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Bourguin & Shermen (1931) showed thet cow's milk
was effeetive in prémo‘l::mg the growth of rats tl@:f‘iei'@n‘é
:i".rz v‘:i.‘l;:al_.min Bg‘.» The cﬂma‘ei"t‘uerm of eow's milk possessing
vitaminﬁg aetivity was isolated in a pure Torm from the
| uhfayc}f‘ couts milk by RKuhn, Gybrey & Wagner-Jauregs (1933),
who. ﬁamsaﬁ_i’é lactoflavine Proof that lactoflavin was
in fae{:{6‘,]?‘*@1%&:&3’1«9-—(3."-Z€)wz?:i.m'by1)wm@walmmzﬁgn&a was
. obtained 'fay Karrer, Schbpp & Bena (1935), who renamed the
' compound riboflavin. |

o Gybrgy, Kuhn & Wagner~Jaurvegg (193h) observed that
most but not all of the riboflavin content of cow's milk
wes Aiffusible and was therefore present in the frec forme
Buler & Adler (1934) found that 20 + 25% of the total
ribellavin of cow' gfs? milk was nop~diffusible, and was
therefore bound to some substance of high molecular weight
which, they suggested, might be en enzymes Housbon, Kon
: & i’fhamiagan (19!4.6 a, b)y using :;x fluorimetric method for
the em‘;imaticﬁ of riboflavin, observed that about 10% of
the total riboflavin 5f cow's milk was in a bound fbxﬁm,
and ‘thafi:' this bo’uﬁﬂ riboflavin wes roleased on heabing the
milke This o‘ﬁservéa‘tion was confirmed by Hoeflake (1953),
- who found that about. 10% of the total riboflavin of cow's

wilk was not wbilized by the rivoflavin-reguiving orgenism

Lactobacillus casei ATCC 7h69, but was converited to =
utilizable form by beating the milke



2o Zenthine oxidese snd flevin nueleotides dn

‘mldl

fﬁ?h@» 3 ;:é'st :méti?emién. of the wavure of this bound

_riboflavin of cow's milk came from the work of Ball
(193%‘ 1939) who isolated the enzyne xemthine oxidase

‘ {m:qizmnm 0, oxidereductase, BC 1x2:362) from Lhis

. source, and showed hat it was a Clavoprotein, - He
aonmd&ama thab the ‘“:ﬁ_’iavi.n.ﬂ;k?‘??osaf"bh@%iﬁ EEOUD WaSs m;rnilar
to, Vbuft';;ngm "ﬁiﬁari-imi;m;:;tl," Wl 'Lh , Tlavip-~adenine dinucleotide
{PAD)s At the aéxmﬁ tine, Coryan & Green (1938 a, by

 while attempting to purify milk xanthine oxidase, iselated
from cow's :mi:i;l? an ﬁz«m;ymmémy 3;mtm§iﬁzéa: Flavoprotelin, the
flavin ﬁiﬂiﬁ“&y of irxh:i;ah@ .ﬁaﬁmmﬁl‘eﬁt FAD Shortly afterwards
Corrany Devan, CGordon & Green (1939) isclated an active
preparatlon of xa—mﬁmm oxidase from cow's milk and showed
that i’;h@ Tlavin tmm'tiwam of thisg was inde el FADe
Xanthine oxidese activity had been observed much earlier
in milk by %ﬁawg&ng; Stewart & Hopkins {1922) but the work
ef Ball end of Corran ghb als (1939) gave the i",mm;
indieation that the enzyme was e Plaveprobein. Later,
it was shown that the amyma aloo contained molybdenum
(Totter, Burnetty Monroe, %Ehi:mﬁmy & Gomar, 19533 Grecn
& Boinerty 1953), "ém&"wm (Richert & Westorfeld, 1954).

’ Modi & Owen (1956) extracted ecow's milk with

= trichloroacetic. aeid auii;ﬂ. fmnd,, nsing the paper
chromatographic méiﬁhéa of Grammer (1948), that the only

,fl.avizz.ls present in the .emi};t'ém::t were riboflavin and PAD,
’I*ﬁea:,r observed als}a that no FAD wag present in ultva-

. filtrates of cow's milke Hanson ’&-vﬂ‘:&&jﬁacﬁiﬁ;; (1957), who also



wveed Crammer's (1948) method, detected the presence
‘Ofrribpflavin and of flé%in mononucleotide (FHN), bub
not of PAD, in ﬁuah.ultwafiltrateég They abﬁer?@&’thaé
Cfres. FA &ppaare&fWhen“freﬁh eow’s_mﬁlk was heated to 95°,
and concluded from these observations that all the FAD
of cow's milk was present. in a bound £orm. Hodl, Qwen
& Darroch (1959) separated the flevins in trichloroacetic
acid extracts of cow's milk by Crammer's (1948) method,
~:md estinated thet 16 ~ 27% (msen 21%) of the total
riboflavin of cow' s milk was bound as TAD.

Reéent’sﬁfvéys héVe showm that in Britain almost
Lo of the t@tal amount of riboflavin in the national
diet is derived from milk (Milk Composition in the United
Kingdow, 1960).  Since the resulis of Modi gf 8l (1959)
guoted above inﬁiaat@rthﬁt~mhmut one~Tifth of the total
riboflavin of cow's milk is in the form of FAD bound to
BOMe conﬁtmtuent ofF the milk, it was obviously important
o éat@nmina ‘the nature of this constituent. The question
arises: Is the bound riboflavin of cow's milk accounted
for by the BAD of xanﬁhina oxidase, or are otheor fl&?in
- compounds present in sddition to xenthine oxidase? |
30 far this problem doeé'nat appear to have bheen

investigated.

3« Buidence for the cecurrence of otheor flavoproteins

in cow's milk

Bergel and Bray and thelr colliaborators isoclated
and studied the properties of meny highly purified
preperations of xanthine oxidase from cow's milk (Avis,

B@rg@l Bray, 19563 Bergel & Bray, 1958; Bray, Malmstrdm:



& VHanghed, 19593 Bray, Pettersson & Bhrenberg, L961).
Their best preparations were homogenesous by the usual
eriteria applicable to proteins {Avis, Bergel, Bray,
VHJ&mﬁg & Shooter, 1956), but the composition, specific
-aativitias and electron~gpin resonance properties of
“these pﬁ&p&?a@i&nﬁ v&rieé considerably from one
preparation to anothdr. Yo account for this variation,
ﬁ?&y:ﬁ&dﬁég {1961)'p¢&ﬁm1ﬂt@ﬁ that their most highly
pﬁﬂifi@& preparations consisted of mixturss of varying
amounts- of the active epzyme with two other closely
 raLaﬁ@ﬁ but ensymically iméétiva metalloflavoprotelins
A{see Table 18, Ps 90 of thiﬁ«th@&ig)w ABﬁanggfggga(196l)
© adld not atbtempt téiaetewmina the erigins of these
‘eompmnénﬁﬁ, Their presence in purified prepsrations
-might be explained by one or both of the following
pmﬂsihilitiﬁﬁ%; (1) they are present in cow's milk
together with the setive enzyms, and accompany it througheut
the pqrifiaatima:prma@dmﬁag (2) they nrise by degradation
o ﬁﬁe.aétive @nzymevauming the purifieation proceduros

AL present, there appears to be no published evidence
favauringzai%hwr of ﬁh@ﬁ&:@@ﬁ&ihilihiea.

It is clear from the work of Bergel and Bray and
thelr eollaborators ihaﬁ the study of the propertlies of
‘émﬁyMiQ&lly active xanthine oxidase from cow's milk is
.hamp@r@&‘by the pﬁasenae inbyurifiaﬁvpﬁeparatimng of

variable smounts of inaétiva-flavm@réteimsg Progresgs in
| such studies ﬁguidybe’graatiy faellitated if the pure
Naative‘enzyma,7fvee frowm these contaminating fl&véyﬁaﬁeins,

could be preparcds



Ui

U gr&roni %nv@mﬁigatﬁons

A negessary pr@limimary o th@ prep&ratzmn ﬁf pure
«enzymieally active milk xanthine axi@ase wuula‘b@ to
‘dEuarmi@P the @Pigmnﬁ of the inactiva flﬂprrate;ns “H
- Pound in the preparations of Bergel anﬁ.ﬁrav an& tha*r
f'cpiga%aratar&a The work presented in this thesis was
thaégfmﬁa undertaken with the Cfollowing abjaativea
. in v‘imv - |

{2) Wo determine the econtribution of tﬁﬂﬁﬁﬁ 6? zxanthine
oxidese Lo the total bound riboflavin of cow's milks end,
JAf this enzyme was found not to aceeunt for allvth@ bcmﬁd
r¢bailavln, ta attempt tuﬁd@ntify and hm eharact»r;?ﬁ “the
other fjavxn compound or eﬁmpaunda presunt.

(b) To determine the origins of the inactive flavow-
proteins oecourving in purlfied prepsrations of xanthine
oxidase from cow's milk, and to study the factors

ﬂaﬁﬁrmlling4ﬁheirr@ppéaranaa'in»smﬂh purified preparetions.
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BTHODS

L Rfﬁ&,ﬁ,ﬁ“ﬂ‘tm and mamar f8ls

WW

a) zlxatgg. 3}:1.,;1.111@% mtar‘ Crom an mechm'mcally heated
a1, 11 mm & tmmﬁ cmppw %aiim* mm resmmnaawlam
G&ﬂﬂﬁ%ﬁ“ﬂ‘f}” Was a,r t-z?‘ t reug,fmut tm COUrse . ﬁf thm Wmﬂa.

, 'The ammuaa waber m;a aﬁumé& ina Pyrex gglma agplrator

"buatle rittad ﬂWth a @1& s atapamck-

(b) Hc;agﬂmm for ramvmic aﬁgﬂga . Xanthine -(:bémwa?mry

reagent ggr»aéi.e, not less tnsm. ?ﬁk pum) and ﬂLmlamma
' (miemuwmlymeal reagent gmd@) \nfam obhained fmm
' JBri*bs sl }:}rug iicuﬁ;ess m.d” :%aleh | }Zsuf‘am use they were

ctmwﬁ in a- tmsj cea:i:m? Qvar rlmacai mﬂmaﬁmm parrthmﬁﬁ:

o ‘(“Amwdmne") at room tc—smiaeax*atum.

ﬂm used as an aqsay mamiezrd wag Grade I obbained
. from bho %iggm& C,hemoal Gc;m@an;sr, Bt Lanm, U,fﬂwi&. It
was “3"‘:‘3?@@" at «20° 3_.1’-3(. a brown glass bottle inside a 1:Lg}rxtu
tigh@; air-tight packege containing silica~gel as denicoante
) &3 ycyj glyeim, h«uyatam& hyclmahlarida mmmhyumte,

'@th sml.é& r:rude Xia-mminq acid Qxiﬁam and crystalline
, csmala =3 wem m’btaimﬂ from La Light 5. Boe Ltciﬁ, ::mlnbreok.
‘ f,‘é«lyc:,y*lgwcim*smﬁium pmsymw buffers we:m made by
 dis 'o},vi:ug, @gummla:ﬁ guantziﬁie of glyaylglycmm anu Analarp
,g?;'mde ;mdmm aihyéimgan phosphate in water and ad justing the
solution to ;ﬁ}m-ciasim«i ;@‘fi with Anslar grade sodium ixyélr@xide.
Gi;lycﬁ,mwéédiwn @hms@;ﬁté& ’buﬂ:"ijé‘ré-'limm made in al aimilar

‘way nsing Aneler grade elyeine.



