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Kinetics of the accelerated intestinal valine transport in 2-day-old rats 

Previous  s tudies  in our l abo ra to ry  have suggested tha t  the act ive in tes t ina l  
t r anspor t  of val ine decreases in ra ts  as a funct ion of agO. 1;or both amino acids'-' and 
sugars a, t r anspor t  peaks  have been observed immedia t e ly  af ter  bir th.  These s tudies  
are not  conclusive since ini t ia l  ve loci ty  condi t ions were not  employed  and increases, 
decreases,  or maximal  ra tes  of t r anspor t  should be based on max ima l  ra te  data .  The 
purpose  of the  present  s tudy  was to compare  the  kinetic  character is t ics  of valine 
t r anspor t  in 2-day-old  ra ts  with those of adu l t  ra ts  in order  to confirm the presence 
of an accelera ted  ra te  of t r anspor t  in young animals  and  to de te rmine  whether  the 
increased t r anspor t  represents  an increase in the  number  of t r anspor t  carriers (i.e. an 
increase in Vm~) or the  t rans ien t  presence of t r anspo r t  carr iers  having a grea ter  effi 
ciencv to bind the amino acid (i.e. a decrease in the appa ren t  Kin). 

2-day-old  Wis t a r  ra t s  were used as the  exper imenta l  animals.  The ra ts  were 
kil led by  decap i t a t ion  and the small  in tes t ine  quickly  removed.  The intest ine was 
then spli t  longi tud ina l ly  and the luminal  contents  removed  by  washing with oxy-  
gena ted  saline. The in tes t ina l  segment  from each ra t  was then placed in 5 ml of an 
oxygena t ed  Krebs  Tris  buffer (pH 7-4) 4 conta in ing  8ooo 15ooo counts /min per ml 
of uni formly  labeled L-I14C val ine (Amersham Searle Corp., specific ac t iv i ty  14. 9 m(" 
per mmole) and  nonrad ioac t ive  val ine to the desired final concentra t ion.  In addi t ion ,  
5oo0 I2OOO counts/rain per  ml of me thoxy  aHlinul in  (New Eng land  Nuclear  Corp., 
specific ac t iv i ty  672 mC/mmole)  was added  to the  medium to measure  the  ex t ra -  
cel lular  space of the  t issue 5. The segments  were incuba ted  at  37 ° for the desired t ime 
periods af ter  which they  were washed quickly  in saline, b lo t ted  and weighed. The 
segment  then was homogenized in 4 t imes its weight of 5 °o t r ichloroacet ic  acid and 
the homogena te  centr i fuged.  Al iquots  of the supe rna t an t  were counted  in a Tri(-arb 
l iquid scint i l la t ion spec t romete r  (Packard)  in a xylene,  dioxane,  e thanol ,  naphtha lene ,  
2 ,5-diphenyloxazole ,  and  1,4-bis-2-(5-phenyloxazolyl)benzene system. The spectro-  
mete r  was ad jus t ed  to permi t  60 % ~4C efficiency, 22 % aH efficiency, less than  o.oi  % 
aH efficiency on the 14C channel,  and  IO °o efficiency of the  ~4C on the aH channel .  
Valine t r anspor t  is expressed as in t race l lu lar  accumula t ion  which is defined as the  
mi l l imolar  concent ra t ion  of val ine in the  cellular water  af ter  a given incubat ion  period.  
The fornmla  used to calculate  in t race l lu lar  accumula t ion  has been previously  re- 
por ted  <6. Each accumula t ion  value represents  the  average of the  ind ica ted  number  
of de te rmina t ions  each of which is the mean of at  least  three ind iv idua l  experi lnents .  
All regression lines were ca lcula ted  bv the me thod  of least  squares and the confidence 
l imits  of the x a n d y  in tercepts  and  slopes of these lines were ca lcula ted  bv the me thod  
of  .]ERVIS AND SMYTH 7. 

