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k o m p o n e n t e n  und  P e k t i n s u b s t a n z e n  pf lanzl icher  Zell- 
w/inde, weder  durch  eigene noch durch  mikrobiel le  
Carbohydrasen  enzymat i sch  hydro lys ie r t  (Figur 2), ob- 
wohl  speziell  die Gruppe  der  Pek t i n subs t anzen  einen 
H a u p t t e i l  des Nahrungsmate r i a l s  der  Imago ausmacht .  

Summary. The act ivi t ies  of fl-xylosidase, fl-xylanase 
and inul inase were d e m o n s t r a t e d  only  in the  t issues of the  
larval  in tes t ina l  canal  which  also spli t  galactose and 
arabinose  f rom cer ta in  hemicelluloses and  e-galactan.  
Several  o the r  ca rbohydrases  or iginat ing f rom micro-  

organisms were also de tec ted  only  in the  con ten t  of the  
larval  a l imen ta ry  t ract .  
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S --~ N A c e t y l  M i g r a t i o n  in  Y e a s t  
G l y c e r a l d e h y d e - 3 - P h o s p h a t e  D e h y d r o g e n a s e  

In  a previous  pape r  we repor ted  t h a t  dur ing  the  
hydrolys is  of P N P A  1 ca ta lysed  by  m a m m a l i a n  G A P D  a 
lysine res idue is ace ty la t ed  ~ in add i t ion  to  t h e  ace ty la t ion  
of cyste ine d e m o n s t r a t e d  by  HARRIS et  al. a. F u r t h e r m o r e  
we showed ~,4 t h a t  N-ace ty l  enzyme  fo rmat ion  is a resul t  
of acetyl  migra t ion  f rom the  in t e rmed ia ry  S-acetyl  group 
to the  e-amino group of the  lysine residue. The S--> N 
acetyl  migra t ion  takes  place a t  the  act ive cent re  and  can 
be p r even t ed  b y  NAD or AMP4. 

Since i t  could be inferred ~ on the  basis of N A D  b ind ing  
and  the  r eac t iv i ty  of the  SH group t h a t  the  act ive  cen t re  
of yeas t  G A P D  is d i f ferent  f rom t h a t  of the  muscle en- 
zyme,  we examined  w h e t h e r  the  S --~ N acetyl  migra t ion  
occurs in the  yeas t  prote in ,  and  if so, how this  process  is 
affected by  the  coenzyme and  AMP. 

S --~ N acetyl  migra t ion  was t e s t ed  by  de t e rmin ing  the  
convers ion of S-acetyl  yeas t  GAPD,  p repared  a t  p H  7.0, 
into the  N-ace ty l  der iva t ive  upon  raising the  p H  to 8.8, 
as descr ibed for the  m a m m a l i a n  enzyme 4. 

T h e  d a t a  show t h a t  S-acetyl  enzyme is b roken  down  
due to the  e levat ion  of p H  f rom 7.0 to 8.8: some of the  
acetyl  groups  bound  originally to the  cysteine residue are 
hydrolysed ,  while the  res t  migra te  to a ne ighbour ing  
amino group, e-N-acetyl  lysine could be ident i f ied by  
paper  c h r o m a t o g r a p h y  as descr ibed previous ly  2. The 
t r ans fo rma t ion  of S-acetyl  G A P D  into an N-aee ty i  der iva-  
t ive  is more  comple te  w i th  t h e  yeas t  t h a n  wi th  the  muscle 
enzyme.  

In  order  to s t u d y  the  effect  of NAD and A M P  on acetyl  
migrat ion,  Tris buffers  of p H  8.8 conta in ing  the  appro-  
pr ia te  nucleot ide  were employed  to make  the  S-acetyl  
enzyme solut ions alkaline. I t  can be seen in t he  Table 
t h a t  a considerable  a m o u n t  of N-aeety l  enzyme is fo rmed  
in  the  presence  of the  nucleotides.  U n d e r  the  same con- 
di t ions no N-ace ty l  G A P D  fo rmat ion  was observed wi th  
t he  m a m m a l i a n  enzyme  4. 

