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In vitro synthesis of purines by rat intestinal mucosa* 

I n  vitro studies of purine and nucleic acid synthesis  from precursors such as glycine, formate 
and carbon dioxide have been carried out  principally with pigeon liver preparat ions.  In the small 
number  of such investigations involving mammal ian  tissues, regenerating liver 1, bone marrow2, 3 
and t umor  cells 4 have been utilized. Certain characteristics of rat  intestinal nlucosa suggested 
t ha t  this tissue would be suitable for studies of purine biosynthesis, e.g., the very high rate of 
cell division 5, the high uptake  of purine precursors in the intact animal6,~, 8 and the high metabolic 
activity in vitro 9. Further ,  the mucosa can be prepared with little damage as a suspension in 
which the tissue particles are sufficiently small so tha t  diffusion is not  limiting. This report  
describes the preparat ion of such suspensions and some observat ions of purine biosynthesis in 
the acid-soluble nucleotides and the mixed nucleic acid fractions of these preparations.  

A male Wistar  ra t  was killed by a blow on the head. The small intestine was removed 
immediately, chilled and cut into lO cm segments. These were flushed free of contents  with the 
ice-cold medium described below and, after being split open, were applied to a cold glass slab, 
mucosa upwards .The  mucosa was then removed with a microscope slide, as described by DICKENS t, 
suspended in 4 5 volumes of ice-cold medium and the strips of mucosa freed by gentle mixing. 
The tissue was washed several times by centrifuging at low speed followed by resuspension in 
the cold medium. The volume was made up to approximate ly  25 ml and the mucosa strips con- 
verted to a fairly homogeneous suspension by  gently and repeatedly drawing the preparat ion 
into and expelling it from a syringe wi thout  a needle. The material was then strained through 
ganze. Throughout  all operat ions the preparat ion was kept cold. The small intestine from a 2oo g 
rat  provided a suspension containing 25-45 mg dry weight of tissue per 3.o ml portion. 

Krebs-Ringer  phosphate  or bicarbonate solutions containing aureomycin (IO ppm) and 
glucose (2 mg/ml) were used as the suspending medium. The mucosa suspensions respired actively 
at a gradually declining rate for 3-4 hours  with initial Qo2's of 6-8. Bacterial coun t s '* ,  which 
did not exceed 4-5" l°s  bacteria per ml at the end of 3 hours incubation, indicated tha t  bacterial 
contaminat ion  in these preparat ions  was not great  and would not  affect the results significantly. 

The suspension of mucosa was added in 3.o ml port ions to Warburg  cups which contained 
2.25 t i M  of sodium formate-14C ( 8 . 1  • 106 cpm) and during incubation at 37 ° C, oxygen consumpt ion  
was routinely followed. After incubation, the tissue was recovered by centrifugation of the cup 
contents  and the purines of the acid-soluble and nucleic acid fractions obtained by  the perchloric 
acid extract ion method described by LE PAGE 4. 

The purines of each fraction were separated by paper  chromatography  using isopropanol- 
HC11°. The specific activities of the purines of the nucleic acid fraction were unaltered by  re- 
ch roma tography  in bu tano l -e thano l -wa te r  n, bu t  it was found necessary to rechromatograph 
the acid-soluble purines in this solvent. 

The purine areas on the chromatograms  were located with U.V. light, and for analysis a disc, 
26 m m  in diameter, was punched out  of each area. After determining the radioactivity of the 
discs, they were extracted with o.1 M HCI and the purine content  of the extracts  measured in 
the usual way by U.V. absorption.  The radioactivity determinat ions were corrected for absorpt ion 
by  the paper  discs with empirically determined factors. 

The uptake  of formate  in the purines was considered to be a measure of de novo synthesis  
in this system. That  radioactive formate was readily incorporated into the purines of both the 
acid-soluble nucleotides and nucleic acids is shown in the data of Table I which is typical of a 

TABLE I 

P U R I N E  S Y N T H E S I S  B Y  R E P L I C A T E  S A M P L E S  O F  A N I N T E S T I N A L  M U C O S A  S U S P E N S I O N *  

Speci~c activity in c p m / m g .  ~o -4 

Vessel 
Nu m b er  A cid-soluble lraction* * Nucleic ac id / fac t ion"  *" 

adenine guanine  adenine guanine  

i 5°.7 3.7 o.4I o. I6 
2 53-7 3.3 o.4o o-I5 
3 49.9 3.5 o.35 o.14 
4 42.0 3 .1 0.34 o-13 
5 46.5 2.4 o.4o o.15 

* Incubated  at 37 ° C for 3 h with 2.25 t~M sodium formate-14C (8.1 .lO 6 cpm). 
"* Chromatographed in isopropanol-HC1 only. 

* * *  Average of duplicate determinat ions.  