Sedium Pyrophosphate bulfers were made eilther from
Analayr grade belbrasodivn pyrophogphate adjusted with

Analer grade hydrochlorie acid, or from Analar grads

tétraaméium.pyﬁmyh@spmaﬁ@ and disodlun dihydrogen §
pyrophosphate (B,heH. Llaboratory rwmgwnt grade ). %

Al? bm@f&?m were cheaked WLth a pH mmter‘&n& glags %
ﬁigﬁﬁfwﬁﬂ. o ‘ ' %

The ethanel and potessium hydroxide used in the

sngymic reactions were of Analar grade.

(e) Reapents for Btandard molybdenum %

aclu&l@ﬁs were preparﬁd from Aualar gﬂaae melybhdenumn
ﬁ?io&a@@- Before ume, this wes dried at 105° Ffor l hvs
and then stored in a @&%AQQ&LBP over Anhydrongs
Tolusna=3yl=Githiol (dithicl) (spot-test veagent
grade) and ﬁhiggiyealliﬁ~a&id (labmf&ﬁefy reagent gfﬂ&a)
Were a&téinad Trom Pritish DPrug Houses Litds, Pooles
‘Thiourea (orgenic reagent for metals grade) and '
sodium lodide (B«P. grade) wsrve vbiained framﬁﬁapﬁin.& 'f
Williams Lbdey Chadwell Heathe

ALL the other chemicals used for the molybdenum

assays were of Analar grade.

2« The determinati
of_milk |

n. of the xanthine

(a) “ﬁi cation of the manometrie method of Rodkey

5L+ In the initial stages of this worky the

aanammtr¢a mabhma of Rodkey & Ball (1946), modified by
the substitubtion of an eguimolar amount of xenthine fop

the hypoxenthine originally specified, was used Tor the



~determination of the xanthine oxidame aetivity ol cow's
‘mi-llﬁg. This modifliecation was made in erder to simplify
the kinetics of the system sinece the oxidation of
‘hypoxanthine %o urie acid is 8 two~stage proeess with
xzanthine ss the inﬁ&rm&&iatﬁ axiﬁatiﬁn product. The
modlified method was as foliQW$,m
In the vody of a m wwhurg £lesk with a 3iﬁglg gide arm wers .
plaaaﬁ 2 mls of milk~@mﬁ s ml. of GJli-sodiym phosphate
burter (pH ?.2?). and 02 mle of Q. f}glmwmam,hiﬂe dissolved
in Q&G{ﬁ“ﬁﬁ&ﬁ was placed in the side avme The Tlask
Was tﬁ%ﬁ attached to its aﬂpraﬁﬁtaﬁa manam@terg
piagau lm the Warhuwg waﬁar bath at 37°, and allowed
to ﬁgpiLihﬁaba for § mine, afbor Which bl&mk r@aéxwga
were token every 6 mine for a gommimw ymfiﬂﬁg‘ The
roaction wos then sterted by adding the xanthine from
the side arvm, and readings were taken avery 6 mine
‘:'fov‘a pé?;md of L8 mine %ﬂ@:mmﬂaﬁntwétian mf‘ﬁhmapﬁat@
ion in the rsection mixture was 0.0351H, ond the initial
coneentration of xanthine wes Zeduile  the initial éate
of the reactien wag determined from a plot of manomeber
réadings sgeinst time, and this, expressed as miero-
Litres (pls) of oxygen per hr. per ml, of milk, was
taken as the wmeasure of the aetivity of the milk.
Determinations of the acﬁivit; of gow's milk by
this m@&ﬁa& were unsatisfactory. The agreement betwsen
wepile&tﬁﬁ was . poory and the fesulis ﬁ@re erratic and
nonmreproducibles, On investigation it was found thai
the totel oxygen upteke resulting from the cemplete
oxidation of a gliven amount of xenthine was both variable

and non~gholcholionetrics It follovwed frmm this that



the rates of upiak@ of oxygen must have been subjeet to
:a varieble and in&et@rmin&ﬁe errors Preliminary
determinations of the veriation of the activity of cow's
milk with pH indieated that the optimum pH wag hetween
8¢5 and 9y bﬁt the grg@h% in which activity was plotied
»&gﬂiﬁﬁt'pﬂ were very variable both in the shapes of ﬁhe'
curves and in the positions of the maximum velues.

It was aeﬁ@luﬂaa that this was due to the presence

o in cow's milk of a.héunﬁ Lorm of xanthine oxidase which,
until released; was enzymically inactive (p« 27 )»

It seemed possible that exposure to slkeline conditions vas
walmaéing thig %aﬁnﬁ amﬁivityg hwm,tm a varieble and
@?ratia degrog.

Before investigating these difficulties, the
 $$m$i%ivity of the method was increased approximately
threg-fold by increasing the pi from 7«2 to B+5: The
buffer vesd ﬁas an equimolar mixture of glyeylglyeine
(yﬁa &@l) snd sodium dihydrogen phosphate (pﬁa 762}y
all adjusted to pH 845« Phosphate lon was included
bééamﬁﬁ it was fbﬁn& that in ite presence the aproemont
pobween replicates was improveds At this higher pif
it was found nocessary to incresse the buffer
concentration in Lthe resction mixture from 0.031M to
0N+ 10M in ardér to maintelin the pH comstant throughout
the émurae of the reactione This increase lin buffer
concentration was fbund“ﬁa be without effect on the
“pate of the resetion.  Potassiun hydroxide (20% w/v),
together with a roll of filter paper (Whatman nos L1),

was added to the centre well of the Warburg flask to




10

abgorb earbon dioxide.

”h@ modifiod wyst@m.than consisted of 1 ml, milk
4+ 2 mke QfZJmﬂglyeylgiyaimemsmaium vhosphate buffar
(DM 845 at 20°)+ 0,2 ml, 0,05H=xanthine (10pmoles) at a
p@&gtm@n hemperature of 37%. - Aﬁ befors, the resction was
mﬁaWﬁBﬁ by gdding xanthine from the side arm. The
Piratl manometer rending wos made € mine later and
sﬁﬁé@&sive:r@aﬁinga wers mede at J«-min. intervals for

éa tété@'ﬁ&m@t&ﬂﬁ;p@?iﬁﬁ of at leaslt 30 min.

(b) Investigations into the monestoicheiometrie

SXygen, ugtahe oL thm panometric method. The asrobie

exi&a@ﬁon of xamtnin@ to urie geid iu the presence of

xan%h%na oxidase tokes plau@ according o the eguation

o | OH
AN 2N\ N
R M N YN0 H, |
N wg | #0p +HL0 — J\K” | FHL0, (1)
HO-Ny —H HO Ny —NE
{ xanthine) o (uwie‘aeid)

Gow's milk always contains catalase (Jemness &
Patton, 1959 a), so that, in the presence of cow's milk,
1ﬁﬁﬂ‘fﬁwth@ﬁiﬁaa¢tion

EQQZ?. —-—,\ ‘ HEG + %Qg (2)
should followe If reaction (2) goes to completion,

then the overall reaction will he

WsGHANH=  + 30, —> ~H=C(OH)-NH~ (3)
{ xanthine) (uric acid)

 The complete oxidation of 0,2 ml. 6F 0.05M~-xanthine
(Lopmoles) to uric acid secording to eguation (3) should |

be secompanied by the uptake of 112ule. of oxygens



il
in one experviment tihe chserved totel uptekes ol oxygen
z?eaulﬁing from the -m:i.};iai;i;en of 10 pmoles of xanthine
in the system described in the pmviomsvp&ragra@ﬁ varied
From 140 to 150 ple En another experiment, given in
detail in Teble 1, thé V,same gystem was used but the pH
was veried from T.2 40 Dele PThe total uptakes of
oxygen observed in this e@er,imem veried from 128ul.
(114% of theoretical) to l?5ul..— (1565 of theovetical)e
It is obvious that positive errers of this magnitude
must eavse corresponding positive increases in the
rates of oxygen upi;a}cca, _ané‘c thm i!*ea&‘tp Talse sstinates
of the activity of the enaymes

This finding “a’btam@ﬁ,h&m that the total uptakes
in this system ean be considerably in SECE8S of the
theoretical values is not in agreement with the
observations of mMorgan eb gl. (1922) or of Dixon (1925),
who -elaimed thet the uptakes were stolchedometric.
However, Morgen gt al. (1922) recorded that ocecasionally
the total uptake. %&.cemnganying the oxidation of xanthine
wag 10 to 20% in @:ée@as of theoretieal, but they could
give no explanation for its. The explenation of the
diserepancy betveen the abaervaﬁm‘zm‘ made here and those
of Morgan gt al. (1922) and of Dixon (1925) probably lies
in the faet that beth these suthors used i;hé Bareroft
type of monometer f‘ér their determinations of total uptake,
wheveas in the present. work the Warburg type of manometer
wag uged. The designh of the Warburg manometer péﬁﬁita

the exact determinaetion of the pressure at the beginning of
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Pabhle la t‘ffect of additian m? 8. catalat;c émmun*h cﬁ‘

% ven,u. t*zi»:a of eow's

catalase on thc_ total o

mlk + xanthlne at various ;JH vdlues

P

Buffer pi at 20° |  Tetal oxygen pteke (ul.)

o added - Beatg. m‘*ystall:.n@
| catalase | catalase added

7e2 | o -
768 | 120
8.2 | 115 120
86 | 18 | 1
8.8 | 158 | 126
940 I = 1
9.2 | o8 | 133

Reaction mixture « 1 mke cow“ﬁ mi"lk + 2 mle Ou25M= .
glyeyleglyecine~sodium phosphate hu“ffe;z + 10 pmoles
A xanthineg in a reaction: volume of 3.2 mle 8% 3?‘*,{
Gas phase, airs Filter paper + 042 ml. 20% w/'v
KOW in centre wells |
Tnemr@tic.alg total uptake of cxygan in yrasan%e; af

catalase = 112 ple



s reaction, but this is not possible with the RBarcrofi
type,y in which the reaction must herst&rﬁe& before any
- pressure readings can be taken.  This procedure would
lead both Morgan gh gle snd Dixon to underestimete thelr
total oxygen uptakes, which Wﬁﬁiﬁj%ﬁugfb@ thought to be
nearer Lo the theeretical figuwe than‘ﬁh@yvaatually Were.
| Barrvison & Thurlow {1926) showed that hydrogen
peréxi&é preduced durdng the asroblc exidation of
hypozanthine. in the,yraéénée of xanthine oxldase could
oxidize some ﬁniéanﬁifiéﬂﬁmilk_aanstitnﬁatg provided that
a peroxidase was also presents The Lactoperoxidase of
cow''s milk was shown 4o ha-effaétive in this vespect.
This suggests that the non-stolicheiometrie total oxygen
uptakes observed in.ﬁh@ present work are due to competition
by'ﬁﬁagéatalase and the laefﬂperoxidasa of cow's milk
for %hg hydrogen peroxide produced during the oxidation

of xanthine. The relevant reactions ave
ﬁééa_—é Ho0 + -%92 (eatalatic reaction) (&)
H-Qea + ﬁZA > A | '*’ m_‘?@ (PQ?OXida‘Lie r@actign) ( 5)

where ﬁéﬁ rapresamtﬁ the oxidizable milk eqn&tiﬁqsnt.

