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The  d e v e l o p m e n t a l  s t u d y  ha s  shown  t h a t  1st i n s t a r  lar- 
vae  give a nega t i ve  Acph  reac t ion ,  while  2nd i n s t a r  l a rvae  
r a re ly  give a pos i t ive  reac t ion .  This  s i t u a t i o n  is iden t ica l  
in  all  3 pheno types .  On t he  o t h e r  hand ,  pos i t ive  reac t ion  
(for all  3 pheno types )  was  obse rved  in all o the r  s tages  
s tudied .  However ,  v a r i a t i o n s  in  t he  s t a in ing  i n t e n s i t y  of 
t he  va r ious  b a n d s  were found,  a n d  these  v a r i a t i o n s  ap- 
pea red  to be  stage-specific.  Thus ,  t he  A p h e n o t y p e  showed 
t h a t  b a n d  1 of 3rd i n s t a r  l a r v a e  (early a n d  late) was  more  
in tense  t h a n  b a n d s  2 a n d  3 wh ich  s t a ined  ident ica l ly .  The  
s i t ua t i on  in p r e p u p a e  a n d  p u p a e  was t he  same b u t  the  
dif ference b e t w e e n  b a n d  1, a n d  b a n d s  2 a n d  3 was less 
ev iden t .  In  v i rg in  ind iv idua l s  (3 h a f t e r  emergence)  b a n d s  
2 a n d  3 a p p e a r e d  more  in t ense  and  b a n d  1 c o n t i n u e d  
s t a in ing  as i n t ense ly  as in  pupae .  Therea f te r ,  t h e  in tens i -  
t ies  of t he  3 b a n d s  could be  classified as 3 > 2 > 1 w i t h  
the  i n t e n s i t y  of b a n d  1 dec l in ing  as c o m p a r e d  to  ear l ier  
stages,  and  t he  i n t e n s i t y  of b a n d  3 increas ing ;  b a n d  2 re- 
m a i n e d  a b o u t  t he  same. The  B p h e n o t y p e  showed t h a t  
b a n d  3 of 3rd i n s t a r  l a rvae  (early and  late) i m m e d i a t e l y  
a p p e a r e d  more  in tense  and  r e m a i n e d  more  in tense  
(g radua l ly  increasing)  as t he  ind iv idua l s  b e c a m e  older. 
On t he  o the r  h a n d ,  b a n d  4 increased  in i n t e n s i t y  in  3rd 
i n s t a r  la rvae ,  p r e p u p a e  and  pupae ,  b u t  r e m a i n e d  c o n s t a n t  
the rea f t e r .  Final ly ,  b a n d  5 appea red  a t  f i rs t  in la te  3rd 
i n s t a r  la rvae ,  a n d  increased  t h r o u g h  t i le  p u p a l  a n d  a d u l t  
s tage.  Overal l ,  t h e  o rder  o~ i n t e n s i t y  was  3 > 4 > 5. 

Fig. 2. Photograph of a zymograrn of the 3 different acid phospha- 
tase phenotypes of D. auraric~ (1 = phenotype B; 2 = phenotype 
AB; 3 = phenotype A). The zymogram was obtained from adult 
individuals. 

P h e n o t y p e  A B  is p roduced  f rom t h e  cross of pheno-  
types  A an d  t3 (Figures 1 a n d  2). The  in tens i t i es  of t h e  5 
b a n d s  p roduced  foUowed t h e  r e l a t ionsh ip  3 > 4  > 2 > 5 >_ 1 
in a d u l t  indiv iduals .  

I n  o rder  t 0 / d e t e r m i n e  t h e  mode  of i n h e r i t an ce  of t h e  
genes  con t ro l l ing  t h e  A c p h  p h en o t y p es ,  all possible crosses 
were pe r fo rmed  an d  t h e  resu l t s  showed  t h a t  t h e  3 pheno-  
t ypes  a p p e a r  to  be  con t ro l led  b y  s imple  Mende l ian  in- 
he r i t ance .  However ,  t h e  ques t ion  t h a t  needs  to be  
answered  is : w h a t  cont ro ls  t h e  a p p e a r a n c e  of the  var ious  
A c p h  b a n d s  in each  p h e n o t y p e  ? 

