
Fhe s tudies  p resen ted  here were des igned wi th  a tw 
[evelopment  of a s imple technique  to  a id  in the  puriJ 
t e rmine  a set  of pr inciples  to be app l ied  in a foam te 
be kep t  to  a min imum.  
Fhat  foaming can be used in an enzyme f rac t iona t i  
~d in two o the r  l abora tor ies  1, 2 and  in this  one 3, 4. Th 
;ss seems to be t ha t  p ro te ins  pa r t i t i on  themselves  be t  
t of an aqueous  sys tem.  There  are differences amol 
t ion themselves ,  and  the  foaming process is a met] 
n f rom the  bu lk  l iquid.  

Fwo enzymes were foamed, singly or in combination: 
E. "Arlco" urease (Jackbean). 47.5 % protein: carbohydrate 
:. "Armour"  catalase io (pork liver). IOOO Keil units/g. 73.5' 
Fhese enzyme preparations were dissolved in 0.2 M acetate b 
ues higher than pH 5.6) and filtered. "Concentrations" exprc 
paration per IOO ml of solution. Cation-exchanged water w~ 

MATERIALS AND PROCEDURES 

drate and water also present. 
~o protein. Kat-f 24005. 

buffer (or o.o 5 M phosphate buff 
pressed in % were defined as grar~ 
was used in all solutions that  can 

Fig. I) con- j ~ S rning 3176o, 
fritted glass 
)m a bottle 
ry ice. The ~ 
Le apparatus 
; into gradu- 

successfully ~ ~ l  
,hatase 3 and 
variables, it 

apparatus 
~placed with 
s tried, but  Fig. I. Simple foaming apparatus 

orted by a grant from the American Cancer Society, upon recon 
~rowth, the 
le Master's Thesis of M.C., Columbia University, 1953. 
ical Research Fellow. 

Materials 
Two 
I .  

2 .  

Th, 
at yah 
of preparation 
in contact with urease. 

Apparatus 
The apparatus first used (Fi~ 

sisted of gas washing bottles (Cornin 
25o ml and 125 ml) fitted with 
discs. The gas was supplied from 
partially filled with chips of dr 
foam was led from the top of the 
by glass tubing and a rubber hose in' 
ated receivers. 

This apparatus was used 
for the purification of acid phosphatase 3 
ureasO. In order to investigate 
became necessary to modify the 
(Fig. 2). The dry ice bottle was re 
a CO~ tank I. (Pure nitrogen was 
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Fig. 2. F o a m i n g  a p p a r a t u s  for t h e  inves t iga t io  

A 
?ressure  a n d  ra t e  r egu la t ion  A l t e rna t e  f( 
:. Gas  t a n k  

(wi th  two- s t age  a u t o m a t i c  regula tor)  2. Connect i  
,. P res su re  reservoir  

Zrease ac t i v i t y  was  m e a s u r e d  b y  SUMNER AND GRAHAM'S m 

Connec t ion  to  p ressure  and  ra te  regulat i l  

3. Jo in t  (de K h o t i n s k y  cement )  

9. " C o l u m n  d i a m e t e r "  

m e t h o d  e us ing  di rect  nesslerizat i ,  
as followed b y  FEINSXEX~'S pe rbo ra t e  m e t h o d  *. To t a l  p ro te in  conte  
N sulfur ic  acid a n d  H s O  2, followed by  direct  ness ler izat ion**.  T 
: o n t e n t  of t he  original  ma te r i a l ,  each  f o a m  f rac t ion  (" f ro th") ,  m 

:ion were ob t a i ned  b y  m u l t i p l y i n g  i ts  v o l u m e  (ml) b y  i ts  ac t iv i  
) th"  was  t h e  rat io,  e n z y m e  un i t s  in f r o t h / e n z y m e  u n i t s  in origir 

s were used  : 
discs a n d  cyl inders .  

verage pore size) 

s ta in less  steel  d ispers ion t ube  D (65/~). 
; o.05 m m  d i a m e t e r  holes. 
md d e n a t u r e d  p ro te in  (insoluble).  Th i s  d e n a t u r e d  p ro t e in  was  usu~2 
f t o t a l  n i t rogen,  a l t h o u g h  it  could h a v e  been  r e m o v e d  b y  centrit  

2 .  

