering
liquid over the density gradient column.

The upper end of the fitting 29 is of a reduced diam-
eter and threaded to receive the threaded end of a trans-
parent plastic tube 40 forming a water jacket. A cap 41
is threaded onto the upper end of the tube, said cap
being provided with a hose nipple 42 and having a central
bore for receving the upper end of the tube 27. Threaded
into the central hole of the cap is a pipe coupling 43. A
similar, transparent water jacket tube 44 has ends force-
fitted over the reduced-diameter ends of the fitting 29 and
the support block 12. A plurality of longitudinally-ex-
tending tubes 45 extend through the fitting 29, which
tubes serve as passageways for the flow of a liquid coolant
through the fitting 29.

The lower part of the apparatus includes a similar ar-
rangement for providing an electrical path from the low-
er electrodes 46 to a column of liquid within the plastic
lower tube 47, said tube corresponding to the upper tube
27. The tube 47 has an externally-threaded lower portion
received in a central threaded hole formed in the lower
fitting 50 made of the same material as the upper fitting
29. Four ports 51 are formed in the wall of the tube 47,
each port normally communicating with an associated
one of the central openings 52 formed in the fitting. These
openings communicate with associated, radial holes 53.
The ports 51 are covered by a tubular, semi-permeable
membrane 55. An inner, cylindrical chamber, or trough
56, is carried by the fitting and is provided with a plu-
rality of holes 57 extending through the side wall, each
such hole being covered by a semi-permeable membrane
58. This trough contains a buffer salt solution 59. An
outer, cylindrical chamber, or trough 69, surrounding
and secured to the inner trough 56, contains a buffer salt
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solution 61 in which the clectrode 46 is immersed. The
central openings 52, in the fitting, communicate with each
other and a vent 62 to insure complete filling of the open-
ings by the buffer solution 59.

The inner trough 15 is required because a high concen-
tration of dense solute in the tube 47, at the level of
the ports 51, would cause osmotic flow from the trough
56 into the tube, unless the concentration of such solute
also is high in the surrounding buffer chamber. This high
concentration of dense solute may have a tendency to
foul the electrode and, therefore, the dense solution in
the inner trough is separated from a less dense solution
61 by the membrane 58. Osmotic flow across the mem-
brane 38, carried by the upper tube 27, is not as detri-
mental to operation as osmotic flow through the mem-
brane 55 carried by the lower tube 47, because osmotic
flow through the membrane 55 will vary the position of
the density gradient column within the tubes 11 and 11’.
Osmotic flow through the upper membrane 38 will not
vary the position of the density gradient column, but will
only vary the level of the lower-density liquid riding on
top of the density gradient column, The position of the
density gradient column must be undisturbed in order
that photometric measurements of the positions of the
separated bands can be made accurately by means of
light passing from the lamp, through the quartz window
and to the photocell-filter assembly. In order to prevent
reverse osmosis through the lower membrane 55, be-
cause of the pressure of the liquid column, the concentra-
tion of the solute in the inmer trough 36 can be made
less than that of the liquid in the tube 47. This will cause
an osmotic pressure difference across the membrane 55
which will equalize the pressure of the liquid column in
the tube.

With continued reference to the lower portion of FIG-
URE 1, the fitting 50 includes a cylindrical portion 64
connected to the metal block 12 and forming a water
jacket. This fitting also includes a hose nipple 65 which
communicates with internal passageways formed in the
fitting, which passageways communicate with the space
between the tube 10 and the surrounding jacket 64, the
latter being made of the same material as the other
jackets 44 and 40. During operation of the apparatus,
ice water is circulated through the jackets, the central
support block 12 being provided with ‘longitudinally-
extending holes 66 for this purpose. The exposed end of
the lower tube 47 terminates in a hose fitting 67 for pur-
poses which will now be described.

To load the apparatus, a very dense liquid is injected
into the center tubes, through the fitting 67, until the sur-
face of the liquid reaches the level L, indicated in FIG-
URE 1. The top pipe fitting 43 is removed and a density
gradient liquid is pipetted on top of the dense support
liquid. When the level of the density gradient liquid
reaches substantially the midpoint of the tube 27, the
pipette is removed and a sample solution, or suspension
S is introduced, such sample solution being mixed with
enough solute so that it has a slightly lower density than
the density gradient column immediately underneath it.
The pipette for introducing the sample now is removed
and an additional density gradient column is pipetted
above the sample. The bottom of this density gradient
column has a density slightly lighter than that of the
sample solution and the upper surface thereof is repre-
sented by meniscus M.

