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The absorption in vitro of alanyl-phenylalanine* 

Tile fate of peptides,  liberated f rom proteins wi th in  the intestinal  lumen, has been the subject  
of limited s tudy  1 largely because of the difficulty of direct sampling of the absorbed material .  
The recently devised in vitro technique of WILSON AND ~VISEMAN 2 provides a convenient  method  
for s tudy  of tile absorpt ive  process. 

The peptides,  L-alanyl-L-phenylalanine (L-peptide) and DL-alanyl-nL-phenylalanine (DL- 
peptide), have been examined in order to ascertain their  respective pa t te rns  of absorpt ion.  Sacs 
of inverted ra t  intestine 2 were filled wi th  and incubated in Krebs-Ringer  b icarbonate  buffer, 
pI-I 7.4, containing 2o0 mg % glucose. Init ial  peptide concentrat ions  were o.oi M. The sacs were 

o/ incubated for various t ime intervals  at  37 ° in an a tmosphere  of 95 /o O8 and .~Yo" o, CO2. At the 
completion of the experiment ,  the  sacs were removed f rom the mucosal  solutions, washed,  blotted 
wi th  filter paper,  and emptied of their  contents.  The result ing solutions as well as original samples 
were analyzed by  paper  ch roma tography  employing a butanol-acet ic  ac id-water  mixture .  

I n  a compara t ive  s tudy  of the  pept ides  on the mucosal  side, it was  observed in a series of 
exper iments  that ,  wi th in  the  first 8 min of incubation,  the L-peptide had been completely hy- 
drolyzed. On the o ther  hand, during the same t ime interval  the  nL-peptide was hydrolyzed to 
only a slight extent .  Wi th  the L-peptide, the liberated amino acids were found in greater  concen- 
t ra t ion  on the  mucosal  side a l though a significant am oun t  of the free amino acids had crossed 
the intestinal  wall. Only slight t r a n s p o r t  of the result ing amino acids across the intestinal  wall 
was  observed wi th  the I)L-peptide, undoubtedly  due to the small a moun t  of peptide hydrolysed 
as well as to the preferred absorpt ion  of the L-species of amino acids a. After 2 h of incubat ion 
wi th  the L-peptide, more of the amino acid was found on the serosal side t han  on the mucosal  side, 
confirming an active absorpt ion  of these amino acids 3. However,  even after  2 h, the DL-peptide 
showed residual quant i t ies  of peptide on the mucosal side, bu t  as in the L-peptide exper iment  
the major i ty  of the free amino acids were found to be on the serosal side, again indicating ab- 
sorpt ion against  a concentrat ion gradient. In  a series of similar exper iments  over various t ime 
intervals,  in no case was any penetra t ion of the peptide th rough  the intestinal wall observed. 

In  order  to s tudy  possible t r anspor t  to the mucosal  side, the L-peptide was  placed on only 
the serosal side of a series of inverted sacs from a rat  intestine, and different exper iments  termi-  
nated at different t imes up to 12o rain. Within  the first 3 ° rain, complete hydrolysis  of the pept ide 
had occurred as judged by  paper  chromatographic  analysis. At shor ter  t ime intervals,  residual 
peptide was found on the serosal side, bu t  no ninhydrin-posi t ive  spots  were obtained on the  
mucosal  side. 

When  a gut  p repara t ion  containing no peptide solution on either side was incubated for 
i, io, or 12o min in a identical fashion to t ha t  previously described, al iquots of both  the serosal 
and mucosal  solutions, after  removal  from the  intestinal  preparat ion,  demonst ra ted  the abili ty 
to cleave the L-peptide completely during a subsequent  3 ° rain incubation.  However,  if the  
al iquots of the  serosal and mucosal  solutions were subjected to heat  t r ea tmen t  in a boiling wate r  
ba th  prior  to contact  with the peptide, no proteolyt ic  act ivi ty remained. In  addition, no hydrolysis  
of the  peptide occurred when incubated in buffer alone. Apparen t ly  the peptide-spl i t t ing enzyme (s) 
is released f rom both  sides of the  intest inal  wall. 