I these two reactions ave proceoding simulbansously,

then since one mole of hydrogen peroxide is produced for
every*maia'gf xanthine oxidized to urie ag¢id, the 0b$er#eﬁ
total oxygen uptake wil;Alie‘b@tweanxegﬁ mole and 1 mole
of axygén p@r"mgleiaf xanﬁhine‘pr@sant in the reaction
mixbures

From the farag@ing_it is clear that this simple

method for the determination of xanthine oxidase aobivity



in milk is subject to. serious errors due tg the -
?eactiviiy of the hydrogsn péfﬂxide praduced.‘ 'iﬁ

may bevnoted that the_methodAQf Bal1 (1939), fram,which
thisbmetnod.ié derived, 1is stili used, rfor sxample by
‘Guﬁnason.& Shipe (1962). At ﬁhis gtage it was'fglt

that the manometfic typa‘of method was still the

- procedire o£ choice, so methods of removing the hydrogen
péQQxiée'férméﬂ”ware sought. D;xonu(1925) Obséfved.ﬁhat
thé{q&dihiaﬁ.of catalase to the syétam“milk + buffer 4
hypGQanthinezprevanﬁed the deﬁiruction of xanthine
“cxidase by hyaregen.peroxida. The experimental evidence
fof this was that in the absence of added catalase the
iﬁitial‘raéefef the uptake of oxygen declined soon after
the reéction bégan;" in thé gresénca of added cétalase
the \:I.lirz.‘:i'ti,al.ﬁggte of uptake, although less than the initial
raté i? the absence of added catalase, was maintained
uﬂtiifall.the hgpaxénthine_ﬂas oxiﬂizéd to uric acid.

The tq$a1.uptakeghﬁeré said to eorrespond to the
Qxiﬁation of hypoxﬁﬁthine acecording ﬁé the eguation

1 mole hypoxanthine + 0,— 1 mole uric acid (6)

‘ Theée eﬁSerféiions; with the exception of the
stbicﬁ@ibmetry of the total upﬁake-af:oxygan, were
‘eanfirméd during the present work (Figs. 1 and 2 and
Table 1)s  The decline in the initial rate of uptake
in the absence of added catalase, and the constancy of
the ini%ial rate of uptake in the pressnce of'added
cataiasa,‘é?e.shothin.Fig.kl. The decrease in the rate
of uptake caused by the addition of catalase is shown in

Figs. 1 and 2. Table 1 and Fige 1 show that the addition
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Fige 1o Effect of addition of a catalatic-amount
of catalase on the oxygen uptake of cow's milk
+ xanthine.

Reaction mixturs - 1 ml. cow's milk + 2 ml.
0.25M-glycylglycine-sodium phosphate buffer
(pH 8.8) + 10 wmoles xanthine in a reaction
volune of 3.2 ml. at 37°. Gas phase, air.
Filter paper + 0.2 ml. 20% w/v KOH in centre well.

The reaction was started by addlng the xanthine
from ths side arm at the 30-min. point.



o No added catalase

a3 of catalase added
400 | 748

300

200

Rate of oxygen uptake (/..I.Oz/hr./ml. milk)

7.0 8.0 3.0 0.0

Fige 2o Effect of addition of a catalatic
amount of catalase on the rate of uptake of
oxygen by cow's milk + xanthine at various
pH values.

Reaction mixture - as for Fig. 1.
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to the system of 3 pigs of catélasa reduced the total
uptekes to figurss much nearer to, but still in excess
of the theoretical fiéﬂraé- It was found. that amounts
of added’ eatal&se ranying Trom V.5 uge to 3 e Were
all ﬂgu&lly~@ffa¢tl?&y1n reducling the total uptakes to
’figares of the order of those shown in the second
column of Table l. HMeny determinations of totel
4up§ake were made subsequantly uéing this system with

3 pge: of adﬂe&‘catalaée§ but it was invariably Found
that the tetal uptake wes in execess of theoretical

Até about the degree aﬁcwn iﬁ_Table 1. A possible
explanation of this seemed to be that since
1agtoparbxi&ase is pfasen& in cow's milk in considerable
amounts (Jenness & Patton, 1959 by it waé~$till gble
Ho compete with thé‘inereas@d comcentfation of

catalase for the hydrogen peroxide (cf. Baldwin, 1959).
A ﬁoreiaflicient method Tor removing the hydrogen .
péraxi@é-waa thefefore soughb. It was thought that
the addition to the Systempwithouﬁkaddeﬁ,aatalase of |
a‘sﬁﬁsﬁanﬁe.éapablé of ‘acting as an electron donor

fTor 13¢tamarax1éase mignt result in the nerox1dat1¢
reqetioﬁ taking preaeﬁanee over thﬁ eatalatlc reactions
The lactoperoxidase electron donors phenol, thymol,
_banzbic deid and sﬁliqylis aci@iwera selected for testing
on the basis of théif3unreaetivity towards OXYeTie
Total oxygen uptakes of the system 1 ml. milk + 2 mle
0.Zﬁﬁ-giyéylglyéinﬁésadium;phosphata»buffer (pH 8.8) +
0.2 ml. 0.05 M-xanthine (lOumoles) in the presence of
20 pmoles of each of these wers determined. Eqr‘

comparison, the effect of adding a cstalatic amount of
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catalase to the system was alsd determined. ’.%ha
resulis ave shown in Table 2,

It ie elear from these results that the adﬂ;tlon
of eata}ase ha@ the usual effect of’ reducing Lhe
"maggiLua@ of t33~§erax1&at1a rsactlcn (cempar@‘with
‘T&hlé 1)e itnis glga‘saén,ﬁnat Qf'tﬁe'fﬁurtéiﬁétﬁﬁn
éena?s for lactoperoxidase that wéra a@ﬁe&;:éﬂiyf |
phenol reaetad‘un@er these conditions, and thab h&&»u 
totel uptake in its presence was ‘:;xi excess of . theory.
This may have been due to ﬁh@-océmfr@nee cf’nané@nzyﬁic
oxidation by oxygen of the oxidation product of the
phﬂnal in addition to the peroxidatic oxidation. ;The
uptake of axyggnkiﬁ;klank‘ﬁatérminaﬁiﬁgs was nepligible
in all the reaction mixtures of this experiment. In
view of these resulis this approach. was not @ursuéa,further.

The next atbempt to remove bthe iﬂterf@ring
hydrogen peroxide wag baseduan the ébservaﬁien~af
Keilin & Hartree (}936;‘19h§;,that-unﬁér sulteble |
‘conditions catalase ean fun#%ign as a yeroxiﬁasé@

Kellin & Haptré@ fﬂﬂn&>thﬁt'Geﬂﬂéﬁﬁréﬁiﬁﬁﬁ of eatalase
of th@ order of 0«5 to 2Ty Legataer with a suitdhla
@lemtreu,deﬁﬂr such as ethanol, aﬁ&ed to a sysbem |
generating hydrogen gef Xiae, éan*aé the hydrogen yé?axiﬂa
to be quantit&tzvely utilized as aleetron accﬁptor for
the axzdaﬁlon of the athanal to ac@talﬂehyda‘ Xnttha
Bymtﬁm xaﬂthine oxidase + xn@thlna + cata3asa (Qe = 2umM)
+ eth&n@l, the consecutive reactions according to Rexlzn
& Hartree are

eWOHANH- + Op + Hy0—> ~N=G(OH)-NH~ + H0,  (7)

{ xanthine) {furic =eid)
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‘Table 2+ The effect on the total oxygen uptake of cow's

_mili 3 xanthine of addition of a catalatic

amount of catalase, and of various elsctron -

Gonors for lactoperoxidass

Add;tien 1 ‘.Eata.L a;;ygén‘ﬁﬁéﬁéké {ude)
«j.Ql\Ione | _ ,l;' o . iﬁ? |

1 Catalase (3#-3') | “ . ‘ : 13h
| Phenol (20umoles) | 25
{ Thymol (éﬁwnales_{}; | 182
}‘Benzeia acid ﬁaﬂgmalea) .?' ' 183

| selieylic acia - o
| - {20umoles) | - 195

Reagtion mixture - 1 ml« cow's milk + 2 mle Qe25M=-
glyeylglycine~sodiun phosphate buffer (pH 8.8) +
Iopmoles xanthive in a reaction volune of 3.2 mls ot
37°: Gos phase, aire Tilter paper + 0.2 mle 20% w'v
¥OH in centre wells o

Theoretical total oxygen uptake for the cetalatic reaction
= 112 uwle |

Theoretical totsl '@xygan wptake Ffor the peroxidatic reaction
= 220 ple -
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Eg% + GIIEGHQGK — 6213(3&3(0 + 28 9 (8)
and “the overall reaction is thus
~N=OH-NHw= + 0, + Qﬁgﬂﬁ@ﬁﬁﬂ~+ éﬁﬁcfﬁﬁ}*mﬁw + CHLCHO
+ Hy0 | (9)
'A_difficuity that arises in this parvticular
system is that the acaﬁaiﬁahyd§¢proéugéﬁ is itsell

a substrate of xanthine oxidase, and must therefoﬁe be

.ramaved if the sholcheiametry of tne system is to be

preserved. Keilin & Hartree (19@5) haVa shown that

- thils éan"be:accmmpllmheﬁ hy aéﬁxnv'strong patasqxum

hydroxide soluﬁmon uogethor with filter payer tm the

eentre«Wﬁll of the reaeﬁlon_ﬁlagk, This causea the

C orapid condensation of the acetaldehyde to an inactive

polymar,; and ﬁhus.effeeﬁiﬁélyyfemovas iﬁ from the reaction
mixbures | | |

In the present work, this syétam wag tested
by adding Imge of erystaliine gatolase (final condentration

in reaation mixture L.20M) end 100 amdlaw of ethanol -to the

.ﬂgystem Tmle wmilk + 2 mile @.25ﬁwglycy1glyclnevsaﬂlum

phosphate buffer (pH B 8) + 042mYa 0.@5M~xanth1n$
(lopmoles) at 37°. Potessium hydroxide (@,¢€m1.:29%-w/v}
together with filter paper masAplaced in tgﬁraeﬁtre'wells
of the reamction Tlaskss Total uptakes and rates of
uptake in the pregenca and absence of eatalase + ethanol,

when pregent together, were &ataﬁminﬁdg The effect

of adding accatalatic'ammunt‘of caﬁalasé (3 pge) to this

system was also determined,
The results, recorded in Table 3, shew that the

addition of catalase + ethanol to the system brought the
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Table 3. The effcet on the tobal oxypen uptake and rate

of oxypen uptake of cow's milk + xanthine of

- pddition of o gatalatic amount of catelnse,

and of a peroxidatic: smount of catalase

& excess ethanol

| ; Total,ox&ggn N Rateﬁﬂimgfygen 3
hddition - | wwteke (wd) t (7 e fnle milk)
Tone B - ; 184, 190 uaaﬁ}uluf
| 3pg. catalase - 133; 135 326, 326
} 1 wmg. catalase + 100 |. % , ;
pmoles ethanol ;2394 230, 229 _ 491# LE1l, LE5

