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1*. i l i 'S fe r lq à i  .

Boiirqmin & ihemam (1931) showed th a t  eow^a m ilk  

was e ffe c tiv e  in  promoting the  growth of r a ts  d e f ic ie n t  

in  vitam in The constitm ent o f cow*' a m ilk posBCBBing

vitam in a c t iv i ty  was is o la te d  im a pixrc form from the  

wliey of cow* 8 milk by îCuh% %Brgy é  Wagîier-^dauregg (1933)# 
who. named I t  la c to flav in #  f ro o f , th a t la c to f la v in  was- 
Im f a c t  6^7*di$éthyl"^9-"( 1 * ̂ 4)^ribi t y l  ) ̂ IsO'^alloxazinc was 

obtained by Karrer^ BcbBpp à Benz. (1935).:# who renamed the 
eorapoimd riboflav in#

% rbrgy# ^mha & Wagner-^Jauregg: ( 1934 ) observed th a t  

most b u t mot a i l  o f th e  r ib o f la v in  c o n te n t o f  cow* a m ilk  

wae d i f f u s ib l e  and was th e re fo re  presem t In  th e  f r e e  form# 

B iller à  A d ler ( 1934) found th a t  2Q ■* 25# o f  th e  t o t a l  

r ib o f la v in  o f  cowT m ilk  was m oh#d iffu sib le  y amd was 

th e re fo re  bound to  some s 'abstaace  o f h ig h  m olecular- w eight 

which# th ey  su g g ested , m ight be am enzyme# Boustom# liom 

& ThoHipaom ( 1940 a# b) # meimg a f lm o rira e tr lc  method f o r  

th e  ee tim atlom  of r i b o f l a v in ,  observed th a t  about 10$ o f  

the  t o t a l  r ib o f la v in  o f c o # e  m ilk  was im a bound form# 

and th a t  t h i s  bound: r ib o f l a v in  was re le a s e d  cm h e a tin g  th e  

milk# T h is o b se rv a tio n  was confirm ed by  H oeflake (1953)# 

who found- t h a t  about 10# o f  th e  t o t a l  r ib o f la v in  o f  cow* s 

m ilk  was n o t u t i l i z e d  by th e  r ib o f la v in - r e q u i r in g  organism  

Ija c to b a c illix e .. e a s e l . AT0O 7469, b u t was co nverted  to  a 

u t l l l a a b i e  form  by h e a tin g  th e  mllki#
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The f i r s t  In d ica tion  o f  th e  mature o f  th is  boimd 

rib oflA vlh  Of cow* s  m ilk oame from the work o f  B a ll  

( 1930 ,; 1939) who is o la te d  the enzyme xanthine oxidame 

(xantW.na4 0^ oxi&oreductase# BO from th ie

' souroe, and showed th a t i t  We a flav^protein# Be 

eo w ld ered  that, th e 'f la v in . D rosth etlc  . group was s im ila r  

t o ,  but mot id em tie#! w flavin^^ademlnè d iim eleo tid e  

(FABj;* At the same time# Oorran & Green (1938 a , b ) ,  

w hile attem pting to  p u r ify  m ilk  xanthine oxidase# iso la te d  

from oow* 8 m ilk  an oa^izymiGallÿ Imaotive f le v o p r o te ln , the  

f la v in  moiety of. which reeeWhled FAD# Shortly  afterwards 

Oorraa, Dewan, Gordon & Green (1939) is o la te d  an a c tiv e  

preparation  o f xanthine ëxidaBO from eow*e and Bhowed

th a t the f la y in  com etltuent o f  t h is  was Indeed FAB,

Xanthine oxidase a c t iv i t y  had been observed much e a r lie r  

in  p iilk  by-’Morgan,; Stewart # HopMna (19®)' b u t th e work 

o f  B a l l  and o f  Gorran at ... a l * (1 9 3 9 ) gave th e  f i r s t  

in d ica tio n  th a t t l #  enzyme was a flavop rotein #  B ater,

I t  WEB sh o w  th a t th e  enzyme a lso  contained molybdenum 

(T otter# Burnett# Monroe, Whitney & Gomar, 1953$ Green 

& B elnert# 1953)# and iro n  (% ichert .& W csterfeld# 1954)* 

Modi & Owen (i956) e x tra c te d  eow*s n ^ lk  w ith  

tr ie lilb r o a c e tlc  %cM and found, u sin g  the paper 

chromatographic method o f  Crammer (1948) # th at th e  only 

f la v in s  p resen t in  th e e x tr a c t were r ib o f la v in  and FAD#

They observed a lso  that no FAB wa$ present in  u ltr a s  

f i l t r a t e s  o f  oow*s milk* -lanEOB é--Modi (1957).# who. a lso



3
used  Crammer’ s (1948) method,, d e te c te d  th e  p resence  

o f r ib o f la v in  and o f f l a v in  raononiicleotide (F M ), b u t 

n o t o f  FAD, in  s u c h -u ltra f il tra te a .# . They observed  ‘ th a t  

f re e . FAD. appeared, when, f r e s h  cow’ s m ilk  was h ea ted  to  95^# 

and concluded from th e se  o b se rv a tio n s  th a t  a l l  the  FAD 

o f  cow’ s m ilk  was p re s e n t  In  -a .bound form . Modi, Owen- 

ê  D arroch (1959) se p a ra te d  thé  f la v in s  In  tr lc h lo ro e ic e tlo  

a c id  e x t r a c t s  o f  cow’ s m ilk  by Crammer’ s (1946) method, 

and e s tim a te d  t h a t  16 27$ (mean 2% ) o f  th e  t o t a l

r ib o f la v in  o f  cow’ s m ilk  was bound as  FAB-.

Recent su rveys have shown th a t  In  B r i t a in  alm ost 

40$ o f th e  t o t a l  amount o f  r ib o f la v in  in  th e  n a t io n a l  

d i e t  i s  d e r iv e d  from m ilk  (M ilk  Gomposition i h  th e  U nited 

Kingdom, i 960 ) .  S ince th e  r e s u l t s  o f  l o d i ^  a l .  (1959) 

quoted above In d ic a te  th a t  abou t o n e » f if th  o f  th e  t o t a l  

r ib o f la v in  o f  cow’ s m ilk  i s  i n  the  form o f  FAB bound to  

some c o n s t i tu e n t  o f  th e  m ilk , i t  was obv iously  im p o rtan t 

■ to  determ ine th e  n a tu re  of. t h i s  c o n s t i tu e n t .  The q u es tio n  

a r is e a ;  I s  th e  bound r ib o f la v in  o f  cow’ s m ilk  accounted  

fo r  by the  tVU) o f  xan th ine  o x id a se , o r a re  o th e r  f la v in  

compounds p re s e n t  i n  a d d i t io n  to  xan th ine  oxidase?

Bo far  t h i s  problem  does n o t  appear to  have been 

in v e s t ig a te d .

3 . Bvldenc© f o r  th e  occurrence o f  o th e r  f la v o n ro te ln s  

in  cow’ s m ilk

B ergal and Bray and t h e i r  c o lla b o ra to rs  i s o la te d  

and s tu d ie d  the  p ro p e r t ie s  o f  many h ig h ly  p u r i f i e d  

p re p a ra tio n s  o f  x a n th in e  ox idase from cow’ s m ilk  (A v is , 

B erge l & B ray , 1936; B ergel à  B ray, 1956; B ray, MalmstrBm-



& 1959; Bray# p e tte rà a o ii  & Ehr<mb@r% 196 I)*

T h e ir  b e s t  p ré p a ra tio n s , were homogeaeow by th e  u su a l 

criteria applicable to protelne (Avis# Bergel̂ , Bray,
James & S h o o te r , 1956), b u t th e  0o%OBltlon# s p é c i f ié  

a e t iv l t le B  and e le e tro n ^ e p ln  resomanee p r o p e r t ie s  o f  

theae preparations varied eonelderahly from one 
preparation to another# To aeooumt for this variation^
Bray e t  al*. ( I 961) p ostu la ted  th a t th e ir  most b lg h ly  

p u r ified  préparatloma oonalsted  o f  m ixtures o f  varying  

amounts o f  th e  a o tiv e  enzyme w ith  two other o lo e e iy  

related but enzymioally inaatlve .matalloflavoprotelmB 
{ see  fable 18, p. "90- o f  t h i s  th es is )#  Bray at ■ al#-. ( I 96I )  

did not attempt to  determine the orig in e  o f  tlie.ae 
oomponente* Their presemoe In p u r ified  preparatione  

might be exp la ined  by one or both o f the fo llo w in g  

p o B S ib lllt le e :^  (1 ) they are present in  oow’e m ilk  

together with the a c t iv e  enzyme, and aooompany it throughont 
the p u r i f i c a t i o n  procedure; (E) they a r ise  by degradation  

o f the a c t iv e  enzyme during the p u r if ic a t io n  procedure#

At present, there appears to be no published evidence 
favouring either of these poesibilltles*.

I t  i s  o lear: from  th e  work o f B erge l and Bray and 

t h e i r  c o l la b o ra to r s  t h a t  th e  s tu d y  o f th e  p ro p e rtie s , o f  

ènaym ioally  a c t iv e  x a n th in e  ox idase  from  cow* s  m ilk  i s  

hampered by  the  p resence  in  p u r i f i e d  p re p a ra t io n s  o f  

v a r ia b le  amounte o f  In a c t iv e  f la v o p ro te in s*  P ro g re ss  in  

such  s tu d ie s  would be g r e a t ly  f a c i l i t a t e d  i f  th e  p u re  

a c tiv e  enzyme, f r e e  from  th e se  con tam inating  f la v o p r o te ln s ,  

cou ld  be  p repared*



A B eçessary  prelim im aiy, to  th e  p ré p a ra t io n  o f pure

enzym lqally  a c t iv e  m ilk  xan th in e  ox idase would b e  to
" '■ - ■* ?

■'de-termliio th e  o rig im s o f  the  toao tlve- flav o p ro  t e ln s  

found in  th e  p re p a ra t io n s  o f  B erge l and Bray and t h e i r  

o p lla b o ra tq rs*  The work p re se n te d  in  t h i s  th e s i s  was 

th e re fo re  umdertakem w ith  th e  fo llo w in g  o b je c tiv e s  

Ih  View . .. . '

(a )  f a  de term ine  th e  c o n tr ib u t io n  o f  th e  FAD o f  x an th in e  

ox idase to  th e  t o t a l  bound r ib o fla v in "  o f  ■ cow’ s m ilk# and , 

i f  t h i s  enzyme was found n o t to  aceoim t f o r  a l l .  th e  bound 

r ib o f la v in #  - to  a ttem p t to  id e n t i f y  and to  ch a rac te rise .'' 'the 

o th e r  f l a v in  compound o r  compounds p re e e n t.

(b) To _ determ ine th e  o r ig in s  o f  th e  In a c t iv e  fiavo*# 

p ro te in s  o c c u rrin g  i n  p u r i f i e d  p re p a ra tio n s  o f  x an th in e  

oxidase from  cow’ s milk:#- and to  study th e  f a c to r s

o o n tro ilin g  th e ir  appearance' i n  such p u r i f i e d  p re p a ra tio n s*
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' ' - ' / . mTEODB:

R eagents  and .m a te rla te  ' - - -

(a )  'gg;^eg# -M a tiliè c l water from an e le e t i ie a l^ '"  heated- 

s t i l l  with a tin n e t, copper b o i le r  and r e a l s ta a # # g la e e  

cqmdeaBer was used th roughou t th e  oourse  o f  t h i s  work#

The d i s t i l l e d  w t e r  was stored  in  a Pyrox g la s s  a sp ira to r  

b o t t l e  f i t t e d  w ith  a- g la s s  stopooek#

-o.r,..enzymlG: . . a s s a y s X anthine ■( la b o ra to ry  - 

re a g e n t Ër&dé, l e e s  th a n  $?$ pu re) and Dl«**alaninB 

{miero:*^aBaiÿtieal re a g e n t g rade) were o b ta in ed  from  - 

■•British Drug .Houses .'''Dtd*,, Poo$e$ B efore use they  were 

d r ie d  i n  a-d©sieoato.r'\ over d r ie d  magnesium p e rc h lo ra te  

( ’’Anhydrone" ) a t  room tem perature*

FAD hp. assay  s tan d a rd  was Grade % o b ta in ed

f  rom th e  Gigma- G-hemloal Oompany, Bt* D ouls, U* B*A»' I t

was s to re d  a t  im a brown g la s s  b o t t l e  in s id e  a l i g h t s
' Vv" -, ' ■

t ig h t ,  a i r - t ig h t ,  package contain ing s i l io a -g e l  as daai.ccamt*

: G lyoy Ig lyo ine , B v çy ste in e  h y d ro ch lo rid e  mpnohydrate#

o r o tic  aci<% crude D«amino. ac id  oxidase and cryeta llfne-

ca ta ly se  were obtained .from D# Bight &. Oo* Btd*:., 0olhhrook*

. ; tG lycylg lyelne^sod lum  phoBphate b u f fe r s  were made by

d isso lv in g  equln%ola% q u a n titie s  o f  g ly o y lg ly c in e  and Analar

grade sdditmi dihydrogen phdsphate in  water and ad ju stin g  the

so lu t io n  to th^ d esired  pw With Analar grade sodium hydroxide#

Glyeine^sodiw tt phosphaté b u ff# fa  were made in  a sim ilar

way u s in g  A n ala r grade .glycine*



pyrophosphate b u ffers  were made e ith e r  froi%

Analar grade tetrasodlum  pyrophoapwte adjusted  w ith  

Aualar grade hydrqohlorle ae ld , or from Amalar grade 

tetraeo& lum  pyrophoaphmte and d l sodium dlhydrogen 

pyropho^hate(B,D*H* laboratory reagent grade)#

A ll  b u ffers  were ohéeked with, a pE meter and g la s s  

e lec tro d e .

The ethfm ol and potassium  hydroxide used l a  the  

enzymic r e a c t io n s  were o f  A nalar grad e.

(o ) ' Reagents fo r  moiyhdeuum, a ssa y s .  standard molyhdemm 

so lu tio n s  were prepared  from Ammlar grade molybdenum 

trloxlde* Before %%se, th is  was dried a t  fo r  4  W# 

and then stored  in  a desiopator over Auhydroms#

T 0lu en e'^ 3*4^ d ith lo l ( d i t h i o l )  ( s p o t ^ t e s t  rea g en t  

grade) anct tM o g ly o -o ll io  acid  ( la b o r a to r y  reagent grade) 

were o b ta in ed  from  B r i t i s h  Drug H ouses L td * , p o o ls#

Thiourea (orgaa ie  reagent for m etals grade) and 

sodium iod id e (B#P* grade) were obtained from Hopkin & 

W illiams L td ., Ohadwell Heath#

A ll the other eh em iea ls  used fo r  th e  molybdenum 

assays were o f  Analar gràde*

2*. The d e te rrflitia tien o f

C^)' AppMoatioi^. o f 

& B all.. ■(1946), « Im th e  i n i t i a l  s ta g es  o f  t h i s  work# th e  

manometric method o f  Rodkey ^ B a ll (1946), m odified  by 

the stO setitutiou  o f  an equimolar amount o f  xanthine fo r  

the hypoxanthine o r ig in a lly  s p e c if ie d , was used fo r  the
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o f th e  xamtïilne oxidase a c t iv i ty  o f  oow’ s  

milk# This m od ifica tion  was made In  order to  8 ln # ll fy  

the k in atioa  o f  the system s in ce  th e ox id ation  o f  

hypoxanthlne to  u r lo  a old  Is  a two^etage process w ith  

xanthine as the interm ediate ox id ation  product# The 

m odified method was as fo llo w s ^

In  the body o f  a Warburg f la s k  w ith  a s in g le  aide atm* were 

placed  2 ml* o f  m ilk  and 1 ml# o f  0#lM^8odium phosphate 

b u f fe r  (pH 7*2.), and 0*2 ml* o f  0*O5M**xanthine d ie a p lv e d  

in  O#O7K'*"Ha0H was p laced  in  the sid e  arm# The f la s k  

was then attached to  i t s  appropriate manometer, 

plaoèd in  the Warburg water bath a t 3?*, and allowed  

to  e q ^ lib r a te  fo r  g rnin#, a f te r  which blank readings  

were taken every 6 min* fo r  a 30#'min* period* The 

reao tioh  was then s ta r te d  by adding th e xanthine from 

the s id e  arm# and readings were taken every 6 min# 

fo r  a period o f  48 mln* The ooneentration o f  phosphate 

ioB  in  the rea ctio n  mixture was 0*.0311# and the i n i t i a l  • 

cqneentration  o f  xanthine was 3*^#^# the i n i t i a l  ra te  

o f  the- reaction  was determ ined from a p lo t  o f  manometer 

rOadingB #ga ln st time# and tM s# expressed as mloro^ 

l i t r e s  (h i* )  o f  oxygen per hr# p er  ml* o f  milk# was 

taken as the measure o f  the a c t iv i t y  o f  the milk*

Determ inations o f  the a c t iv i ty  o f  cow’ s  i%llk by  

th is  method were u n satisfactory*  The agreement between 

r e p lio a te s  was poor# and the r e s u lt s  were e r r a t ic  and 

ïion^reprodnoible* On in v e s t ig a t io n  I t  was found that 

the t o t a l  oxygen uptake r e su lt in g  from the eomplete 

oxid ation  o f  a given  amount o f  xanthine was both  variab le  

and non**Btoleheiometrle# I t  follow ed from th is  th at



th e  r a te s  o f  up take o f  oxygen must have been a u h je e t  to  

a  v a r ia b le  a u û  in d e te rm in a te  e rro r#  B re liis in a ry  

do term in atio n s o f  th e  v a r ia t io n  o f th e  a c t i v i t y  o f  cow’ s 

m ilk  w ith  pH in d ic a te d  th a t  th e  optimum pH was betw een 

8&5 w d  9 , b u t  th e  graphs I n  whieh a c t i v i t y  w a  p lo t te d  

h g a in s t  pB were v ery  v a r ia b le  b o th  in  th e  shapes o f  the  

■curvea aiid i n  th e  p o s i t io n s  o f  th e  maximum values#

I t  was concluded th a t  t h i s  was âne to  the  p re sen ce  

in  cow’ s  'milk- o f  a  bound form of xan th ine  o x id ase  which, 

u n til-  r e le a s e d ,  was enzym loally  In a c tiv e  (p* 2 J  )#

I t  seemed p o s s ib le  th a t  exposure to  a lk a l in e  c o n d itio n s  was 

r e le a s in g  t h i s  bound a c t i v i t y ,  b u t to  a  v a r ia b le  and 

e r r a t i c  degree#

Before in v e s t ig a t in g  th ese d i f f i c u l t i e s ,  th e  

s e n s i t iv i t y  o f  th e method was Increased approximately 

three^foid  by in c re a s in g  the pB from 7*2 to  8 # 5* The 

b u ffer  used was an  eqmlmolar mixture o f  g lycy lg lyc inc- 

(pK 8*1) and sodium dihydrogen phosphate 

a l l  adjusted to  p i  8 * 5# Phosphate Ion was In c lu d ed

because i t  was foimd th a t in  i t s  presence th e agreement 

between r e p lic a te s  .-was. ' improved.# At t h is  h ig h e r p i

i t  was 'found n a c e a sa ry -to  in crease the b u f f e r  

co n c en tra ti-on i n  the fe a c tlb n  m ixture from  0#03111 to  

a#l5M in  order to  m aintain th e  pH con stan t throughout 

the course o f  the reaction #  This in crease In  b u ffer  

concentration  was found" to  be without of.f e e t  on the 

r a ta  o f  th e  reaction# potassium  hydroxide (20$ T%/v)# 

together w ith  a r o l l  o f  . f i l t e r  paper (Whatman no# 4 1 ) , 

was added to  the centre w e ll o f  the Waiburg f la s k  to
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Amqeb Cmrbon d io x id e .

, . The m odified system tlien  co n sisted  o f  X mX, miXk 

4 M mX, O».,,gS!f*»gXy.D-ylgXy0ine--*sodium- phosphate b u f f e r  

(pH, % 5 a t  20^ ) -* 0 ,2  ml, Ü ,GDM^xentMme (10}imolee) at a 

reaction  temperature o f  37^* - . As b efo re , the react lorn ?/às 

.s ta r te d  by  add ing  x an th in e  from -the s id e  arm. The 

f i r s t  manometer reading was made 6 mln# la t e r  and 

sdCCeeeive read ings were made a t 3*mln, in te r v a le  fo r  

a tdta% réa ctio n  pe)^iod o f  a t l e a s t  30 min.

( b ) . .In v e s ti  ̂ a t iona-. imto./ti'm. iohelom etrio .

oxid ation  0% xanthine to  u r ic  ao ld  in  thd.ipreewoe o f  

xanthXne oxidase takes p lace aaoordlmg to the equation

Y H  . OH

+ 0 2  + H 20  k A ^ V o h

 NH B 0 - L

W

(xanth ine) (u r io  acid )

Gow’s  m ilk  always contains catalaB# ( Jennèss & 

Fhtton, 1959 a ) ,  80 th a t , in  the .presenoe o f  cow’ a m ilk , 

'\ th e ' fu rth er W aotion

V z  — " “ a® + i® 2  ( 2 )

should fo llo w . % t  r é a c t io n  (2 )  goes to  o o « # le tio %  

then the o v e r a ll  r é a c t io n  w i l l  be

t  > ^ c G ( o m ) # m » *  ( 3 )

(xanth ine) (u r ic  acid )

The oompl.Bte o x id a tio n  o f 0 .2  m l. o f  O.05M"Xaathiae 

(lOpmoles) to u r ie  a c id  according to  eq u a tio n  ( 3 )  shou ld  

he  accomp.auled hy th e  up take o f  112p,l# o f  oxygen*



.Im orne .âxperimamt th e  ebsarved  t o t a l  u p tak es  o f  oxygen 

re su lt in g  from th e  o x id a tio n  o f  10 {moles o f  zamtMme 

in  the  system  d eso rlhed  in  th e  p rev ious .paragraph v a r ie d  

from 140 to 130 iil# Im another ezperimamt, given Im 

d e t a i l  im Table 1 , th e  .same system  was used  h u t  th e  pH 

was v a r ie d  from 7*2 to  9#2# The t o t a l  up tak es o f  

oxygen observed im th i s  experimemt v a r ie d  from 12Spl*

(1140 o f  th e o re tio a l) :  to  175^1* ( 156$  o f  th e o r e t ic a l) .

I t  i s  obvious t h a t  p o s i t iv e  e r ro r s  o f t h i s  m agnitude 

must cause oorreepomdimg p o s i t iv e  in o rea se s  im th e  

r a te s  o f  oxygen u p tak e , .and th u s  le a d  to  f a l s a  e s tim a te s  

o f th e  a o t iv i ty  o f the  enzyme#

This f in d in g  ob tained ..here th a t  th e  t o t a l  up tak es 

i n  th is  system  earn be eonslderabXy In  excess o f  th e  

th e o r e t ic a l  v a lu es  i s  n o t i n  agreem ent w ith  th e  

■observations o f  .Morgan e t  a l .  (1922) o r o f  Dlxom ( 1923) ,  

who Claimed th a t  th e  up tak es  were eto ieheiom etrio* .

Eo'wever, Morgan .et .al#- (1922). recorded  that o c c a s io n a lly  

the t o t a l  uptake, acc.ompanyimg th e  oxidatiom  o f  xan th ine  

was 10 to  20$ i n  ©xeeas o f  th e o r e t ic a l ,  b u t  th e y  could 

g ive no e x p la n a tio n  fo r  i t #  The explanation o f  th e  

d iscrepancy  betw een th e  o b se rv a tio n s  made here  and those 

o f  Morgan a l # ( 1922) and o f  Dixon ( 1925) probably l i e s  

i n  th e  f a c t  t h a t  b o th  th e se  au th o rs  used th e  B are r o f t  

type o f manometer f o r  t h e i r  d e te rm in a tio n s  o f  t o t a l  u p tak e , 

whereas In  th e  present work th e  Warburg type o f  manometer 

was used* The design  o f  th e  %%f%urg manometer p e rm its  

the  e x a c t .d e te rm ination  o f  th e  p re ssu re  a t th e  beginning o f
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1 , Effeoÿ... ù t  a d d i t io n  o f g oata laM c amount o f 

oatalas©  on th e  t o t a l  up take  o f  eow* b

mi Ik  . x a n t h ine a t  v a rio u s  pH valu e s  -

.. .........—*-
B u ffe r pK. a t  20°

.............. ...... ................................— - — .>— ....- - I

■ T'ètaî. ojcygeii uptatte {ixl*.)

. ItO: adSad ■ 
c a ta la se  :

Sjjig# c r y s t a l l i n e  
c a ta la s e  -added

7*g 135 : -  ■ " 1

7f8 ' 163 120

8*2 175 ’ 120

8*6 168 : 129

8*8 158 126

9 .0 132

9 .2 128 133 ■ •

R e a c t i o n  m i x t u r e

-•s

# -cow’s m ilk  2 fill# 0;

+ 1 0

x an th in e  in  a r e a c t io n  volume o f 3*2 ml* a t  

p h ase , a ir*  F i l t e r  paper +, o®  ml* 

in  c e n tre  well#

T h e o r e t ic a l . to ta l  uptake o f  oxygen in  p resen ce  o f 

C a ta lase  ^ 112 îjlI#
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a r e a c t io n ,  b u t t M s . i s '  n o t p o s s ib le  w ith  th e  B an croft  

typ e,, in  which th e  r e a c t io n  must b e s ta r t e d  b e fo r e  any  

p ressu re  re a d in g s  can be taken# T h is procedure would 

le a d  both, Morgan e^  j i #  end Dlxom to  im d erestim ate  t h e ir  

t o t a l  oxygen u p ta k es, wM,eh would tim # be th op gh t to  be . 

n earer to  th e  t h e o r e t ic a l  f ig u r e  than th ey  a c t u a l ly  were.

Hai’r is o n  &; T torlow  ( 1926) showed th a t  hydrogen ,. 

p ero x id e  produced d u rin g  th e a er o b ic  o x id a t io n  o f  . 

hypo xanth ine. I n  th e  .presence o f  x a n th in e  o x id a se  cou ld  

o x id iz e  BOIES xml d en t 1 f l e d  mi 31c c o a s t i  tu e n t , . p ro v id ed  th a t  

a p ero x id a se  was a l s o  p resen t*  The 1 a c to p e r o z id a se ..a f  

oow’ s  m ilk  was shown t o  b e  e f f e é t l v e  in  t h i s  r e sp ec t*

T his suggests  th a t  th e  n o n -s to lc h e lo m e trle  t o t a l  oxygen 

up tak es  observed in  th e  p re s e n t  work a re  due to  con^petltlon 

by the . c a ta la s e  and th e  la e to p e ro z ld a sc  o f cow’ s m ilk  

f o r  th e  hydrogen p e ro x id e  prodmced d u rin g  th e  o x id a tio n  

o f  xanthine# The re le v a n t r e a c t io n s  a re

^  HgO: 4̂  iO^ ( c a t a l a t i e  re a c tio n )  ( 4 )

SgA—  ̂A -Î* ElgO (p a ro x i da t i c  re a c tio n )  (5 )

where re p ré se n ta  th e  o x ld lzab le  m ilk  co n s titu e n t*

I f  th e s e  two re a c t io n s  a re  proca.ading s im u ltan ao u siy , 

then  .since  one mole o f  hydrogen p ero x id e  i e  produced f o r  

every mole o f  xan th ine o x id ized  to  u r ic  a c id ,  th e  observed 

t o t a l  oxygen uptake w i l l  l i e  betw een 0*5 mole and 1 mole 

o f  oxygen p e r  mole o f x an th in e  p re s e n t  In  th e  re a c t io n  

mixture,#

From th e  fo reg o in g  i t  i s  c le a r  th a t  t h i s  sim ple 

method fo r  th e  d e te rm in a tio n  o f  xan th ine  oxidas© a c t i v i t y
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in  m ilk i s  s u b je c t to  s e r io u s  e r ro rs  due to  the  

r e a c t iv i ty  o f  the  hydrogen perox ide  produced. I t  

may be no ted  th a t  th e  method o f  B a ll (1939)# from  v/hich 

th i s  method i s  d e r iv e d , i s  s t i l l  u sed , f o r  example by 

Gudiiason & Bhipe (1962). At t h i s  s ta g e  i t  was f e l t  

th a t  th e  manometric type o f  method was s t i l l  th e  

procedure o f ch o ice , so methods o f  removing th e  hydrogen 

perox ide form ed'w ere sough t. Dixon (1925) observed, th a t  

th e  a d d it io n  o f  c a ta la s e  to  th e  system  m ilk  4- b u f fe r  4* 

iiypoxanthine p reven ted  th e  d e s tru c tio n  o f x an th in e  

oxidase by hydrogen p e ro x id e . The ex perim en ta l evidence 

f o r  t h i s  was th a t  in  th e  absence o f  added c a ta la s e  the

i n i t i a l  r a te  o f  the  uptake o f  oxygen d e c lin e d  soon a f t e r

th e  r e a c t io n  began* In  th e  presence o f  added c a ta la s e  

the  i n i t i a l  r a té  o f  u p tak e , although  l e s s  th an  th e  i n i t i a l  

r a te  in  th e  absence o f  added c a ta la s e ,  was m ain tained  

u n t i l  a l l  th e  hyppxanthine was ox id ized  to  u r i c  a c id .

The t o t a l  u p ta k e s  w ere s a id  t o  c o r r e sp o n d  to  t h e  

o x id a t io n  o f  hyp oxan th in ©  a c c o r d in g  to  th e  e q u a t io n

1 mole hypoxanthine 4* 0^ 1 mole u r i c  a c id  ( 6)

T h ese  o b s e r v a t io n s ,  w it h  th e  e x c e p t io n  o f  t h e

s t o i c  he i  ome t r y  o f  th e  t o t a l  u p ta k e  o f  o x y g e n , w ere  

c o n firm e d  d u r in g  th e  p r e s e n t  work ( F i g s .  1 and 2 and  

T a b le  1 ) .  The d e c l i n e  i n  t h e  i n i t i a l  r a t e  o f  u p ta k e  

i n  th e  .ab sen ce  o f  added c a t a l a s e ,  and th e  c o n s ta n c y  o f  

th e  i n i t i a l  r a t e  o f  u p ta k e  i n  th e  p r e se n c e  o f  added  

c a t a l a s e ,  a r e  show n i n  F ig *  1 .  The d e c r e a s e  i n  th e  r a t e  

o f  u p ta k e  c a u se d  b y  th e  a d d i t io n  o f  c a t a la s e  i s  shown i n  

F ig s *  1 and 2 .  T a b le  1 and F ig *  1 shOYî  t h a t  t h e  a d d i t io n



o

W
o
CL3

Cwcn
Xo

6 0 o No added catalase 
 ̂ 3 yug of catalase added

2 0

8 0

Theoretical 
total uptake

4 0

O

o 3 0 6 0 9 0

Time ( mi n u t e s ^

_ _ _ _ _ _  E f f e c t  o f  a d d i t i o n  o f  a  c a t a l a t i c  - am oun t
o f  c a t a l a s e  on  t h e  o x y g e n  uptalce  o f  cow* s  m i l k  
+ x a n t h i n e  •

R e a c t io n  m ix tu r e  -  1 m l. cow ’ s m ilk  + 2 m l.
0 . 2  5M“ g l y c y l  g l y c i n e - s o d i u m  p h o s p h a t e  P u f f e r  
(pH 8 . 8 )  + 10 (amoles x a n t h i n e  i n  a r e a c t i o n  
vo lum e o f  3*2 m l .  a t  37^ • Oas p h a s e ,  a i r .
F i l t e r  p a p e r  + 0 . 2  m l .  20;^ ia/ v KOH i n  c e n t r e  w e l l .

