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Some Additional Characteristics of Methionine Transport  in the Chicken Intestine 

In  an  earl ier  s t u d y  t h e  in tes t ina l  abso rp t ions  of D- and  
L-methionine  in the  ch icken  were shown  to  occur by  
a t t a c h m e n t  to  a c o m m o n  z-prefer r ing  site, and  t h a t  the  
following effects  of L-ethionine on the  t r a n s p o r t s  of these  
isomers were  obse rved  1. (1) L-ethionine,  in concen t r a t ions  
ranging be tween  1-4 raM,  inh ib i t s  t he  t r a n s p o r t s  of 0.1 m M  
D- or z - m e t h i o n i n e  giving K i values  of 2.7 and  3.5 m M ,  
respec t ive ly  (Ki = d issocia t ion  c o n s t a n t  of t he  inhib i tor -  
r ecep tor  s i te  complex) ,  when  these  c o n s t a n t s  are  measu r e d  
f rom the  slopes of t h e  l ines in p lo ts  of reciprocal  pe r c e n t  
inh ib i t ion  as a func t ion  of  reciprocal  inh ib i to r  concen t r a -  
t ion.  (2) The  kinet ics  of these  inh ib i t ions  obey  th i s  func t ion  
for c o m p e t i t i v e  inh ib i t ion  a t  the  s t e a d y  s t a t e :  1 / P  = 
(KJIO0)(1 + S I / K ) ( I / I  ) + 1/100. [ E q u a t i o n  1], whe re  
K ----- a p p a r e n t  Michaelis  c o n s t a n t ;  I = inh ib i to r  concen-  
t r a t i on ;  P = % inhib i t ion  of subs t r a t e  u p t a k e L  In  th is  
s t u d y  we have  t e s t e d  fu r the r  t he  ef fec ts  of L-ethionine on 
the  t r a n s p o r t s  of t he  me th ion ine  i somers  unde r  cond i t ions  
of low e th ion ine  concen t r a t i on  and  have  e x a m i n e d  the  
suppos i t ion  t h a t  equa t ion  1 is obeyed  a t  these  concen t ra -  
t ions.  

The s t e a d y - s t a t e  up takes  of D- or L-meth ionine  in to  
chicken in tes t ina l  sect ions  were s tud ied  using the  following 
t echn iques  L ~ q l i t e  Leghorn  female chickens,  12-18 weeks 
old, were  fas ted  24 h and  killed by  decap i ta t ion .  A por t ion  
of small  in tes t ine  15 cm on e i ther  side of t he  yolk s ta lk  was 
r emoved  to  ice cold, o x y g e n a t e d  (5 % COa-95 % O2) phys io-  
logical saline enr iched wi th  0.3% glucose. W i t h o u t  dis- 
t inguish ing  b e t w e e n  orad and  caudad  ends,  the  30 cm 
por t ion  was  cu t  in to  3 cm sections,  each of which  was 
fu r the r  cut  lengthwise  and  b lo t t ed  dry .  The e v e n - n u m b e r e d  
and  o d d - n u m b e r e d  sect ions  of t i ssue  were segregated  and  
incuba ted  a t  37°C wi th  shak ing  in 25 ml por t ions  of 
Krebs -Hense l e i t  buffer ,  con ta in ing  0.1 m M  I)J4C or L-~4C 
meth ion ine ,  0.3% glucose and  an a t m o s p h e r e  of 5% 
CO2-95% Ov L-ethionine was a d d e d  to  flasks conta in ing  
e v e n - n u m b e r e d  sect ions  in concen t r a t ions  rang ing  f rom 
0.1-0.9 raM. Af te r  i ncuba t ion  for 1 h the  segments ,  as 
p rev ious ly  r epor ted  ~, were e x t r a c t e d  wi th  aqueous  e thano l  
and  the  labeled me th ion ine  r e m o v e d  was  assayed  by  l iquid 
sc int i l la t ion techniques .  

