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ABSTRACT

The partitioning behaviour of ecdysone and 20-hydroxyecdysone in aqueous two-phase systems was characterized. Primary systems
were composed of an ethylene oxide—propylene oxide random copolymer, UCON 50-HB-5100, and dextran T500. The ecdysteroids
were first partitioned in a two-phase system with a UCON-rich upper phase and a dextran-rich lower phase. After the phases had
separated, the upper phase was removed and isolated in a separate container. This UCON solution was placed in a water bath and the
temperature increased above the cloud point of the polymer. This resulted in the formation of a new two-phase system with an upper
water-buffer phase and a lower UCON phase. Ecdysteroids partitioned mainly to the final upper water phase in this new two-phase
system. Therefore, temperature-induced phase separation could be utilized to recover UCON polymer and obtain ecdysteroids in a
water—buffer solution. The partitioning behaviour was manipulated by adding ethanol, sodium chloride or sodium sulphate to the
primary two-phase systems. The recovery of ecdysteroids increased when ethanol was added to the system. In a two-phase system with
an ethanol concentration of 20%, recovery was 73.6% for ecdysone and 85.6% for 20-hydroxyecdysone.

INTRODUCTION

Partitioning in aqueous two-phase systems is a
standard technique for separation and purification
of biomolecules [1-4]. Recently, temperature-in-
duced phase separation has been introduced for en-
zyme purification [5,6]. This technique is possible
because of the relatively low cloud point (50°C) of a
random copolymer of 50% (w/w) ethylene oxide
and 50% (w/w) propylene oxide (UCON 50-
HB-5100). UCON is mixed with either dextran or
hydroxypropyl starch to form an aqueous two-
phase system with an upper UCON-rich phase and
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a lower phase enriched in either dextran or hydrox-
ypropyl starch. When the target enzyme or other
substance partitions to the upper UCON phase, this
phase can be removed and the temperature in-
creased above the cloud point of UCON. This re-
sults in the formation of a new aqueous two-phase
system consisting of an upper water-buffer phase
and a lower UCON-rich phase. Enzymes partition
strongly to the upper phase of this new system, and
the lower UCON phase can be recovered and recy-
cled. The cloud point of UCON can be lowered by
changing the ratio of ethylene oxide—propylene ox-
ide groups or by addition of salts such as sodium
sulphate or sodium chloride.

Ecdysteroids are a group of polyhydroxylated
steroids derived from cholesterol through a variety
of metabolic pathways found primarily in the Ar-
thropoda [7,8]. These are phylogenetically old ste-
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roids [9] that are also found in plants and other
invertebrate phyla [10,11]. Most ecdysteroids are
precursors or metabolites of ecdysone (x-ecdysone:
28,38,14a,22 R,25-pentahydroxy-5--cholest-7-en-
6-one) and 20-hydroxyecdysone (f-ecdysone), the
hormones that regulate the moulting cycle of an-
thropods {7]. 20-Hydroxyecdysone has also been
implicated as a potential sex pheromone in some
Crustacea [12-14]. Commercially, ecdysone and 20-
hydroxyecdysone are important insecticides [15,16].
Recently these steroids have been detected in the
urine of humans parasitized by helminths and ne-
matods [17,18] or suffering from other medical dis-
orders [19]. Consequently, ecdysteroids are medi-
cally important in the diagnosis of some patholog-
ical conditions in humans [19].

Karlson et al. [20] first obtained ecdysones from
silkworm pupae, Bombyx mori, and described the
original extraction and quantification procedures
[21]. Two extraction procedures were described.
One utilized methanol, butanol and light petroleum
(b.p. 65-117°C) in several steps to obtain the desir-
ed compounds, while the other applied hot water
(80-90°C) and butanol. In each, quantification of
the ecdysones was by weight of the residue obtained
in the final step after the solvent, methanol or buta-
nol, was evaporated. Verification of the desired
compound was obtained through a bioassay that
tested its ability to initiate moulting in the pupae of
a dipteran fly, Calliphora erythrocephala [21]. Since
the work of Karlson and Shaaya [21], a few mod-
ifications have been made to the extraction proce-
dures [8,11,22,23]. Methanol remains the primary
solvent and the desired product is obtained after a
number of steps. Detection and quantification of
the ecdysones have become more sophisticated but
increasingly complex and time-consuming [23-27].
The least complex and most sensitive method is the
use of reversed-phase high-performance liquid
chromatography (RP-HPLC) combined with UV
absorption spectrophotometry [11,24,28-30].