Valine accumula t ion  was essent ial ly  at  ini t ial  veloci ty  through the first 5 inin 
and reached a s t eady  s ta te  af ter  Io  rain. Table  I shows the effect of val ine concen- 
t ra t ion  over  the  range o. 5 5 mM on the in t racel lu lar  accumula t ion  of val ine af ter  
5 min. Valine accumula t ion  in the  in tes t ine  from i - d a y - o l d  ra ts  was increased 50 7o % 
over tha t  found for the same val ine concent ra t ion  in the  in tes t ine  from adul t  ra t s<  6. 

lqg. 1 presents  the d a t a  of Table  I p lo t t ed  as the veloci ty  or in t race l lu lar  accu- 
mula t ion  as the  ord ina te  agains t  the  veloci ty  d iv ided  by  the ini t ia l  subs t ra te  concen- 
t r a t ion  as the abscissa. Fo r  comparison,  a s imilar  plot  of val ine accumula t ion  from 
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a d u l t  r a t s  is i n c l u d e d  4. Th is  t y p e  of cu rve  has  been  r e p o r t e d  to  g ive  a inore  u n i f o r m  

d i s t r i b u t i o n  of po in t s  t h a n  does  a L i n e w e a v e r  B u r k  p lo t  8. The  e q u a t i o n  of t he  l ine 

r e p r e s e n t i n g  va l ine  a c c u n m l a t i o n  in t he  e - d a y - o l d  r a t s  was  3 . . . . .  5.83o x + 32.848. 
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Fig. L Velocity vs. velocity/initial sul)strate concentration plot of data shown in Table [. The 
equations of the regression lines with the 95 (}o coniidence limits of their y intercepts and slopes 
are as follows: e-day-old rats ( ), equation to the line: y --5.83 o x + 32.848; intercept 
oi3 3' a x i s  : : 3z.848 :{ 2.346; slope -5.83 ° k o.632. Adult rats ( - -  - ), equation to the line: 
y 7 . 2 9 0  2: ~ 2 3 . 7 5 2  ; intercept on y axis - -  2 3 . 7 5 2  [ :  4 . 1 6 4 ;  slope -. --7.296 " -  1 . 7 1 1 .  

TABLE I 

THtL EFFECT OF VALINE CONCENTRATION ON THE INTRACELLULAR ACCUMULATION OF VALINE AFTER 
5 min 

Intestinal segments were incubated for 5 rain at 37' in a Krebs-Tris medium containing valine 
at the indicated initial concentrations. Each accumulation value represents the average of six 
determinations, each of which is the mean of four individual experiments ± S.E. 

Vali~,~' cone11. 

(mM) 

O. 5 
I . O  

2 .  O 

5 . O  

[ntracelhdar accumulation 
(ram vaHne per 5 rain) 

2.580 _.: o.173 
4.840 ~ o.3[8 
8.424 ± o.55f) 

I 5 . T 4 6  ~: t.265 

T h e  i n t e r c e p t  ()n t i le v axis,  7'max, was  32.848 wi th  95 % conf idence  l imi ts  of -~ 2.346. 

T h e  s lope  of t h e  line, Kin,  was  5.83o wi th  95 °o con f idence  l imi t s  of ~ o.632. 

T h e  e q u a t i o n  of t h e  l ine r e p r e s e n t i n g  va l ine  a c c u m u l a t i o n  in t he  ad u l t s  was  v 

7.296 x @ 23.752. T h e  v i n t e r c e p t  a n d  sh)pe wi th  t im 95 % conf idence  l imi ts  were  

23.752 m 4.164 a n d  7.290 ~ 1 .7I I ,  r e s p e c t i v e l y  4. A L i n e w e a v e r - B u r k  p lo t  of t h e  
d a t a  s h o w n  in Tab le  I a n d  c o r r e s p o n d i n g  d a t a  f rom a d u l t  r a t s  4 s h o w e d  t h a t  on t h e  
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basis of 9 ° % confidence limits, the y intercepts (I/Z'max) were  different while tile x 
intercepts  ( - I / K m )  were the same. These kinetic plots indicate tha t  the apparen t  
Km for valine accumulat ion by 2-day-old rats  (average value from Fig. I and the 
L ineweaver -Burk  plot of 5.9 raM) is not  s tat is t ical ly different from tha t  of adul t  rats 
(average value, 6.8 raM). However,  the Vma x of valine accumula t ion  in 2-day-old rats 
(average value, 32.5 mM/5 min) is s tat is t ical ly greater than  the ~'m,~ in adult  rats 
(average value, 22.5 lnM/5 rain). 

The increase in valine intracel lular  accumula t ion  in the 2-day-old rats as con> 
pared to adult  values can best be explained by the presence of more t ranspor t  sites 
ra ther  than  by a more efficient b inding of valine by the carrier. The progressive de- 
crease in t ranspor t  ac t iv i ty  from newborn  to adul t  levels may  be a consequence of 
the disappearance of the widespread and locationally nonspecific t ranspor t  sites found 
in tile intest ine and colon of newborn  rats 9 eventua l ly  result ing in the specific distri- 
bu t ion  pa t te rns  for sugar and amino acid t ranspor t  found in adult  intestine. 
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