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t h a t  an effect  of the  ho rmone  on the  genera l  p ro te in  m e t a -  
bol i sm was  de tec ted ,  r a t he r  t h a n  an  ac t ion  u p o n  a specific 
pro te in ,  as was  descr ibed in o the r  condi t ions  (PAIK a n d  
CO~EN~0). 

I t  is known  t h a t  t h y r o i d  h o r m o n e  s t imula te s  t h e  p ro t e in  
syn thes i s  in l iver  (SOKOLOFF a n d  KAUFMAN 11; STEIN and  
GROSS~). This  was  con f i rmed  b y  t h e  grain  coun t s  pre-  
sen ted  in th i s  paper ,  w h i c h  show in add i t i on  t h a t  t h e  

Liver cells _ 
Trypfophane-H 3 

"~:::L • corr~rols 
r'l~hyroxine injected 

..~ 

Cytoplasm Nucleus Nucleolus 
Fig. 1. Shows the effects of thyroxine on the uptake of HSdabelled 
tryptophane by liver cell components. The results are represented as 
silver grains per 36/~2 of each structure. The number of grains repre- 
sented by each bar is the average for 40 cells from 2 rats. The dif- 
ferences in the uptake of either amino acid, between the thyroxine- 

injected rats and the controls are significant (P < 0.01). 
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Fig. ~2. In several other cell types the effect of thyroxine on amino 
acid uptake is the reverse of that found in liver. In this figure each 
bar is the average for 40 cells from 2 rats. Results are represented as 
'photographic' grains per 36 ~t = of cytoplasm. Grains over nuclei were 
avoided. In each case, the differences between thyroxine injected and 

control rats are significant (P <: 0.01). 

nuclear  incorpora t ion  of amino  acids b y  l iver cells is also 
accelerated.  

Conf i rming the  f indings  of STENRAM', we obse rved  an  
e n l a r g e m e n t  in nucleoli  of l iver  cells f rom t h y r o x i n e  
t r e a t e d  ra ts .  The  m e a n  volumes ,  ob ta ined  f rom measures  
m a d e  in 10 nucleoli  in  each  lot  of an imals  ( t r ea ted  a n d  
controls)  are  2.1 ± 0.55 t~ 3 m e a n  a n d  s t a n d a r d  dev ia t ion  
for  t h e  con t ro l  ra ts ,  a n d  5.6 t 1.15 ~8 for  t he  t h y r o x i n e  
in jec ted  ones.  

I n  spi te  of t h e  nucleolar  h y p e r t r o p h y  p r o d u c e d  b y  t h y -  
rox ine  in  l iver  cells, a n d  t h e  increased  u p t a k e  of amino  
acids  b y  nucleus  a n d  c y t o p l a s m  in th i s  s i tua t ion ,  m o s t  of 
t h e  en la rged  nucleoli  were  n o t  label led (Figure 1). 

M a n y  au tho r s  agree t h a t  t he  nucleolus is ac t ive  in in- 
co rpo ra t i ng  R N A  precursors  (AMANO a n d  LEBLONDI~; 
SIRLIN X3). However ,  the  resul ts  on the  u p t a k e  of labelled 
amino  acids b y  the  nucleolus  are s o m e w h a t  con t rove r -  
sia114-z,. 

In  c o n t r a s t  to  t h e  nucleolus,  in b o t h  groups  of ra ts ,  m o s t  
of t he  c h r o m a t i n  c lumps  were  labelled, ma i n l y  t h e  nucleo-  
lar  associa ted  c h r o m a t i n  and  the  nuc lear  m e m b r a n e  a t -  
t a c h e d  c h r o m a t i n  masses.  The  r ad ioac t i v i t y  p r e s e n t  in 
nucleolar  associa ted  c h r o m a t i n  was  pa r t i cu la r ly  easy  to  
see in t he  cells w i t h  t h y r o x i n e  en la rged  nucleoli .  

The  d a t a  avai lable  are no t  enough  to  i n t e r p r e t  fully t he  
effects  of t h y r o x i n e  on p ro t e in  syn thes i s  in t he  severa l  
cells examined .  B u t  w h a t e v e r  m e c h a n i s m s  are involved ,  
our  resu l t s  show t h a t  t h y r o x i n e  in jec ted  in to  suckl ing 
r a t s  p roduces  diss imilar  effects  on amino  acid up take ,  
accord ing  to  t h e  o rgan  examined .  