The S --~ N acetyI  migra t ion  exh ib i t ed  b y  b o t h  muscle  
and  yeas t  G A P D  indica tes  t h a t  t he  lysine residue is in t he  
e n v i r o n m e n t  of the  reac t ive  cys te ine  residue of b o t h  en- 
zymes.  Ano the r  c o m m o n  p a r t  of th is  e n v i r o n m e n t  m a y  be 
the  amino acid residues p romot ing  the  hydro lys is  of the  
i n t e rmed ia ry  thiol  es ter  of b o t h  enzymes.  The hydrolys is  
of S-acetyl  G A P D  proceeds  a t  a lower ra te  wi th  the  yeas t  
t h a n  wi th  t he  muscle  enzyme  and,  possibly due to  this ,  
the  yield in N-ace ty l  G A P D  format ion  is h igher  in the  
former  enzyme.  

The inhib i t ion  of acetyl  migra t ion  by  the  nucleot ides  
in the  case of muscle  G A P D  m a y  be in t e rp re t ed  in t e rms  

of a s imple steric effect  or of a l te ra t ions  in the  s t ruc tu re  
of the  p ro te in  4. In  the  case of the  yeas t  GAPD,  however ,  
ne i ther  NAD nor  AMP p reven t s  the  S --> N ace ty l  migra-  
t ion and  marked  s t ruc tura l  changes  fail to appear ,  
a l though  unde r  these  condi t ions  the  enzyme is s a tu ra t ed  
wi th  coenzyme 6. We  have  found  t h a t  these  nucleot ides  
affect  only  s l ight ly pro teoly t ic  d iges t ib i l i ty  and  opt ical  
ro ta t ion  of the  yeas t  protein .  NAD-free  yeas t  G A P D  ex- 
hibi ts  m u c h  higher  s tab i l i ty  t h a n  the  m a m m a l i a n  enzyme 
deple ted  of the  bound  coenzyme.  The yeas t  prote in ,  how-  
ever,  c an n o t  be p ro tec ted  by  the  coenzyme or A M P  

No. of acetyl groups Nucleotide No. of acetyl groups 
bound per mole of en- added at bound per mole of en- 
zyme at pH 7.0 the increase zyme at pH 8.8 

of pH 
S-acetyl N-acetyl S-aeetyl N-acetyI 

1.42 0.15 
- 0.12 0.60 
NAD 0.10 0.47 
AMP 0.15 0.46 

56 mg of GAPD was incubated with 2 mg of (acetyl-l-14C) PNPA in 
5 ml of 0.05 M Tris buffer, pH 7.0, at 5 ~ for 2 min. The protein was 
then freed from excess substrate and reaction products by gel filtering 
at 5 ~ on a Sephadex G-50 column washed with 0.05 M Tris buffer, 
pH 7.0. One fourth of the protein fraction was precipitated with 
TCA. The remainder was divided into 3 portions and each of them 
was gel filtered at 5 ~ in 15 min through Sephadex G-50 columns 
washed with 0.05 M Tris buffer (pH 8.8), 0.05 M Tris buffer (pH 8.8) 
containing 1.0 mg/ml NAD, and 0.05 M Tris buffer (pH 8.8) contain- 
ing 1.0 mg]ml AMP. The enzyme solutions of pH 8.8 were incubated 
at room temperature for 30 min, then after precipitating the protein 
with TCA and washing, the number of total and N-acetyl groups 
bound to GAPD was determined on the basis of radioactivity of the 
labelled protein. In order to measure the amount of the N-acetyl 
groups, the S-acetyl groups had to be removed from the protein. For 
this purpose the acetyl enzyme was incubated with hydroxylamine 
solution for 10 rain at room temperature. The number of S-acetyl 
groups was calculated as the difference between the number of total 
and N-acetyl groups. 

1 Abbreviations: PNPA, p-nitrophenyl acetate; GAPD, D-glycer- 
aldehyde-3-phosphate dehydrogenase. 
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aga in s t  s p o n t a n e o u s  d e n a t u r a t i o n  as was  found  in t he  
case of t he  muscle  e n z y m e  4. These  da ta ,  in  a g r e e m e n t  
w i t h  p rev ious  obse rva t i ons  showing  t he  lower a f f in i ty  of 
y e a s t  enzyme  for N A D  7, sugges t  t h a t  t he  b i n d i n g  of t he  
coenzyme  is d i f fe ren t  in  t he  two enzymes .  