The r e a c t i o n  was s t a r t e d  p y  a d d i n g  t h e  x a n t h i n e  
f r o m  t h e  s i d e  a rm  a t  t h e  3 0 - m in .  p o i n t .



g

w
o
a.3
CW
>s
Xo

c2

o No added catalase 
 ̂ 3 /tg of catalase added

4 0 0

3 0 0

200

7 .0 8.0 9 .0 10.0

pH

P ig #  2 e E f f e c t  o f  a d d i t i o n  o f  a  c a t a l a t i c  
a m o un t  o f  c a t a l a s e  on t h e  r a t e  o f  u p t a k e  o f  
o x y g e n  "by cow’ s  m i l k  + x a n t h i n e  a t  v a r i o u s  
pH v a l u e s #

R e a c t i o n  m i x t u r e  -  a s  f o r  P ig#  1#
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to  the system o f  3 o f  c a ta la s e  reduced th e  t o t a l  

Uptakes to  f ig u re s  much n e a re r  to# b u t s t i l l  i n  excess 

o f th e  th e o r e t ic a l  figure#  I t  was found th a t  araounts 

o f  added c a ta la s e  ran g in g  from 0*3 dg* to  3 p,g* were 

a l l  em ia lly  e f fe c tiv e "  in  reducing  th e  t o t a l  up takes to  

f ig u re s  o f the o rd e r o f  those shown in  the second 

cbim m  o f  Table 1# Many d e te rm in a tio n s o f  t o t a l  

Uptake were made subsequen tly  u s in g  t h i s  system  w ith  

3 o f  added o a ta las© # b u t i t  was in v a r ia b ly  fouhd 

th a t  the t o t a l  uptake was in  excess o f  th e o r e t i c a l  

to  about the degree shown in  Table 1. A p o s s ib le  

.ex p lan a tio n  of t h i s  seemed to  be th a t  sin ce  

lao to p ero x ld ase  i s  p re se n t in  cow* s m ilk ,in  co n s id e ra b le  

amouhts ( JOimess^ & patton#  1959 b ) , i t  was s t i l l  ab le  

to  compete w ith th e  in c re ased  c o n c e n tra tio n  o f  

o a ta la e e  f o r  the hydrogen pero x id e  ( c f .  Baldwin# 1959)*

A more e f f i c i e n t  method f o r  removing th e  hydrogen ■ 

perox ide  wàs th e re fo re  sought# I t  was thought t h a t  

the  a d d it io n  to  the  system  w ithou t added c a ta la s e  o f  

a substance capab le  o f a c tin g  as an e le c tro n  donor 

f o r  lao to p e ro x id ase  might r e s u l t  i n  th e  p e ro x id a tlc  

re a c t io n  ta k in g  precedence over th e  c a t a l a t i c  re ac tio n #  

The la e to p o ro x id ase  e le c tro n  donors phenol# thymol# 

benzbic ac id  and s a l i c y l i c  a c id  ware s e le c te d  f o r  t e s t in g  

on the  b a s i s  o f t h e i r  u n re a c t iv i ty  townrds oxygen*

T o ta l oxygen up takes the  system  1 ml# m ilk  4- 2  ml# 

0#25M-glyeylglycin©^sodiuîE phosphate  b tîf fe r  (pH 8 .8 ) ^

0*2 ml. 0 .05  M -xanthine (lOpmoles) in; th e  p resence  of 

20 p.moles o f each o f th ese  were determined# Éor 

comparison# th e  e f f e c t  o f  adding a c a ta la t i c  amount o f
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oHtaXase to  th e  aystem- was aXW' âeterMmeâ,,. The 

reauX ta è re  slio\m iji.- Table 2»

I t  i e  o le a r  from  thaae  r e a n l ts  th a t  th e  aM ltlo m  

o f c a ta ia s e  Iia# th e  a su a l e f fo o t  o f  rodueiBg th e  

magnitude o f  the- p e ro x id a tia  re ac tio n ' (compare w ith  

Tahl© 1 ) » I t  l a  a l 0Q seen, th a t  o f th e  fo n r  e le c tro n  

donors f o r  lac topero j^ ldase  th a t  were addedy on ly  - 

phenol re a c te d  ander th e se  .conditions.^# and th a t  th e  

t o t a l  aptalm  im i t s  p resence  was i n  excess o f th eo ry ,

This may have been  due to  th e  occurrence o f  non^ensyiiji-c 

o x id a tio n  by oxygén o f  t h e  o x id a tio n  .product o f  th e  

phenol in  a d d it io n  to  th e  p e r a x id a t ic  o x id a t io n . The 

up W ee o f  oxygen in  b la n k  de te.riiii n a tio n s  was n e g l ig ib l e  

ii% a l l  th e  re a c t io n  m ix tu res o f  th i s  experiment* In  

v iew  o f  th e s e  r e s u l t s  t h i s  approach, was n ot pursued, .fu r th er .

T he.next a ttem p t to  remove th e  i n t e r f e r in g  " 

hydrogen p ero x id e  was based  on th e  o b se rv a tio n  o f  

i t e i l t n  & Bar tree . ( I 9 3 6# 194S) th a t, under su i t a b l e  

co n d itio n s  c a ta la s e  can  fim ctiom  as a pero x id ase  1# 

î î a l l in  .& Ear t r e e  found th a t  cone e n tra tio n s  o f  c a ta la s e  

o f th e  o rder o f 0*5  to  SplI#,..together w ith  a s u i ta b le  

e le c tro n  donor such a s  -ethanol#.- added to  a system  

g e n e ra tin g  hydrogen peroxide-# caused th e  hydrogen pprox ide  

to  be - (Q uan tita tive ly  u t i l i s e d  as e le c tro n  a c c e p to r  f o r  

the  o x id a tio n  o f  t  he e th an o l to  acctaldehyde* In  : th e  

system  xan th ine  oxidase- f  xan th ine *- o a ta la se  ( 0 *^ ^  2pM) 

f  -ethano.i# th e  consecu tive  ré a c t io n s  accord ing  to  ,'K silin 

à  B a r t r e e ,a re

. • -® = O I-S H -+  Og ■*■ H g O ^  ♦  HgOg < 7}

(xant.iaiiie) .ÇuriC ae iû )
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T a b le  2# The e f f e c t  '.on t h é ,  t o t a l ..,û-xygBn:;tLptate . o f  .ebw^'s.

- ■•milk ■4‘- xan th ine c f  a d d i t io n .o f  a  é a t a l a t l ë  

gsnotint., o f  .oatalaae.. .and.. o f  .\rarlQ\xs glào-fero» 

■donors fo r, làé tonerexâdaae , •

■ 5  c . ; "

A ddition
Miiui.ri.il.-,

f o t a i  oxygen uptake (t-il.) .

;, Hone 187

O atalase ( 3 # * ) 13U ;

Phenol (20|Amol0s) 251* ■ :

Tb^moX (20f,tmqles) 182

Benzoic acid  (SGhmolee} • 183

- S a l ic y l ic  acid
(âOiimçles) ■ 193

H eaction  m ix tu re  ■** 1 ml* cowl's m ilk  f  2. m l. .

g lyçylg lyeina^sod iu în  phosphate b u f fe r  (pH 8♦8.) ^  ■ 

lOpmoles x an th in e  i n  a re a q tio n  v o lm e  o f  3* 2 ml* a t  

37̂ .,*. ' Gas phase#, air;#. IT llte r  paper 4 G#,2 ml*. 20#

HOE in  cen tre , w all# ' •

T h e o re tic a l t o t a l  oxygen up take  fo r  the  c a t a l a t i c  r e a c t io n  

112 hi*
T h e o re tic a l t o t a l  oxygen up take f o r  th e  p e ro x id a tic  r e a c t io n  

^  02h Prl*



1 8

HgOg + OEgOSgOa —> OĤ GHO + <8)

and th e  o v e ra l l  r e a c t io n  i s . t h u s

-H=013-HH- + ©2 + OĤ OEgOH, >^*0{©H)-EfH- + OĤ GHO

’»• HgO (9)

A d i f f i c u l t y  th a t  a r i s e s  in  th i s  p a r t i c u l a r  

sy s tem ,is  th a t  the, acetaideliyde produced i s  i t s e l f  

a eU bstra te  o f  xan th ine oxidase# and must th e re fo re  be 

removed i f  th e  s to ieh e io m etry  o f th e  system  i s  to  he 

preserved# K e l l in  & Ear t r e e  ( 1945 ) have sh o w  th a t  

, t h i s  can he accom plished hy adding s tro n g  po tassium  

hyclroxide s o lu t io n  to g e th e r w ith  f i l t e r  p ap e r to  th e  

c e n tre  w e ll o f  th e  r e a c t io n  flask:» This causes th é  

ra p id  condensation  o f  the  a c e t  aldehyde to  an in a c t iv e  

polymer# and th u s  e f f e c t iv e ly  removes i t  fro m .th e  re a c t io n  

m ixture#

I n  the  p re se n t  work* th i s  system  was te s te d  

"by adding Img# o f  c r y s t a l l i n e  ça t a l a  se ( f i n a l  c o n c e n tra tio n  

i n  r e a c t io n  m ixture l#2{.il) and 100 pmoles o f  e th an o l to  th e  

jgystem 1ml». m ilk  t  2 ml* 0»25^1>-*glycylglycina»‘Sodium 

phosphate b u f fe r  (pH 8 ,8 ) t  G,2ral# 0* OgM^xanthine 

{lOfiffioles) a t  -37  ̂. Potassium  hydroxide (0*0 ml# 20$ w/v) 

to g e th e r  w ith  f i l t e r ,  p ap er was p laced  in  th e  • c e n tr e 'w e l ls  

o f  th e  re a c t io n  f la sk s*  T o ta l up takes and r a te s  o f 

uptake in  the p resence  and absence o f c a ta la s e  4 ethanol»  

when p re se n t  to g e th er#  were determined# The e f f e c t  

o f adding a c a t a l a t i c  amount o f c a ta la s e  (3  pg») to  th i s  

system  was a lso  determ ined*

The r e s u l t s ,  recorded  in  Table 3* -show th a t  the  

a d d itio n  o f ca t.a lase  4 e th a n o l to  th e  system  brought th e
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e 3," , Mie.:e.Æfeo$.,..gA,.the,.  ̂ oxygen uptake; and: .gate

Q f, dXTOen UT)take o f  eow’ s milk-i- xanthine, o f

ad d itio n , of . a o a taX atic  a.mou i i t . o f  e a ta la s e . 

and. o f  a  poroxidatiC  ’amomit o f  c a ta la s e  

4' ^excess e th an o l

■Addition.' '
T o ta l oxygen 

uptake (p ii)
R ate o f  oxygen 

up take 
( p% ./hr*/ml* m ilk)

K'one

3pg. c a ta la s e

1 mg. c a ta la s e  # 1 0 0  
pmoles e th a n o l

; 184* 190 

, 133» 135

230» 230, 229

424,; 414 

326, 326

491, 481, 483

Sea c tio n  m ix ture -  1 lal* cow*a m ilk  + Z ml* 0 .

glycyiglycihe-eodlum phosphate h u ffe f (pH 8*8 ) # 1 0  

pjaoles xanthine in  a reaction  volume of 3*4 nil* a t  37® • 

0 as: phase>. air*  F i l t e r  paper # 0*2 ml. 20/K v/v 

in  centime %mll.

T heoretical to t a l  oxygen uptake fo r  the parox ida tic  

reac tio n  =s 22h pi*



t o t a l  uptake- to  the expected- th e o r e t ic a l  f ig u re  w ith in  

the lim ite  o f experim ental erro r#  T his r e s u l t  was. 

cohflrm ed by many eubseguent déterm inations*  In  o th e r  

experim ents the  minimum concen tra t io n  o f ç a ta la s e  

n ecessary  to  m ain ta in  th e  t o t a l  uptake a t  the 

th e o r e t i c a l  f  1 gure was- found to  t>e 0.#.6#,%; tw ic e - th is  

..co n cen tra tio n  was adopted  fo r  ro u tin e  deteriM nations,* 

i n  th e  p resence  o f  a c o n c e n tra tio n  o f 'c a t a l a s e  o f  a t  

l e a s t  Q#6p,® the  r a te ' o f  up take was c o n s ta n t throughout 

the course o f  th e  r e a c t io n  as  Shown in  Fig* 3*

Table 3 shows the  co n sid e rab le  increaB a i n  

th e  r a te  o f up take ach ieved  with t h i s  system  compared 

w ith  the  r a te  r e a u l t in g  from th e  a d d itio n  o f  a 

c a t  a la  t i c  amount o f  e a ta la e e  only# I t  can be seen 

a lso  th a t  the t o t a l  uptake in  the presence o f  a 

p e ro x id a tic  amount o f  o a ta la a e  and exc-es.e e th a n o l 

( the ic e l l in  & H a rtre e  system) was, double th at o f  th e  

e a t a l a t i c  system  fo r  a  g iven  amount o f  xanth ine# .

T his p e rm itte d  b o th  a re d u c tio n  in  the  volume o f m ilk  

re q u ire d  f o r  a de te rm in â t i  on o f  a c t iv i ty  and a re d u c tio n  

i n  the: c o n c e n tra tio n  of-'xan th ine in  the r e a c t io n  

m ixture* T h is  la s t ,  i s  d e s ira b le  s in ce  x an th in e  ox idase 

i s  s u b je c t  to  in h ib i t io n  by  ex cess o f  s u b s t r a te ,  th e  

optimum c o n c e n tra tio n  o f  x an th in e  f o r  maximum a c t i v i t y  

be in g  about 0# 1 tM  (llo fstee»  1955)* The i n i t i a l  

c o n c e n tra tio n  o f xan th ine used in  th e  p re se n t work 

u p .to  t h i s  p o in t  was lOpmoles in  3*2 3*3m l.,  i*-©# 3nfl.»,

Ydiioh from the  d a ta  of H ofstee (1935) and o f  Bray (1959) 

would be m arkedly in h ib ito ry #  With th e  ad o p tio n  o f
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TheoreticalQ -

lOO
total uptake

JÜL.

o 3 0 6 0 9 0

Time ^ mi n u t e s ^

F ig ,  g . The oxy g en  u p ta k e  of* cow' 8 m ilk  f
x a n th in e  + e x c e s s  e th a n o l  i n  th e  p r e s e n c e  of* a 
p e r o x id a t ic  amount o f  c a t a l a s e .

R e a c t io n  m ix tu r e  -  1 m l, co w 's  m ilk  2 m l.
0 . 25M“ g l y c y l g l y c i n e “ S o d i m  p h o s p h a t e  b u f f e r  
(pH 8 .8  a t  20*^)+ 0 . 5  mg. c a t a l a s e  100 p m o le s  
e t h a n o l  + 10 immoles x a n t h i n e  in  a r e a c t i o n  
vo lum e o f  3 * k  m l. a t  57° # Oas p h a s e ,  a i r .
F i l t e r  p a p er  + 0 .2  ml* 20^ w /v  KOH in  c e n tr e  w e l l ,

The r e a c t io n  was s t a r t e d  b y  a d d in g  th e  x a n th in e  
from  th e  s id e  arm a t  th e  3 0 -m in . p o i n t .
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t h e  E e l l i n  & B a r tr e e  systCBi i t  p r o v e d  p o s s i b l e  t o  

red u c e  th e  x a n th in e  c o n c e n tr a t io n  t o  l|.{imoles I n  3 * h  -  

i , e *  a b o u t l.;2#I'# T h is  c o n c e n tr a t io n  was 

s t i l l  I n h ib i t o r y  b u t c o n s id e r a b ly  l e s s  so  th a n  t h e  

c o n c e n t r a t io n  o f  a s  shown in  F ig #  4# I t  i s

s u f f i  d e n t  t o  s a t u r a t e  t h e  am ounts o f  enzym e n o r m a lly  

p r e s e n t  in  t h i s  system ^  s i n c e  t h e  M ic h a e lis  c o n s t a n t  

f o r  x a n th in e  i s  o f  t h e  o r d e r  o f  IjiM (b r a y , 1 9 3 9 )*

F our fxm oles o f  x a n th in e  wore fo u n d  t o  p r o v id e  th e  

lo w e s t  p r a c t i c a b l e  amount w iiich  w ould a l lo w  a s u f f i c i e n t  

number o f  m anom etric  r e a d in g s  to  b e  ta k e n  d u r in g  a f a s t  

r e a c t io n  ( r a t e  o f  u p ta k e  > 2 0 0 p X . O ^/hour) b e f o r e  th e  

r e a c t i o n  s to p p e d  ow in g  t o  c o m p le te  c o n v e r s io n  o f  th e  

x a n th in e  to  u r i c  a c id  ( P i g .  5 )*

(o )  D e te r m in a t io n  o f  th e  optim um  uH o f  a c t i v i t y  

o f  m ilk  x a n th in e  o x id a s e # A f t e r  a c h ie v in g  s t o ic h e io m e t r y  

o f  r e a c t io n  b y  u s e  o f  t h e  E e i l i n  & H a r tr e e  sy stem *  

a tte n ip ts  w ere made t o  cteteiviJine th e  optimum pH o f  th e  

co m p le te  s y s te m  i n  o r d e r  to  o b t a in  th e  maximum 

s e n s i t i v i t y  p o s s i b l e  f o r  t h e  d e te r m in a t io n  o f  x a n tM n e  

o x id a s e  a c t i v i t y  i n  m ilk .

I n i t i a l l y ,  t h e  v a r ia t i o n  o f  a c t i v i t y  o f  w h o le  

c o w 's  m ilk  i n  t h e  pH ra n g e  8 - 1 0  was d e te r m in e d  u s in g  

g ly c y lg ly c ix ie  (pK^ 8 .1 )  and g l y c i n e  (pE^ 9 « S ) .

As b e fo r e *  e g u im o la r  am ounts o f  sod ium  diliyx irogen  

p h o sp h a te  were added t o  th e  b u f f e r s  w h ich  w ere th e n  

a d j u s t e d  w ith  sod iu m  h y d ro x id e  t o  t h e i r  n om in a l pi! v a lu e s  

a t  20° .  The m ilk  w as t r e a t e d  t o  r e l e a s e  bound x a n th in e  

o x id a s e  by  s h a k in g  i t  f o r  20 30 m in . a t  room te m p e r a tu r e
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6 5 0

i  6 0 0

en

5 5 0

0.8 1.0 201.5 2.5

Concentration of xanthine

P iR . E f f e c t  o f  x a n th in e  c o n c e n t r a t io n  on
th e  x a n th in e  o x id a s e  a c t i v i t y  o f  cow ’ s  m ilk .

R e a c t io n  m ix tu r e  -  0 .2  m l. cow ’ s m ilk  + 2 m l. 
0 . 2 5 M -g ly c in e “ Sodium p h o sp h a te  b u f f e r  pH 9 ,2  
a t  20° (pH 8 ,8  a t  31^ ) + 1 mg. c a t a l a s e  4- 100  
p m oles e th a n o l  + x a n th in e  in  a r e a c t i o n  volum e  
o f  3*5 m l. a t  3 7 ° .  p a s  p h a s e , a i r .  F i l t e r  
p a p er  -î- 0 .2  m l. 2C% w /v  KOH i n  c e n tr e  v / e l l .
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T i m e  ( m i n u t e s )

Pip;. 5 » The d u r a t io n  o f  th e  l i n e a r  p h a se  o f  
oxygen  u p ta k e  d u r in g  th e  r a p id  o x id a t io n  o f  U 
fim oles o f  x a n th in e *

R e a c t io n  m ix tu re  -  0 .5  m l. cow^s m ilk  + 2 m l.
0 . 25M” g l y c i n e “Sodium p h o sp h a te  "buffer pH 9#4  
a t  20° (pH 9 .0  a t  37®) 4- 1 mg. c a t a la s e  -h 100  
jjLmoles e th a n o l  4- 4  nm oles x a n th in e  in  a 
r e a c t i o n  volum e o f  3 * 4  m l. a t  37®. Gas p h a s e , 
a i r .  F i l t e r  p ap er  -f 0 .2  m l. 20% w /v  KOH i n  
c e n tr e  w e l l .

The r e a c t i o n  was s t a r t e d  b y  a d d in g  th e  x a n th in e  
from  th e  s i d e  arm a t  th e  3 0 -min* p o i n t .



'22,

I n  a r e c ip r o c a t in g  la b o r a to r y  s lia k e r  ( Worden^ 1 9 4 3 )#

The r e s u l t s  from  t h e s e  e x p e r im e n ts  y/ere d ie a p p o I n t i% ,

The pH o f  maximum a c t i v i t y  a p p ea red  t o  "be a t  a b o u t 9# 2 

( b u f f e r  pH a t  20® ) b u t  th e  sh a p e  o f  th e  c u r v e  wap. hot 

r e p r o d u e lb lé *  So.mç p o in t a  showed a ,w id e  d e v i a t io n  

frpra t h e  .g e n e r a l  t r e n d  and t h e  agreem en t b e tw e e n  

rep llcatop  was o f t e n  poor,;

A" l i k e l y  e x p la n a t io n  o f  th es .e  d i f f i c u l t i e s  

seem ed t o  b e  t h a t  r e l e a s e  o f  t h e  bound x a n th in e  o x id a s e  

b y  t h e  sh a k in g  tr e a tm e n t  o f  Worden (1 9 4 3 )  Was in c o m p le te ^  

and t h a t  a f u r t h e r  b u t  e r r a t i c  r e l e a s e  o f t h i s  bound - 

enzyme was o c c u r r in g  u n d er  th e  a l k a l i n e  c o n d i t io n s  o f  

th e  d a t e m i n a t i o n ,  M orton ( 19530^; 1 9 5 4 ) Bho.wed t h a t  

th e  a l k a l i n e  phosphatase and x a n th in e  o x i d a s e ' o f  c o i f  s  

m ilk  w ere "both a s s o c i a t e d  w ith  t h e  f a t  p h a se  In ' t h e  

form  o f . a  p a r t i c u l a t e  lip o p ro te in  complex, and t h a t  

a g g r e g a t io n  o f  th e  f a t  g l o b u le s  was accom panied  b y  

r e le a se  o f  t h i s  p a r t i c u l a t e  com p lex . int'O' c o l  l o i  dial 

su sp  e n s io n  i n  th e  aq u eou s p h a se  * E o b ç r t  & p o lo n o v s k i  

( 1 9 5 5 ) s u g g e s t e d  t h a t  th e  in c r e a s e  i n  x a n th in e  o x id a s e  

a c t i v i t y  o f  w h o le  m ilk  r e su ltin g  fro m  c o o l i n g  o r  o th e r  

p h ysica l treatment; accompanied th e  d i s s o c i a t i o n  o f  the 

p a r t i c u l a t e  enzym e com p lex  from th e  fa 't-g lob u les.;,..

T h e r e fo r e »  i t  seem ed l i k e l y  t h a t  th e  c l i f f l o u l t i c s  

a s s o c i a t e d  w ith  the e r r a t i c  release^ i n  a l k a l i n e  c o n d it io n s .»  

o f  bound xanthine o x id a s e  p r e s e n t  i n  sh ak en  whole m ilk  

m ig h t be a v o id e d  i f  sk im  m ilk  s e p a r a te d  from  sh a k en  

w h ole  m ilk  were, u se d  I n  p la c e  o f  w h o le  m ilk .



To t e s t  t h is - ,  f r e s h  w h o le  - m i lk  from  one cow  was 

sh a k en  f o r  30  s in * , a t  room tem p eratu re^  and was th e n  

c e n t r i f u g e d  a t  2 3 0 0 x g  t o  b r in g  th e  fa t  t o  t h e  s u r fa c e *

The sk im  m ilk  l a y e r  was rem oved and t h e  v a r i a t i o n  o f  

i t s  x a n th in e  o x id a s e  a c t i v i t y  w it h  pH was d e term in ed *

The r e s u l t s  a r e  show n In  F ig ,  6,. fro m  w h ich  t h e  optim um  

pE I s  s e e n  t o  b e  a b o u t 9*2  ( b u f f e r  pH m easured  a t  20® )*

I n  su b se q u e n t  d e te r m in a t io n s  u s in g  sk im  m ilk  fro m  

a n o th e r  cow i t  w as fo u n d  t h a t  th e  sh ap e  o f  t M s  c u r v e  

and th e  p o s i t i o n  o f  th e  p ea k  w ere no?/ r e p r o d u c lb le a  

T h is  confirmed the s u g g e s t io n  ( s e e  S e c t io n  I I ,  p.* 9, )

t h a t  th e  p a r t i a l  r e l e a s e  o f  bound x a n th in e  o x id a s e  i n  

m ).kaline c o n d i t io n s  was the c a u se  o f  t h e  e r r a t i c  r e s u l t s  

o b ta in e d  when u s i n g  shaken w h o le  m ilk *  When p u r i f i e d  

x a n th in e  o x id a s e ,  p r e p a r e d  from  cow* s  m ilk  b y  Dr* R*G, B ray  

o f  th e  C h e s te r  B e a t ty  R e se a rc h  I n s t i t u t e ,  io n d o n , was. 

u s e d  i n  ..p la c e  o f  sk im  m ilk ,  th e  s  hape o f  t  he c u r v e  and  

th e  p o s i t i o n  o f  t h e  p e a k  w ere t h e  sam e a s  th o s e  o b ta in e d  

u s in g  sk im  m i lk .  ;

Morton ( 1955) has p o in te d  ou t th a t  th e  pH v a lu es  

of a lk a l in e  glyeine*«Bodium hydroxide b u f fe rs  decrease  

markedly on r a is in g  the tem peratu re from 20® to  37® *

The v a r i a t i o n s  o f  pH with tem p er a tu r e  f o r  the b u f f e r s  

u se d  In  t h i s  work were t  he r e  fo i'c  d eterm in ed #  The b u f f e r s  

w ere made up a t  th e ir  s t o c k  c o n c e n t r a t io n s  o f  0 . SgM ^ glycin e  

o r  g l y e y l g l y o i n e  + O* 2 3 1 - s o d im i  d ih y d r o g e n  p h o sp h a te  

and w ere a d j u s t e d  t o  t h e  d e s i r e d  pH a t  a tem p er a tu r e  o f  20® 

w ith  c a r b o n a t e - f r e e  sodium h y d ro x id e  t o  th e  v a lu e d  shown  

in  th e  f i r s t  column o f .T a b le  4* l a c h  b u f f e r  was th e n
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phosphate buffer

o Glycine -  sodium 
phosphate buffer

sodium

i  550

Q .

45 0

4 0 0

8.0 8.5 9.0 9.5 10.0

Buffer pH at 2 0 ^

P iR . 6 * V a r ia t io n  w ith  pH o f  th e  x a n th in e  
o x id a s e  a c t i v i t y  o f  sk im  m ilk*

R e a c t io n  m ix tu r e  -  0*25 m l. sk im  m ilk  ( s e e  
S e c t io n  I I ,  p . 23  ) + 2 m l. 0 . 25M ~'buffer + 4  
[i-moles x a n th in e  + 1 mg. c a t a la s e  -h 100  p m oles  
e th a n o l  in  a r e a c t i o n  voluine o f  3 .5  m l. a t  
37®. G-as p h a s e , a i r .  F i l t e r  p a p er  + 0 .2  m l. 
20% w /v  KOH i n  c e n tr e  w e l l .
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d i lu te d  w ith  f r e s h ly  d i e t i l l e d  w ater to  a c o n o e n tra tio n  

o f 0 #15M ( th e  f i n a l  c o n e e n tra tio n  in  the  re a c t io n  

mixture.) and i t s  pE was measured a t  20^ and a t  3 1 ^  #

The pH m eter  was s ta n d a r d is e d  b o th  a t  20® and a t  37^ 

w ith  0»05M-^sodium t e t r a b o r a t e  $ t h e  pH o f  w h ich  was ta lie n  

t o  b e  9*22. a t  20® and g$08  a t  37® f (T h e se  v a l u e s  a r e  

e x tr a p o la t e d  and in t e r p o la t e d  r e s p e c t i v e l y  from  t h è  

v a lu e s  g iv e n  I n  B r i t i s h  S ta n d a rd  1647: 1961 ^ ^ B p e c if ie a t io n

f o r  pH Seale^*),. The r e s u l t s  o f  t h e s e  pH d e t e r # n a t i o n e  ' 

a r e  shown i n  t h e  seco n d  and t h i r d  colim m s o f  T a b le  .4*

I t  i s  seen  from t h i s  Table th a t  th e  p i  o f  ,, 

g lycylgiycine-^phosphate b u f fe r  was changed by d i lu t io n  

and by a  change o f te m p e r a tu r e , whereas th e  pH o f  

g ly c in e  ̂ phosphate b u f fe r  was. changed by a change o f  ■ 

tem pera tu re  b u t n o t by d i lu t io n  excep t when the  pH ' approached 

10. The changes in  pH w ith  th e  tem pera tu re  o f  glycine-^ 

sod iu m  phosphate b u f fe rs  a re  in  agreem ent w ith  those 

re p o rte d  by Morton (1955) fo r  g ly c in e -^sodium hydroxide 

b u f fe r s .

The v a r ia t io n  o f a c t i v i t y  w ith  pH o f p u r i f ie d  

m ilk xan th ine  ox idase p rep ared  by B r, E*G, Bray was th an  

redeterm ined  u s in g  0* 23M*-glycine^phos^hate b u f f  e ra  

s ta n d a rd ise d  a t  20®, b u t ta k in g  th e  pH vdluos o f  th e  

re a c tio n  m ix tu res  from Table 4* The re  s u i t s  a re  shown 

in  F ig , 7* The optimum pH a t  37® was found t o . l i e  

b e tw e e n  8 .8  and 9,0# This r e s u l t  i s  in  agreem ent w ith  

the  work o f P alm er, Bray & Be in e r t  (1 9 % ), who. found th e  

pH optimum to  be a t  8 ,9  under th e  co n d itio n s  d e sc rib e d  by 

B ergel & Bray (1959)*
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T a b le  4 ,  v a r i a t i o n  o f  th e  pfî

tem péra tu re

G onoen tra tion  
; ■ Tempera tw o

0 .  25M : 
20“ :

0,15m 
' 20“ -

0.15M 
: 37“

: S.3 . 8.25«< 7 . 9* ■:
8 ,8 8,7* - 8,35*
9 .0  :: 8 . 95* . 8 . 55*

( 2 ) 01 v e in e"*soâitmx,nhesphata b u ffers

C oncentration
$e:%:8ratnr@

' 0 , 2@M 
; 20® -

0.15m :
: 20^

0.15K  : 
37“

i m  ' 8 ,8  ;: 6.8* 8 ,k*
■ 9 .0  "; 9 .0 * 8 , 6*

9 ,2 : 9 , 2* : 8 , 8*
9.I4 9,^* ', 9 ,0 *

■ 9,5 9 , 5» 9 .1 *
9,6  i
Q A

9 , 6* ;
' 0 ACsîR

9 .2 *
0 ft C#;X# 0

1 0 ,0 10. 1* ; 9 ,6 5 *

o#i
a t  th e  tem peratu re 

b u ffer  to  0,151*
shorn a f ter d ilu t io n  o f  the
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Buffer pH at 3 7

F i g .  7 * V a r i a t i o n  w i t h  pH o f  t h e  a c t i v i t y  
o f  p u r i f i e d  b o v i n e  m i l k  x a n t h i n e  o x id ase . -  
( p r e p a r e d  b y  D r .  R .O .  B r a y ) .

R e a c t i o n  m i x t u r e  -  0 . 0 0 5  m l .  x a n t h i n e  o x i d a s e  
s o l u t i o n  + 2 m l .  0 . 2 5 M ~ g ly c i n e - s o d i u m  p h o s p h a t e  
b u f f e r  + 4  p m o le s  x a n t h i n e  + 1 mg. c a t a l a s e  
+ 100 p m o le s  e t h a n o l  i n  a r e a c t i o n  vo lume o f  
3 .4  m l .  a t  37®• Gas p h a s e ,  a i r .  F i l t e r  
p a p e r  + 0 . 2  m l .  20fo  w/v KOH i n  c e n t r e  w e l l .
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(d) F in a l, form  o f th e  manometric : method fo r  th e  

de te rm in â t io n  o.t xau th lnè  oxidaae a c t i v i t y #,. I t  was , 

observed th a t  a t  pH values above 8*8 the  i n i t i a l  r a te  

o f re a c t io n  tended  to  f a l l - o f f ^  p o s s ib ly  due to  

in h ib i t io n  o r  d e s tru c tio n  o f th e  c a ta la s e 'a t .  th e s e  h igh  

pH values* A  pH o f  8#8 a t  37® was th e re fo re  s e le c te d  

a s  th e  most s u i ta b le .  pH f o r  th e  ro u tin e  d é te rm in â t loin 

o f  xan th ine  ox idase  a c t iv i ty *  The co n d itio n s  o f  th e  

‘ro u tin e  method were as  follows#

The re a c tio n  m ixture c o n s is te d  of 0*1 to  1*0 ml# 

o f m ilk  (o r  1 ml# o f  a s u i ta b le  d i lu t io n  o f  p u r i f ie d  

x an th in e  oxidase) + 2 ml# o f 0#251^glveine>-sbditmi phosphate- 

b u f fe r  pH 9*2 a t  20® (pH 8*8 a t  37® ) 0*2 ml* o f

x an th in e  (4  pmolea) + 1 ag* o f e x T e ta llin e  c a ta la n e  

+ 100 pmoles o f  e th an o l in  a r e a c t io n  volume o f  3*4 ml, 

a t  37®*' P o tassium 'hydrox ide  (0.#'2 "ml# 20%) and f i l t e r  

paper were p laced  ■ in  th e  c e n tre  w ell o f  th e  Warburg flask #  

A fte r  tem pera tu re  e q u il ib ra t io n ,, th e  re a c tio n  was- s ta r te d  

by  adding th e  x an th in e  from th e  s id e  '' arm# -. and - Was allow ed 

to  con tinue f o r  a t  l e a s t  30 min*. p re ssu re  re ad in g s  .were 

taken  every 3 min, a f t e r  th e  f i r s t  6 mln, o f reaction*..

The i n i t i a l  r a t e  o f  re a c t io n  was- determ ined g ra p h ic a lly  

and expressed  as p i*  of oxygen p e r  hr# p e r  m l. o f m ilk  

or p e r  "ml* o f  p u r i f i e d  xan th ine  o.xl'das,e so lu tio n *  Under 

these . conditionB  the  r a te  o f r e a c t io n  remained co n s ta n t 

u n t i l  th e  x an th in e  was com pletely  oxidised* B lank 

r a te s  o f  up take were' always measured over a- p e rio d

b e fo re  s t a r t i n g  th e  re a c tio n s  and were always " found ' to  be 

n e g lig ib le *



( © ) The devel.oument o f  a  method f o r  th e  q u a n ti t a t  iv© 

re le a s e  o f th e  bound xan th ine oxldaae, o f eqw*0 m ilk .