Next, enough of the dense support liquid is withdrawn
through the lower fitting 67 so that the density gradient
column and the sample solution occupy the positions
shown in FIGURE 3, which figure corresponds to FIG-
URE 1 but with the cross-hatching and other matter
omitted as these are not essential to a proper under-
standing of this portion of the description. Additional
low density buffer solution is pipetted on top of the den-
sity gradient column so that the meniscus is approxi-
mately as shown. It is assumed that the chambers 34, 56
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and 60 have been filled with electrically conducting buffer
solutions. An electric field is impressed on the density
gradient column by applying a potential across the elec-
trodes 36 and 46. Bubble formation may take place
around the electrodes but the semi-permeable membranes
38, 55 and 58 serve as barriers to prevent these bubbles
from disturbing the density gradient column in the cen-
tral tubes.

After a snitable time interval has passed to allow par-
tial separation of the sample solution by electrophoretic
migration, the power supply to the electrodes is turned
off and the dense supporting liquid is slowly withdrawn
from the bottom of the columns through the fitting 67.
The density gradient column and the partially resolved
fractionated zones of the sample will pass downwardly
through the light beam of the light absorbance measur-
ing system consisting of the lamp 16, filter 23 and photo-
cell 24 and a suitable read-out device such as a recorder.
The recorder can be used to provide a chart record of
light absorbance and, therefore, concentration, of the frac-
tionated zonmes, plotted against the position of the zones
in the density gradient column.

The position of the density gradient column, after the
first pass through the optical system, is shown in FIGURE
4. At this time, the pump for withdrawal of the dense
support liquid is stopped and the electric field again is
applied to the density gradient column. Further migra-
tion and separation takes place and after a suitable time
interval the electric field is turned off. Now, the pump is
started and dense support liquid is forced into the bottom
of the central tubes, through the fitting 67, thereby raising
the further fractionated densiy gradient column past the
photometric scanning system and back to the position
shown in FIGURE 3. During this scanning cycle, the
recorder again records the position of the zones in the
density gradient column. This process of scanning the
density gradient column, as the dense support liquid is
withdrawn from and injected back into the central tubes,
can be repeated as often as desired. After it is seen, from
the recorder chart, that a suitable separation has taken
place, the pump for injecting the dense liquid into the
bottom of the column can be used to inject enough of such
liquid into the central tubes to force the density gradient
column out through the top fitting 43. A delivery tube can
be connected to this fitting to direct the fractionated sam-
ple into various collecting tubes of a conventional fraction
collector, as will be described below.

As stated hereinabove, ice water may be circulated
through the apparatus to cool the liguid in the central
tubes. The electric current passing through the liquid
column tends to heat it and, unless cooled, a hot area
could develop which would encourage convection flow
within the tubes, thereby destroying the integrity of the
separating zones. The cooling fluid, forced into the nipple
65, see FIGURE 1, circulates through the lower fitting 50
which surrounds the membrane 55, through the vertical
holes 66 formed in the metal support block 12 which sup-
ports the photocell and light source, through the vertical
tubes 45 in the fitting 29 which surrounds the membrane
38, and eventnally out through the discharge nipple 42.
The outer casing, comprising the water jacket, preferably
is made of a transparent plastic.

