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SEPARATION OF PROTEINS USING 
AQUEOUS TWO-PHASE SYSTEMS IN ECCENTRIC 

MULTI-LAYER COIL PLANET CENTRIFUGE 

XIA LEI AND JAMES T. HSU* 
D e p a m n t  of Chemical Engineering 

Lehigh University 
Bethlehem, Pennqlvania 1801 5 

ABSTRACT 

The performance of the eccentric coil planet centrifuges foi 
separating proteins has been tested using polyethylene glycol 
(PEG)/potassium phosphate/water two-phase systems. The dependency uf 
the separation efficiellcy on the flow rate of mobile phase and the rotational 
speed of centrifuge has been studied in the present investigation. The. 
resolution of peaks is decreased with the increase of flow rate of mobilr 
phase and is increased up to a maximum with the increase of rotational 
speed. The results of this study demolistrate that the eccentric coil p1anc.r 
centrifuge is useful for separation of proteins with aqueous two-phaac, 
systems. 

INTRODUCTION 

Aqueous two-phase systems have been discovered since 1896 ant1 

have been studied in detail by P. A. All>ertsson(1v2) Such systems appeared 
suitable for separating biological materials with the main advantages of high 
biocompatibility, good resolution and activity yield, and easy of scale-ul). 
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2802 LEI AND HSU 

Sonie fundamental studies of biomolecule partitioning in aqueous two-phaw 
systems were published s ~ m e w h e r e ( ~ ~ ~ ) .  The attempts to use the aqueoii5 
two phase systems in conjunction with high-speed countercurrelit 
chrc,matography have been made for separating proteins('). Several kinds of 
efficient coil planet centrifuges invented and developed by Dr. Y. Ito haw 
beeii commercially available(6). The present study concentrates on 
invehgation of the performance of eccentric coil planet centrifuge foi 

protein separation using PEG/potassiuni phosphatelwater two-phaw 
systt.~ns(~). A series of experiments was conducted to determine phaw 
stability, back pressure, stationary phase retention and separation efficiency 
by varying the rotational speed and the mobile phase flow rate. 

EXPERIMENTAL 

Two models of eccentric multi-layer coil planet centrifuge, CCC- 
1000 and CCC-800, made by Pliarnia-Tech Research Corp., Baltimore, MD, 
U.S.\. are used in present studies. The rotary frame of CCC-1000 holds 
threc column holders placed 120" from each other at a distance of 76 mi11 

from the central axis of tlie centrifuge. Each holder symmetrically support5 
eight identical columii units at a distance of 35 mm from tlie holder axi4. 
Thus, the ratio of the planet radius to tlie orbital radius, p, is 0.46 within 
the iaiige of suitable functioning. Each column unit is made of 2.6 mm I.D. 
polyt etrafluoroethylene (PTFE) tubing by winding it onto a metal rod with 
a diameter of 5 mm forming two coiled layers. There are 40 helical turns foi 
each rod and tlie total number of turns in the whole column in CCC-1000 is 
960. The total capacity of the entire column measured 110 ml. The 
rotational speed of CCC-1000 ranges from 0 to 1000 rpm (85xg). Tlir 
structure of model CCC-800 is similar to that of CCC-1000. Three coil 
holdrrs are held on the rotary frame at a distance of 102 mm from thv 
cent1 tl axis of the centrifuge. Ten identical column units were mounted 
symiiietrically around each coil holder at a distance of 45 nim from tlic 
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TABLE 1. Phase Conipobitions of Systems Used in tlie Present Studkc 

Pliase Compositions (% w/w) 
System Total System Upl~er Phase Lower Pliase 

PEG Phosphate PEG Phosphate PEG Phosphate 

pH 7.0 10.1 10.9 22.3 5.1 1.0 13.7 
pH 5.5 13.7 12.3 l G . G  11.8 2.2 19.3 

holder axis. Thus, tlie ;3 is 0.44. Tlierr are 50 helical turns made of 2.6 iiiiii 

I.D. PTFE tubing with a S niiii lielical diameter in each cohiiiiii unit. Tlic. 
total number of helical turns in tlie wliolr column in model CCC-800 is 15Orl 
and tlie capacity of the coluniii is 431) nil. Thr  revolution speed of CCC-SOO 
ranges from 0 to SO0 r p i i  (73 x 9 ) .  

A Milton Roy h$iiiiPump was iiscd to piimp t,lirl soliitioiis. ;ti1 LI<U 
U V  detector (2238 CL'ICORD S 11) to iiioiiitor the absorbance ant1 ail LICU 
2210 recorder to record the cliromat,ograiii. 