One problem with using two-phase partitioning
to purify steroids is that most steroids are insoluble
in water. There have been two previous studies pub-
lished on the partition of steroids [31,32]. Johans-
son and Joelsson [32] partitioned steroids in two-
phase systems composed of polyethylene glycol
(PEG), dextran and N,N-dimethylformamide.

Shanbhag er al. [31] partitioned testosterone, corti-
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sol and oestradiol, both free and bound to hormone
receptor proteins, in a two-phase system composed
of PEG and dextran. It is of interest to note that,
while these steroids are relatively insoluble in water,
they were soluble at low concentrations in an aque-
ous PEG—dextran two-phase system. Ecdysone and
20-hydroxyecdysone are unique among steroids be-
cause they are water-soluble. These molecules are
identical in structure except for substitution of a
hydroxyl group for a hydrogen at position 20 on
20-hydroxyecdysone. This substitution results in
different hydrophobicities for these two molecules,
with ecdysone being the most hydrophobic.

Aqueous two-phase systems offer an inexpensive
and simple method for separation of many biomol-
ecules [33]. A purification scheme for enzymes uti-
lizing temperature-induced phase separation has al-
so been developed [5,6]. By applying this system it is
possible to recover the target molecules in a water
phase free of polymers without additional ultrafil-
tration or dialysis steps. Therefore, application of
an aqueous two-phase system and temperature-in-
duced phase separation eliminates time-consuming
and therefore expensive purification steps previous-
ly necessary to remove any organic solvents used in
ecdysteroid extraction. In addition, separation us-
ing aqueous two-phase systems is a rapid process
that does not require any specialized equipment,
and the ecdysteroid is obtained in an inert aqueous
solution. Therefore, it would be advantageous to
develop a method utilizing this system for detection
and purification of ecdysone and 20-hydroxyecdy-
sone. However, before such a scheme can be devel-
oped, it is necessary to determine how these mole-
cules are distributed in an aqueous two-phase sys-
tem, and how to manipulate the system to achieve
desirable partitioning. With this objective in mind,
the partitioning behaviour of these molecules in
both an initial UCON—dextran system and a new
UCON-water system induced by increasing the
temperature was studied. The systems were also
modified by adding either salt or ethanol or a com-
bination of these two and observing any effect on
the molecules’ partitioning.

EXPERIMENTAL

Chemicals
UCON 50-HB-5100 [monobutyl ether of ethyl-
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ene oxide (EO)-propylene oxide (PO) random
copolymer, EO/PO weight ratio 1:1, M, 4000] was a
kind gift from Union Carbide (New York, NY,
USA). Before use in experiments, UCON polymer
was ultrafiltered using a Filtron ultrafiltration unit
(membrane cut-off 1000 molecular weight) (Filtron
Technology Corporation, Clinton, MA, USA) to
remove contaminants with light absorption at 280
nm. Dextran T500, M, 500 000, was obtained from
Pharmacia (Uppsala, Sweden). All other biochem-
icals were of analytical reagent grade.

Ecdysteroids

Both ecdysteroids were purchased from Sigma
(St. Louis, MO, USA) in crystalline form (>95%
purity). a-Ecdysone, C,,H440s, molecular mass
464.6 (EC 3604-87-3) (1, Fig. 1), was dissolved in
20% methanol and water. f-Ecdysone, C,7H4407,
molecular mass 480.6 (EC 5289-74-7) (2, Fig. 2),
was dissolved in water.

Ecdysteroid concentration was determined pho-
tometrically using a Shimadzu UV-240 double-
beam spectrophotometer. The extinction coefficient
for a-ecdysone was g,50 = 5614 M~ ! cm ™! and for
B-ecdysone g250 = 4478 M~ cm ™! [20].

Two-phase systems and temperature-induced phase
separation

All polymer concentrations were calculated as
weight percentages. The dextran T500 stock solu-
tion was 20% (w/w). The concentration of dextran
was determined by polarimetry using an Optical
Activity AA-10 automatic polarimeter (Optical Ac-
tivity, UK) equipped with a sodium lamp set for 589
nm [2]. UCON stock solution was prepared as fol-
lows: after ultrafiltration, diluted UCON solution
was placed in a water bath at 56°C for 30 min until a
lower, concentrated UCON phase and an upper

Fig. 1. Structure of a-ecdysone (compound 1).
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Fig. 2. Structure of 20-hydroxyecdysone (f-ecdysone; compound
2).

water phase were formed. The lower UCON phase
was isolated and the UCON concentration deter-
mined using an immersion refractometer with an L1
prism (Carl Zeiss, Germany). This concentrated
UCON was diluted to 40% (w/w) and used as stock
solution for all experiments.

