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In  vitro exper iments  using sacs of rat, guinea pig and rabbi t  intestine filled with glucose-i-14C 
and incubated in Krebs-Ringer  phospha te  at  37°C showed tha t  under  the condition of these 
exper iments  only a small fraction, usually less than  1/5, of the glucose disappearing from the 
lumen could be detected in the surrounding fluid. Practically all the radioactivi ty appearing in 
the outside fluid after periods of incubat ion from 3 o ~ o  min could be accounted for as glucose. 
Randomisa t ion  of lac determined by degradat ion as previously described, was small and always 
less t han  20 %. 

I t  is suggested t ha t  these exper iments  and most  of those of other  workers m a y  be explained 
on the assumpt ion  tha t  the major  port ion of glucose is normally  absorbed in vivo without  degra- 
dation and tha t  the remainder  is metabolised to provide energy for the absorption.  The conditions 
of in vitro studies of intestine may  encourage considerable degradation wi thout  concomitant  
t ranspor t .  

These findings are in broad agreement  with recent reports1°, 11, which were published while 
these exper iments  were in progress. 
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Nucleic acid content of the egg of the domestic fowl 

Ear ly  work on nucleic acids in unincubated eggs has been discussed by  BRACH~T 1 and recent 
li terature on deoxyribonucleic acid (DNA) in eggs has been reviewed by HOTCHKISS ~. Recently 
DNA has been measured in the whole hen 's  egg a and FRAENKEL-CONRAT et al. 4 isolated avidin, 
a protein of hen 's  egg white and found tha t  it contained DNA. Fur the r  quant i ta t ive  evidence 
for the presence of both  ribonucleic acid (RNA) and DNA in egg white and yolk using an isotope 
dilution technique is reported here. 

Unincubated egg yolk and white (from Rhode Island Red hens) from 6-1o eggs were sepa- 
ra te ly  homogenized in water  with a Wal ing  blendor. Free nucleotides were removed from these 
homogenates  by  precipitat ion of protein with perchlolic acid (0.2 M at  o ° C), and after removal 
of lipid wi th  e thanol  and ether, nucleic acids were extracted with i . o M  perchloric acid at  7 °0 C 
for i hour. The method of KIREYS, 6 for obtaining nucleic acid extracts  was also used: sodium 
p-aminosal icylate  (6% w/v) was dissolved in a homogenate  of egg white or yolk and the mixture  
then stirred with an equal volume of 9o % (w/v) aqueous phenol solution for i hour. After centrifu- 
gation, the upper  layer was removed and dialysed against  distilled water  for 2 days at o ° C (after 
centrifugation of yolk homogenates  the upper  aqueous and lipid layers were removed and the 
lipid extracted wi th  ether  before dialysis). 

RNA in these extracts  was measured by  an isotope dilution method for uracil 7, and DNA 
by the same method for thymine  s. RNA was also determined by the orcinol method 9 after removal  
of free hexoses 1°, and DNA by reaction of indole with the deoxyribose component  n, with a cor- 
rection for absorpt ion at  520 m/~12; neither of these colorimetric methods  produced reliable results 
in extracts  of egg yolk or white. Previously reported 12 amoun t s  of DNA in egg yolk and white 
based on the lat ter  colour reaction are probably  erroneous owing to colour contaminat ion.  

Aliquots of perchloric acid extracts  were concentrated under reduced pressure to 7 ° % (w/v) 
perchloric acid. Aliquots of nucleic acid extracts  obtained by  the phenol method were evaporated 
to dryness and suspended in 70% (w/v) perchloric acid. Pyrimidines were liberated from the 
nucleic acids by  digestion with 70% (w/v) perchloric acid for I hour  at loo ° C, when either 
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tliynline-2-14C or uracil-2-14C was added and the perchloric acid precipitated with KOH. The 
tiyrimidine was then purified by running the whole digest on at  least four successive paper  chro- 
matogranls  l~. By comparison of the initial and final specific activities (counts per min//~g) of 
the pyrimidine, the amoun t  of pyrimidine present  in the extract  was determined. Results are 
based on nucleic acid preparat ions  obtained from rat  liver b,  the method of KIRB¥5,6; the uracil 
content  of the RNA was 0.3% and the thymine  content  of the DNA was lo .9%.  ( 'ount iug and 
ultraviolet  absorpt ion errors were experimentall~ determined and are expressed as coefficients 
<if variat ion in Tables I and 11. 