Var ious  h y p o t h e s e s  could be  p roposed  in a t t e m p t i n g  to 
exp la in  t h e  d a t a  p r e sen t ed  in th i s  repor t .  The  resu l t s  of 
t h e  crosses ind ica te  t h a t  t h e  acid p h o s p h a t a s e s  of D. 
auraria are cont ro l led  b y  2 alleles of a single a u t o s o m a l  
gene. This,  however ,  is n o t  suff ic ient  to  expla in  t h e  
ex is tence  of t h e  3 a n d  t h e  5 b a n d s  t h a t  a p p e a r  in  t h e  2 
h o m o z y g o t e s  a n d  t h e  h e t e ro zy g o t e  respect ively .  This  can  
be  exp la ined  on ly  if we were to  a s sume  t h a t  t h e  enzymes  
are po lymers  cons is t ing  of 2 or 4 s u b u n i t s  a n d  t h a t  t h e y  
are con t ro l led  b y  2 pa i rs  of closely l inked  au to somM genes, 
A c p h - A  a n d  Acph-B.  Of these,  gene A c p h - A  is r ep resen ted  
b y  alleles Acph-A 1 a n d  A c p h - A  e cont ro l l ing  enzymes  
w i t h  t h e  mob i l i t y  of b a n d s  1 an d  3 respect ively ,  an d  gene 
Acph-13 is r ep resen ted  b y  alleles A c p h - B  ~, an d  A c p h - B  2 
cont ro l l ing  en zy mes  w i t h  t h e  m o b i l i t y  of t h e  b a n d s  3 a n d  
5 respect ive ly .  The  h y p o t h e s i s  requi res  t h a t  t h e  one gene 
(Acph-A or Acph-13) is t h e  p r o d u c t  of a dup l i ca t ion  of t he  
o t h e r  (as h a s  a l r eady  b e e n  descr ibed  for amylases  of 
Drosophila ~ a n d  a s p a r t a t e  a m i n o t r a n s f e r a s e  in  fishes 8) 
a n d  t h a t  m u t a t i o n s  c rea ted  the  alleles Acph-A ~ a n d  
A c p h - B  2. Thus ,  genes Acph-A~ a n d  A c p h - B  ~ h a v e  t h e  
same  origin a n d  s t ruc tu re ,  a n d  th i s  expla ins  t h e  s imi lar  
b e h a v i o r  of b a n d  3 t h a t  t h e y  con t ro l  in all p h e n o t y p e s  
a n d  in t h e  var ious  d e v e l o p m e n t a l  stages.  

Accord ing  to th i s  hypo thes i s ,  p h e n o t y p e s  A, B a n d  

A B  are der ived  f rom geno types  Acph-A1 Acph-B1 
Acph-A 1 Acph-B 1 

Acph-A~ Acph-t32, an d  Acph-A1 Acph-B1 respect ively .  
Acph-A '2 Acph-B 2 Acph-A 2 Acph-B 2 

T h e  d i f fe ren t  a c t i v i t y  of t h e  A c p h  b a n d s  in the  va r ious  
d e v e l o p m e n t a l  s tages  could be  exp la ined  b y  t h e  ex is tence  
of r e g u l a t o r y  m e c h a n i s m s  ~ d e t e r m i n i n g  t h e  a m o u n t  of 
e n z y m e  to be  p roduced  b y  t h e  ac t ion  of each  gene. 

7 W'. W. DOANE, Problems in Biology: RNA in Development (Uni- 
versity of Utah Press, Salt Lake City 1969). 

8 J. SCHMIDTKE and W. •DGEL, Experientia 28, 976 (1972). 
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Summary. The  effec t ive  u n s t i r r e d  layer  th i ckness  in t h e  r a t  j e j u n u m  per fused  in v ivo  a m o u n t s  to  a t  leas t  530 ~zm. 
Th i s  va lue  has  been  e s t i m a t e d  f rom the  a b s o r p t i o n  increase  of L-pheny la lan ine  due to  b e t t e r  m i x i n g  of tile l u mi n a l  
so lu t ion  b y  air  bubbles .  