Since pept idase act ivi ty was  found in solutions represent ing bo th  mucosal  and serosal sides, 
it cannot  be concluded f rom the  first two  exper iments  t ha t  no t r anspo r t  of intact  peptide occurred. 
I t  is possible t h a t  ei ther of the  peptides crossed the membrane  at such a slow rate  t ha t  the resul t ing 
concentrat ion of peptide in the  presence of hydrolyt ic  enzymes could never  accumulate  in sufficient 
quant i t ies  for detection wi th  ninhydrin.  

In  order to determine whether  the  proteolytic act ivi ty of the serosal solution was  due to 
the t r a u m a  caused by  s t r ipping off the mesen te ry  in the p repara t ion  of the sacs, IO ml of Krebs-  
Ringer b icarbonate  buffer, p H  7.4, were injected into the peri toneal  cavi ty  of an intact  rat.  
After io mill, an  al iquot of the  peri toneal  fluid was  recovered. When the L-peptide was incubated 
wi th  the peri toneal  fluid for 3 ° rain at  37 °, complete hydrolysis  of the peptide occurred. Pr ior  
heat ing of the fluid in a boiling wate r  ba th  completely destroyed the  hydrolyt ic  activity. These 
observat ions  in vivo suppor t  the conclusions of the  sac exper iments  t ha t  peptidase act ivi ty  is 
l iberated f rom the  serosal side of the intestinal  wall into the  peri toneal  cavity.  

Fu r the r  invest igat ion of the mechanism involved may  elucidate the absorpt ion  process for 
the  b reakdown produc ts  of protein.  
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The isolation from wool of a readily extractable protein 
of low sulphur content 

The  p ro te in  so lu t ions  ob ta ined  by  ex t r ac t i ng  wool wi th  alkaline so lu t ions  of p o t a s s i u m  thio- 
g lycol la te  con ta in  severa l  componen t s .  One  of these ,  ke ra te ine  2, was  ob ta ined  in a re la t ive ly  
pure  s t a t e  by  f rac t ional  ex t r ac t i on  f rom wool 1,2 and  was  fu r the r  purified a f te r  convers ion  to  
t he  S - c a r b o x y m e t h y l  der iva t ive  3,4, SCMK2. 

The  isola t ion and  pur i f icat ion of a second p ro te in  c o m p o n e n t  of reduced  wool ha s  now been 
achieved by  t he  following procedure :  so lven t - scoured  wool top  (IOO g a i r - d r y  weight)  was  ex- 
t r ac t ed  a t  5 °°  for 2 h in 3 1 o. i  M p o t a s s i u m  thioglycol la te ,  p H  lO. 5, and  the  p ro te ins  p rec ip i t a ted  
a t  20 ° a n d  p H  5 us ing  acetic acid. The  prec ip i ta te  was  redissolved in I 1 o. i  M p o t a s s i u m  thio-  
glycollate,  p H  8.5, and  coupled wi th  iodoace ta te  a t  th i s  p H  us ing  a two-fold excess.  The  p H  
was  t h e n  a d j u s t e d  to 6 a n d  t he  so lu t ion  dialysed.  E lec t rophores i s  in g lyc ine -NaOH buffer  a t  
p H  i i  and  ionic s t r e n g t h  o.i  ind ica ted  t he  presence  of a t  leas t  3 c o m p o n e n t s  (Fig. ia) .  

On  acidif icat ion abou t  t w o - t h i r d s  of t he  p ro te in  prec ip i ta ted  be tween  p H  4.5 a n d  4.x and  
did no t  redissolve a t  lower p H  values .  The  r ema i nde r  of the  p ro te in  a lmos t  comple te ly  prec ip i ta ted  
a t  p H  2.9. A sha rp  s epa ra t i on  could t h u s  be effected by  p rec ip i t a t ion  a t  p H  4. i .  The  e lec t rophore t ic  
p a t t e r n s  of t he  p rec ip i t a te  and  s u p e r n a t a n t  ob ta ined  a t  th i s  p H  are shown  in Figs.  i b  and  ic 
respect ive ly .  

Fig. i a -d .  Ascend ing  e lec t rophore t ic  p a t t e r n s  of wool p ro te in  f rac t ions  r u n  in o.I ionic s t r e n g t h  
g l y c i n e - N a O H  buffer  a t  p H  i i .  