3. M a n o m e t e r  (mercury)  
4. Orif ice-f lowmeter  

(Brodie 's  fluid, D e n s i t y  i .o33 ) 
5- L iqu id  t r ap  
6. Sa fe ty  va lve  (mercury)  

Analytical Procedures 

Urease  
of an  al iquot .  Ca ta lase  a c t i v i t y  was  follow 
was  found  b y  d iges t ion  w i t h  5 N 
e n z y m e  ac t iv i t ies  a n d  n i t rogen  c¢ 
t he  res idue  ( " f ro tha t e " )  were measu red .  

Results 
" E n z y m e  u n i t s "  in a f rac t ion  

(per ml).  T h e  " %  e n z y m e  in f r o t h "  

* T h e  following gas  dispersers  were 
a. " C o r n i n g "  s in te red  glass  

" E x t r a  coarse"  (I6O/~ average  
"Coarse"  (4 ° ~u) 
" M e d i u m "  (I 4/~) 

b. "Scientif ic Glass"  1-inch 
c. J e t a l loy  sp innere t te ,  five 

* * Most  f ro th  f rac t ions  con£ained 
inc luded  in t he  d e t e r m i n a t i o n  of 
gat ion,  t h u s  ra is ing purif icat ions.  
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opert ies  wi th  t he  e n z y m e  sys tems . )  A r 
on bot t le) .  I t  was  pa r t i a l ly  filled wi th  
bot t le  was  connec t ed  wi th  t he  foami 

~s supp l y  (Fig. 2A) was  connec ted  to ei 
y different  g rades  and  types*  of gas  dis 1 

a suc t ion  f lask (Fig. 2B-a). I n  those  
d connec t ed  to the  f lowmeter  by  a r t  

l u m n  used  was  called " f o a m  he igh t " .  
d he igh t " .  
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ruing were continued,  as was  done in several cases, curves ob~ 
graph,  and the curves into the f ro tha te  section indicate trei 

RESULTS AND DISCUSSION 

"el observations 

When gas is led into the liquid, a t ime lapse is obs 
e bubbles rise in the column, the smaller bubbles coal~ 
ubble walls become thinner; the excess liquid probabl 
ed by the coalescence of the smaller bubbles and the 
a are generally less stable. 
a,s the bubbles reach the top of the column, they gl 
rt of their liquid is t rapped by the "surviving" bubt 
talk liquid. In general, breakage increases loss by : 
ase purification s, apparently due to increased drai 
able to a point where a maximum purification can 1 
mum drainage. There is also some evidence that  e: 
:ies and purifications due to the longer foaming requ: 
As the foaming proceeds, bubbles grow and breaka 

where, at the beginning of the foaming, the bubbh 
te reduction in protein concentration of the bulk li 
ing. As a result, it is rarely advantageous to foam to 

U U U U I ~ ,  W l l l l ~  L I I ~  I - e~L  E e l . U l - I I ~  

inactivations** and tends 
drainage. Therefore, breakage 

be obtained through allowil 
excess drainage will lower r 
uired***. 

,ge increases even at colun 
~s are small. This may be d~ 

liquid towards the end of t 
to exhaustion. 

ed, urease as well as total  protein concentrate in the cent1 
tile catalase concentrates in the final froth fractions al 
acentration in the frothate (Fig. 4). These differences m~ 
he available surface between the different components. 
;cessary gradually to increase the minimal gas pressure 
i. This is probably due to the differences between the surfa 

an was  bent  so t h a t  a small por t ion of the tube  was  horizontal, a 
to the horizontal  por t ion.  I t  was  found tha t  drainage consti tut  
1me, and t h a t  the enzyme act iv i ty  in the  drainage liquid was abc 
ich came off the top of the column).  
reed have shown tha t ,  in general, the making  and breaking of foa 
aming solut ions of low stabil i ty,  are destruct ive toward  enzym 
tucing a gas causes little destruct ion.  
are not  independent  variables,  since lower recovery implies 1 

:he prote in  q u a n t i t y  is no t  altered by  denaturat ion.  

increas, 
desirabh 
max imum 
eoverles 

As 
levels 
to the 
foamin 

For the preparations used 
froth fractions (Fig. 3), while 
retains a relatively high concentrat 
be due to competition for the 
a foaming proceeds, it is necessar~ 
order to be able to form foam 
tensions of the protein solutions. 