When a ttem p tin g  to  p u r ify  xan th ine  oxidase o f  

aow'*B milk,; Dixon & Kodama { I926 ) observed th a t  th e  

t o t a l  a c t iv i ty  o f  t h e i r  f i n a l  p re p a ra t io n  was ab o u t 

fo u r  tim es th e  t o t a l  a c t i v i t y  o f the  m ilk  from which 

th e  p re p a ra tio n  was mad©# To aoeouht f o r  t h i s  they  

Buggôsteâ th a t  the  m ilk  con ta ined  an  in a e t iv e  p re c u rs o r  

o f  xan th ine  ox idase  from which th e  a c tiv e  enzyme -was. 

l ib e r a te d  by th e  a c tio n  o f re n n in  used du rin g  t h ê i r  

p u r i f ic a t io n  procédure# -

, Macrae ( 193P) observed th a t  th e  x an th in e  

oxidase a c t i v i t y  o f  f r e s h  m ilk  was low^ b u t t h a t

on adding  thymol as a p res.a rv a tiv e  ' and a llo w in g . .the 

m ilk to  s tand  f o r  up to  s e v e ra l  days a t  room tem p era tu re , 

a la rg e  In c re a se  in  a c t i v i t y  ooourrad*. T his in c re a se  

in  a c t i v i t y  could  be caused to  occur i n  a much s h o r te r  

time i f  th e  m ilk  was su b jec ted  to  any o f  th e  fo llo w in g  

treatm antsi-^  ' -

(1 ) v igorous b u b b lin g  o f  a i r  th rough th e  m ilk  fo r  

2 hr# a t  room tempera%urô|, (2) shaking, th e  m ilk  f o r  

20 min* in  an atm osphere o f  a i r  or n i tro g c n i (3) c o o lin g  

th e  m ilk  (.Macrae, 1930; Wieland .& Maqrae., 1,930) • These 

au th o rs  reco g n ised  th a t  th e  xan th ine  oxidase ?/ap "present 

in  a bound form which waa a s so c ia te d  w ith  the  f a t  globules'^ 

end th a t  th e  e f f e c t  o f a l l  those tre a tm en ts  o f th e  .milk 

was to  oauB.e aggr.egçtlôn o f  th e  f a t  .g lobu les, which le d  to  

r e le a s e  o f  the bound enzyme, These observâ t 1 one were 

confirm ed and extended by Worden (1943) Who found th a t
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shaking cow^s m ilk in  a i r  f o r  20 min. was ae e f f e c t iv e  

in  r e le a s in g  a c t iv i ty  as a llow ing the  m ilk  to  s tan d  

in  the p resence  o f  added thymol fo r  36 hr# a t  room 

tem perature* The f in a l  a c t iv i t y  was. th en  5  to  6, times 

the i n i t i a l  a c tiv i ty *  Goo l in g  th e  m ilk im e d ia te ly

a f te r  th e  m ilk in g  released  a sm alle r amount o f  

a c t i v i t y ,  th e  f i n a l  a c t i v i t y  r e s u l t in g  from t h i s  

trea tm en t b e in g  3  to  4  tim es th e  i n i t i a l  a c t iv i ty *

I n  th e  i n i t i a l  s ta g e s  o f  th e  p re se n t work,

Worden^s ( 1943) p rocedure o f  shak ing  m ilk  fo r  20 min* 

a t  room tem pera tu re  was used to  re le a s e  bound xanthine 

ox idase a c tiv i ty *  The m ilk  (00^80 m l.) was p laced  

: in  sc ïw ^eap p ad  c y l in d r ic a l  g la s s  b o t t le s  o f  Igo ml-̂  

cupacity* The screw caps w ere made of aluminimn, and 

, were f i t t e d  w ith  rubber l in e rs *  The t ig h t ly  c lo sed  

b o t t l e s  were p lace d  i n  a recip rocatin g  laboratory shaker 

and shaken g e n tly  fo r  20 min.

T his method was used  f o r  p re lim in a ry  d e te rm in a tio n s  

o f  th e  pH o f  maximum a c t i v i t y  o f  xan th ine  ox idase  i n  

whole milk* As d esc rib ed  on p . 22 the  r e s u l t s  in d ic a te d  

th a t  th e  re le a s e  o f  bound xan th ine  oxidase by th i s  

tre a tm en t was n o t complete* Methods- o f  o b ta in in g  ' 

q u a n t i ta t iv e  r e le a s e  o f th e  enzyme were th e re fo re  sought*

I t  was found th a t  r e f r ig e r a t io n  p f  th e 'm i lk  a t  

+5® o r - 20® b e fo re  i t  was sM ken , shaking fo llow ed  by 

liom oganization o f  the  m ilk  in  a  commercial hand 

hom ogenizer, and a  combinât ion  o f re fr ig era tio n , shaking 

and hom ogenization w e a l l  more e f f i c i e n t  th a n  was shaking 

alone* However, th ese  In v e s t ig a t io n s  showed a ls o  th a t



th e  ee s e n t i  a l  f a c to r  upon which the  e x te n t of. r e le a s e  

o f ■ bound xan th in e  . oxidaee depended ■ was th e  d eg ree .. of- ;' ■ 

v i s ib le  c l o t t i n g 'o f  th e  m ilk  f a t*  " Whatever tre a tim n t 

o f th e  m ilk  wasuee'd>;. a: f u r th e r  in c rease  vin- a c t i v i t y  

was ,observed when, v is ib le ,  .aggregation  o f th e  f a t  i n t o  '■ 

a ■non*^d.ispersible .c lo t  Qc.eurred^ This eould  only  be 

brought abou t b y  shaking th e  m ilk , b u t  i t  was observed 

th a t  shaking  alone sometimes f a i l e d  ,to  b r in g  about t h i s  

•phase inversion#  I t  appeared th a t  àbme- .form- o f  pre## 

trea tm en t o f  th e  m ilk  was re q u ire d  to  f a c i l i t a t e  

ag g reg a tio n  o f th e  f a t  globul.ea*

Since th e  se p a ra tio n  o f cream from m i lk . In  a 

m echanical se p a ra to r  i s  most e f f lo le h t  when th e  m ilk  

i s  at. b lood  h e a t,  and s in ce  th e  f a t  I s  f u l ly  l i q u id  

a t  t h i s  tem pera tu re  (L ing , Kon & P o r te r ,  1961a), i t  

' seemed p o ss ib le  th a t  warming th e  m ilk  t o  b lood  h e a t 

b e fo re  i t .  was shaken might f a c i l i t a t e  ag g reg a tio n  o f  - , 

the  f a t  g lo b u les  d u rin g  shaking.# I n  p r à e t ic e ,  "warming 

i t  to  ;37® fo llow ed  by shaking  a t  room te n te r a tu re  f o r  

1 to  1 | ' - hr* was found to  b r in g  about v is u a l ly  complete 

c lo t t in g  o f th e  f a t  o f most o f  th e  samplêe o f  m ilk  

studied*

The fo llo w in g  p rocedure was adopted a t  t h i s  s ta g e  

to  r e le a s e  bound x an th in e  oxidase ac tiv ity ,*  A. .sample 

o f  morning B^ilk was c o l le c te d  and was im m ediately ' ' 

p laced  in  a r e f r i g e r a to r  a t  about 5® f o r  a p e r io d  o f  

about 3 hr# I t  was then wafioed to  37® in  a w ater b a th , 

p laced  i n  a re c ip ro c a tin g  la b o ra to ry  shaker and shaken 

g e n tly  a t  a r a te  o f  about 90 cycles/aiin# fo r  a t o t a l
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•period .o f 1 to  hr* The m ilk  waa in sp e c te d  

o co a s io n a lly  th roughout th e  shak ing  p e rio d  and th e  

p ro g ress  o f c lo t t in g  o f  th e  milk fa t  was observed*

Shaking was stopped  when , c l o t t in g  appeared to  bO • 

eomplete*

The time re q u ire d  to  ach iev e .. complete c lo t t in g  

in  In d iv id u a l m ilk  sam ples varied  consl d e rab ly , but few  • 

samplçB f a i l e d  to  o lo t  a f t e r  I f  hr# o f  th is  trea tm en t*

I t  was observed  th a t  m ilks o f  low f a t  co n ten t tended  

to  re q u ire  lo n g er p e r io d s  o f shak ing , b u t many o th e r  

f a c to r s  undoubtedly in flu en ce  this:,,, as  for  example, 

th e  range and d i s t r ib u t io n  o f  th e  d iam eters o f  th e  f a t  

globules*. - ■•■I't was ■observed th a t  goat^s m ilk,, which 

co n ta in s  about th e  same percen tage  o f f a t  a s  cow^s m ilk  

' (I :lag  ^  1961b}, was' o f te n  r e s i s t a n t  to  c lo t t in g

o f  th e  f a t  by t h i s  tre a tm e n t, which ' i s  in  accord  w ith  

th e  f a c t  th a t  th e  mean f a t  g lobu le d iam eter o f goat * a 

m ilk  i s  somewhat l e s s  th an  th a t  o f .oow .̂s m ilk  ( lin g , e t  a l i 

1961a}*

This .method was used  to  r e le a s e  th e  bound 

x an th in e  oxidase a c t i v i t y  of th e  m ilk  sam ples o b ta in ed  

in  th e  molybdenum^doslng experim ent d esc rib ed  l a t e r  

S ec tio n  l i l ,  p* 70 . ■ D uring th a t  experim ent i t  was

observed th a t  th e  r a t i o  o f  th e  xan th ine  oxidase a o t iv i l^  

to  th e  molybdenum c o n te n t o f th e  m ilks o f  undosed anim als 

tended  towards a commh c o n s tan t v a lu e , in  co n firm a tio n  

o f  the, work o f E ierm aler & O a p e lla r i  (1958)* The 

sign ificdnoB  o f t h i s  o b se rv a tio n  i s  d iscu ssed  in  S e c tio n  

IV, p*: 91 ; ,  where th e 'h y p o th e s is  i s  advanced, from  th is  

and from  o th e r ev id en ce , th a t ,  g iven  c e r ta in  c o n d it io n s .
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a l l  th e  molybâenim p re s e n t in  cof/'s  m ilk  i s  p re se n t in  

th e  enzym ically  a c tiv e  form o f xan th ine oxidase* For 

the  purpose o f  a s se s s in g  th e  com pleteness o f  re le a s e  o f  

bound x an th in e  oxidase i t  was assumed th a t  t h i s  was so , 

and th e  e f f ic ie n c y  o f  a p a r t i c u la r  trea tm en t in  

accom plishing th i s  re le a s e  o f  bound a c t iv i ty  was judged 

by whether o r  n o t  i t  b ro u g h t about a s ig n i f i c a n t  in c re a se  

in  th e  r a t i o  of a c t iv i t y  to  molybdenum co n ten t o f a g iven  

sample o f milk*

The r a t i o s  o f  xan th ine  oxidase a c t iv i ty  to  

molybdenum co n ten t were c a lc u la te d  fo r  27 m ilk  samples 

from th e  Biolybdenum«*d.oBing experim ent d e sc rib ed  i n  S ec tio n  

I I I  (p* 70 ) ,  th e  sam ples b e in g  taken  b e fo re  molybdenum 

dosing  was begun* The xan th ine  oxidase a c t i v i t i e s  o f 

t h i s  s e t  o f  m ilks were a l l  determ ined a t  the  same m ilk  

d i lu t io n  (of* S e c tio n  I I ,  p* 37  )* The r e s u l t s  from 

th ese  m ilks a re  shown in  Table 0 , from which i t  can be 

seen  th a t  th e  mean value o f  th e  r a t i o  o f a c t i v i t y  to  

molybdenum c o n te n t, expressed  as a c t iv i ty  (p.1* 0 ^ h r * /m l) /

Mo ( # 1) ,  was 1810* The s tan d a rd  d e v ia tio n  o f  the  group 

o f  r a t io s  was 149» g iv ing  a c o e f f ic ie n t  o f  v a r ia t io n  o f  

8*2%. The most l ik e ly  e x p lan a tio n  o f t h i s  v a r ia t io n  

seemed to  be th a t  the  warm ing-shaking trea tm en t o f  the  m ilk  

used to  r e le a s e  bound a c t i v i t y  was n o t always f u l ly  e f fe c tiv e -  

Attem pts were th e re fo re  made to  f in d  a more e f f i c i e n t  

method o f  r e le a s in g  th e  bound a c tiv ity *

G ilb e r t  ( I 962 ) found th a t  a d d itio n  o f 2#Î4L- 

e y s te in e  o r o f  3mM“-2-m ercaptoethanol to  b u tte rm ilk  

caused a marked in c re a se  i n  i t s  xan th ine  ox idase
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-À T able : Keixt h in© oxidase, ac t  Iv i t l e s  .* molybdentm o ontan t s  * 
’ V-- 1 1 Vitv/molvbdemm% m t i os  o f  m ilk: samples 

'■ ' ■ ' ■ Qbtained from ■undosed oowa durifag th e
maiybdaBiM^dosiBg experiment of ■

1

■ ■Date . Go# :■ ' Mo ' :■ .i£0 :(ijian. )/Mo
, til. Q ^lu? ./in l. ' ■■' ixffi. :

: ,;3:.'5*-62' ■•1 .■.■■"'’ 628 ' ■■ .0.352 1780
, 2 ...-; ' , ■ 465 0.276 1680■tt

4
440 0.221 1990 ■
372 0.201 1850' -if

■ 1 : / 552 0.283 1950ÎT 454 0 .304 1490
'■ 7,*;5-.S2. 1 ' ■ ; ' 589 ■:: . 0*356 Ï 650■ 1K,_ , 4 295 , 0.150 19706 302 ■' 0.173 .... 1750
' #«5 .6 2  : 1 609 ■ 0*333 1830

4 382 0,202. I 890■' it è 327 0 ,185 1770
;  3. ■: , 734 0 .354 2070

' " , . 584 , . 0*263 1920
6 ■.•■'■"398 0 ,244 1630

13. 5 .6 2If ' 1 -'■,■■ 616 0*383 1610
h 461 ■ 0.238 1940, ;■■ '■ \ 6 . , 466 . 0 .283 1650

:, 15*5. 6a ' ; - -1 ' &Z5 0 .394 1590
381 . 0 .215 1770u

. 6 . •■ ■■ 385 ■ 6,223 1730
17 . 5 .62 • 1 ■ ■ j ■ 674 0.342 1970 :tt

.1» 421 0.210 V 2000
458 0.233 ; 11970

19. 9 .6 2  / '■■ 1 
4

766 0.381 ' ■ 1850
■ . '«A- ' ; 388 0.213 1020tt 6 ■■■; 494 : 0 .273 1810

: ■' Me an
, 1810 ,

The xan th ine  ox idase  a c t i v i t i e s  were dotermineci by th e  

manemetrio :method' deeqribe.d in  S ee tio n  I I ,  p.# 26 # u s in g  

' '■ o f  t r e a te d  m ilk  in.-.a..,/reaeti.on'volume o f  3*4 ml.
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a c tiv ity .(s e O : a lso  G i lb e r t  & B erg e l, 1964)* Robert

à  PaloBQVskl ( 1900) re p o r te d  th a t  th e  a d d it io n  o f  

40 mg/ml* o f sodium la u r y l  su lp h a te  to  m ilk, caused 

an in c re a se  In. th e  x an th in e  ox idase a c t i v i t y  o f  the  

milk# . Morton (1953 b) showed th a t  trea tm en t o f  

m ilk  .fraotl.onB w ith  n^bu tano l caused th e  a lk a l in e  

phosphatase  p re se n t I n  th e se  f r a c t io n s  to  d i s so e la te  

from th e  p a r t i c u la te  l ip o p ro te in , complex to  which I t  

and x an th in e  ox idase a re  attached#

■ These trea tm en ts  were te s te d  In  co n ju n c tio n  

w ith  th e  warmlng-^shaMng method o f  r e le a s in g  bound ■ ' 

xanthine, ox idase a c t i v i t y i n - t h e  fo llow ing  way 

, , .M ilk sam ples from  s ix  cows fe d  on th e  d ie t  

deBcribedim  S e c tio n  I I I »  p# .77 were t r e a te d  to  

re l.easè  bound xan th ine , oxidase a c t i v i t y  by th e  warming#- 

shaking procedure d e sc rib ed  above#- These ■.shaken 

,m ilks were then  su b je c te d  to  th e  fo llo w in g  tre a tm e n ts : —

(1) b -o y s te ln a  .hydrochloride was added to  g ive a 

concen tra tion - in  the- m ilk  o f  SmM» and th e  m ilk s 

were allow ed to  s tan d  a t  room tem perature f o r  1 hr# 

b e fo re  t h e i r  xan th ine  oxidase a c t i v i t i e s  were 

determined#

(2) -2##iercaptootaanol was added to  give a c o n c e n tra tio n  

■ In  the  m ilk  o f .3%#» and th e  m ilks were allow ed

to  s tand  a t  room, tem parature fo r  1 hr#, before  

th e ir  x an th in e  oxidase a c t i v i t i e s  were determ ined ,

(3 ) Sodium la u ry l  su lp h a te  was added to  g ive a 

c o n c e n tra tio n  in  th e  m ilk  o f  40 m ^m l.
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(4) The shaken m ilks were- warmed to  38^ » shaken w ith  

h a l f  t h e i r  volume o f n^butano l fo r  1 min# » cooled 

to  20®/a n d  com t f i f  aged* A  aaitpla o f  th e  lower 

aqueoua. la y e r  wa# removed and i t s  x an th in e  ox idase  

a c t i v i t y  was determ ined*

The xanth ine, o x id a se  . a c t i v i t i e s  o f  th e  m ilk  

sam ples suh j e c te d  to: th e se  trea tm en ts were d eterm in ed -b y  

th e  method d e sc r ib e d  in  S e c t io n  I I  (p# 26 )» and th e

d esc rib ed  In .S e c tio n  11 (p* §7 )■* ' As before» th e  r a t i o  . '

x an th in e  oxidase- a c t i v i t y  (p i*  O ^ / h r m i l k ) / ! #  (pM) 

was' c a lc u la te d  fo r-e a c h  ■milk* (F on  convenience» t h i s  

r a t i o  w il l  be a b b re v ia te d  to  ®  (man* )/E o')* . ; :

I n  agreem ent'W ith  th e  work o f G ilb e r t  ( 1962) i t  - 

was- found th a t,.tre a tm e n t w ith  b o th  b '^cysteine- and 2 -  

m ercaptoethanol., oBused an' in c re a se  in  th e  lO '(raan*)/Mo 

r a t i o  o f  shaken milk*. Sn th e  o th e r hand* r a t i o s  

r e s u l t in g  from trea tm en t w ith  e i th e r  sodium la u ry l  

'sulphate- -or with- h-butanol.' wsre s l i g h t ly  low er than  th o se  > 

ob ta in ed  w ith  th e  shak ing  trea tm en t alone* Treatm ent 

\flth ';:È^cyàteinc gave a .l ig h tly  h igher r a t i o s  th an  trea tm en t' 

w ith 2 -«-m rcapto8thanol|-again  in-.agreement w ith  th e  Work 

of G ilb e r t  ( 1962)* : The, r e s u l t s  from m ilks t r e a te d  by 

shaking  a lo n e  and by shak ing  follow ed by the  a d d it io n  

o f 2#!4h-cyste 'ine '' a re  sh o w  in  the  f i r s t  two columns- o f  

Table 6* The mean o f the. d if fe re n c e s  between these,- two 

colUTOS was found* by S tuden t^s t  te s t»  to  be h igh ly ,- 

s ig n i f i c a n t  (p<O*01 ) .  I n  a fu r th e r  s e r i e s  o f  te s t s »  

th e  e f f e c t s  o f  in c re a s in g  th e  c o n c e n tra tio n  o f" b -c y s te in e

:;5

iaolybdenum c o n ta n ts  o f  th e  u n tre a te d  m ilks by the. metlibd.' -_A/.v■v;>r
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fa b le  '■ 6* ■ F ffeo 't' of . . tre a tim '.Bh&en, m ilk with vailoua

cQncentfatiOBS o f  B^^evBtein© on the value o f the 

r a t io  ( manometric:: xanthine , oxidase a o tlv ity  )/l!o( plll

o f th e  milk

Date Sow 
no. ,1

Com
"" “**■ 'I»""*-*'-**;
qan tra tien  o f added D*"oy!E 

in  undiluted m ilk
3te in e

_Kone 23# . w% ■ 8n4.î
xq(man, )/Ho XG(man*)/Mo >D(man* )/lîo XO(man.)/Mo

26. 7; 62 1 '■ ' 1880 1970
26*7*62 ■: 5  : 2030 2160 '
30,7.62 ■2 1610 1920 'À, A#.

1,8,62 3 ' 1830 1930 --W Mi
8 , 0 ,62 2 1910 1930

. 8 .8 ,62 ■ 6 1930 2050
10,8,62 3 '2030 2060 - # *  . -,
10. a . 62 ■■■ 4  ■ 1970 2060 #*•
14 , 8,62 2 - ■' 1540 1060 1720 - -

14.8,62 1580 1620 1850 ■ . *# ’ ■
16,8.62 6 1740 1870 1870
16, 8.62 2 1700 1380 1950
21, 8 ,62 '■'5 1900 ,; 1910
21,8,62 3 w* -## 2030 ' 1950

Mean ■ Mean Mean Bean
1810 1930 1880 :, 1920

A ll cows ware fed  on the d ie t described in  Baotion III*  p# 77 

The xanthine oxidase a c t iv i t ie s  were detorfîîined by the 
manoBietric method described in  Section II» p* 26 using 

0*2 ml# o f  tre a te d  milk I n  a réac tio n  volwie of 3*4 ml.



t-W 'ùm  0 #  to  o u  th e  v a lu e  o f  th e  ,X0

■ Mo r a t io  w are a a tO rW re ê *  ,- ih e s o  re .a u lts  a re  a ls o  é io-^m  • 

in  la b ia  6» . T h e re  was l i t t l #  d if fe r e n c e  in  th e  mean ^

' values of th e  ratios-, ohtaihaâ from’ tramiiaeo't w ith  e i th e r  

.2mî ÿ ;% #  o r, 8 i# -;4 ^ ,'^ v 8 te i , Iro a tm a m t of s h a M a  m ilk

■ -w ith . 6#I4L"^oV8telm a'-. was ' th e re fo r#  a d o p te d  as th e  s ta n d a rd  

tre a tm e n t f o r  th e  ra le a e e  o f  ho im d  ^ca h th in a  - o^Gidase- , .

- . . . . . .

Çf) F in a l . form.,of. the  method ' o f . treatm ent , o f  milk 

to re lease  hound xanthine oxidase a o t iv itv è Ihè 'handling'

. and treatm ent o f m ilk fo r  the purpose o f  releasing 'hound 

xanthine oxidase a e t iv i% that, was - f in a l ly  adopted was 
..as follows# Morning m ilk was so l led  ted  between 5- 
and €#30- a*m. from qoTJSImllked with, a iGasqoighe^

.. m ilk in g  m aehihe*. A  sam ple  o f  a h o u t hOOndL# in - a 

'g la s s  h o t t le 'w i t h  a lu m lh lu m  se rew  oap and ru b b e r l i n e r  ■ 

was im m e d ia te ly  p la q e d  in  a, r e f r ig e r a t o r  a t  a b o u t 5®''

, ■ fo r  a period, o f  about 3 hr# . The oontehtB were then" ,, 

mixed thoroughly by repeated inversion# and 50 00 ml.

were plaoed in  a 15Qml#, glass- -bottle ' with aluminium . 

eerewrçap and rubber .lin e r# . This was'■warned to 3 '̂  ̂
in  a water, bath# pladed in  a re o lproeatlng  laboratory  

.shaker and sh&en gently  at. a ra te  o f about 90 oyele^/mln* 

fo r  a to ta l  period o f 2 hr# ivory half-hour the- b o t t le s  

- were fémoved from th e  shaker and re-warmed to  30?  ̂ since 

th is  procedure was found to  shorten the fa t- c lo t t in g , time 

. and was e ffec tiv e  in  inducing -clo tting  of the f a t  o f a l l  

the samples of eow’-e. milk encounter Oct., .A fter 2 hr., o f 

th is  treatment,- eow'^s milk took on the appearance of
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■skim milk with- a lay e r o f  eoagulatacl f a t  or of d isc re te  

b u tte r  granules f lo a tin g  on the 'su rface*  A semble ■

( o f the lower skim milk lay e r was taken w ith  a ■

p ip e tte  from near the  bottom of the b o tt le  with a© 

l i t t l e  disturhance o f the f a t  layer as possib le  and wa-o 

placed, in  a 25-  or 50*ml* volwAetric flask#- according 

to the d ilu tio n  reudired* To th is  was added 0 .1  ml* 

of a so lu tio n , .prepared immediately beforehand# of 
B -cysteine hydrochloride monohydvate comtaining 0# 070 

( concentration in  the milk 8#i)% The contents o f the 
■flask were mixed .thproughly.# allowed to  - a t and fo r  1 h r . - 

a t  room, tem perature, ■ and fim ally  made up to  volrojie with 

d i s t i l l e d  water# The xanthine oxidase a c t iv i ty  then 

determined immediately using the manometri.c method 

described in  Section 11 (p#.-26 )# - '

( $) The oresence of an in h ib ito r  of xanthine oxidase 

.in cow*:©- m ilk#  ̂ In  the e a r ly  stages of. the work on 

the development o f  the method fo r  the re lease  o f the 

bound xanthine oxidase a c t iv i ty  o f  cow* a milk# i t  was 

observed th a t the apparent a c t iv ity  tended to  increase 

w ith in creasing  •d ilu tion  o f the milk. The e ffe c t was 

not vary;marked in  the m ilk ©.ample used, and, owing to  

uncerta in ty  a t  th at time about the completeness'-o.f the 
re le a se  o f the bound .activity#- i t  was' no t c e r ta in  th a t 
the e f fe c t  was real#'

In  the . i n i t i a l  period o f  the molybdenom-^doBing 

exp.eriment-,. described, in . Section I I I  (p . 70 ) ,  and 

b efore ac tu a l molybdenum-dosing was begun# i t  was abBêrvad 

th a t in c reasin g  the d ilu tio n  o f the milk used fo r the
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d e te rm in a tio n  o f  ^çmmthinç oxldaae a c t iv i ty  was 

acçompani-aâ by a n p tio e a b lq  increase^ in  th e  xan tliin#

; - ox idase  a o t ly i ty  ■/.■ molybdfnum- r a t i o s  o f / th e  m ijks' o f  ,

. a l l  s i x  Com used in  t h i s  experim ent (Table ?)-# ■ T his 

■■■/' ...was taken  as In d i r e c t  evidence f o r - the-presence in,-:- = - ■

' th e  .milks- o f  a l l  -these ' cows .-of an endogenous-.-iBhibitor 

Of xan th ine  oxidase;*; ,. D ire c t evidence f o r  the  p résen ce  ■ 

o f  such an  In h ib i toi* yms -obtained b y  determ in ing  the ' " ‘

ymahometric a c t i v i t i e s  o f  covfs m ilks a t  v a r io u s  ' ■'■"/■;

d ilu tio n s #  u s in g  th e  improved method o f  re le a se  .of bound - ■• 

. .a c tiv i ty  d esc rib ed  In  S ec tio n  I I  (p.r 36 )* ■ As eipè-etçd# 

th e  a p p a re n t-a c tx y lty  in e re a se d  w ith  in c re a s in g  d i lu t io n

- . .o f  th e  md.ik#' -.as shown-In Table 8» -,.... T h is e f f e c t  was, most

u n d e s ira b le  i n  the. ÿ re sé h t B tnd ies , s in c e  w ith  m illes w lth  

average a c t iv i ty #  n o t le ss :-th an  0*2.. m l* 'o f  m ilk ' In  a - '

\ r e a c t i o n  ■ voltime o f  3# k ml, was re q u ire d  In  o rd e r to  

o b ta in ;’a i^eaB'onably-rapid r a t é 'o f  bxygm  uptake* Prom 

■ Table 8 i t ' I s ' c l e a r  t h a t  .the a c t i v i t y  determ ined a t  t h i s  

d ilu tio n : .could be co n s id e rab ly  Id a s  th a n  th e  t r u e  a c t iv i ty * ' 

i t  w as 'h o t p r a c t i  cab le '..to  use a s - / , l i t t le  as 0*05 ml#, -of

- m ilk  ex cep t w ith 'th e -m o st a c tiv e .,m ilk s , and even th en  

' ' ■ th e  observe Û r a te s  o f  uptake# which wure o f  th e  o rd e r

o f  I f  -  20 pi* o f  oxygen in  30. min*-,- were nea r th e  l i m i t  

o f  a e h o i t iv i ty  o f th e  method# F urther#  the  tre n d  o f  "the 

re s u l ts ,  in.'.iabl.C 8 In d ic a te d  th a t  i t  - was by no means .c e r ta in  

th a t  t h i s  d i lu t io n  would be s u f f i c ie n t  to  n u l l i f y  th e  

" e f f e c t  o f  th e  in h ib ito r#  ' : '■ ./ . -

fh e  p resence o f  t h i s  in h ib i to r  .in v a ry in g  

-■ C onesxitratibn from .m ilk 'to -m ilk  may have been th e
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Table 7# E ffe c t  o f  M lk  dilutiotL on the value o f  the 

■ ozigaee a c tl^ lt:v /molybâejaW f a t l c

o f  th e  îîiilk

Oow
iio# B ate V o l .  o f milk (mi*) used f o r  

..do term ination o f  a c t iv ity  in  
a reaction  v o l. o f  g .h  ml*

' XO::(man.l
■ HO ( ,m)

1 ,5 .6 2 O&50 1370.
3 .5  .62  : . ■ 0*25 1780
5 .5 .6 2 , 0 . 2 ^ : , , : , , . . ; i 960

1 .5 .6 2 0 .50 1360
3 . 5 .62 0 .2 5 .1680 ' ;

3 1 . 5 .6 2 .......... : 0 .50 " li|20
3 . 5.62 ' 0.25  ; ■ 1990

M 1 . 5 .6 2 0.50 1470
3 . 5 .6 2 0.25 1850 ,
5 . 5 . 62;: ■ 0 .20 :  ̂ . 1980 ,,,

\  3 1 . 5 . 6 2 ; 0 ,5 0 1U60 ; . :
3 .5 .6 2  : ' 0, 2 5 , ; . 1950

: ■ 6 ' 1 . 5 .62 0.50  ■ 1370
, 3 . 5 .6 2 • ■■ 0 .25 1490

5 . 5 .62 0.20 2060
....

These m t lk  sam ples w ere  fro m  th e  i n i t i a l  p e r io â  o f  th e  

e x p e r im e n t a,escri'be<i I n  S e c t io n  p * 70 *

The m i lk s  w e re  t r e a te d  to  r e le a s e  bound  x a n th in e  px idas.e  

a c t i v i t y  b y  th e  m ethod d e s c r ih e d  i n  S e c t io n  I I  j. p *  29 ♦ 

The a o t i v l t i e s  w ere d e te rm in e d  b y  th e  m anom etrlG  m ethod 

d e s c r ib e d  i n  S e c t io n  11* p *  26#
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B# m ilk  om ,tlaè.,xan th ine

. . r .:,... „

0 . 2

o . i

■î)oaîid za#Alme.to

a e t lv l t^ r  " th e  mathaê ' t e  Beoti-o# .1$̂ -, 'p#.

fixa, a 0 tte l 'k te $  ti0 'vé  .aetermlmùê- %,y the mteamétà?te xaethod 

cleBç^teed te -S eo tlàB  Xi*-. 6» ^6# ■■ " -' ' ..”
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esqplanatioaa fo r  the r a th e r  wide range o f v a lu es  o f th e  

xan th ine  oxidase a c t iv i ty  /  molybdenum r a t i o  ob ta ined  

from m ilks t r e a te d  to  r e le a s e  hound xan th ine oxidase 

a c t iv i ty  by th e  method d esc rib ed  In  S ec tio n  I I  (n* 3 6 )

(s e e  fa h le  6)* "Since i t  was e s s e n t ia l  to  o b ta in  an 

accu ra te  value  fo r  t h i s  r a t i o  (see  S ec tio n  XV') ? . i t ,  

was decided to  attem pt to  id e n t i f y  th e  in h ib i to r  and 

i f  p o s s ib le - to  remove i t  o r  to  n u l l i f y  i t s  e f fe c t#

Binoe covfn m ilk  may norm ally  co n ta in  up to  

0*3 p*p#m, o f copper (A rch ib a ld , I 938 ) ,  and s in c e  

copper i s  known to  be a power te l .  I n h ib i to r  o f  a d lk  

xan th ine oxidase (S e rg e i B ray, 1939) » i t  seemed 

a d v isab le  to  de.terijiine w hether o r  n o t copper cou ld  be 

re sp o n s ib le  f o r  th e  in h ib i t io n  observed during  th e  

p re se n t work*. - i n  th e  presence o f sodium pyrophosphate# 

Goppsi* i s  ?/itho\it e f f e c t  on th e  a c t i v i t y  o f xidlk 

x an th ine  o x id a se '(B e rg e l & B ray , 1939) * The x an th in e  

oxidase a c t iv i t ie s -  o f  a satiiple o f cow* s. m ilk  a t  v a r io u s  

d i lu t io n s  were th e re fo re  determ ined in  th e  u su a l 

glyoine-^socllum .phospiaate .bu ffer and in  sodium pyx*,o-̂  

phosphate b u f fe r  a t  the' same- pH*- The r e s u l t s  -are 

shown in  Table 9# S ince b o th  the  magnitude o f  th e  

a c t i v i t y  a t  a g iven  d i lu t io n  and th e  in c re a se  in  a c t i v i t y  

With d i lu t io n  were u n a ffe c te d  by tMe- su b s titu tio n ^ , 

i t  I s  c le a r  th a t  th e  copper o f  m ilk  was no t re sp o n s ib le  

f o r  th e  in h ib itio n *

H r. 'È .A 0  H ilb e r t  suggested  in  a p e rso n a l 

communication th a t  th e  in lx lb ito r  m ight be a pyrim id ine 

c o n s t i tu e n t  o f cow* s milk# Since cowls m ilk  co n ta in s
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T able. 9♦ ■  ̂ The manomatrie x an th in e  .oxidasD ...activity, o.f $: 

sample o f  QO\>?*a p iilk  a t  v a r io u s  d i lu t lé n e  I n  ■ 

^vo lnem sodlim  lohosohate b u f fe r  and In  sodium 

nyronhoeuhate b u ffer

.. . B uffer
7'pl.^ o f m ilk  

(ïiû. ) in  reaction! 
v o l. o f 3.4ml*

' Manometri'C 
to  a c t iv ity  

p,i*0^hr./m l*
m
-'m- :

Z0()ttan.3
, Ho

: 0 l3M*^giÿoiné^' -
sodium phos** ' 0 .5 567 0 .365 1610
phate., pE 8*8 0 .2  : 660 . It. 1810
a t  37'" 0.3, 692 II 1900

0 1 laH-sodi-Hra
Ijyjjopho spJiate, 0 .5 600 II 1650
pH 8 .8  a t 37® 0 .2  . 650 II 1780

0 .1 672 « 1840

The buffer, eoncentratlons shown were those presen t In  the 

reae tlo n  iih-xtiire*
The milk was tre a te d  to :re le a se  'bound xanthine oxidase a c t iv ity  

by the  method described in  Section I I ,  p, 36 #
The a c t iv i t ie s  were determined by the manometric method 

described in  S ection  I I ,  p* 26 , bu t using the b u ffe r  shorn*



50- 100 o f orotic  acid  '
dioxyp5'^ifïiidiW) (Hallangor, I,aak8q & Ecïmltee:,. 1953) # 
the p o eê lb ilitÿ  thât th is, might be the Inhibitory  

Gonstitnent mae exW inodf %o milk sm #lee Were , 
treated to release boimd xomthlne oxidase by the 
method dOBoribod in. Section II  (p# gg .):* . O rotl#

aold w é  added to these samplea at le v e ls  o f  200 mg*/ 
l i t r e  and 1000 17% ,/lltre#  aiid the mwometrio a o t iy lt ie s  

wore doter#mod at the Mgheat d llu tl< #  p ossib le  o f 
0*05 nÉL* ô f milk te  a reàétten volm # of 3 *% nil,*

The 3^èsults are g iv e n 'in  Table 10, and show c l e a r l y  

that orotic acid had ho appraciâMe- inhib itory e ffe c t  

on m ilk  man th in e  oxidase*

Bray (1959) observed that a aom patltim  

iltilM to r  of milk ■xanthine oxidase wa# present in. a  

sample- o f bnttermilkf- and in  Boma, but not im a l l  o f  ' 
h is preparations- o f purified  • milk xanthine- oxidasé-* - 

Be Observed that i t  was diffUBiM e, and therefore, o f 

low molecular weight* but,.obtateed no other evidenoè 
o f i t s  nature* i t s  presence- in  a sample o f butterm ilk 

BuggeBtB, that i t  could lie the same auhstsnoe .as the 
endogenous milk teh ib lto r  qbcorved during the present 
work# Some evidence in  favour o f th is  suggestion was 
obtained during the préparation o f Batch of

purified xanthine oxidase (see  B-eetion 1V$ p* 9 6 )# 

when I t  Was observed that the manometriG xanthine 
oxidase a e t iv it ia s  o f the oream, thë butterm ilk ...and the 

f ir s t  and second butter T#shimgs Ubtateed during tlhis 

p re p e ra tio n  in c re a se d  m arkedly on d i te t iô n ^  a s  shown In  

Table :2i4-'^ .̂*l$ii:lver* i t  Is  clear that further work is



k k

Ï- .