Aqueous two-phase systems were prepared from
the above stock solutions of polymers in water.
Polymer solutions were weighed out and mixed
with water, buffer, ecdysteroids and in some cases
salt and/or ethanol. Phase systems were separated
by centrifugation at 125 g for 10 min. The upper
UCON-rich phase was removed and isolated in a
separate container before being placed in a water
bath at 56°C for 15 min. In one set of experiments
(systems with 5% or 10% ethanol), sodium sul-
phate was added to this upper phase to a concentra-
tion of 0.1 M before the temperature increase. In a
second set of experiments, sodium chloride was
added to a concentration of either 0.05 M (systems
with 5% or 10% ethanol) or 0.1 M (system with
20% ethanol) before temperature increase. This
temperature increase resulted in the formation of a
new phase system consisting of an upper water
phase and an aqueous lower phase that was en-
riched in UCON [5,6]. Owing to its high viscosity,
this lower UCON-rich phase was diluted by a factor
of 10 before analysis, while the upper water-rich
phase was analysed without dilution.

Methanol was added to a concentration of 45%
to the lower, dextran-rich phase from the first parti-
tioning step. The methanol caused dextran to pre-
cipitate out of solution, and the tubes were centri-
fuged for 15 min at 200 g. The methanol super-
natant containing the ecdysteroids was removed for
analysis, and the dextran pellet was discarded.
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Two-phase partitioning of ecdysteroids

The partitioning of ecdysteroids between phases
was determined by removing appropriate amounts
from the methanol supernatant after dextran pre-
cipitation, the upper water phase at 56°C and the
lower UCON-rich phase at 56°C, and subjecting
them to RP-HPLC analysis (see below, HPLC anal-
ysis). The concentration in the upper UCON phase
from the first partitioning step was calculated to be
the sum of the amount of ecdysteroids obtained in
the upper and lower phases formed by an increase
in temperature. For all partitioning experiments,
blank systems were made and samples were re-
moved and injected to determine any interference.
The partitioning of ecdysteroids between the two
phases is defined by the partition coefficient, K:

K= C/Cy

where C, and C, are the concentrations of parti-
tioned substance in the upper and lower phases, re-
spectively, under equilibrium conditions [2]. The
distribution ratio, G, is defined as:

G = K(Vi/Vs)

where ¥V, and ¥, are the volumes of the upper and
lower phases, respectively, and therefore G gives the
ratio between total amount of ecdysteroid in each
phase [2].

HPLC analysis

RP-HPLC was used to determine the concentra-
tion of ecdysteroids in all samples [11,24,28-30]. A
Waters Delta Pak C,5 100-A, 150 m X 3.9 mm L.D.
column (Waters Chromatography Division, Tokyo,
Japan) was coupled to a Merck-Hitachi L-6200
pump (Merck-Hitachi, Tokyo, Japan) attached to a
Waters Model 441 absorbance detector with a fixed
wavelength of 280 nm connected to a potentiomet-
ric recorder. Before use, the column was equilibrat-
ed with 60% methanol and water. The flow-rate
was set at 0.7 ml min~?!, and the pressure ranged
between 1680 and 1720 p.s.i. The injection volume
was set at 0.1 ml.

The elution volume and absorption for ecdy-
steroids were determined by injecting o-ecdysone
(1.0 mg ml™*) and B-ecdysone (0.5 mg ml1™ 1), both
separately and in a mixed sample. Elution volumes
were 2.4 ml and 2.2 ml, respectively. Standard peak
heights were 5.1 ¢m for 0.1 mg of «-ecdysone and
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2.9 c¢m for 0.05 mg of B-ecdysone, with the detector
sensitivity set at 0.2 absorbance units.

Blank injections containing no ecdysteroids were
also made with UCON polymer, methanol super-
natant from the dextran lower phase, the upper wa-
ter phase from separation at 56°C- and the lower
UCON phase from separation at 56°C. None of
these solutions eluted at the same volume as the
ecdysteroids.