K i va lues  for  inh ib i t ions  by  L-ethionine as de t e rmined  
f rom a weighted ,  least  squares  m e t h o d  (Figures 1 and  2) 
were  found  to  be 2.2 and  3.5 m3~f for D- and  L-methionine ,  
respect ive ly .  The  func t ions  gene ra ted  b y  equa t ion  1 for  
these  c o m p o u n d s  fall w i th in  t he  95% conf idence  l imi ts  of 
every  p o i n t  w i t h  one excep t ion  (Figures 1 and  2), t h e r e b y  
ind ica t ing  t h a t  these  po in t s  are  d r a w n  f rom t h e  same  
p o p u l a t i o n  as t he  lines. F u r t h e r  con f i rma t ion  t h a t  equa-  
t ion  1 is an  a d e q u a t e  descr ip t ion  of L-ethionine  inh ib i t ion  
of  e i ther  D- or L-meth ionine  s t e a d y - s t a t e  t r a n s p o r t s  over  
t h e  c o n c e n t r a t i o n  range  employed  comes  f rom an  F t e s t  
which  showed  the  var iances  (of t he  D- a n d  L-meth ionine  
data)  due  to  in te rna l  and  ex te rna l  cons is tenc ies  z to  be 
equal  a t  t he  95% level. 

Some proper t i e s  of L-methionine  release were  examined .  
The  m e t h o d s  used to  ana lyze  th is  process  d i f fered f rom 
s t a n d a r d  t echn iques  in the  following ways.  I n c u b a t i o n  of 
in tes t ina l  sect ions wi th  rad ioac t ive  L-methionine  in Krebs-  
Kense le i t  buf fe r  (KHB)  was t e r m i n a t e d  a f te r  30 rain. The 
sect ions  were t h e n  b lo t ted ,  weighed,  and  r e - i n c u b a t e d  a t  
37°C in K H B  e i ther  w i th  or w i t h o u t  add i t ion  of non-  
labeled L-meth ion ine  in var ious  concen t r a t ions  for  a 
per iod  of 30 rain. The ra t io  of t he  a m o u n t  of labeled 
L-meth ionine  released f rom the  t issue in the  presence  of 
non- labeled  L-meth ionine  in the  m e d i u m  to the  a m o u n t  
released wi th  no add i t ion  indica tes  t he  re la t ive  efficiency 
of t he  ex te rna l  amino  acid in br inging abou t  release. 

Al iquots  of i ncuba t ion  solut ion were  assayed  by  l iquid 
sc int i l la t ion t echn iques  a. The resul ts  are shown  in the  
Table.  Rad ioac t ive  L-meth ion ine  loss f rom pre loaded  
sect ions  is acce lera ted  over  loss in the  cont ro ls  w h e n  pro- 
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Fig. 1. Inhibition of L-methionine transport as a function of L- 
ethionine concentration, Each point represents an average % inhibi- 
tion of uptake in 5 animals, where 5 pairs of 3-cm sections of tissue 
were analyzed per animal, with variability given by the 95% confi- 
dence limits for each average.The line was determined from equation 1, 
where S 1 ~ 0.1 mM and K ~ 4.1 mM 1, using a value for K i from a 
weighted, least squares fit of the data (see text), including those 
points previously reported for L-ethionine concentrations 1-3 mM. 
In performing the least squares analysis, equation 1 was rewritten 
in the form y = rex, with y = I / P - -  0.01; m = Ki[lO0 (1 + S1/K); 
x = l / I .  The weighted, least squares fit of the slope m was then 
found from : 

(Yi~t/ai 2) xi Yi 
i=1 m = , where ¢r i is the standard deviation of P. 