Rdsumd. L ' a d m i n i s t r a t i o n  de  t h y r o x i n e  cause une  chu te  
de l ' i nco rpora t ion  de la ph6ny la l an ine -H  3 e t  du  t r y p t o -  
p h a n e - H  3 pa r  d ivers  organes ,  except6  le foie. Le  cy to -  
p la sma  e t  les n o y a u x  des h6pa tocy t e s  o u t  p resen t6  une  
plus g rande  concen t r a t i on  de subs t ance  inject6e.  
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Riboflavin in Human  Milk 

MODI and  OWEN x h a v e  obse rved  t h a t  the  r ibof lav in  in 
h u m a n  milk  is p re sen t  as f lavin aden ine  d inuc leo t ide  
(FAD). GIRl e t  al. ~ have  r epo r t ed  t h e  presence  of two  en-  
zymes  associa ted wi th  t he  syn thes i s  of F A D  f rom ribo- 
f lavin in h u m a n  milk;  one of t h e m  fo rmed  F A D  f rom r ibo-  
f lavin and  the  o the r  one syn thes ized  f lavin  mononuc leo-  
t ide  (FMN) f rom riboflavin.  No inves t iga t ion  has  so far  
been  m a d e  about  t he  na tu re  of F A D  or  w h e t h e r  i t  is in  t h e  
combined  or  free form. In  th is  communica t ion ,  t he  resul ts  

of e x p e r i m e n t s  car r ied  ou t  to  s t u d y  t h e  a m o u n t  and  
n a t u r e  of F A D  in h u m a n  mi lk  are  repor ted .  

R ibof l av in  was  e x t r a c t e d  f rom mi lk  b y  t h e  m e t h o d  of 
BESSEY e t  al. s. F o r  c h r o m a t o g r a p h i c  iden t i f ica t ion  of t he  
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Flavin adenine dinucleotide (FAD) hydrolysis in cow and human milk 

Time in 
h 

ArAonnt of FAD 
(t~g) 
Cow Human 

Amount of riboflavin and riboflavin 
phosphate produced and calculated as 
riboflavin 
(~g) 

Cow Human 

Percentage of FAD destruction according 
to riboflavin estimation 

Cow Human 

10,0 10.0 13.08 10.25 - - 
18.91 13.91 76.4 53.0 
19.00 14.82 78.0 62.0 
19.00 14.82 78.0 62.0 

c o n c e n t r a t e d  mater ia l ,  Bu tano l / ace t i c  ac id /H20  sy s t em of 
CRAMMER ~ was used. F A D  was  enzymat i ca l ly  e s t ima ted  in 
the  D-amino acid oxidase  s y s t e m  as descr ibed b y  MAI~SON 
and  MODI s. U n d e r  these  condi t ions ,  0.5 vg F A D  produced  
an oxygen  u p t a k e  of 75 ~1; on examin ing  2 ml  of whole  
milk for t he  presence  of free F A D  no de tec tab le  a m o u n t  
was found  to be presen t .  On the  o the r  hand ,  w h e n  h u m a n  
milk  was  boiled for 3 min,  the  s u p e r n a t a n t  free f rom precipi-  
t a t e d  p ro te ins  con ta ined  FAD.  In  ana lyz ing  a n u m b e r  of 
such  samples ,  i t  was  observed  t h a t  t h e  F A D  c o n t e n t  
var ied  b e t w e e n  0.15 and  0.4 ~g/ml. On p a p e r  c h r o m a t o -  
graphic  examina t ion ,  one f luorescent  spo t  co r r e spond ing  
to F A D  was seen. F r o m  the  above  observa t ion ,  i t  seems 
t h a t  F A D  of h u m a n  milk  is b o u n d  to  one or more  of t he  
milk p ro te ins  wh ich  on hea t ing  become d e n a t u r e d  and  
l ibera te  free FAD.  

