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D u r i n g  the  course  of a n  e x p e r i m e n t  i nvo lv ing  m u t a t i o n  
s tud ies  on  t he  v a r i e t y  Single Yel low of a n n u a l  c h r y s a n -  
t h e m u m ,  a large  n u m b e r  of p l a n t s  were found  on  sel f ing 
to  be  c o m p l e t e l y  steri le .  Seven  of t h e m  w h i c h  formed t h e  
p r o g e n y  of a cross, a t t e m p t e d  p r i m a r i l y  to  s t u d y  t he  in- 
h e r i t a n c e  of a r a d i a t i o n  induced  c h a r a c t e r ,  were in ter -  
c rossed  in all  poss ible  c o m b i n a t i o n s .  T h e i r  c ross ib i l i ty  
r e l a t i o n s h i p s  i n d i c a t e d  four  in t ra - s te r i l e  groups ,  h a v i n g  
2, 2, 1, a n d  2 p l a n t s  respec t ive ly .  The  i n t e r -g roup  c o m p a t -  
ib i l i ty  of these  p l a n t s  is i nd i ca t ed  in t he  fol lowing Table .  
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The  a b o v e  o b s e r v a t i o n s  show t h a t  n o t  all  t h e  g roups  
a re  in ter - fer t i le .  Groups  I a n d  I I ,  for ins tance ,  show in ter -  
s t e r i l i t y  b o t h  ways  a n d  a s imi la r  b e h a v i o u r  is s h o w n  b y  
Groups  I I I  a n d  IV. G r o u p s  1 a n d  I I  also show in ter -s te r i l -  
i t y  b u t  in  one  d i r ec t ion  only.  These  fea tu res  of t he  resu l t s  
o b v i o u s l y  c a n n o t  be  e x p l a i n e d  on  the  bas is  of t he  g a m e t o -  
p h y t i c  d e t e r m i n a t i o n  of i n c o m p a t i b i l i t y  genes  as in  Nico- 
tiana. T h e y  a p p e a r  h o w e v e r  to  be  qu i t e  s imi la r  to  those  
r e p o r t e d  for  o t h e r  m e m b e r s  of Compos i t ae ;  and,  of t he  
two  genet ic  m e c h a n i s m s  proposed  for th i s  group,  the  one 
b y  GERSTEL 1, a n d  b y  HUGHES a n d  BABCOCK t sugges t ing  
s p o r o p h y t i c  con t ro l  of pol len reac t ion ,  a ccoun t s  for t h e m .  

Acco rd ing  to  t he  s cheme  p u t  fo rward  b y  GERSTEL, the  
mu l t i p l e  alleles of t h e  gene  R d e t e r m i n e  t h e  m a t i n g  sys- 
t e m .  A s s u m i n g  for  t h e  two  p a r e n t a l  p l a n t s  i nvo lved  in t he  
p r e s e n t  cross, t h e  gene t ic  c o n s t i t u t i o n s  of R~R 2 and  R3R ,, 
t h e  four  g roups  of p l a n t s  expec t ed  in the  p rogeny  are  
R1R~, RIR4, R~R3, a n d  R , R  4 respect ively•  These  geno- 
t y p e s  for  t he  four  in t r a - s t e r i l e  g roups  obse rved  in the  prog-  
e n y  are  en t i r e ly  c o n s i s t e n t  w i th  t h e i r  in te rc ross ib i l i ty  re- 
l a t i onsh ips  if i t  is supposed  t h a t  t he  genes  show independ -  
e n t  ac t ion  in t h e  s tyle ,  a n d  t h e  two alleles of t he  ma le  
p a r e n t ,  on  t h e  bas i s  of t h e i r  d o m i n a n c e  re la t ion ,  de te r -  
m ine  t he  r eac t i on  of t he  pollen.  F r o m  the  r e su l t s  i t  is pos-  
sible to  deduce  t he  d o m i n a n c e  of R l ove r  R 4 and  of R ,  
ove r  b o t h  R 3 a n d  R 4. R 1 a n d  R 3 show no m u t u a l  in te r -  
ac t ion ,  in  o t h e r  words,  t h e y  show equa l  d o m i n a n c e  as is 
i n d i c a t e d  b y  t he  in t e r - s t e r i l i t y  of g roup  I I  w i t h  I ( R l R  ~ 
× 1R1R~) a n d  of g roup  I I I  w i th  I ( R , R  3 × R1R3). In  the  

absence  9f p a r e n t  p r o g e n y  crosses,  t h e  i n t e r a c t i o n  of R t  
w i t h  R ,  a n d  of R 3 w i t h  R ,  cou ld  n o t  be  d e t e r m i n e d .  
Specia l  t e c h n i q u e s  are be ing  emp loyed  to  a ch i eve  such  
crosses.  