X (yiqcsi 2) xi~ 
i=l .  
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Fig. 2. Inhibition of D-methionine transport as a function of L- 
ethionine concentration. Conditions same as in Figure 1, except 
K = 10.0 raM. Points for L-ethionine concentrations 1-4 mM were 
previously reported (see text). 

t j .  LEm~mt and M. W. TAYLOR, Biochim. Biophys.Acta 135, 991 
(1967). 
W. E. DEMING, in Statistical Adjustment o] Data (John Wiley, 
New York 1943), p. 27. 
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loading is f rom a I m M  L-meth ion ine  solut ion and  w h e n  
the  non- labe led  L-meth ionine  is 1 m M  (1.21 :k 0.03 > 1.00 
a t  t he  0.01 level, S t u d e n t  t = 5.97). If  labeled L-methionine  
is accumula t ed  f rom a 0,1 m M  solution,  and  if 0.1 m M  L- 
me th ion ine  is p re sen t  in t he  m e d i u m  dur ing  re - incubat ion ,  
no acce lera t ion  can  be de tec ted .  However ,  increas ing the  
non- labe led  L-meth ionine  concen t r a t i on  10-fold resul ts  in 
s igni f icant  e n h a n c e m e n t  (1.23 ± 0.06 > 1.00 a t  t h e  0.02 
level, S t u d e n t  t = 4.625). Concen t r a t ions  of  non- labe led  
L-meth ionine  above  5 m M  do no t  lead to  g rea te r  enhance-  
m e n t  of exit .  P r e sumab ly ,  a t  h igh  ex te rna l  concen t ra t ions ,  
c o m p e t i t i o n  b e t w e e n  t h e  labeled a n d  non- labe led  species 

Release of accunmlated methionine into rnethionine-containing 
medimn 

Concentration No. of Concentration Ratio of 
labeled methionine animals non-labeled amounts 
initial incubation used methionine released 
medium (raM) release -4- S.E. 

medium (raM) 

1.0 5 1.0 1.21 4- 0.03 
0.1 5 0.1 1.00 i 0.04 
0.1 4 1.0 1.23 ~ 0.06 
0.1 5 5.0 1.32 :J2 0.07 
0.1 5 10.0 1.28 :]: 0.07 
0.1 4 20.0 1.28 4- 0.00 

Tissues were incubated as described in text with L-*4C methionine 
and then transferred to KHB containing either L-methionine or no 
addition. Release conditions were 37°C and 30 rain. Release was 
represented by the ratio of amounts released, which is the [zmoles of 
labeled methionine released by 5, odd-numbered sections of tissue in 
the presence of non-labeled L-methionine divided by the p~moles of 
labeled methionine released from 5, even-numbered sections into 
KHB. 
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Fig. 3. Release of preloaded L-methionine. Control: 5, 30-cm portions 
of intestine from 5 animals were pooled and incubated in 250 m] of 
KHB containing 1 mM L-14C methionine (37°C) as described pre- 
viously (see text). After 30 rain, the tissues were removed to fresh 
KHB and incubated an additional 30 rain (37°C). Aliquots of the 
latter solution were assayed for labeled methionine. Total accumula- 
tion (100% remaining) = 133 p~moles. Release of preloaded L- 
methionine in a DNP-poisoned system: intestines were initially 
incubated in the same manner, except 1 mM DNP was added. 
Release was then followed into KHB containing 1 mM DNP. Total 
accumulation (100% remaining) = 21 [zmoles. 

m a y  t ake  place a t  t he  inner  surface of t h e  mucosa l  m e m -  
brane ,  t h e r e b y  l imi t ing  the  a m o u n t  of labeled me th ion ine  
leaving t h e  cells. These  obse rva t ions  on L-meth ionine  re- 
lease can  be exp la ined  by  t h e  carr ier  concep t  wh ich  p ro-  
v ides  a model  for expe r imen ta l  f indings  concern ing  coun-  
te r f low or c o u n t e r - t r a n s p o r t  a. 

