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ZONAL CENTRIFUGE 

BACKGROUND OF THE INVENTION 

The invention described herein relates generally to liquid 
= centrifuges and more particularly to an improved bowl-type 
‘ zonal centrifuge. It was made in the course of, or under, a con 
tract with the US. Atomic Energy Commission. 

In the operation of prior art zonal centrifuges, zonal frac‘ 
tions have typically been recovered by forcing the gradient in 
ward to the core of the rotor by' displacement with dense dis 
placing liquids at the periphery or edge of the rotor. Rotor 
designs have, therefore, characteristically incorporated 
tapered core designs with a conduit opening at the radially in 
nermost point of the tapered core. The funneling effect pro 
vided by such an arrangement is known to provide a high 
degree of resolution between ?owable components during the 
recovery of a liquid density gradient from the rotor bowl. For 
a detailed description of the design and operation of zonal 
centrifuges, refer to National Cancer Institute Monograph 21, 
The Development of Zonal Centrifuges and Ancillary Systems 
for Tissue Fractionation and Analysis, US. Department of 
Health, Education and Welfare, public Health Service. 

It has been determined that a number of new and very use 
ful separations can be achieved in rotors which can be un 
loaded from either the center or edge, including sequential 
removal of subcellular particles which are approaching their 
isopycnicpoints. For example, liver cell membrane fragments 
may be removed while mitochondria are still sedimenting. It is 
also possible to remove a large fraction of the large mitochon 
\dria while the lysosomes are still trailing behind them. All of 
ithese particles have very similar isopycnic positions but dif 
ferent sedimentation rates. Edge unloading facilitates the use 
iof a narrow density gradient band near the edge of the rotor 
bowl and a large sample volume. Such arrangement increases 
the rotor capacity, saves on the use of expensive, high density. 
displacing ?uid, and reduces unloading time since the gradient 
need not be displaced over a large radial distance. Edge or 
peripheral recovery tends to decrease the resolution between 
gradient components, however, because of the relatively/large‘ 
circumferential displacement which must occur as the 
3, gradient is driven toward collecting conduits spaced about the 
" rotor bowl wall. Axial displacement occurs to substantially the 
same degree in both center and-edge collection‘centrifuge 
machines. ' 

It is, accordingly, a general object of the invention to pro 
vide a bowl-type zonal centrifuge wherein a high resolution 
recovery of zonal fractions can be made from the edge of the 
rotor bowl. 

Other objects will be apparent from an examination of the 
following description and appended drawings. 

SUMMARY OF THE INVENTION 

In accordance with the invention, an improved, bowl-type, 
zonal centrifuge is provided in which high resolution recovery 
of zonal fractions can be made from the edge of the rotor 
bowl. The peripheral walls of the rotor bowl are tapered inter 
nally to form an apex about the circumference of therotor 
bowl and a diametrically eccentric groove ,is provided in the 
rotor wall along the apex. An integral septum body comprising‘ 
a central hub and radially extending septa is disposed within 
the rotor bowl, with the peripheral surfaces of the septa being 
tapered to mate with the tapered peripheral walls and having 
radially extending nipples which engage the eccentric groove 
at its radially outermost points. Internal conduits extend 
through the septa and nipples to provide liquid communica 
tion between the eccentric groove and the central hub. A 
'rotor core with internal conduits is disposed within the hub to 
“provide liquid flow communication between external liquid 
‘,flow means and the internal conduits extending outward 
‘ through the septa to the eccentric groove. Radially outward 
displacement of the zonal fractions during unloading causes a 
funneling effect as the fraction reaches the tapered peripheral 
wall and is driven axially inwardly toward the eccentric 
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ment occurs toward its radially outermost points where the 
nipples extending from the peripheral surfaces of the septa en 
gage the groove. The circumferential displacement occurs as a 
result of the funneling effect created by the eccentricity of the 
groove which causes displacement toward its radially outer 
most points. Zonal fractions reaching the nipples are displaced 
inwardly through the conduits extending through the septa 
and nipples. The combined funneling effects of the tapered 
rotor bowl wall and eccentric groove facilitate gradient 
recovery from the edge of the rotor bowl with high resolution 
being maintained between adjacent zonal fractions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical sectional view of a rotor bowl assembly 
made in accordance with the present invention. 