The  comple te  absence  of free F A D  cannot ,  however ,  be 
assumed,  because  the  me thod ,  due  to  t h e  l imi ta t ions  of 
t he  assay  sys tem,  could be expec t ed  to  de t ec t  only  
a m o u n t s  g rea te r  t h a n  0.02 vg/ml.  In  order  to explore  the  
poss ib i l i ty  of the  occurence  of free F A D  in h u m a n  milk, 
t he  fa te  of F A D  added  to  raw milk was s tudied.  MANSON 
and  MODI 5 h a d  observed  100% deg rada t i on  of F A D  in 
cow milk wi th in  i h. 2 ml  samples  of cow and  h u m a n  milk 
were i n c u b a t e d  a t  37°C wi th  20 ~zg F A D  for 3 h. The  
a m o u n t  of F A D  p resen t  in t r ich loroacet ic  ex t r ac t s  was  
e s t ima ted  b y  the  m e t h o d  of BURCH, BESSEY and  LOWRY s 
F r o m  the  figures l is ted in t he  Table,  it  can  be seen tha t ,  
t h o u g h  less t h a n  in cow milk,  t he re  was  cons iderable  
des t ruc t ion  of F A D  in h u m a n  milk. P a p e r  c h r o m a t o g r a p h y  
ind ica ted  t h a t  F A D  was  hyd ro ly sed  to  free r iboflavin.  
This  was fu r the r  conf i rmed  by  incuba t ing  k n o w n  a m o u n t s  
of F A D  wi th  h u m a n  milk  p ro te ins  ob t a ined  by  a m m o n i u m  
su lpha te  f rac t iona t ion .  The  resul ts  ind ica te  t h a t ,  if 0.2 tzg 
of F A D  was  i n c u b a t e d  w i t h  mi lk  p ro t e in  and  t h e  specific 
p ro te in  of D-amino acid oxidase,  wide va r ia t ions  in oxygen  
u p t a k e  were ob ta ined  depend ing  upon  the  order  in wh ich  
the  reac t ions  were  a d d e d  to  t he  i ncuba t ion  vessel.  W h e n  
F A D  and  e n z y m e  solut ion were mixed  before t he  add i t ion  
of mi lk  fract ion,  c o n c o r d a n t  values  for the  ra te  of Oe con-  
s u m p t i o n  were  a lways ob ta ined .  In  th is  e x p e r i m e n t  i t  was  

obse rved  t h a t  milk prote ins  hyd ro lyzed  t h e  a d d e d  F A D ,  
thus  suppress ing  the  react ion of D-amino acid oxidase.  

P r e l im ina ry  s tudies  have  been m a d e  to  cha rac te r i ze  the  
combined  F A D  form. Cow milk is a r ich source of xan-  
th ine  oxidase,  of which  FAD is the  p ros the t i c  group.  U n -  
like cow milk, h u m a n  milk does no t  con ta in  x a n t h i n e  
o x i d a s e l  or, if it  does con ta in  it, is a ve ry  poor  source ~. 
Therefore ,  a p re l imina ry  s t u d y  abou t  the  occurrence  of 
mi lk  f lavopro te ins  was  made .  Using the  procedure  of 
BAILLE and  MORTON s, reduced  d iphosphopyr id ine  nucleo-  
t ide -d iaphorase  and  reduced  d iphosphopyr id ine  nucleo-  
t ide  c y t o e h r o m e  C reduc tase  in h u m a n  milk were de t ec t ed  
in s igni f icant  amoun t s ,  whereas  glycine oxidase  and  suc- 
cinic dehyd rogenase  were  no t  de tec tab le ,  using the  m e t h -  
od of RATNER 9 and  BONNER 1° respec t ive ly .  

Zusammenfassung. Ribof lav in  ist in der  Mut t e rmi l ch  in 
F o r m  v o n  F lav in -aden in -d inuc leo t id  anwesend ,  was  ftir 
eine K o m p l e x f o r m  spr icht .  Fe r n e r  w u r d e n  in der  Milch 
zwei F lavopro te ine ,  die D P N - C y t o c h r o m  C-Reduk ta se  
und  D P N - D i a p h o r a s e  reduzier ten ,  gefunden.  
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O x y g e n  I s o t o p e  P a l e o t e m p e r a t u r e  M e a s u r e -  
m e n t s  on  L o w e r  J u r a s s i c  B e l e m n o i d e a  f r o m  

B a m b e r g  ( B a v a r i a ,  G e r m a n y )  

Spec imens  of Be lemno idea  were  col lected f rom the  
Tr imeusel  . locali ty on the  Main  r iver  near  B a m b e r g  
(Bavaria) 1. This  is an  ou tc rop  of t h e  u p p e r  p a r t  of Lias  
epsflon (Toarcian).  The oxygen  iso tope  ana lyses  were  

carr ied ou t  on CO~ samples  p repa red  according  to  the  nor-  
mal  t echn iques  ~ and  using an At las -Werke  M86 mass-  
spec t romete r .  The  s t a n d a r d  was CO~ m a d e  f rom Carrara  
marble ,  b u t  t he  resul ts  r epor ted  are cor rec ted  to  re la te  to  
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