Reagents 

PEG 3.400, clibasic- ant1 iiionoliasic potassium phospliate (K2HP0, ,  

itnd I<H,P04) and liydrocliloric acid wrrr pmcliasrd froni .4ldrich Clieinic;l 

Compaiiy. Inc.. h4il\vaiikre, WI. U.S.A. Bovine serum allmiiiii (BSA)  i t l l l  

lysozyriie wrre obtainrd froin Signia Clieniical Conipany. S t .  Loiiih. MO 
U.S.A. 

I 

Piocetlure 

Tlie pliast. conipositioiis ant1 pH values of the PEG 3.400/potassiiiiii 

pliospliate/water tivo-pliase systems enil)loycd i n  the present studies i u , '  

listed in Table 1. Tlir system of IJH i .0  mas prepared 11y dissolving 101 g ( . I  
PEG 3,400. 70.35 g of K2HP04 aiitl 3S.G5 g of I<H2P04 ill 790 g of clistillc~l 
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TABLE 3. The Resolution of Peaks and the Retention of Stationary Phase 
Using System of pH 7.0 in Model CCC-1000 

Rotation Flow Rate Back Pressure Retention Resolu t ioii 
(rpm) (ml/hr) (psi) (%I 

200 45 
600 45 
800 45 

1000 45 

10 25 0.22 
30 35 0.83 
45 37 0.86 
50 37 0.88 

1000 22.5 50 38 0.87 
1000 45 50 37 0.88 
1000 90 50 26 0.37 

TABLE 4. The Resolution of Peaks and the Retention of Stationary Phaso 
Using System of pH 7.0 in Model CCC-800 

Rot at ion 
(rpm) 

Flow Rate Back Pressure 
(ml/hr) (Psi) 

Retention Resolut ioii 
(%I  

200 
400 
500 
600 
800 

600 
600 
600 
600 

115 
115 
115 
115 
115 

42 
80 

115 
152 

32 
55 
70 
85 

125 

85 
85 
85 
85 

33.8 
32.9 
30.5 
27.7 
27.2 

37.0 
30.4 
27.7 
24.3 

0.51 
0.86 
0.87 
0.82 
0.64 

1.30 
0.92 
0.82 
0.71 

polypropylene centrifuge tube containing 5 ml each of upper and lowri 
phases. The phases were thoroughly equilibrated with the sample at rooin 

temperature. The protein concentrations in the upper and lower phases werr 
determined by measuring UV absorbance at 280 run using a Shimadzu UV- 
Vis Spectrophotometer. The partition coefficients (K) were obtained b y  
dividing the absorbance of the upper phase by that of the lower phase. 
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Fig. 1 Separation of BSA and Lysozyme with Different Flow Rate 
by CCC-1000 Using System of pH 7.0 

RESULTS AND DISCUSSION 

Perforinence of two solvent systems composed of PEG 
3,4OO/potassium phosphate/water were tested in two models of eccentric coil 
plauet centrifuge with a wide range of rotational speeds and flow rates. The 
p1ia.e stability is remarkable and the noise level is very low when the PEG- 
rich upper phase was used as the stationary phase and the effluent WAS 

c0oL.d just prior to entering the monitor cell. The experimental conditions 
and the results obtained by CCC-1000 and CCC-800 using the solveilt 
systlm of pH 7.0 are summarized in Tables 3 and 4. Figs. 1, 2, 3 and 4 show 
the chromatograms of BSA and lysozyme obtained at various flow rates d' 
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Fig. 2 Separation of BSA and Lysozyiiie with Different Rotational Speed 
by CCC-1000 Using System of pH 7.0 
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Fig. 3 Separation of BSA and Lysozyme with Different Flow Rate 
by CCC-800 Using System of pH 7.0 
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Fig. 4 Separation of BSA a d  Lysozynie with Different Rotational Speed 
by CCC-800 Using System of pH 7.0 
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28 10 LEI AND HSU 

mobile phase and rotational speeds. In the figures, the zero on the time axis 

is the moment of sample injection. The chromatograms demonstrate thitt 
thi. peak resolution between BSA and lysozyme varies with both tlie 
rotational speed and flow rate. In some conditions, such as at a rotational 

spt.ed of 600 rpm and a flow rate of 42 ml/hr. in model CCC-800 (Fig. 3, 
bor.tom), the two proteins were completely resolved. 

The retention of the stationary phase in the column is expressed by thr 
volume percentage of the stationary phase retained in the column. As showii 
in Figs. 5 ,  6, 7 and 8, at a constant rotational speed, the retention decreases 
with an increased flow rate of the mobile phase in both models. When tlie 
rotational speed is increased at  a constant flow rate, however, the retention 
del.reases in CCC-800 and increases in CCC-1000. 