TABLE I I  

N U C L E I C  A C I D S  IN E G G  ~VHITE A N D  Y O L K  

T A B L E  I 

I I A C I D - S O L U B L E I '  U R A C I L  A N D  T H Y M I N E  

I ) E R I V A T I V E S  IN E G G  W H I T E  A N D  Y O L K  

Uracil T h y m i n e  
(11~ p~ r a,hih" ( I,g per ;vhitc 

o r  yolk) or yolk) 

Yolk 
White 460 :!: 55 IO 4 4 Perchloric acid extract ion 68 ;) ~4 52 :I 6 

57 7t 7 
Yolk z 3 ~ i 6.6 ~: o. 3 Phenol par t i t ion 114 • 14 39 -~ 2 

White 
Perchloric acid extract ion 52o ~ 33 3o8 :~: 16 

Phenol part i t ion 2260 ± lOO 137 ~ 30 
I595 ~ 5 ° i42 -* 5 

R N A  I ) N A  
(Itg per white  (t~g per white  

nr ycdk) or yolk) 

The amoun t s  of "acid-soluble" uracil and thymine  derivatives are given in Table I;  as the 
acid-soluble ex t rac t  was digested with 7o% (w/v) perchloric acid, these figures represent  total  
free pyrimidine and pyrimidine nucleotide material.  The nucleic acid content  of egg white and 
yolk is given in Table I I .  The RNA content  of the white is very much greater than  tha t  of the 
yolk, and the phenol  par t i t ion method appears  to extract  more RNA than  the perchloric acid 
method.  Perchloric acid appears  to give a bet ter  extract ion of DNA than  the phenol method;  
however,  this may  be due to insufficient washing of the phenol layer. The ratio of amounts  of 
nucleic acid in egg white and yolk (obtained by  the phenol method) to amounts  of the respective 
pyrimidine in the "acid-soluble" fraction is approximate ly  cons tant  (6.5). 

Using a microbiological method for deoxyriboside (after depolymerisation of DNA with 
iteoxyribonuclease), HOFF-J ORGENSEN a est imated tha t  the unincubated whole hen 's  egg contained 
i 18 -~ 12/~g DNA. This is somewhat  lower than  figures obtained by the isotope dilution method 
with perchloric acid extract ion (362/~g) and the phenol method (I 79/zg DNA). FRAENKEL-CONRAT 
et al. a using the method of SCHNEIDER 14 found 3o-45/~g total  nucleic acids per ml of egg white ; 
this is roughly equivalent  to 90o 135o/tg nucleic acid per egg white. Average figures for the 
total  nucleic acid in egg white in this work are close to this range (8"28 ltg by the perchloric acid 
method and 2o68/~g by  the phenol method).  

As egg white is a secretion of the oviduct, it is not  surprising to find large quanti t ies  of RNA 
present  and the DNA may  be derived from cell debris in the oviduct. The amoun t  of "cytoplasmic 
I )NA"  in the yolk represents a great  excess over nuclear DNA in the early blastoderm as even 
after 24 tl incubat ion a b las toderm contains only about  3/~g DNAI2. 

I t  is possible t ha t  this "cytoplasmic  D N A "  and RNA (or similar highly polymeric compounds) 
are a convenient  means of forming a storage reserve of nucleic acid precursors which could be 
obtained by  degradat ion when required by the embryo.  
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Complex formation between bovine serum albumin and 
sodium deoxyribonucleate induced by heat 

GREENSTEIN AND HOYER 1 observed  t h a t  unde r  special  condi t ions ,  deoxyribonucleic  acid (DNA) 
p r e v e n t s  the  hea t  coagula t ion  of s e r u m  a lbumin .  T he  special  condi t ions  are:  (1) The  m i x t u r e  of  
a l b u m i n  a n d  D N A  m u s t  be  pract ica l ly  sa l t  flee. (2) T he  p H  of t he  m i x t u r e  m u s t  be ad ju s t ed  
to a b o u t  5.3 pr ior  to hea t ing .  Near ly  comple te  pro tec t ion  of t he  a l b u m i n  solu t ions  aga ins t  h e a t  
coagula t ion  is afforded by  0. 5 to  i % by  weight  of D N A  relat ive to a lbumin .  The  ques t ion  of 
the  m e c h a n i s m  of pro tec t ion  was  left  open a l though  in a no te  s i m m e d i a t e l y  following the  GREEN- 
STEIN paper  it  was  sugges ted  t h a t  b ind ing  was  p robab ly  no t  involved since two peaks  were 
observed  in t he  u l t racen t r i fuge  af te r  hea t ing .  