The  a b o v e  i n t e r p r e t a t i o n  of t he  resu l t s  shows t h a t  self- 
i n c o m p a t i b i l i t y  in  a n n u a l  c h r y s a n t h e m u m  can  be  ex- 
p l a ined  on  t he  bas is  of t he  scheme  p o s t u l a t e d  for Parthe- 
nium argentatum a n d  Crepis/oetida, a n d  differs  f rom t h a t  
in  Cosmos in  w h i c h  d o m i n a n c e  b e t w e e n  alleles h a s  been  
d e m o n s t r a t e d  to  occur  b o t h  in t he  pol len a n d  t he  style• 
Th i s  would  sugges t  t h a t  t h e  Compos i t e  scheme deve loped  
f rom o b s e r v a t i o n s  on  t he  f i rs t  two p l a n t s  is p r o b a b l y  
more  t yp i ca l  of t h e  family•  

We are gratefnl to Dr. B. P. PAL and Dr. A• B. JosHI for their 
kind interest in this work and encouragement during its progress. 

H.  K• JAIN a n d  S• B• GUPTA 

Botany Division, Indian Agricultural Research Institute, 
New Delhi, September 3, 7959. 

Zusammen/assung 

Es  werden  Beweise fiir die s p o r o p h y t i s c h e  D e t e r m i n i e -  
r u n g  d e r  S e l b s t - I n k o m p a t i b i l i t R t  w m  Chrysanthemum 
carinatum e r b r a c h t .  Die R e s u l t a t e  weisen a u c h  d a r a u f  h in ,  
dass  die I n k o m p a t i b i l i t l t t s - A l l e l e  im Pol len  D o m i n a n z  
zeigen, w i th rend  sic im Griffel  u n a b h ~ n g i g  sind.  Der  In-  
k o m p a t i b i l i t A t s - T y p u s  in dieser  Pf lanze  s t i m m t  mi t  j e n e m  
y o n  Parthenium u n d  Crepis fiberein,  we ich t  a b e t  v o n  d e m  
bei  Cosmos g e f u n d e n e n  ab.  Es  wird  a n g e n o m m e n ,  dass  
d a s  Schema ,  wie es bei  d e n  e r s t g e n a n n t e n  G a t t u n g e n  
nachgewiesen  wurde ,  t y p i s c h  is t  ffir die Fami l i e  d e r  
K o mp o s i t en .  

The  M e c h a n i s m  of Externa l  Pancreat ic  Secret ion  

In  t h e  e x t e r n a l  secre t ion  of t h e  p a n c r e a s  .of dogs,  t h e  
c o n c e n t r a t i o n  of b i c a r b o n a t e  inc reases  a n d  t h a t  of chlo-  
r ide  decreases  wi th  inc reas ing  r a t e s  of s ec re t ion  ~,~. T h e  
s u m  t o t a l  is a lmos t  c o n s t a n t  a n d  t h e  sec re t ion  is a lways  
i so tonic  w i th  the  ex t race l lu la r  fluid~. E x p e r i m e n t a l  d a t a  
a re  r ep r e s en t ed  in F igure  1. 

Since, a t  h igh  ra t e s  of secret ion,  a c t u a l  va lues  of bi-  
c a r b o n a t e  of 152 meq / l  were observed ,  whe reas  in p l a s m a  
t h e  m a x i m a l  b i c a r b o n a t e  c o n c e n t r a t i o n  is a b o u t  30 meq/1, 
i t  seems  t h a t  we are  dea l ing  in t h e  p r i m a r y ,  a c t i v e  
sec re t ion  w i t h  a n  i so ton ic  f luid,  c o n t a i n i n g  b i c a r b o n a t e  as  
t h e  sole an ion ,  a ssoc ia ted  chief ly  w i t h  s o d i u m  2. Th i s  
sec re t ion  is t h e n  modi f ied  as i t  passes  t h r o u g h  the  d u c t a l  
sys tem•  