Reference now is made to FIGURE 5, which is a
diagrammatic representation of the apparatus described
above, along with other refinements. A conventional frac-
tion collector 70 is arranged to receive liquid from the
delivery tube 71 connected to the upper hose fitting 43. A
syringe 72, controlled by a reversible motor 73 and an
associated lead screw 74 supplies dense support liquid to
the bottom of the apparatus through the 3-way stopcock
75, tubing 76 and 77, the latter being connected to the
lower hose fitting 67 of the apparatus. A recorder 78 is
connected to the photocell 24 through a suitable amplifier
79. The D.C. power supply 80 provides the necessary volt-
age and current to set up the electric field in the density
gradient column through the two electrodes immersed in
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the conducting solutions contained in the cylindrical
troughs 34 and 60, The pump 82, driven by a motor 83,
is connected in the line 84 interposed between a conven-
tional gradient forming apparatus 85 and the stopcock
75. This system constitutes a means for introducing the
density gradient liquid into the central tubes of the main
part of the apparatus instead of pipetting it in through the
top of the apparatus as has been described above. With
the stopcock 75 set to permit flow between the lines 84
and 76, the motor 83 is energized. When one-half of the
desired volume of the density gradient liquid has been in-
troduced into the line 76, the motor 86 is energized. This
motor rotates a cam 87 which forces the sample solution,
contained in the syringe 88, into the line 76. The cam pref-
erably is shaped so that the initial travel velocity of syringe
88 is greater than the final velocity. This will tend to pre-
vent an inverse density gradient from forming at the inter-
face below the sample band. Alternatively, the formation
of an unstable, inverse density gradient at the location of
the sample band can be minimized by increasing the
gradient provided by the gradient forming apparatus 85
at the time the sample is injected into the line 76. A mo-
tor 89, provided with an eccentrically-operated push arm
90, vibrates and squeezes the tubing 77 in such a way as
to uniformly mix the sample liquid and the density
gradient liquid as they flow past it and into the central
tubes of the apparatus.

When a sufficient amount of the sample has been forced
into the line 76, the motor 86 is deenergized. The density
gradient producing apparatus 85 continues to function until
the density gradient column is complete. The stopcock 75
then is rotated back to the illustrated position and the
motor-operated syringe 72 is used to force a very dense
liquid under the density gradient column until the level
of such column is as shown in FIGURE 3. The low
density liquid which must be placed on top of the density
gradient column, for providing electrical contact with the
buffer solution contained in the upper trough 34, may be
inserted by means of pipetting it in manually through the
top of the apparatus, as described above. Alternatively,
the low density liquid may be introduced by means of
suitable programming of the density gradient forming ap-
paratus, or by means of an additional motor-operated
syringe connected into the line 76.

Having now described the construction and operation
of the apparatus, those skilled in this art will be able to
make various changes and modifications without thereby
departing from the spirit and scope of the invention as
recited in the following claims.

1 claim:

1. Apparatus for density gradient electrophoresis com-
prising:

(a) a tube made of electrical insulating material for re-

ceiving a density gradient liquid,

(b) means including a reversible pump for pumping
a displacing liquid into and out of the said tube
thereby to position the density gradient liquid within
a predetermined portion of the tube,

(c) means carried by the tube at a point intermediate
the ends thereof and responsive to the concentration
of liquid contained within the tube, and

(d) means establishing an electric field across axially-
spaced points within the tube.

2. The invention as recited in claim 1, including means
forming a light passageway through the tube and a light
source positioned to transmit light rays through said light
passageway, and wherein the said means responsive to the
concentration of the liquid comprises a light transducer
positioned to receive light rays transmitted through the
said light passageway, and a light filter interposed between
the light transducer and the light passageway.

3. Apparatus for density gradient electrophoresis com-
prising:

(a) a vertically positioned tube of electrical insulating

material for receiving a density gradient liquid,
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(b) means forming a transverse light passageway
through the tube at a point intermediate the ends
thereof,

(c) a light source positioned to transmit light rays
through said light passageway,

(d) a light transducer positioned to receive light rays
transmitted through said light passageway,

(e) means including a reversible pump for pumping
a displacing liquid into and out of the tube through
the lower end thereof thereby to maintain a density
gradient liquid at a predetermined level within the
tube, and

(f) means establishing an electric field across axially-
spaced points within the said tube.

4. The invention as recited in claim 3, wherein the
said means establishing an electrical field comprises a first
chamber containing a buffer solution; a first opening
formed in the wall of said tube and normally communi-
cating with said first chamber; a semi-permeable mem-
brane covering the said first opening; a second chamber
containing a buffer solution; a second opening formed in
the wall of said tube and normally communicating with
the said second chamber; a semi-permeable membrane
covering the said second opening; electrodes immersed in
the solutions contained in the two chambers; and a source
of D.C. voltage connected to the electrodes.

