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Table II, Effect of injury on the termination of diapause 

No. Devel- Not Undiag- 
of eggs oped devel- nosed 

oped dead 

Group 1 n 20 0 20 0 
Group 2 ~ 20 0 15 5 
Group 3" 20 15 b 0 5 

See text for explanation, b Larvae were Mmost completely formed 

was c o m p l e t e l y  lost  w i t h i n  5 days .  Loss  of t h e  a f f in i ty  
of , lysosomes to  ac r id ine  o range  ha s  b e e n  s h o w n  to 
cha r ac t e r i z e  t h e  d i a p a u s i n g  e m b r y o n i c  cells s. 

These  2 pieces  of ev idence  wou ld  s e e m  t o  show t h a t  
t he  a n o x i a t e d  a r t i f i c ia l  n o n - d i a p a u s e  eggs a re  n o t  d i f f e ren t  
f rom d i a p a u s i n g  eggs, a t  l eas t  for  t h e  f ea tu r e s  i nves t iga t ed .  
T h u s  i t  m a y  be  c red ib le  to  a s s u m e  t h a t  e m b r y o s  m i g h t  
be  a n o x i a t e d  also in t he  n a t u r a l l y  d i a p a u s i n g  eggs, a n d  
t h e y  m i g h t  t e r m i n a t e  t he  d i a p a u s e  w h e n e v e r  o x y g e n  
s u p p l y  is recovered.  I f  t hose  cond i t i ons  a c t u a l l y  exis t ,  
p e r m e a b i l i t y  of t h e  egg m e m b r a n e s  to  a i r  is  e x p e c t e d  to  
b e  d i f f e r en t  in  d i a p a u s i n g  eggs a n d  in n o n - d i a p a u s e  eggs 
or  deve lop ing  eggs. 

W h e n  t h e  eggs were  k e p t  in  a des icca tor ,  t h e  r a t e  of 
decrease  in t h e i r  w e i g h t  was  m u c h  h i g h e r  in  a r t i f ic ia l  
n o n - d i a p a u s e  eggs, p o s t - d i a p a u s e  eggs, a n d  unfe r t i l i zed  
eggs, t h a n  in d i a p a u s i n g  eggs (F igure  2). T he  decrease  
in w e i g h t  of t h e  eggs in t he  des icca to r  is p r o b a b l y  due  
to  a loss of w a t e r  b y  e v a p o r a t i o n  t h r o u g h  t h e  egg m e m -  
b ranes .  Therefore ,  the  d i f fe rence  in  t he  decrease  in  w e i g h t  
of t h e  eggs in t h e  des icca to r  m a y  b e  a sc r ibed  t o  a dif-  
ference  in p e r m e a b i l i t y  of t h e  egg m e m b r a n e s  to  w a t e r  
vapou r .  Th i s  d i f fe rence  m a y  r e a s o n a b l y  be  e x t e n d e d  to  
t h e  d i f fe rence  in p e r m e a b i l i t y  of t h e  m e m b r a n e s  to  air .  
A m o n g  3 egg m e m b r a n e s ,  i.e., t h e  serosal  cut icle ,  t he  
v i t e l l ine  m e m b r a n e ,  a n d  t h e  chorion,  on ly  t he  chor ion  
s e e m e d  to  be  r e spons ib l e  for  t h e  a i r - t i gh tnes s  in  t h e  
d i a p a u s i n g  egg, because  r e m o v a l  of t h e  cho r ion  f rom 
d i a p a u s i n g  eggs was  e n o u g h  for  t h e  e m b r y o s  to  t e r m i n a t e  
t h e  d i a p a u s e  (Tab le  I), 

The  process  of d i a p a u s e  in Bombyx eggs t h u s  cou ld  be  
dep ic t ed  as fol lows:  T he  cho r ion  m a y  be  p e r m e a b l e  to  
a i r  a t  t h e  ov ipos i t ion ,  t h e n c e f o r t h  i t  m a y  g radua l l y  
b e c o m e  i m p e r m e a b l e  to  air,  w h i c h  would  force t h e  e m b r y o  
to  be  s i t u a t e d  in a n  oxygen - de f i c i en t  e n v i r o n m e n t .  T h e  
a n o x i a t e d  e m b r y o  would  g r a d u a l l y  a d a p t  i t se l f  to  t h e  

low oxygenic  e n v i r o n m e n t .  The  presence  of a d a p t a t i o n  
of t h e  e m b r y o  to  oxygen-de f i c i ency  could  be  in fe r red  
f rom t h e  p resence  of a l a t e n t  pe r iod  for  r e s u m i n g  devel -  
o p m e n t  a f t e r  t r a n s f e r r i n g  t h e  eggs to  air ,  as  s h o w n  in  
F i g u r e  1. I n i t i a l  p e r m e a b i l i t y  of t h e  chor ion  to  a i r  re- 
covers  a f t e r  t h e  d i a p a u s i n g  egg ha s  b e e n  chi l led  for more  
t h a n  3 m o n t h s ,  a n d  renewed  s u p p l y  of oxygen  to  t h e  
e m b r y o  shou ld  t e r m i n a t e  t h e  d iapause .  

