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Short Communications 
I I 

Flavin adenine dinucleotide (FAD) metabolism and lactation 

The form in which riboflavin occurs in milk has been shown to va ry  with species. DAVIS et al. 1 
suggested t h a t  while riboflavin occurs free in cow milk, at  least pa r t  of t ha t  occurring in sow milk 
is in a combined form, from which free riboflavin is readily liberated. This has recently been con- 
firmed by MODI AND OWEN 2, who also showed tha t  the riboflavin in sow milk is a lmost  exclusively 
in the combined form, identified by  them as FAD. In  cow milk, however, free riboflavin was shown 
to be accompanied by only relatively small amoun t s  of FAD. Whethe r  the FAD is itself combined 
or free, was not  investigated. Combined FAD is an active component  of a number  of enzyme 
systems, and hence species differences in its dis tr ibut ion may  in tu rn  reflect wider metabolic 
differences. Studies have therefore been made of the occurrence and metabol ism of FAD in the 
lactat ing sow and cow. 

Free FAD in milk and in blood was determined by the manometr ic  method of OCHOA AND 
ROSSITER 3. The sample of milk or blood to be determined, or a s tandard solution of FAD, was 
diluted to 2 ml with 1~//i 5 sodium pyrophospha te  buffer, p H  8. 3, and placed in the main chamber  
of a Warbu rg  vessel along with I ml of a solution in the same buffer of the specific protein of 
D-amino acid oxidase 4. The central  well of the vessel contained filter paper  moistened with 0.2 ml 
N alkali, and the side l imb o.2 ml of 4.5% DL-alanine in pyrophospha te  buffer. The alanine was 
then mixed with the contents  of the main chamber,  the flask shaken at  37 ° C for 15 rain, and the 
rate  of oxygen uptake  measured during the following 3 ° rain. Under  these conditions, 0.5 pg 
FAD produced an oxygen uptake  of approximate ly  80/~1, the rate being constant  over the 30 min 
period. The relationship between oxygen uptake  and FAD present  was linear for quanti t ies  up to 
1.o /~g. 

Milk from individual cows and from individual sows after injection with oxytocin "*-as ultra- 
filtered 5, and the FAD present  in 2 ml port ions of the filtrate determined. Free FAD was absent  
from all samples of ultrafiltrate from cow milk, while sow milk contained o.15-o.2o /~g/ml. This 
was confirmed quali tat ively by  paper  chromatographic  examination.  When  chromatographed  on 
W h a t m a n  No. 31 extra  thick paper  using the butanol/acet ic  acid/water  sys tem of CRAMMER 6, 
concentrated ultrafil trate from cow milk, in all cases, yielded only fluorescent spots  corresponding 
to riboflavin and r iboflavin-5 '-phosphate.  Wi th  similar material  from sow milk, however, a spot 
corresponding to FAD was obtained. In  most  cases this was unaccompanied by  riboflavin or 
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riboflavin-5'-phosphate,  bu t  occasionally 
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Fig. I. Ra te  of destruct ion of FAD 
added to (i) cow milk, (2) pasteurised 
cow milk, and (3) sow milk. The values 
obtained by direct determinat ion of 
residual FAD are indicated by  • -  • ,  
and those by  calculation from deter- 
minat ion of riboflavin produced, by  

O - - O .  

traces of these substances,  arising presumably  during 
concentrat ion or chromatography,  were detected. 

When  fresh samples of sow and cow milk were 
heated for 3 rain at 95 ° C and the precipitated protein in 
the sow milk samples removed by centrifugation, free 
FAD was found to be present.  The concentrat ions were 
approximate ly  0.8 #g/ml  in sow milk and o. 3 /zg/ml in 
bovine milk. Thus  there is present  in the milk of each 
species a form of FAD which is not  utilised by the 
specific protein of D-amino acid oxidase, bu t  which is 
readily converted to a usable form by heating. FAD can 
therefore be considered to be bound to one or more of 
the milk proteins which on heat ing become denatured 
and liberate free FAD. Fur the rmore  this protein-bound 
form accounts  for all the FAD of cow milk bu t  for only 
par t  of tha t  in sow milk, the remainder  being in the free 
state. 

