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D N A - p h o s p h o r u s  (DNA-P)  was m e a s u r e d  a f t e r  d i f fe ren t  
t imes  of i n c u b a t i o n  u. The  release of acid soluble  m a t e r i a l  
as a f u n c t i o n  of t i m e  f rom d e p u r i n a t e d  D N A  is found  to be  
cons ide rab ly  h igher  t h a n  f rom n a t i v e  DNA.  D e p u r i n a t e d  
D N A  i n c u b a t e d  w i t h o u t  e n z y m e  shows some d e g r a d a t i o n  
w i t h  t ime.  Th i s  could be  a t r i s  ca ta lyzed  r eac t ion  since 
amine  buf fers  are knowi~ to  ca t a lyze  t h e  d e g r a d a t i o n  of 
d e p u r i n a t e d  DNA~L Similar  resu l t s  were o b t a i n e d  w h e n  
t he  e n z y m e  e x t r a c t e d  f rom pur i f ied  nuclei  was  used. The  
d e g r a d a t i o n  of single s t r a n d e d  D N A  c o n t a i n i n g  no 
apur in ic  s i t es  was also found  to be  cons ide rab ly  lower as 
c o m p a r e d  w i t h  t h a t  of d e p u r i n a t e d  DNA.  I n  o rde r  to  
d e m o n s t r a t e  t h a t  t h e  c leavage  of d e p u r i n a t e d  D N A  was 
m o s t l y  d i rec ted  t ow ar ds  apur in ic  sites, t h e  e x p e r i m e n t  
shown  in f igure 2 was done.  Af te r  t r e a t m e n t  of depur i -  
h a t e d  D N A  w i t h  e n z y m e  for i nd i ca t ed  per iod  of t ime,  t he  
reac t ion  m i x t u r e  was f u r t h e r  t r e a t e d  w i t h  alkali.  This  
would  resu l t  in t he  c leavage  of all  apur in ic  si tes lef t  un -  
deg raded  b y  t he  enzyme.  A d d i t i o n  of NaOt-I a f t e r  90 min  
of i n c u b a t i o n  w i t h  e n z y m e  did  n o t  increase  f u r t h e r  t he  
acid-soluble  m a t e r i a l  a l r eady  p roduced  enzymat ica l ly .  
This  ind ica tes  t h a t  t h e  si tes of ac t ion  of a lkal i  were al- 
r e a d y  ac ted  u p o n  b y  t he  enzyme.  I t  is, therefore ,  con-  
c luded  t h a t  t he  e n z y m e  and  a lkal i  c leaved  t h e  d e p u r i n a t e d  
D N A  a t  or nea r  apur in ic  sites. 
D e p u r i n a t e d  D N A  has  been  shown  to be  an  i n t e r m e d i a t e  
in  t he  d e g r a d a t i o n  in v i t ro  of a lky la t ed  D N A  TM. E n d o -  
nucleases  specific for a lky la t ed  D N A  h a v e  been  r epo r t ed  
in B. subt i l i s  14 a n d  E. coli lg. D N A  was a lky l a t ed  b y  
d i m e t h y l  su lpha te ,  wh ich  is a w e a k  carc inogen.  Depur i -  
n a t e d  D N A  was o b t a i n e d  b y  mi ld  h e a t i n g  of a lky l a t ed  
D N A  8, wh ich  resu l ted  in t he  a p p e a r a n c e  of apur in ic  si tes 
as s h o w n  b y  a lka l ine  hydro lys i s  of such  DNA.  As shown  
in f igure 3, t he  p r o d u c t i o n  of m a x i m u m  acid-soluble  ma-  
te r ia l  f r om a lky l a t ed  and  d e p u r i n a t e d  D N A  is signifi- 
c a n t l y  h ighe r  t h a n  t h a t  f rom n a t i v e  DNA.  A l k y l a t e d  
D N A  alone  in t he  presence  of a lkal i  d id  no t  show a n y  
degrada t ion .  The  p rocedure  of h e a t i n g  D N A  a t  p H  3.5 for 
p r e p a r a t i o n  of d e p u r i n a t e d  D N A  resul t s  in  t he  comple te  
d e n a t u r a t i o n  of D N A  a t  52 ~ ~. I n  order  to  d e t e r m i n e  t he  