Subsequen t l y  GEIDUSCHEK AND DOTY 3 inves t iga ted  the  in te rac t ion  of bovine  s e r u m  a l b u m i n  
(BSA) and  D N A  by  l ight  sca t te r ing  a t  room t empera tu re .  Thei r  procedure  was to  m ix  the  D N A  
and  BSA toge the r  and  to measu re  t he  l ight  sca t te r ing  by  di lu t ing th is  m i x t u r e  into a p h o s p h a t e  
buffer  which  served as solvent .  Var ious  p H ' s  were s tudied.  At  p H  7.47 and  6.46, no react ion 
was  observed.  A t  p H  5.51, D N A  was  found  to b ind  35 % of i ts  own  weight  of  BSA. The  a u t h o r s  
felt  t h a t  despi te  t he  differences be tween  t he  condi t ions  of the  two exper iments ,  the  a m o u n t  of 
b ind ing  d isp layed  was  qui te  i nadequa t e  to expla in  the  pro tec t ive  ac t ion  of D N A  on BSA. I t  
was sugges ted  t h a t  t he  s t ronger  b ind ing  t h a t  such  pro tec t ion  appeared  to require  m a y  only  occur  
wi th  pa r t s  of the  pro te in  s t ruc tu re  t h a t  m a y  be m a d e  accessible by  dena tu ra t ion .  

This  inves t iga t ion  represents  our  search  for th is  s t ronger  t ype  of b ind ing  t h a t  is t h o u g h t  
to occur. 

The  bovine  s e rum  a l b u m i n  was  a crysta l l ine  p roduc t  ob ta ined  f rom P e n t e x  Incorpora ted ,  
Kankakee ,  Illinois. The  deoxyr ibonucle ic  acid was  prepared  f rom sa lmon  spe rm by  Dr. NORMAN 
SIMMONS. All so lu t ions  were hea t ed  in smal l  glass s toppered  tes t  t ubes  by  immer s ing  in boiling 
wate r  for t en  minu tes .  Solut ions prepared  for hea t ing  expe r imen t s  con ta ined  a b o u t  o. 5 g BSA/dl .  
The  a l b u m i n  s tock  solut ion was  prepared  by  t he  m e t h o d  of GREENSTEIN AND HOYER 1. The  D N A  
s tock  solut ion was  prepared  by  di lu t ing a concen t ra ted  solut ion in disti l led water .  

I t  was  a t  once a p p a r e n t  t h a t  the  p roduc t s  of hea t i ng  are a sensi t ive func t ion  of t he  pH .  
If  a l b u m i n  alone is hea t ed  a t  p H  5.5, par t ia l  hea t  coagula t ion  occurs  as ev idenced  by  fo rma t ion  
of a mi lky  opac i ty  in t he  solut ion.  However ,  ana ly t ica l  u l t r acen t r i fuga t ion  (Spinco Model E) 
shows  t h a t  the re  is considerable  a l b u m i n  remain ing  in solut ion wi th  the  s ame  s ed imen ta t i on  
c o n s t a n t  as na t ive  mater ia l .  As  a resul t  of the  hea t ing ,  t he  p H  rises f rom 5.5 to abou t  6.9. If one 
hea t s  na t ive  a l b u m i n  a t  p H  6. 5, no hea t  coagula t ion  occurs.  B u t  upon  hea t i ng  t he  a l b u m i n  a t  
p H  5-4 in o.oo15M ci t ra te  buffer, t he  p H  does no t  rise above  5.9 and  all of t he  a l b u m i n  is coagu-  
lated.  T h u s  it  appear s  t h a t  one of t he  prerequis i tes  for h e a t  coagula t ion  is t h a t  t he  e lect ros ta t ic  
repuls ion  of the  a l b u m i n  molecules  be min imized .  As t he  p H  becomes  higher,  t he  nega t ive  charge  
on the  a l b u m i n  rises* (note:  t he  isoelectric po in t  of BSA is 4.5) and  a p p a r e n t l y  the  repuls ion  

* The  increase in nega t ive  charge  be tween  p H  5.5 and  p H  6.5 is p robab ly  accoun ted  for by  
t he  neu t ra l i za t ion  of the  imidazole groups  of h is t id ine  which  would be expec ted  to t i t r a t e  in th i s  
region. There  are  I8 h is t id ine  res idues per  molecule  of BSA according to G. R.  TRISTRAM, in H.  
NEURATH AND K. BAILEY, The Proteins, Vol. IA, Academic  Press,  Inc. ,  New York,  1953, p. 215. 
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