The absence of free FAD from cow milk was studied 
by  investigating the fate of FAD added to raw milk from 
both  species. 2 ml samples of cow and sow milk were each 
incubated at  37 ° C with 20 /~g FAD for 20 rain and 6o 
rain respectively. After selected intervals during these 
periods, the amounts  of FAD present  in trichloroacetic 
acid extracts  of the samples were determined by the 
method of BURCH, BESSEY AND LOWRY 7. In  a parallel 
set of samples, the combined riboflavin and riboflavin-5'- 
phospha te  contents,  expressed as riboflavin, were deter- 
mined after the same time intervals, by the fluorimetxic 
method of the same authorsL A typical set of results is 
shown in Fig. i. F rom this it is clear that ,  a l though sow 

milk is apparen t ly  wi thout  effect on FAD, cow milk causes its rapid decomposition. Fur thermore ,  
at any given t ime the a m o u n t  of FAD destroyed is equivalent  to the combined amounts  of ribo- 
flavin and its phospha te  produced. Paper  chromatographic  examinat ion of those cow milk samples 
incubated for 20 rain showed tha t  only traces of r ibofav in  phospha te  were present,  and tha t  the 
main produc t  of the decomposit ion of FAD was riboflavin. 

When  the exper iment  was  repeated using pasteurised cow milk samples which showed no 
phospha tase  act ivi ty s, the rate of disappearance of added FAD, shown in Fig. t, was considerably 
less. While this disappearance was again exactly balanced by  product ion of riboflavin and its phos- 
phate,  paper  ch roma tography  now showed riboflavin phosphate  to be the main decomposition 
product .  I t  can therefore be concluded tha t  there exists in cow milk a sys tem of enzymes capable of 
convert ing FAD to riboflavin, in a number  of steps the  last of which is the dephosphoryla t ion 
of r iboflavin-5'-phosphate,  and tha t  no such sys tem exists in sow milk. The possibility tha t  the 
s tabi l i ty  of F A D  added to sow milk was due to its adsorpt ion by  protein thus  prevent ing enzymic 
a t t ack  can be discarded, since free FAD has  already been shown to be a const i tuent  of sow milk. 
Dur ing  normal  conditions of lactation, therefore, free FAD arising in cow milk could be expected 
to  be rapidly converted to riboflavin, whereas  in sow milk it would remain unaffected. 

In  bovine milk, at  least pa r t  of the combined form of FAD is present  as xanth ine  oxidase 9. 
However ,  no xanth ine  oxidase activity could be demonst ra ted  in sow milk using the method of 
ZITTLt~ et al. 1°, and when the inactive sow milk was mixed with cow milk, the xanth ine  oxidase 
act iv i ty  of the cow milk was unaffected. The lack of enzyme activity of sow milk was  therefore not  
due to the presence of an inhibitor  bu t  to the absence of xanth ine  oxidase, and hence the combined 
F A D  of sow milk is not  identical wi th  tha t  of cow milk. 

A prel iminary s tudy  has been made of the FAD in the blood of the sow and the cow to deter- 
mine whether  blood variat ions could account  for those species differences mentioned above. Hepari-  
nised blood f rom the  jugular  vein was used, and the  FAD was determined enzymically, as already 
described. I t  was found tha t  if s tandard  amoun t s  of FAD were incubated with blood and the 
specific protein of D-amino acid oxidase, wide variat ions in oxygen uptake  were obtained depending 
upon  the order in which the reactants  were added to the incubat ion vessel. When  FAD and enzyme 
solutions were mixed before addition of the blood, concordant  values for the rate of oxygen con- 
sumpt ion  were always obtained. F r o m  this it appeared likely tha t  the blood of both  species was 
able to conver t  added F A D  to a substance which could not  be utilised by the specific protein ot 
D-amino acid oxidase. This was confirmed in the following way. 2 ml samples of cow and sow blood 
were first incubated wi th  0. 5 /~g FAD in o.i ml pyrophospha te  buffer at 37 ° C for 0. 5 and 1. 5 h. 
Immedia te ly  af ter  this incubation,  the free FAD present  was determined in the usual way. The 
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resu l t s  are l is ted in Table  I a long  wi th  those  ob ta ined  when  t he  de t e rmina t i on  was  carr ied ou t  
w i t h o u t  th i s  p r e l im ina ry  incuba t ion .  