Reaection mixture — 1 mle cow's milk + 2 ml. G.aﬁﬁ;
glycylglyeiﬁeuso@ium;phospnate buffer'(pﬁ 8;8) + 10
pmoles xanthine in a reéctien volume of 3.4 ml. a8t 37°.
Gas phase, airs ’Fiitérjyap$x + 042 ml. 20% wf# KOH
in centré welle | | h

Theoretical’ﬁbﬁal axygén upﬁaka for the peroxiaﬁtic

resction = 224 ple



—_———— e

total uptake teo the @xpeeted-ﬁhaérétical figure within
the limits of experlimental @rrsi’g This result was
confirmed éy'maﬂy Subsa@uemﬁ'@atermiﬁatiﬁnﬁ. In other
exgariﬁeﬁts the minlmuom caneeatﬁ&tiam of eaﬁal&se _
ﬂﬁaessary to maintain the total uptake at the |

theoretical figure was found to bé‘D,G@M; twice this

Ceoncentration was adopted for routine deferminationse

In the pr@seneé of a éamcanﬁr&tﬁﬁn of catalase of at
1eaﬂf Os6uil the rate of upbtaks was consbtant throughout
the course of th@ reaction as shown in Fige Be

Table 3 shows the considerable increase in
the rate of uwplake achieved with thiﬁ system eampgféﬁ
with the rate resulting from the aﬁdiﬁiaﬁ‘af 8,
catalatic amount of eatalase only. It can be seen
also that the total u@take in the pr@s@néa of a
peroxidatic amount of catalase and excess ethanocl
{the Keilin & Hartree system) wes double that of the
eatalatic systen for a glven amount of xanthine.
This permitted both a veduction in the volume of milk

required for a determination of actividty snd & reduction

in the concentration of xanthine iﬂ the ?@aatimh

mixtnreg This Iast is &esifahle'ﬁ&neafxanthiﬂ@‘axidase

is subject to ihhibition by excess of substrate, the

optinum concentration of xanthine for maximum acbivity
being sboub 0.1 M (Hofstee, 1955). The initial
concentration of xanthine useé.in the present work

up to this point was L0pmoles in 3.2 = 3.7mle, lee. 3mid,
which from the data of Hofstee (1955) and of Bray. (1959)

would be merkedly inhibitorye. With the adoption of
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FPige 3. The oxygen uptake of cow's milk +
xanthine + excess ethanol in the presence of a
peroxidatic amount of catalase.

Reaction mixture - 1 ml., cow's milk + 2 ml.
0.25M-glycylglycine—-sodium phosphate buffer

(pH 8.8 at 20°)+ 0.5 mg. catalase + 100 umoles
ethanol + 10 umoles xanthine in a reaction

volume of 3.4 ml. at 37°. Gas phase, air.

FPilter paper + 0.2 ml. 20% w/v KOH in centre well.

The reaction was started by adding the xanthine
from the side arm at the 30-min. point.
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the Keilin & Harﬁrge system it prove& possible to
reducs the xanthine concentration to Lpmoles in 3.l -
3eBMley 1.@s about le2uilile This concentration was
gtill inhibitory butb dansidarably‘léss so than the
concentration of Znil, as shown in Pige L. | It is
sufficient o saturate the amounts of enzyme normally
present in this system, since the Michaelis constant
for xanthine is of the order of 1ul (Bray, 1959).

Four umoles of xanthine were Tound to provide the
lowest practicable amount which would allow a sufficlient
number of manometric readings to be tasken during a fast
reaction (rate of upteke >200ul. Oé/hour)‘ﬁsforé the
reaction stopped owing to complete conversion of fh@

xanthine to uric acid (I'ig. 5)e

() Determination of the optimum pH _of sctivity

of wilk xanthine oxidase. After achieving stoicheiometry
af‘reaction by use of the Kéilin.&'ﬁarﬁrae system,
attenpts were made to detevmine the optinmm pH of the
compieﬁé gystem in ordsr to obtaln the waxinmm
sensitivlty possible for the determinatian of xanthiné
oxldase activity in milke

Xnitiall&, the varlation of sectivity of whole
cow's milk in the pH range 8 ~ 10 was debermined using -
glyeylglycine (]pKza 8«1} and glycine (pﬁa 9e8) |
As before, eguimolar amounts of sodium dibydrogen
phosphate were added to the buffers;whieh.wer@‘th@n
adjusted ﬁith sodium hydroxide to btheir nominal pH values
at 20°. The milk was t?eafed to release bound zenthine

oxidase by sheking it for 20 = 30 mine st room temperature
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Fige L Effect of xanthine concentration on
the xanthine oxidase activity of cow's milk.

Reaction mixture - 0.2 ml. cow's milk + 2 ml.
0. 25M=glycine=gsodium phosphate buffer pH 9.2
at 20° (pH 8.8 at 37°% + 1 mg. catalase + 100
pmoles ethanol + xanthine in a reaction volume
of 3.5 ml. at 37°. Gas phase, air. Filter
peper + 0.2 ml. 20% w/v KOH in centre wsll.



Theoretical ””/a _______

total uptake

Time (minutcs)

Fige he The duration of the linear phase of
oxygen uptake during the rapid oxidation of L
pmoles of xanthine.

Reaction mixture - 0.5 ml. cow's milk + 2 ml.
O« 25M~glycine~sodium phosphate buffer pH 9.4
at 20° (pH 9.0 at 37°) + 1 mg. catalase + 100
pmoles ethanol + L umoles xanthine in a
reaction volume of 3.4 ml. at 37°. Gas phase,
air. Filter paper + 0.2 ml. 20% w/v KOH in
centre well.

The reaction was started by adding the xanthine
from the side arm at the 30-min. point.
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in @ reclprocating laboratory shak@f (Worden, 1943}
“The results from thﬁsefexgerimemts‘waré &&sa@ycipting.
‘The pH of maximun achbivity &ppeaﬁed to bhe at‘abaut G2
{buffer pE at 20°) but the shape of the curve was notb
reﬁfo@ueiﬁie; Bome points showed a wide deviation
from the general trend and the agreemsnt hgtween
7?@9113&%@3 was afteﬁ;ﬁear@ . _

& likely explanution of these ﬁiﬁficultigs
seemed to be that release of the bound xanthine oxidase
by thé sheking treatment of Worden (1943) was incdm@laté,
and that a furtﬁ@ﬁ‘but egﬁ&ﬁiévréléaﬁe of this bound .
'@nzyme was aceuﬁringqﬁndar the alkaline éandifions ef
the &aﬁerminatiOnﬁ Morton (1953a, 1954) showed that
the alkaline phosphatase and xanthine oxidase of cow's
milk were boﬁh associated with the fat phase in the |
form of a partiéalate lipoprotein aampigx; and that
agsrepation of the fat globules was accolpanied by
release of this psrticulate complex into colloidal
Snsp&ﬁsian in the agueous phﬁﬁéh ﬁchgrt.& Pﬂianavski
(1o55) suggestad'that~th@'inanaase in xanthine Qxi&ase
sctivity of whole milk resulting from cooling or other
physical ﬁr@atm@mﬁgacaém@aﬁied the disgoeiation of the
Qﬁrtieulate enzyme complex fbsm.ﬁh@ faﬁgglabuleéy
Therofore, it seemed likely'that the'éiffiéultiaé
associated with the erratic release, in élk&line conditions, .
of bound xanthine oxidase present in shaken whmle‘milkA
" might be avoided if skim milk sepgrate&‘fﬁdm shaken

Whole milk were used in place of whole milk.
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To test this, Tresh whalevmilk from one cow was
shaken for 30 min. at room temperature, and was then
aemtrifu@eﬁ at 2300xg to bring the fat to the surfacc.

The skim milk layer was removed and the varlatien of

its xanthine oxidase activity with pi wes detormined.

The results are shown in Fig. 6, fr¢m wni@h ﬁh@ opbimum

pH is seen to be about 9.2 (buffer pil measured at 20°).

In subsegquent determinatienﬁ uaiﬂg skim;milk from

another cow :;.t was found thm the shaps of this curve

and the nas&ﬁion.af the peak vere now r@prachlble;

This conflrmed the suggestion (see Seetion I, pe 9 )

" that the partial release of bound xanthine oxidase in
dlkaline copditions was the cause of the @rratic1fesu1ts
obtained when using shaken whole milk. When purified
'xanthine oxidase, prepared fTQmAcQW*s,milkfby ﬁf; R.Co Bray
Qf the Chester Beatiy Research Instituﬁa,'ﬁan&on, was |
u;ed in.place of skim milk, the shape of the curve and

the position off the peak were thé same ag those obtalned
using skim milk. » ' . |

Worton (1955) has pointed out that the pH values

of alkaline glyeine-sodium hydroxide buffers deersase
markedly on raising the temperature from 20° to 37

The variations of pH’With temperaturs for the huffe§s~
“used iﬁ'this work were thereforeu@etermimeda | The buffers
were made u@ at their stock aonmeﬂiratian» ol G.EEnglycane
or glyeylglycine + Oe 251-s0diun dihy@rog@n phosphate

and were adjusted to the desired pH at a lemperature of 20°
with ecarbonate~Tree ssdiuﬁ hydroxide to the vaiueéishewn

in the first column of .Table 4.  Hach bulfer was then
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Rate

(,ul. OZ/hr./rnl. milk)

a Glycylglycine - sodium
550 phosphate  buffer
o Glycine - sodium
phosphate  buffer
500 |-
450
400 [
] I | 1
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Fig., 6. Variation with pH of the xanthine
oxidase activity of skim milk.

Reaction mixture - 0.25 ml. skim milk (see
Section II, pe 23 ) + 2 ml. O.25M~buffer + L
pmoles xanthine + 1 mg. catalase + 100 umoles
ethanol in a reaction volume of 3.5 ml. at

37° . Gas phase, air. Filter paper + 0.2 ml,
20% w/v KOH in centre well.



diluted with freshly digtilled water to a concentration

of 04154 (the final coneentration in the reaction -

mixture) and its pH was measured at 20° and at 37%. . .

The pH meter was standardized both at 209 and at $79

with O»05M-sodium tetreborate, the pi of which was taken

to ve 9¢22 at 20° and 9,08 at 3?°,A {These values are
gxtrapolated and interpolated vespectively fvom the
velues given in British Standard 1647 1961 "Specification
for pH Secale"). The results of these pH deterwinations
are shown in the second and third columms of Table l.