n a t i v e  or d e n a t u r e d  s t a t e s  o f  a lky la t ed  D N A  a n d  de- 
p u r i n a t e d  D N A  o b t a i n e d  f rom it, hyd roxy lapa •  c h r o m a -  
t o g r a p h y  of such  D N A  was done.  The  resu l t s  are s h o w n  in 
f igure 4. W h e r e a s  p a r t  of t he  molecules  of a lky l a t ed  D N A  
r e t a i n  a t  leas t  p a r t i a l  doub le  s t r a n d e d n e s s  u n d e r  ou r  con-  
di t ions ,  t h e  d e p u r i n a t e d  D N A  is comple t e ly  d e n a t u r e d .  
T h e  d e n a t u r a t i o n  of a lky l a t ed  D N A  is a t i m e - d e p e n d e n t  
p h e n o m e n o n  since i t  was obse rved  t h a t  a f t e r  24 h a t  room 
t e m p e r a t u r e  th i s  D N A  becomes  comple t e ly  d e n a t u r e d .  
The  apu r in i c  si te  specific nuc lease  r epo r t ed  here  a n d  b y  
o the r  a u t h o r s  in d i f fe ren t  sys t ems  m a y  be  t h e  f i rs t  e n z y m e  
requ i red  for the  r epa i r  of apur in ic  si tes in  DNA.  Th i s  as- 
sumes  t h a t  t he  m e c h a n i s m  of r epa i r  of d e p u r i n a t e d  D N A  
is s imi la r  to  t h a t  of U V - i r r a d i a t e d  t h y m i n e  d imer  con- 
t a i n i n g  DNA.  Indeed ,  us ing  E. coli apur in ic  site nuclease,  
Ver ly  et  al. TM h a v e  r ecen t ly  d e m o n s t r a t e d  in v i t ro  r epa i r  
of apu r in i c  si tes in  DNA.  The  nuclease  a c t i v i t y  on  al- 
ky l a t ed  D N A  obse rved  b y  us raises a n  i n t e r e s t i ng  ques t ion .  
The  e n z y m a t i c  d e g r a d a t i o n  of a lky la t ed  D N A  m a y  in- 
vo lve  d e p u r i n a t i o n  as a n  i n t e r m e d i a t e  s tep  s imi lar  to  
n o n - e n z y m a t i c  d e g r a d a t i o n  of a lky l a t ed  DNA.  A single 
e n z y m e  may ,  therefore ,  be r equ i red  for b o t h  t he  steps.  
Converse ly  2 s epa ra t e  enzymes  m a y  be  i nvo lved  as has  
been  sugges ted  in t he  case of E. coli endonuc lease  I I1L 
However ,  t he  ques t ion  can  on ly  be  answered  a f t e r  the  
e n z y m e  has  been  purif ied.  
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Summary. H u m a n  se rum be ta - l ipopro te ins ,  i so la ted  b y  pe rc ip i t a t i on  w i t h  h e p a r i n - c a l c i u m  mix tu re ,  showed  chol in-  
es terase  ac t iv i ty .  The  e n z y m e  a c t i v i t y  was a l m o s t  p r o p o r t i o n a l  to  t h e  l ipopro te in  concen t r a t i on .  Ra t s ,  t r e a t e d  w i t h  
neos t igmine ,  a chol ines te rase  inh ib i to r ,  showed a s ign i f ican t  decrease  in se rum be t a - l i pop ro t e in  and  in t he  i nco rpo ra t ion  
of H 3-1ysine in to  t h e  l ipopro te in  c o m p a r e d  to u n t r e a t e d  controls .  The  decreased  inco rpo ra t ion  of H ~-lysine in to  be t a -  
l ipopro te in  was associa ted  w i t h  increased  labe l l ing  of a lpha- l ipopro te in .  The re  was no s ign i f ican t  di f ference in t he  
label l ing  of p re -be ta - l ipopro te in .  W e  propose  t h a t  L D L  is fo rmed  f rom V L D L  in t he  presence  of chol ines terase .  