RESULTS AND DISCUSSION

Partitioning of ecdysteroids in a UCON-dextran
system

Ecdysone (1) and 20-hydroxyecdysone (2) were
partitioned in a two-phase system composed of
5.0% UCON 50-HB-5100, 4.0% dextran T500, and
0.012 M sodium phosphate buffer, pH 7.0 (Table I).
The K value, which reflects the relative affinity of
the compound for the two phases, is affected by
many parameters, including hydrophobic interac-
tions [2,34]. Since UCON is more hydrophobic than
dextran, different partitioning behaviour can be
predicted for the two ecdysteroids, depending on
their hydrophobicity [35]. This trend was not re-
flected in their partitioning in the primary UCON-
dextran system, with KX = 1.12 for ecdysone and
K = 130 for 20-hydroxyecdysone (Table IA).
However, when the upper UCON phase was re-
moved and the temperature increased to 56°C, the
more hydrophobic ecdysone partitioned much
more strongly to the lower UCON phase (K =
0.59) than 20-hydroxyecdysone (K = 1.34), which
was enriched in the upper water phase.

Addition of salt to the two-phase systems increas-
es hydrophobic interactions [36]. To observe this
effect on the partitioning of ecdysone and 20-hy-
droxyecdysone, sodium chloride was added to the
above system to a concentration of 0.04 M. As ex-
pected, this increased the affinity of ecdysone for the
upper UCON-rich phase (K = 1.21), while the par-
tition coefficient for more hydrophilic 20-hydroxy-
ecdysone decreased to 1.14 (Table IB). Partitioning
at 56°C between water and UCON phases for ec-
dysone was relatively unchanged (K = 0.60), while
for 20-hydroxyecdysone the K value decreased to
1.04.

G values, which depend on the volume ratio be-
tween upper and lower phases, were also affected by
addition of salt. This was partly the result of a slight
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TABLE 1
PARTITIONING OF o-ECDYSONE AND g-ECDYSONE (20-HYDROXYECDYSONE)

Primary phase systems: 5.0% UCON 50-HB-5100, 4.0% dextran T500, 1.0 mg of a-ecdysone, 0.5 mg of f-ecdysone and 0.012 M
sodium phosphate buffer, pH 7.0. K and G values at 56°C are for partitioning between the water and UCON phases formed by
increasing the temperature. (A) Primary system wihout sodium chloride added; (B) primary system with 0.04 M sodium chloride added.
Y = percentage yield of ecdysones in the water phase. (A) Volume ratio (V,/V,) at 22°C = 1.8, at 56°C = 11.3; (B) volume ratio (V,/V,
at 22°C = 1.9, at 56°C = 8.25.

Compound K (22°C) G (22°C) K (56°C) G (56°C) Y
(A) Without sodium chloride
a-Ecdysone 1.12 2.03 0.59 6.71 58.4
B-Ecdysone 1.30 2.37 1.34 15.16 65.9
(B) With sodium chioride
a-Ecdysone 1.21 231 0.60 4.99 58.0
B-Ecdysone 1.14 2.17 1.04 8.56 61.3

increase in the volume of UCON phase from 0.3 ml UCON phase, thereby further increasing the hydro-
to 0.4 ml when sodium chloride was added to 0.04  phobicity of this phase. After the UCON and dex-
~ M. The G value for 20-hydroxyecdysone decreased  tran phases had separated, the upper UCON phase
from 15.16 to 8.56 and for ecdysone from 6.71 to  was isolated in a separate container and sodium
4.99. chloride was added to this phase to a concentration
of 0.05 M (Table II). For the 20.0% ethanol system
Effect of ethanol on the partitioning of ecdysteroids sodium chloride was added to this upper phase to
Ecdysone and 20-hydroxyecdysone were parti- 0.1 M (Table III). The addition of salt was neces-
tioned in a two-phase system composed of 6.0% sary in order to obtain phase separation when etha-
UCON, 5.0% dextran T500 and 0.012 M sodium nol had been included in the original two-phase sys-
phosphate buffer, pH 7.0, and either 5.0%, 10.0% tem. This UCON-water—salt solution was placed in
or 20.0% ethanol (Tables II and III). Since UCON  a water bath at 56°C for 15 min to achieve forma-
is more hydrophobic than dextran, ethanol can be tion of a new two-phase system.
expected to partition preferentially to the upper In Fig. 3 the log K values at 22°C for ecdysone

TABLE 11
PARTITIONING OF «-ECDYSONE AND g-ECDYSONE (20-HYDROXYECDYSONE)