' Honcantratlon o f  added. ;.orotic : 

T ■ acid-4n...undiluted .milk.
Manometrie: XO-'raotivi:#-:-

-, -Bilk no* -1 ;: Milk no*, a-:

"Hone :; 

:108O m g ./l i tr$  .'

■ ■ a .   ̂■ ■̂:
/  : m - -  ' 1

88,9 -

' " 860: ; 
:èm
800

The milks wcre'''‘'fi?eateâ 'to re le a se  bound xanthine: oxidéBc,:' 

'■. a e t iv ity  by the .methad described in  S ection  il*'"p* 3 6 ,

., The A c tiv itie s  /.were de t ermine & "by .the manometrie method 

■ ./âesÂ ribea.;in SectionviI,-p*\;.'-2 6 :;*,/nBin0  -O*05 m i* /o f ■

tre è ted  milk in  a reaetion^.voim e of 3#% -1# *  /J" ,

: . ''r., . .



to  e s t a b l i s h  w ith  e e r t â t e ty  th a t  Bfay^'S' 

■ inhib itor and the. endo-ganouç jïd lk  in h ib i to r  a re  one 

and th e . s'ËUîie oompowd# . '

- The fa ilu res to id en tify  the endogenous .milk, 

inhib itor with either copper or opotio. acid led  to  # 

eonsi# r à tioh  o f the poss-ih ility  of -removing - its-  

influence -on the 'dete.rmiim-t.io-n o f the xanthine oxidase- 

.activ ity  o f milk by using -n, inore sen sitive  method* 
Tlie\0ompanati-V03.y small imenease of the apparent . 
xanthine., oxidase- a c t iv ity  .of ,oovds milk with d ilu tion  

in  Tables 8 aiM 9 suggests that the .affect o f the- milk 
inhibitor i s  largely; dilut-ad out at these d ilutions o f  

the -milk*, and that I t s  -effect might be n eg lig ib le  i f  
th e 'a c tiv ity  could be # t  armined wi th a more sen sitive , 

method Alt d ilutions, s lig h tly  Mghsr than those poBsfble 

with the aianoHiatric method* The spaètro-photometriç 

method of Avis .( 1955) was examined for i t s

•su itab ility  in  tM s reapeet*

( h) Imb'l-icatlon of thé : sneetronhotometrio method of ■
Avia et-.al.*, •(.1955) to  th e  to te rito a tid n - o f  the  xanthim# 

oxidase: .ac tiv ity  ,.sf...-milk* ’ The method . o f Avia .at ml* 

(1955) i s  -asfollow s* The re-métion mixture coBslats- 

Qf Q.*l-i#^xanthlne .̂, O^OSl-sodium pyrophosphate- ( f in a l  

pH-, B*-g) -f d ilu te d  xanthine oxidase Bolution in  a 
reae tio n  volume of 2 .6  Dil, in  u  1cm.# s i l i c a  ' Bp.actro«- 

photometer c e l l  a t  a re ac tio n  temperature o f 23.. 5^'. - 
The ' course of the reac tio n  i s  followed by -observing the  

Increase in  ex tinction '' a t  295 due to the production 

-of u r ic  a c id , ' over a period in  an u ltra-*v lo ie t



e p a c tro p to to m e te r  f i t t e d  -w ith 'a  o o n s tm t* ^ te m p a ra tu re  

c e l l  compartînamt* .T i iu 'iM .t ia l  , r a ta - .o f  t h e  r e a e i i e n  -

(A E ^ g g /m te .)  i s .  d e tem A n ad  g r a p h ic a l ly  an d  th e  ,
a c t i v i t y  o f  th e . im d i lu te d ' x a n th in e  o x M ase  s o l u t i o n  

i s  them 26  x  ( t h e  d i t u t i p n  f a c t o r )  xA É pgg/m in*  

spè  e t  r  opho tome t r i  o u n i t s '  per-, l i t r e *

■ • #%en th e  m ethod  a p p l ie d  t o  co w 's  m ilk  i t  

was found t h a t  0*02 ml*, o f -m i lk  i n  a  rè .a h tip B  volume- 

o f  2*6 .*.©;*■■ a  t o t a l  d i l u t i o n  o f  th e  m ilk  o f  1 i n

130*. .gave re e \d ily  moas-uUahle r a t e s  o f ' reac tion .* , I lia  

p o s s i b i l i t y  ■ t 'hat, t h e  m ilk  ih h ih i t .o r ' . ('ge.'o.tion 11,.. p*. ' .3 7 )  

m i g h t - s t i l l  h e  'in te r f e r . in g  a t  t h i s  d i l u t i o n  ?ma t e s t e d  

by  doteriT dniiig  t h e  a c t i v i t i e s  o f  m ilk s  .at t h i s  . 

c i i lu t i o n  and  a t  a  h igher- t o t a l  d i l u t i o n  ' o f  .1 i n  208*'.

A t t h i s  h ig h e r  d i l u t i o n  th e  r a t e s  o f  r e a c t i o n  w ere slow  

b u t  'wUp.e s t i l l  m easu rah le*  T h ree  m ilk  gam plea w ere  

o b ta in e d  fro m  cow s f e d  on th e  .d-i#t - d e s c r ib e d  i n  

S e c t io n  111, p.* 77 and  m m  - t r e a te d  to  r e l e a s e  bound  

x a n th in e  o x id a s e  a c t i v i t y  by: the. m ethod d e s c r ib e d :..in- 

S o c ti.o n  ..11-f p* 36* T he a c t i v i t i e s - o f  .th e se  t r e a t e d  

ii i i lk s  t /e r e  th e n  d e te rm in e d  a t - '- to ta l  d i l u t i o n s  o f  1  i n  

130 a n d  1 i n  208 b y  th e  m ethod o f  A vis' ^  a l#  ( 1953) * 

The ■resUl.ts a r e  shown i n  T-ahle 11# I t  can b e  s,edn 

t h a t  th e  - a c t i v i t i e s  w ere o n ly  s l i g h t l y  h ig h e r  a t  t h e  - 

g r e a t e r  d i l u t i o n ,  i n d i c a t i n g  t h a t  the- I n l i iM to r  was. 

a lm o s t in o p e r a t iv e  a t  th e  l e s s e r  .d ilu tion# - As t h e  

l e s s e r  d i l u t i o n  gava r e a s o n a b ly  r a p id  r a t e s  o f  r e a c t i o n  

. (ABg^^îîiin.# u s u a l ly  ..'O.#01 0,..0..2) i t  was a d o p te d  f o r

r o u t i n e . use*



H7

A
H

I

'̂ 1
H
*d
S3

CO
 ̂■te'o
Ü m
44 lAo 0\ ’

H
N; N̂;
43

' ■*>
> ■H

'•H d
43
Ü .431
cj 01

0 m
CO •H
d t>
'*3 4 .
'i4
X 040 .0

0 'd
d g*H x i

4>
42a
(d
X 0

td'
0 4»

43 >»

î4 A
0 ■

0
d n-
0 '■(4'H
43 (k
d 0
H 43•H . 0 .<d fd

44
0
430
m04
04
#'

H

4?

'0

o

A

o

a m

r4 H

u

H H
% 0 *HH
ri p40
r

g
Io

a  5oi
*o

r\ lA « #o o

a O .^■  r./AO Q # - . * ».
rH f*i C\!

o\ H 0n A o\
- # # #f4 H H

0 0u'H y 0m m . mu 9 4>> 0< <

00 tA tv

I
t
44
0

1
S43
0

fd

1

2
m

<D

1
CQ
24-3
5

I
m

a43
:543
Ü
d

#



. A a i  amâ-yamtage, o f  tMiè-iiiotJièd- when a ^ l l e #  - %é- 

th e  d e te rm in a tio n  o f  th e  aôt i v l t y  o f m ilk ; vms th a t  th e  

%?eaotipn xBixbune-f/as Very ..tmrhi#; which hatised the  

i n i t i a l  e z t in o t io #  a t  : 2gg #  to  he ex c esa iv e ly  high#

‘ fhe  i n i t i a l  a x tin q tlo n e  -wefe redneed hy 'balancing' th e  

.;, epeatrophGtoîuètôr' 'With a  re fe re n c e  n o i l  contain ing :-a  

en lta h le  eo la tio n  o f  aW.0 hat th le  pfocednre

re tia ire d  ■ th e-n ae  o f  - very  wide s l i t  s e t t in g s  which 

sometimes -aÿproaeheh th e  maxlmnm s e t t in g  a v a ila b le  

w ith  th e  s.peotraphotom etef nsed (a  tWcam, SP^OO) #

4  method o f  reducing- th e  tu r b id i ty  of th e  re-action  

Bîlxturé .while r e t a i n i n g 'n i l  th e  xan th in e  ox idase 

a c t i v i t y  was th e re fo re  sought#

' It 'W as observed when using , the  manomatrlç • .. . 

■method fo r  th e  d e te rm in a tio n  o f  th e  xan th in e  ox idase  

" ; a c t i v i t y  o f  mi l i t  (S e c tio n  11* p#’' 26 th a t  th e  m ix ture 

i n  th e  m ain body o f  th e  Warburg flash*: c o n s is t in g  o f  

■ .mille $' glycina*»s.odluih phosphate b u f f e r  (pH §.*2 a t  2 0 ^ )  

f  c â ta la s e  t  e tiiano l^  tended  to  s e p a ra te  a f t e r  b e in g  

shaken fo r  about 30 min» in  ' th e  Warburg b a th  a t  37^ in to  

v i s ib le  aggfe.gates of- nu lk  p ro te in  suspended in  an  

aqueous phase which co n sid erab ly  le e s  tu r b id  th an

th e  o r ig in a l  mixture.* I t  seaaieâ p o ss ib le  th a t  th e

aciueous phase -might co n ta in  a l l  th e  xan th ine  ox idase  

a c t iv i ty *  ' p rov ided  th a t  th e  m ilk  had f i r s t  been 

su b je c te d  to  th e  trea tm en t d esc rib ed  in 'S e c t io n  I I .  

p .. 36 ' ....

(This p o s s ib i l i t y  was te s ted -a s . follow s» P ive

- m ilk  sam ples from In d iv id u a l cows g iven  the  d ie t
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deseï'ited , in  S ec tio n  I I I ,  .p;. 77 were t r e a te d  to

re le a s e  boiiuct xan th ine  oxidase a c t iv i ty  on th e  day 

o f m llc ln g  by the. method d escribed  i n  B.ec'ti-on Xi*

P» 3 6 * These t r e a te d  m ilks were th en  s to re d  

o v ern ig h t in: a  r e f r ig e r a to r  a t  5 .̂* On th e  fo llo w in g  

day they were b rough t to  room tem perature, .and : 

snbgeoted to  th e  fo llow ing  a d d it io n a l  trea tm en ts*

'ireatm ent A* sasipleB were d i lu te d  , to  10 ml#

With 0#Xll’vf-’Sodium pyrophosphate b u f fe r  pH 8#0 (A vis 

et  ̂ a l*  ■ ( 1955) and th e  xan th ine  ox idase a c t i v i t i e s  were 

determ ined over th e  nex t 2 .days by, th e  spec tropho tom etrio  

method o f Avis e t._ ^ #  (1953).# T his was th e  trea tm en t 

Used to  o b ta in  th e  r e s u l t s  recorded  in  Table 11#

When n o t in  use th e  d i lu te d  samples were s to re d  In  a 

r e f r i g e r a to r  a t  *

Treatm ent B# 2-ml# sanipies were d i lu te d  to  10 m l. 

w ith  th e  b u f fe r  used f o r  th e  manometric d e te rM n a tio n  

o f xan th in e  oxidase a c t i v i t y  (0#25M-<‘glycine-sodium  

phosphate b u f f e r  pH ,9* 2 a t  20^ * S ec tio n  IX* p# 26 ) •

The r e s u l t in g  anixtures were p u t in to  th e  main compm^tments 

o f ^ferburg f la s k s  which vmra- then  a tta c h e d  to  open 

manometers* p laced  in  th e  Warburg b a th  a t  37 .̂» and 

shaken fo r  30 min# The co n ten ts  were then  f i l t e r e d  

through coarse  (P yrez  Hd# l )  s in te re d  g la s s  f i l t e r s #

The r e s u l t in g  f i l t r a t e s  were co n sid erab ly  l e s s  tu rb id  

than  th e  d i lu te d  samplea r e s u l t in g  from Treatm ent A#

The xan tiû n e  oxidase a c t i v i t i e s  o f  the f i l t r a t e s  were 

determ ined over th e  next 2 days by th e  method o f  Avis 

e t  a l # ( 1955) • When n o t in  u se , the  f i l t r a t e s  were



30
s to re d  in  a r e f r i g e r a to r  a t  3  ̂•

The r e s u l t s  from th e se  two tre a tm e n ts  a re  

shovm in  Table 12# kor d e te rm in a tio n s  o f  a c t i v i t y  

made 2 3 days a f t e r  B iiIking, bo th  tre a tm e n ts  gave

id e n t ic a l  r e s d tB  (Eos# 6* ?* 6* 3)* For 

dotoxuiinations o f a c t i v i t y  made 1 day a f t e r  DiiIking 

(Ho# li) . T reatm ent A gave a  lower a c t i v i t y  th an  

Treatm ent B# On keeping th e  t e s t  p re p a ra tio n  from 

cow- Po #' h  f o r  a f u r th e r  p e r io d  o f  2 days* th e  a c t iv i ty  

o f th e  t e s t  p re p a ra t io n  from  Treatm ent A ro se  to  th a t  

o f  the  t e s t  p re p a ra tio n  from Treatm ent B, the  a e t l v i t y  

o f which remained c o n s ta n t over th a t  period# Thi.s 

su ggests  th a t  Treatm ent B im m ediately re le a se d  any 

bound a c t i v i t y  th a t  escaped re le a s e  by th e  trea tm en t 

d esc rib ed  in  S ec tio n  I I ,  p .  36  f whereas Treatm ent A 

was no t alv/ays im m ediately e f fe c t iv e  in  tlKls respect#

.  ̂ The, molybdenum co n ten ts  o f  th e  m ilks used  in  

th e  experim ents sum m rlsed  i n  Tables 11 and 12 were 

determ ined by th e  method d esc rib ed  in  S e c tio n  IX*

P* 57 # and a re  g iven  in  these  two ta b le s  to g e th e r  w ith  

th e  activity/nLoXybdenum ra tio s #  The values o f  th èse  

r a t i o s  in  Table 12, c a lc u la te d  from the  a c t i v i t i e s  

o b ta in ed  u s in g  Treatm ent B, approziriiated c lo s e ly  to  

th e  mean v a lu e  o f  5*17* Two o f  th e  values o f  th i s  

r a t i o  in  Table 11 (from  cows Eos# 8 and 3 ) approached 

t h i s  mean v a lu e , b u t th e  th i r d  value (from cow Ho# 7) 

f e l l  co n sid e rab ly  sh o r t o f i t#  S ince th e  a c t i v i t i e s  

l i s t e d  in  Table 11 were o b ta in ed  u s in g  Treatm ent A 

d esc rib ed  above, and were determ ined  on the  day o f
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m ilk in g , t h i s  i s  f u r th e r  evidence th a t  the f u l l  

a c t i v i t y  o f  the  m ilk  may n o t be re le a se d  im m ediately 

by t h i s  tre a tm e n t, ■' ...

O ther evidence f o r  th e  constancy o f  tlie  

ac tiv ity /m o ly b d en u iri 'ra tio  iS; p re sen ted  l a t e r  in  

S ec tio n  IV, to g e th e r  v /ith  a, d is c u s s io n  o f th e  signlf*? 

icanoe o f th e  constancy o f  t h i s  r a t i o ,

From th e  r e s u l t s  o f  Table 12 i t  seems re aso n ab le  

to  conclude th a t  Treatm ent in  com bination w ith  th e

m ilk  trea tm en t d esc rib ed  in  S ec tio n  3^>

c o n s is te n tly , re le a s e d  a l l  the  bound a c t iv i ty  o f cow  ̂a 

■milk* Treatm ent B had th e  f u r th e r  advantage over 

Treatm ent A, th a t  th e  tu r b id i ty  o f th e  f i n a l  r e a c t io n  

m ixture was co n sid e rab ly  reduced, thus perm ittix ig  th e  

use  o f narrower, s l i t  s e t t in g s  on th e  spectrophotom eter*

3* The d e te rm in a tio n  o f  molybdenum

(a )  Method, The c o lo r im e tr ic  d i t h io l  method o f 

01 a rk  & Axley (1955) ? m odified by th e  a d d itio n  o f 

fe r ro u s  i ro n  to  c a ta ly s e  th e  fo rm ation  o f  th e  molybdenm- 

d i t h io l  complex ( (G ilbert & S anclell, I960) was s e le c te d  

fo r  the  d a te m in a t io n  o f molybdenum in  m ilk  and in  

feed in g  s tu f fs*  . The method was as  fo llo w s :^

To th e  t e s t  so lu tio n ^  co n ta in in g  up to  10 {xg* 

o f molybdenum, in  approxim ately ' % -"hydi^cchloric a c id  

were added th e  fo llo w in g , i n  ordex’ -  2 mg., o f  fe rro u s  

iro n  (a s  fe r ro u s  s u lp h a te ) , 0*5 g* p o ta s s im  io d id e , 

s u f f i c ie n t  sodium thiosuX phate to  d e c o lo r ise  any 

l ib e r a te d  io d in e , 0*5 g* tax’t a r i c  acid* Toluene-3 ,



{ d i th io l )  re a g e n t was then  added to  f o m  

th e  g reen  m blybdenw H dith lo l complex,, T his was 

e x tra c te d  With 5 ,0 ,ml# o f  isoam yl a c e ta te  and th ç  . 

e x t in c t io n  o f  th e  e x t r a c t  'was read  Vin à 1 cm# cu v e tte  

a t  680 in{x*:. = -

In  th e  p re s e n t  work th e  deyelcpiaent o f  the . 

molybdenum co lo u r and its -  subaequent e x tr a c t io n  w ith  

'isoam yl a c e ta te  ware c a r r ie d  o u t- in  glass-^stop.pared 

boroB -ilxcate g la ss , t e s t  ttib'os m easuring ,200' x  2 5 'Rffin- 

{B ingley,. 1959)-? ' ■ The. e x t r a c t  a were c e n tr ifu g e d  to  

remove suspended m t e r  d ro p le ts  (B.ingley,- 1959) and 

t h e i r  e x t in c t io n s  were read  a t  680 mix in.-a 5n ioa#

SB500 speo tropho to ïte têf?

(1>) ,l .n te r f erè.nc:e-'.by ■■ connar* ̂ --Olark & Axlay (1955) 

claim ed th a t  1#2 mlcrdgrams o f  molybdenum cou ld  be

determ ined by th i s  method in  th e  p resence o f  50 

m illig ram s Of copper.,.’and B lngley ■ ( 1959) claim ed” th a t  

30  micrograms o f  copper d id  n o t i n t e r f e r e  in  th e  

determ ination: o f 5 micrograms o f  molybdemm. I t  was 

though t ad v isab le  to  check tM s ,  S ince o th e r  w orkers 

(B ip e r & Beckwith,.. 194% #lll.im% s.,. 1955) took c a re  

to  remove copper- b e fo re  developing  the  molybdenuti- 

d l t h io l  colour*. ' ^

am # s m ilk  may norm ally  co n ta in  Up to  300 |xg* 

o f  copper p e r  l i t r e  (A rch ib a ld , 1958):, and i t  was 

e s tim a te d  th a t  fo r  th e  d e te rm in a tio n  o f the-molybdenum 

co n ten t o f  m ilk , a maximum volume o f  100 ml. o f m ilk  

might be re q u ire d . The e f f e c t  o f adding up to  30 pg* 

o f  copper ( a s  copper su lp h a te )  on th e  d o te rm in a tid n  o f

1

I-
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up to  10 pg# o f molybdenum by O lark  & Axley^a oiethoa 

was th e re fo re  determineci* The r e s u l t s  a re  shovm in  

F ig . 8* I t ,  c a n ‘bç seen th a t  the  e x t in c t io n s  o f ‘th e  

isoam yl a c e ta te  e x t r a c ts  were co n sid erab ly  d ep ressed  

by the  a d d itio n  o f  those amounts o f  copper. I t  was 

observed th a t  th e  e x tr a c ts  from  molybdenum s o lu t io n s  

w ith  no added copper were pure g ra ss -g re e n  in  c o lo u r , 

w hile th e  e x tr a c ts  from molybdenum s o lu tio n s  c o n ta in in g  

added copper were yellow -green* However, th e  p o s i t io n  

o f  th e  e x t in c t io n  maximum o f  th e se  ye llow -green  e x t r a c ts  

reraained unchanged a t  680 %i,

(c )  guuureesion  o f  in te r fe re n c e  bv conner. H aider 

& KhuncUcar ( 1954) found th a t  in te r fe re n c e  by copper in  

th e  g ra v im e tric  d e te rm in a tio n  o f a inc  w ith  84 iydroxy- 

q u in o lin e  could  be p rev en ted  by reducing  the  copper 

to  th e  cuprous s t a t e  w ith  po tassium  io d id e  fo llow ed  by 

sodium th io s u lp h a te , mid then  adding th io u re a  (CB ( ^ 2 ) 2 ) 

which fomiG a very  s ta b le  cuprous complex, The e f f e c t  

o f adding th io u re a : to  s tan d ard  molybdenum s o lu tio n s  

w ith  and w ithou t added copper im m ediately befo re  th e  

a d d it io n  o f  d i t h i o l  re ag en t was th e re fo re  examined.

The r e s u l t s  recorded  in  Table 13 show th a t  in te r fe re n c e  

by up to  100 pg. o f added copper v/as e f f e c t iv e ly  

suppressed  by th e  a d d itio n  o f  200 mg. o f th io u re a .

The isoaîflyl a c e ta te  e x t r a c ts  from molybdenum s o lu t io n s  

vfith added copper and th io u re a  had the  pure g ra ss -g re e n  

co lo u r ty p ic a l  o f  e x t r a c t s  from molybdenum s o lu t io n s  

w ith  no added oopper.

A f te r  t h i s  method o f  supp ressing  in te r f e re n c e



o No added copper 
^ lO copper added 
o 2 0 / f g  copper added 
X 3 0 / t g  copper added

0.8

0 .6

I cm 
6 8 0

0 . 4

0 .2

O 8 12

Mo

PiR. 8 . E ffe c t of added.copper on the 
d e te rm in a tio n  of molybdenum by the  m odified 
method o f  C lark  & Axley (1955) d esc rib ed  in  
S ec tio n  I I , p@ 52 •
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TaTale 13 . . of. thtOHrea .gn, ftterge^ence. 'bF .-oetiper

method o f  Clark <S:,. Axley, J

l o
(M#)

l%ioi%rea  ̂
( mg, ) : ®680

0
2

10
•-<k‘ ,

■' • ##' . * »  ■'

: 0 .001  
0.101 ' 
0.405

■ 0 
2 

10
m -

•

200
200
2Q0

. 0 .001  
0,103 ■ 
0.493

0
2

10

30
30
30

* m 0,001  
0.070  ̂

: 0 ,305 ■

0
a

10

30
30
30

200
200
200 :

0.001 ■
0,099
0,480

h
h
5

■ 0 
50 

100

200
200
200

0,801
0.203
0.198

s ;

#

IA#

t r .
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'by copper had heen 'aev e lo p ed , B lng ley  ( 1963) puhXished 

a m o d ific a tio n  o f  h i s  e a r l i e r  c l i th io l  method f o r  the  

d o te rn d n a tio n  o f  moly'bdon’iira (B ihg ley , I 939) in  .wMàh 

th io u re a  was used to  suppress in te r fe re n c e  hy up to  

1000 (ig, o f  copper# Howevei^, B ingley ( I 963) c laim s 

th a t  up to  30 p.g* o f oopper does n o t in te r f e r e  w ith  

th e  detefaTTination o f oiolybdenwn hy h is  unm odified 

method (B lngley^ 1959) # , This i s  no t in  agreement w ith  

the  r e s u l t s  o b ta in ed  during  th e  p re s e n t  work (cf#  P ig . ' 8 ) .

(d) P re-paration  and s to rag e  o f  d i th io l  re a g e n t»

The re a g e n t was p rep ared  as follows* The c o n te n ts  o f 

a 1 -g* ampoule o f  tolu6ne-^3> l}.*-dlthiol ( d i t h io l )  were 

m elted by immersing th e  unbroken ampoule in  w ater a t  

abou t 35^ * The ampoule was th en  opened and i t s  co n ten ts  

were gulokly  added to  500 ml. o f 1% aodiuni hydroxide

and d isso lv e d  by v igorous a g ita tio n *  \When th e  d i t l i i o l  

had d isso lved#  7*0 ^il. o f  th io g ly c o l l ic  ac id  were 

added dropwise w ith  Vigorous s t i r r in g *  The r e s u l t in g  

s o lu t io n  was im m ediately t r a n s f e r r e d  to  g la s s -s to p p e re d  

fy ra x  reag en t b o t t l e s  o f  60 ml* o r  100 ml. c a p a c ity  

which were f i l l e d  as com pletely  as  p o s s ib le # and th en  

s to re d  in  a r e f r i g e r a to r  a t  about 5^* The c o n te n ts  o f 

p a r t ly  f u l l  b o t t l e s  were d isca rd ed  i f  no t used w ith  1 day* 

When p repared  in  t h i s  way# th e  re ag en t kep t w ell f o r  

a t  l e a s t  4 weeks and o f te n  f o r  lo n g e r . . The end o f i t s  

u s e fu l  l i f e  was marked by the  g radual appearance o f  a 

white, p r e c ip i t a te  which was accompanied by à p ro g re ss iv e  

d e c lin e  in  th e  s lo p e  o f  the  s tan d a rd  curve and by poor 

agreement o f  r e p l i c a te  d e te rm in a tio n s . As soon a s
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t h i s  p r e c ip i t a te  began to  appear#., th e  reag en t Was 

d iso ard ed f . - 7 ' - *

' :Thle p re p a ra tiv e  p rocedure  d if f e r e d  from  t h a t  

o f .C lark & ' Axley (1935 ) l i i  th a t  ' th e  volume- o f 'th io '-  

' g ly e o l l ic  a o ld  -added: was reduced from about 8 ml# to  - '

■ 7*0 ■ The::keeping x iu a lltieB '-o f •■ th e  raagant/werep: '

found ; to be much Improved by th ia  m odification#

( 0.1 B reh a ra tlo n . o f  s tan d a rd  molybdemwL s o lu t io n s  *

A Stock standard so lu tio n  contain ing loo pg* d i  . ; 

moiybdohum p e r  ml* Was prepm*0d aocordiug to  th o   ̂ ' .

d i r e c t io n s  o f  G lark  & A xley (1955) b y -d isao lv iB g  O*l50g#

• o f ânalar- molÿbdçiium tr iox ld d  (d ried  a t 105  ̂ fo r  4  hr# ) 

i n  2-D\'ml*. o f  OVl^'^çodium liydroxido* T h is  s o lu t io n  ■'•'

; ■ was d i lu te d  m th  d iB t i l l o d 'm t o r  to  about lOO' 

ac id ified - '-w ith  M-liydrQchloriC'-ucid to  about pH 5#5 . . 

.,(:BvD#iï*: narroTM?auge I n d ic d tç r  paper) and d ilu te d /" to  -- - 

 ̂l i t r e . w-i th  ' d i s t i l l e d  water#.- ; ' ' .

A working B tandard s o lu tio n  cm ta in im g  0*.5Qp Mg# 

o f  molybdemum p e r  ml# m e  p rep ared  "by d i lu t in g  5#.0 ml*, 

o f  th iu :s to c k , e tam ia rd  a o lu tio h  p lu s  % ml. o f  Hfrhydfo- 

. c h lo r ic  a c id  to  1 l i t r e  w ith  d ie  t i l l e d  water#:' - 

, A l l  s tan d a rd  - molybdenum so lu tio n s  ware kept 

' i n  the  dark  as reccim ehded by C lark  & Axley (1955)*

r ( f )  0erkiBfi;m ethod*. ' M ilk  and-feed  ingredient.B  ware ' 

wet ashed by th e  n i t r i c  ac id 'm ethod  o f  M iddleton  &

Stuckey (1954)* f ç r  iiUlk# th e  p fe lim in a ry  procédure.

- was- 'as follow a* d u p lic a te  samples c f  ; cow* s m ilk  (25 ml*.).

o f g o a t m i l k  (go ml* ) were- p laced  in  l - l i t r e  Byfex 

'■’ ’be.akçrs'' ;(he.ight about 146 im* #: diam eter about 106 w *.) -
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and c a re fu l ly  evaporated  to  d rynass a t  a  low h e a t ' 

on an e l e c t r i c  a l l y  hea ted  h o tp la te  f i t t e d  w ith  a 

S lnm ersta t control#. When ju s t  d ry , the b eak ers  were 

removed from th e  h o tp la te ,  allow ed to  co o l, and 10 r#.# 

o f  concent r a te d  n i t r i c  a c id  (sp* gr* 1#4) were added# 

a f t e r  which th e  M xtù rd  was ag a in  c a u tio u s ly  evaporated  - 

to  dryneas*

k o r fe e d  in g re d ie n ts , th e  p re lim in ary  .procedure 

. , / Was as follow s# , As before*, d u p l ic a te  .eampleé (1  -  2  g*) 

were' p laced  In  1 i i t r e  heakers.#: To-'each healcar were -

added 10 ml# o f  d i s t i l l e d  w a te r and § M# o f  co n c en tra ted  

- n i t r i c  a c id  ( sp . gr# 1*4), and th e  m ix tures were 

c a re fu l ly  evapora ted  to  d ryness a t  a low heat#

From th i s  p o in t  th e  fo llow ing  procedure was 

ap p lied  to  th e  re s id u e s  from  bo th  m ilk ' and feed  samples#

•The h o tp la te  tem pera tu re was r a is e d  to  about 350^ and 

th e  open h e ^ c e r s . were hea ted  at. t h i s  tem perature, u n t i l  

th e re  was no f u r th e r  change in  th e  appearance o f  th e  

contents#  This u su a lly  took  about 30 M n , ' The-, 

beakers .were allow ed to  cood# and th e  co n ten ta  were ■

' m oistened w ith  n i t r i c  a c id  ( bp* gr#'^l#4)# The beak ers  

ware covered w ith  c lo ck  g la s s e s  and. hea ted  on th e  h o tp la te  

a t  about 350® fo r  Ig  min. a f t e r  th e  re s id u e s  bad become 

d ry . T h is  procedure was rep ea ted  u n t i l  th e  re s id u e s  were 

w h itish  th  dark  patches#  Fuming n i t r i c  a c id  ( sp.# g r .