* In  one run, the foam column 
a capillary drain was a t tached 
nearly 5/6 of the total  foam volum 
I/2 t ha t  of the foam proper  (which came 

** Several exper iments  performed 
as in the case of shaking or foamin 
Creating a stable foam by introducin 

*** Purification and recovery 
act iv i ty  per  un i t  protein, while the 
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of fraction/specific act ivi ty  of original 
ca t ion"  was  defined as follows: 

(purification)/ (enzyme uni 
ation = i= i  

~ (enzyme units)/  

Lions (in certain cases, par t icular ly  wit  
ions). This average gives an indicatioi 
f roth  (or f r o t h -  frothate)  independer 
rides an index of the sharpness  of the f: 
L will be seen tha t  only one valid poi~ 
was  linked to the corresponding froth c 
~ing is arbi t rar i ly  s topped and the fro1 

. curves obta ined folk 
trends.  

observed be 
esce (Fig. 
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Fig. 4. Typical  
" "  refer to the  raft, 

. . . . . . . .  • . . . . . . . . .  fraction and the  
material .  The s~ 

FROTH.4TE 

Typical Urease Distr ibut ion.  " U n i t s "  refer 
rat io of the  urease act iv i ty  of the fraction 
e urease ac t iv i ty  of the  original material .  
The same  holds for ni t rogen content .  

RUN ~5 
--q~'- URE4SE 
.-o-- C.4TAL,4SE 
--,A-- NITROOEN 

• 'Z'"v i 

Mixture of Urease 
the  ratio of the 

,nd the urease ac- ~ t 60 
m same holds for FROTHATE 
~en content .  

:ation of urease and catalase is foamed, a good separatioi 
is effected, with most of the urease concentrating in th, 
ase in the frothate. However, the purifications of bott 
ard to total  protein) are slightly reduced (Fig. 5). 

mrifications and recoveries varied significantly with tota 

to  the 
and the 

The same  

Fig. 5. Typical Dis t r ibut ion  of a Mixture 
and Catalase. " U n i t s "  refer to 
urease act ivi ty  of the  fraction and 
t ivi ty  of the  original material .  The 

catalase ac t iv i ty  and nitrog 

When a combined preparation 
between urease and catalase 
froth and most of the catak 
catalase and urease (with reg~ 

pH and concentration 

I t  was found that  both t 
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Effect  of P ro t e in  Concen t r a t ion  of Med ium on the  Fil 
lg Cha rac t e r i s t i c s  of Urease.  Severa l  po in t s  are  f rom the  

d a t a  of LONDON, COHEN AND HUDSON 4. Of 
th~ 

i I i 
4.4 4.8 4.8 ~0 

pH (/NITS- 

ig. 7" Ef fec t  of  p H  of  MediuIz 
F o a m i n g  Charac te r i s t i c  

of Urease.  Severa l  po in t s  a re  fron 
t he  d a t a  of LONDON. COHEN ANI 

HUDSON 4. 

)AMING MEDIUM ON THE FOAMING CHARACTERISTICS OF CATALASE 1 

(frothate) in frothate % Total recovery 

79 
84 
98 
89 

~.2 M a c e t a t e  buffer were  foamed in t he  a p p a r a t u s  of Fig. i (coarse 
cen t r i fuged  pr ior  to  analys is .  
o.05 M p h o s p h a t e  buffer were  foamed in the  a p p a r a t u s  of Fig.  i 

ve  ioo  % were ob ta ined .  In  order  to  see w h e t h e r  th is  was  due  tc 
ib i t ion  effects, l a rge  a m o u n t s  of the  ashed  urease  p r e p a r a t i o n  a, 
t ion ( separa te  exper iments )  were a d d e d  to  enzyme  solut ions .  I r  
tt r educ t ions  of a c t i v i t y  observed.  