T h e  fac t  t h a t  w i t h  dec reas ing  flow C1- c o n c e n t r a t i o n  
increases  a n d  HCOa-  decreases ,  a p p r o a c h i n g  b lood  p l a s m a  
levels,  m a y  be  exp l a ined  b y  e i t h e r  of t h e  fol lowing h y p o -  
theses  : (a) t h e  b i c a r b o n a t e  sec re t ion  of t h e  g l a n d u l a r  cells  
is m i x e d  on  i ts  way  w i th  a p l a s m a  u l t r a f i l t r a t e  3, or  (b) t h e  
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Fig. 1• Average concentration of bicarbonate (e),  chkwide (C~), 
sodium (A), potassimn (I) ,  and stun of anions (~) at various rates 
of external pancreatic secretion. The vertical lines show the standard 

deviation of the nwan. 
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secre t ion  of t he  g l a n d u l a r  cells is equ i l i b r a t ed  b y  a n i o n  
e x c h a n g e  as  i t  passes  a long  t h e  d u c t a l  sys tem.  

W e  wish to  p o i n t  to  some  ev idence  which  seems to  ex-  
c lude  t h e  f i rs t  poss ib i l i ty  a n d  to  s u p p o r t  t he  second h y p o -  
thesis .  The  re l a t ive  i m p e r m e a b i l i t y  of t he  duc t s  to  ca t ions  
is i nd i ca t ed  b y  t h e  f ac t  t h a t  s o d i u m  is exc re ted  in a l m o s t  
c o n s t a n t  c o n c e n t r a t i o n ,  s o m e w h a t  a b o v e  i ts  level  in  t he  
ex t r ace l lu l a r  fluid,  a n d  t h a t  i ts  c o n c e n t r a t i o n  is i n d e p e n d -  
e n t  of t he  r a t e  of flow (Fig. 1) 1. Moreover  i t  was  shown,  
t h a t  in c o n t r a s t  to  ca t ions ,  b o t h  inorgan ic  m o n o v a l e n t  
an ions  a n d  smal l  n e u t r a l  molecules  4 a n d  l ikewise acidic 
or  some a m p h o t e r i c  dyes  5 a p p e a r  in t h e  p a n c r e a t i c  juice 
soon a f t e r  t he i r  i n t r a v e n o u s  i n j e c t i o n - - a n  ev idence  wh ich  
would  sugges t  a n  a n i o n  e x c h a n g e  p r o p e r t y  of t he  d u c t a l  
ep i the l ium.  Th i s  p r o p e r t y  would  requ i re  t h a t  t he  t o t a l  
a m o u n t  of an ions ,  o t h e r  t h a n  HCOs- ,  t r a n s p o r t e d  pe r  m i n  
t h r o u g h  t h e  wal l  of t h e  duc t ,  is c o n s t a n t  a n d  i n d e p e n d e n t  
of t h e  f low ra te .  T h i s  appl ies ,  indeed,  for CI-,  t he  m a x i -  
m u m  o u t p u t  b e i n g  a b o u t  16 ~xeq/min a t  flow r a t e s  h i g h e r  
t h a n  0.4 m l / m i n  (Table) .  However ,  a t  low r a t e s  of flow, 
r e a b s o r p t i o n  seems to  d i m i n i s h  t h e  ch lor ide  o u t p u t .  

A n o t h e r  i m p o r t a n t  fac t  is the  c o n s t a n c y  of t he  r a t io  of 
c o n c e n t r a t i o n s  of c e r t a i n  c o m p o u n d s  in p a n c r e a t i c  juice 
to  t h e i r  c o n c e n t r a t i o n  in p la sma .  Th i s  r a t io  was  p r o v e n  to  
be i n d e p e n d e n t  of f low a n d  p l a s m a  level  for t h e  fol lowing 
c o m p o u n d s :  U r e a  0"81, glucose 0.2 ~, c rea t in ine ,  a n d  in- 
o rgan ic  p h o s p h a t e  ~. I f  t he  p a n c r e a t i c  secre t ion  cons is ted  
of a p r i m a r y  fluid c o n t a i n i n g  b i c a r b o n a t e  a n d  a n  a d m i x e d  
p l a s m a  f i l t ra te ,  we shou ld  e x p e c t  v a r y i n g  c o n c e n t r a t i o n s  
of t h e  a b o v e  m a t e r i a l s  as t he  flow changes .  Otherwise ,  i t  
would  be  n e c e s s a r y  to  a s s u m e  t h a t  t h e  p r i m a r y  sec re t ion  
c o n t a i n s  t h e  a b o v e  m a t e r i a l s  exac t l y  in  t h e  s ame  pro-  
p o r t i o n  in  w h i c h  t h e y  p e r m e a t e  t h e  h y p o t h e t i c a l  f i l t r a t ing  
m e m b r a n e .  