1*3) was th e n  used in  p la c e  .of o rd in a ry  n i t r i c  hold#; 

and the  p rocedure  was co n tinued  u n t i l  ash ing  was complete# 

The b eak ers  were th en  allow ed to  c o o l, and 1$ ml# 

o f  © oneentrated hydroohlorlo  ac id  and 3  ml:# o f  Sof^ "
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p e rc h lo r ic  a c id  were added. The beakers were l e f t

open and t h e i r  co n ten ts  v/ere slow ly evapora ted  to  

dryness a t  a low heat# When d ry in g  was coiïrplete, 

the tem pera tu re  was in c re a se d  to  about 350® and 

h ea tin g  was continued  U n til  futM.ng ceased# T his 

procedure was found necessary  to  remove n i t r a t e  io%  

wliich o therv îise  in te r f e r e d  s e r io u s ly  w ith  th e  

subseuhent d é te rm in a tio n  o f  molybdenum#

The .beakers were allow ed to  c o o l, 15 'm l. o f 

6H-hydr,ochloriG a c id  were added, the  clock  g la s s e s  

were p laced  in  p o s i t io n  and th e  beakers were h ea ted  

g en tly  u n t i l  th e  ash .d isso lv ed #  ' They were th en  , 

allow ed to  co o l, and the  co n ten ts  were t r a n s f e r r e d  

to  g las8^stoppered  b o ro s i l l c a te  g la s s  te s t - tu b e s  

m easuring 200. x 25 mm# A fu r th e r  10 ml# of 6E- 

hyd ro c tilo ilc  a c id  were added, th e  c lo o k g lasses  were 

rep laced»  th e  b eak ers  were warmed ag a in , and th e  

co n ten ts  were t r a n s f e r r e d  to  th e  a p p ro p ila te  tu b e s . 

F in a l ly ,  th e  beakers were r in s e d  wi th  10 ml# o f 

d i s t i l l e d  m te r  and th e  r in s in g s  were t r a n s f e r r e d  to 

th e  a p p ro p ria te  tubes*

Throughout t h i s  p rocedure  id e n t ic a l  volumes 

o f a c id s  were added to  a l l  th e  beakers a t  each s tag e  

and to  d u p lic a te  b lan k  beakers (re a g e n t b la î lc s )*

The volumes in  the  t e s t  tubes v/ere made up to  

35 ml* With d i s t i l l e d  w ater, and th e  fo llow ing  were, 

added, .in  o rd e r -



(1 ) 0 .2  Hil* o f  5^rw/v t m m u B  B M lp h a te  BoXutioB Xb ;

% y / y  amlplmrio a o i^  2 mg. o f f  orroiia I ro B ) . ■
' '  ̂ ' ■- ■' ■(2)' 0.5 ml. of freàhly prepared 50$ aodtoa iodide : _ æ

s o lu t io n . i^hs s o lu tio n s  were- allow ed to  s ta n d  f o r
. ' . ' -- ' - : .. : ' . .

10 ailn. w ith  oqcasio n a l s ? /ir l in g  to  a llow  fo r  oomplete

l ih e f a t l o n  o f  io d in e .  ̂ ' -'-M:

{5) 5$ sodium s u lp h ite  e o lu tid n  was added -

dropw ise u n t i l  th e  ip d in e  aolom> was gust d iso h a rg ed .

(5 ) i  ml# o f  50$  w/t^ t a r t a r ! 0 a c id  s o lu t io n .

(0 ) 2 ml. Of 0 .2$  'd i th io l  re a g e n t (S e c tio n  . l i p '  

p . 5 6 ) .  fh e  tu h es were stoppered> .shaken v ig o ro u s ly  

fo r  30 eec.^ and allow ed to  s tan d  f o r  30 min*

(7 ) 2*3 M# o f  iso  amyl ace ta te#  Ihe tubes were

stoppereci# shaken v ig o ro u sly  f o r  30 sec .*  and allow ed
. . . . .

to  s tan d  u n t i l  th e  two phases s e p a ra te d  and c le a re d , 

fh e  i# p e r  isoam yl a c e ta te  la y e rs  were then , removed 

w ith  a s u c tio n  dev ice  a tta ch e d  to  a g raduated  p ip e t te ^  

t r a n s f e r r e d  to  15 %})!&. " Pyrex g la s s  c e n tr ifu g e  tu b es  and 

c e n tr ifu g e d  f o r  5 min. to  remove suspended w ater 

d ro p le ts*  The c l a r i f i e d  e x tr a c ts  were, t r a n s f e r r e d  to  

4 cm. m ic ro c e lls  o f  1 .6  1 .7  ml. c a p a c ity  (Unlearn

InstruinaatB  l t d . )  and t h e i r  e x t in c tio n s  were pead  in  

a Unloam SB50Ô B p ec tro p h o tm e te r a t  680 m;A a g a in s t a 

re fe re n ce  c e l l  co n ta in in g  isoam yl a c e ta te .

A s ta n d a rd  curve was p repared  f o r  each assay  

by adding known volumes o f  the  working s tan d a rd

I

.-F

(4 ) 2 î t l .  o f  f r e s h ly  p repared  10$ w/ y  th io u re a

s o lu t io n . - ■ ' ■ ■ ■  ' ' / ,, r #

. ■■ ■
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mqlybclomim-solvitIbn. GûTitalning 0 .3 0 0  ug.Mo/ml. to  

d u p lic a te  ;StopperaeT b o r o s l l i c a te  g la s s  t e s t  tubes*  

adding 25: nd.. o f  ôH-^hydroc h lo r ic  a c id , nA king.up the, 

volumes to  33 ml. w ith  d i s t i l l e d  water# and app ly ing  

procedures I' « 7 l is te d .a b o v e . A ty p ica l, s tan d ard  

Curve is  shown in  Fig* 9* The m olar e x t in c t io n , 

c o e f f ic ie n t  a t , 680 : Gill. Obtaiiied from  tM s curve was 

2 4 ,7 0 0 -which agreed w e ll w ith  th e  value of 24*400 

( in  beiiaene) -rep o rted  by O ilb e r t  <§; San d e l l  (I960,)* ■

In  f iv e  cleterm tnatidns', re c o v e r ie s  of ,0*500 gg, o f 

îiiolybdonum added to  25 ml* o f  ,eow^s m ilk which co n ta in ed  .. 

about 0*5 pg. o f  n a tu ra l  molybdenum, f e l l  w ith in  th e

fange o f  95 f  103$* ■ ' , - , /

4* The d .eterm inati on of FAD

• ' ( B.) Bnz^rmlc method* ■ The ■ enzymic thod used in  t h i s  

work fo r  th e  d e te rm in a tio n  o f FAD was derived  from 

the manpraetrie method of B urton (1951) f o r  th e  determ ine 

a t lo n  of brumino ac id  oxidase* A standard  Wafburg - 

appara tu s was used , w ith  a i r  as th e  gas phase# The. 

ap o -p ro te in  o f D«amino ac id  oxidase was, p repared  from 

commercial crude D«amino ac id - oxidase powder b y . th e , method 

o f  B.eXiUca# Weber 6b .Kaplan (1956) * and was s to re d  a t  ^20^*

. .For most of the deten i'iina tlons re p o r te d  . h ere , th e  

re a c t io n  m ixture oonsistee l o f 0*2 ml* o f  0.68M4DI,«alanine 

( 68 umoles o f D^alanine.) -f 1 ,5  ml. o f  0*20M«sodium pyro« 

phosphate b u ffe r  (pH 8*3 a t  20^ ) 1 mg* o f c r y s ta l l in e

c a ta la s e  -f 0*25  inl* o f lM «ethanol + 0*1 « 0*4 ïAL* o f  a 

so lu tio n  o f  the  ap o « p ro te in  o f  D«amino ac id  oxldhsO '
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•î’ <3 *- 0*5 p f  PAD l u  a reac tlo îx  v o l x m e  o t  3#4 ml#

The ré a q tlp n  tem perature 37^ » .and the  f i n a l  pH a t  

th i s  te ii^e ra ttire  was 8#g. Potassium  hydrori.de (0^2 ml#

20^ v r /y )  ^  f i l t e r  paper .was p laced  in  th e  c e n tre  w ell 

o f  the  Warhurg fla sk #  , fh e  co n cen tra tio n s  o f th e  

ç o n s ti tu e n ts  i n  t h i s  re a c tio n  m ixture were* D -a lan in e ,

0*020M; sodium pyrophosphate , 0#088H|, e th a n o l, 0 .01%  

c a ta la s e ,  1 .2pl*  S ince the M ichael i s  co n s tan t f o r  ■

B-talanine in  t h i s  system  l i e s  'between 0#002il and ,0*009M 

(B urton , 1955)* and s in ce  an apprecia 'b le  amount o f  D -alan ine 

was ox id ised  in  th e  50 m in. re a c tio n  p e rio d  d u rin g  a f a s t  

r e a c t io n  (about 8 pmoles o u t o f  a t o t a l  o f  68 pm oles), 

th e  co n c en tra tio n  o f  D -alan ine was l a t e r  in c re ased  to  

0#O25M to  ensure th a t  the  apo«^proteln was s a tu ra te d  w ith  

D -a lan ine  over the  r e a c t io n  period# At the  same tim e, 

th e  re a c tio n  volume %vas decreased  to  3*2 ml. The 

concen tra tionB  o f  th e  c o n s ti tu e n ts  in  th e  re a c t io n  m ixture 

were th en  -  D -alanine,. 0.025M| sodium pyrophosphate 

0 .0 9 # ' e th an o l, O.078M5 c a ta la s e ,  l*3h^ï*

The DD-almiine was p laced  in  the s ide-a rm  o f th e  

Warhurg f l a s k ,  and a l l  th e  o th e r  components o f  th e  re a c tio n  

m ixture were p laced  in  th e  main eon^artm ent. The f la s k s  

were alloY/ad to  e q u i l ih r a te  in  th e  w ater h a th  a t  57^ fo r  

5 min* Blanlc read in g s  were th en  taken  fo r  9 min* a f t e r  

which the re a c tio n  was s ta r t e d  by adding th e  DL^alanine from 

th e  side-afm . A fte r  the f i r s t  6 min. of x^eaetion, p re ssu re  

read ings were tak en  every 3 min. fo r  a p e r io d  o f 3Q min. The 

i n i t i a l  r a te  o f re a c t io n  was determ ined g ra p h ic a lly  and expressed  

-as p i .  o f oxygen p er hr# /U n d e r  these  co n d itio n s  th e  r a te  o f



r e a c t io n  remained co n sta n t over  th e  30-min* p eriod*

The s to ich e io m e try  o f  tha  re a c tio n  was checked 

d e te rm in ing  the  t o t a l  uptake o f oxygen r e s u l t in g  

from the  complete o x id a tio n  o f' 0*2- ml* o f  G.068M-BB- 

a la n in e  (=6*8 gmoles o f D-^alanine) # T his was found 

to  he 147 o f oxygen (mean of fo u r  d e te rm in a tio n s)*  

The th e o r e t ic a l  t o t a l  uptake p re d ic te d  hy th e  eq u a tio n

OH^GH(NHpO0Ol (D -form ) + 0^ ^ OlI^GH^OH

m^omoon my  ̂ Giyoio  ̂ lyo

i s  152  pi# o f  and th e  re a c t io n  th e re fo re  proceeds 

acco rd ing  to  t h i s  eq u a tio n  (of* eq u a tio n  9 ,  S ec tio n  I I , 

p . 18)*

A stan d ard  curve was s e t  up w ith  eaoli , 

d e te r ia in a tio n  hy add ing  0 -  0*5 hg* o f s tan d a rd  3TAD 

to  d u p lic a te  Warburg flask s*  The r e s u l t in g  r a te s  o f  

■uptake were p lo t te d  as  o rd in a te s  a g a in s t th e  . amounts 

o f PAD in  th e  r e a c t io n  m ix tu re , and the  p o in ts  we re ­

connected by a curve drawn freehand* A ty p ic a l  

s tan d a rd  curve i s  shown in  Pig* 10* The r a te s  o f 

uptake of s u i ta b ly  d i lu te d  unknowns were determ ined  

in  d u p lic a te  and t h e i r  co n ten ts  o f FAD were c a lc u la te d  

by re fe re n c e  to  th e  s tan d a rd  cu rve .

The method was te s te d  in  c o l la b o ra tio n  w ith  

Dr.- îi*C# B ray , a s  fo llo w s. ■ A sam ple-of p u r i f ie d  

m ilk  x an th in e  oxidase (Mo# XO-W l), p rep ared  by 

Dr* Bray., was ana lysed  f o r  PAD by th e  w r i te r ,  u s in g  

th is  method, and by D r. B ray , u sing  the  f lu o r im é tr lc  

method of Bur eh , Bessey è  iow ry (1948)* B efore 

a n a ly s is  by th é  ensymio m athod, the  xan th ine ox idase
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The r e l a t i o n s h i p  "between th e  
c o n c e n t r a t i o n  o f  FAD and th e  r a t e  o f  u p ta k e  
o f  oxygen  hy th e  D-ami no a c id  o x id a s e  s y s te m  
o f  S e c t i o n  I I ,  p .  6 l  •

R e a c t io n  m ix tu r e  -  0 . 2  ml* 0 . 80M -D L -alan ine  + 
1*5  m l. 0 .20M “ Sodium p y r o p h o sp h a te  "buffer (pH 
8*3  a t  20^) + 1 mg. c a t a l a s e  4 0 . 2 5  m l. IM- 
e t h a n o l  + 0 . 1  m l.  D-ami no a c id  o x id a s e  ap o­
p r o t e i n  + FAD i n  a r e a c t i o n  volume o f  3 * 2  m l.  
a t  37°* Gas p h a s e ,  a i r .  F i l t e r  p a p er  +
0 . 2  m l.  20% w /v  KOH i n  c e n t r e  w e l l .



was heated  In  b o i l in g  w ater f o r  5 min. to  r e le a s e  

th e  "bound FAD,» The mean o f  th re e  se p a ra te  d e to rm ln a tio n s  

o f  FAD In  t h i s  sample by th e  engymlo method was 59 

th e  mean of th re e  do te rm in â t lone by the  f lu o r im é tr lc  

method was 62 gM»'  ̂ •

(b ) P re p a ra tio n  and . s tan d ard  1 a a t i on o f s ta n d a rd  PAD

s o lu t io n s » Throughout t h i s  work a s in g le  b a tc h  o f 

FAD (se e  S e c tio n  I I ,  p» 6 ) was. used fo r  th e  

p re p a ra tio n  o f  s tan d a rd  FAD s o lu t io n s  fo r  use in  the  

enzymic assay  ju s t  described» ' ■ This FAD was examined 

f o r  the p resen ce  o f  o th e r f la v in s  by the p aper 

clirom atographlc method o f Crammer (1948)» Samples 

o f f la v in  m ononuoleotida (FHII) and o f r ib o f la v in  were 

a lso  p laced  on the chromatogram# Exam ination o f  the  

chromatogram under u l t r a v i o l e t  l i g h t  rev ea led  th a t  the  

sample con ta in ed  a b a re ly  d e te c ta b le  tra c e  o f BTO, and 

th a t  f re e  r ib o f la v in  was absent»

A ll s tan d ard  FAD s o lu tio n s  were made up In  ^*low 

a c t in i c ’* brown g la s s  s tan d ard  flask s*  A  s tro n g  

s ta n d a rd  s o lu tio n  o f FAD was p repared  on the day o f  

assay  by d is so lv in g  approxim ately  1 .5  mg. o f FAD in  

5@ ml* o f f r e s h ly  p rep ared  0»0lM-BodiTO phosphate’b u f f e r ,  

pH 7*0» The e x t in c t io n s  a t  450 and 260 o f t h i s  

s o lu t io n  were measured in  a 1 cm* c e l l  u s in g  a  Unlearn 

SF 500  Bpeetropho tome t e r ,  and th e  c o n c e n tra tio n  o f  

FAD was c a lc u la te d  from the. fo llo w in g  equation»

C o n cen tra tio n  o f FAB (pg./m l# ) ^

_ glom, jj, 786/X1.3 (W hitby, 1953).
450



Th.# r a t i o  1 ( 260 n%t)/E ( 450 n#) vjbm always c a lc u la  te â ,  ■ 

and always f e l l  w ith in  the  range o f . 2»i7 -  3»21#

For pure FAD th e  value o f t h i s  r a t i o  i s  3»26 ( O e r ie t t i  

à  B ilip ra n d i,. 1958)*

A  working s tan d a rd  FAD s o lu t io n  co n ta in in g  

approxim ately  0# 5 pg# FAB/ml, was prepared , im m ediately 

b efo re  use by d l l t i t in g  th e  s tro n g  s tan d a rd  s o lu t io n  

5 0 ol d  W/th d i s t i l l e d  m te r*  A dd itions o f th i s  

s o lu t io n  to  th e  Ifarburg fla sk s , containing; a l l  the. o th e r  

o o n s ti tu e n ts  o f the  r e a c t io n  m ixture were made in  a 

, d ark  room i l lm iln a te d  by a s in g le  tu n g sten  l ig h t#

Potassium  hydroxide a n d f i l t e r  paper - were p laced  in  the  

c e n tre  w e lls , th e  f la s k s  v/era a tta c h e d  to  the  

manometers, and were th en  im m ediately p laced  in  th e  

Warburg b a th  a t  37^ *

(c) H o n ^ lin e a rity  o f  th e  s tan d a rd  curve o f  th e  

enzymic methods The s tan d a rd  curve fo.r t h i s  assay  

system was in v a r ia b ly  c u r v i l in e a r ,  as .shown in  Fig#, 10* 

V arious workers who have used th i s  .method f  o r th e  

de18rjgdnation o f  fab have s ta te d  th a t  th e  .r e la t io n  

between the  c o n c a n tra tlo n  o f  FAD in  th e  re a c t io n  

m ix ture and th e  r a t e  o f  o-Xiclation- o f  D^alanlno was -, 

l i n e a r  up to  an FAD c o n c e n tra tio n  o f 0*3 0*4 p#

(D eiuca, Weber % K aplan, 1956# Euennekens & F elto n ^

■ 19571 Manson-é M odi, 1957)#c Ochoa & R ossi t e r  (1939) 

s ta te d  th a t  th e  r e l a t i o n  was .almost l i n e a r  up to  4n 

FAD co n c e n tra tio n  o t  0 ,6  |#u* However, .in th e  p re s e n t  

work, u s in g  e i th e r  o f th e  systems d esc rib ed  in  S e c tio n  I I ,  

p* 6 l  , th e  r e la t i o n  was in v a r ia b ly  found to  be
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m arkedly c u r v i l in e a r  over the FAD co n c e n tra tio n  range 

o f  0 0 .2  pM (Fig# 10)* This f in d in g  i s  in  agreem ent

w ith the  work o f f/a rb n rg  à  C h r is t ia n  (1938), whose 

d a ta  a re  shown p lo t te d  in  F ig . 11*

That the  graph must he c u rv il in e a r  in  t h i s  

e o n c en tra tio n  range i s  ev id en t from the fo llo w in g  

c o n s id e ra tio n s . The k in e t ic s  o f the com bination 

o f  FAD w ith  th e  apo-pi^otein o f D-amino ac id  oxidase 

in  the p resence  o f  a la rg e  excess o f  D -a lan ine  a re  

in  accordance w ith  the B r iggs-îîaldane eciuation

. . .

where v i s  the  r a te  o f  o x id a tio n  of D -a lan in e , s i s  the  

concen tra tion , o f FAD, i s  th e  r a te  o f o x id a tio n  of 

D -alanine in  the  p resence  o f a la rg e  excess of PAD, and 

i s  the  M ichael i s  co n s tan t fo r  PAD in  t h i s  system  

(Warburg C h r is t ia n ,  1938$ B urton, 1951) * T his i s  

the eq u a tio n  of a re c ta n g u la r  hyperbola which p asses  

through th e  o r ig in ,  and approaches a sy m p to tic a lly  the 

value V = .as e approaches in f in ity *  I t  i s  seen from 

th i s  eq u a tio n  th a t  v i s  approxim ately  p ro p o r tio n a l  to  

s only when s i s  much sm a lle r  th an  so th a t  when 

in  p r a c t ic e  s approxim ates to  the  hyperbo lic  cu rv a tu re  

cannot be ignored , From a p lo t  of 1 / y  a g a in s t  1 /s  o f

the  d a ta  o f  F ig . 10 , (FAD) 0.18 pM* From the 

complete d a ta  o f  Warburg <% C h r is t ia n  (1938), (FAD) 

ist 0 ,25pM* E stim ates o f  (F./D) vary from 0*15dM 

to  0.25pM (B urton , 1955)• Since the  working range of 

the FAD assay  i s  0 -  0*2 \xM (Figs* 10 and 1 1 ), i t
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F i R .  1 1 . The r e l a t i o n s h i p  "between t h e  
c o n c e n t r a t i o n  o f  FAD an d  t h e  r a t e  o f  u p t a k e  
o f  o x y ge n  b y  t h e  D -am ino  a c i d  o x i d a s e  s y s t e m  
o f  W a rb u rg  & C h r i s t i a n  ( 1 9 3 8 ) «

R e a c t i o n  m i x t u r e  - 0 , 2  m l ,  0 , D IM -D L -a la n in e  +
1 m l .  O . lM -s o d iu m  p y r o p h o s p h a t e  b u f f e r  (pH 8*3)  
+ 20 D -ami no a c i d  o x i d a s e  a p o - p r o t e i n  +
FAD i n  a r e a c t i o n  volume o f  2A- i  m l ,  a t  38®*
Gas p h a s e 3 oxygen* KOH i n  c e n t r e  w e l l*

P l o t t e d  f r o m  t h e  d a t a  o f  W arburg  & C h r i s t i a n  
( 1 9 3 8 ) .
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fo llo w s th a t  the  standard, assay  graph must e x h ib i t  

h y p erb o lic  cu rv a tu re  In  t h i s  range o f  FAD concen tra tion*

( Ù) PX uorim atric method. The method o f  Burch (1957) 

was used to  determ ine the  FM) c o n te n ts  of b u tte rm ilk s  

p rep ared  from oow^s m ilk . In  t h i s  method, f la v in s  

were e x tra c te d  from b u tte rm ilk  by adding cold  

t r ic h lo r o a c e t ic  a c id  so lu tio n  (TOA) to  a f i n a l  

c o n c e n tra tio n  o f 10̂ 5 Vi/v, and a llow ing  th e  m ixture to  

s ta n d  a t  0® fo r  15 m in. a f t e r  which i t  was c e n tr ifu g e d . 

A x>ortion o f the  c le a r  su p ern a tan t l iq u id  was removed 

and b rough t to  pH 6.8  by the a d d itio n  o f  d ipo tassium  

hydrogen phosphate . The flu o re scen ce  o f  th i s  m ix tu re  

was measured im m ediately . Another p o r tio n  o f  the  

TGA e x tr a c t  was incubated  overn igh t a t  38®, b rough t 

to  pH 6*8 as b e fo re , and the flu o re scen ce  determ ined .

An in c re a se  in  the flu o re scen ce  o f  th e  incubated  

e x t r a c t  r e la t iv e  to  th e  flu o reseen ce  o f  th e  un incabated  

e x t r a c t  in d ic a te d  th e  p resence o f  FAB.' The 

co n c e n tra tio n  o f FAD in  the  o r ig in a l  m a te r ia l  was 

determ ined by re fe re n c e  to  the flu o re scen ce  of knovm 

amounts o f  r ib o f la v in  which vmre c a r r ie d  through th e  

e n t i r e  p rocedure .

The f lu o  rime t e r  used  was a L oearte  Model LFM/h 

f i t t e d  m th  a mercury a rc  lamp (The B ooarte Oompapy, 

London, S.W.7)* I t  was f i t t e d  w ith en tran ce  f i l t e r  

Ho*. L F /3 , which is o la te d  th e  mercury a rc  l i n e  a t  436 mji, 

and w ith  e x i t  f i l t e r  Ho* L F/7 , which tra n s m itte d  a t  

and above 510 mix only*
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The flu o reecen ce  o f  the  s o lu tio n s  was raeasMed 

In  o y lln d r lc a l  q u a r ts  cu v e tte s  which contained  a working 

volume of approx im ately  1 .2  ml*
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8F0TI0H . I l l

THF OP DJFTABY . MOLYBBMÜM OH THE M T H lim

OXIDASE AOTIVITX QF CQW*S AMD OF GOAT̂ S MĤ K.

1* In tro d u c tio n

Kiorme1 er & OapaXlari (1958) in v e s t ig a te d  th e  

r e la t io n  "between th e  xanthine oxidase a c t iv i ty  and the 

molybdenium co n ten t o f  cow’s m ilk  and observed

(1) th a t  th e  a c t i v i t y  of xanth ine oxidase in  cow’ s 

m ilk was p ro p o r tio n a l to  th e  molybdemmi co n ten t 

o f the  m ilk ,

(2) th a t  th e  xan th ine  oxidase a c t iv i ty  and molybdenwi 

co n ten t o f  the m ilk  depended on the amount o f 

molybdenum in g e s te d , and

(3) th a t  a d m in is tra tio n  o f a so lu b le  molybdate to  

cows caused an  in c re a se  in  the  amount o f molybdenum

in  the m ilk  b u t d id  no t change th e  xanth ine ox idase

a c t iv i ty  o f  the  m ilk i f  th a t  a c t iv i ty  had been

r e la t iv e ly  h igh  before*

T his work was re p e a te d  under more r ig o ro u s ly  

c o n tro lle d  co n d itio n s  by th e  p re se n t a u th o r , u sing  

b o th  cows and g o a ts , in  an attem pt to  confirm  the 

o b ae rv a tio n s  o f th e se  workers and thereby  to  g a in  an 

in s ig h t  in to  the f a c to r s  c o n tro ll in g  th e  ou tpu t o f  

xan th ine  Oxidase and o f molybdenum in  the  m ilk  o f 

rim iinants.
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S# The e f f e c t  o f f e e d in g . sodi-qm molvbdate on th e  

- " xan th ine  .ox idaae...activ ity  .aM molybdenum oon ten t 

o f 00V/* B a ii ik

(a ) E xpérim ental* S ix  a ta ll-^ fed  Aj^rshira cows^ 

a l l  in  e a r ly  l a c ta t io n ,  were d iv ided  in to  t?/o groups 

{ a  and B) each co n ta in in g  th re e  cows, bo t h a t  the  mean 

m ilk xan th ine  oxidase a c t i v i t y  o f the  m ilk o f group A 

m \B  approxim ately  equal to  th a t  o f  group B (determined 

over a p e r io d  of 2l\- days) * The cows were offered  a 

low#mlybdenum d ie t  c o n s is tin g  o f hay and eoneen tra tes#  

The hay and th e  in g ré d ie n ts  o f  the  ponee n tr a te a  were 

a l l  s e le c te d  fo r  th e i r  low molypdenwrn co n ten t 

(determ ined  by the  method d escribed  in  S ec tio n  I I ,  

p* 5 7 )* The com position o f  the co n c eh tra te s  was 

b ru ise d  o a t s ,  6 p a r t s i  bean m eal, 3 p a r t s ; cooked 

m aiae, 1 part*. fc la .s se s  (5# by weight)-.was- added as 

a b in d e r  to  t h i s  m ix ture which was compressed in to  

p a l l e t s  ( " cubes** ) by a lo c a l  su p p lie r  o f anim al feed in g

Each cow was o ffe re d  8 l b .  o f  hay and 8 lb* o f  

co n c en tra te s  tw ice  daily*  One cow in  Group A  

c o n s is te n t ly  re fu se d  to  e a t  more th an  12 lb* o f  

co n c en tra te s  d a i ly .  O therw ise, w ith  r a re  ex o ep tio n s , 

a l l  the r a t io n  o ffe re d  was consumed by every cow 

throughout th e  experiraen tal p e r io d . The d i e t  eonforaied 

to  accep ted  s ta n d a rd s  fo r  th e  p ro te in  in tak e  o f  l a  e ta  t in g  

cows (Wood & Woodman, 1959).♦ I t  was s u f f i c ie n t  to  

p rov ide f o r  m ilk  y ie ld s  o f  some , 35 4G lb ,  p e r  day
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w hile r e s t r lo t I n g  the .molybdeiinm. in ta lm  to  5 mg* p e r  

cow p e r  day fo r  th e  d u ra tio n  ;of the  experim ent (4# 5 mg* 

fo r  the Group A anim al which, as m entioned above, d id  

n o t e a t  th e  f u l l  amount o f  oonoentra tes)#  This was 

the  low est d a ily  molybdenum in tak e  th a t  could  he 

ach ieved  w ith  the  fe ed in g  s tu f f s  a v a ila b le  lo c a l ly .

On the  10 th  day fo llow ing  the  in tro d u c tio n  o f  

t h i s  b a sa l d i e t ,  the  th re e  cows o f  Group A ware each 

given a d a i ly  dose o f  45 mg# o f m dlyM onm, th u s 

r a is in g  t h e i r  d a i ly  in ta k e  from 5 mg» to  gO mg* 

lo/coY^/day* The dose c o n s is te d  o f 57 ml» o f  a Qm20%

( w / y )  aqueous s o lu tio n  of A nalar sodium m olybdate,

2HgO* I t  was ad m in iste red  by means o f a 

s tan d a rd  c a t t l e  drenching gun a t  about 11 a.m* each 

day* This dosing  was con tinued  fo r  a t o t a l  p e rio d  o f 

10 days, and was than  stopped* S ix  days l a t e r  the  

cows o f Group B were each g iven  a d a ily  dose o f  95 mg* 

o f molybdenum, thus r a is in g  t h e i r  d a ily  molybdenum 

in ta k e  from 5 mg» to  100 mg* M o /co d ay *  T his dosing  

was con tinued  fo r  a t o t a l  p e r io d  of 10 days, and was 

than  stopped* The cows were kep t on the  b a sa l d i e t  

f o r  a f u r th e r  7 days and the  experim ent was th en  ended*

The d u ra tio n  o f the experim enta l p e r io d , from 

the  time th a t  th e  cows were f i r s t  o ffe re d  the b asa l 

d i e t ,  was 45 days* Combined 24**hour m ilk  sam ples 

were taken  every  second day from each cow throughout 

t h i s  period* A 24*hour m ilk  sample was made by  combining 

the  m ilk  from an a f te rn o o n  M ik in g  (k ep t a t  5® o v ern ig h t) 

w ith  th e  fo llow ing  morning’ s m ilk , the  com bination
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;boing ïtaâé' in  proportion ,to the ro a p e c tiv e  yia.3,ds.*,

The d a ily  m ilk y i  elms from each eow on the  day o f  , 

dmpX'ing were recorded^, T he  x an th ine  oxidaeO' 

a c t i v i t i e s  o f th e  24 hr# m ilk  a amples were determ ined 

im m ediately by the  manometrlc method • d esc rib ed  in  

S ec tio n  I I ,  p* *■ The m ilks were t r e a te d  to  

re le a s e  bound xan th ine  ox idase a c t i v i t y  by warming 

them to  57*̂  and shak ing  them fo r  1 -  i |:  hr* (se a  

S ec tio n  11$ p* ^ 7 ) .  F or th e  f i r s t  7 days n f  th é  

experim en ta l p e r io d , the  xanthine oxidase a c t i v i t i e s  

o f  the  m ilks vmre determ ined u s in g  0 ,5  ml# o f  m i ik 'in  

à r e a c t io n  volume o f 5»4 M# F o r th e  rem ainder o f the  

experim en ta l p e r io d , a i l  th e  a c t i v i t i e s  were determ ined 

u s in g  Om 2 3  :nl, o r  0# 20 M# of m ilk  ih  a r e a c t io n  

volume o f 5*4- ml. Throughout the- experim ental period., 

th e  a c t!  v i t  le e  of a l l  th e  m ilk  sample s were determ ined 

a t  the sarae d i lu t io n  on any one day*

The molybdenum e o n te n ts  of. th e  m ilks were 

deterM ned  by th e  method d esc rib ed  in  S ec tio n  I I ,  

p# 57 * The f a t  co n ten ts  of th e  m ilks were determ ined 

by Mr# H> P roudfoo t o f  t h i s  I n s t i t u t e  u s in g  th e  Gefber . 

method. The molybdenuai co n ten t o f the b a sa l d i e t  was 

follow ed throughout the experim en ta l p e r io d  by tak in g  

d a ily  samples of the  hay and concen tra tes#  0noe a 

week th ese  were -combined in to  -singie samples of hay and. 

o f co n c en tra tee  and the molybdenum end m o istu re  co n ten ts  

o f  these- sam ples were determ ined# The analyses, showed 

th a t  the  molybdenum con ten t o f the b a sa l d i e t  d id  no t 

vary  a p p rec iab ly  throughout th e  e^çperimental period*
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( t )  Resul t s » , The re s u l ts  aue shovro. i n  P igs, 12 and 

13# I t  i s  c le a r  from Fig# ; 12 th a t the adm in istra tion  

of sodium mo-lyhdato. to e ith e r group of cows was 

followed by an nmnedlate r is e  in  the mean con cen tra tion  ' 

of molybdenum, in  the milk of the dosed animals*. I t  

i s .apparent a lso  th a t, by comparison with the con tro l 

group, l i t t l e  or no change occurred in  the mean xanthine 

oxidase a c t iv i ty  of the milk o f the,dosed group on e ith e r  

occasion. F ig . 13 . shows th a t no marked chang:es occurred 

e ith e r  in  the va3.ues fo r the mean f a t  per cent ages of the 

milk or in  the mean milk .yields of e ith e r  group during 

the dosing periods. . . .  -

I t  was obseryed th a t the ra tio s  of xanthine 
oxidase . a c t iv ity  to ,,molybdenum content of the milk 
samples taken before  molybdenum dosing began, tended 

towards a common constant value, in  confirm ation of the 

observation of Klermeipr & O apellari (1938). The 
experimental re s u lts  from these milk samples are given 

in  Table 3* The re s u lts  of l a te r  investiga tions of the 

fa c to rs  a ffe c tin g  the constancy of the ra tio  of a c t iv ity  

to molybdenum content are described in  Section I I ,  pp. 27- 32.