0.1 0.12 (1~ 

Fig. 6. 
F o a m i n  

"rile EFFECT OF THE p H  OF THE FOAM] 

Run pH 

38 4.8 
37 5.0 
36 5.6 
34** 6.8 

* ioo  ml  of o.o 3 % ca t a l a se  in o.: 
disc). The  f rac t ions  o b t a i n e d  were  

** i oo  ml  of O.lO% ea ta l a se  in 
(coarse disc)• 

* In  a few r u n s  recover ies  above  
a n a l y t i c a l  e r ror  d i s t i n c t  f rom inhil  
wel l  as the  whole  boi led p r e p a r a t i o n  
n e i t h e r  e x p e r i m e n t  were s ign i f ican t  reduct i  

Re le rences  p .  x2o .  

distinct  o p t i m u m  at a concentrat  
not  concentrate  enough in dilut, 

e column. Exces s  protein m a k e s  

TZ 8, it was found that  both urease a 
zery near their respective iso-eleci 

l,o 

~ 6  
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1 o ~e 
o14 o.5 
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TABLE I 

Puriy~at4~n % E~yme 

2.Ol 64 
1.99 69 

2.30 83 
o.97 6 i  
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Addition 

None 
2.35 % E t O H  E t O H  concen t ra t e s  in in ter face ;  

lower p ro t e in -bubb le  s t ab i l i ty  
5 % Na~SO4 Di rec t s  p ro t e in  to in ter face  
F o a m  a t  i - 4  ° C Inc rease  sur face  t ens ion  

;he add i t ions  in th i s  t ab le  c h a n g e  severa l  proper t ies ,  e.g. visc 
oo ml  of o.2o% urease  in 0.2 M ace t a t e  buffer  p H  5.0 were f 
~ddi t ions"  were added  to th i s  so lu t ion  before foaming .  

t w a s  o b s e r v e d  t h a t  t h e  n o n - i o n i c  d e t e r g e n t  " T w e e n  

c r i e s  ( T a b l e  I I I ) .  I n  o n e  e x p e r i m e n t * *  a f r o t h a t e  

l a l  a c t i v i t y  ( p u r i f i c a t i o n  o .o8)  w a s  r e f o a m e d  w i t h  t h e  

A e l d e d  f u r t h e r  f r o t h  f r a c t i o n s  w i t h  p u r i f i c a t i o n s  a s  

i f i c a t i o n  o f  2o  o n  t h e  b a s i s  o f  t h e  f r o t h a t e  a s  o r i g i n  

ue ,  a t  l e a s t  i n  p a r t ,  t o  t h e  f o r m a t i o n  o f  s t a b l e r  b u b b ]  

THE EFFECT OF TWI~EN 80  ON FOAMING CHA] 

Tween not added 

a i d  o f  a f e w  d r o p s  o f  T w e e n  

h i g h  a s  1 .6 .  T h i s  r e p r e s e n  

i n a l  m a t e r i a l .  T h e s e  r e c o v e r i  

b u b b l e s •  

ARACTERISTICS 

Tween added 

Total recovery Total recovery Purification 

1OO o/O 
1 1 1 %  

~.2 M ace t a t e  buffer  were foamed  in t h e  a p p a r a t u s  of Fig. I (coai 
a I ml  p ipe t te  were added  to t h e  solut ion in r u n  8. "Pur i f ica t ion  
ons  of t he  f roth .  
o.2 M ace t a t e  buffer  p H  5.o were foamed  in t he  a p p a r a t u s  of Fig. 
o f rom a I ml  p ipe t te  were added  to  t h e  solut ion in r u n  44- " P u  
e purif icat ions.  

ar  express ions  a re  v a g u e l y  defined in t he  l i t e ra tu re  1°, n as t h e  abili 
T he  v a g u e n e s s  is due to t he  diff iculty in s epa ra t i ng  t he  physic  
and  f o a m  s t ab i l i t y  (usual ly  def ined as " f o a m  life"). 
0.2 M ace ta te  buffer  p H  5.o were foamed  a t  room t e m p e r a t u r e  

gas w a s h i n g  bott le) .  T wo  f rac t ions  wi th  a comb ined  v o l u m e  of 5 
bo were foamed  off. T he  f ro tha t e  was  e x h a u s t e d  and  foamed  on 
3 d rops  f rom a i ml  pipet te) .  The  n e x t  f rac t ion  wh ich  came  off h 
t ions  d ropped  in t he  following f ract ions .  