It is seen from this Teble that the pl of . -
glyeylglycine~phosphate buifer was changed by dilution
and by & change of temperature, whéraas the pi of
gly&inﬁ—phﬂaphata buffer was changed by a change of ,
temperature bub nat:by dilution except when the pﬁfapproacﬁed-
10. 'The Chaﬂges.iﬂapﬁ with the temperature of glycingw
sa&ium.phospbate buffers are in sgreement with those
reported by Morton (1955) for glycinanéoﬁium hydroxide
buffers.

The variation of activity with pH of purified
milk xenthine oxidase prepared by Br. R.C. Bray was then
redetermined using O.25i-glycinesphosphate buffers
standardized at 20°, but taking the pH values of the
reaction mixtures from Table 4. The i@ﬁults are shown
in Fige 7. The optimum pH at 37° wes found to.lie.
between 8.8 and 9.0« This result ig in ageeement with
the work of Palmer, Bray & BRsinert (195&),'wha.fbunﬂ the
pH optimum to be at 8.9 under the conditions described by

Bergel & Bray (1959).



Table he  The varistion of the pH values of olyeviplycihes

sodium phosphate huffers and of slyeinessodium

rhosphate buffers with concentrotbion and with

(1)  @lyeylglvoine=sodium phosphate buffers

| Goncensration | 0.25M | O.15M | 0.150 |
| Temperature | 20° 200 -} 37°

808 Sa7% :: Ba35% |
1 900 ] 8.95% [ B.55%

(2) @Glyeime=sodium phosphate b

‘ éahQéﬁt£atién’lfé‘g5ﬁ=, @-&§M.i:Gc15M' ;
| Temperature | 20°.  20° | 37° |

pH " j: 8.8 1} 8.8% | Ba i

[ 9.0 ]oswox |8.6%

92 | Q2% | B.8%

9.5 | 98¢ | 9,18

9m6 ‘9}6*, E Qe
9.8 | 9.85% | 9uh5%
10,0 {10.1% | 9465¢

*leasured atrr the r*l‘:emperatux"e félicm ézf'ter‘_ dilu‘siox‘;j of the
0. 26 =buffer to QelBNM. ‘
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Bige 7o Variation with pH of the activity
of purified bpovine milk xanthine oxidase-
(prepared by Dr. R.C. Bray).

Reaction mixture - 0.005 ml. xanthine oxidase
solution + 2 ml. O.25M~glycine=-sodium phosphate
buffer + 4 pmoles xanthine + 1 mg. catalase

+ 100 pmoles ethanol in a reaction volume of
3.4 ml. at 37°. Gas phase, air. Filter
paper + 0.2 ml. 20% w/v KOH in centre well.



(a) Binel form of the manometrie method for the

determinetion of xanthing oxidase dotivity. It was

obgserved -that at pH valg-g‘abave 848 the initial rate
of reaction tended to fall off, possibly due to -
inhibition or destruction of the catalase at these high
pH valusss A pH of 848 at 37° was therefore selected
as the most suiteble pil for the voubine detormination
of xenthine oxidase aetivibye The condltions of the
routine method were as followse

The Peaetimn'mixtmréycanﬁist@ﬁ of Gl t0 Le0 mla
of milk (or 1 mls of a sultable diluﬁi@nApf purified
wanthine oxidase) + 2 mle of O.zﬁmwgly&ine»sb@iumipgggpnate
buffer pH 9«2 at 20° (pH 8.8 at 37°) + Ce2 ml. of G{QM; |
xenthine (4 puoles) + 1 mg. of eﬁystailin@vcataiaﬁe:
+ 100 pmoles of ethanol in a redetion volume of 3.4 nil,
at 37°. Potassium hydvoxide (0s2 mle 20%) and £ilter
papsr were placed in the centre well of the Warburg flask.
After bemperature aguilibraticﬂ,qﬁhe reacﬁimn vag sﬁért@d
by adding the xanthine from the side arm, and was allowed
to continue for at lesst 30 mine Pressufaur@ﬂﬁing$ were
taken evory 3 min. after the Fivst 6 mine of reactions
The Initiel rate of yeaction was ﬁ&ﬁar&iﬂaa g%aphicaily
and g¢xpressed as pi. of oxygen y@f;hrg‘@ar nle of milk
or per-mle of purified zenthine oxidase molutions Under
these conditions the rate of reaction remained constant
untll the xenthine was completely Qxidiﬁad{ Blank
rates of upbake were always maasﬁféd over o 15-min. period
before star%ing the reactions. and were aiwayslfﬁuﬁﬁ'ta be

negligibles.



(e) The ﬁ@V67ﬂgﬁuﬁL ef _mathod for the quantitalee

e easa Df tne bound X&nihlne kadase af vau’g milke

I s

‘When atbtempting to purify xanthine Qgidase‘ef
cow's millk, Dixon &,Km&ama (1926) observed that. the
total activity of theie Final preparation w&& about
four times the toial activihy of the mllk rr&m whleh
the preparation wwsnmaﬁam To ageount for this they
suggestba that the milk: een ained an‘inae%iva"praéurﬁor
of xewbhine oxidase from which the active enzyme was
‘-1ihaﬁatad by the aection of rennin used during théir
purification procedurca.
ﬂﬁacraaﬁ(19ﬁﬂ) observed that the xanthine

ox*dmua activity of fresh cow's milk wes Low, but that
on adding chymol as a pr@aervative'anﬂ‘allbﬁinguthé
milk o stand Tor wup bo several days at room temperature,
a large inocrease iﬁ aeﬁivity:oacurre&i' Phis iﬂgraase'
dn activiby could be caused 1o oceur in o mauch shorter
time 1T the milk was subjected to any of the following
treatmentst- N ; |
(1)  vigorous bubbling of alr through the milk for
2 hrs at romm.t@mgefaﬁureg {(2) ﬁhakxnw sﬁe milk for -
20 mine in an aﬁmqspherﬁ off aly ov niﬁreéﬁm@* (3) cooling
the milk«(ﬁaerae, 19303 ‘Wieland.&\maqra@; 1930). These
authors yacmgnizad that the xanthine oxidase was present
in a bound form which was asseciataﬁ with the Tat nldbulas,
and that the @ffact of all these traatﬁaﬁts of tha,milk _
was to cause aggrag&ti@n of the fat lcbules, whlch led to
releasé of the bound enzyme. These Qbservat¢ons were

coufirmed and extended by Worden (1943} who found that
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shakiﬁg caﬁfs milk in air Tor 20 min.‘ﬁéa as effective
in rélaaging activity as allowiug thé milk to stand
-in the presence of added thymol forﬁﬁédhﬁi at room
temperature, The final aetivity was then 5 to 6 tines
the initial aectivity. Oecoling the milk immediately
after the milking released s smaller amount of
activity, the final aciivity resulting from this-
treatm&nL being 3 to L times the initiai'aetivityg
In the initial steges of the present wowk,

Worden's (lﬁh}) prae&ﬂuﬁa'af shékiug milk for 20 min.
et ﬁeomhﬁ§myeratura was used to release baﬁﬁd Xanthine
oxidase agtivity,' The milk (50*80 mle) was placed
'in‘sarewwcappea,cylin&rieal glass.ﬁq%tl@a.gf 1507m1$
capagity.  The serew Q&@S:W@ré made of alﬁmiﬁinmg and
. wa?afiﬁteﬁ with rubber liners. The tightly‘clwséa
bottles were placded in a reaipracating‘la%@ratory shaker
and ﬁhgk@n gently Teor 20 min.

This method was used for @falimim&ry &eterminations
ot th@ pﬁ of maxamum aetivity of xanthina oXidase in
whole milke As éeserrbed on pe pg the rsaults indicated
bhat thﬁ release of bﬁuﬂﬂ xanthlne oxidase by thig
: treatm@nt was n?t complete. Mathadsuaf dbtamnimg
guantitative faieasa of the enzyme were tﬁérefara_scught,-

‘iﬁ was found that rafrig@ratian,gf‘thefmilk at
+5° or -20° before it was whaken, shaking fcllowed by
homcyanxzauzcn of the wmilk in a eﬁmmefeial ‘hand
hnmoganlzer, &ﬂd a combination of refrag@rﬁtian, shaking
and homww&nlaatimn wers all mora efficient thaﬂ.was bnak;ng

- alone. However, thes& 1nveat1gﬂﬁions shdwed also that
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the essential féetcr ﬁgen which th@ extent mf;rekaaﬁé
of ‘bound xenthine . 0xl d@p@n&eﬁ wag bhe ﬁ@g?ﬁ@ nf
viglbje élattlng‘oi the mnxszat, ‘-whataver t?@atm@ﬂt
of tho milk was. Lsed, & farther: iner@as& iﬁ actzv&fy

was QbSG?Vud when visible aﬁgregatlan of the fat. &nt@

"éﬁn@ﬁ&&isgeﬂsible_clqt\accurredu This cgﬁld‘an&y'be

braﬁght,abeut by shaking the mill, bub it wes absérvaé

that uhak¢ng alona som@tim@ falicd +to bvmng about this

phase inversions Tt ayneaﬁaﬁ that some. fonm of - Qren
traatment OJ the milk was regwtreu to fﬁollltate

'aggregatmon 6f the fat alobmlﬁﬁa

Since the separation of crsam from milk. in &
mechenical separator is most efficient when the milk
is at bloed heat, and since the fat is fully liguid

at this tempsrature (Ling, Kon & Porter, 196a), it

">sagme& possible that warming the milk to blood heat

befa?e’it\w&s,shakeﬁ mipht facilitate agpragéﬁiéﬁ of

the fat globules during shakings ln.praatlceﬁ warnl ng

 $itttQ;37?Aﬁallcwed‘by)shakiﬁg at room temperature for

1 to 11 hws was found o biing ebout Visually complete

-ifglotting.of the fat of most of the samples of milk

Stuﬁxuﬁ-

The 3913®W¢ng procedure w&& ﬂdaptLd at ﬁhlS ghage

o releasa bauﬂﬂ xanthln@ QA’G&BG activitys A sample

of mognlng mllkww&s collected and was immedimtely
placed in & rafrigeraﬁon at about 5° for a perio& of
about 3 e It wap thuﬁ w&rmﬂﬁ to J?° in a wateﬂ bhaths
plaped in a reexprocahlng 1&b@ratary shaker ﬁnﬁ shaken

gently at a rabe a;labautv90 cycles/mine for a total




.gariéd\wf 1l to X% hre The milk was inspected
ocecasionally throughout the éhaking-y&riad and the
p&@gﬁ@as of-clnttingﬁof the milk fat was observed..
Sheking was stopped when, clobting appéarea to he -
complate. - |

The tlme weguired to achieve. complete clotiing
Cin individual milk samplesvaried saﬂsiﬁeraﬁly, but Few -
samples failed to clot affer 11 hres of this treatment.
It was observed that milks of low fat content tended
to reguirs longer periods of shalking, but meny other
factors undoubtedly influence this, as for exemple,
the range émﬁ-&iatribuﬁian of the diameters of the fat
’vglabulasQ;-wEt was observed that goat's milk, which
ceﬁtéiﬁs about the same percentage of fat as cow's milk
" (Ling gb 2le 1961b), wes often resistant to elotting
of tﬁ@<fét by this treatment, whicﬁ*is in accord with
the Fact that the mean Pat globule dismeter of goat's
milk is somewhat less than that of cow's milk (Ling gk al.
196%a).