The re  h a v e  been  e l a b o r a t e  e x p e r i m e n t s  w i t h  o r t h o p t e -  
r a n  eggs on  w a t e r  a b s o r p t i o n  a n d  i ts  co r r e l a t i on  w i t h  t h e  
changes  of t h e  egg m e m b r a n e s  ~-ls. Also in  Bombyx eggs, 
a p r e l i m i n a r y  e lec t ron  microscopic  o b s e r v a t i o n  ha s  sug-  
ges ted  t h a t  a s t r u c t u r a l  c h a n g e  of t h e  cho r ion  can  be  
co r re la t ed  w i t h  d e v e l o p m e n t  a n d  d i a p a u s e  of t h e  embryo .  
F u r t h e r ,  in  Bombyx eggs, t h e  conve r s ion  of g lycogen 
in to  sorb i to l  a n d  glycerol  in  t h e  d i a p a u s i n g  egg  can  
wel l  be  i n t e r p r e t e d  if one  a s sumes  a m e c h a n i s m  in te r -  
fe r r ing  w i t h  t h e  o x i d a t i o n  of N A D H ~  a n d  N A D P H ~  in  
t h e  egg x~. T h e  c h a n g e  in p e r m e a b i l i t y  of t h e  cho r ion  
could  be  invobced in t h e  m e c h a n i s m  sugges ted  ~1. 

Zusammen[assung. Dechor ion i e r t e  D i a p a u s e - E i e r  v o n  
Bombyx mori L. e n t w i c k e l n  s ich in Paraff in61.  Wasse r -  
a n f n a h m e  k a n n  also fiir das  B r e c h e n  der  D i a p a u s e  ke ine  
Rol le  spielen.  Die  D i a p a u s e  k S n n t e  d u r c h  m a n g e l n d e  
Saue r s to f fdu rch l~ss igke i t  des  Chor ions  z u s t a n d e  k o m m e n .  
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Multiple Neutral  Amino Acid Transport  Sys tems  in Chicken Small  Intestine: Evidence for a Separate 
Proline Transfer Agency 

W e  h a d  p rev ious ly  s h o w n  t h a t  a b s o r p t i o n  of m e t h i o n i n e  
fronl  t he  ch i cken  s m a l l  i n t e s t i n e  was  i n h i b i t a b l e  in  t h e  
o rde r  of i nc reas ing  a m i n o  acid  s idecha in  l eng th ,  a n d  t h a t  
if one i n s t e a d  used  g lycine  as s u b s t r a t e ,  t h a t  a l a n i n e  
was i t s  b e s t  i nh ib i t o r ,  fol lowed b y  t h e  long-cha in  a l i p h a t i c  
a m i n o  acids  1,2. S imi la r ly ,  in  t h e  r a t  in tes t ine ,  m e t h i o n i n e  
t r a n s f e r  also was  f o u n d  to  be  p rogress ive ly  i n h i b i t e d  
w i t h  inc reas ing  cha in  l eng th ,  wh i l e  sa rcos ine  a b s o r p t i o n  
was  i n h i b i t e d  less b y  long-cha in  c o m p o u n d s ,  a n d  more  
b y  glycine  a n d  a lanine~.  O b s e r v a t i o n s  such  as these  

h a v e  p r o v i d e d  t he  bas i s  for  p r o p o s i n g  t h e  ex i s tence  of 
two  s e p a r a t e  m e c h a n i s m s  for  n e u t r a l  a m i n o  ac id  t r a n s f e r  
in r a t  in t e s t ine ,  a m e t h i o n i n e  s y s t e m  s tereospecif ic  for  

1 j .  LERNER and M. W. TAYLOR, Biochim. biophys. Acta 735, 991 
(1967). 
K. M. NELSON and J. LERNER, Biochim. biophys. Acta 203, 434 
(1970). 
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Percent inhibition data for amino acid uptake 
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Inhibitor Inhibition of uptake (% ± S.E.) 
(20 mM) Substratc (0.8 raM) 