: a n d  y 

:a p u r i f i c a t  

a r e  d u e  

Enzyme preparation 
Run 

Urease*  2 8 4 % 
Ca ta la se*  * 37 84 % 

• ioo  ml  of 0 . 2 0 %  urease  in o.2 
disc). 4 d rops  of Tween  8o f rom a 
referred to  are  ave rage  pur i f ica t ions  

• * 97 ml  of o.o 3 % ca ta lase  in 
(coarse disc). 2 d rops  of Tween  8o 
f ica t ions"  referred to are  f ro tha t e  

• " F o a m i n g  power"  and  s imi la r  e x  
to  p roduce  foam in a solut ion.  
m e a s u r e m e n t s  of f oam i ng  power  

• * 97 ml  of o .125% urease  in 
t h e  a p p a r a t u s  of Fig. i (250 ml  gas  
a n d  an  ave rage  pur i f ica t ion  of 4 
a f t e r  t he  add i t ion  of Tween  80 (3 
a pur i f ica t ion  of 1.6; t he  pur i f ica t ions  

Relerences p. z2o. 

d i t i o n  o f  e l e c t r o l y t e s  9 t o  t h e  l o a n  

e t h e  s p r e a d i n g  o f  p r o t e i n  f i l m s  o n  

• H o w e v e r ,  i t  w a s  f o u n d  t h a t  t h e  

c r i e s .  T h e  e f f e c t s  o f  l o w  t e m p e r a t u  

p e r a t u r e  v a r i a t i o n  d o e s  n o t  s i g n i f i c  

s i t y  d o e s  c h a n g e  c o n s i d e r a b l y .  Cc 

g n i f i c a n t  d i f f e r e n c e s .  

T A B L E  II  

[TIES* ON THE FOAMING CHARACTERIS~ 

A veJ 
Interface behavior purifi~ 

- -  3 .  

2. 

I .  

I.  

viscos i ty  and  
foamed  in 

8 0 "  v e r y  

w h i c h  h a c  

T A B L E  I n  

Purification Run 

3.1 8 
1.99 44 

n w o u l d  

n h a n c e d  

N a 2 S O 4  

n o l  w e r e  

f o a m i n g  

f 3 r u n s  

~E** 

Total 
".covery 

s 4 %  
72 

63 
47 

n.  
of Fig.  i .  

n c r e a s e d  

u a l l y  n o  

? w e e n  80  

ro t s  

.~rles 

3.2 
1.7 8 

coarse  
,ns" 

I 
"Pu f f -  

he  abi l i ty  
,sical 

in 
m l  

on ly  
had  



A verage Total 
Run purification recovery 

) a r s e  8o  2 .96  8 7 %  
79 2 .Ol  6 4 %  

265 ml of o.I6% urease in o.2 M acetate buffer pH 5.0 wei 
• Liquid height IO em, foam height 5 ° cm. The durations c 
32 minutes. Gas rates varied between i . i  and 1. 4 ml CO,/se 
of each run. For the coarse porosity, Corning cylinders (4 c 
;e porosity, the stainless steel disc (65/*) was used. 
3oo ml of o.16% urease in o.2 M acetate buffer pH 5.o we 
of Fig. i ; however, the gas-washing bottle was replaced wit~ 
n, foam height 33 cm. Foamings were carried out till exhausi 
ing discs were used. 

A large bubb le  size is conducive  to b e t t e r  d r a i n a g e ,  
column d i ame te r  exceeds a cr i t ica l  size which dep( 

the  bubbles  p roduced  b y  la rger  pores  can nc 
mn  walls and  b y  each other .  Excess ive  b r e a k a g e ,  
b the  column (hence p r e m a t u r e  cessat ion of foaming 

An increase in column d i a m e t e r  was shown to irr 

and  sha rpe r  separa t ion .  W [  
)ends on the  condi t ions  of 1 

no longer  be s u p p o r t e d  b y  t 
de na tu r a t i on  and  inab i l i t y  

g) ensue, reduc ing  purificati(  

improve  bo th  pur i f icat ions  a 
column d iame te r s  were increased  b e y o n d  abou t  6 cm, 1 

ex t ra -coarse  poros i ty ,  see Table  IV) s t ruc tu ra l ly  uns t a [  
nan surface pe r  bubb le  for suppor t .  
also shown to affect the  sepa ra t ion  (Table VI).  An  optin 
)r each column d iamete r .  This  is due to  the  opposing effe 
ich improves  separa t ion ,  and  increasing d e n a t u r a t i o n  w 

o p t i m u m  tends  to move towards  lower foam heights  w 
) excessive b reakage  in tall ,  wide columns.  
as found  to affect s ignif icant ly  the  foaming charac te r i s t  
>ercentage of a c t i v i t y  r ema in ing  in the  f ro tha te  (Table VI 
L a considerable  a m o u n t  of inac t iva t ion  t akes  place a t  1 
g gas bubb le  and  the  bu lk  l iquid  phase.  As a resul t ,  so] 
in columns of va ry ing  cross-sections.  Larger  d i ame te r s  w( 

than  for the  foam column (see Fig.  2B-a). 

the  
foaming,  
co lumn 
cl imb 
and  recoveries .  