T A B L E  I 

DECOMPOSITION OF F A D  IN COW AND SOW BLOOD 

Period o[ incubation O~ uptake in ~l/o. 5 It 
of blood and FAD ( h) Sow blood Cow blood 

o.o 76.0 78-5 82.5 79.0 
0-5 4.5 5 .8 3.9 3 .2 
1.5 - -  - -  1. 5 2.1 

F r o m  the  figures l is ted in Table  I it  is a p p a r e n t  t h a t  in vitro, u n c o m b i n e d  F A D  is rap id ly  des t royed  
bo th  in cow and  sow blood. The  comple te  absence  of free F A D  c a n n o t  however  be a s sumed ,  for 
a l t h o u g h  no free F A D  was  de tec ted  by  enzymi c  a s say  of 2 ml  s amples  of blood f rom bo th  species, 
t h e  m e t h o d ,  unde r  t he  p re sen t  condi t ions ,  could be expec ted  to de tec t  only  a m o u n t s  g rea te r  t h a n  
o .o2/zg/ml .  The  presence of F A D  a t  concen t ra t ions  cons iderab ly  less t h a n  th i s  could eas i ly  a ccoun t  
for t h e  a m o u n t  found  free in sow milk,  a n d  for a s u b s t a n t i a l  pa r t  of t h e  r iboflavin of cow milk.  
A l t h o u g h  free F A D  was  no t  de tec ted  in fresh blood, s amples  a s s ayed  af te r  being hea t ed  a t  95 ° C 
for 3 m in  yie lded u p t a k e s  of o x y g e n  equ iva len t  to  F A D  concen t ra t ions  of 0.43 and  0.63 # g / m l  in  
cow and  sow blood respect ively.  These  figures p r e s u m a b l y  represen t  the  concen t ra t ions  of F A D  
combined  wi th  protein,  a n d  are  in a g r e e m e n t  wi th  the  va lues  repor ted  for ox blood by  OCHOA AND 
ROSSITER 3. No a t t e m p t  has  ye t  been m a d e  to charac te r i se  fu r the r  t he  combined  F A D  f rom e i ther  
source  a l t h o u g h  it  appea r s  unl ike ly  t h a t  e i ther  con ta ins  x a n t h i n e  oxidase  ac t iv i ty .  Th i s  be ing  so, 
t he  x a n t h i n e  oxidase  of cow mi lk  would  appea r  to  arise by  e labora t ion  of t he  blood f lavoprote ins  
wi th in  t he  m a m m a r y  g land  du r i ng  lac ta t ion ,  while sow blood, con ta in ing  a s imilar  concen t r a t ion  
of f lavoproteins ,  is no t  s imi la r ly  conver ted .  

The  a u t h o r s  t h a n k  Miss F. KENNEDY and  Miss M. LIGHTBODY for the i r  technica l  ass is tance ,  
a n d  t he  Ve te r ina ry  Inves t i ga t i on  Officers of  t he  W e s t  of  Scot land Agr icu l tu ra l  College for the i r  
help in ob t a in ing  s amp le s  of sow milk.  
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Sur les interactions de la lipase pancr~atique avec les triglyc~rides 
D'apr~s  WILLSTAETTER ET WALDSCHMIDT-LEITZ l, la l ipase panc r~a t ique  en  so lu t ion  aqueuse  
s ' adso rbe  pa r t i e l l emen t  su r  une  fine d ispers ion de tr is tCarine et  se laisse ensu i te  ~luer pa r  le phos-  
p h a t e  d ' a m m o n i u m .  Ce ph~nom~ne  es t  in t~ressan t  car  il p e u t  serv i r  ~ purif ier  la l ipase et  ~ m i e u x  
c o m p r e n d r e  ses in te rac t ions  spCcifiques avec  des s u b s t r a t s  insolubles  dans  l 'eau.  

Des essais  d ' a d s o r p t i o n  on t  ~t~ effectu~s avec  une  prCpara t ion  purifiCe de l ipase (prepara t ion  
C s* de no t re  pr~c~dente  publicat ion~).  3oo m g  de t r i s t~ar ine  en poudre  on t  ~t~ agit~s chaquefois  

* Cet te  p r epa ra t i on  es t  ob t enue  en prCcipi tant  2 lois p a r  Am2SO 4 u n  ex t r a i t  a q u e u x  de pan-  
cr~at ine  de porc.  