FIG. 2 is a horizontal sectional view of the rotor bowl as 

sembly 30 ofFlG. l. . 
FIG. 3 is a graph of data obtained using a centrifuge rotor 

assembly made in accordance with the invention to separate a‘ 
mixture of bovine serum albumen and ragweed pollen. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIGS. 1 and 2 where a preferred embodi 
ment of the invention is illustrated, a rotor bowl 1 comprises 
threadably engaged top and bottom bowl segments 2 and 3, 
respectively. Internal peripheral surfaces 4 and 5 of bowl seg 
ments 2 and 3 are tapered outwardly to form an apex at their 
junction which, in the embodiment shown, lies approximately 
in the horizontal midplane of the rotor bowl. A diametrically 
eccentric groove 6 is formed by a recess in the wall of bottom 
bowl segment 3 where it abuts with top bowl segment 2. 
An integral septum body comprising a hub 7 and four 

tapered septa 8 divides the rotor bowl into four sector-shaped 
compartments 9. The peripheral surfaces 10 of the septa are 
tapered to conform with tapered surfaces 6i and 5 and pro 
vided with nipplesll for engaging eccentric groove 6. Internal 
conduits 12 extend through septa 8 and hub 7 to a central 
rotor core 13 which contains internal conduits and sealing 
means providing liquid flow communication with external 
liquid flow means (not shown). 'An internal conduit 14 opens 
into groove 15 which encircles core 13 at an axial position so 
as-to be'in register with the open ends of conduits 12. Thus, 
zonal fractions moving inward through conduits 12 discharge 
into groove 15, and then flow outward through conduit 14 to 
external liquid flow means (not shown). A second conduit 16 
extends through core 13 and terminates in a groove 17 ad 
jacent the top end of hub 7. Conduit 16 and groove 17 are 
used to insert sample material into the rotor bowl and to pump 
displacing ?uid into the rotor bowl when it is desired to 
recover zonal fractions from the edge of the rotor. Hub 7 is 
provided with ?at faces tapered axially toward the center of 
the rotor bowl to provide a funneling effect when it is desired 
to recover zonal fractions from the center of the rotor bowl in 
accordance with existing practice. 
' In a typical operation of the invention, the rotor bowl is ?rst 
loaded with a liquid of graded density which is pumped into 
the bowl through conduits 14 in central core 13 and conduits 
12 in septa 8. During the loading operation, the rotor bowl is 
rotated at low speed (500—-3Q_00 r.p.m.) causing the liquid to 
form concentric annular “zones” of constant density liquid. 
Septa 8 extend radially through the “zones”, segmenting them 
and reducing mixing between adjacent zones of different den 
sities. After the rotor bowl is ?lled with liquid of graded inten 
sity, a sample to be centrifuged is pumped through conduit 16 
into the center of the‘rotor bowl followed by an overlay of low 
density liquid to move the sample clear of the central hub 7. 
The rotor core is then capped where it extends through top 
bowl segment 2 and accelerated for the actual centrifuging 
operation. When centrifugation has been completed, the rotor 
bowl is decelerated to unloading speed (500—3000 r.p.m._) 
and the rotor contents emptied by pumping low density-dis 
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placing fluid through conduit 16 to the center of the rotor‘ , 
bowl, thereby displacing the rotor contents from the edge of 
the bowl out through conduits 12. The funneling effects pro 
vided by tapered surfaces 4 and 5 and eccentric groove 6 
direct the displaced zonal fractions toward conduits 12 while 
maintaining a high resolution between adjacent zonal frac 
tions. 

EXAMPLE 

In order to demonstrate the operation of the invention, a 
rotor was fabricated substantially as shown in the drawings. 
The internal dimensions of the bowl were 6.2 inches diameter 
at the inner edge of the tapered surfaces 4 and 5, 6.7 inches at 
their outer edge or apex, and 3 inches in height. Tapered sur 
faces 4 and 5 were each inclined about 10° with respect to the 
axis of rotation of the rotor bowl which was vertically 
oriented. A 0.125 inch width eccentric groove was milled into 
the wall of the lower rotor bowl segment to a maximum depth 
of 0.125 inch at the four points of liquid pickup at the ends of 
the septa and to zero depth midway between these points on 
the bowl periphery. The volume of the rotor bowl from the 
beginning of the tapered walls inward was 1100 ml. and a 
volume of 350 ml. was included in the tapered region. 
A typical functionality test was run in which the rotor was 