Column characteristics 

recover ies  (Table V). W h e n  
foam column became (for 
because  there  was less column 

The foam he igh t  was also 
he igh t  was found  to exis t  for 
of increas ing dra inage ,  which 
increas ing foam height .  The  
increas ing d iameters ,  due to  

The  " l iqu id  he igh t "  was 
of urease,  pa r t i cu l a r ly  the  percen ta  
This  seems to ind ica te  thai  
in ter face  be tween  the  r is ing 
of the  runs  were carr ied  out  
used  for the  l iquid  column than  

R e # f e n c e s  p .  1 2 o .  

ing charac ter i s t ics  are genera l ly  
r t ia l ly  conf i rmed 4 (Table IV, runs  '. 
ts the  results .  A reversa l  of the  e 
tics seems to occur a t  a column di~ 
per iments .  

T A B L E  I V  

tIN DIAMETER AND GAS DISPERSER POF 
AMING CHARACTERISTICS OF UREASE* 

3.50 cm internal diameter 

A verage Total 
Run purification recovery 

81 3.1 8 1 . 3 %  
82 3.Ol lO4% 

w e r e  f o a m e d  
of  t h e  f o a n  

tsec, but wei 
(4 °/t)  were ( 

were foamed 
with a iooo m 

till exhaustion. Gas r 

n tage  

y smal ler  
I t  is c lear  
d i sperser  

)out 4 cm 

diamaer * * 

~ge Total 
ztio~ recovery 

47% 
) 61% 
[ IOO~0 

t u s  o f  F i g .  
) e t w e e n  2 5 
3 w a r d s  t h e  
: the extra 

similar to 
tuid height 
controlled. 

W h e n  
the  
the  

to  
ions  

and  
the  

uns tab le ,  

Jmal  
ffects 
wi th  
wi th  

ics  
~ble VII ) .  

the  
,me 

~rs were 



ts above, but  foam height 89 cm, duration of foaming 35 mir 

E F F E C T  OF FOAM H E I G H T  ON T H E  F O A M I N G  CHARACT] 

nternal diam. x. 3 era* Internal diam. x. 3 cm * * 

Total Best Average Total Best Average Total 
recovery purifn, purifn. Run recovery purifn, purifn. Run recovery p 

76% 1.49 1.36 
_ _  I 71 99% 

65% 1.88 1.9o 73 89% 
55% 1.64 1.51 

olutions of o.I6°/O urease in 0.2 M acetate buffer pFI 5.o v 
B-b (gas disperser spinnerette) with liquid heights of 3o cm 
~tm. gauge, at a rate of o.64 ml COz/sec for 14 minutes. 
olutions of o . I6% urease in 0.2 M acetate buffer pH 5.o v 
3-a ("coarse" disc) with liquid heights of io cm (run 71 : 28 m 
at  a rate of o.6-1.4 ml CO~/sec for 2o-25 minutes. 

E F F E C T  OF L I Q U I D  H E I G H T  ON T H E  F O A M I N G  CHARACT: 

(run 5 2 : 7 3 ½  cm) at a pressuI 

were foamed in the apparatus c 
cm) at a pressure of about 1/2 atn 

TABLE VII 

~ARACTERISTICS OF U R E A S E *  

% Ensyrne 
purification in frotkate 

42.5 
51 
56.5 
3 ° 

in 0.2 M acetate buffer pH 5.0 were foamed in the apparatus 
erie), with 1. 3 cm internal diameter columns. Foam heights varie 
ation seems to be negligible considering the data of Table VI. 

rs  a f f ec t i ng  f o a m i n g  c h a r a c t e r i s t i c s  is t h e  r a t e  of f low 

o l u m n  a n d  gas  b u b b l e s  in  t h e  l i q u i d  co lumn•  B o t h  coul  

s f low r a t e  (Table  V I I I ) .  