Primary phase systems: 6.0% UCON 50-HB-5100, 5.0% dextran T500, 1.0 mg of a-ecdysone, 0.5 mg of B-ecdysone and 0.012 M
sodium phosphate buffer, pH 7.0; 0.05 M sodium chloride was added to the aqueous UCON phase prior to increasing the temperature.
K and G values at 56°C are for partitioning between the water and UCON phases formed by increasing the temperature. (A) Primary
system with 5.0% ethanol added; (B) primary system with 10.0% ethanol added. ¥ = percentage yield of ecdysones in the water phase.
(A) Volume ratio (V/V,) at 22°C = 3.25, at 56°C = 5.5; (B) Volume ratio (V,/V,) at 22°C = 2.60, at 56°C = 4.8.

Compound K (22°C) G (22°C) K (56°C) G (56°C) Y
(A) With 5% ethanol

a-Ecdysone 1.28 4.15 0.17 0.95 39.3

B-Ecdysone 1.04 3.38 0.39 2.17 52.8
(B) With 10% ethano!

a-Ecdysone 1.79 4.72 0.43 2.07 55.6

fB-Ecdysone 1.34 3.54 0.68 3.30 59.9
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TABLE 111
PARTITIONING OF «-ECDYSONE AND $-ECDYSONE (20-HYDROXYECDYSONE)

Primary phase systems: 6.0% UCON 50-HB-5100, 5.0% dextran T500, 1.0 mg a-ecdysone, 0.5 mg of B-ecdysone, 20.0% ethanol and
0.012 M sodium phosphate buffer, pH 7.0; 0.1 M sodium chloride was added to the aqueous UCON phase prior to increasing the
temperature. K and G values at 56°C are for partitioning between the water and UCON phases formed by increasing the temperature.

Y = percentage yield of ecdysones in the water phase. Volume ratio (V,/V,) at 22°C = 4.0, at 56°C = 6.3.

Compound K(22°C) G (22°C) K (56°C) G (56°C) Y
a-Ecdysone 3.01 12.02 0.62 3.94 73.6
B-Ecdysone 3.18 12.72 1.91 12.09 85.6

and 20-hydroxyecdysone obtained from Tables IA,
ITA, IIB and III have been plotted as a function of
ethanol concentration. For ecdysone log K in-
creased from 0.05 with no ethanol to 0.48 with 20%
ethanol. Log K for 20-hydroxyecdysone exhibited a
different tendency, first decreasing with 5% ethanol
(log K = 0.02), then increasing to 0.50 when 20%
ethanol was included in the system. The different

partitioning behaviour of ecdysteroids with 5% eth-
anol most likely reflects their different hydropho-
bicities. While ecdysone was drawn more strongly
into the hydrophobic UCON phase, 5% ethanol
had much less effect on 20-hydroxyecdysone, even
pushing it slightly more into the hydrophilic dex-
tran phase. However, as the concentration of etha-
nol was raised this effect diminished, with both

0.6 T g T T

Log K 22°C

% Ethanol (w/w)

Fig. 3. Effect of ethanol concentration on the partioning at 22°C of a-ecdysone (A ) and f-ecdysone (O). Two-phase systems containing
ethanol were composed of 6.0% UCON 50-HB-5100, 5% dextran T500 and 0.01 M sodium phosphate buffer, pH 7.0. The system
without ethanol was 5.0% UCON 50-HB-5100, 4.0% dextran T500 and 0.01 M sodium phosphate buffer, pH 7.0. Data were obtained
from Tables IA, IIA, IIB and III
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ecdysteroids being drawn increasingly into the up-
per UCON-rich phase.

In Fig. 4 log K values from Tables IB, IIA, IIB
and III for the partition of ecdysone and 20-hydrox-
yecdysone at 56°C have been plotted as a function
of ethanol concentration. At 56°C it is harder to
determine the effect of ethanol on the partitioning
of ecdysteroids owing to addition of salt to this up-
per phase. Partitioning of both ecdysteroids at 56°C
to the UCON-rich phase increased dramatically
with the addition of 5% ethanol (log K = —0.77
for ecdysone and —0.41 for 20-hydroxyecdysone),
while further addition of ethanol increasingly
pulled them into the upper water—ethanol-buffer
phase. At 20% ethanol the partition coefficient at
56°C for 20-hydroxyecdysone was higher (log K =
0.28) than when no ethanol had been added (log K
= 0.02). For ecdysone the two values were roughly
equal, with log X = —0.22 when no ethanol was
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present and log K = —0.21 when 20% ethanol was
included in the system. This result was consistent
throughout the experiments, with the more hydro-
phobic ecdysone displaying a greater affinity for the
UCON phase than 20-hydroxyecdysone.