The  fa i lure  to  p r e v e n t  N-ace ty l  yeas t  e n z y m e  f o r m a t i o n  
b y  t he  coenzyme  ind ica tes  t h a t  t he  lysine res idue  c a n n o t  
serve  as a b ind ing  si te  for NAD.  T h e  same conclus ion 
m i g h t  be  d r a w n  f rom d a t a  o b t a i n e d  w i t h  t he  muscle  
e n z y m e  4. 

Gegensa tz  zu d e m  aus  Muskel  i so l ier ten  E n z y m  f inde t  im 
H e f e - E n z y m  eine A c e t y l w a n d e r u n g  bzw. eine Acety l ie -  
r u n g  des gegebenen  Lys in  s t a t t ,  ohne  wesent l iche  Beein-  
f lussung d u r c h  das  Coenzym (NAD). 
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Zusammen/assung. Nachweis ,  dass  bei  de r  H e f e - G A P D -  
k a t a l y s i e r t e n  P N P A - H y d r o l y s e  das  als Z w i s c h e n p r o d u k t  
geb i lde te  S - A c e t y l - E n z y m  d u r c h  eine i n t r a m o l e k u l a r e  
W a n d e r u n g  zu e inem N - A e e t y l - D e r i v a t  f f ihren kann .  I m  

7 S. F. VELICK and ell. FURFINE, in The Enzymes, vol. 7 (Eds., 
P. D. BOYER, H. LARDY, and K. MYRBACK; Academic Press, New 
York and London 1963), p. 243. 

Effect of  E t h i o n i n e  I n g e s t i o n  on B i l i ary  S e c r e t i o n  
and Bi le  T r e e  Capac i ty  in Rats  

The  add i t i on  of smal l  q u a n t i t i e s  of e th ion ine  to the  d ie t  
of e x p e r i m e n t a l  an ima l s  is found  to a l t e r  the  a r ch i t e c tu r e  
of t h e  liver,  The  m a i n  his to logical  change  descr ibed,  and  
one  of  t he  f i rs t  to  appear ,  is p ro l i fe ra t ion  of the  d u c t u l a r  
s y s t e m  which  joins  t he  bi le  duc ts  to  t he  canal ieul i  1. 
Changes  in func t ion  are also found :  t he  c o n c e n t r a t i o n  of 
bi le  sa l ts  be ing  d imin i shed  and  t he  flow r a t e  increased  2. 
Th i s  c o m m u n i c a t i o n  repor t s  the  m e a s u r e m e n t  of b i l ia ry  
capac i ty ,  d i s t ended  b i l i a ry  capac i ty ,  flow ra te ,  m a x i m u m  
b i l i a ry  pressure  du r ing  obs t ruc t ion ,  and  d y e - c o n c e n t r a t i n g  
ab i l i t y  of the  l iver  in  a g roup  of a lb ino  ra t s  g iven  50 m g  
e th ion ine  per  day  for a per iod  of 40 days.  

The  b i l i a ry  capaci t ies  were measu red  b y  a m e t h o d  de- 
scr ibed p rev ious ly  a, wh ich  consis ts  essent ia l ly  of an  in t r a -  
v e n o u s  in jec t ion  of su i t ab le  dye and  t he  m e a s u r e m e n t  of 
t he  vo lume  of clear  bile p u s h e d  ou t  of t he  t ree  ahead  of 
t he  dye- s t a ined  bile. T he  dyes used were b r o m s u l p h t h a -  
lein sod ium (BSP) and  d i sod ium O-su lphony l  pheny l -  
d i (p - su lphony l  benzy l  e t h y l a m i n o  p h e n y l ) m e t h a n o l  an-  
h y d r i d e  (Blue EG),  b o t h  of which  are v e r y  r ap id ly  ex- 
c re t ed  in to  the  bile. F low ra te  was  measu red  us ing  a 
s t a n d a r d  drop  counter ,  bi le  pressure  w i t h  a S t a t h a m  
t r ansduce r ,  and  dye  concen t r a t i ons  w i t h  an  Eel  colori- 
mete r .  