b ly  i m p r o v e s  pu r i f i c a t i o n s  b y  i m p r o v i n g  d ra inage .  T h e  & 

easing f low r a t e s  m a y  be  due  to  h a v i n g  r e a c h e d  t h e  p o b  

* * S ~  

Fig. 2B-a 
gauge, 

Run Liq. heigh~ 
(cm) 

56 19 
57 31 
53 36 
51 81 

* Solutions of o.16% urease 
Fig. 2B-b (gas disperser: spinnerette), 
between 48 and 63 cm. This variation see 

Gas flow rate 

One  of t h e  m a j o r  f a c t o r s  

f o a m  b u b b l e s  in  t h e  f o a m  co 

b e  c o n t r o l l e d  on ly  b y  t h e  gas  

A s lower  f o a m i n g  p r o b a b l y  

c r ea se  in  r e c o v e r y  w i t h  i n c r e a s m  

of  e x h a u s t i o n  ea r l i e r  in  t h e  run .  

Re/erences p. z2o. 

TABLE V 

ER ON T H E  FOAMING C H A R A C T E R I S T I C S  

ternal Average °/o Enzyrn 
m. (cm) purification in frothat 

1.28 1.4 28.3 
r.92 1.6 I8.6 
z.54 2.0 28 
3•5 o 3.o 3(~.3 

r acetate buffer pH 5.0 were foamed in 
ght 5 ° cm. Durations of the foaming x 
• "Coarse" discs. 

minutes. 

TABLE VI 

C H A R A C T E R I S T I C S  0 

Internal diam. z. 9 cm * * 

Best Avera 
purifn, purifJ 

2. 4 1.97 75 74% 2.60 1.61 
2.1 1.27 74 74% 2.14 2.o] 

were foame 

Best Average Total 
purification recovery 

1.7 1.7 56 
2.2 1. 7 87 
3.4 3.4 85 
1.o8 I.O8 39 

seems 

IS of Fig. 
n 2 4 and 

"am. 2, 5 cm** 

Best A verage 
#urifn. purifn. 

2.z3 z.oI 
2.08 1.89 

aratus of 
ressure 

of 
t m .  

of 
varied 

of  

c o u l d  

de-  

)o in t  



~- o - - o  . . . . . . . . . . . . . . . .  

the data show that the optimal concentration ran 
een about o.oi and 0.2% (Table IX). Within this r 
ms which tend to concentrate in the froth are best p 
)n of protein is present, while those which remain in 
ver protein concentrations are employed. 

~LECTION OF OPTIMAL CONCENTRATION RANGES FOR FOAM ] 

*yme Where purified 

VI. LONDOr~ AND P.  B.  HUDSON, A r c h .  B i o c h e m .  a n d  B i o p h y s .  

Best Best Best 
purification % Protein 

0.062 
0.022 

,phys . ,  46 (1953) 141. 

Foaming medium seems to be in the range of pH 4.8 to 5. 
nge of iso-electric and maximum stability points of mo 
of room temperature do not affect the fractionation signi 

in selecting gas rates, gas disperser porosities, and colu~ 
ge of the bubble and denaturation have to be considere 
~d under conditions which favour the formation of bubbl 
F maximal diameter, while still minimizing bubble breakag 
d be kept low. This implies a larger cross-section for tl 
!oam column (Fig. 2B-a). Variation in cross-section shou 
formation of slow-moving pockets or trapped foam. New 
aese pockets, causing undesirable turbulence in the foa 

Urease Froth (initial) 
Catalase Froth (final) 

and Frothate 
Acid phosphatase Frothate 

(prostate) * * 

• Foaming medium at pH 5.o. 
* * M .  

The optimal pH of the foamin 
which coincides with the ran 
proteins. Normal variations 
cantly. 

I t  was also found that, 
dimensions, both the drainage 
The best results are obtained 
of maximal size in columns of 

The liquid height should 
liquid column than for the foam 
be very gradual to avoid the 
generated foam by-passes thes~ 
column. 

Re/erences  p .  12o .  