The yield of ecdysteroids was calculated from the
amount of ecdysteroid recovered in the upper water
phase after separation at 56°C. For the phase sys-

~tem without ethanol or salt added, the yield of ec-

dysone was 58.4% and of 20-hydroxyecdysone
65.9% (Table TA). Addition of sodium chloride to
the system lowered the yield of ecdysone to 58.0%
and of 20-hydroxyecdysone to 61.3% (Table IB).
When 5% ethanol was included in the system the
yields of ecdysone and 20-hydroxyecdysone were
39.3% and 52.8%, respectively (Table IIA). In-
creasing ethanol to 10% increased the yield for ec-
dysone to 55.6% and for 20-hydroxyecdysone to
59.9% (Table IIB). The best yield of both ecdysones

04

0.2 1

Log K 56°C

% Ethanol (w/w)

Fig. 4. Effect of ethanol concentration on the partitioning at 56°C of a-ecdysone (A ) and S-ecdysone (O). Primary systems were the
same as described in Fig. 3. Sodium chloride was added to the removed upper phase from primary separation before increasing the
temperature. The salt concentrations were as follows: 0.04 M, upper phase from primary system with no ethanol; 0.05 M, upper phase

from primary systems with 5% and 10% ethanol; 0.1 M, upper phase from primary system with 20% ethanol. Data were obtained from
Tables IB, I1A, IIB and III.
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was obtained in a system which included 20% etha-
nol where recovery for ecdysone was 73.6% and for
20-hydroxyecdysone 85.6% (Table III).

Addition of sodium sulphate to two-phase systems
containing ethanol

Adding a salt containing a divalent anion, sodi-
um sulphate (0.1 M), to the upper UCON-rich
phase before increasing the temperature had an ef-
fect on the partitioning of ecdysteroids. Partitioning
experiments were carried out in systems containing
either 5% or 10% ethanol (Table IV). In the system
with 5% ethanol, K at 56°C was 0.25 for ecdysone
and 0.46 for 20-hydroxyecdysone. K values at 56°C
for the system with 10% ethanol were lower (K =
0.26 for ecdysone and 0.52 for 20-hydroxyecdys-
one) than in a system with 10% ethanol and sodium
chloride (K = 0.43 for ecdysone and 0.68 for 20-
hydroxyecdysone, Table I1IB). These results reflect
an increased hydrophilicity of upper water—salt
phases at 56°C when sodium chloride was replaced
with sodium sulphate. The yield of ecdysteroids was
also fairly low in systems containing sodium sul-
phate. With 5% ethanol the yield was 47.7% for
ecdysone and 56.2 for 20-hydroxyecdysone. In-
creasing the ethanol concentration to 10% had little

TABLE IV

PARTITIONING AT 56°C OF «-ECDYSONE AND B-EC-
DYSONE (20-HYDROXYECDYSONE)

Primary phase systems: 6.0% UCON 50-HB-5100, 5.0% dextran
T500, 1.0 mg of a-ecdysone, 0.5 mg of f-ecdysone and 0.012 M
sodium phosphate buffer, pH 7.0; 0.1 M sodium sulphate was
added to the aqueous UCON phase prior to increasing the tem-
perature. K and G values at 56°C are for partitioning between the
water and UCON phases formed by increasing the temperature.
(A) Primary system with 5.0% ethanol added; (B) primary sys-
tem with 10.0% ethanol added. ¥ = percentage yield of ecdy-
sones in the water phase. (A) Volume ratio (V,/V,) at 56°C =
5.3; (B) volume ratio (V/V,) at 56°C = 4.4.

Compound K (56°C) G (56°C) Y
(A) With 5% ethanol
a-Ecdysone 0.25 1.35 47.7
f-Ecdysone 0.46 2.46 56.2
(B) With 10% ethanol
«-Ecdysone 0.26 1.16 46.4
B-Ecdysone 0.52 2.32 58.6
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effect on total recovery of ecdysteroids, with yields
of 46.4% for ecdysone and 58.6% for 20-hydrox-
yecdysone.

