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a l b u m i n  when  the  p H  drops  to s l ight ly  below 10(3 
3, and  the  charge  cer ta in ly  should exceed + 5 ° 
a t  pH  2 where  the  prote in  has  acqui red  its full 
c o m p l e m e n t  of 96 p ro tons  e. Never theless ,  [a]D in 
o .oo5M de t e rgen t  solut ion never  reaches  even 
- - 7 7  ~, the  ro ta t ion  for a l b u m i n  in wa te r  a t  pH  9£ 
3, let a lone approach  ---87 ~ as observed for the  
prote in  in wa te r  a t  pH  2. If the  m a g n i t u d e  of 
[a lp  were mere ly  a reflection of the  ne t  cat ionic [ a J o  
charge  (and a n y  consequen t  expansion)  of the  
a lbumin  molecule,  one would expec t  subs t an -  8C 
t ial ly more  nega t ive  va lues  a t  p H ' s  near  2 in 
dodecyl  su l fa te  so lu t ions  t h a n  are ac tua l ly  ob- 
served (Fig. z). I t  seems possible, therefore,  t h a t  
levorota t ion  in acid so lu t ions  of this  protein is 
sensi t ive  to the  presence of some cat ionic resi- 7c 
dues  in the  charged s t a t e  and  t h a t  their  influence 
m a y  be removed  when  they  are complexed  with 

anions.  

Fig. I. Optical  ro ta t ions  of bovine s e rum a l bumi n  
(1.45. zo-43I) in aqueous  so lu t ions  a t  var ious  
p H ' s :  O ,  only added HC1; ~ ,  in presence of 
2.2. Io -SM sod ium dodecyl  sulfa te  p lus  added  
acid ; ~ ,  in presence of 4.5" I o -3 M sod ium dodecyl 

sul fa te  plus  added  acid. 
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The site of 9alactoside-permease activity in Escherichia coli 
I t  has  been shown  t h a t  the  bac te r ium Escherichia coil can  a c c u m u l a t e  galactos ides  intracel lu-  
larlyt,2, 3. Under  certain condi t ions  the  cellular concen t ra t ion  of a galactoside m a y  be several  
hund red  t imes  t h a t  in t he  med ium.  In  the  case of th iomethyl - f l -o-ga lac tos ide  (TMG), a subs t ance  
no t  metabol ized  by E. coli, the  intracel lular  accumula t ion  m a y  a t t a in  3-5  % of the  bacterial  d ry  
weight .  The  s y s t e m  responsible  for th is  in t racel lular  a ccumula t i on  of galac tos ides  has  all t he  
charac ter i s t ics  of an  inducible  e n z y m e  and  has  been t e rmed  galac tos ide-permease .  

The  location of the  ga lac tos ide-permease  in E. coli is no t  known.  However ,  the  very  n a t u r e  
of i ts  funct ion ,  t h a t  of t ranspor t ,  sugges t s  t ha t  it m a y  be associa ted  wi th  e i ther  the  cell wall 
or  the  p l a sma  m e m b r a n e  of the  organism,  a l though  an in t r a - cy top la smic  site c anno t  be excluded.  

Techn iques  have  been developed for the  product ion  of viable p ro top las t s  by removal  of the  
bacterial  cell wall under  condi t ions  t h a t  conserve  the  osmot ic  in tegr i ty  of t he  cell (e.g.4,6,e). I t  is 
possible then  to de te rmine  whe the r  the  ga lac tos ide-permease  is associa ted  wi th  the  cell wall or 
the  protoplas t .  In this  communica t ion ,  it is demons t r a t ed  t ha t  the  permease  is associa ted with 
the  pro toplas t .  

E. toll, s t ra in  W-2244,  the  Lac~- m u t a n t  of K-z2 ~, was employed  in these  exper iments .  This  
s t ra in  c anno t  form the  e n z y m e  fl-galactosidase and  consequen t ly  does not  metabol ize  lactose. 
However ,  cu l t iva t ion  of W-2244 in the  presence of a galactos ide  will induce format ion  of the  
ga lac tos ide-permease .  I t  is therefore  possible to measu re  lactose accumula t ion  in th is  organism.  