5. The invention as recited in claim 3, wherein the
said means establishing an electrical field comprises a
first chamber containing a buffer solution; a first open-
ing formed in the wall of said tube and normally com-
municating with said first chamber; a semi-permeable
membrane covering the said first opening; a second cham-
ber containing a buffer solution; a second opening formed
in the wall of said tube and normally communicating with
Phe second chamber; a semi-permeable membrane cover-
ing the said second opening; a third chamber containing
a buffer solution; means forming a liquid-transfer pas-
sageway between the second and third chambers; a semi-
permeable membrane covering the said liquid-transfer
passageway; electrodes immersed in the solutions con-
tained within the said first and third chambers; and a
source of D.C. voltage connected to the electrodes.

.6. The invention as recited in claim 5, wherein the
displacing liquid has a concentration so as to equalize the
osmotic pressures across the said second membrane.

.7. The invention as recited in claim 3 wherein the
said means forming a transverse light passageway through
thq tube comprises a quartz ring, and wherein the said
axially-spaced points across which the electrical field is
established lie on opposite sides of said quartz ring.

i 8. The invention as recited in claim 3, including a frac-
tion collector and a delivery tube connected to the upper
end of said vertically-positioned tube for discharging the
fractionated density gradient column into the fraction
collector as additional displacing liquid is pumped into
the bottom of the vertically-disposed tube.

9. The invention as recited in claim 3, including a de-
vice forming a density gradient liquid; a container con-
taining a sample liquid to be fractionated; means for in-
jecting predetermined quantities of the samples and den-
sity gradient liquids into the said vertically-disposed tube
through the bottom end thereof; and means for mixing
the sample and density gradient liquids prior to injection
thereof in the said tube.

10. The invention as recited in claim 9, including means
injecting the sample liquid at a controlled rate such that
a maximum quantity of the sample liquid is injected
without inversion of the density gradient.

11. The invention as recited in claim 10, including
means increasing the gradient of the density gradient
liquid as the sample liquid is injected into the said tube.

12. Apparatus for density-gradient electrophoresis
comprising:

(a) a central support block,
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(b) a vertically positioned central tube of electrical
insulating material passing through a hole formed in
the support block,

(c) a light source carried by the support block,

(d) a light transducer carried by the support block,

(e) means forming transverse, aligned light passage-
ways in the support block and wall of said central
tube for transmission of light rays from the source
to the light transducer,

(f) a light filter positioned between the light transducer
and the said central tube,

(g) an upper fitting made of electrical insulating ma-
terial and having an axial hole receiving the upper
portion of the central tube,

(h) an upper tube of electrical insulating material, said
tube having an end disposed in the axial hole of the
upper fitting and in engagement with the upper end
of the central tube,

(i) an opening formed in the wall of said upper tube,

(j) a first chamber carried by said upper fitting and
containing a buffer solution, said chamber normally
communicating with the opening formed in the wall
of the upper tube,

(k) a semi-permeable membrane covering the opening
formed in the upper tube,

(1) an electrode immersed in the solution contained in
the said first chamber,

(m) a lower fitting made of electrical insulating ma-
terial and having an axial hole receiving the lower
portion of the central tube,

(n) a lower tube of electrical insulating material, said
tube having an end disposed in the axial hole of said
lower fitting and in engagement with the lower end
of the central tube,

(0) an opening formed in the wall of the said lower
tube,

(p) a second chamber carried by the lower fitting and
containing a buffer solution, said chamber normally
communicating with the opening formed in the wall
of the lower tube,

(q) a semi-permeable membrane covering the opening
formed in the lower tube,

(r) a third chamber carried by said lower fitting and
surrounding the second chamber and containing a
buffer solution,

(s} a plurality of openings formed in the side wall of
the second chamber and lying below the level of
the solutions contained in the second and third
chambers,

(t) semi-permeable membranes covering the openings
formed in the side wall of the second chamber,

(u) an electrode immersed in the solution contained
in the third chamber,

(v) a source of D.C, voltage connected to the elec-
trodes; and

(W) means for injecting a predetermined quantity of
dense solute into the said central tube.