Purification scheme for ecdysone and 20-hydroxyec-
dysone

The results obtained in partitioning these ecdy-
steroids show that it would be possible to purify
them using temperature-induced phase separation.
A purification scheme for enzymes using this tech-
nique has already been developed [5,6]. In these
studies it has been shown that in an initial UCON-
dextran or UCON-hydroxypropyl starch phase
system most proteins, cell particles and other cell
debris partition strongly to the lower phase, leaving
an upper UCON phase with little contamination.
Based on these findings, it can be expected that
when a cell homogenate containing ecdysteroids is
added to a UCON-dextran or UCON-hydroxy-
propyl starch two-phase system the ecdysteroids
will partition to the upper UCON-rich phase, while
most proteins and other macromolecules will parti-
tion to the lower dextran-rich or hydroxypropyl
starch-rich phase. Also, addition of ethanol to the
phase system should increase this effect, as in-
creased hydrophobicity of upper UCON-rich phase
would push hydrophilic biomolecules even more in-
to the lower phase at 22°C and draw the hydropho-
bic ecdysteroids more into the UCON upper phase.
This will result in even greater purification of ecdy-
steroids. The lower dextran or hydroxypropyl
starch phase goes to waste. The upper UCON phase
is removed and placed in a water bath at 56°C for 15
min. This temperature increase forms a new two-
phase system with an upper water—buffer phase and
a lower, highly viscous UCON phase. Ecdysteroids
which are recovered in this water phase can be used
without further purification. The lower UCON
phase is recovered and can be used for future ex-
tractions. A system composed of 6.0% UCON 50-
HB-5100, 5.0% dextran T500, 20% ethanol and
0.012 M sodium phosphate buffer, pH 7.0, shows
greatest promise as a possible purification tech-
nique for these ecdysteroids (Table III). K values
were the highest observed at both 22°C and 56°C.
The percentage recovery (vield) in the final water—
buffer phase was also very high, 73.6% for ecdysone
and 85.6% for 20-hydroxyecdysone. The present
purification techniques use high concentrations of
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organic solvents and repeated extractions, with nor-
mal yields of 50-80% [25,28]). However, this study
shows that a high yield and purity of ecdysteroids
can be achieved by using an aqueous two-phase sys-
tem combined with temperature-induced phase sep-
aration.

CONCLUSIONS

It is possible to partition water-soluble ecdy-
steroids in an aqueous two-phase system composed
of UCON 50-HB-5100 and dextran T500. The use
of temperature-induced phase separation allows
these molecules to be recovered in an aqueous phase
composed of water and buffer that is free of poly-
mers or other contaminants. Since the ecdysteroids
are recovered in a water—buffer phase virtually free
of contaminants or organic solvents, it should be
possible to use them without further purification.
The high level of ecdysteroids recovered, 73.6% and
85.6% for a-ecdysone and f-ecdysone, respectively,
would allow their detection even when present in
small quantities. For these reasons, the use of aque-
ous two-phase partition combined with temper-
ature-induced phase separation offers great poten-
tial as either an analytical or preparative technique
for ecdysteroids.

The partitioning behaviour of ecdysteroids in
both the primary phase system and in the new tem-
perature-induced system can be manipulated by ad-
dition of salt or ethanol. Because of their different
hydrophobicities, addition of a small amount of salt
or ethanol had a different effect on the partitioning
behaviour of ecdysone and 20-hydroxyecdysone.
The distribution of the molecules seemed to be
influenced by hydrophobic interactions with the up-
per UCON-rich phase in the primary system and
with the lower UCON-rich phase at 56°C. In almost
all instances, the more hydrophobic ecdysone parti-
tioned more strongly to the UCON-rich phases
than did 20-hydroxyecdysone.

ACKNOWLEDGEMENTS

Thanks to Dr. Gote Johansson for many long
and fruitful discussions. The authors gratefully ac-
knowledge the generous financial support of The
Swedish Fulbright Commission, The University of
Alabama in Huntsville Mini-Grant Program and

213

The Swedish National Board for Industrial and
Technical Development (NUTEK).