Alanine Proline fl-Alanine Sarcosine Taurine 

Isoleucine 80.4 4- 0.7 20.6 4- 6.7 b 36.6 4- 2.1 15.1 4- 4.7 
Leucine 79.3 ± 1.2 46.3 4- 1.6 17.2 4- 5.3 39.8 4- 2.7 
Methionine 78.8 4- 1.6 * 43.9 4- 7.0 13.0 4- 3.0 18.2 ± 2.2 ~ 
Alanine 68.7 4- 1.6 • 50.6 4- 3.4 34.9 4- 2.7 30.8 4- 6.5 20.3 4- 2.6 
Serine 53.3 4- 1.8 21.6 4- 7.1 8.7 4- 2.9 20.7 4- 6.0 22.4 4- 3.9 
Thrconine 50.9 4- 3.0 36.1 + 6.1 18.7 4- 5.1 27.8 4- 3.2 26.9 4- 2.2 
Glycine 38.5 4- 4.1 38.3 4- 5.2 18.3 4- 2.4 32.0 -4- 6.9 30.4 4- 3.4 
Hydroxyproline 35.0 4- 4.9 32.1 4- 7.0 13.6 4- 3.2 39.8 4- 5.6 24.6 4- 4.8 
Proline 27.4-t- 2 7 35.2 4- 1.9 39.5 4- 3.1 b 42.9-t- 2.7 30.5 4- 3.1 
Taurine 22.8 4- 1 8 --9.3 4- 8.7 19.9 4- 4.1 35.3 4- 4.8 34.2 4- 1.9o 
Sareosine 6.5 4- 3.7 31.7 -I- 4.5 35.3 -t- 3.4 38.4 4- 4.4 26.8 4- 2.3 
Betaine 1.5 4- 3.2 2.7 4- 7.1 9.3 4- 2.2 25.3 4- 4.1 
fi-Alanine --17.3 -4- 2.7 29.8 4- 4.7 32.8 4- 2.6 30.1 -t- 2.1 25.0 4- 4.9 
D-Proline 10.6 4- 7.7 35.0 4- 2.0 

Methionine vs. alanine, P < 0.01. b .Proline vs. isoleucine, P < 0.05. e Taurine vs. methionine, P -< 0.001. Experimental conditions are given 
in the text. Each experiment was repeated on the average of 5 times. 

L-isomers and  a nons tereospeci f ic  sarcosine sys t em a,4, and  
in chicken in tes t ine ,  a me th ion ine  s y s t e m  and  a glycine 
sys tem,  b o t h  h a v i n g  pre fe rence  for L-enan t iomorphs  2. 
Likewise a d i s t inc t  be ta ine  t r a n s p o r t  agency  has  been  
descr ibed  for h a m s t e r  in tes t ine  t h a t  is sha red  wi th  sarco- 
sine, prol ine  and  h y d r o x y p r o l i n e  5. This  r epo r t  p rov ides  
ev idence  for  fu r the r  mul t ip l i c i ty  of neu t ra l  amino  acid 
t r a n s p o r t  sys t ems  in t he  chicken smal l  in tes t ine .  

E x p e r i m e n t s  were  pe r fo rmed  w i t h  sect ions  of smal l  
in tes t ine  employ ing  a modi f ied  t i s sue -accumula t ion  pro-  
cedure% Briefly,  100 mg sect ions  of t i ssue  on e i ther  side 
of t he  yolk  s ta lk  were  i ncuba t ed  5 min  a t  37 °C in Krebs-  
Hense le i t  buf fe r  (5 ml) con ta in ing  0.8 m M  14C-labeled 
amino  acid, alone, or in the  presence  of 20 m M  inh ib i t o ry  
amino  acid in an  a t m o s p h e r e  of 95% O2: 5% CO 2 (v/v). 
Tissues were homogen ized  in 2.5% t r ich loroace t ic  acid 
(w/v) using 5 ml  so lu t ion/g  t issue.  The up t ake  was  de ter -  
mined  b y  assaying a 0.2 ml  a l iquo t  of t he  clarif ied ex t r a c t  
b y  l iquid sc in t i l la t ion  techniques .  