Thig method was used to release the bound
xanthine oxidase sictivity of the ﬁiik samples obbained
in the molybdenunsdosing axperim@nt’éesnrib@& later |
dn Section iIK,\xu ?GA.‘ - During that experiment it was
observed thaet the ratio of the xanthine oxidase activity
- to the molybdenum content of the milks of undosed animals
bended tovards a eomman constant value, in confirmation
of the work of Kiermeier & Gagsllari'(l958); The
signifinénaa of this observation is discussed in Section
Iiv, E* 91}, where ﬁhe-hypoth&sis is advanced, from this

and from other evidence, that, given certain conditions,
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all the molybdenum present in cow's milk is present in
the aﬁzymicaliy active form of xenthine oxidase. TFor
the purpose of assessing the completeness of release of
bound xanthine oxidase it was assumed that this was g0,
and the efficiency of a particulay treatment in
‘aecamplishing this release of bound activity was julpged
by whether or not it brought ahout a signifie&nt iﬁeﬁaase
in the ratio of setivity to molybdenum content of'a\éivén
vgample of milke

The ratios of xanthine oxidase aetivity to
molybéénum content were caleulated Ffor 27 milk samples
from the molybdsnum-dosing experiment deseribed in Section
IIX (pe. 70 ), the samples being taken before mgl&bdeﬂum‘
dosing was beguns The xanthine oxidaseé activities of
this set of milks were all determined at the same milk
dilution {ef. Seetion IX, pe 37 )e  The results from
these milks are shown in Table 5, from which it can be
seen that the mean value of the ratio of activity to
molybdenun content, expressed as activity (ul. {32/1'11?./3113.)/
Mo (1), was 1810« The standard deviation of the group
of ratios was 149, giving a eeeffiéiant of variatlon of
842%. The most likely explanation of this variation
‘aeemed to be that the warming-shsking treatment of the milk
used to release bound activiity was aotb always Tully effective.
Attempts were therefore made to find a more efficien$
method of releasing the bound setivity.

Gilbert (1962) found that sddition of Smli=L-
cysteine or of Imli-2-mercaptoethanol teo buttermilk

ecaused a marked increase in ilts xanthine oxidase
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kanﬁhina mxiﬁase actxvxties, me;ybﬁemum cﬂﬁtents,
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' cbtained frgm unﬁased nawa durlng

u;§§#e.lﬁ fﬁﬁ&i:

.be;;fg

XTSI
}.Llo Qz/hrifmla

Ma
s

| %0 (mena)/me |

f;i? 5.62

L

Y
i

s,uw‘“‘

R

- :f!?.g.éa t w

B

'}9‘5!53 :
B MR TR
R

SN BRI OO

135062
B DR 1 )
' .

o 15;5462"

ﬂ

iu

R -0

I

‘.62&:

C 465

4ho
272

- Bop

Lsl

© 589
295_
302
609
282

04352
- 0WET6
- 0w201 .
1 0.283
06304
} . 0:356
-~ Q.150
L0173
0s3335
0202
0185 |
0384 |

3-36}

- Qe24y |
| Q383 - §
- 0.238
0283 1
Qe 39&—*_

6;223

-1 0e.3k2 |

i 0.210: ..
- 0233
) 33213. 1

1680
1990

© 1850

1950
1150
1650

I 1970
1780

1830
1890
1770
2070
1920
16320
1610
1940
1680
- 1590
1770
1730
1970
2000
1970

- 1BB0 "

1820
1810 -

:‘GH??‘GNrfﬂﬁﬁ?FJéﬂrhﬁqﬂﬁbiaﬁrfJGu?ﬁaéﬂﬂirﬁﬂn¥4 ¥

“”; ma&cmetrzs msthma describad 1n Sectien XI, Do

Hean
1810,
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actiVity.(seazé}sc Gilberd & 3&£§@15 196L). Robert
& ?alanévski~(19§§) reported thet the aéditian.uf
1O me/mle Gf_ﬁﬁﬁéﬂM‘lau?yl sulphate to milk caused
ém Iincrease in the xanthine.&xiﬂase activity of the
fﬁilkg ‘ mmrtanv(1953 ay P) showed that treatment of
milk fractions with n#butanél caused the alkaline
_phaspﬁatas&.pfesent_in:thasa,fraetiﬁns~ta dissociate
U‘from'ﬁhe particulate lipoprotein complex to which 1t
- and zxanthine oxidase are athached,
- These trﬁé$m$nmsAwera ﬁasﬁeﬁ.ih~eeﬂénnetinn
-t the Warmingﬂﬁhakiﬁg method of releasing bound
"x&nthimg.oxidasé &Gtivityviﬁvthﬁ fal;awing way -
| ‘Wilk semples from six cows fed on the diet
.ﬁesériﬁa@in.a@ctimn IET, Ds }?2 woere treated to
release bound xanthine‘oxiﬁaS@ activity by the warmings
shaking procedura ﬁascyiﬁaﬂ\ahave@ ThﬁSGthaKGE |
.milkg\were th@n3snbja¢ta&’ta the following treatments:-
(1) ﬁfgyst@ins,hyareehloriﬁ@'was-added to give = |
| congentration in the milk of 2, and the milks
Cwere allowad to stand ah-ﬁaam temperature For 1 hr.
. before their xsnthine oxidase activities were

deternined,

(2) 2~mercaptosthancl was added to give a concentration

S in bhe milk of ZmdM, rand the milks were allowed
to stand at rvoom temperature Tor 1 hre before

their xenthine oxidase activilies were determined.

(3) "Sa@iﬁm laq%&l aulghaté was added to give a

ﬁnn@@ﬁtﬁétidn in the milk of kO mgy/mle

j SN

(BN
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(L) The uhaken.nilks were warned ta 38°7? haxnn with
half their voiume of nébutanal for 1 min., coclea
'ﬁc ?0“ -and cantfmfuge&. A mamgla @l~ﬁh§1%¢@@f
:'aquaausmlayer was;ramﬂveﬁ~anﬁ its xantﬁipa oxidase
ackivity was determined. ' f
The xanthin@.ég@ﬁaseuaéti?iti@sroffthe &ilk

samples subjected o these traatm@ntg wers determined by

" the method described in Section I (ps 26), and the

’Uiimalybdanum'nantanfﬁ Qf’tha\untr§aﬁa& milks by tﬁé.m&thﬁ&v
R§aa¢rihed.in.ﬁa¢tiaﬂ iI (pntﬁ? )»  As before, ﬁhé‘ratia,ir*
xonbhine oxidgsa»aétiviﬁy (111 Qa/hr;/mi.milkxfﬁo-(pm)

| waa*ealcuiaﬁad for eaeh milk. {(¥For conveniencey tﬁls
ratla vill be sbbreviated to X0 (manJ)/Mb)g |

 In agreement with the work of G&lbert (1962) zt

A_ %as\ﬁeunﬂ thab, treatmeﬁt wzth‘both.L-cystaine~anﬁ-2»

' msrcaﬁtcathsﬁol cduseﬁ an inereage in the X0 (man. ) /Mo
”ﬁ.rahia of shakaﬁ.milk. On the other hand, ratia§
raaultimg from treatment with either sadiuﬁ iauryl
@&i@@étﬁ~ar With‘ﬁfbu£§ﬁ$1:Wér& slightly lower thaﬁ‘ﬁhose .
oﬁtaineﬁ'witn the shakiﬁg treatment alone. Tréatment -
wﬂth;ﬁéégstein§ g$va=slighti& higher ratios than treatment
with_awmay&apﬁ@ethaﬁgli-agﬁiﬁ iﬁaagfaemant with the ﬁcrk‘
of‘&ﬁlﬁef% (1962); . The. r@sults-?raﬁ.milks t?aated’by
shak&ng alon@ anﬁ by sheking falleued by the addlﬁlﬂﬂ
of EMMémeystalnﬁ are shown in the first two celumns of
Table G mhewmegngaf the differences beotween th@ﬁa;twa
¢olumnglﬁas found, by Student's t ﬁeat,mﬁo be highly -
sigoificant (pﬂcﬂgﬁl). In a furﬁh@r,seﬁies éf‘%ests’

the effects of incressing the concentration of Lecysteine




35 .

b

EBffe " t "g;f _.i:matig' ;" ‘mken GQU s mllk w;r:ﬁh vax’-iou&

Tebile 6.

cancf:mtratmnf' oL 'L«-c:xm_t ine on the value of the

- ratio {m*mometm.e xemthine mxa.da e activity)/:

_Qf, the .m:i,;km

c;mecntxution o:f' adﬁeﬂ Imagm bmne
in und:x.‘.mte& ma.lk

| pate |Cow jrem S s -t _
B R0 § mone‘ | anm Skl o 8mM

‘}'O(man. )1/ Yo} ‘«‘(@(man. )/MG },’Q(.mzin.‘ Y/t X0(man. )/Iﬁof'_'- :

1880 | 1976-
2030 . 2160
610 1 1sz2o
1830 | 193
1910 1950 |
© 1930 - 2050
12030 2060
197! - 2080 1
117 TR S X1 S § 1720 i |
1580 | 1620 1850 - |
17aa I 1 1870 1870 .
IR | - 1880 1950
1g00 . .f 1910
2030 ] 1950

26.7.62]
_-261?162[
_»50,7;62
. 1eBaB2
Be8.621
: 8o8152T
: 10'8‘62
1 10e8e 62T
“‘1h08¢52
f>1b 8*62 N
16084621
160&0$2
=2108-62:
3'21v8362_

vrErire

SN O BN S 5 A

114

'i iuwmm;ﬁm‘wufﬂamm NUTEE
=3
.
oy
o

é&eazi | :.}.-’Ies:m "Ix{éain 1 Eiéan o
1810 - | 1930 | 180 | 1920

" UALL cows were fed on the diet deseribed in Section IIL, pe T7
The xanthine oxmase ac“sivimes were aetcrmineﬁ b;y the
mﬂmmetrm matimd ae.acmbed in Saatian II, Pe - 26 uﬂingr

0;2 ml. raf ‘bmamd mills. :m a react;wn volume o:[‘ ‘Beh ke



”’Dfpbm‘gmm to 4uli end’ 8t on the value of the X0 (ﬁ%ﬂglf_
Yo ratio were ﬁ@%%ﬁﬁine&{ . Théseiresuiﬁﬁ éfe also éhovf

\f-;n Tabla 6y There was lmttle dlff@r»nce in thﬁ meaz.