REFERENCES

1 H. Hustedt, K. H. Kroner and M. R. Kula, in H. Walter, D.
E. Brooks and D. Fisher (Editors), Partitioning in Aqueous
Two-Phase Systems, Academic Press, New York, 1985, p.
529.
P.-A. Albertsson, Partition of Cell Particles and Macromole-
cules, Wiley, New York, 3rd ed., 1986.
3 G. Johansson, in J.-C. Janson and L. Rydén (Editors), Pro-
tein Purification: Principles, High-Resolution Methods and
Applications, VCH Publishers, New York, 1989, p. 330.
4 H. Walter and G. Johansson, Encycl. Human Biol., 1 (1991)
355.
P. Harris, G. Karlstrom and F. Tjerneld, Bioseparation, 2
(1991) 237.
6 P. A. Alred, F. Tjerneld, A. Kozlowski and J. M. Harris,
Bioseparation, 2 (1992) 363.
P. Karlson, Naturwissenschaften. 53 (1966) 445.
8 H. H. Rees and R. E. Isaac, Methods Enzymol., 111 (1985)
377.
9 D. Buckmann, G. Starnerker, K. H. Tomaschko, E. Wil-
helm. R. Lafont and J. P. Girault, J. Comp. Physiol., B156
(1986) 759.
10 M. W. Raynor, J. P. Kithinji, I. K. Barker, K. D. Bartel and
I. D. Wilson, J. Chromatogr., 436 (1988) 497.

11 I. D. Wilson, E. D. Morgan and S. J. Murphy, 4nal. Chim.
Acta, 236 (1990) 145.

12 J. S. Kittredge and F. T. Takahashi, J. Theor. Biol., 35 (1972)
467.

13 P. Dunham, J. Biol. Rev., 53 (1978) 555.

14 R. A. Gleeson, M. A. Adams and A. B. Smith III, Chem.
Ecol., 10 (1984) 913.

15 I. Kubo, J. A. Klocke and S. Asano, Agric. Biol. Chem., 45
(1981) 1925.

16 1. Kubo, J. A. Klocke and S. Asano, J. Insect Physiol., 29
(1983) 307.

17 P. Nirde, M. de Reggi, G. Tsoupras, G. Torpier, P. Fes-
sancourt and A. Capron, FEBS Lett., 168 (1984) 235.

18 J. Koolman and H. Moeller, Insect Biochem., 16 (1986) 287.

19 B. Gharib, S. Baswaid, M. Quilici and M. de Reggi, Clin.
Chim. Acta, 199 (1991) 159.

20 P. Karlson, H. Hoffmeister, W. Hoppe and R. Huber, Justus
Liebigs Ann. Chem., 662 (1963) 1.

21 P. Karlson and E. Shaaya, J. Insect. Phys., 10 (1964) 797.

22 J. E. Wright and B. R. Thomas, J. Lig. Chromatogr., 6 (1983)
2055.

23 1. Kubo and S. Komatsu, 4gric. Biol. Chem., 51 (1987) 1305.

24 1. D. Wilson, C. R. Bielby, E. D. Morgan and A. E. M.
McLean, J. Chromatogr., 194 (1980) 343.

25 1. D. Wilson, S. Scalia and E. D. Morgan, J. Chromatogr.,
212 (1980) 211.

26 1. Kubo and S. Komatsu, J. Chromatogr., 362 (1986) 61.

27 M. Zhang, M. J. Stout and 1. Kubo, Phytochemistry, 31
(1992) 247.

28 R. Lafont, J.-L. Pennetier, M. Andrianjafintrimo, J. Claret,
J. F. Modde and C. Blais, J. Chromatogr., 236 (1982) 137.

N

o

-



214

29 R. E. Isaac, N. P. Milner and H. W. Rees, J. Chromatogr.,
246 (1982) 317.

30 S. Scalia and E. D. Morgan, J. Chromatogr., 346 (1985) 301.

31 V. P. Shanbhag, R. Sédergird, H. Carstensen and P.-A. Al-
bertsson, J. Steroid Biochem., 4 (1973) 537.

32 G. Johansson and M. Joelsson, J. Chromatogr., 464 (1989)
49,

33 K. H. Kroner, H. Hustedt and M.-R. Kula, Process Bio-
chem., 19 (1984) 170.

P. A. Alred et al. | J. Chromatogr. 628 (1993) 205-214

34 D.E. Brooks, K. E. Sharp and D. Fisher, in H. Walter, D. E.
Brooks and D. Fisher (Editors), Partitioning in Aqueous
Two-Phase Systems, Academic Press, Orlando, FL, 1985, p.
1.

35 M. Carlsson, P. Linse and F. Tjerneld, Macromolecules,
(1992), in press.

36 G. Johansson, J. Biotechnol., 3 (1985) 11.