Cul tures  were grown on the  minera l  m e d i u m  "56"' as previous ly  described s with 0. 4 % glycerol 
as carbon source.  TMG a t  a concen t ra t ion  of 5" xo-4M served as  pe rmease  inducer .  P ro top las t s  
were prepared  by the  m e t h o d  of REPASKE 6, modified as follows: bacter ia  in the  exponent ia l  phase  
of g rowth  were ha rves t ed  by sed imen ta t ion  and  washed  twice with distilled water .  T h e y  were 
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then resustwndcd at a density t~I 5" noS to 3' lo'a bacteria per ml in o.o5M t r i s (hydroxymethyl  - 
amiilomethane, pH S. c~,ntaining l 7 g sucrose (o. 5 :ll final concentration),  to8 m R versene and 
*)S mg lysozyme IArm(mr's  crystalline prodtB't) per soo ml. This suspension was agitated at 
room temperature  for 12 rain, se<fimented, and washed twice with growth medium containing 
o. 5 .ll sucrose. ( 'hmlps  consistin~g of lysing protol)lasts and debris were removed by centrifugation 
at low speed for 2 rain. Microscopic examination (stained preparation) of t h e s u p e r n a t a n t  llui(l 
showed typical spherical l~rotoplasts. Protoplast  preparat ions were stable (insignificant lysis) for 
12 h, if kept at 2 (', but  at room tempera ture  slow Ix,sis occurred. The rate. of lysis at ro, ml 
tempera ture  was highly variable. Ten-fold dilution of tirotoplast preparat ions in water  resulted 
in the ins tantaneous  lvsis a n d  clearing of suspensitms. I~reparations containing nit)re than 5 % 
residual rod-shaped tells were rejected as incompletely converted 

l ' rotoplasts  and intact cells wero exposed to lt('t_labele d lactose (National }~tlre~itl o( Stand- 
ards) at a concentrat ion of 2. 5. lO -a 31 under conditions as described earlier for the mea.surement 
of TMG uptake "~. o.5.H sucrose served as osmotic stabilizer and glycerol replaced succinate as 
carbon source. Microscopic examinat ion and dilution into water  of the protoplast  preparat i tms 
after their exposure to lactose demonstra ted  tha t  no regeneration of the cell wall had taken place. 
Results of some representat ive exper iments  are shown in Table I. An intracellular accumulat ion 
of 5 < ) m/~moles ]actose/zo ~ bacteria corresponds to an approximate ly  zoo-fold concentrat ion 
gradient be.tween bacteria and medium when the nledium concentrat ion is 2. 5 • 1o -4 M and when 
a cellular volume of It> -la ml per bacter ium is assumed. It  will be noted tha t  the lactose acctnmu- 
lation by protoplasts  ranged from 33 to 1oo % ~f that  measured in the intact cells. This variability 
is assumed to rettect sh~w lysis of protoplas ts  during exposure to the lactose at  3 5  ('. 

"I'.\ P;IA~ I 

UPTAKE ()b" I.:kCTOSE 14(" t BY E .  c o l i ,  STRAIN \X,'-2244 INTACT BACTERIA AND PROTOPI.ASTS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l- xpertmen! mt~moles mj~molts 
lactose accuraulatcd lactose .~cct~rntdated 

M u ~ t r  
by io  ~ bacteria ° hv io '  protoplasts" 

. . . . . . . . . . . . . . . . . . . . . . . .  

n 4 s 34 
_, 5t 51 
3 .33 1 t 

" Contaminat ion of cell and protoplas t  pellets by passively adsorbed lactose was found to be 
considerable {up to 30% of total radioactivity of pellet) in media containing a high sucrose 
concentrat ion.  An accurate measure of this contaminat ion  was obtained by the addition of sodium 
azide (2. Io-2M) to control suspensions. This concentrat ion l)locks active galactoside uptake  
completely 3 and any radioactivity associated with the bacteria or protoplas ts  in the azide controls 
was taken to be the result of passive contaminat ion.  The values presented have been corrected 
by subtract ion of the contaminat ion  control values from the total radioactivity measured. 

I t  has been shown tha t  the affinity of the galactoside-permease for galactosides can be 
expressed as a cons tant  K 3. K, by analog), with the dissociation cons tant  /fs conventionally 
employed in the description of enzyme affinities for their substrates ,  is taken to be a measure 
of the dissociation of the "bacter ium-galactoside"  complex. The dissociation cons tant  K observed 
tor TMG and several E. coli strains, including \V-2244, is approximate ly  4.5" lo-4M TMG 3. The 
cons tan t  K for both intact  cells and protoplas ts  of strain \V-2244 with respect to lactose is ap- 
proximately  9" 1o-5 M lactose. 

The fact tha t  the affinity of intact  bacteria and protoplas ts  for lactose is the same suggests 
tha t  the same mechanism may be responsible for galactoside accumulat ion in the intact  bacter ium 
as in the bacter ium which has been deprived of its cell wall. This observat ion also suggests tha t  
the protoplast ,  and not  the cell wall, is the site of galactoside-permease activity. 
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