The  uns t i r r ed  layer  a d j a c e n t  to  t he  mucosa l  surface  of 
t h e  i n t e s t i ne  m a y  b e  t h e  source of b iased  resu l t s  : r educed  
p e r m e a b i l i t y  coefficients  ~-a, ra ised  Kin-values4-7, sh i f t  of 
t he  p H - a b s o r p t i o n  curves  to  t h e  r i g h t  or the  leftS-~L 
W'hen  t he  e t fec t ive  th ickness  of t h e  uns t i r r ed  layer  is 
known,  cor rec t ions  can  be  appl ied  ~,2,s. The  u n s t i r r e d  

layer  th i ckness  in t h e  i n t e s t i ne  can  be  d e t e r m i n e d  in 
v i t ro  b y  measu r ing  t h e  c h a n g e  of t h e  p o t e n t i a l  difference 
a f t e r  ra i s ing  or lowering t h e  o s m o l a r i t y  in t h e  b u l k  
phase1,3,6,12, ~3. I n  v i t ro  t h e  u n s t i r r e d  layer  can  be  
r educed  b y  v igorous  stirring13,14 or shak ingL  I n  vivo,  
these  m e t h o d s  c a n n o t  be  appl ied.  B y  a d a p t i n g  t h e  in 
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vi t ro  m e t h o d  of FISHER and GARDNER 15, a be t t e r  mix ing  
of the  luminal  solut ion and a reduct ion  of the  uns t i r red  
layer  can also be achieved in vivo:  a buffered solut ion 
and  air are per fused  s imul taneous ly  th rough  the  intes-  
t ina l  lumen,  so t h a t  a l t e rna te ly  segments  of fluid and  air 
pass  the  lumen ( ' segmented  flow'). F r o m  the  change  of 
the  absorp t ion  ra te  using segmented  and non - segmen ted  
flow, the  reduc t ion  of the  uns t i r red  layer  th ickness  can 
be es t imated .  This  resul t  represents  the  min imal  value 
in perfus ion expe r imen t s  in vivo. 

Je juna l  loops (length abou t  5 cm, d is tance  f rom the  
duodeno je juna l  f lexure 16 to 30 em) of male ra ts  (330- 
350 g) anaes the t i zed  wi th  u re thane  were perfused (single 
pass) w i th  a buffered  solut ion (1/15 M IKH2PO~-Na~HPO~, 
p H  6.8, 1.5 mg /ml  ure thane ,  ad jus ted  to 320 mosm/ k g  
wi th  NaC1) conta in ing  14C-labelled L-phenylalanine 
(100 txM) and  0.1 mg /ml  phenol  red as volume marker .  
Af ter  in jec t ion  of hepar in  in to  the  jugular  vein, the  de- 
scending je junal  vein was punc tu red  and  the  outf lowing 
blood collected and weighed.  The blood loss was com- 
pensa t ed  b y  jugular  infusion of f resh hepar in ized  ra t  
blood. The absorp t ion  ra te  (nmole /min  �9 g), more  precisely 
the  appearance  ra te  of L-phenylalanine in the  in tes t inal  
venous  blood, was calculated f rom the  weight  (g) and  the  
~C-ac t iv i ty  (~zCi/ml) of the  collected je junal  blood using 
its specific weigh t  (g/ml), the  specific ac t iv i ty  (IxCi/ 
b~mole), the  dura t ion  of the  sampl ing  per iod (min), and  
the  wet  t issue weight  of the  loop (g) ob ta ined  at  the  end 
of the  expe r imen t ;  detai ls  see elsewhere ~*,~. In  a pre- 
per iod of 30 min,  the  in tes t ina l  lumen  was per fused  
(0.5 ml/min) w i t h  a buffered solut ion wi thou t  L-phenyl-  
a lanine to  suppress  t he  t r ans i en t  initiM absorp t ion  peak  
(unpublished).  In  3 consecut ive  exper imen ta l  per iods  
(15 min  each), t he  L-phenyla lanine-conta in lng solut ion 
was perfused  in the  following manne r :  0.5 ml /min  ( treat-  
m e n t  A), 0.5 ml /min  + 0.5 ml /min  air ( t r ea tmen t  B), 
1 ml /min  ( t r ea tmen t  C). The order  of the  3 t r e a t m e n t s  
was  changed  according to t he  6 possible p e r m u t a t i o n s  of 
3 e lements .  The order  of the  pe rmuta t ions  was r andomized  
(1 p e r m u t a t i o n  per  1 rat).  By  th is  cross-over design, the  
3 t r e a t m e n t s  could be compared  in the  same loop and 
the  var iab i l i ty  be tw een  ra t s  and  per iods  could be elim- 
ina ted  by  an appropr ia te  analysis  of variance.  In  t r ea t -  
m e n t  B, the  air and  the  fluid were mixed  by  means  of a 
Y-shaped  tube  t ied  in to  the  p rox imal  end of t he  loop, 
o therwise  t he  air inflow was in te r rup ted .  The leng th  of 
the  air and fluid segments  a m o u n t e d  to 0.5 to  1 cm. The 
blood of the  f i rs t  5 min  in each exper imenta l  per iod was 
discarded.  The concen t ra t ion  of the  absorbed L-phenyl-  
a lanine in the  in tes t ina l  venous  blood did n o t  differ 
s ignif icant ly  in the  second and  th i rd  5 min,  so t h a t  an 
average  value was calculated.  