442 SHORT (7OMMUNICATIONS,  PRI~;LIMIN.kRY Nt ) l l : . s  \ ~ I . .  1 8  ( I9 .551  

n u m b e r  of  s u c h  e x p e r i m e n t s .  T h e  v a r i a t i o n  ill t h e  r e p l i c a t e s  i n d i c a t e s  t h a t  t i le t)i'(*,qt.l/l i]/et]/l),! 
of  p r e p a r a t i o n  d o e s  n o t  p r o d u c e  a c o m p l e t e l y  h(}nlo{~elleOtlS suspel ls ion. . \ / l l - (~t) lnVCil l  \V~I% !qtltl\\I] 
to  h a v e  11() e f fec t  o n  t h e  r a t e  of i n c o r p o r a t i o n  {if f o r m a t e  b y  t h e  t~urilleS. 

GIyc ine -~  ~( ;  is als() i n c o r p o r a t e d  i n t o  t h e  p u r i n e s  of  t h i s  s y s t e m  b u t  tit al)~mt h a l f  t h e  r ~ t c  
of f o r m a t e .  T h e  a d d i t i o n  of g{lycine, g l y c i l m i n i d e  a n d  g l u t a m i n e ,  s i n g l y  ~w in c o m l ) i n a t i ( m ,  ;qqmal -ed  
t o  h a v e  n o  s i g n i t i c a n t  e f fec t  on  t h e  inc~l rp( ) ra t ion  of  f o r m a l c .  

T h e  d a t a  of T a b l e  I a n d  t h e  r a t e  s t u d y  s h o w n  in T a b l e  11 (in w h i c h  a d i l f e r e n t  lllUC{)>3 
p r e p a r a t i o n  \~as used)  i n d i c a t e  t h a t  t h e  p u r i n e s  (if t i le  re , | ( I -so luble  |1"actium ure  s \ n t h e s i z e d  
r a p i d l y .  T h i s  o b s e r v a t i o n  is in a c c o r d  w i t h  r e p o r t s  of t i le  e a r l y  h lbe l l i ng  ol  t h e  n u c l e o t i d e  pooI  
l l l  FiZ'O 12'13,14 ~111(l if? ~'l'[t'() ]~V p t l r i n c  p r e c u r s o r s  I ~ttl([ f ree  p u r i f i e s  15. \ d e t l i n c  ~&}ts lnt)l*(! a c t i \ c  

t ha l l  ,~Ual]Jne ill b o t h  f r a c t i o n s ,  a t ] l l d ing  ill a g r e e m e n t  w i t h  t h e  ~d~serx'ati(ms of TOI'TER ;/ tit/([ 
.\BRAMS s for  n u c l e i c  ac id  p u r i n e s  d e r i v e d  f r~m f o r n m t e J R ;  in t h e i r  i~ i'i/ro e x p e r i m e n t s  w i t h  
b o n e  i l l a r r o w .  I n  c o n t r a s t ,  IA- I)AGF 4 has, r e p o r t e d  t h a t  in l]l(,HNe l i v e r  a n d  n n m s e  t u m o r s  g l y c i m '  
2-14(" iS i n c o r p o r a t e d  to  a gl-0tl tcr  e x t e n t  ill gt laI]i l le.  

T : \  BIA£ 11 

RATE (iF PURINI'." SYNTHESIF, IN ,\N INTESTINAL MUCOSA SUSPI'.'NNI(IN* 

5l%'cilic activity in cpm,m~,, z() ~ 
limr o~ 

lltctll~:tliotl .4CI;I solzl,ll~C ./r,lc[lotl 

o. 5 1.2 o 
I . o  [ . ~  [ r H ( e  

2.0 ()-5 (1"7 
3.0 13.6 1. 7 
4.o I 7.~, I .q 

_\'u~lclc acid &action 

adel*i*tc ~ltttnint" 

t r a c e  o 
t rac("  [i-~/( (, 
O. [ () 0 .0  7 
t), 2(}  O, 12  

o .  3 3  o .  2 -' 

* T h e  v a l u e s  p r e s e n t e d  a r e  a v e r a g e s  of d u p l i c a t e  i n c u b a t i o n s  m a d e  to r  e a c h  p e r i o d .  E m h  
vesse l  c o n t a i n e d  2.25 i~.ll of s o d i u m  f o r m a t e - 1 4 C  (8.~- ~o ~ c p m ) .  

I t  h a s  b e e n  s h o w n  t h a t  r a t  i n t e s t i n a l  m u c o s a ,  p r e p a r e d  in t i le  f o r m  of a suspens i~m,  will 
s y n t h e s i z e  a c i d - s o l u b l e  a n d  n u c l e i c  a c i d  p u r i n e s  a n d  a p p e a r s  to  [/e tt u se fu l  m a m m a l i a n  s y s t e m  
for  iJz c, itro s t u d i e s  of  t h e  s y n t h e s i s  of  nuc l e i c  a c i d s  a n d  t h e i r  c o m p o n e n t s .  
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