I n c u b a t i o n  of in tes t ina l  sec t ions  w i th  1 m M  L-methio-  
n ine  p lus  I m ~ I  d in i t ropheno l  (DNP) leads  t o  r educ t ion  
in t he  s t e a d y - s t a t e  accumula t ion  of me th ion ine  (1 h 
incubat ion)  b y  a b o u t  70-80% c o m p a r e d  to  t h e  unin-  
h ib i t ed  case 4. A l though  th is  e x p e r i m e n t  d e m o n s t r a t e s  t h e  
r e q u i r e m e n t  of  metabo l ic  energy,  t he  degree  of inh ib i t ion  
of  t he  u p t a k e  and  ex i t  f luxes  c a n n o t  be discerned.  O t h e r  
inves t iga to rs  h a v e  r epo r t ed  t h a t  D N P  m a y  affect  b o t h  
e n t r y  and  ex i t  by  reducing the  ra te  of t h e  fo rmer  while 
increas ing  the  ra te  of t he  l a t t e r  ~, W e  elected to  s t u d y  the  
inf luence of D N P  on the  exi t  of L-methionine  as a func t ion  
of t ime  by  incuba t ing  t issues sect ions in 1 m M  radio-  
ac t ive  L-meth ionine  for 30 rain, e i ther  w i th  or w i t h o u t  
add i t ion  of 1 t o n i  D N P  (Figure 3). The  release of accumu-  
la ted  m e t h i o n i n e  in to  K H B  con ta in ing  e i ther  1 m M  D N P  
or no add i t ion  was  t h e n  followed. The pe rcen t  me th ion ine  
r ema in ing  a t  t ime  t = 100 (M a -- Mt)/]~I a, where  M a = 
~nioles me th ion ine  accumula t ed  in 30 rain (de te rmined  b y  
t ak ing  dupl ica te  read ings  on a l iquots  of t he  ini t ia l  and  
f inal  i ncuba t ion  solut ions) ;  M t = ~moles me th ion ine  re- 
leased in to  250 ml  K H B  a t  t ime  t. F igure  3 shows the  
release of  p re loaded  me th ion ine  to  be rap id  dur ing  t h e  
f i rs t  rain;  t h e  process  t h e n  slows asympto t i ca l ly ,  reaching  
60% remain ing  a f t e r  1 h. This  loss is no t  descr ibed  b y  a 
f i rs t  o rde r  func t ion  of t he  log of t he  a m o u n t  r ema in ing  
w i t h  t ime .  The  loss of me th ion ine  in t h e  D N P - p o i s o n e d  
sys tcm,  on the  o t h e r  hand ,  is m u c h  more  rap id  du r ing  the  
f i rs t  rain, a n d  i t  con t inues  a t  a r a t e  a b o u t  3-fold t h a t  
found  w i t h o u t  a d d e d  D N P .  A l mo s t  to ta l  m e t h i o n i n e  loss 
occurs  in t he  po isoned  s y s t e m  w i t h i n  50 rain. I n  no t ing  
these  results ,  it  is of  va lue  to  m e n t i o n  the  f indings  of 
V~qNKLER and  WILSON G Oil ga lac tos ide  t r a n s p o r t  in 
Escherichia coll. These  inves t iga to r s  r epo r t ed  t h a t  m e t a -  
bolic inh ib i tors  reduce  the  af f in i ty  c o n s t a n t  for ex i t  wi th -  
ou t  chang ing  the  af f in i ty  c o n s t a n t  for e n t r y  of galacto-  
sides. Appa ren t ly ,  energy  coupl ing in t r a n s p o r t  is needed  
to reduce  the  a f f in i ty  of the  subs t r a t e  for i ts  carr ier  on the  
inner  side of t he  m e m b r a n e .  Our resul ts  seem to s u p p o r t  
th is  hypo thes i s  s. 

Zusammen/assung. A u f n a h m e  und  Abgabe  von  Me- 
th ion in  w u r d e n  an  Darms t f i cken  des H u h n e s  gemessen  
und  die W i r k u n g  von  Ath ion in  sowie yon  D N P  s tud ie r t .  
Fe rne r  wurde  der  Einf luss  des ka l ten  Meth ion ins  in  der  
Aussenl6sung auf die Abgabe  y o n  m a r k i e r t e m  Meth ion in  
un t e r such t .  
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