B y  a s s u m i n g  a d m i x t u r e  of p r i m a r y  secre t ion  a n d  
pass ive  f i l t r a t e  t h r o u g h  t he  d u c t a l  m e m b r a n e ,  i t  would be 
necessa ry  to  a d m i t  a c h a n g i n g  r a t e  of f i l t r a t ion  corre-  
s p o n d i n g  to  the  c h a n g i n g  r a t e  of secre t ion .  Th i s  would 
requ i re  a n  e x a c t  n e r v o u s  or  h o r m o n a l  r e g u l a t i o n  of t he  
a d m i x i n g  r a t e ;  o the rwise  i t  wou ld  be  d i f f icu l t  to  u n d e r -  
s t a n d  w h y  t he  f i l t r a t i on  r a t e  should  c h a n g e  a t  all a t  
c o n s t a n t  b lood pressure .  T he  fac t  t h a t  b a c k p r e s s u r e  does 
no t  mod i fy  t he  compos i t i on  of t h e  p a n c r e a t i c  juice m a y  
serve as f u r t h e r  ev idence  aga i n s t  a f i l t r a t ion  m e c h a n i s m  7. 

I n  t he  l igh t  of t he  ev idence  c i ted  i t  seems  more  p r o b a b l e  
t h a t  we are  dea l ing  w i t h  a d i f fus ion  p h e n o m e n o n  r a t h e r  
t h a n  w i t h  a d m i x t u r e ,  i. e. t h e  p r i m a r y  ac t ive  secre t ion  is 
modi f ied  on  i ts  way  ou t  be  e x c h a n g e  of a n i o n s  t h r o u g h  
t h e  d u c t a l  m e m b r a n e .  

A p p e n d i x .  Accord ing  
D I K S T E I N  8, 9 

C" [ 
% = - -  exp 

v x  

which  for v = c o n s t a n t  

to  e q u a t i o n  5 of BERGMANN and  

d cz vx l 

is r educed  to  

c x = C exp + (1) 

The  b o u n d a r y  cond i t ion  : if K r --~ oo or  v --~ 0 gives 

C" = c, (2) 

a n d  K T i>. 0 o r  v --~ o~ g i v e s  

C = c 0 -  c~ . (3) 

B y  s u b s t i t u t i n g  e q u a t i o n s  (2) a n d  (3) in to  e q u a t i o n  (1) 
a n d  r ea r r ang ing ,  we o b t a i n  

tn cx--Ce 2~r r I£TX 
- -  ( 4 )  

C O -- C e V 

This  m e a n s  t h a t  l n ( c ~ -  Ce) versus  1Iv shou ld  give a 
s t r a i g h t  line. Th i s  is t he  case  indeed  for m e d i u m  flow ra tes  
as  c an  be  seen on  F igu re  2. I n  t he  r i g h t  h a n d  of express ion  
(4), m a g n i t u d e s  in  t h e  coeff ic ient  2 ~ r K T x a re  iden t i ca l  
for d i f fe ren t  solutes ,  w i t h  the  excep t ion  of K T. Therefore ,  
the  slope of t he  s t r a i g h t  l ines in F igure  2 are  p r o p o r t i o n a l  
to  K T. Since t he  slopes are ident ica l ,  Vcr-_~-HCO~- ~ T  - -  ~ ' T  ' 
which  f u r t h e r  s u p p o r t s  ou r  h y p o t h e s i s  of an ion  exchange .  