operated at 5°C and was loaded from the edge during rotation 
at 2500 r.p.m. with an unbuffered sucrose gradient (1000 ml. 
total volume) extending from 17 to 55 weight percent sucrose 
followed by an underlay of 55 percent sucrose to fill the rotor 
completely. A sample consisting of 10 ml. of 1 percent bovine 
serum albumen (BSA) in 8.5 percent sucrose and 2 ml. of al 
cohol-washed ragweed pollen was introduced through the 
center of the rotor. The test mixture of BSA and pollen was 
chosen because it provided two narrow zones, one near the 
center of the rotor bowl and one near its edge. An overlay of 
50 ml. of 4 percent sucrose was added through the center after 
the sample to move the sample out clear of the core. With the 
gradient, sample, and overlay in position, the rotor was ac 
celerated to 10,000 rpm. during a 10 minute interval, and 
then decelerated to 2500 rpm. for unloading. 
The gradient was recovered from the rotor by using distilled 

water pumped to the rotor center in order to displace the 
gradient out through the edge of the rotor. The rotor contents 
were monitored using light having a 260 u wave length with a 
0.2 cm flow cell and were collected in 40 m1. fractions. 
From the experimental data as shown plotted in FIG. 3, the 

starting sample was calculated to be in a zone 1 mm wide 
when initially loaded into the rotor. When the rotor was un 
loaded from its edge, the pollen peak at point A had a calcu 
lated width at half peak height of 1.5 mm, whereas the BSA 
peak at point B was 2.25 mm wide at half height. 
Although a speci?c embodiment has been described as an 

aid in understanding the invention, that description was for il 
lustrative purposes only and should not be interpreted in a 
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4 
limiting sense. For example, the slope of peripheral surfaces 4 

' and 5 may be varied from the 10° value mentioned in the Ex 
ample. Also, eccentric groove 6 and the apex formed by 
tapered peripheral surfaces 4 and 5 can be at an axial position 
other than at the horizontal midpoint shown. The midpoint 
position is preferred, however, since it minimizes the average 
axial displacement of zonal fractions during an unloading 
operation. It is intended rather that the invention be limited 
only by the scope of the appended claims. 
We claim: . . 

l. A bowl-type liquid centrifuge rotor assembly for 
peripherally removing zone fractions of a liquid gradient 
under dynamic conditions comprising: 

a. a rotor bowl having a peripheral wall which is tapered in 
ternally to form a circumferentially extending apex, said 
wall being further recessed along said apex to form a cir 
cumferentially extending groove of varying depth; 
an integral septum body comprising a central hub with 
radially extendingsepta attached thereto disposed within 
said rotor bowl, said septa being tapered along their radial 
extremities to conform with said tapered peripheral wall 
of said rotor bowl, radially extending nipples being pro 
vided on said radial extremities for engaging said groove, 
said central hub and septa being provided with liquid 
passageways extending from the interior of said hub to 
said groove; and 
means for providing external liquid flow communication 

. with said liquid passageways. 
2. The rotor assembly of claim 1 wherein said peripheral 

wall is tapered about 10° with respect to the axis of rotation of 
said rotor bowl. 

3. The rotor assembly of claim 1 wherein the radially outer 
most surface of said groove describes a super elliptical curve. 

4. The rotor assembly of claim 1 wherein said circum 
ferentially extending apex lies in the horizontal midplane of 
said rotor bowl. 

5. The rotor assembly of claim 1 wherein said rotor bowl 
comprises threadably engaged top and bottom bowl segments, 
said top segment having an internal peripheral surface which 
extends downwardly and outwardly, said bottom segment hav 
ing an internal peripheral surface which extends upwardly and 
outwardly. 

6. The rotor assembly of claim 1 wherein said radially ex 
tending nipples engage said groove at its points of maximum 
depth. 

7. The rotor assembly of claim 1 wherein said means for 
providing external liquid flow communication with said liquid 
passageways comprises a core disposed within said hub, said 
core being provided with a circumferential groove positioned 
axially to register with said passageways where they open in 
side said hub and axially extending passageways with one end 
opening [into said circumferential groove. 
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