The  biological  role of s e rum chol ines te rase  (ChE) is un -  
known.  However ,  a r e l a t ionsh ip  be t w een  C h E  a n d  se rum 
be t a - l i pop ro t e in  (BLP) has  been  d e m o n s t r a t e d .  I t  h a s  
been  s h o w n  a t h a t  h u m a n  B L P  released C h E  u p o n  u l t r a -  
son ica t ion  and  t h a t  B L P  a n d  C hE  recombine  u p o n  
s t and ing .  W e  d e m o n s t r a t e d  ~ t h a t  C h E  inh ib i to r s  like 
p h y s o s t i g m i n e  can  des tabi l ize  B L P .  W h e n  B L P  was 
t r e a t e d  w i t h  phospho l ipase  D, C h E  was re leased and  a t  
t he  same  t ime,  t he  ! ipopro te in  showed  a l t e red  electro-  
phore t i c  m o b i l i t y  ~. This  suggests  t h a t  t he  si te  of a t t a c h -  
m e n t  of ChE  to t he  l ipopro te in  molecule  is a t  t he  phos-  

phory lcho l ine  p a r t  of leci thin.  I t  is obv ious  t h a t  a close 
s t r u c t u r a l  r e l a t ionsh ip  exis ts  be tween  phospho ry l cho l ine  
and  ace ty lchol ine ,  a n a t u r a l  s u b s t r a t e  for  ChE.  
W e  n e x t  obse rved  5, ~ t h a t  w h e n  h y p e r - p r e - b e t a  l ipopro-  
t e i n e m i a  was induced  in r a b b i t s  b y  t r e a t i n g  t h e m  w i t h  
E. coli endo tox in ,  t he re  was  a m a r k e d  increase  in  the  
ChE  ac t iv i ty .  This  a c t i v i t y  decreased  w i t h  t he  convers ion  
of p r e - b e t a  in to  be ta - l ipopro te in .  This  suggests  t h a t  B L P  
can  b i n d  ChE.  
I n  n e p h r o t i c  syndrome ,  an  unexp l a ined  hypercho les t e ro l -  
emia  and  h y p e r - b e t a - l i p o p r o t e i n e m i a  ha s  long b e e n  re- 
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Table 1. Serum beta-lipoprotein concentration, Ha-lysine incorporation into precipitated beta-lipoprotein and lipoprotein fractions, 
eholinesterase activity in total serum 

Aninmls Beta-lipoprotein (rag percent) Ha-lysine incorporation into Ha-lysine incorporated in ChE activity 
beta-lipoprotein precipitate lipoprotein fractions 
CPM PB B 

Control (8) 746 • 105" 548 4- 31 339 • 59 594 4- 81 628 j_ 92 16.1 -4- 1.8 
Test (8) 237 4- 21 133 • 18 420 4- 32 147 4- 32 908 4- 91 8.4 4- 6.7 
p < 0.001 < 0.00t < 0.05 < 0.05 < 0.05 < 0.01 

* Standard error of the mean. PB, pre-beta; B, beta; ~, alpha. 

c o g n i z e d .  T h e s e  p a t i e n t s  h a v e  h i g h  C h E  a c t i v i t y  7. O u r  
s t u d i e s  8 in  c h i l d r e n  w i t h  n e p h r o t i c  s y n d r o m e  in  t h e  a c u t e  
a n d  c o n v a l e s c e n t  p h a s e s  s u g g e s t  t h a t  h y p e r - b e t a - l i p o -  
p r o t e i n e m i a  is t h e  r e s u l t  of  i n c r e a s e d  C h E  s y n t h e s i s .  I n  a 
p a t i e n t  w i t h  p a r a t h i o n  p o i s o n i n g ,  we  o b s e r v e d  ~ a m a r k e d  
d e c r e a s e  in  B L P  a n d  c h o l e s t e r o l  a s s o c i a t e d  w i t h  t h e  
i n h i b i t i o n  of  C h E .  B L P  a n d  t h e  s e r u m  c h o l e s t e r o l  l eve l s  
i n c r e a s e d  p r o p o r t i o n a l l y  w i t h  t h e  r i se  in  C h E  a c t i v i t y  
d u r i n g  r e c o v e r y  of  t h e  p a t i e n t .  
C lea r ly ,  a d e f i n i t e  r e l a t i o n s h i p  b e t w e e n  C h E  a n d  l i p o p r o -  
t e i n  m e t a b o l i s m  is s u g g e s t e d .  T h e  p r e s e n t  s t u d y  w a s  u n -  
d e r t a k e n  to  p r o v i d e  i n f o r m a t i o n  on  t h e  o v e r a l l  e f f ec t  of  
C h E  o n  l i p o p r o t e i n  m e t a b o l i s m .  