13. The invention as recited in claim 12, wherein the
concentration of the dense solute is such as to equalize
the osmotic pressures across the ‘membrane covering the
opening formed in the said lower tube.

14. The invention as recited in claim 12, including
means forming a tubular water jacket radially spaced
from the said central, upper and lower tubes and extend-
ing substantially the combined length thereof.

15. Apparatus for density gradient electrophoresis
comprising:

(a) a vertically positioned tube of electrical insulat-

ing material for receiving a density gradient liquid,

(b) means including a reversible pump for pumping
a displacing liquid into and out of the tube through
the lower end thereof thereby to maintain a density
gradient liquid at a predetermined level within the
tube,
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(c) means forming a transverse light passageway
through the tube at a point intermediate the ends
thereof,

(d) a light source positioned to transmit light rays
through said light passageway, and

(e) means establishing an electric field across axially-
spaced points within said tube and comprising a first
chamber containing a buffer solution, a first opening
formed in the wall of said tube and normally com-
municating with said first chamber, a semi-permeable
membrane covering the said first opening, a second
chamber containing a buffer solution, a second open-
ing formed in the wall of said tube and normally
communicating with the said second chamber, a
semi-permeable membrane covering the said sccond
opening, electrodes immersed in the solutions con-
tained in the two chambers, and a source of D.C.
voltage connected to the electrodes.

16. Apparatus for density gradient electrophoresis

comprising:

(a) a vertically positioned tube of electrical insulating
material for receiving a density gradient liquid,

(b) means including a reversible pump for pumping
a displacing liquid into and out of the tube through
the lower end thereof thereby to maintain a density
gradient liquid at a predetermined level within the
tube,

(c) means carried by the tube at a point intermediate
the ends thereof and responsive to the concentration
of liquid contained within the tube, and

(d) means establishing an electric feld across axially-
spaced points within said tube and comprising a first
chamber containing a buffer solution, a first opening
formed in the wall of said tube and normally com-
municating with said first chamber, a semi-permeable
membrane covering the said first opening, a second
chamber containing a buffer solution, a second open-
ing formed in the wall of said tube and normally
communicating with the said second chamber, a
semi-permeable membrane covering the said second
opening, electrodes immersed in the solutions con-
tained in the two chambers, and a source of D.C.
voltage connected to the electrodes,

17. The invention as recited in claim 3, wherein the
said means establishing an electric field comprises a first
chamber containing a buffer solution; a first opening
formed in the wall of said tube and normally communi-
cating with said first chamber; a semi-permeable mem-
brane covering the said first opening; a second chamber
containing a buffer solution; a second opening formed
in the wall of said tube and normally communicating
with the second chamber; a semi-permeable membrane
covering the said second opening; third and fourth cham-
bers each containing a buffer solution; means forming
liquid transfer passageways between the first and fourth
chambers and second and third chambers; semi-permeable
membranes covering said liquid transfer passageways be-
tween said first and fourth chambers and sajd second and
third chambers; electrodes immersed in the solutions con-
tained within said third and fourth chambers; and a source
of D.C. voltage connected to the electrodes,

18. Apparatus for density gradient electrophoresis
comprising:

(a) a vertically positioned tube of electrical insulating

material for receiving a density gradient liquid;

(b) means for connecting a pump to said apparatus for
controlling the volume of a displacing liquid in the
tube to maintain a density gradient liquid at a pre-
determined level within said tube; and

(c) means establishing an electric field across axially-
spaced points within said tube and comprising a first
chamber containing a buffer solution; a first open-
ing formed in the wall of said tube and normally
communicating with said first chamber; a semi-
permeable membrane covering the said first opening;
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a second chamber containing a buffer solution; a
second opening formed in the wall of said tube and
normally communicating with the second chamber;
a semi-permeable membrane covering the said sec-
ond opening; third and fourth chambers each con-
taining a buffer solution; means forming liquid
transfer passageways between the first and fourth
chambers and second and third chambers; semi-
permeable membranes covering said liquid transfer
passageways between said first and fourth chambers
and said second and third chambers; electrodes im-
mersed in the solutions contained within said third
and fourth chambers; and a source of D.C. voltage
connected to the electrodes.
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