TABLE VIII 

V RATE ON THE FOAMING CHARACTERI 

t/ow rate 
COt/sec) A verage purification Total reco 

0.55 1.91 IO5 c, 
0.65 1.67 87 
o .78  1.23 74 
0.89 1.o 3 59 

[ a c e t a t e  b u f f e r  p H  5.0 w e r e  f o a m e d  il 
5 height 31 cm, foam height 6 5 cm, sp 

CONCLUSIONS 

ge of pr~ 
range, am 
3urified wl 

the froth 

TABLE IX 

FRACTIONA 

High concentration Best concentration 

% Protein purification % Protein 

o.15 3.0 O.080 9 .7  
O.O52 1.6 O.O37 2.3 

0 .050  2.0 o . o i o  15 

ASE* 

:us of  F ig .  
a p r e s s u r e  

aming is 
oteins of 
r concen- 
: purified 

~EINS* 

~trat/on 

purifwation 

4.o 
1.99 

;.6, 
most 
nifi- 

column 
ed. 

e s  

ge. 
the 

should 
Newly 

foam 
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rar ia t ions  of f o a m  pur i f ica t ion  condi t ions  for u rease  a n d  c~ 
d e m o n s t r a t e d  t h a t  i m p u r e  u rease  a n d  ca ta lase  m i x t u r e s  

me ano the r ,  a n d  each  could  be  s epa ra t ed  f rom m o s t  o the r  cc 
?he effect of  severa l  va r i ab les  on t h e  foami ng  m e t h o d  of s 
Lvestigated, a n d  s o m e  genera l  ru les  were p re sen t ed  for t h e  fr~ 

~a pur i f ica t ion  p a r  la  m 6 t h o d e  des  m o u s s e s  de l 'u r6ase  et  ce] 
[iverses condi t ions .  L a  ca ta l a se  e t  l 'u r6ase  impures ,  en  m61e 
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rerschiedene B e d i n g u n g e n  fiir die S c h a u m r e i n i g u n g  yon  sow 
uch t .  E s  w u r d e  gezeigt ,  dass  unre ine  Urease-  u n d  Kata ]  
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celle de la ca ta lase  on t  6t6 6tudi6 
m61ange, p e u v e n t  6tre s6par~es rux  

6tudi6e en fonc t ion  de diff6rent, 
~r6sent6es. 

sowohl  Urease  wie K a t a l a s e  wurd¢ 
K a t a l a s e m i s c h u n g e n  betr i icht l ich  vc 

i s ten  anderen ,  sie verunre in igende  

ab len  auf  die S c h a u m t r e n n u n g s m e t h o d e  fiir E n z y m e  y o n  Pro te  
:emeine Rege ln  fiir die F r a k t i o n i e r u n g  wurden  vorgelegt .  

. STACEY, Nature, 154 (1944) 183. 
, L o n d o n  (1949) p. 253. 
~, Arch. Biochem. and Biophys., 46 (1953) 141. 
. ]3. HUDSON, J.  Am. Chem. Soc., 75 (1953) 1746. 

t, Proc. Soc. Exptl. Biol. Med., 22 (1925) 504. 
n., 18o (1949) 3- 
9c., 42 (1946) 437; ibid., 38 (1942) 85. 
FEE, Chem. Revs., 24 (1939) 181. 
Bull. Chem. Soc. Japan, 24 (I951) 230. 
~olloid-Z., 76 (1936) 33. 

Received July I4th, I9~ 

de l ' au t r e  
L a  

var iab les  e t  ( 

Verschie,  
un ters l  
e inande r  
P ro t e inen  g e t r e n n t  werden .  

Der  Einf luss  m e h r e r e r  Var iab len  
wurde  u n t e r s u c h t  u n d  e in ige  allg 

1 F.  SCHUETZ, R .  BADER AND M. 
* A. DOGNON, Surface Chemistry, 
a i .  LONDON AND P .  B .  HUDSON 
4 M.  LONDON, M.  COHEN AND P .  
5 S. HENNICHS,  Bet., 59  (1926)  218 .  
s j .  B .  SUMNER AND H .  GRAHAM 

R. N. FEINSTEIN, J. Biol. Chem. 
s F .  SCHUETZ, Trans. Faraday Soc., 
9 I. LANGMUIR AND V .  J .  SCHAEFER 

x0 H.  KIMIZUHA AND T. SASAKI, Bull. 
Ja W.  OSTWALD AND A. SIEHR, Kolloid-Z 

kept as close as possible to the 
optima are lower for larger colum~ 
o to about 9 ° cm, with column 
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of the liquid. 
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