Table 2. Serum befa-lipoprotein concentration and Ha-lysine incor- 
poration into precipitated beta-lipoprotein, and ChE activity before 
and after t reatment  with neostiginine in 5 rats 

Beta-lipoprotein Ha-lysine incor- ChE activity 
(rag percent) poration into (units) 

beta-lipoprotein 
CPM 

Before 575 4- 51 527 4- 38 17.6 ~ 2.1 
After 274 • 27 182 4- 42 5.8 • 1.7 
p < 0.001 < 0.001 < 0.01 
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Cholinesterase activity in the serum beta-lipoprotein obtained from 
33 patients. The enclosed area represents the normal beta-lipoprotein 
cholinesterase activity (vertical arrow 10 25 units) and beta-lipo- 
protein concentration (horizontal arrow: 275 475 mg percent). 
2 light dots represent the values in 2 nephrotic patients. 

Mater ials  and  methods. B L P  w a s  m e a s u r e d  b y  p r e c i p i t a -  
t i o n  w i t h  h e p a r i n - c a l c i u m  c h l o r i d e  m i x t u r e  1~ T h e  p r e -  
c i p i t a t e  t h u s  o b t a i n e d  w a s  w a s h e d  w i t h  t h e  s a m e  h e p a r i n -  
c a l c i u m  c h l o r i d e  r e a g e n t  a n d  t h e  pe l l e t  w a s  d i s s o l v e d  in  
n o r m a l  s a l ine  (0.1 ml)  c o n t a i n i n g  1% T r i t o n  X - 1 0 0 .  C h E  
a c t i v i t y  w a s  m e a s u r e d  in  t h e  d i s s o l v e d  p r e c i p i t a t e  u s i n g  
p r o p i o n y l t h i o c h o l i n e  n as  t h e  s u b s t r a t e .  T h e  f o l l o w i n g  
m o d i f i c a t i o n s  we re  m a d e  for  t h i s  m e a s u r e m e n t :  50 btl o f  
s a m p l e  w a s  i n c u b a t e d  w i t h  1 m l  of  co lo r  r e a g e n t  a n d  
0.2 m l  of  s u b s t r a t e .  T h e  r e a c t i o n  w a s  s t o p p e d  u s i n g  
0.25 m l  of  q u i n i d i n e  s u l p h a t e .  T h e  C h E  a c t i v i t y  w a s  t h e n  
c a l c u l a t e d  f r o m  a p r e c a l i b r a t e d  g r a p h  w i t h  t h i o c h o l i n e .  
T h e  u n i t s  of  C h E  a c t i v i t y  for  B L P  a re  d e f i n e d  as  t h e  
n u m b e r  of  m i c r o m o l e s  of  t h i o c h o l i n e  f o r m e d  f r o m  B L P  
c o n t a i n e d  in  100 btl of  s e r u m  p e r  h.  
F o r  t h e  in v i v o  e x p e r i m e n t s ,  a l b i n o  r a t s  ( S p r a g u e  D a w l e y )  
w e i g h i n g  b e t w e e n  300 a n d  350 g we re  u sed .  T h e  a n i m a l s  
we re  f a s t e d  o v e r n i g h t  a n d  15 btCi of  H a l y s i n e  w a s  i n j e c t e d  
s.c. i n to  e a c h  of  t h e  r a t s .  T h e  t e s t  a n i m a l s  a l so  r e c e i v e d  
0.35 m g / k g  of  n e o s t i g m i n e  v i a  t h e  s a m e  rou t e .  A t  t h e  e n d  
of  2 h,  t h e  a n i m a l s  we re  a n e s t h e t i z e d  u s i n g  e t h e r ,  a n d  t h e  
b l o o d  w a s  c o l l e c t e d  b y  h e a r t  p u n c t u r e .  
I n  a n o t h e r  se r i e s  of  e x p e r i m e n t s ,  a f t e r  b l e e d i n g  t h e  
H a - l y s i n e  t r e a t e d  r a t s  a t  t h e  e n d  of 2 h,  n e o s t i g m i n e  w a s  
a d m i n i s t e r e d  (doses  as  above )  a n d  b l o o d  w a s  c o l l e c t e d  
a f t e r  1/2 h.  
S e r u m  C h E  w a s  m e a s u r e d  a s  d e s c r i b e d  ae r l i e r  n .  B L P  
w a s  m e a s u r e d  b y  t h e  H y c e l  k i t  m e t h o d l ~  R a d i o a c t i v i t y  
in t h e  B L P  p r e c i p i t a t e  w a s  m e a s u r e d  b y  d i s s o l v i n g  i t  in  
10 m l  of P .C .S .  1~. F o r  m e a s u r e m e n t  of  r a d i o a c t i v i t y  in  t h e  
l i p o p r o t e i n  f r a c t i o n s ,  l i p o p r o t e i n s  we re  s e p a r a t e d  u s i n g  
p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  la u s i n g  100 izl o f  

1 Author to whom reprint requests should be addressed. 
2 We thank Dr C. J. Hut ton for helpful discussions, Miss Patricia 

Fontaine for technical assistance, and Miss Patrieia Candow and 
Mrs Barbara English for secretarial work. Supported by the 
Canadian Heart  Foundation. 