The  ini t ia l  u p t a k e s  of the  5 subs t r a t e s  s tud ied  fol lowed 
Michael i s -Menten  kinet ics ,  each  hav ing  clear ly def ined 
Vmax values  a n d  a p p a r e n t  Michaelis  c o n s t a n t s  of 3.6, 
10, 14, 20, and  40 m M  for alanine,  proline,  sarcosine,  
t au r ine  and  fi-alanine, respect ive ly .  Inh ib i t ions  of ini t ia l  
f lux  (from 0.8 m M  solution) unde r  anoxic  cond i t ions  
(95% N~: 5% CO s a tmosphere )  were  61, 38, 34, 23, and  
13% for alanine,  fl-alanine, prol ine,  sarcosine and  taur ine ,  
respect ive ly .  U n d e r  condi t ions  of Na  + dep le t ion  (incuba- 
t ion  in cho l ine - subs t i t u t ed  buf fe r  2) t he  ra tes  were  inhi-  
b i t ed  80, 64, 62, 48 and  34% for alanine,  proline,  taur ine ,  
fl-alanine and  sarcosine,  respec t ive ly .  

The order  of inh ib i t ions  caused  b y  var ious  amino  acids  
to  a lanine  inf lux (see the  Table) ind ica tes  t h a t  a lanine 
is a subs t r a t e  for t he  m e t h i o n i n e  t r a n s p o r t  s y s t e m ;  i ts  
a f f in i ty  is less t h a n  the  long-cha in  a l iphat ic  amino  acids 
in th is  s y s t e m ;  h y d r o xyp ro l i ne ,  prol ine  and  t au r ine  are 
weak  subs t ra tes ,  and  sarcosine  and  fl-alanine fall outs ide  
the  specif ic i ty  l imits .  The use of prol ine  as subs t r a t e  
suggests  t h a t  it  en te rs  t he  m e t h i o n i n e  s y s t e m  to a m u c h  
lesser degree t h a n  a lanine  as ev idenced  by  the  c i rcum- 
scr ibed na tu re  of t he  inh ib i t ions  p roduced  by  me th ion ine  
and  leucine. The re la t ive  e f fec t iveness  of sarcosine and  
fl-alanine as inh ib i tors  of prol ine  versus  t he i r  inh ib i t ions  
of a lanine  t r a n s p o r t  impl ies  t h a t  a n o t h e r  s y s t e m  func t ions  

in prol ine  t r ans fe r  in add i t ion  to  t h e  me th ion ine  agency.  
To th i s  poin t ,  t he  d a t a  on fl-alanine e n t r y  p rov ide  evi-  
dence  for a rou te  of prol ine  u p t a k e  t h a t  is shared  wi th  
sarcosine  and  fl-alanine. We  are no t  cer ta in  w h e t h e r  
a lanine f inds  t r a n s p o r t  in th is  sys tem,  because  no reci- 
procal  inh ib i t ion  of a lanine  t r a n s p o r t  by  fl-alanine could 
be de tec ted .  The  sepa ra te  prol ine  m e d i a t o r  d i sc r imina tes  
aga ins t  long-chain  neu t ra l  amino  acids,  glycine,  be ta ine  
and  a l i p h a t i c - h y d r o x y  amino  acids,  b u t  lacks s tereo-  
specif ic i ty  in its r eac t iv i ty  t o w a r d s  D-proline. 

The inhib i t ions  of sarcos ine  f lux p rov ide  addi t iona l  
ev idence  t h a t  th is  amino  acid shares  t r a n s p o r t  w i th  
fl-alanine and  proline,  a l t hough  i ts  inh ib i t ions  in the  
presence  of long-chain  neu t ra l  c o m p o u n d s  make  i t  a 
poor  choice for use as a subs t r a t e  to  de l inea te  the  new 
prol ine s y s t e m (compare  the  use of sarcosine to  de l ineate  
sys t ems  in t he  rat3). 

Las t ly ,  t h e  obse rva t ion  t h a t  subs t r a t e s  such as proline, 
glycine a n d  taur ine  inh ib i t  t au r ine  inf lux to  a s ignif icant ly  
g rea te r  degree  t h a n  the  ma jo r  subs t r a t e s  for the  meth io-  
n ine  s y s t e m is an ind ica t ion  also t h a t  amino  acids en t e r  
across  t h e  in tes t ina l  m e m b r a n e  by  t r ans fe r  s y s t e ms  
i n d e p e n d e n t  of the  l a t t e r  s y s t e m s . 

Zusammen/assung. Die Darmreso rp t ion  yon  Prol in,  
Alanin,  fl-Alanin, Sarkos in  und  Taur in  bei  H i i h n e r n  
wurde  in v i t ro  u n t e r s u c h t  und  ein spezielles Reso rp t ions -  
s y s t e m  fiir Pro l in  beschr ieben.  
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