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Acid-soluble nucleotides of lactating mammary gland 

The occurrence of [TDI)(;* annmg the  nu( leo t ide  cl)nllHmeuts of r a t  l, ~illd guinea  pig 2 nl[tnlnlai-v 
g land  has  led to the  suggestion,  t h a t  by  ac t ing  as coenzyme in a glucose-galactose  t r an s fo rma t i on  
of the  t y p e  descr ibed by  CAPUTTO el al. a, it m a y  be i n s t r u m e n t a l  in effecting lactose syn thes i s  ~ 
As a p r e l im ina ry  to the  inves t iga t ion  of this  poss ib i l i ty  ex i s t ing  in ruminan t s ,  a s t udy  has  been 
made  of the  acid-soluble nucleot ides  present  in l ac t a t ing  cow and goat  m a m m a r y  gland. 

For  the  sepa ra t ion  and ident i f ica t ion  of the nucleot ides,  use has  been made  of the  me thod  
of HL'RLBERT et al. 4, whereby  perchloric  acid ex t r ac t s  ~f t issue are subjec ted  to ex tended  g rad i en t  
c h r o m a t o g r a p h y  on colunms of anion exchange  resin. The perchlor ic  ex t r ac t s  were obta ined in 
one case from ioo g m a m m a r y  t issue of a 2oo da y  l ac t a t ing  cow, and in the  o ther  from 5 ° g 
t issue of a 14 day  l ac t a t i ng  goat.  Columns (18 x 1.6 cm) of Dowex i (formate) anion exchange  
resin (X-to,  2oo-4oo mesh) were used for the  separa t ion  of the nueleot ides,  g r ad i en t  e lut ion 
being carr ied out  wi th  formic acid increasing in concen t ra t ion  from zero to 4 M, followed by, 
4 M formic acid con ta in ing  a m m o n i u m  formate  increasing in concen t ra t ion  from zero to o.8 31. 
F rac t ions  of a p p r o x i m a t e l y  io  ml  were collected a t  1o minu te  in te rva l s  and the i r  opt ica l  dens i ty  
a t  26o m/~ and 275 rot, measured .  

The d i s t r ibu t ion  of the  ex t r ac t ed  nucleot ides  from the  goat  m a m m a r y  t issue thus  ob ta ined  
is shown in Fig. i :  t he  nucleot ides  from the  cow m a m m a r y  t issue showed a s imi lar  pa t t e rn ,  
excep t  t h a t  f ract ions  G and J were absent .  The fur ther  s epa ra t ion  and ident i f ica t ion  of the  
nucleot ides  is ou t l ined  below. 
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Fig.  I. C h r o m a t o g r a p h y  of the  acid-soluble  nuc leo t ide  f ract ion from 5 ° g of goa t  m a m m a r y  gland.  
The  op t ica l  dens i ty  a t  26o m #  is p lo t t e d  for each io  ml  of eluate.  For  A the  va lues  too h igh  
to be p lo t t ed  are i8, 37, i8  and  5, and for D are 3.5 and 3-5. (I) H20,  4 M formic acid;  (II) 4 M 
formic acid H- o.2 M a m m o n i u m  formate ;  ( I I I )  4 M formic acid -k o . 4 M  a m m o n i u m  formate"  

(IV) 4 M formic acid -{ o . 8 M  a m m o n i u m  formate .  

The fract ions b r a c k e t t e d  toge ther  in Fig. r and  the corresponding f ract ions  of the cow 
m a m m a r y  ex t rac t ,  a f ter  f reeze-drying and resolut ion in wa te r  were s epa ra t e ly  r ech roma tog raphed  
on smal le r  co lumns  ( io  × l cm) of the  same resin. Grad ien t  e lu t ion  was car r ied  out  w i th  so lu t ions  
of a m m o n i u m  fo rma te  increas ing  in concen t ra t ion  from zero to  2 3I,  followed by  2 M a m m o n i m n  
formate  con ta in ing  formic acid increas ing  in concen t ra t ion  from zero to o.75 M. The e lua te  was  
col lected in 5 ml  por t ions  and the  opt ica l  dens i ty  a t  26o m #  and 275 m/~ measured .  After  re- 
c h r o m a t o g r a p h y  the  cons t i t uen t s  of f rac t ions  A to F and H were found to be q u a l i t a t i v e l y  
ident ica l  for the  goa t  and  the  cow tissue. The ident i f ica t ion  of each cons t i t uen t  was based p r i m a r i l y  
on i ts  ch roma tog raph i c  behaviour ,  u l t r a -v io le t  spec t rum a t  26o and 275 rot, in acid and alkali4, "~, 
phosphorus  con ten t  e, and  r ibose con ten t  4. For  confirmation,  a d i rect  compar i son  was made  where  
possible  wi th  an a u t h e n t i c  sample  by  paper  c h r o m a t o g r a p h y  in neu t r a l  e t h a n o l / a m m o n i u m  
ace ta te  ~. The  f rac t ions  were found to be cons t i t u t ed  as follows: 

