
15. IV. 1966 Specialia 231 

U n t e r s c h i e d e  in der C a r b o h y d r a s e n a u s r i i s t u n g  
der E n t w i c k l u n g s s t a d i e n  von  

M e l o l o n t h a  m e l o l o n t h a  L.  ~ 

I m  Prob lemkre i s  der  I n s e k t e n m e t a m o r p h o s e  wurden  
die Unte rsch iede  in der  Ca rbohyd ra senaus s t a t t ung  der  
Larva l s t ad ien  und der  Imago  yon Melolontha melolon- 
tha L. un te rsuch t .  Fiir  die enzymat i schen  Spa t tungen  
wurde  die Mikromethode  nach  LINDERSTR6M-LAI~G und  
HOLTER mi t  anschl iessender  pap i e r ch roma tog raph i sche r  
und  pho tome t r i s che r  Auswer tung  (DinitrosalicylsAure- 
methode)  der  Spal tans/ i tze  ve rwende t  ~-4; die Hydro lyse  
po lymere r  Subs t ra te  wurde  auch viskosimetr isct l  un te r -  
sucht .  

Die vergle ichende Aktivi tXtspr t i fung von  Darminha l t ,  
D a r m w a n d h o m o g e n a t e n  und  Lysa t en  der  durch  frak- 
t ionier tes  Zentr i fugieren isolierten Darm-Mikrof lora5 er- 
gab folgenden gemeinsamen  Carbohydrasenbes t and  von 
Larve  und  Imago :  Tiereigene Carbohydrasen: Maltase,  
Saccharase,  Trehalase  (c~-Glukosidasen); Melibiase (~- 
Galaktosidase) ;  Cellobiase (fi-Glukosidase); Lak tase  (~- 
Galaktos idase) ;  /~-Mannosidase, Fre i se tzung  yon Galak- 
tose aus e-Galaktan der  Lgrche (vermut l ich  eine e- 
Galaktos idase-Wirkung) .  - s -Amylase ,  Dext ranase ,  Li- 
chenase,  fl-Mannanase. Mikrobenbedingte Carbohydrasen : 
f l - h - F r u k t o s i d a s e . -  ‚  Dext ranase ,  Carboxy-  
methylce l lu lase  6 s, Inulinase.  

Im  Darmkana l  der  Larve  lassen sich zusS~tzlich noch 
folgende Carbohydrasenakt ivi t~i ten  nachweisen:  Tier- 
eigene Carbohydrasen: f l-Xylosidase;  Fre i se tzung  von 
Galaktose  und Arabinose  aus Hemicel lu losen vom Typ  
der  Flachshemicel lulose und E s p a r t o x y l a n  und yon Ara- 
binose aus e-Galaktan (vermut l ich  larvale fl- bzw. e- 
Galaktos idase  mi t  spezif ischer  Substra tspezif i t~t ) .  - fi- 
Xylanase ,  Inulinase.  Mikrobenbedingte Carbohydrasen: 
/~-Xylosidase ; /~ Xylanase  ; Po lyga lak turonase ;  Spa l tung  
von  Pek t in -Ga lak tan  und -Araban  (spezielle bakteriel le,  
noch  nicht  charakter i s ie r te  Polygalaktos idase-  oder  
Galaktos idaseakt iv i t~ t ) .  

Die Akt ivi t t t t spr t i fung der  W~inde der  einzelnen Darm-  
abschn i t t e  ergab, dass die t iere igenen Carbohydrasen  
'von Larve  und Imago im wesent l ichen vom Mi t te ldarm-  
epi the l  sezernier t  werden.  Das larvale Mi t t e lda rmsekre t  
enth~ilt d e m n a c h  einen Carbohydrasensa tz  zur Hydro lyse  
der  wicht igs ten  pf lanzl ichen Oligosaccharide,  einschliess- 
lich von  Xylo-  und Mannool igosacchar iden,  ferner  zum 
hydro ly t i schen  Abbau  von  pf lanzl ichen Reservekohlen-  
h y d r a t e n  wie St~irke, Inul in  und Ga lak tomannanen .  Von  
den  pf lanzl ichen Ze l lwandbes tand te i l en  ve rmag  die Larve  
t iereigen nur  Hemicel lulosen des X y l a n t y p s  (Figur 1) und  
Mannane  hydro ly t i sch  anzugreifen.  In  der  G~irkammer 
der  Larve  scheiden die hier  lokalisierten Mikroorganis-  
m e n  - ~ihnlich wie Pansenmik roo rgan i smen  - sehr  s tarke  
Carbohydrasenakt iv i t~i ten  zur Hydro lyse  von Zellwand- 
bes tand te i l en  ab (Xylanase ;  Carboxymethylce l lu lase ,  
aber  keine echte Cellnlase ; Spal tung yon  Pek t in -Ga lak tan  
und  -Araban).  Fe rne r  geben die G~irkammermikroorga-  
n i smen  zum Abbau  yon  Rese rvekoh lenhydra t en  hoch-  
ak t ive  Carbohydrasen  ab, die zum Teil auch im larvalen 
Mi t t e lda rmsekre t  en tha l t en  sind (Inulinase,  /~-Mannosi- 
dase, Mannanase) ,  ferner eine /%Amylase. W~hrend  im 
Mi t t e lda rmsekre t  die Aktivit~iten der  Oligasen die der  
Po lyasen  erhebl ich i ibertreffen,  i iberwiegen in der  G~tr- 
k a m m e r  die Po lyasenakt iv i t~ ten .  

Das  Mi t t e lda rmepi the l  der  Imago sezernier t  einen 
Carbohydrasensa tz  zum hydro ly t i schen  Abbau  der  wich- 
t igs ten  pf lanzl ichen Oligosaccharide einschliesslich der  
Mannooligosaccharide.  Im  Gegensatz  zur Larve  werden  
v o n d e r  Imago die Xylool igosaccharide,  Ierner die Xylan-  
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Bohnenhiilsen-Helnicelhflosen, Fraktion B: Papierchromatographi- 
sche Analyse der Spaltung dureh Darminhalt der Larve (Figur 1) und 
der Imago (Figur 2), im Vergleich zur partiellen und scharfen S~iure- 
hydrolyse (H+-H, p und t) und zur Spaltung durch Helix-Kropfsaft 
(He-H). (Ag = AgNOa- , An. Phth. Anilinphthalat-Reagens. VD 
= Vorder-, MD - Mitteldarm; GK - G~rkammer; BS - Bakte- 
riensegment; R = Rektum; EK bzw. SK = Enzym- bzw. Substrat- 

kontrolle; a, b, e: nieht identifizierte Spots.) 
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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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