The resolution of two peaks froin each other is calculated according 
to Iche conventional chromatographic forniula 

whibre At is the distance between the peaks measured at  the peak maximuin 
while W, and W, are the widths of the peaks expressed in the same unit of 
time or volume as At.  The results are shown in Figs. 9, 10, 11 and 12. 111 
both models, the peak resolution is highest at the lowest flow rate of rnobilv 
phase tested and sharply reduces with the increased rate at a constaiit 
rotdioual speed. The tests were perforined in a wide range of rotationd 
spe1.d from 200 rpm to the maximum of 1000 and 800 rpm for CCC-1000 
and CCC-800, respectively. The resolution is poor at lower rotational spew1 
sucli as 200 rpm in both models. As the rotational speed is increased, tliv 
rescjlution increases monotonously up to the maximum at the highest speed 
of 1000 rpm in model CCC-1000. In model CCC-800, however, an optiiiml 
spec d is found around 500 rpm for maximum resolution. The resolutioii 
deci eases with further increase of the rotational speed. 

It seems that the retention of the stationary phase is one of tlir 
mosr. important parameters on performance of planet centrifugal 
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Fig. 5 Stationary Phase Retention vs. Flow Rate 
in CCC-1000, pH 7.0 
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Fig. 6 Stationary Phase Retention vs. Rotational Speed 
in CCC-1000, pH 7.0 
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Fig. 7 Stationary Phase Retention vs. Flow Rate 
in CCC-800, pH 7.0 

Fig. 8 Stationary Phase Retention vs. Rotational Speed 
in CCC-SOO, pH 7.0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ECCENTRIC COIL PLANET CENTRIFUGE 

1 .o I 

0 
0.8 - 

0.6 - - 

0.4 - 

0.2 - Flow Rate :  45 rnl/hr. - 

0.0  I , 

2813 

1 .o 

0.8 

K 
.9 0.6 
-cI 
3 
0 
m 

[li. 

- 
I3 0.4 

0.2 

0.0 

Rotational Speed: 1000 rpm 

0 20 40 60 80 100 
Flow Rate (ml/hr.) 

Fig. 9 Resolution vs. Flow Rate in CCC-1000, pH 7.0 
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Fig. 11 Resolution vs. Flow Rate in CCC-500, pH 7.0 
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Fig. 12 Resolution vs. Rotational Speed in CCC-1000, pH 7.0 
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300 400 
TIME ( min.) 

Fig. 13 Separation of BSA and Lysozyme with Different Flow Rate 
by CCC-800 Using System of pH 5.5 

TABLE 5. The Resolution of Peaks and the Retention of Stationary Phnw 
Using System of pH 5.5 in Model CCC-800 

Rotation Flow Rate Back Pressure Retention Resolutioii 
( r P 4  (ml/hr) (Psi) (%I 
600 115 
600 152 

60 24.8 3.07 
65 19.7 3.04 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2816 LEI AND HSU 

countercurrent chromatography. The peak resolution is strongly dependelit 
on the retention of the stationary phase. The higher the retention is, tlie 
higlier resolution is obtained regardless of tlie applied flow rate or rotational 
specd except at low rotational speeds such as 200 rpm in CCC-800. 

The chromatograms obtained using the solvent system of pH 5.5 iii 
CC(2-800 are shown in Fig. 13 and tlie experimental conditions and R, 
vahies are listed in Table 5. The partition coefficient of lysozyme changc~s 
witlt the pH value, from 0.36 at pH 7.0 to 3.68 at pH 5.5 while that of BSX 
remains almost unchanged. Consequently, the separation factor of lysozymc. 
ovei BSA is much higher in the system of pH 5.5 than that in the system of 
pH 7.0. This higher separation factor results in the base line separation uf 

these two proteins even at the flow rate being as high as 152 ml/hr. The 
results indicate that the eccentric coil planet centrifuge is capable of 

performing preparative separation of proteins in aqueous two-phase systems. 

CONCLUSIONS 

The eccentric multi-layer coil planet centrifuge is successfully used 
for separating proteins with aqueous two-phase systems. Stable retention of 
the 5tationary phase is obtained when the more viscous phase with 1iighc.r 
affinity to the tube wall, such as the PEG-rich upper phase of PEG/salt 
systc ins, is used as stationary phase. The separation efficiency is generally 
dependent on the two major parameters, i.e., the flow rate of mobile phase 
and r,he rotational speed of the centrifuge, both via retention of stationaiy 
phascs in the coils. At a constant rotational speed, increasing the flow rate of 

mobile phase will decrease the retention, so that the resolution of solutv 
peak. will be reduced. At a constant mobile phase flow rate, an increased 
rotational speed improves tlie peak resolution to reach the maximum level. 
Furtl ter increase of the rotational speed, however, results in no significant 
change or decrease of the resolution. 
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