3 S.H. Lawrence and P. J. Melmck, Proc. Soe. exp. Biol. Med. 107, 
998 (1961). 

4 K.M. Nut ty  and C. D. Acharya, Scand. J. Clin. Lab. Invest. 29, 
Suppl. 126 (1972}. 

5 K.M.  Nutty,  G. Rowden and A. R. Cox, Can. J. Bioehem. 51, 
883 (1973). 

6 N.M. Nut ty  and J. C. Jacob, Can. J. Biochem. 50, 32 (1972). 
7 M. Farber, Acta nmd. seand, lld, 59 (1943). 
8 R .C.  Way, C. J. Hut ton  and K. M. Nutty,  Clin. Biochem. 8, 

103 (1975). 
9 K.M.  Kutty,  J. C. Jacob, C. J. FIutton, P. J. Davis and S. C. 

Peterson, Clin. Biochem. 8, 379 (1975). 
1:0 Beta-lipoprotein test (Hycel No. 958). 
11 ChE-tel (Pfizer) manual  reagent set for the quanti tat ive deter- 

mination of cholinesterase. 
12 Phase combining system for liquid scintillation counting, order 

No. 196097, Amersham, Searle Corporation. 
13 C.S .  Frings, L. Foster and P. S. Cohen, Clin. Chem. 17, 111 

(1971). 



422 Speeialia EXPERIENTIA 33/4 

serum. The sepa ra ted  f rac t ions  of pre-beta ,  beta,  and 
alpt la- l ipoproteins  were cu t  ou t  of the  gel, d ispersed in 
10 ml of P.C.S. and counted .  The rad ioac t iv i ty  was cal- 
cula ted  as counts  per  min  in t he  l ipoproteins  con ta ined  in 
0.1 ml of serum. 
Results and discussion. I t  has  been  well d o c u m e n t e d  14,15 
t h a t  when  labeled se rum l ipoprote ins  of d < 1.063 were 
sepa ra ted  by  e i ther  hepar in  d iva len t  ca t ion prec ip i ta t ion  
or u l t r acen t r i fuga t ion  comparab le  results  were obta ined,  
and the  p rec ip i ta ted  complex  con ta ined  no o ther  se rum 
proteins .  The d e m o n s t r a t i o n  of ChE  ac t iv i ty  in the  serum 
B L P  prec ip i ta te  in th is  s t u d y  therefore  indicates  a s t ruc-  
tu ra l  associat ion be tween  the  enzyme  and the  l ipoprotein.  
The ChE ac t iv i ty  is a lmos t  p ropor t iona l  to  the  B L P  con- 
cen t ra t ion  (figure). St r ic t  l inear i ty  could no t  be ob ta ined  
because p re -be ta - l ipopro te in  is also prec ipa ted  wi th  B L P  
b y  hepar in -ca lc ium chloride mixture.  
Since we have  a l ready  p roposed  a func t ion  for choline- 
s terase  in its in te rac t ion  wi th  beta- l ipoprote in ,  we decided 
to  inves t iga te  the  funct ion of ChE in the  overal l  l ipopro-  
tein me tabo l i sm in the se rum of ra t s  t r ea t ed  wi th  a spe- 
cific ChE inhib i tor  neost igmine,  
I t  has  been  sugges ted  19 t h a t  L D L  (beta-l ipoprotein)  is 
der ived f rom V L D L  (pre-beta=lipoprotein).  An in terme-  
diate  l ipoprotein,  which is uns table ,  is believe to  be formed 
dur ing  th is  convers ion lL  In  t he  present  s tudy,  specific 
inhib i t ion  of ChE by  neos t igmine  results  in a marked  
reduc t ion  of se rum B L P  concen t ra t ion .  The labell ing pa t -  
t e rn  of the  l ipoprote ins  wi th  H3-1ysine provides  evidence 
of decreased B L P  synthes i s  and  of increased fo rmat ion  of 
a lpha- l ipopro te in  (HDL) (tables 1 and  2). ChE inhibi t ion 
had  no s ignif icant  effect  on pre-be ta- l ipopro te in .  The 
changes  observed appear  unre la ted  to abnorma l  liver 
func t ion  or leci thin-cholesterol  acyl  t ransferase  act iv i ty ,  
because  no increase in se rum glu tamic  pyruv ic  t r ansami -  
nase ac t iv i ty  or decreased cholesterol  es ter-choles terol  