The apparent r i s e  in  the mean xanthine oxidase - 

a c t iv i t ie s  o f  the milks of both groups a f te r  day 7 

(see Fig# 12) T/as probably due to increasing  the d ilu tio n  

a t  which the xanthine oxidase a c t iv i t ie s  were determined 

a f te r  th a t day (see Section I I I , , p .  72 fo r  d e ta i ls ) .

The e ffe c t of th is  increase in  d ilu tio n  on the value of 

the activity/molybdenum ra tio  . i s ■shown in  Table 7 \
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(see  also. S e c tio n  11^ p , 3 7  y*

During and a f t e r  th e  molybdenum dosing p e rio d s  

aio s ig n s  In d ic a tiv e  o f  excessiv e  molybdenum in ta k e  were observed 

(ünderwood.^ 1962)*

( e) D iscussion . The f in d in g  th a t  the  a d m in is tra tio n  

o f  a so lu b le  molybdàtè to  cows i s  follow ed by a ra p id  

in c re a se  in  th e  concen tra tion ; o f molybdenum in  t h e i r  

ml lid  i s  in  agreem ent w ith  th e  f in d in g s  o f K ierm eier &

O a p e lla r i  (1956) and o f A rch ibald  (1931)* However^

K ierm aiar & O apellari® s c la im , th a t  the  xan th ine  oxidase 

A c tiv ity  of the  m ilk  o f cows fed  on a low-molybdenuia 

d i e t  could  be in c re a se d  by fe ed in g  a d ie t  high in  

molybdenum, has no t been confirmed during  the  p re se n t 

work# The reason  fo r  th i s  d iscrepancy  m£iy l i e  in  the 

f a c t  th a t  the  d es ig n  o f  the  expex^iments o f  Kiermeiex».^

Ga p e l ia r 1 (1938) d i f f e re d  from the d esig n  of th e  

experim ent in  th e  p re se n t woilc, in  th a t  K ierm eier &

O a p e lla ri used no c o n tro l an im als . In  one o f t h e i r  

experim ents, a g3?oup o f cows was fed  fo r  3 days on hay 

which con tained  0#l6  p . p.m. o f  molybdenum. D uring 

th i s  p e rio d  th e  mean xanthine oxidase a c t iv i ty  o f  th e  

m ilk o f t h i s  group f e l l  from 10*5 u n i t s / 2 ml. m ilk  to  

8*5 u n i t s /2  ml* milk* P er the nex t 10 clays, th e  cows

v^ere fed  unsjpecified  araounts o f hay which con ta ined
' \

Q.i}.2 p.p.m* o f molybdenum. Slaoh cbv? a ls o  x^eceived a 

d a i ly  supplement of 1 .3  kg. o f a 1 :1  m ixture o f  soyabean 

meal and a m ilk p ro d u c tio n  r a t io n  (*’M iIch v ieh fu tte r  I I I ^ ') .

The molybdenum co n ten t o f th i s  supplement was 5*34 p .p .m .
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During t i l l s  p e r io d , the  mean Diilk xan th ine oxidase 

a c t iv i ty  of the  group ro se  to  a le v e l  o f  about 14  u n i t s /

2 ml. milk*''

: I t  i s  p o s s ib le  th a t  th e  v a r ia t io n  in  molybdenum

in tak e  of th e  cows was re sp o n sib le  fo r  the observed 

v a r ia t io n  in  th e  mean m ilk  xan th ine  oxidase a c t i v i t y  

of the  group, b u t ,  s in ce  the  g ro ss  com position o f  the  

low-Hîolybdenum and hlgh-molybdanum d ie ts  d i f f e r e d  so 

m arkedly, i t  i s  actually l ik e ly  th a t  v a r ia t io n  o f some 

o th e r  c o n s ti tu e n t  o f  these  d ie t s  was re sp o n sib le  fo r  the 

observed v a r ia t io n  in  the a c tiv i ty *  In  p a r t i c u l a r ,  

th e  hlgh-molybdenum d i e t  must have contained 

co nsiderab ly  more p ro te in ,  due to  the in c lu s io n  o f 

soyabean irieal. I t  has been shorn  th a t  th e  x an th in e  

oxidase a c t i v i t y  o f r a t  l i v e r  i s  markedly dependent 

b o th  on the  amount and on the  g^uality o f the  p ro te in  

o f  the d i e t  (L itw ack , W illiam s, P e ige lson  & IGlvehjem, 

1950; Litwack e t  a l ,  1952, 1953). T h ere fo re , 

v a r ia t io n  o f  d ie ta ry  p ro te in  in tak e  cannot be excluded 

as a p o s s ib le  cause o f the  observed v a r ia t io n  o f  m ilk 

xan th ine  oxidase a c t iv i ty  in  the experim ents o f K ierm eier 

& Ga p e l ia r 1 (1958)*

I n  an o th er experim ent K ierm eier & O a p e lla r i 

( 1956) ob tained  oillks from two herds o f cows g rac in g  

in  s e p a ra te  l o c a l i t i e s .  Each herd was o f a d i f f e r e n t  

b reed , and was g raz in g  on f i e ld s  o f d i f f e r e n t  s o i l  type 

p roducing  d i f f e r e n t  types o f p a s tu re  Y&ich were found 

to  d .if fe r  w idely in  molybdenum c o n te n t. K ierm eier & 

O a p e lla r i  observed th a t  the  mean xanth ine oxidase
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a c t iv i t y  o f th e  m ilk  o f  the herd g raz in g  on th e  

low^molybdenum p a s tu re  was co n sid e rab ly  l e s s  th an  

the mean a c t i v i t y  o f the  m ilk, o f th e  herd g raz in g  on 

the high-molybdenum p a s tu re . They claim ed th a t  t h i s  

d if fe re n c e  in  m ilk xan th ine oxidase a c t iv i ty  was due 

to  the d iffe ren ce , in  molybdenum co n ten t of the  p a s tu re s ,  

b u t i t  i s  c le a r  th a t  any one o f  the  d if fe re n c e s  

between the two groups l i s t e d  above, i . e .  b reed  o f  cov/, 

s o i l  ty p e , and type o f p a s tu re , could have been 

re sp o n s ib le  f o r  t h i s  d if fe re n c e  in  m ilk  a c t i v i t y .

In  a th i r d  experim ent K ierm eier & O a p e lla r i  

( 1938) fed  two cows on a d i e t  o f hay and ro o ts  .which 

provided a molybdentm in ta k e  o f  about 2*6 mg. o f 

molybdenum p e r cow ,per day, and observed th a t  w ith in  

3 days, marked f a l l s  Occurred in  the X anthine oxidase 

a c t i v i t i e s  o f th e  m ilks o f bo th  th e se  cows. They 

claim ed th a t  th i s  r e s u l t  was in d ic a tiv e  o f exh au stio n  

o f  th e  molybdenum r e s e r v e s ‘of the cows* By c o n tra s t  

w ith  t h i s  r e s u l t ,  in  th e  p re se n t work,/ the cows o f 

Group B (S e c tio n  XXI, p . 70) rece ived  5 mg. o f 

molybdenum p e r  cow p e r  day f o r  23 days b e fo re  be ing  

dosed w ith  a d d it io n a l  molybdenum. I t  i s  seen from 

Fig* 12 th a t  th e  mean xan th ine oxidase a c t i v i t y  o f  the 

m ilk o f  t h i s  group f lu c tu a te d  somewhat, b u t showed no 

s u s ta in e d .change over th a t  p e r io d . This may in d ic a te  

th a t  the  c r i t i c a l  le v e l  of d a i ly  in ta k e  o f molybdenum 

fo r  maximum a c t iv i ty  l i e s  somewhere botv/een 3 mg. and 

2 .6  mg. o f molybdenum p e r cow p e r day.
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( à y ., D ie t o f  ©xperiraantaX cows ©quant- to- th e  

,molybd03aura*^d.osin.g exporlm ent* A fter the molybdemm*-- 

dosing ' experim ent ; ju s t  d e sc r ib e d , th e  experim ental, cows 

were m ain tained  oa a o W lfie d  form o f , the  Iow**molybdçïiiiÉ 

d ie t  used in  t h a t  experiment* . The m o d ifica tio n  

c o n s is te d .o f  re p la c in g  h a l f  o f the co n c en trâ te s  in  

the r a t io n  by .an equivalent w eight o f a C om ierclal brand 

o f co n c en tra te s  f o r  railk. p roduction ,, i*e* D airy

Huts^%. ManufACtiu?éd by E* 811coek,& Sons D td*, L iverpool#

The m ilk y ie ld s  o f the i oowa were considerably Improved 

by t h i s  m od ifica tion*  The molybdenum co n ten t o f th e  

m odified d ie t  was about h a l f  as h igh  aga in  as  th a t  o f  

the. unm odified d i e t , so th a t  th e  cows* in ta k e  of 

molyl3denum was a b o u t.6. mg* Mo/eow/day*. Most of the 

sfeunples o f cow^s m ilk used fo r  f u r th e r  in v e s tIg a tio p s  

were taken  from cows .maintained on th is  m odified  d ie t#

The magnitudes o f th e  xanthine oxidase a c t i v i t y /  

molybdenum r a t i o s  o f such sam ples were, s im ila r  to  those 

recorded  in  Tables § and 6#

3* The e f f e c t  o f  fe ed in g  sodium molvbdate on th e

xan th ine  ox idase a c t iv i  tv  and molybdenum co n ten t ‘ 

of. ^Qat*'S. m ilk  .

(a )  E xperim ental# S ix  B r i t i s h  Saanen g o a ts , a l l  

n ea r the end o f l a c t a t io n ,  were a r b i t r a r i l y  d iv id ed  in to  

two groups of th re e ,  Groups A and B* Bach goat was 

confined  in  a s e p a ra te  pen. and was o ffe red  3 lb# o f  hay 

and lb* o f  co n c en tra te s  t%vioe daily# The com position 

o f  the  concen tra  te e  was b ru ise d , o a te , 6 p a r ts ; . bean 

m eal, 4 p a r t s ;  d e e p r tic a te d  groundnut m eal, 1 p a r t ;



76
f la k e d  m aize, 1 .part# . This i'nx;xture. was made up by a 

..local su p p lie r  o f animal fe ed in g  s tu ffs*  The d a i ly  

molybdenum In ta k e  provided by the- complete d i e t  was :

1*1 mg* of molybdenum p e r goat p a r  dpy* ':,

The goats-v.were'fed on. th is  b a sa l d i e t  fo r  IG 

days* At th i s  p o in t one g o a t- in  "Group B; ceased  to  

l a c t a t e  and i t  w as'.rep laced  by an o th e r. ' .A ll  the 

r e s u l t s  from th e  anim al i n  which la c ta t io n ,  stopped 

.were, d isc a rd e d , so fo r . th e  f i r s t  1Ù plays, o f  the  ;

. , experim en ta l p e r io d , Group B comprls.ed tw o-goats only* 

For the  nex t 7 clays,, the. goats, o f  Group A. were each 

g iven  a d a i ly  dose o f .11'. 9 mg* ■ o f. molybdenum, thus 

r a is in g  t h e i r  d a i ly  in ta k e  from 1*1' mg* to  13*0 mg*

Mo/goat/day* The dose was given as 30 ml* o f  a 

,.0*10^(î/v) agueous s o lu t io n  o f . to a la r  "sodium molyfodate. 

.It...was i^diiiinistered w ith a s tan d ard  sheep drenching  gun 

. a t  about 11 a*m# each day.* ; ^

; A f te r  7 days th e  dosing  o f Group A was stopped , 

and on th e  fo llow ing  day the  g o a ts  of.Group B were 

each .g iven  a s im ila r  d a lly  d o se , which was con tinued  fo r  

.a p erio d  o f 7 days., a n d ,th en  stopped. The g o a ts  were 

kept on th e -b a s a l  d ie t  fo r  a f u r th e r  3 days# The. 

experim ent then  had to  be te rm in a ted ,  ̂s in ce  some o f th e  

goa ts  ware approaching the end of la c ta tio n #

Bach gnat v’Ms Biilkad tw ice d a i ly  during; th e  . 

experim en ta l period* A fternoon ini Ik  y ie ld s  from each 

goat (kep t a t  5^ ov ern ig h t) w ere ' combined w ith  th e  

y ie ld s  ob tained  the  fo llow ing  morning, and th e  .volumes 

o f the  combined y ie ld s  were- recorded# Samples f o r
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a iia ly a ls  were tak en  from th ese  eombiaad y ie ld s  every  . 

Monday,, Wednesday and F riday  morning#, = The laanometrlo 

xan th ine oxidase a c t i v i t i e s 'o f  •. th ese  samples were 

determ ined ^ m e d ia te ly  using  th e  system  1 ml, milk. ■ 

(adpUBted to  pH 8 ,8  a t  20*̂ ') 2 ml*. .0,251*-g lycy lg lyc ine--

sodium phosphate b u f f e r  pH 8 ,8  a t  20° # 10 pmolas xan th ine  

4- 1 mg* c r y s ta l l in e  c a ta la s e  100 pmoles e th a n o l in  

a re a c t io n  volume o f  3*4 ml, a t  37*̂  * . B efore determ in ing  

th e  a c t i v i t i e s 'o f  th e se  m ilk s , they  were shaken fo r  

20 min* in  a 're c ip ro c a tin g  la b o ra to ry  shaker (Wordexi, ' 

1943# see S ec tio n  II-, p , 28 )* The molybdenum co n ten ts  

o f  d u p lic a te  100 ml* samples o f th e  m ilks were determ ined 

by the  method d esc rib ed  in  S ec tio n  I I , '  p , gy  ̂ excep t 

th a t  the  co lour was e x tra c te d  w ith  5#0 ml# o f  îaoa îïy l 

.aceta te*  The e x t in c t io n  o f ' t h i s  e x t r a c t  was determ ined 

a t  660 ## in  a 1 cm* ce ll*  -

Weekly samples of the  hay and meal Were taken  

and th e i r  molybdenum and m oistu re  co n ten ts  ' were 

determined* These an a ly ses  showed th a t  the  molybdenum 

co n ten t of th e  d i e t  d id  n o t  vary ap p rec iab ly  throughout 

the  experim en ta l period ,*  .

(b ) R e s u lts , The r e s u l t s  a re  shown in  F ig s ,  Hi- and 

15, As a lread y  ex p la in ed , fo r  the f i r s t  10 days of the  

experim enta l p e r io d , Group B comprised only  two g o a ts .

A th i r d  goat was then  added to  th i s  group and th e r e a f te r  

the  experim en ta l p o in ts  f o r  b o th  groups in  F ig s ,  14 and 

15 each re p re s e n t the means o f th e  r e s u l t s  f o r  th re e  

goats in  each group.

F ig . Hi. shows th a t ,  as w ith  cows, a d m in is tra tio n
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o f  sodium m olyM ate was follow ed by an iriiraodiate. r i s e  

in  the mean molybdenum con ten t o f the  m ilk , b u t t h a t  

no change occurred, in  the mean xan th ine  oxidase a c t iv i ty .  

F ig . 15 shows th a t  no marked changes occurred  e i th e r  

in  the  mean v a lu es  f o r  the f a t  co n ten t o f the m ilk  o r 

in  th e  mean m ilk y ie ld s  of e i th e r  group during  th e  

dosing  p e r io d s .

The xanth ine oxidase a c t i v i t i e s  of a l l  the  m ilk 

samples ob ta ined  du ring  th i s  experim ent w ith  goats were 

very low (20 *• 3 0  iil* O ^ /h r./m l. ) ,  compared w ith  the 

corresxDending a c t i v i t i e s  o f  cow’ s, m ilk (350 •*> 600 p i .  

O ^ /h r./m l. ) (F ig s . 12 and 14 ). The manometric 

a c t i v i t i e s  o f some samples o f  g o a t’ s m ilk ob ta ined  

d u rin g  the exjperiiaent were so low as to .b e  alm ost 

u n d e te c ta b le . The m ilk  samples which were ob ta ined  

from the goats b e fo re  molybdenum dosing was begun, 

in v a r ia b ly  con ta ined  molybdenum, a lthough  the  average 

molybdenum con ten t o f th ese  m ilks (abou t 0 .1  pM) 

was s l i g h t l y  le s s  th a n  th a t  o f  cow’s m ilk (about 0 ,2 5  pM) 

( compare F ig s . 12 and. 14 ). In  c o n tra s t  to  th e  f in d in g s  

fo r  cow’ s m ilk , no c o r r e la t io n  between xan th ine  oxidase 

a c t i v i t y  and molybdenum con ten t of ndlks from undosed 

goats was observed. The xanthine oxidase a c t i v i t i e s ,  

molybdenum co n ten ts , and activ ity /m olybdenuia r a t io s  of 

the nil Ik s  of a l l  s i x  goats tak en  Immediately b e fo re  

molybdenum dosing  was begun (on Day 11, Fig* 1 4 ), a re  

shown in  Table 14# The r e s u l t s  from su ccessive  samples 

o f m ilk  from a s in g le  goat are  shown in  Table I 5 , These 

r e s u l t s  a re  ty p ic a l  o f those ob tained  from the m ilk s .
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Table 14# JCantMne oziaaee a o t lv lt  l e s . molybdentââ 
conté ïita  ànâ  aetiyity/mQly'bdenistt r a t i o s  

o f  Dll Ik  sam olos ob ta ined  from m dosed  ^oats 

âürlim  the moXybdenoiTir^Qsingc exoeFi  ̂

ment of.SectlO B  Î I I . o* 7 7 #

Goat 
 ̂ no *

X0(maii.) 
fxl» Og/hr^/ml.

, I/to 
# ; XO(maii*)/Ho

1 ■ 19 0 .1 1  ; 170

2 56 0 .14 400

3 : 28 0 .14 200

4 43 0.18 240

5 13 0.07 210

: & ': 26 0 ,25 100



82

Table 15* X anthine pxM aae a c t i y l t l e e .  molybaentim 

eontentB * and aativit]y/moIybdennm ratloB  

of  succesalTa: m ilk  aamnlee fnom a sinmLe 

ftoat (Ho> 1*- toonp B) taken  b e fo re  molylp» 

g^iam- ûo8a.iM :..wag „ bem n. aaglas;. 

exosyîmen.t clesBrl'befl l a  

SeetioK  I I I ,  t). 77 »

Day XO(iiian« )
[ il . O ^ h r./n jl.

■ Mo 
{JÎI %0( man. )/Mo

 ̂ 1 42 : 0 .1 4 300 .

h 25 O .ll : 230

6 25 0.11 230

8 ' , 41 0 .1 6 260

: 11 19 0 ,11 170

: 13 , 19 0 .0 7 270

; 15 ,  ̂ 34' ■ ; ■ 0*15 230

: 18 : 40 , ; 0.19 210
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o f  mid ose d goats* The activity/raolybdenuiu r a t io  was 

ciuite v a r ia b le  from m lic to  m ilk , and a ls o ,  by 

comparison w ith  Table 5 , i t  is  c le a r  th a t  the  magnitude 

o f  the  r a t i o  fo r  g o a t’ s m ilk  was much le s s  th an  th a t  

o f the  co rresponding  r a t io  found in  cow’ s m ilk .

During and a f t e r  the molybdenum dosing p e r io d s  

no s ig n s in d ic a t iv e  o f  excessive  molybdenum In tak e  

v/ere observed (Underwood, I 962 )*

( o) D iscu ss io n , The f in d in g  th a t  the  a d m in is tra tio n  

of supplem entary molybdenum to  la o ta t in g  goats was 

follow ed Immediately by a r i s e  in  the  co n c e n tra tio n  

o f  molybdenum in  t h e i r  m ilk , b u t th a t  th e  xan th ine  

oxidase a c t i v i t y  of th e  m ilk was u n a ffec ted , p a r a l le l l e d  

the r e s u l t s  ob tained  from the  molybdenum dosing 

experim ent vi/ith cows d esc rib ed  in  S ec tio n  I I I ,  p . 70 *

The f in d in g  in  th e  p re se n t work th a t  the  xan th ine  

oxidase a c t i v i t y  of g o a t’ s m ilk  was much le s s  th an  th a t 

o f  cow’s m ilk (F ig s , 12 and 14) i s  in  agreement w ith  

the  f in d in g s  of Morgan e t  a l .  (1922) ; lik ev /ise , the 

f in d in g  th a t  th e  molybdenum con ten t of g o a t’ s m ilk 

was le s s  th an  th a t  o f  cow’ s m ilk (F ig s . 12 emd 14) i s  

in  agreement w ith  the f in d in g s  o ifT o re s i, Elvehjem  &

H art ( 1942) .

The low and v a r ia b le  r a t io s  o f a c t i v i t y  to  

molybdenum co n ten t of g o a t’ s m ilk were in  marked c o n tra s t  

to  the much h igher and co n stan t value o f the. r a t i o  

found in  cow’ s m ilk . I t  was thought th a t  th i s  f in d in g  

m ight be due to  th e  p resence in  goat* s m ilk of very  

firm ly  bound xan th ine  oxidase which was not. re le a s e d
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by the simple shaking  trea tm en t of Worden (1943)»

A lso, the manomatric method fo r  the d e te rm in a tio n  o f

xanthine oxidase a c t iv i ty  used in  th is  experim ent

employed a h ig h er c o n c en tra tio n  of xanth ine (10 pm oles/

3*4 ml*) th an  -that used in  the corresponding

experim ent w ith  cows ( 4pmoles/3»4 ml*)» I t  was

p o s s ib le , th e re fo re ,  th a t  th e  observed a c t i v i t i e s

o f  the g o a t’ s m ilks could have been lev/ because o f  an

in c reased  degree o f  s u b s tra te  in h ib i t io n  r e l a t i v e  to

the a c t i v i t i e s  found fo r  the  m ilks from the molybdenum-

dosing experim ent w ith  cows ( c f .  S ec tion  I I ,  p . 20 and
th a t

F ig . 4)# An a l te r n a t iv e  p o s s ib i l i ty  w as/the g o a t’ s 

m ilk con ta ined  a g re a te r  amount o f the  in h ib i to r  

d iscussed  in  S ec tio n  I I ,  p* 37 compared w ith  cow’s milk* 

These p o s s i b i l i t i e s  were now In v e s tig a te d .

4» .F u r th e r  in v e s t ig a tio n s  of the re la t io n s h ip  between

the  xan th in e  .. oxidase a c t iv i ty  and the  molybdenum 

co n ten t o f c o a t’ s m ilk

To t e s t  fo r  th e  .presence of bound xan th ine  ox idase  

in  g o a t’ s nil Ik , samples of m ilk from s ix  go a ts  fed  on the 

d ie t  d esc rib ed  in  S e c tio n  I I I ,  p . 77 » were t r e a te d  to  

r e le a s e  bound xan th ine  oxidase by the trea tm en t d esc rib ed  

in  S ec tio n  I I ,  p.. 36* The xan th ine  oxidase a c t i v i t i e s  

o f the  t r e a te d  m ilks ?/ere determ ined by the  improved 

manometrie method o f S ec tio n  Ï I ,  p . 26 , and the 

molybdenum co n ten ts  by the method of S ec tio n  II#  p»37 •

The r e s u l t s  are/show n in  Table 16. Comparison o f th is  

ta b le  w ith  Tables 14 and 13 shows th a t  the  use o f



T able  16 . X anthine ox ldaae a c t lv i t i a e *  molybclemm 

conten:^B. and aotiyity/mdlybdenuai 

' o f  .gQ at’b; .m ilk s#
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ëoat
no.

X0(man») 
fAl,. @ yhr» /# ...

Mo
. # . XO'(mn.)/Mo

1 Ô6 0.130 510

3 I . 38 0.090 420

4 69 0.142 490 :

: 5 : 45 0.117 380

7 23 ■ 0.096 240

8 55' : 0.125 iAo

For d e ta i l a  o f  th e se  m ilk s , se e  S ec tio n  I I I ,  p .  84

The îiîilke vfefe t r e a te d  by th e  method d esc rib ed  in  S ec tio n  I I ,  

p . 38 to  r e le a s e  any bound xan th ine ox idase  a c t i v i t y  t h a t  

ijdght have been p resen t*  The xan th ine  ox idase  a c t i v i t i e s  

were determ ined by th e  manome t r i e  method d esc rib ed  i n  

S ec tion  I I ,  p# #
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improvod methods f o r  the  re le a se  and de te  rmiim 11 on o f 

xanthine oxidase a c t i v i t y  made no d ifferen ce to the 

magnitudes of the r a t i o s  of a c t i v i t y  to  molybdenum 

content. From t h i s ,  i t  seems u n lik e ly  th a t  the 

g o a t’ s m ilk  con ta in ed  boimd xanthine oxidase o f  the  

type found in  cow’ s m ilk.

. The p resence in  g o a t’s m ilk o f  an in h ib i to r  o f 

xan th ine oxidase s im ila r  to  th a t  o f S ec tio n  I I ,  p , 37 

was te s te d  f o r  by determ in ing  the  xanth ine oxidase 

a c t i v i t i e s  of samples of cow’ s milk and g o a t’ s iid lk , 

and o f a m ixture o f th e  two* The molybdenum con ten ts  

o f  th e  m ilks were a lso  determined^ The r e s u l t s  

recorded in  Table 17 show th a t ,  w ith in  the  l im i ts  of 

experim ental error*, the a c t i v i t y  of a m ixture o f  equal 

volumes o f the  two «lilks was equal to the  sum o f th e  

se p a ra te  a c t i v i t i e s .  T h is suggests e i t h e r  th a t  th e re  

was no in h ib i to r  p re se n t in  the  g o a t’ s m ilk or th a t  

i f  an in h ib i to r  o f  xan th ine oxidase was. p re s e n t  in  the 

g o a t’ s m ilk , th e re  was in s u f f i c ie n t  o f  i t  to  a f f e c t  

the  a c t i v i t y  o f  th e .x a n th in e  oxidase added w ith  th e  

cow’ s ’ m ilk ,

§. 0 one lu s  ions

The r e s u l t s  ob tained  from th ese  In v e s tig a tio n s  

o f th e  r e la t io n s h ip  between the  xanth ine oxidase a c t iv i ty  

and molybdenum co n ten t of g o a t’ s .milk a re  c o n s is te n t  w ith 

the  hypothesis th a t  the  average xanthine oxidase con ten t 

o f g o a t’ s m ilk i s  much low er th en  th a t  o f cow’ s milk* 

and th a t  most of the  molybdenum found in  g o a t’ s m ilk  i s
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n o t a s so c ia te d  w ith  xan th ine  oxidase a c t i v i t y .

However, t h i s  h y p o th esis  is . in  no  sense proved* and 

i t  i s  c le a r  th a t  fu r th e r  work i s  re q u ire d  to  e s ta b l is h  

i t  w ith  c e r ta in ty .
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SEGTIQB XV

THE p m s a O E  OF EHEYMIQAIiLY .IHAGTIYE W l a A W m O T E i m  IB 

COW’ S MILK" AHB IN. XAHTHIEE OXIDASE ISOLATED FROM

OQW’ S MILK

1# In tro d u c tio n

Avis* B ergel & Bray (1956) and B orgel & Bray (1958) 

s tu d ied  the  p ro p e r t ie s  and com position of many h igh ly  

p u r i f ie d  p re p a ra tio n s  o f xan th in e  oxidase i s o la te d  from 

cow’ s m ilk . T heir p u re s t  p re p a ra tio n s  co n ta in ed  8 atoms 

o f iro n , 2 m olecules of FAD, and 1 .3  * 1»5 atoms o f 

molybdenum* p e r  molecule of p ro te in .  The s p e c i f ic  

a c t i v i t i e s  o f th e se  p re p a ra tio n s  (d e fin ed  as xan th ine 

oxidase a c t i v i t y  per pniole o f  FAD) v a rie d  from 3»7 to 

1*6, and th e re  was no c o r r e la t io n  between th e  s p e c if ic  

a c t iv i ty  o f  a g iven p re p a ra tio n  and i t s  molybdenum 

co n ten t. To account f o r  th ese  o b se rv a tio n s , and o th e rs , 

Bray* B e tte r s  son & Ehrenberg ( I 96I )  p o s tu la te d  th a t  th ese  

h igh ly  p u r i f ie d  p re p a ra tio n s  c o n s is te d  of m ix tures of 

the a c tiv e  enayme w ith two o th e r c lo se ly  r e la te d  bu t 

enaym ically  in a c t iv e  flav o p ro te in s ,  designated  xan th in e  

ox iclase-i^” and "xan th ine oxidase-ig**, w ith  thé 

com positions shown in  Table 18. Bray e t  a l .  (1961) 

could not se p a ra te  these  in a c tiv e  forms from the a c tiv e  

ensyme o r from one an o th e r , and could n o t d is t in g u is h  

them B pectropho tom etrioally  from one an o th e r . Ho 

in v e s t ig a t io n  of the  orig in s of th e se  in a c tiv e  form s 

appears to  have been madeè The f a i lu r e  o f a l l  a ttem p ts



90

Tabla 18* The conm oaltion and a c t iv i ty  o f  th e  oonmohentë 

p o s tu la te d  'fay Bray ,̂3̂ . (19G1) to  occur in  

t h e i r  p u r i f ie d  p re p a ra tio n s  o f  m ilk  xan th ine

oxidase

Gompoûaht ' Fe. : FAD :  Mo* ; X anthine oxidase 
a c t i v i t y

X anthine oxidase 

Xanthine 0x1 dase-d^^

Xanthine- oxidase.-*ig, ■

8 t  2 2 

8 ; 2 Î 2

8 : 2 ; 0

A ctiv e

In a c t iv e

In a c t iv e

^ g* atoms o r  moles /  mol© o f  ensyme,
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to  se p a ra te  them from the ac tiv e , ensyme M s led  to  

doubts th a t  they  e x i s t  (Aekerman & Br111 * 1962)#

However, i f  they do ex ist*  i t  i s  c le a r  th a t  they must 

e i th e r  be p re sen t, in  cow’s .milk to g e th e r  w ith  the 

a c tiv e  eiisyBie and .must  accompany th a t  enzyme throughout 

the p u r i f i c a t io n  procedure, or a l te r n a t iv e ly ,  they  

must a r ise , by d eg rad a tio n  o f  the a c tiv e  enzyme du ring  

the p u r i f ic a t io n  procedure#

The experim ental finding^s p re sen ted  here in  

S e c t io n ,!?  a re  c o n s is te n t  w ith  the fo llow ing  hypotheses-

(1) th a t  the in a c t iv e  forms p o s tu la te d  by Bray e t  al#

(19ô l) do e x i s t ;

(2) th a t  xanth ine b x id a se - i^  i s  absen t from cow’s 

m ilk  and a r i s e s  by in a c t iv a t io n  o f  th e  a c tiv e  

enzyme during  th e  p u r i f ic a t io n  p rocedure;

(3) th a t  xan th ine o x id ase^ i2 i s  p re se n t in  cow’ s m ilk 

and accompanies the a c tiv e  enzyme throughout the 

p u r i f i c a t io n  procedure -employed by B orgel and 

Bray and t h e i r  co llab o ra to rs#

2# The o r ig in  o f xan th ine  oxidase

(a )  The re la  t io n s  bin be twe en xant hine oxi dase a c t i v i  ty  

and molybdenum oon ten t o f cow’ s m l k # The o b se rv a tio n , 

th a t  the  r a t io  of xan th ine oxidase a c t iv i ty  to  molybdenum 

co n ten t of cow’ s m ilk tended towards a co n stan t value 

p rovided th a t  th e  cows Md no t been dosed w ith  a so lu b le  

m olybdate, was f i r s t  made by K lerm eier & O a p e lla r i (1958)* 

This o b se rv a tio n  was confirm ed during  th e  molybdenum- 

dosing experim ent w ith  cows described  in  S ec tio n  I I I ,
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p . 7 0 , u s in g  th e  method of re le a s e  of bound xan th ine  

oxidase a c t i v l t y  described  in  S ec tio n  IX, p# ,29 , and 

tb.a manome t r i e  method (S ec tio n  I I ,  p* 26 ) fo r  the 

d e te rm in a tio n  o f  th a t  a c t i v i t y .  With the a id  of the 

improved method fo r  the re le a s e  o f  bound, x an th in e  

oxidase a c t i v i t y  d esc rib ed  in  S ec tio n  IX , p . 3 6 , 

and the  use o f the sp ec tro p h o to m etric  method o f  S ec tion  

IXs P* 45 to  determ ine th a t  a c t i v i t y ,  i t  has been 

found th a t  the  r a t i o  of the  xan th ine  oxidase a c t i v i t y  

to  molybdenum con ten t o f cow’ s mi.Ik tends very  c lo se ly  

towards a comaon co n stan t v a lu e . P re lim in ary  

d e te rm in a tio n s o f  the  value; of th i s  , r a t io  i n  cov/’ s 

m ilk  made w ith  th ese  improved methods and expressed  as 

( spec tropho tom etrie  a c tiv ity )/M o  (pM), a re  reco rd ed  

in  Table 19 ,  to g e th e r  w ith  the corresponding a c t i v i t i e s  

g iven by the apectropho tom etric  and manome t r i e  methods. 