R a n g e  of f low Chlor ide  o u t p u t  i n /~eq /min  

0 -0.1 0.8-1.0 
0.1-0.2 1.0 1-2 
0.2.4)-4 1-2-1-4 
0-4-0-6 1-4-1.8 
0.6-0.8 

6.7 ± 0.25 15-4 ± 6.0 
8.9 ~ 0-5 25-0 ~ 2-5 a 

13.0 ± 0-6 13-2 ± 4.5 
16.9 :J= 3-2 21-3 ± 5-0 
13.2 :Jz 3-0 

According to Fig. 1, the values for C1- are somewhat higher 
a n d  those  for  HCO~ are s o m e w h a t  lower  t h a n  expec ted ,  i. e. 
t hey  fit for  a lower  ra te .  T h u s  the  high va lue  for  C1- o u t p u t  
in th is  g r o u p  is p r e s u m a b l y  c a u s e d  b y  e x p e r i m e n t a l  e r ro r ,  

w o r k i n g  in n o n - s t e a d y  s t a t e  cond i t ion .  
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Fig. 2. Relation of the logarithnl of [HCO 3 -- 30] and logarithm 
of [110-C1] to the reciprocal rate of secretion. The same symbols are 

nsed as in Fig. 1. 
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Zusammen/assung 

Gegenw/ i r t ig  vo r l i egenden  D a t e n  gem/iss  k a n n  de r  Me- 
c h a n i s m u s  de r  / iusseren Sekre t ion  de r  Bauchspe iche l -  
d r i i sen  a m  b e s t e n  d u r c h  die H y p o t h e s e  erklArt  werden,  
dass  zue r s t  eine b i k a r b o n a t r e i c h e  L 6 s u n g  gebi lde t  wird,  
die d a n n  auf  d e m  W e g  d u r c h  die G/inge de r  Bauchspe iche l -  
drfise m i t  d e m  ex t raze l lu l~ ren  Chlor id  a u s g e t a u s c h t  wird. 
Die VViinde de r  G/inge wi rken  als e ine an ionendurch l / i s s ige  
M e m b r a n e .  

Absorption of L-Lysine in the Small  
Intestine of Rats 

WISEMANN 1 r epo r t ed  t h a t  i so la ted  loops of r a t ' s  in- 
t e s t i ne  t r a n s f e r  m o n o a m i n o  acids b u t  no t  d i amino  acids, 
lysine,  a n d  o rn i th ine ,  aga in s t  a c o n c e n t r a t i o n  grad ien t .  
Since L-lysine is essen t ia l  to  an imal s ,  i t  seemed wor th  
whi le  to  c a r r y  o u t  f u r t h e r  i nves t i ga t i ons  upon  in vitro a n d  
in rive t - l y s ine  i n t e s t i n a l  abso rp t ion .  

Methods and results. Male ra ts ,  we igh ing  150-200 g were 
used,  t h e y  were fed on  a s t a n d a r d  d ie t  wi th  a t  leas t  12 h 
f a s t ing  before  t h e  expe r imen t s .  

1. Per/usion o[ isolated surviving rat small intestine. 
E a c h  a n i m a l  was  ki l led b y  d e c a p i t a t i o n  a n d  bled. 

The  a p p a r a t u s  used for  t he  in t e s t ina l  per fus ion  was 
based  on  t h e  or ig ina l  DARLtNGTON a n d  QUASTEL one  2 b u t  
s u b s t a n t i a l l y  modi f ied  to  m a k e  i t  more  p rac t i ca l  (see 
Figure) .  

Loops  of smal l  i n t e s t ine  of a b o u t  25 cm, a d j a c e n t  to  
d n o d e n u m ,  were used. As soon as r e m o v e d  f rom a n  i n t a c t  
an ima l ,  a loop was p laced  in a sma l l  b e a k e r  a n d  t he  inside 
was  w a s h e d  o u t  w i t h  t h e  so lu t ions  to  be  used in t h e  
e x p e r i m e n t s .  The  u p p e r  a n d  lower  ends  of a loop were 
t h e n  t i ed  on  (S) a n d  (S') of t he  a p p a r a t u s  w i th  a silk 
t h r e a d .  Desc r ip t ion  in ful ler  de ta i l s  m a y  be  found  else- 
where  3). 