iivaluc% of the raﬁiaa ab%aanaé fram treatment with axthﬂr

‘iﬁmﬂ, gmm or SmHAL-cysﬁain@, . $roatment off shdken mtlk

"f* with Smmﬁaweyutaina was tharefere adapﬁ»d as the staaﬂarﬁ

‘ treﬂtmemt for the raiea$e oi‘bauna xantnine axmdaae o

- &eﬁmvity@

(f) blnal farm af the @ethad of treaﬁmenﬁ af'mzlk

11,%0 raleam& haund xanthinﬁ exiéase activ1tf. Th@ haﬁﬁling

and treatmﬂnt of m;lk far the purpose of releas;n “hound
‘ xanﬁhine oxidase aetlvity that was finaliy’a&apteﬁ was
-<a$ fgllQbe moxning mllk was ewllected.between 6 Q.m.‘

and €§33 Gallle from.eaws mllkaﬂ wzhh & ’G&seolpne

. miikin maehine. A sample ef &heut &00m1¢ in a A@Gmli

-glass beutle with alumlnxum SQPEW'cap ana rﬁﬁbsf iiner
rwas 1mmaéia$@1y placed in a refrmgaraﬁar at about 5 “
‘.furmanyerla@'o;‘&hauﬁ,E,hrg 4:Th@.aopxgﬁ$& were then
mixed thovoughly by repeated inversion, and 50 = GO mls
WBPe placeﬁfinwal§éml@”éi&ss“bﬂtﬁle‘ﬁith7alumiﬁium
écranGép»and rubbértiiﬁer; . Whiv Was vunmﬁé 50 ES“
in a wwtmr bath, @lﬁcoa 1n a, reciprecating l&borabaly o
uhakar and’ shahen gantly ot 4 rate of about 90 cycl %/Mln-
1;10& 5. total perzoé of 2 hre Every half-hou the bettlcs
] WQnéhéémavaé:%ﬁvm‘ﬁﬁéfﬁhﬁkaﬁ\ana re~warmed to J&?, wince |
- this procedure was f?uﬁd to shovten the fat-clotting. time
_and was effective iﬁ/indueihﬂ éiat£1ny‘of ﬁhé fat of akl
the samplea m? cow's malk &ﬁcauntered.‘ :Afﬁer thﬁa of

' th&s treatmemt, oV s mllk took on the aypeaeamce eﬁ
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| skim milk with a leyer of coagulated fat or of discrete
i‘hutt@r graﬁﬁles floating on the surface. A sanmple
(5eOmle) of the lower skim milk layer was taken with a

" pipette from near the bottom of the bottle with as’ ‘
little disturbance of the fab 1ayer-asYpossibl@.aﬁ& wvas
placed<in~a.25n or Sewmlfzvalum@tric flagk, anaafaing

- to the dllﬁti@ﬂ Pequlred. To thms waa»&&deﬂ O 1 ml.

of a bolutlan, pvapareé ammeﬁiataly baf@r@h&nd, of
Lmeyateine hy@reahloride-mon&hydrate;g&nﬁmi&mngg&.Q?O £yl
. (concentration in the milk 8mi). The contents of the
flask.ﬁera*mixe@,th@raﬁgkly, allowed tqﬂsﬁaﬁﬁ Tor 1 hrs

at xa&mitﬁmpafature,wana finally mede up to volwhe with
ﬂjstiliéé vaters The xﬁnthiﬁa oxidage activity“ﬁaé then
‘1dutafmined imnediately using the manometric method

Gescribed in. bectlen IX (pe- 26)a

(g} The presence of an inhibitor

?H.GQW5S‘Q113¥  In the aarly stages of the W@rk OxL

ﬁﬁa éévﬁlapment of the msthoﬁ for thﬂ release of the
' baunﬁ x&nthin@ oxidase activity of cow's wilk, it was
dbsarvaa that the apparanb‘acﬁ1v1ty tended to inerease
with iner@ééing'ailﬁtibﬁ‘af the milke.  The effect was
not verv markaﬁ in the mmlk.sample used, and, Gﬁ&ﬁg to
uwcartarnty at thab time ahout the camgietenass of the
releaua of th@-bﬁund.act1v1ty,-it was nct certaanathat
the efreet was reals -

In the 1n1t;@l geriea of the m@lybdennm~ﬁ981nu
experiment,. ﬁ@scribe& in &@ct;cn.IIT {(pe 70}, and
hmlora acuuﬁl malybdﬁnnm dosing waa begun, it was obséprved

that inereasing the dilubtion of the milk used For bhe
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giﬂetermlnatmon of xanthlne axmﬁase actlvity yias
' 'aceompqniaﬁ by a natlceahle iﬂﬁf%ﬁﬁ@ 1n “the xﬂnzLine
wloxzdas@ ﬂct¢V1ty4/ molybaenum raﬁieu 0f the mmlks af

all six caws u%eﬁ in this ax@@rxm@nt (T%bi@ ) Eh;s

‘A,wws tﬂk&ﬂ as ;ndmrect evidence fe? th@ pre sence xn5~ -

’ the milks mf a31 thasa aews of an endcgenuus 1ﬂhxmmtor

@f Xanthzne oxzdage; . Direct evzéﬂnca For the py@aenee- I

. of such an inhmb;toy was Gbma1ﬂa&“bv determining hhe

fman@metrlg.aeﬁmvxtxes of eaw & miiks at variavav 7
laﬂﬁilution$,°msin the 1m§rav@ﬂ methad of walease ‘*‘ﬁéﬁﬁd'
‘_actlvzby de“crihaﬁ 1n Qactlon 1T (pw 36 ) - ﬁ$ xnecned,

Lh& appqrent aattv?hv 1&&?@%@@& Wath.anareasipp ﬂllutlﬂn

~t‘af the Hﬁlk, as sh0:n~in T&ble 8u~u This effecﬁ wa&1mo$ﬁ"

unﬁesirablc 1n th@ preqeﬁﬁ Rtuézes$ 'incé 11ﬁh.milka wmth
avm‘*‘iga at'tivit‘f, m:s‘t less th*m (}.2 ml. o:ﬁf mitk in @

: reactxon volnme af 5.& ml. wm% reguxred in er@er to ’“
;:dbtain~a rcamonahly‘raylﬂ rate of erg@n upﬁaka.»~ Prom

[u%abla 8 it lS ele&? thas ﬁhP &ctiVluy aatermmneﬁ at ihxs

‘ ﬁllatlan caul&‘bc coaﬁﬁ@@rabiy lass than the true wci&vmﬁy.

:I% wag mmt ﬁracﬁlnable ta use as. littlc as 0.0) m:; nf

mmlh exeept wzth the ﬁmﬁt actave mllks, ana even.then |

uh@ dbservaﬁiratea cf uptake, Whlch were of thﬁ 0?6er

ef‘lb - 2@-@1. ox'exygnn in‘ac‘minl, wera ﬂear ﬁh@‘llMlﬁ

of S“ﬂmitlvity‘ﬁf the ﬁmthod* -ﬁurther;-thé'trena‘éf”the

T results in Taﬁle 8 inﬁicatea that it was by no means cnrta:n
that Lhis Qllu ien wmuld be suff;aient to nmllify the
"‘a‘f’fscst 91? the izmimt.or. BRI o |

;: . %he presenee of tlis iﬁﬁi@iﬁcf‘iﬁ v&fy@ng“'

-eenéénﬁratian~frcm,mllk’taxmilk may have been thg
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Effect of milk dilution on the value of the

~ xanthine oxidase achivit

of fi:hez il

/mol bcienum ._raté;é;
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__Thef}e mlk gamples were :t‘ram th{: 1ni13ml @erieu of thﬂ .

emerimant c‘tescribecz in uectmn III., 13. ?O -

' The milkf»" wera traatec‘l ta raleasa ’bounct

ant hine u iaase

act:wlty ‘by thg, method de*em.hea in Section II, De 29 .

‘Phe acmv:.mes were determinad by the manometmc mcthaﬁ,

'" cimambed in bectian II, ;p. 264
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u Tahlﬁfﬁa‘ Lffoct of di&uﬁ;on_cﬂve. L

oxidase agtiv;tv cf tbe milk

| Vsl. QF mllk,(mj ) in a'f Manometrie x&
! reaetéeﬁ val. or Zaly mle } ; aetivity

Govi 1o | s
. y D | mlbﬂgfhr./ml.) 4

5 | o2 ’:f;? . 5@6""
o1 - b 5%
0405 ool 670

6 ) o2 b Bgo
2 S R

The milks weve treatea te releaﬁe bmund x&nthina emlaase
acbivity a? the mmthad dascrzbea in %eetzan Il, @. 36.
ihﬁ aetxvi&i$$'were date&mimeﬁ‘by the m@nomﬁﬁric matﬁaﬁ

ﬁeacrzbe& in beatman IZy e 26,



explana%ian Tor the rather wids ranga‘oftvalues of the
xanthine»oxiﬁaSQ aﬁtiviﬁy;/ moilybdenum fatio dbtainéﬂ
framAmilks treated to relesss bound xanthine exidgse
activity by the method described in Section IT (pe 36)
{see Table 6). "Bince it'was §ssantial tc obtain an
accurate value for this ratio {See Sechion IV), 1%,
was decided to attempt to iaaziiéi'ify the inhibitor and
if pmssiﬁlévtd‘remqve if'or téghullify\its affects
Sinéa.cewfs milk may notmally contain up o
0.3 p;g;m."df copyér”(ﬁrchihald; 19§8}§‘§ﬂﬁ‘$iﬂé@
copper is known to be a powerful inhibitor of milk
xanthine eﬁi@a&e {Porgel & Eray, 195@),'it seemad
advisable to debermine whether ow not'eapper could bhe
regponsible for the inhibitieon observed &uring'ﬁhe
- present w@ﬁkm-* In*ﬁh@-p?@S@néa of sddﬁvﬂ;py@ophasphate,
coppey is withoud effect on the activity of milki'
xanthine oxidsse (Bergel & Bray, 1959).  The xanthina
oxidase ackivibies of a sample of cow's milk ot various
dilntiaﬁs‘Weré.thafefoxa'de%eﬁmine&,in the QSual |
.glyﬁinewsdﬁium;phmsyhat@fbuff@f*anﬁ~in,s@diumfpyrgu
phosphate buffer ot the seme pl. The vesulis are
shovm in Teble 9. Since both‘thﬂ“magﬁiﬁude‘of the
activity at a given dailution and the inerease in activity
with dilution were unaffected by this substitution,
it is clear *that' the ,cjopper oi‘i‘“ mi‘li%: was nod resmnsi‘bie
© Por the inbibition. | | |
Dre Dofie Gilbevrt supgested in a personal
communication that the inhibitor might be a pyrimiﬁine’

constituent of cow's milk. Sinece cow's milk contains



n2

Table e  The x.mmomehrm xanthine oxiﬁ'n“e aotﬁtrlt;sr of 2

mple o:r eow’s 1:1111{ 2t vamcm& dﬂuamno 1::1

yea! kcinef-,

.ﬁium khosphate buffar and in sodium

m

pxroghosghate buffar

- vm. oi‘ milk f Menometric § . lentiane

Puffer Kmle) in resaction} X0 activity ?;‘;? 3 ﬁ-"%{}g—a&l
o I vole of Z.lml. _p.:!,;.oz/hr,./m, W o

Oelblimglyoine~{ - R | ; .