Fraction A :  On r e c h r o m a t o g r a p h y  the  f rac t ion  was  resolved in to  3 ma in  pa r t s  ident i f ied 
by the  me thods  ou t l ined  above, as DPN, CMP, and AMP. The ident i f ica t ion  of D P N  was confirmed 
by i ts  spec t rum in cyan ide  solut ion s, and  t h a t  of CMP and AMP by  compar i son  wi th  the  behav iou r  
of au then t i c  spec imens  of CMP and AMP on paper  ch romatograms .  In  addi t ion ,  a four th  subs tance  

* The fol lowing abbrev ia t ions  are used:  U D P G  = ur id ine  d i phospha t e  glucose, D P N  = di- 
phosphopyr id ine  nucleot ide,  CMP = cy t idy l ic  acid, AMP = adenyl ic  acid, GMP = guany l ic  acid,  
T P N  ~ t r i phosphopyr id ine  nucleotide,  UMP = ur idy l i c  acid, CDP  = cy t id ine  d iphospha te .  
A D P  ~ adenosine  d iphosphate ,  U D P  = u r id ine  d iphospha te ,  U D P A G  = ur id ine  d i p h o s p h a t e  
ace ty lg lucosamine ,  UTP  ~ ur id ine  t r iphospha te .  
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present in traces only, and containing no phosphorus  nor apparen t  ribose, was identified from 
its spec t rum and chromatographic  comparison with an authent ic  sample as erotic acid. 

Fraction B :  This consisted almost  entirely of GMP, bu t  also contained a small a moun t  of 
TPN fur ther  characterised by its light absorbing properties in the presence of cyanide s. 

Fraction C: This contained largely UMP with a smaller amoun t  of CDP. The identi ty of 
the UMP was checked by comparison with authentic  UMP but  no analogous comparison of the 
CDP was possible. 

Fractio~ D:  ADP and AMP were the only const i tuents  of this fraction, the latter being 
presumably  produced by  breakdown of ADP. Direct paper  chromatographic  comparison with 
an authent ic  sample was made only with AMP. 

Fraction E:  Four  substances were obtained on rechromatography  of this fraction. Two were 
identified as UMP and U D t '  in the usual way, and by direct comparison with authent ic  specimens. 
The solutions containing the remaining two substances were adsorbed on washed, neutral  charcoal 
and eluted with 50% alcohol containing N / t o o  ammonia,  After concentrat ion in vacuo the 
solutions were hydrolyzed with N / I o o  hydrochloric acid for io minutes  at ioo °. Each solution 
contained a reducing sugar 9. That  from the larger fraction, when chromatographed on paper  t°, 
behaved in the same way  as a specimen of N-acetyI-D-glucosamine, and gave a positive acetyl 
glucosamine reaction with p-dimethylamino-benzaldehyde n. The sugar component  from the 
smaller fraction was identical with tha t  obtained from fraction F below, and consisted of glucose 
and galactose TM. 

The main sugar-containing component  of fraction E on account of its ultra-violet light 
absorbing properties, phosphorus  content,  acetylglucosamine content  and chromatographic  
behaviour  was identified as UDPAG 12. The minor  const i tuent  was similarly identified as UDPG 2, 
present  as a con taminant  from fraction F. The U D P  and UMP isolated in this fraction can be 
supposed to arise by  breakdown of UDPG and UDPAG. 

Fraction F :  On rechronlatography,  four substances were again obtained. In  a ma nne r  
identical to tha t  described for fraction E, UMP, UDP, UDPG, and UDPAG were again identified. 
On this occasion however, UDPG was the main consti tuent.  

Fraction G: This fraction occurring only in the goat tissue extract  was not  identified. I t  
appears  to contain adenosine and phosphate,  and is eluted from the column at the same point  
as the Ad-X obtained by HURLBERT et el. 4 from ra t  liver extracts.  

Fraction H .  ATP was identified only in the fraction obtained from the goat tissue. The small 
anaount originally present  in the cow tissue extract  had presumably  broken down during the 
preparat ion for rechromatography,  bu t  traces of ADP and AMP were found in both  extracts.  

Fraction J : This fraction from goat tissue on rechromatography  gave an extremely small 
sample which corresponded in its light absorbing properties and point  of elution from the column 
to those of an authent ic  sample of UTP. 

While a direct quali tat ive comparison shows little significant difference between the nucleo- 
tides from the two sources, quant i ta t ively  wide variations can be observed. Such a comparison 
is however probably  of limited value since the tissue extracts  were obtained from animals at  
different stages in lactation. I t  is nevertheless interesting to note tha t  the concentrat ions of 
ur idine-diphospho-compounds in the tissues were high. UDPAG, which has not  hi ther to  been 
identified as a m a m m a r y  gland constituent,  was present  in the goat and cow tissue to the extent  
of 25 / ,moles  and 12 ,umoles per lOO g, and UDPG to the extent  of 4 ° /2moles  and 15 #moles  
per IOO g respectively. 

The possible significance of these high concentrat ions of UDPG in relation to lactose syn- 
thesis in ruminan t s  is at present  being investigated. 
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