The most re c e n t d e te rm in a tio n s of th e .v a lu e  o f  th e  r a t io  

o f  a c t iv i ty  to molybdenum co n ten t have a lre ad y  been 

recorded  in  Table 12, p . 31 * I t  w il l  be observed 

th a t  th ese  v a lu es  d ev ia te  very l i t t l e  from the mean value 

o f  3 . 17 ,
The constancy of th i s  r a t io  im p lies  th a t  a l l  

th e  molybdenum p re se n t in  normal cow’ s 'm ilk  must be 

bound to  a c tiv e  xan th ine ox idase. ‘ I t  fo llow s from t h i s  

th a t  th e  mo lybd enuiri- c ont a i  ning but in a c tiv e  xan th ine  

o x id a se - l. o f  Bray e t  a l .  ( I 96I )  (see  Table 16) must be 

absen t from normal cow’ s od lk . This con c lu sio n  i s  

supported by the  f in d in g  (se e  below) th a t  the  r a t i o  of 

xanth ine ox idase a c t iv i ty  to  molybdenum co n ten t of two
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p u r i f ie d  p ré p a ra  tiome o f bovine nil Ik  xan th ine oxidase 

were alm ost id e n t ic a l  w ith  the  mean value of the r a t i o  

fo r  cow’ s m ilk recorded  in  Table 12*

(h) The re la tio n s h ip . te tw een  xan th ine  oxidase a c t i v i t y  

and molybdenum con ten t of o u r if ie d  p ré p a ra t io n s  .of 

bovine m ilk  xan th ine  o x id ase* The a c t i v i t i e s  and 

molybdenum and co n ten ts  of two samples of p u r i f ie d  

bovine m ilk  xan th ine  oxidase are  shown in  Table 20.

Sample mo# X0«*h21 was p rep ared  by Dr# H#G. Bray by the 

method o f G ilb e r t  & B ergel (19^%)#. and was homogeneous 

in  the u l t r a c e n tr i f u g a  (E#0, B ray, p e rso n a l oommunlcation). 

SamplC' no. Iîî0^1 was' p repared  by the p re se n t w r i te r  

by a m adifi c a tio n  o f the method o f G ilb e r t  & B erge l 

( 196k)* This m odified method i s  f u l ly  d e sc rib ed  in

( 0 ) below. The xan th ine oxidase a c t i v i t i e s  o f th è se  

samples were determ ined by the sp ec tro p h o to m etrie  method 

of Avis ^  8^. ( 1955) '  The molybdenum co n ten ts  were 

determ ined by th e  method described  in  S ec tio n  I I ,  p . ,

a f t e r  wet o x id a tio n  o f  the samples w ith  a m ixture o f  

p e rc h lo r ic  and su lp h u ric  a c id s . The FAD co n ten ts  were 

determ ined by the ensyrale method d esc rib ed  in  S ec tio n  I I ,

P* 6.1 ■*
The f in d in g , th a t  th e  activlty/rnolybdenum  r a t io s  

o f  th ese  sam ples were alm ost id e n t ic a l  with the mean 

value of the r a t i o  found f o r  cow’s m ilk , i a  s tro n g  

suppo rting  evidence fo r  th e  co nc lu sion  th a t  x an th in e  

oxidase™!^ i s  ab sen t from normal cow’ s m ilk . The mean 

o f a l l  the v a lu es  fo r  th i s  r a t i o ,  recorded i n  Tables 12 

and 20, i s  b .2 . I t  follows th a t  a sample o f p u r if ie d
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‘bovinb m ilk  xan th ine ox idase w ith an a c t i v i t y /  

molyhdeima r a t i o  o f l e s s  than  th is  yalne w il l  co n ta in  

xan th ine  ox ldase^ i^  which ironld a r is e  hy in a c t iv a t io n  

o f  a c tiv e  xan th ine  ox idase ( th e  xan th ine  ox idaso -a  o f 

Bray ^  a l » I 9 G I).

(c )  P ré p a ra tio n  o f xan th ine oxidase sample no» HXQ-1»

In  th e  method o f  G ilb e r t  & B ergel (196I1) f o r  the  

i s o la t io n  and p u r i f i c a t io n  o f xan th ine  ox idase  from 

cow’s m ilk , th e  removal o f c a se in  i s  accom plished by 

d ig e s tio n  w ith  p a n c re a tin  f o r  3^ h r . a t  a pH o f  7# 5 

and a tem pera tu re  o f  37*̂  * Morton (1953st, b) considered  

th a t  th e  use  o f  p ro te o ly t ic  d ig e s tio n  to  remove c a se in , 

when i s o la t in g  a lk a l in e  phosphatase from cow’ s m ilk , 

was u n d e s ira b le , and in s te a d  p re c ip i ta te d  th e  c a se in  

by a d ju s tin g  the pH to  h .95 w ith  a c e t ic  acid* Carey, 

F rid o v ich  & H andler ( 1 9 6 I )  have ob tained  evidence th a t  

in  the i s o la t io n  of xan th ine oxidase from cow’ s m ilk , 

the  use o f p ro te o ly t ic  d ig e s t io n  to  remove c a se in  was 

re sp o n s ib le  f o r  th e  p ro d u c tio n  o f se v e ra l forms o f 

the ensyme which could be d is tin g u ish e d  chrom atograph- 

i c a l ly .  In  view o f t h i s  f in d in g , i t  was thought 

worthwhile in  th e  p re se n t work to  in v e s t ig a te  th e  

p o s s ib i l i t y  th a t  the  p a n c re a tic  d ig e s tio n  s te p  o f  

G ilb e r t  & B ergel (196 I1 -) m ight be re sp o n s ib le  f o r  th e  

p roduc tion  o f  xan th ine  o x id a se - i^  .and x an th in e  o x id ase -ig  

from xan th ine  o x id ase -a . A  sample o f  p a r t i a l l y  p u r i f ie d  

xanth ine ox idase (no. H )# - l, Table 20) was th e re fo re  

p repared  by the method o f  G ilb e r t  & B ergel ( 1964), 

except th a t  c a s e in  was reaioved by the method o f  Morton
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(1953  b) r e f e r r e d  to  above. The m odified method was 

as fo llo w s. .

One l i t r e  of cream ( f a t  con ten t 59 /) was 

ob tained  by s e p a ra tin g  8 .4  l i t r e s  o f m ilk in  a 

conven tional cream s e p a ra to r , im m ediately a f te r ,  m ilk ing . 

The m ilk was a b u lk  sample o f morning m ilk from th re e  

A yrsh ire  cows which were a l l  n ea r th e  end o f t h e i r  

l a c ta t io n  p e rio d  and which were given the  d ie t  described  

in  S ec tio n  I I I ,  p . 77 .

The cream was d i lu te d  w ith  d i s t i l l e d  w ater to  a 

f a t  co n ten t o f 50/ ,  and was th en  churned by hand in  a 

sm all g la s s  churn f i t t e d  w ith  a wooden p add le . Churning 

was con tinued  u n t i l  the se p a ra tio n  o f b u t t e r  and 

b u tte rm ilk  appeared to  be com plete. The b u tte rm ilk  

(300 m l.) was removed by d é c a n ta tio n . The b u t t e r  was 

v/aahed tw ice w ith  d i s t i l l e d  w ater (300  ml. on each 

o cc as io n ). The volumes o f the v ario u s f r a c t io n s  and 

t h e i r  manometrio xanthine oxidase a c t i v i t i e s  a re  given 

in  Table 21. The marked in c re a se  in  a c t i v i t y  w ith  

d i lu t io n  o f the  cream and cream f r a c t io n s  has a lread y  

been d iscu ssed  in  S ec tio n  I I ,  p . ii.3 •

The b u t t a m l l k  f r a c t io n  was t r e a te d  as  fo llo w s.

( i ) .  To the  b u tte rm ilk  were added, to  g ive th e  

co n c en tra tio n s  shown in  b ra c k e ts ,  20/  (v /v )  sodium 

s a l ic y la te  (1  m l . / I .  ) ,  L -c y s te in e  laydrochloride ( 0*3 

g . / l .  ) and disodium  etiiy lene-d iam ine te t r a ^ a c s ta te  

( Q * i>. g * / i .  ) .

(1 1 ). The b u tte rm ilk  so t r e a te d  was warmed to 32®, 

and n -b u tan o l (hOO m l . / l . , ) ’ was added. The m ix ture  was
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s t i r r e d  v ig o ro u sly  and was heated  to  35^ fo r  about 10 min. 

The c a se in  vms th e n  p r e c ip i ta te d  by a d ju s tin g  th e  pH to  

4#95 (g la s s  e le c tro d e )  w ith  0*25M -acêtlc ac id  (M orton,

1933 b)# The m ix ture was c e n tr ifu g e d , when i t  

se p a ra te d  in to  th re e  la y e r s , an upper b u tan o l l a y e r ,  

a brow nish-green  aqueous la y e r ,  and a la y e r  o f 

p r e c ip i ta te d  case in s

( i l l ) . The upper b u tan o l la y e r  was removed by su c tio n  

and vms discarded* The aqueous la y e r  was a lso  removed 

by su c tio n  and Y/as f i l t e r e d  th rough  a la y e r  of Hyflo 

Super Gel (Johns-M anville  G o., L td .)  supported  on Mo. 1 

Whatman f i l t e r  p ap e r in  a B& hner fu n n e l. The pH of 

the f i l t r a t e  was a^usteci to  7*5 vd th  sodium hydroxide, 

causing  a w hite p r e c ip i t a te  to  appear,, and th e  m ixture 

was alloY/ed to  s tan d  overn igh t a t  5® * On the fo llow ing  

morning, as much as p o ss ib le  o f the su p e rn a ta n t l iq u id  

was decanted# The rem ainder Ŷ as c e n tr ifu g e d  and the  

p r e c ip i ta te  was d isca rd ed .

( i v ) .  The su p e rn a ta n t l iq u id  ?/as cooled to  - 2 ° ,  and 

ammoniim su lp h a te  (190 g . / l . )  \Yas added. The m ix ture 

was allow ed to  s ta n d  a t  3  ̂ f o r  21 h r .

( v)ë The tu rb id  m ixture was ce n tr ifu g e d  a t  1150 x g 

fo r  45 m in ., b u t  i t  remained tu rb id .  I t  vms th en  

f i l t e r e d  through H yflo Super Gel* The f i l t r a t e  Y/as 

s t i l l  tu rb id  b u t began to c le a r  on s tan d in g , so i t  was 

l e f t  o vern igh t a t  5^•

( v i ) .  Aîïimonium su lp h a te  (110 g . / l . )  was added to th e  

co ld  f i l t r a t e  w ith  s t i r r i n g .  The m ixture was allow ed
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to  stand  a t  g® f o r  3 h% when i t  sep a ra ted  in to  a brown 

g e la tin o u s  lay er  f lo a t in g  b n  a layer o f ye llow -g reen  

serum. The : serum was removed as f a r  as p o s s ib le  by 

aiio tion  and was d iscarded* The .brown m a te r ia l  was

c e n tr ifu g e d  to  remove f u r th e r  serum* The brown, 

g e la tin o u s  clumps were removed, suspended in  O.OlM-sodium- 

po tassium  phosphate b u f fe r  (pH 5) co n ta in in g  0 .2  mg. 

sodium s a l i c y la te  p e rp n l* , and d ia ly se d  overn igh t 

a g a in s t  t h i s  suspension  medimn The r e s u l t in g  s o lu t io n

Ŷ as brown and r a th e r  tu rb id*  The tu r b id i ty  was n o t 

removed by c e n tr ifu g in g  f o r  15 üiin* a t  about 1000 x g.

( v l% . The phosphate o o n ce n tra tip n  b f  the s o lu t io n  

was in c reased  from O.Olll to  0 . 3 , '  s t i l l  a t  pH 6*

The so lu tio n  was th an  f i l t e r e d  th rough Hyflo Super Oel 

which removed some, b u t not a l l ,  o f  the suspended 

tu rb id ity *  Ho f u r th e r  p u r i f ic a t io n  was, a ttem pted .

: The r e s u l t in g  pale-bro?m  s o lu t io n , d es ig n a ted  no* HXO-1, 

was s to re d  a t  5® in  a g la s  topper ad Pyrex f la s k  in s id e  

a l i g h t - t i g h t  c o n ta in e r .

The a c t i v i t y  of th i s  p re p a ra tio n  in  r e l a t i o n  

to  i t s  molybdenum content has been d iscu ssed  in  (b ) above. 

The S p é c if ie  a c t i v i t y  o f t h i s  p re p a ra tio n , and of 

various p rep a .ra tio n s o f B ergel & Bray and t h e i r  c o l la ­

b o ra to r s ,  a re  d iscu ssed  in  th e  fo llow ing  s e c tio n .

s p e c i f ic  a c t i v i t y  o f xanthine o x id a s e -a , .

Bray e t  a l ,  (1961) proposed a value fo r  th e  

s p e c if ic  a c t i v i t y  (exp ressed  as the  r a t io  o f  

sp ec tropho tom etrio  xan th ine ox idasé a c t iv i ty  to  e x t in c t io n
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at 450  mji) fo r  pure a c tiv e  bovine m ilk  xan th ine  oxidase 

(x an th in e  oxidaBe-a) o f 117* This value was derived  

from the a n a ly t io a l  d a ta  f o r  a c r y s ta l l in e  sample o f  

xan th ine  oxidase (p rep ared  by the method o f Avis e t  a l ,  

1935)' which had a e p e c if ie  a c t iv i ty  (d e fin ed  as aboY^a) 

of 82 and a molar Mo/FAB r a t io  o f 0,70# corresponding  

to  a molybdenum co n ten t o f 1,4-0 g* atome p er mole o f  

p ro te in .  I t  was assumed th a t  the sample con ta ined  no 

xan th ine  ox idase-i^#  i , e ,  th a t  i t  was a m ix ture of 

xan th ine  ox idase-a  and xan th ine  o x id a se - i^  on ly , The

value fo r  the  s p e c if ic  a c t i v i t y  of pure xan th ine 

o x id ase-a  was then  c a lc u la te d  as 82 x 2 /1 ,40  a 117*

. That th i s  e x tra p o la te d  value  fo r  the s p e c i f i c '

a c t iv i ty  o f x an th in e  ox idase-a  i s  low, i s  e v id e n t 

from the fo llo w in g  co n sid e ra tio n s*  The m olar 

e x tin c tio n  c o e f f ic ie n t  a t  430 ^^430  ̂ o f  xan th ine

oxidase i s  70#000 (Bray e t  .a l * I 96I )  # and a l l  th e  forms 

of xanth ine ox idase l i s t e d  in  Table 16 c o n ta in  2 moles 

o f iAB p e r  mole o f p ro te in *  I t  fo llow s th a t  th e  r a t io  

o f a c t iv i ty  to  molar molybdenum con ten t o f the c r y s ta l l in e  

p re p a ra tio n  o f Bray a t  al* ( I 96I ) ,  from which the 

e x tra p o la te d  s p e c if ic  a c t i v i t y  of 117 was derived , was

A c t iv i ty ,  - A c t iv i t y  FAD
 .....   -  — -----— ^  X  X

3&0 ' ' E, ' Mo '
A c tiv ity  FAD £

Mo

X 1 X 70000
0 ,7 0  2

i t . l  X 10®

-  4 -1 -



B ut th e  va lu e  o f  th i s  r a t i o  found In  the p re se n t work 

I s  5#2 (T ab les 12 and 20# and .p* 50 )* . I t  fo llo w s \ 

. th a t  t h i s  c r y s t a l l in e  p re p a ra t io n  o f  Bray e t  a l *.

(1961) m ust-five eoBtained a  .considerab le amo.unt. o f  

xan th ine e x id a s e - i^ , d e sp ite  th e  assum ption to  

the ooB trary . However#, In  a re c e n t p e rso n a l 

eonmuBlcatlon# Dr* Bray has s ta te d  th a t  I t  I s  p o s s ib le  

th a t  th e  value  fo r  th e  molybdenum co n ten t o f  t h i s  

p re p a ra tio n  may have been as  much as 2 0 / too  h ig h .

I f  so# th e  tru e  ac tiv ity /M o (p i)  r a t io  o f t h i s  

p re p a ra tio n  would have been 4 ,9  in s te a d  o f 4*1# I t  

¥/ould than  fo llo w  th a t  i t  con ta ined  only a r e la t i v e ly  

sm all p ro p o r tio n  o f xan th ine  ozidase-^i^*

The v a lu e  fo r  th e  ac tiv ity /M o  (uM) r a t i o  o f  

.xanthine oxidase o f 5,2# found in  th e  p re se n t  work*:, 

le a d s  to  a minimum value  fo r  the  s p e c if ic  a c t iv i ty  

o f pu re  xan th in e  o x ldaso -a  o f IgO# ob ta ined  as fo llow s

A c tiv i ty  . A c t iv i ty  Mo 
/. —— »■ ,x

•ïi mo E

A c tiv i ty

Ho

A c tiv ity
X

Mo ,

=  5 . 2  X  1 0 ^  X  2

70000

The assum ptions made in  d e r iv in g  th i s  va lue  a re  

th a t  th e  com position o f  xan th ine  ox ldase-a  i s  a s  p o s tu la te d  

by Bray e p  a i ,  ( I 96I )  (se e  Table 18)# and th a t  th e  m olar



103 K
ax tiB G tioa  c o e f f ic ie n t  f o r  xan th ine  oxidase-^a :l:

i s  TO* 0 0 0  (Bray e t  1961). î '

At th e  p re se n t  time the h ig h e s t s p e c if ic  . ÿ?;;

a c t iv i ty  ; th a t  has ’been observed in  a p re p a ra tio n  o f  ,

p u r i f ie d  bovine mille xan th ine oxidase^ i s  120 (G i lb e r t
#

NA.'
tI

à B srgel, 1 9 # )

:Si

h* ' In v ae tig H tio n s  in to  the  o r ig in  o f  xan th ine  o x id a s e - l^
, ' ■ ■ '  ̂ "  . #

(a )  i?h6 ocqw rence o f  xan th ine  ,oxidasa*>io i n  p u r i f i e d

p re p a ra tio n s , o f  bovin© m ilk  xan th in e  ox id ase» S ince

. th e  m olar r a t io s  o f FAB to  molybdenum in  the p u r ified

preparations of, xan th ine  oxidase recorded in  Table 2Q

a re  considerably g re a te r  than  u n ity*  i t  fo llow s th a t

b o th  o f these  p re p a ra tio n s  must have contained

considerable amounts o f xan th ine oxidase^,,)* The mostA.
h ig h ly  p u r i f ie d  p re p a ra tio n s  o f B erge l and Bray and 

t h e i r  c o lla b o ra to rs  had FAD/Mo r a t i o s  o f 1 .3  -  1.5^ 

in d ic a t in g  that x an th in e  o x i d a s e p re se n t in  a l l  

o f th e se  preparations (Avis* B ergel & Bray* 19303 B ergel 

& Bray* 1958) • T h is r a is e s  th e  q u es tio n  o f th e  o r ig in  

o f  xan th ine  oxldase-^ig.

I t  i s  p o s s ib le  th a t  xan th ine ox idase^ ig  a r i s e s  

by degradation o f xan th ine  oxidase^a* w ith cone ami ta n t  

lo s s  o f  molybdenum* du rin g  the i s o la t io n  p rocedure  o f 

G ilb e r t  & B ergel (1964)$ o r during th e  m odified  v e rs io n  

o f t h i s  procedure used to  p re p a re  sample no, EXB- l̂ 

(S e c tio n  IV* p . 96  ) ,  However* the molybdenum o f  xan th ine  

oxidase*a appears to  be very  firm ly  bound* s in c e  b o th  

th e  a c t iv i ty  and molybdenum co n ten t o f a p re p a ra t io n  o f 

p u r i f ie d  bovine milk x an th ine  = oxidase were u n a ffe c te d  by



d ia ly s i s  o f  the  p re p a ra t io n  a g a in s t  0 .OlM^aimonia f o r  

a p e r io d  o f 10 days (Avis* B ergel & Bray* 1956), In  

view o f th is  find ing*  i t  does n o t seem, p robab le  th a t  ,, 

th e  m ild  co n d itio n s  o f  th e  i s o la t io n  procedure o f 

G ilb e r t  & B ergel (igdh)*  o r  of th e  author* s m od ification  

o f t h i s  procedure (S e c tio n  IT* p* 96 ) cou ld  be 

re sp o n s ib le  for  degrad ing  xan th ine  o x id ase-a  to  xan th ine  

oxidase^ig* -

A more l ik e ly  e x p lan a tio n  o f th e  occurrence o f  

xanthine ox idase« ig  in  p u r i f ie d  preparations o f  bovine 

m ilk xan th ine  oxidase i s  th a t  i t  i s  p re se n t  in  th e  %dlk* 

and accompanies xan th ine  oxidase-*a throughout the  

p u r i f i c a t io n  p rocedu re . I f  so* then th e  r a t i o s  o f 

a c t iv i ty  î Mo t  FAD in  a p re p a ra tio n  o f  p u r i f i e d  xan th ine  

oxidaee should  be id e n t ic a l  w ith  those o f th e  m ilk  from 

which i t  i s  prepared* and w ith  those o f  a l l  the  

in te rm ed ia te  ini Ik  f r a c t io n s .  The r e s u l t s  o f  some 

p re lim in a ry  a ttem p ts  to  v e r i f y  th i s  h ypo thesis  a re  given 

in  the  fo llo w in g  s e c tio n s ,

(b). In v e s t i l la tio n s  in to  the  ocqurrence o f  xan th ine  

QXldase^io in  cow^s m ilk . As a p re lim in ary  to  th e  

com parison o f  th e  a c t i v i t y  t I 0 : FAD r a t i o s  o f  

p u r if ie d  bovine m ilk  xan th ine  oxidase w ith th o se  o f  th e  

m ilk  from which th e  engyme was prepared* the  v a lu es  

o f th e se  r a t i o s  were determ ined in  c.ow*s m ilk . I t  was 

expected th a t  th e  value o f  the  I’AD/Mo r a t i o  would g ive 

an in d ic a t io n  o f  th e 'p re se n c e  (faD/Mo>1) o r absence 

(FAD/Mo=:l) o f xan th ine  o x id a se - i^  in  cow* e m ilk .



'Milles were ob tained  from A yrshire  cows which ware 

re c e iv in g  th e  d i e t  o f  S ec tio n  I I I*  p* 77 , and from 

■Ayrshire coWs o f  th e  I n s t i t u t e  herd  which were b e in g

g iven  a norm al m ilk , p roduc t ion  r a t io n .  A fte r  trea tm en t 

o f th e  m ilks to  re le a s e  bound PAD ( see  below) * the  FAD 

contents were determ ined by the ensymio method o f  

S ection  XI* p ,  61 * The FAD contents were compared 

w ith  the molybdenum co n ten ts  o f  th e  m ilks determ ined 

by the method o f  S ec tio n  II* p , 57 •

In  conf im a t io n  o f  th e  o b se rv a tio n s  o f  Mans on &

Modi ( 1937 )» cowVs m ilk  was found n o t to  c o n ta in  f re e  

FAD# However * on h e a tin g  th e  m ilks fo r  5 m in, a t

95 * 100^ * which i s  a trea tm en t, oomionly used  to  : 

r e le a s e  bound PAD I n  b io lo g ic a l  m a te r ia l (DeLuca e t  al» 

1956) # f r e e  PAD appeared* The apparen t PAD co n ten t o f 

cow’ a m ilk  remained u n a lte re d  on h ea tin g  th e  m ilk  f o r  

p e rio d s  o f up to  30 mln#, and on h ea tin g  i t  when d i lu te d  

3^ fo ld  w ith  d i s t i l l e d  w a te r. Besides r e le a s in g  bound 

PAD* th e  h e a t tre a tm e n t se rv es  a lso  to  in a c t iv a te  th e  

n u c leo tid e  pyrophosphatase a c t i v i t y  o f cow 's m ilk  (G orran 

& Green*. 1938 b ; Maneon & Modi* 1957) A ie h  would 

o therw ise  s p l i t  th e  PAD as i t  was re le a se d  (Manson &

Modi* 1957)#
The PAD c o n te n ts  o f  cow 's m ilk s , t r e a te d  to  re le a s e  

bound PAD by h e a tin g  a t  95 IGO® fo r  5 15 min** a re

shown in  Table 22, to g e th e r  w ith  manometric xan th in#  

oxidase a c t i v i t i e s ,  molybdenum c o n te n ts , r a t i o s  o f xan th ine 

oxidase a c t iv i ty  to  molybdenum c o n ten t, and m olar r a t i o s  o f  

PAD to  molybdenum, percen tage re c o v e r ie s  o f known amountB
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o f  FAD added to  the m ilk s a f t e r  th e  t e a  t in g  treatm ent*  

a re  a lso  shown*' , .

From th i s  Table* i t  . i s  seen, th a t  th e  m olar r a t io  

o f  FAD to  molybdenum was u s u a l ly  eonsiderab ly  l e s s  than  

unity*  a l t h o u ^  f o r  a few milks* the r a t io  was equal to ,  

o r s l ig h t ly  g re a te r  th an  unity*  From Table 18, th e  

value o f  t h i s  r a t io  i n  cow 's m ilk  should be, a t  l e a s t  equa l 

to  u n i ty , eo rresponding  to  the  presence In  cow 's m ilk 

o f  xan th ine o.xidasa^a on ly . ■ The., f a c t  th a t  th e  r a t io s  

o f  xan th ine  oxidase a c t i v i t i e s  to. molybdenum co n ten t 

were normal (cf* Table 19)? in d ic a te s  th a t  a l l  th e  

molybdenum p re s e n t  was, i n  th e  form o f xan th ine  oxidase**a. 

I t  fo llow s th a t  the  apparen t FAD con ten ts  o f  the  m ilk s , 

as determ ined by the ensymie method, were much too  low# 

This co n c lu s io n  i s  s u b s ta n t ia te d  by the  low re c o v e r ie s  o f  

added FAD which were o b ta in ed . The num erica l v a lu es  o f  

th e  FAD/Mo r a t i o s  ob ta ined  from these  experim ents were 

th e re fo re  o f  no a s s is ta n c e  in  d ec id in g  whet t e r  o r n o t 

xan th ine o x id a se - ig  vm s p re se n t in  these  milks#

A p o s s ib le  ex p lan a tio n  o f  th e  poor re c o v e r ie s  o f  

FAD added to  cow 's m ilk  seemed to  be= th a t  some f r e e  

FAD was adsorbed by a c o n s ti tu e n t  o f  th e  milk* and was 

thereby  p reven ted  from combining w ith  the  a p o -p ro te in  

Of D-amino a c id  o x id ase# S ince b u tte rm ilk  from  cow 's 

m ilk  co n ta in s  about 10 tim es as much xan th ine ox idase  as 

the  whole m ilk  ( e f . Table 21 ), b u t i s  o therw ise ' s im ila r  

in  g ross com position to  whole m ilk  (ex cep t th a t  i t  has 

a much lower- f a t  c o n te n t) ,  i t  seemed p o s s ib le  th a t  the  

a n a ly s is  o f b u tte rm ilk  fo r  FAD and molybdenum might



give a  c le a r e r  In d ic a tio n  o f the p resence o r  absence 

o f xan th ine oxi#ase«ig  in  cow 's m ilk. I t  was expedtad 

th a t  the h ig h e r xan th ine  .oxidase co n ten t o f b i i t te r i t i lk  

r e la t iv e  to  whole m ilk  .might perm it the  " d i lu t in g  out'' 

o f the i n t e r f e r in g  f a c to r  re sp o n s ib le  f o r  th e  low 

recovery  o f added FAD from cow 's milk# Samples o f  

butterm ilk were th e re fo re  p rep ared  and analysed  fo r  FAD 

and molybdenum as  d esc rib ed  in  ( c) below*

( e) I i iv e s t im t lo n s  in to  the occurrence o f  xan th ine  

Qxidas©^i„ i n . b n tte rm ilk # From the W lked m ilk o f  f iv e  

cows g iven th e  d i e t  o f  S ec tio n  I I I*  p , 77 , two Bainples ‘ 

o f b u tte rm ilk  were p rep ared  by se p a ra tin g  th e  c rean , 

and c o n v e rtin g  i t  in to  b u t t e r  and b u tte rm ilk  in  a sm all " 

g la s s  hand churn f i t t e d  with a wooden paddle# The 

b u tte rm ilk  was decanted, from  th e  b u tter  and was used 

w ithou t f u r th e r  treatm ent*  When not in  u se , i t  was, 

s to re d  a t  *20'  ̂«

In  o rder to  re le a s e  bound FAB in  these  bamples 

and to  in a c t iv a te  th e  n u c le o tid e  pyrophoepliatase o f 

cow 's m ilk , bo th  th e  sim ple trea tm en t used for whole 

milk* and v a rio u s  m o d ific a tio n s  o f  i t ,  were employed#

The m o d ific a tio n s  o f  th e  sim ple tre a tm en t (Hos# 2 -  7 

below) re p re se n te d  a ttem p ts  to  p re v en t o r  to  m inim ise 

the  su spec ted  a d so rp tio n  o f  some o f  th e  free  FAB., by m ilk  

p ro te in #  The tre a tm e n ts  were as  follow s# i

(1) The u n d ilu te d  b u tte rm ilk  was hea ted  a t  95 ^ 100^ 

fo r  3  min# * coo led , and d i lu te d  1 0 -fo ld  w ith  d i s t i l l e d  

water*

(2) The b u tte rm ilk  was d i lu te d  B .^^ fo ld  w ith  d i s t i l l e d



109
water* h ea ted  a t  95 "  100^ fo r  5 min#, and oooled* 

H ydrochloric a c id  was then  added to  a c o n c e n tra tio n  

of 0*OT* The m ixture was c e n tr ifu g e d , bu t remained 

tu rb id . A p o r t io n  o f  th e  tu ib id  su p e rn a tan t la y e r  

was n e u tr a l is e d  w ith  sodium liydroxide, and was made 

up w ith  d i s t i l l e d  vmter to  g ive an o v e ra l l  d i lu t io n  

o f the  o r ig in a l  b u tte rm ilk  o f 12# o ld .

(3) The b u tte rm ilk  was d i lu te d  18- fo ld  w ith d i s t i l l e d

w ater and then t r e a te d  as In. ( 2) above* th e  o v e ra ll, 

d i lu t io n  r e s u l t in g  from th i s  trea tm en t b e in g  20*2-fo ld#

( k )  The b u tte rm ilk  was d i lu te d  9 # 9 -fo ld  w ith d i s t i l l e d

?/ater* and calcium  c id o rid e  was added to  a co n c en tra tio n  

of 0*01î?& (% /v), making a 1 0 -fo ld  d i lu t io n  o f  the  

b u tte rm ilk . The m ixture was heated a t  95 -  100^, fo r  

5 Hd.n* I t  was then cooled and c e n tr ifu g e d , b u t 

remained tu rb id#

(5) The b u tte im h lk  was d i lu te d  1 0 -fo ld  w ith  d i s t i l l e d  

w ater, hea ted  a t  95 *“ 100'' f o r  5 min. and cooled*

The pH was th en  a d ju s ted  to  A*6 ( th e  i s o e l e c t r i c  p o in t 

o f  case in ) w ith  0#25H -aoetic a c id , and th e  p r e c ip i ta te d  

c a se in  was f i l t e r e d  o f f  and discarded* A p o r t io n  o f 

the  f i l t r a t e  was n e u tr a l is e d  w ith  sodium hydrox ide, 

and was made up w ith  d i s t i l l e d  w ater to  g ive an  

o v e ra l l  d i lu t io n  o f  the  b u tte rm ilk  o f  18#8-fo ld*

(6 ) The b u tte rm ilk  was d i lu te d  1 0 -fo ld  \'d.th d i s t i l l e d  

w ate r, heated  a t  95 ** 100® f o r  5 min* and cooled*

The pH was then  a d ju s te d  to  h*6 w ith  0*25H^acetic a c id , 

and the  m ixture was allow ed to  s tan d  f o r  1 hr* a t  room
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tem perature# The pH was then  a d ju s ted  to  Xm-3 

w ith  H^hydroohlor 1 o a c id , and th e  m ix ture cen trifu g ed #  

The pH was im m ediately re -a d ju s te d  to  k ^ 6  with- 

sodium hydrox ide , and the  m ixtui'e was again  

cen trifuged#  The su p e rn a tan t liq u id , was decanted  

from the p r e c ip i t a te d  c a se in , an d . th e  p r e c ip i t a te  

was washed twice/' w ith  0# IE -hyd roch lo ric  acid#

The su p e rn a tan t l iq u id  and washings were combined 

and n e u tr a l i s e d  w ith  sodium hydroxide# The o v e ra l l  

d i lu t io n  r e s u l t in g  from th i s  trea tm en t was 25-fo ld#  ,

(7 ) The b u tte rm ilk  was d i lu te d  5 - fo ld :w ith  0#23M- 

glyeine-socLiimi phosphate b u f fe r  pH 9*2 a t  20®, and the 

m ixture was incubated  w ith  shaking in  a Warburg 

f la s k  a t  37®* The m ixture was th en  f i l t e r e d  tlxrough.

a coarse  (Pyrex Bo# 1) s in te re d  g la s s  f i l t e r #  The 

f i l t r a t i o n  removed some c lo t te d  m a te r ia l ,  b u t  th e  

f i l t r a t e  was s t i l l  somewhat tu rb id#  A p o r t io n  o f  

the  f i l t r a t e  was a d ju s te d  to  pH 7*0 w ith  liyd rooh lo rlc  

a c id ,  heated  a t  95 ^  100® fo r  10 min# and cooled#

The pE was th en  a d ju s te d  to  8#§ w ith  sodium hydroxide, 

and d i s t i l l e d  w ater was added to  g ive an o v e ra l l  

d i lu t io n  o f  th e  o r ig in a l  b u tte rm ilk  o f  2 5 -fo ld .

T h is trea tm en t i s  based on Treatm ent B o f  S ec tio n  I I ,  

p . fo r  th e  p a r t i a l  removal o f m ilk  pro tein# ., .