The following appearance  ra tes  of L-phenylalanine in 
t he  in tes t ina l  venous  blood were measured :  A) 7.4 -b 0.5; 
B) 12.9 • 0.5; C) 8.5 • 0.5 nmole /min  �9 g (N = 6, mean  
• SE based on res t  variance) .  The increase of t he  per- 

fusion ra te  f rom 0.5 to  1 ml /min  (A~;)  causes only  a 
smal l  - ins ignif icant  - increase of t he  absorp t ion  rate.  
The segmented  flow increases the  absorp t ion  ra te  signif- 
i can t ly  (p < 0.001) by  a factor  of 1.74 (B/A) or 1.52 (B/C). 
The reduc t ion  of t he  uns t i r red  layer  th ickness  cor respond-  
ing to  t he  increase of the  absorp t ion  ra te  can be calcu- 
la ted b y  means  of the  following equa t ion :  

zJO = Cb . D �9 - ; W -  " - -  ' 

A6 = change of uns t i r red  layer  th ickness  (~zm); Co = 
luminal  concen t r a t ion  (bulk phase),  here 100 ExM; D = 

diffusion cons tan t ,  here  for phenyla lan ine  a t  38~ = 

0.9654" 10 -5 cm2/sec (ex t rapola ted  f rom the  25~ - 
uelS, l~ r = absorp t ion  ra te  (nmole/min �9 g); AUL/'VV = 
uns t i r red  layer  area re la ted to  wet  t issue weight  (cm2/g). 
The uns t i r red  layer  area was de te rmined  in situ : The loop 
was a p p r o x i m a t e d  by  a cylinder.  I ts  l eng th  was measured  
b y  means  of a t h read  placed on the  loop along its curved  
axis. The oute r  c i rcumference was measured  by  a t h read  
leading a round  the  loop th rough  a small  hole in the  
mesen te ry  closely a t t a c h e d  to  the  surface. The inner  
c i rcumference was ob ta ined  by  sub t rac t ion  of 2. =.  0.07 = 
0.45 cm (0.07 cm = average th ickness  of je junal  wall). 
Inner  c i rcumference t imes  leng th  resul ts  in the  area of 
the  cyl inder  touch ing  the  t ips  of the  villi. This area is 
considered the  average area of the  uns t i r red  layer  in si tu 
and  is re la ted  to the  wet  t issue weight  of the  loop: 16.0 
• 0.3 cm2/g. The reduc t ion  of the  uns t i r red  layer  th ick-  

ness due to  the  segmented  flow amo u n t s  to  530 • 90 ~m. 
This  value represen ts  the  lower l imi t  of the  effect ive 
th ickness  of the  uns t i r red  layer  in t he  perfused j e j u n u m 
of the  rat ,  since the  mixing  in the  lumen by  the  air 
bubbles  is p re sumab ly  no t  comple te  and  does no t  reach 
into the  intervi l lous spaces. 

The uns t i r red  layer  th ickness  of abou t  ~/2 m m  deter-  
mined  in vivo exceeds the  th ickness  measured  in vi t ro  3, ~: 
150 to 200 lxm. Thus, the  higher  K~,-values ob ta ined  in 
vivo 2~ for carr ier  med ia t ed  t r a n s p o r t  processes in t he  
in tes t ine  m a y  be expla ined at  least  p a r t l y  by  the  larger 
effective th ickness  of the  uns t i r red  layer. 
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