On a s s e m b l i n g  t h e  i n t e s t i n a l  s e g m e n t  in t h e  a p p a r a t u s ,  
two  i n d e p e n d e n t  sy s t ems  are i nvo lved  : t he  fo rmer  inside,  
the  l a t t e r  ou t s ide  t he  i n t e s t i n a l  lumen.  I n  b o t h  sys tems ,  
t h e  pe r fus ion  fluid runs  in oppos i te  d i rec t ions ,  if a gas  
flow is led to  t h e  a p p a r a t u s  u n d e r  a m o d e r a t e  pressure .  
Gas  flows t h r o u g h  (a) a n d  (b), wh ich  are c o n n e c t e d  to  t he  
rese rvo i r s  (A) a n d  (B) b y  two  side connec t ions .  Therefore ,  
in  pass ing  t h r o u g h  (A) a n d  (B) filled w i t h  a pe r fus ion  
fluid (R inge r -b i ca rbona t e ) ,  a gas  car r ies  some f luid w i th  
i t  in  such  a w a y  t h a t  t he  level  in t h e  rese rvo i r s  (A) a n d  
(B) are  m a d e  h i g h e r  t h a n  in (a) a n d  (b). B y  t h e  di f ference 
b e t w e e n  t h e  f luid levels,  two c i rcu la t ions  resu l t :  t h e  i n n e r  
so lu t ion  r u n n i n g  t h r o u g h  t he  i n t e s t i n a l  l u m e n  a n d  t he  
o u t e r  so lu t ion  ou ts ide .  

T h e  a p p a r a t u s ,  w h e n  in  use, is k e p t  in a b a t h  m a i n t a i n -  
ed a t  38°C. 

Samples  of i n n e r  a n d  o u t e r  so lu t ions  for lysine es t ima-  
t i on  a re  t a k e n  t h r o u g h  two glass coks on  the  a p p a r a t u s ;  
L-lysine is a n a l y z e d  b y  t h e  m e t h o d  r epo r t ed  by  ALLPORT 
and  KEYSER 4. 

Pe r fus ion  resu l t s  are  g iven  in Tab le  I, where  d a t a  of 
expe r imen t s ,  each  c o r r e s p o n d i n g  to a d i f f e ren t  L-lysine 
c o n c e n t r a t i o n  are  r epor t ed .  

2. Uptake o/ L-lysine by intestinal tissue. T h e  smal l  in- 
t e s t i ne  was  r e m o v e d  w i t h  t he  s a m e  care  t a k e n  in the  pre-  
v ious  expe r imen t s .  Af te r  d i p p i n g  in a R i n g e r - b i c a r b o n a t e  
so lu t ion  a t  38°C, a n d  d r y i n g  on a f i l ter  paper ,  an  isola ted 
loop was  t h e n  cu t  i n to  pieces o f - -  0.25-0-5 cm + 0-25 to  
0.50 cm wi th  scissors. 

T h e  i n t e s t i n a l  t issue was t r a n s f e r r e d  to W a r b u r g  f lasks 
of 50 ml  capac i ty ,  which  c o n t a i n e d  R i n g e r - b i c a r b o n a t e  
buffer ,  w i th  or  w i t h o u t  L-lysine. 

T h e  f lasks  were kep t  in a b a t h  a t  a c o n s t a n t  t e m p e r a -  
t u r e  (38°C). At  in te rva ls ,  s amples  of t h e  f luid were t a k e n  
for lys ine  es t imat ions .  At  t h e  end  of a n  e x p e r i m e n t ,  t h e  
t i ssue  was p rec ip i t a t ed  w i th  10% TCA (0.5 ml), t h e n  sepa-  
r a t e d  f rom t h e  i n c u b a t i o n  fluid b y  cen t r i fuga t ion ,  a n d  
f ina l ly  minced  w i th  Q u a r t z  s a n d  in a m o r t a r  c o n t a i n i n g  
dis t i l led  water .  E x t r a c t s  were made ,  a n d  ana lyzed  for 
lysine. The  w) lumes  of t h e  e x t r a c t s  co r re spond  to the  

Table I. Absorption of L-lysine from isolated surviving rat small 
intestine. 

hmer solution: L-lysine as showll ill the 1 ~t line, in Ringer-bicar- 
bonate, pH 7; 20 nil. Outer solution: Ringer-bicarbonate, pH 7; 
60 ml. Gas: 95% O 2 + 5% CO~. Duration of an experiment: ¢;0 rain; 

temperature 38'~C. 
Inner  /~M L-lysine before 

solution the experiment  130 300 653 910 1317 1750 
tiM L-lysine/h found 

after the exper iment  90 144 215 316 622 675 
Outer ItM L-lysine/h found 

solution after the experiment  19 58 84 96 74 21 
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