The  s u p e r n a t a n t  f rac t ion  con ta ined  a t  least  4 c o m p o n e n t s  which  were no t  fu r the r  f ract ion-  
a ted .  I t  h a d  a h igh  s u l p h u r  con ten t ,  con ta in ing  a b o u t  6.5 % compared  w i th  3.5 % in  whole  wool  s, 
a n d  if p re sen t  en t i re ly  as S - c a r b o x y m e t h y l  cys te ine  (SCMC) residues,  th i s  amino  acid would  
cons t i t u t e  a t  least  3 ° % of t he  p ro te in  fract ion.  

The  f rac t ion  p rec ip i t a t ing  a t  p H  4.1 also con ta ined  a t  least  4 componen t s .  The  c o m p o n e n t  
co r respond ing  wi th  t h e  m a i n  peak  (2), wh ich  accoun ted  for abou t  70 % of t he  to t a l  area,  was  
s epa ra t ed  by  prec ip i ta t ion  a t  - - 5  °, p H  7, and  ionic s t r e n g t h  o.oi w i th  ace tone  a t  a concen t r a t ion  
of 5 ° % (v/v). Two re -prec ip i ta t ions  unde r  ident ical  condi t ions  gave  a p ro te in  which  moved  wi th  
a s ingle b o u n d a r y  on e lec t rophores is  a t  all p H  va lues  f rom 8. 5 to i i a t  a p ro te in  concen t r a t ion  
of i %. E lec t rophores i s  was  difficult below p H  IO because  of t he  h igh  t u rb id i t y  of t he  p ro te in  
solut ion.  Fig. Id  shows  a typ ica l  p a t t e r n  ob ta ined  a t  p H  I I .  U l t r acen t r i fuge  runs  a t  p H  II  in 
o . i  ionic s t r e n g t h  g l y c i n e - N a O H  buffer  con ta in ing  also o.2M NaC1 gave  one peak,  t he  s20 w being 
2. 5 a t  a p ro te in  concen t r a t ion  of 0 .9%.  Ul t r acen t r i fuge  runs  showed only  one c o m p o n e n t  b u t  
l igh t - sca t t e r ing  m e a s u r e m e n t s  ind ica ted  t he  presence  of large aggrega tes  which  con t inua l ly  
a c c u m u l a t e d  on  s t a n d i n g  a t  r o o m  t e m p e r a t u r e .  Of t h e  to ta l  p ro te in  ni t rogen,  3.75 % was  in t h e  
fo rm of SCMC and  0. 5 % as cyst ine.  I n  add i t ion  the re  was  a b o u t  1% of combined  su lphu r  in 
an  u n k n o w n  form. 

The  S - c a r b o x y m e t h y l  p ro te in  de r iva t ive  ob ta ined  by  t he  above  process  a n d  SCMK2 are  
s imi lar  as  r ega rds  the i r  e lec t rophoret ic  mobi l i t ies  (7.2-7.8.  io -5 and  7.o-7.9- io  -5) s e d i m e n t a t i o n  
coefficients (2.5" IO -18 and  3-4" IO-ZS) a n d  SCMC c o n t e n t  (3.75 a n d  3.53 %) t h o u g h  t he  l a t t e r  two 
p a r a m e t e r s  differ s ignif icant ly.  The  new  pro te in  also differs f rom SCMK2 in i ts  g rea te r  ease of 
sa l t ing  ou t  a t  p H  6 w i th  ( N H , ) , S O ,  ( o . i 7 - o . i 9 M ,  cf. o .3 -o .4M) ,  NaC1 ( i . o - i . 2 M ,  c]. I .O-2 .oM),  
a n d  s o d i u m  ace t a t e  (o . i8--o.2oM, c[. o . 3 - o . 4 M  ). T he  p H  for 5 o %  prec ip i ta t ion  is also lower 
(4.6-4.7, c[. 4.9-5.1).  P r e l i m i na ry  ana lys i s  by  Dr.  D. H. SIMMONDS shows  t h e m  to  h a v e  a s imi lar  
b u t  s igni f icant ly  different  a m i n o  acid composi t ion .  