R ecoveries o f known amounts o f FAD added to  the 

b u tte rm ilk s  were determ ined in  con junction  w ith  a l l  

th e se  trea tm en ts*  The a d d it io n s  were made to  se p a ra te  

p o r tio n s  o f th e  b u t te m i lk s  im m ediately a f t e r  th e  h ea tin g  

s te p  common to  a l l  th e se  tre a tm e n ts , in  o rd e r to  avoid
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p o ss ib le  breakdown o f  th e  added FAB by n u c le o tid e  

pyrophosphatase# The amounts o f FAB added were roughly  

equal to  th e  e s tim a ted  FAD co n ten ts  o f  th e  p o r t io n s  

taken  f o r  an a ly s is#  The molybdenum co n ten ts  o f  the  

two b u tte rm ilk  samples were determ ined by the  method 

o f S ec tio n  I I ,  p# 37 *

The r e s u l t s  o f  th ese  d e te rm in a tio n s , recorded  

in  Table 2 3 , show th a t  low re c o v e rie s  o f  added FAB were 

a sso c ia te d  w ith  a l l  o f  th ese  trea tm en ts  f o r  th e  re le a s e  , 

o f bound FAD# They show a ls o  th a t  the molar r a t i o s  

■of apparen t FAB co n ten t to  molybdenum co n ten t were 

s im ila r  to  those  observed in  whole m ilk  (T ab le 22)# 

HowCTer, by c o r re c tin g  th e  apparen t FAD c o n te n ts  g iven 

by each tre a tm e n t fo r  the concom itant lo s s  o f added FAD 

(assum ing th a t  th e  lo s s  o f n a tiv e  FAD was o f  th e  same 

magnitude aa the  lo s s  o f  - th e  added FAD), the  corrected  

FAD co n ten ts  shown in  the  l a s t  column o f  Table 23 were 

obtained# The f a c t  th a t  th ese  f ig u re s  a re  f a i r l y  

c o n s is te n t  su g g ests  th a t  they  may have approxim ated to  

the tru e  FAB c o n ten ts  o f th e  bu tterm ilks#  The mean of 

th e  values f o r  th e  c o rre c te d  FAD con ten t o f  sample A 

i s  uMi and th e  r a t i o  o f  th is  to  the  molybdenum 

co n ten t o f  the sample i s  1#4« The corresponding  mean 

c o rre c te d  FAD co n ten t o f  sample B i s  11 pM, and the r a t io  

o f  t h i s  to  th e  molybdenum c o n te n t of th i s  sample i s  2#3* 

Both these  r a t i o s  a re  co n sid e rab ly  g re a te r  th an  unity*  

which i s  c o n s is te n t  w ith the  p resen ce  in  th ese  samples o f  

xan th ine oxid& se-l^ i n  ad dition  to  xan th ine oxidase-a*  

However* th e  ex p ed ien t used to  o b ta in  th ese  r a t i o s ,  i# e . 

t t e  c o r re c tio n  o f  th e  apparen t FAD co n ten ts  o f  th e
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b u tte rm ilk s  f o r  the low re c o v e r ie s  o f  added FAD, i s  

o f doub tfu l v a l id i ty  when the  re co v e rie s  concerned a re  

so low* I t  would be much more s a t i s f a c to r y  to  

determ ine th e  tru e  FAD co n ten t o f  th e  m ilk and b u t t e r ­

m ilk by some method th a t  would give reasonab ly  good 

re c o v e rie s  o f  added FAD* • U nequivocal d e te rm in a tio n a  

o f  the  m olar r a t i o s  o f  FAB to  molybdenum in  cow 's m ilk 

and b u tte rm ilk  would then  be p o s s ib le ,  and th e  m agnitudes 

o f  th ese  r a t i o s  would in d ic a te ' whether o r n o t x an th in e  ' 

o x id ase -lg  was p re se n t in  th e se  m a te r ia l a .

Some time a f t e r  th ese  enzymic d e te rm in a tio n s  

o f  FAD were made* a s e n s i t iv e  f lu o r im e te r  became 

a v a ila b le  which p e rm itte d  the d e te rm in a tio n  o f  FAB by 

th e  f lu o r im e tr ic  method o f Burch (1957) (s e e  S e c tio n  II*  

p* 67 )• The FAD co n ten ts , o f  these  b u tte rm ilk  sam ples, 

which had been s to re d  meanwhile a t  -20®, were th e re fo re  

determ ined by th i s  f lu o r im e tr ic  method# R ecoveries 

o f added FAB were a ls o  determined* As in  the  enzymic 

d e te rm in a tio n s , th e se  a d d itio n s  were made im m ediately 

a f t e r  the trea tm en t to  re le a s e  bound FAB (a d d it io n  o f 

co ld  t r ic h lo r o a c e t ic  a c id  to  the d ilu te d  b u tte rm ilk s )  

in  o rd e r to  avoid p o s s ib le  breakdown o f th e  added FAD 

by n u c le o tid e  pyrophosphatase* ■ The amounts o f FAD 

added were roughly  equal to  the  estim ated . FAD, c o n ten ts  

o f th e  p o r tio n s  taken, f o r  ana lysis*  The r e s u l t s  o f  

th e se  d e te rm in a tio n s , recorded  in  Table 23 to g e th e r  m th  

th e  r e s u l t s  from th e  enzymic d e te rm in a tio n s , show th a t  

alm ost q u a n t i ta t iv e  re c o v e r ie s  o f  added FAD were o b ta in ed  

in  co n junction  w ith  th e  f lu o r im e tr ic  method* Unexpectedly*



' h c w e v e r th e  method = In d ic a te d  th a t  the  apparen t qon teh t 

/o f-sim ple  ,A wmpv ab o u t-th e  .same as th a t  In d ic a te d  by th e  

,r ; ehsymlo method? and: th a t  th e  apparen t PAD co n ten t o f  

/c - , sm#lè,;'B./%ms r a th e r  l ë s s  than  th ^  con ten t In d ic a te d  b y .

\ - , 'the  eh z y # o . .method#: ; : - ' ■ , _

; ■ The most l ik e ly  ex p lan a tio n  o f th e s e  f lm o rim e trlc  

,' re su lts #  c o n s id e re d .In  cdh jim ctioh  w ith  the e x c e lle n t 

'/ re c o v e rie s  o f added FAD, i s  t h a t  th e  FAB c o n te n ts  of 

; ■ b o th  W tte rm !Ik s  d ec lib ed  d u rin g  the p e r io d  o f  about 

. 9 months (se e  T able 2$) th a t , .olapsad betw een th e  

■ do te rm in a tio n s  o f FAD co n ten t by the, two m ethods. For 

. th e  whole o f  t h a t  perlod$ th e  b u tte rm ilk s  were s to re d  

. ' t'-Xnt v2,0® ,, and t h e i r  molybdemm con ten ts  -, rem ained unchanged,

- V ih d iea tin g  thdt no changes in  volume had occurred* ' An

 a lter n a tiv e  explanation o f  th e  f lu o r im e tr ic  re su lts -  i s

. th a t  the e x tr a c t io n  o f  th e  bound FAD from th e  b u tte rm ilk s  ,

, by t r i e  III o r o.ace t i c  ■■ ac id  was, incom plete# However, t h i s  

seems u n lik e ly , ' f o r  th e  reason  th a t  t h i s  method o f 

e x tra c t io n  o.f FAD has. been widely used s in ce  i t s  

development by .'Bessey and c o lla b o ra to rs  (Burch? Bessey & 

Dowry, 1948; Bessey# Dowry & Dove, 1949) # and so f a r  

• ■ I t s ,  e f f ic ie n c y  and r e l ia b i l i t y  fo r  th e  q u a n t i ta t iv e

extraction- o f  FAD frera b io lo g ic a l 'm a te r ia l 'h a v e  no t been 

1 questioned#. .Therefore,, i t  .seems probab le th a t, th e  " 

a p p a re n t-contants; o f - th e  b u tte rm ilk s ig iv e n  by th e  

; ' f lu o rim e tric "  met hod may re p re s e n t  t h e i r . t r u e  FAD con ten te  

a t  the  tim e th a t  the f lu o r im e tr ic  d e te rm in a tio n s  were - made*

CaY t>iBnÙ£^ailQ&i vT he-resu lts  pgeaentefl in  the

p reced in g  s e c tio n s  do n o t g ive  a c le a r  in d ic a t io n  o f  th e
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presence o r absence o f xan th ine  In  cow 's

m ilk , due to  th e  nn.expecteâ d i f f i c u l t i e s  encountered  

w hile a tte m p tin g  to  determ ine th e  FAD c o n te n ts  o f 

th ese  m ateria ls. The hypothesis#  th a t  x an th in e  ox idase*!^ 

la  p re se n t in  cow's m ilk , i s  supported  by the f in d in g s  

th a t  a m olar excess o f  FAD over molybdenum was p re se n t 

in  some sam ples o f  uow 's m ilk  (Table 22) and in  one 

sample o f b u tte rm ilk  (T able 23)t I f  the  c o r re c te d  FAD 

co n ten ts  o f  the  b u tte rm ilk s  given in  Table 23 a re  

accep ted  as  approx lam t  ions to  the tru e  FAD co n ten ts  o f 

th ese  sam ples a t  the tim e tha t- they ' v/ere prepared* 

then  th e  r e s u l t in g  la rg e  m olar excesses o f  FAD over 

molybdenum (p# 111) i n  b o th  o f th ese  samples p rov ide 

further evidence in  favour o f t h i s  h y p o th e s is . However, 

i t  i s  c le a r  th a t  d e f in i te  p roo f o f t h i s  w i l l  n o t be 

forthcom ing u n t i l  a r e l i a b l e  method fo r  th e  d e te rm in a tio n  

o f FAB in  cow 's m ilk  and in  b u tte rm ilk  i s  av a ilab le#

Such a method must s im u ltaneously  (1) r e le a s e  bound WAD 

e f f i c i e n t ly  I (2 ) in a c t iv a te  th e  n u c le o tid e  pyrophosphatase 

a c t iv i ty  o f  cow 's m ilk , and (3 ) perm it a reasonab le  

recovery  o f added FAD to .b e  made,. . .

I t  i s  p o s s ib le  th a t  the  trypain -chym otrypain  

d ig e s tio n  method developed by O e r le t t i  and c o lla b o ra to rs  

fo r  th e  r e le a s e  o f  bound FAD in  t i s s u e s  ( O e r le t t i  &

I p a ta ,  X960j O e r l e t t i ,  Strom â G iordano, 1963), combined 

w ith  h ea tin g  to  in a c t iv a te  n u c le o tid e  pyrophosphatase, 

might f u l f i l  th ese  requ irem en ts . A l te rn a t iv e ly ,  e x tra c t io n  

of^ FAD w ith  t r ic h lo r o a c e t ic  a c id , fo llow ed by removal 

o f the  t r ic h lo ro a c e t io  a c id  by the  t r io c ty lam ine procedure
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o f  Hughes à  W illiarfiB on (1951) might be e f f e c t i v e #

I t  would be esB o n tia l to. remove the  t r i c h l o r o a c e t i c . 

acid  i f  i t  were to  be used i n  con junction  w ith  the  

enzyiiiic method f o r  th e  d e te rm in a tio n  o f FAD# s i n c e ; i t  

.was found by Palmer ( 1962), and confirm ed d u ring  th e  

p re se n t work, th a t  t r ic h lo r o a c e t ic  a c id  i s  a s tro n g  

in h ib i to r  o f  I>-amino ac id  oxitiasa# '' ■

The f lu o r im e tr ic  method o f  Burch (1957) Is  l e s s

s u ita b le  than  th e  enzymic met.hod fo r  the d é te rm in a tio n  

o f  FAD in  whole cow 's m ilk because o f  the la rg e  , 

p ro p o rtio n  o f  f r e e  r ib o f la v in  r e la t iv e  to  FAD t h a t , i s  

p re se n t in  th e  m ilk (.see S ec tio n  I ,  p* 3 )•  The .

a p p lic a tio n  o f  th is ,  method would re su lt-  in  th e  FAD 

co n ten t o f cow’ s m ilk be in g  es tim a ted  as  .a small, d if fe re n c e  

betw een two la rg e  num bers, to  b o th  o f  which the 

f lu o ré s cenee o f  the fr e e  r ib o f la v in  would c o n tr ib u te  

the greater p a rt*  This d i f f i c u l ty  c o u l d o f  c o u rse , 

be overcome by d ia ly s in g  th e  milk to  remove th e  f r e e  

r ib o fla v in *  ' However,.- th e  s e n a i t iv i ty  o f  the  f lu e  rime tr io  

method (se e  Burch, 1957) i s  such th a t  th e  p rocedure would .. 

have to  be ap p lied  to  u n d ilu te d  or to  very s l i g h t ly  d i lu te d  

whole m ilk , .which cou ld  le a d  to  low re c o v e r ie s  o f  added 

FAD (B urch a t  hi.- 1 # 8 ;  B e s s e y \#  a^#- XSUS)*

In  connection  w ith  the h y p o th esis  th a t  xan th in e  

o x id a se - i^  I s  p re se n t  in  cow’s m ilk to g e th e r  w ith  xan th ine  

oxicias6-a, i t  i s  o f  i n t e r e s t  t h a t  .Bateman, Oove, Rover & 

Roberts: (1964) have found th a t  th e  enzymes,, n i t r a t e  . 

re d u c ta se  and x an th in e  dehydrogenase (b o th  m olybdoflavo- 

■ p ro te in s)/p c .cu rrih g -in  mutants, o f  the-fungus A snar^ :illu s  -
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nicltiteris# poBsasBed a,, c o m m o n a c t o r  which aie© %- . :■

re g u la te dH he sy n th e s is  o f  n i t r a t e  red u c tase  in  th a t  , -

organism. I t  was found th a t the syn th esis  o f th is  ' L" 

oonmon oo-^factor. was uÀder gen etic  control# The ,

"cpmpo'sition o f  th e  - co '^ fac to r  ̂ was "hot; d e ta rm lh e c l- and , ’" '' , 

there'^was ' no ̂  evidence t h a t  i t  fe g q ia to d  th e  aynthesiB  ■' ■■ 

of xan th ine  ctehydrogenaBe* • IIoTiever* from a c o n s id e ra tio n  

o f th e  c h a ra c te r iB t i08 o f  th e  m utants o f  ABpergllluB - 

n lâ û là h s é. ." it was .-suggested by  Bateimn e t  a i *,-.;( 19-64) ' . 

t h a t  " i f  ; [the  oo-Hactor]' ' i s  one o f  tho ! knçi#  p ro s th o tio  " . . 

groups [o f th ese  enzymes] i t  I s  more l i k e l y  to  be:. .., :• 

a s so c ia te d  w ith  the molybdenum th a tew ith  the  i ro n  o r 

flav in^*  G inoe-xanthine oxlclase-*ip la c k s  molybcimium . ,

'( Table •■ 18) *, t h i s s u g g e s t s  th a t  xan th ine ox idase-‘i«-, may ‘ 

be .an in te rm e d ia t#  in  the- sy n th es is , o f  x an th ine 'ox ic lase-a ,, 

and th a t  t h i s  syn thesis . 'is -  completed .by,;.;the a d d itio n ^ o f  a 

fflolybdenum-fcontaining c o - fa c to r  which may be s im ila r  to  

th a t  o f  pàtaman al# ( 1964)# ..-If - th is , is .-so ,: 'th en , l.t i s  

p o ssi'b iç  th a t  th e  r e l a t i v e  p ro p o rtio n  o f xan th ine  oxidaBe-*!^ 

to  xan th ine  ■.oxIdase-a  ip, cow 's m ilk  may be  r e la te d  to  th e  

s tag e  of l a c t a t io n  o f  the  cow*. ., I t  may 'be s ig n i f i c a n t  i n  ;

th i s  re sp e c t th a t  x an th in e  oxidase' sa#p ie  not'iîXÔH (T able 

20)# which"was p rep ared  from the. combited M .lk lo f ; thre'e' ■, 

cows a l l  n e a r  the  and o f  t h e i r  l a c t a t io n  perioda# 'contained; 

a h igh  .p roportion  o f  xan th ine  oxidase 'ii^#  as shown, 

by the  h ig h  m olar r a t i o  o f  FAD. to  molybdenum (T able .20;) *

T his suggests ' th a t#  once a  re lie ib ie  method f o r  t t e  te, - ;: 

e s tim a tio n  o f  FAD i n  whole m ilk  i s  av a ilab le#  i t  . would be 

jw orthw hiie to  determ ine whether a. r e la t io n s h ip  e x is ta
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'between the  s ta g e  p f  la c ta t io n  o f a qow ànd  th e  r a t i o  

o f xan th ine ox idase?!^  to  .xanthine oxidase-O' in  i t a  

milk*.. . . • • ■  ' "■

5 *' The a c t iv i t y  of. n u r l f ie d  bovine milk. xa.nthlne

oxidaae a s  coenzvme f o r  the apO'̂ D ro te in  o f ' - 

' D-amiiio ;;aoid ■• oxidase - '

(a ) E xpérim entai#:' I t  has .re c e n tly  been claim ed th a t

bound 3?ÀB o f  p u r i f ie d  bov ine m ilk xanthine ox idase  can 

take the  p la c e  o f f re e  FAD as the coenzyme f o r  the  apo-' 

p ro te in  o f D»^amlno a c id  oxidase# and th a t  th e  ItiG haeiis  

co n stan t fo r  th e  bound FAD o f  xan th ine  ox idase  in ' th e  

.system„ apo-B-eîiîino a c id  ox idase t  B-aXanine i s  equa l 

to  thq ..Mi0hae 11 s co n s tan t f o r  f re e  FAD in  the  same, system  

(Xamano# Miyazaki# W iki# B .h ira ièh i -à Sawada# 1956; 

Hqrixiohi^ 1958; Matsnkawa# 1958 )* A p re lim in a ry  

experim ent to  in v e s t ig a te  th e se  claim s was made by adding 

va ry in g  amounts o f  a, p re p a ra tio n  o f  p u r i f ie d  m ilk  xan th ine  

oxidase (Do# p rep ared  by Dr* a*0* Bray; see

H .eetlon XV#'.p# 94 and Table -20) to  th e  assay  system  o f ' 

S ec tio n  II#  p#. 6i • . This sample- o f xan th ine ox idase

was p repared  abou t 10 months b e fo re  th i s  p a r t i c u la r  

experim ent was made,# ' D uring th a t  p e rio d  i t  was s to re d  

under th e  co n d itio n s  recomiended by B ergel & Bfay (1959). ■ 

The p re p a ra t io n  was found to  p o ssess  appreciable- coenzyme ' 

a c t i v i t y  i n - th a  D-amino ac id  o x id ase  assay  system#

.The observed r a te s  -of oxygen-uptake,we re converted to 

apparen t co n cen tra tio n s ' o f  free  FAD in  th e  o r ig in a l  

p re p a ra tio n  by re fe re n c e  to  th e  u su a l s tan d ard  curve
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determined a t  th e  same tim e, The t o t a l  PAD c o n te n t 

o f the  p re p a ra tio n #  a f t e r  h e a tin g  a t  100® f o r  5 min»* 

waa determ ined in  the  same D-amliio ac id  oxidaBe as say 

system , The r e s u l t s  of th ese  determ inations#  recorded  

i n  Table 2k$  show th a t  alm ost e x a c tly  on# '-th ird  o f th e  

t o t a l  FAD o f t h i s  p re p a ra tio n  o f xanth ine ox id ase  re a c te d  

as though i t  were f r e e  FAD# and th a t  th e  amount o f 

’̂apparen t f r e e  FAD" fotmd was p ro p o rtio n a l to  the amount 

o f  the  p re p a ra t io n  th a t  was added to  the  B̂ ^̂ amino a c id  

oxidase assay  system ,

(b ) D isc u ss io n , There a re  two p o ss ib le  e x p lan a tio n s  

o f  th e se  r e s u l t s ,  (1 )  th a t  t h i s  p re p a ra tio n  o f  xan th ine  

oxidase a c tu a l ly  con tained  t h i s  co n c en tra tio n  o f  fr e e  FAD, 

and (2) th a t  some c o n s ti tu e n t  o f th e  p re p a ra tio n  was 

capable o f  r e a c t in g  as  f r e e  FAD i n  th e  D-amino a c id  oxidase 

assay  system.

The f i r s t  p o s s i b i l i t y  cannot be ru le d  ou t e n t ire ly *  

s in ce  th e  p re p a ra t io n  was 10 months o ld  a t  th e  tim e o f  

t h i s  experim ent, and had n o t been d ia ly se d  o r t r e a te d  in  

any way to  remove f r e e  FAD im m ediately b e fo re  th e  experim ent. 

However, i t  was u n l ik e ly  th a t  th e  sample would have 

aeaomposed to  th a t  e x te n t w ith  th e  l ib e r a t io n  o f f r e e  FAD, 

s in c e  th e  s t a b i l i t y  o f  p re p a ra tio n s  s to re d  under th e  

c o n d itio n s  o f  B erge l & Bray (1959) i s  u s u a lly  very  good. 

Support fo r  the second p o s s ib i l i t y  comes from th e  a n a ly t ic a l  

r e s u l t s  fo r  the  com position  of th e  p re p a ra tio n , g iven  in  

Table 20 (p , 95) ,? From t h i s  T ab le , the  m olar excess o f  FAD 

over molybdenum o f  sample no, X0*421 was 22pM,

From Table 24 (p* 1 2 0 ), th e  apparen t co n ten t o f  f r e e  FAD o f
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th e  p re p a ra tio n  was 20pM# I t .  was found in  th e  p re se n t 

work th a t  t h i s  p re p a ra tio n  eonslBtecl o f a m ix tu re  o f  

xan th ine  o x id ase -a  and xan th ine  oxldasemig o n ly  (se a  

S ec tio n  IV# p2>* 94 and 103), Therefore# th e  m olar 

excess o f  FAD over molybdenum rep re sen ted  th e  FAD content 

o f  the  xan th ine  oxidase*-!^ p re se n t in  the  preparaM on*

The f a c t  th a t  t h i s  was very  n e a r ly  equal to  th e  apparen t 

co n ten t o f  f r e e  FAD suggested  th a t  i t  m ight b e  th e  FAD 

o f xan th ine  oxidasa*,!^ th a t  was a c tin g  a s  a coenzyme fo r  

th e  ap o ^ p ro te in  o f B«amino ac id  oxidase* low aver, u n t i l  

o ther*  f r e s h ly  p repared  samples- of p u r i f ie d  m ilk  xanth ine 

oxidase a re  examined fo r  coenzyme a c t iv i ty  in  t h i s  system# 

t h i s  ex p lan a tio n  must be regarded  as t e n ta t iv e  on ly ,

Whatever may be th e  c o r re c t  ex p lan a tio n  o f  th e se  

resu ltB *  i t  i s  c le a r  t h a t  they  do no t support th e  claim s 

o f  Xamano e t  a l # (1956) and o f  lo r iu c h i  (1958) that th e  

l l le h a e i is  c o n s ta n ts  o f  xan th ine  oxidase-bound FAD and f r e e  

FAD in  th e  D-amino a c id  ox idase  system  a re  e q u a l. I f  

t h i s  were so* th en  a l l  th é  FAD o f  XO-421 should  have 

re a c te d  as  f r e e  FAD*

6, The problem  o f ureuarinM  uura xan th in e  o x id ase -a

(a ) In tro d u c tio n , The d e s i r a b i l i t y  o f  p re p a rin g  pure 

xanthine oxldase-a* fr e e  from  in a c t iv e  f la v o p ro te in s#  i s  

emphasized by th e  re c e n t work o f  Bray and c o lla b o ra to rs  

on th e  sequence o f  é le c tro n  t r a n s f e r  w ith in  the ûiolequle 

o f a c tiv e  xan th ine  ox idase  (Palmer# Bray à  B einert*  1963 ; 

Palmer* Bray & B einert*  1964; Bray# Palmer & B ainert*

1964) .  During th e  ae ro b ic  o x id a tio n  o f  xan th in e  to

u r ic  acid* c a ta ly s e d  by m ilk  xanthine oxidase# th ese au th o rs
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o b ta in ed  e la o tro n - s p in  resonance s ig n a ls  which were 

a t t r ib u te d  to  two chem ically  d i s t i n c t  forms o f 

p e n ta v a lé n t molybdenum. I t  was suggested  (B ray ^  a l ,

1964) th a t  b o th  th e se  ty p es o f molybdenum were p re se n t 

In  th e  enzynncally  a c t iv e  form o f  xan th ine oxidase* 

b u t th e re  was some doubt about t h i s  because th e  v a r ia b le  

s p e c if ic  a c t i v i t i e s  o f the p re p a ra tio n s  o f  xanthine 

ox idase used in  t h i s  work in d ic a te d  th a t  one o r  mere 

in a c tiv e  forme o f xan th ine  oxidase were a ls o  p re s e n t  

(palmer e t  a l , 1964) .  One o f  th e  p re p a ra tio n s  o f  

p u r i f ie d  xan th ine  ox idase used by Bray and c o lla b o ra to rs  

in  t h i s  work was ITo, SO-421 (E ,C , Bray* p e rso n a l 

communication) * the com position o f which i s  g iven  in  Table 

20 o f t h i s  t l ie e ia . I t  has been shown in  the  p re se n t  work 

th a t  t h i s  p a r t i c u la r  p re p a ra tio n  con ta in ed  considerable  

amounts o f  xan th ine  ox idaae-i^*  "^ut d id  no t c o n ta in  xan th ine  

ox idase-1^  (S e c tio n  IV# pp* 94 and 103)* This s tren g th en s  

th e  su g g estio n  o f  Bray ^  a l , (1964) th a t  th e  two ty p es  o f  

©Mc.tron-^apin resonance s ig n a l  a t t r ib u te d  to  molybdenum 

Were b o th  due to  molybdemm p re se n t i n  th e  enzym ically  

a c tiv e  form o f x an th in e  o x idase , However* i t  i s  c le a r  

th a t  i t  would be more s a t i s f a c to r y  to  apply  t h i s  teqlm ique 

to  pure xan th ine  o x id ase -a  which could  be dem onstrated to  

c o n ta in  a s to io h e io m e tr ie  amount o f  molybdenum and to  be 

f r e e  o f  im o tiv e  m e ta llo flav o p ro te in s*

(b) A p o s s ib le  anuroach to  th e  uroblem  o f  s e p a ra t in g  

xan th ine , ox idase-a  and xan th ine  .oxldase^-i^ . The fin d in g  

th a t  th e  apparen t f r e e  FAB co n ten t o f  a p re p a ra tio n  o f  

p u r i f ie d  xanth ine ox idase  (determ ined  by the  D-amlno a c id
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ox idase  method) was %uWl t o , t h e  3MB' oon ton t o f  th e  

xan th ine  o z id a a e -ig  p ré se n t  In  th a t  p re p a ra t io n  .(S ec tio n  

IV# p f  i i g  ) su g g ests  a p o s s ib le  approach to  th e  problem 

o f se p a ra tin g ' xanthine.. oxidaBe-a ‘ and xan th ine  o x id ase rig - 

I f  th é  FAD o f  x an th in e  o x id a se - l^  '̂’̂ ere fotmd to  be • 

re sp o n s ib le  f o r  th e  ooeiizyme a c t iv i t y  - o f .p u r i f ie d  

p re p a ra tio n s  o f  xan th ine  oxidase* .then i t  would fo llow  

th a t  t h i s  FAD must be bound by th e  ap o ^p ro té in  o f .

■■33-amind' a c id  oxidase#. A M iehae lls  co n s ta n t o f 'a b o u t 

'0*2 p.M (Burton*, 1955) f o r  the com bination o f fr e e  .FAD 

# t h  epôrB-amino ac id  oxidase ■ in d ica te s , th a t  th e  a f f i n i t y  

o f  the  a p o -p ro te in  fo r \  f r e e  FAB i s  vary  s trong*  I f  ' 

a s im ila r  -a f f in i ty  e x i s t s  between the ap o * p ro te in  and ■ 

th é  bound FAB o f  xan th ine  oxldaac-ip-#- th an  i t  i s  p o s s ib le  

that- th e  p ro p e rtié s- o f th e complex formed by th ese  two 

might d i f f e r  s u f f i c ie n t iy  from  th é  p ro p e r t ie s  o f  xan th ine 

ox ldase-a  to  p e rm it t h e i r  separation  by one o r more o f 

th e  iiBual'pliys,ico-eliami.eal methods* e,g* chromatography# 

e lee tro p îiô re e ls*  o r u i t r a -o e n tr lf u g a t io n *  H oover*  . i t  

Would f i r s t  be n ecessary  to  e s ta b l i s h  w ith  c e r ta in ty  th a t  

th e  ooenzyme a c t iv i t y  o f  p u r if ie d , p rep ara tio n s- o f  bovine : 

m ilk 'x a n th in e  oxidase tow ards ap.o'-©-aniino a c id  oxidase  

w as'indeed  d u e .to  t h e i r  co n ten t o f x an th in e  oxldaseHlo^.,
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1# The re la t io n s h ip s ' betwoen the xanthlme ozidase

a c t iv i ty ^  molyfodomim content# and f  lavlîu^adeniiio: 

•d inuéloo tiâe  (FAB) eomtont o f  cow’s  milk*, and batwoon 

th e  .xanthine o x id ase  a c t iv i ty  and molybdenum c o n te n t 

o f  g o a t 's  milk* have been In v estig a ted »

■S, A  method f o r  e ffo .o tin g  q u a n t i ta t iv e  .re lease  o f

th e  bound xan th ine  ox idase  a c t iv i ty  o f  ■oow’’b m ilk  

has been  developed# -and e x is t in g  manometric and 

Bp.eetrophoto .m etric methods- f o r  th e ,d e te rm in a tio n  o f  

x an th in e  ox idase  a c t i v i t y  i n  m ilk  have been  m od ified  

and iimroved* Wl.th th e  a id  o f th e se  improved methods 

i t  h as  been shown th a t#  p rov ided  th e  d ie t  o f  th e  cow 

i s  n o t supplem ented w ith  -a ao luh le  molybdate* a c o n s ta n t 

r a t i o  o f  x an th in e  oxldasa- ■ activ ity  to. melybdemm e o n te n t 

i s  Observed b o th  .in oovf s  lu ilk  and in  p u r i f ie d  xan th in e  

oxidase I s o la te d  from ç.o#b- m ilk  by th e  method o f  

G ilb e rt ' & . B ergel ( I 954)# I t  fo llo w s from th i s  

o b s e rv a tio n  th a t  th e  in a e tly e *  m olybdenum -^ontainiiig 

"x an th in e  oxidase:^!^" o f  Bray ^  :âl#. (1961) m ust a r la é  

by In a o tiv a tio n . o f a c t iv e  xan th ine  ox idase d u rin g  th e  

I s o la t io n  o f  th i s  enzyme from eow's-- m ilk . I t  i s  

shown t h a t  th e  e s tim a te d  value o f  Bray e t  a l»  ( I 961 )

■of 117 f o r  the  s p e e i f ie  a c t i v i t y  ■ (ac tiv 4 ty /l^ |'^ ) o f  pure- 

a c t iv e  bovine m ilk  'Xanthine oxidase#: i s  low#- A new 

v a lu e  o f  150: i s  proposed f o r  th e  s p e e l f le  a c t i v i t y  o f  th e  

pure enzyme.



3# T h e  xEîitîiiae ozldas© a c t i v i t y  o f  g o a t’ s, m ilk  

has bean found to  be very low  compared w ith  th e  a c t iv i ty  

o f  cow' s loilk# Molybdenum was found to ; a l l  th e  samples 

o f g o a t’ s m ilk  th a t  ware exaiained# u su a lly  i h  

C G hcentrations © lig h tly  l e s s  th an  those  found in  normal 

cow’s Bîllk., b u t  th e re  was no c o r r e la t io n  betw een the  

xan th ine  ox idase  a c t i v i t i e s  and moly'fodentou c o n ten ts  i n  

th e  goat’ s  milks#

4é An in h ib i to r  o f  bovine m ilk  xan th ine  ox idase  o f

unknown com position was found to  be p re se n t i n  cow’ s milk# 

n e i th e r  the copper nor th e  o ro t ic  a c id  p ré se n t i n  cow’a 

m ilk  were re sp o n s ib le  fo r  th e  in h ib itio n #

5# The in flu en ce  o f  d ie ta ry  molybdenum in ta k e  on 

the  x an th in e  oxidase a c t i v i t i e s  o f cow’ s and .of g o a t’ s 

m ilks Was in v e s tig a te d #  I t  was found that, w ith  d a i ly  

in takes; o f  3 mg* Mo/coY/day and 1*1 mg# lo /g o a t/d a y #  

supplem entary molybdenum (a s sodium molybdata) was 

w ithou t e f f e c t  on th e  xan th ine  ox idase a c t iv i t i e a ,  o f the 

m ilks o f  - e i th e r  oows o r goats:*

6* The manometric D-miino a c id  oxidase method f o r

th e  d e te rm in a tio n  of FAD has been  m odified  and improved#

I t  gave s a t i s f a c to r y  r e s u l t s  when a p p lie d  to  th e  

d e ta riiîin a tio n  o f  th e  FAD con ten t o f p u r i f ie d  bovine mil Ik . 

xan tM ne oxidaae* b u t  gave l e s s  s a t i s f a c to r y  r e s u l t s  when 

ap p lied  to  the d e te rm in a tio n  o f  th e  FAD co n ten t o f  cow’s 

m ilk  and o f b u tte rm ilk *  However* on th e  b a s is  o f th e  

r e s u l t s  o b ta in ed  by th e  use o f  th is  method* i t  I s  

suggested  th a t  cow’ s m ilk  co n ta in s  an enzym icaily  in a c t iv e



f erroflavGprG te to  ( the "xanthxiie o f  Bray

et'-tiv;-1963.} which aeeonipanièa active  xanthlw oxidase*HMWR. ####### • ”

throughout p re s e n t  proeeduree fo r  th e  I s o la t io n  o f  

t h i s  enzyme from  eowte m ilk ,

?# In  confirm at lo n  o f  e a r l i e r  r e p o r ts  In the  

l i t e r a tu r e #  a sample o f  p u r i f ie d  bovine m ilk  xamthlne 

ox idase was found to  p o sse ss  some a c t i v i t y  as coenzyme 

f o r  th e  ap o -p ro te in  o f  B^amlno a d d  o x id ase . The 

im p lica tion s of t h i s  f in d in g  a re  d iscussed*
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