B o t h  the  m e a n  capac i ty  and  t he  m e a n  m a x i m u m  
capac i t y  fol lowing o b s t r u c t i o n  of t he  bile d u c t  were 
found  to be increased  in t he  e th ion ine  t r e a t e d  an ima l s  
(Table).  In  bo th ,  t he  increase  m e a s u r e d  w i t h  B S P  was 
s l igh t ly  larger  t h a n  w h e n  Blue  E G  was used, and  t he  

increase  found  fol lowing d i s tens ion  was g rea t e r  t h a n  w i t h  
t he  u n d i s t e n d e d  tree,  The  m e a n  b i l i a ry  flow r a t e  w i t h  t he  
e th ion ine  t r e a t e d  an imal s  was  4.5 (SD :~ 1.9) m l / h / k g  
b o d y  weight ,  a n d  w i t h  t he  cont ro l s  3.4 (SD 4-0 .43)  
m l / h / k g  b o d y  weigh t :  an  increase  of 38%. T h e  m e a n  
m a x i m u m  i n t r a b i l i a r y  pressure  recorded  fol lowing ob- 
s t r u c t i o n  of t h e  bi le  d u c t  was 12.6 (SD :t- 1.8) c m  w a t e r  
w i t h  e th ion ine  t r e a t e d  r a t s  a n d  16.5 ( S D - t - 1 . 8 )  cm 
w a t e r  w i th  con t ro l s :  a decrease  of 24%.  The  m e a n  max i -  
m u m  dye c o n c e n t r a t i o n s  in  t he  e th ion ine  t r e a t e d  r a t s  
were 23.2 (SD • 8.1) rag/100 ml  w i t h  B S P  a n d  25.2 
(SD :~ 10.1) mg/100 ml  w i t h  Blue  EG,  c o m p a r e d  w i t h  
con t ro l  va lues  of 39.2 (SD :~ 8.7) mg/100 ml  a n d  42 
(SD J: 9.8) mg/100 ml  respect ively ,  doses of 0.1 m g  dye  
be ing  used in each  expe r imen t .  The  obse rved  increase  in 
bile flow r a t e  is insuf f ic ien t  to  a ccoun t  en t i r e ly  for th i s  
fall in concen t r a t i on .  

The  res idua l  vo lume  of t he  or ig ina l  c o n t e n t s  r e m a i n i n g  
in the  m a x i m a l l y  d i s t ended  bile t ree  a t  d i f fe ren t  t i m e  
in t e rva l s  fol lowing t he  in j ec t ion  of dye was m e a s u r e d  in 
3 animals .  The  dead-space  vo lume  was s u b s t r a c t e d  f rom 
the  read ings  a n d  the  resul t s  p lo t t ed  on a log scale (Figure) .  
F r o m  th i s  i t  appea r s  t h a t  t he  r e m o v a l  of bile f rom the  
d i s t ended  t ree  du r ing  o b s t r u c t i o n  in e th ion ine  t r e a t e d  r a t s  
is, as w i t h  n o r m a l  r a t s  4, e x p o n e n t i a l  w i t h  t ime.  
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a G. BARBER-RILEY, Am. J. Physiol. 205, 1122 (1963). 
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Increase in biliary capacity in rats fed 50 mg ethionine per day for 40 days 

No. of 
rats 

Mean liver Mean capacity (#ml/g liver 4- SD) 
weight Undistended Distended 
(g 4- SD) 

Blue EG BSP Blue EG BSP 

Experiment 
Control 

14 
20 

7.3 ::t: 0.7 4.80 4- 1.2 6.90 i 0.7 13.20 4- 1.6 15.35 4- 1.4 
8.4 4- 1.2 3.65 4- 0.5 5.05 4- 0.7 9.85 4- 1.4 10.95 i 1.0 

Increase over control 34 % 37 % 40 % 44 % 