rat io were observed  in the  t r e a t ed  rats.  The dose of 
neos t igmine  chosen was to p roduce  abou t  30-50% inhibi-  
t ion of ChE and  is wi th in  the  h u m a n  the rapeu t i c  range.  
The t r e a t ed  ra ts  suffered mild shor t  l ived twi tch ings  f rom 
which all recovered.  
The resul ts  provided fu r the r  evidence t h a t  ChE has an 
i m p o r t a n t  func t ion  in l ipoprote in  metabol i sm.  We  pro-  
posed t h a t  ChE influences l ipoprotein  me tabo l i sm as 
follows : 

Lipoprotein 
VLDL �9 Pre-- LDL Che 

l Lipase (intermediate) 

HDL 

�9 LDL 

Recent ly ,  decreased levels of a lpha- l ipopro te in  have  been 
impl ica ted  in the  deve lopmen t  of  coronary  hear t  disease 
and  atherosclerosis  18,19. A re la t ionship  b e t w een  hype r -  
be ta  l ipopro te inemia  and atl lerosclerosis has  a l ready been  
well documented .  The presen t  observa t ions  suggest  the  
poss ibi l i ty  of deve loping  drugs wi th  ant i -chol ines terase  
proper t ies  in the  t r e a t m e n t  of h y p e r - b e t a  l ipopro te inemia  
and atheroselerosis .  
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Summary .  Net  h i s t amine  fo rma t ion  in rumina l  fluid is shown to  be the  resul t  of h is t id ine  deca rboxy la t ion  and h i s t amine  
deamina t ion .  Add i t ion  of 4.7 mM his t id ine  increased the  ra te  of ne t  h i s t amine  synthes is  by  a factor  of 20 compared  
to  normal .  H i s t amine  p roduc t ion  sharp ly  decreases a t  p H  values  below the  physiological  range.  

H i s t amine  p roduc t ion  in the  fo res tomach  has been impli-  
ca ted  in the  pa thogenes i s  of diseased s ta tes  in ruminan t s  1, ~. 
Eva lua t i on  of the  e x t e n t  of h i s t amine  fo rmat ion  in vivo 
is compl ica ted  b y  the  fact  t h a t  h i s t amine  pene t r a t e s  the  
rumina l  ep i the l ium 3, and  by  the  possibi l i ty  t h a t  h is ta-  
mine m i g h t  be syn thes ized  and  deamina t ed  by  cells be- 
longing to the  rumina l  wall 4, whereas  available s tudies  on 
in v i t ro  synthes is  are controversial~,  9 as to the  ra te  of 
h i s t amine  format ion .  Therefore  reexamin ing  the  abi l i ty  of 
rumina l  fluid (i.e. i ts  microorganisms)  to synthes ize  
h i s t amine  b y  deca rboxy la t ion  of h is t id ine  seemed war-  
r an ted .  
Rumina l  fluid was ob ta ined  t h r o u g h  an oesophageal  tube  
f rom 2 adul t  cows, 3 h af ter  t he  last  grain feeding (the 
animals  were ma in t a ined  on 10-12 kg of h a y  and  1 kg of 
a concen t r a t ed  feed, composed  of barley,  oats  and  maize). 
E x p e r i m e n t s  were always run  in duplicates.  Avoiding 
cooling, 80 ml  of rumina l  fluid were mixed  wi th  20 g of 
powdered  grass and 320 ml of a salt  solut ion conta in ing  

(mM) (NH4)~SO 4 0.63, CaCI~ 1.0, MgCI~ 1.25, KH2PO t 
5.2, K2SO 4 9.9, NaHCO~ 40.0, NaC1 78.5L The mix tu re  
was incuba ted  at  39 ~ under  ca rbon  d ioxyde  in a shaking  
wa te r -ba th .  The init ial  p H  was 6.38. Gas escaped t h ro ugh  
a washbo t t l e  ma in ta in ing  pressure  a t  3 cm H20, and  its 
p roduc t ion  was moni to red  in a gas bure t teS;  p H  was 
cont inuous ly  measured  and ad jus ted  by  occasional  ad- 
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