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Proteins, such as ovarb'rnin, alburnin, cycocirom. c or a chromobacter
r ipase were added to either the upper or lower phase of a pEG 6000, Dexcran
1500 syscem, and che phases placed careful ly in contact. Diffusion processes
and incerfacial accumuration were then observed-by using rhe opcical ' ."""; i ; ;
system of an MSE cencriscan ulcracentr i fuge run " i  ro, ipeeds. The overal l
process vas one of sinpre dif fusion, though in such comprex syscems movement
up the procein concentracion gradient can occur and was observed.
Incerfacial accumulation roughly in accord with expeccation based on a siraple
interfaciaL tension theory was also seen.

INIRODUCTION

The phenornenon of incompatibre phase separacion is knom and largely
underscood. Tompa for exanple gave a ful l  cheorecical descript ion in r-gso
t 1 t  .

_ Since then ogston and coworkers over a long period applied the concep.s
o f  coexc lus ion  to  b io log ica l  macromolecu les ,  par t i cu la r ly^hya lu ron ic  ac i i  andre la ted  carbohydra tes .  Th is  resu lced in  rheorec icar  de . , r ! lopmencs  [2 ,3 ]  and
an ar 'rareness of the role thac coexclusion can play in che funccional
p r o p e r c i e s  o f  b i o l o g i c a l  m a c r o m o l e c u l e s  [ . . g .  A J .

More recenEry i t  1ed co an inceresting insight inco che way in which
coexc lus ion  can a f fecc  the  d i f fus ion  o f  macromolecu les  in  macr lces  t5 ,61 .Racher unexpecEedly dif fusion can be greater in che presence of a matrix chan
in  i cs  absence in  p roper ly  chosen cond i r ions  [7 ] .

rn  a  d isE inc t  l ine  o f  invesr igac ion ,  A lbercsson and coworkers  Ig ]  used
rnult iple aqueous phase systems for the purif icat ion and isolacion of both
macromolecules and cel l  fragments.

Despite al l  this there has been alrnosc no work on the evenEs at the
lrater-water interface. This is surprising since i t  wourd appear co offer
excel lent opporcunit ies to moder biorogicit ly signif icant sysrems.
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Whi le  i c  i s  un} ike ly  chat  any  b io log ica l  s icuac ion  occurs  where  cwo
phases  are  produced by  coexc lus ion  (w i th  the  poss ib le  excepc ion  o f  mob i l i sed
seed proce in  bod ies [9 ] ) ,  membranes a lnosc  a lways  separaEe tv ro  aqueous phases .
Thus Ehe water-wat.er interface provides a locus, at Ehermodynamic
equil ibr iurn, in which synchecic rnembranes could be examined.

Numerous processes of biocechnologi.cal inceresc involve che movement of
proteins cowards, into and chrough matrices- The production of immobil ised
enz)rmes, biosensors, and che use of mulciple phase separation i tself  al1
invorve a dif fusion scep. Horeover, there is often a naErix, or at leasc a
concencrated solut ion co be penecrated.

There are few prewious studies bearing on this. England and Nazarian
[10] measured the dif fusion rate of r ibonuclease and concluded chat the
interface was freely penecrated near the cricical poinc composicion.

shanbhag [11] made sorne transfer race measuremenc on proceins in pEG-
dextran systems in scirred cel ls, and found a relat ionship becween parcicion
coeff icients and transfer race. Meares [12] has recently analysed interphase
diffusion in terms of scagnant layers. wells [6] and l ,aurent et al [7] irave
developed ideas abouc dif fusion to account for events ac unstable layers,
while Linde If3] has considered two imraiscible f luids.

EPERIHE}ITAL

I.Ie measured the concentrat ion profi le by using che scanning opcical
systen of an MSE cenc.r iscan ulcracencrifuge. t le loaded 0.22 nL of lower
phase folrowed by che same volume of cop phase inco the 10 mm celr.  Ac rhe
posit ion of the incerface che cross sectional area was 25.9 urm2. The rotor
was run aC 4000 rpm ar 25' which should produce no signif icanC
sedimentacion. Appropriate blanks were included, nainly che two phases wich
no added protein.

Mosc experiments vere done in the two phases produced by mixing 5 g of
PEG 6000 (BDH Biochernicar grade, wich los 280 nm absorbance) 5.3 g of 6"*cr".,
T500 (Pharmacia) wich 100 nr of 50 mrn sodi 'rn phosphace pH 7. efcer
equil ibracion phases were separated -and protein added ro the appropriare
phase. Proceins were obtained frour Sigma, FITC derivatives frorn Molecular
Probes  L td ,  except  l ipases  and Fr rc  l ipases ,  wh ich  were  prepared as  descr ibed
e l s e w h e r e  [ 1 6 ] .

surface cension measurenenc (we thank Dr J. Mead) by the spinning drop
method was 0 .09  +  0 .03  x  ap  (abouc  0 .03)  so  char  che in te r fac ia l . . , . igy  r " .
0 . 0 0 2 7  -  0 . 0 0 3 6  e r g .  c m - z .

RESI]LTS

Transient crater fluxes

I ' Ie I l s  [5 ]  has  recenc ly  p roposed a  cheory  to  descr ibe  d isequ i l ib r ia  due co
diffusion in moderacely concentrated polymer sorucions. Alchough this was
incended fo r  layered so luc ions ,  i t  can  a lso  be  appr ied  co  quacernary  cwo-
phase sys tems.

considerable transienc water f lux -*-ould be expected and, as is shown in
Fig. 1, complex steps in the concentracion gradiencs formed. These gradually
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Absorbance
492 nm

Fig.  1 Concentrat ion prof iTes measured in three cel ls  run
simuTtaneously.  The lowesc,  contro l  t race,  contained no
procein.  The oChers are for  f luorescein 7abel led bovine
serum albumin at 7 ng/nl in either the upper or Tower phases

c1

where c, is che incerfacial concentracion, c, the burk phase concentrat ion
equ i l ib r ium,  and r '  the  incer fac ia l  cens ion  in  the  absenc"  o f  p roce in .

Th is  p red ic ts  va lues  o f  3 -4*  fo r  the  in te r fac ia l  excess  concents rac ion ,
found for alburnin and ovalbumin. cytochrorne c and the ripase gave higher
values, buc of the correcc order of rnagnicude.

disappeared, and after about 3 days equil ibr iurn was reached, and iE was
possible to assess che magnitude of che interfacial accumulation.

The init ial  transienc f luxes !/ere as)nmetric, and were greater vrhen
protein was init ial ly in the lower phase than when i t  was in che upper phase.
Predialysis alrnost compJ-ecely el iminated Ehern: in this, both pt"se.,
concaining protein were inside the sac, and both phases with no protein were
oucside che sac. After diarysis co equil ibr ium, which would resulr in a
snar l  hydroscat ic  p ressure  d i f fe rence,  che proce in -conta in ing  phases  f rom
inside the sac were placed in contacc r.r i th che corresponding phase from
ouCs ide

Simpl i f i cac ion  o f  che  in te r fa . r . t  . " " r * , r1a t ion  theory  descr ibed by
Albercsson [8 ]  Ieads  co  a  re laE ionsh ip

5 . 8  t r "ci
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2 min
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2 3 1



CONCLUSIONS

Incerfacial turbulence and accumulation are imporcanc in the praccical
appl icat ion of phase separacion, part icularly where ic is hoped co separate
the phases wichouc the use of centr i fuges. These results show that wery
complex init ial  transient f luxes occur and hawe implicacion for che correcc
choice of phase and systems.
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