1 sodium phose~ § 045 587.. - j0.365] 1610
phatey TH 8. 8' - Ou2 e Y% 1 1810 -
at 37° B Q. 692 v 1900

1 0 l2i=godiun | 7 : g o L

' p:;rfophoaphdte / Oeb 5 600 "1 1650

I pH. 8 at 37° | Oe2 - k 650 vo1p 1780

‘ . . Qe 672 | B 1840

The Jﬁu:fi‘éx{ concmtmﬂims shown were those present in *t:;h»a

. reaction mixture. ) | |

-Eiﬂe milk‘waw tfeétedto‘r&leéae bound. xaﬁthina oxidase activity
by the metmd descrihoit in Seetion II, e 36 . |

o {Eha aeblnues @ere deturmined by the manometx*ic uk.thoa

deseribed. 1.11 Semicm 1T, e 26 , but using the- buf‘i’er showne



50 = 100 mg:g;/littm of orotic acid { Gcarbony«2 gl

dloxypyrimidine) (Hallenger, Leakso & Schuligze, 1953) s

the possibility that this might be the inhibitory

constituent wes examined., Two milk samples were

in:‘*ea‘tecl to release bound xanthine Ei}{id&’.sﬁ ‘i-ﬁ;;gr the

| N m@ah&ﬁ czaser:s.barl m, ngaﬁm:n iy (Q. 36 ). ﬁ“‘at.z.&
' acid wes added o t.'imse S‘U.ﬂpl&. at Llevels of 200 ng

I‘I.ZL'EI“@ and 1O00 mg.flz.i.m, a.;m ﬁhsz, manometric activities

were detevmined at the big h&w dilution ;@ﬁpi@i@lﬁ“ai}?:

0¢0%5 L ‘,,f milk in @ readtion volume of 3.0 mle

The résulls ave given in Pable 10, and show clearly

that orvotie aeld had ne ;apmfa@izabzﬁ@ inhibitory offect

Lon milk xenthine oxifases

Bray (1959} phserved that & emn@ei;:i.ﬁi*m
:ix:;’iizih:i-ﬁm* of xmlk xznthine oxidase Waﬁér g:ix’*esam; in a
sample of bnaﬁerm:mg and in SouS, but not in all @f '

his prepavations of Lmrif;i.eﬂ, mili;: xonthine amc‘l&m.

He observed that it wos di ffusible, snd therefore of

Xow molecular vwelght, bul oblaivned no other evidence

of its natures. Tts | presence 1u a sample of bubtbermilk
sugeests that 1t covld be the same substence as the
@ndmgéneﬁs milk ith_i*bitax* observed ﬂ”ﬂ.{‘.‘lﬂé the present
worke  Seme evidence in favaur of this sugsestion was

r;:sbi,a:}_maﬁ &uring %ha preparation of Batch No.HX0O-L of

puriried mmﬁm@ oxidase {eee Section I¥s De  96)s

when it was s;—‘iqsm*va@ that the manamf{;-m:@ xﬂx&ﬁhﬁ;ﬁé
oxidase scbivities of the vream, the ‘b&tﬁé&:’mﬁ;:};k and the
Tirst and gecond ‘bui;tﬁ:ﬁ* washlags ‘phlained during this
preperation increased. merkedly on dilutiecn, as showm in

Tgbiaxegg(?rﬂgé vewy 1t 1o clear that fuvihey work is



" Ta‘ble l@n :E‘:f'eet 03? adﬁiticm cf mretic aciﬂ ta cm’f’g

rﬂ:i.lk cm the_ xan b ne_:pxiﬁase ,aetwit‘f ‘@i‘

‘bhe: Yﬂilk

' i——w

- ﬁ}eﬂcantmmcm Qf acmea ax‘ctiu : manometrie Xti} acﬁ:zqvityl}i
N (3&1-62/13:*./311-) R |

mlk nos 1 Milk no. -.‘z»‘-; B

amé}. :m undxlu‘hed milk

2@0 ﬁg-/litre ok s 1 10

Tt

+1000 mgg,./'li“l‘.z'e .} - ewe | - soo. f

f‘.?.h.a m:t,lk:s Were ta?eataﬁ “{;a ralease ’beunsi xanthine exi&af«*e

aat:z.vi.ty by tﬁe m@ﬁm& ﬁcsex*i’bacl in Section II@ 3;;.' 36.
L The acm’nties viere ﬁe‘b@rmlﬂaé‘, 'by ‘Ehe manometr.:.c m@thaﬁ.
o }.sclesembeﬁ dn Sec’tien m, D 26 " using Q 05 mh nf

‘ ,tra@xt@a mlll\. in a rea&tmn valwna of 3.!4. ml.
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roquire d to establlsh wiﬁh certa;nﬁy that Bray’

1nhih1ﬁnr aﬁd th@ en&ﬁg@nsus(milk inhibitor are @ne

and the seme c@mpaun&‘ ’ , ' B “_
”h@ fai& a8 to maentify th@ endo&an@us mllk

inniblﬁmr with either nappar /Y 0ret1¢ geid 13@ to &

A,GQﬂ%L&GraﬁlQﬁ of the possibility of rmeVAng 1ts

Lﬁfﬂ@bﬁﬂﬁ O1 the ﬁe%erminat;on 01 the xanﬁhine GXZ&&%G

ﬁacuivvﬁv of millk by uszng g mors sensitive mathoda“

The' comparaﬁavgly prall 1ncraﬂse of tha apparant |
zenthing. meﬁasa activ&t? of cow's milk with ailnt¢an
in Tﬂh}e$ﬂ8‘an A suagasta that. the @ffeat af ﬁ@& mllk
iﬁhibiﬁ&v‘is largeiy diluﬁaé aut~¢t these dllutlons of
the mllk, and that its effect might ha negligible il

th@ aatlvitj amuld be act@rminqq wiﬁh a more senaitive.

:mﬁthaﬂ atb azlutlanﬁ %Lightly n;gher than thcse gossihla

thh ﬁhe mamamstrlc metﬁﬂﬂ. Th@~$peetrophaﬁomatyi¢

mﬁthad mf Avis st al. (1955) was axamineé fov lt*

' &uitabmliiy in thisAﬁgﬁyﬁﬁt! .

(B) Appl 1eation of the. amectra;hoﬁcmetrlc method of

&V&“:Qw‘alo,(lQSB) ta tha dﬁt@rﬂnnatmon of the Xﬁnbhlnﬁ

oxlﬁasevacti it*Ac£ mifk.  The method . of Avls at‘g_.
(1955) is as followse The reaction mi xture ccasasts
of Oslull-xanthine + O,05l~sodivn pyrophosphate (final

pit 8.2) + ailuted xenthine oxidase solution in e

peaction valume'af’ﬁ.é mle in & lewms silica spedtro~

L yhmtameter cell at a reﬁctmen.tamgaratur@ of 2345%

The e@ursa of the reaatzanvig fellawed by obsarving the

.1ﬁﬂfﬁau$ in @Xuiuatxan.at 295 m@, aue to the production

of urmc aaid, over &, l@*ﬁin. period in an ultra-violet



spec tropho t:om@tc:ar £1tted ii%h‘ g constant-temperature
'Aeell aempartment. The iaiti fﬂ. rate of the rcmt: tion

(A ¥ L295/ min.) is &atum&n@d or%phmally ‘and the

actw,z. ty of the mzﬁiluted mntmm} oxléim%i‘:* mlutitm
ig umn 26 x (the dilution chhm‘) xAL ;Qg/zmn,
sm;ue"l,fc;gmto:a@tz‘*in wnits pmﬂ litre-

| When the methol was applied to- cow's milk it

" wag found thet 0402 ml. of mlk in & reac;*twn volume
of 2.6 ml.,z.n_.. a total. éunlutmn of the milk of 1 in
130y _&’;a‘fﬁ readily m@asv,mabl@ 11&#%_;;‘;2&3 af ra&c‘"titm.‘ The
'ims_fsfi;}‘%:si};ﬁ;ﬁty “bhat the milk inhibiter (Seection II, :gi.‘i;.:‘ 37)
might 8till be ‘izlterfai*ing at "ﬁi‘lﬁ' 8 d:l;lut-iszi ‘, was tested
iay determining the actmvmties of milks at this |
ailution .ar;xci at a hlghe?’ total dilution of 1 im 208
At *?;his pigher dilution the rates of reaegtion were slow
but were still messurables Three milk samples @r‘e{

| “vabtai"nﬂ, Leonl cows ‘fed on the diet deseribed in

Sécticn TITI, pe 77 4and were téaat@ﬁ to release Dhound
xenthine oxidase activity by the method deseribed in
Seetion. IIy e 36‘ The activities of ﬁnes-a' ‘treated
;m:‘.}&ﬂ uem th@n &atam&md at Sotal r:i.ilutmnm of" l in
’,3.;(3 -am 1in ‘2&8 'b‘y the method of Avis gb gx_;‘* (195;5‘}.,-
The results are shown in Teble 11. It can be ssen
tmt th@ activities were 9111.37 slightly higher at the
gxﬂe&tw allution, nd;,:c;amng that fm@- mmhitﬁm was
almost inoperative at the lesser dilution. 4As the
lesser éiluti,_@;rn gave r&ézsmamy rapld rates of reaction
| (A:Gﬁ%/min. asmally;@.@i = 0.02) it was. adopted for

routine use.
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& aisa&vanagw ax thisg m@th@a when aywliuﬁ o
the d@taymxna&xen af Lha aetxvaty of milk, was that the
xeactmgn_m;xbmra«was veryﬁturﬁid*,wﬁich eaused the

initial extinection at 295 my to be excessively highs

. The initial Othnctiﬂﬂﬁ vers redueed by balancing »he
| n_qpucgrephatom»bar w1th & fef&ranea call awnta;nzng Rz}
guitable s@lucian of uric aclu, but thLS @reeeanrg

7irraqu¢red the use of Very wide &11% settings which

ﬁamatmmﬁs-apgﬁqaeﬁaa the‘m&ximamhsﬁtting available
wiﬁh.ﬁh@‘ggactrqphétmmaﬁ@f‘ugéé (a'ﬁﬁim&mvgﬁﬁaa)g
A m@ﬁhé& af‘?e&ucing-ﬁha ﬁaﬁﬁidity of the reactivn

mthure Wnll@ r@tﬁmnlng_&ll the xanbhxna oxidase

aebithy wau uhavafof@ soughte

It was dbsarved.ﬁhen nsing the manometrie *

method For hh@'ﬁyﬁﬁﬂ@lﬁ&biﬂﬂ-ﬂx the xenthine oxidase

. activity of milk (Section II, pa 26 ) that the mixbure

in the main body of the Werburg flask, consisting of

‘f.milk,%‘glyaiﬁahsaaium‘phasyhateAﬁﬁffeP (pH 9+2 at 20%)
L+ eatalase + ethanol, t@nﬂad<t@”éagaraﬁa after being

shskan fﬂ?"&hﬂuﬁ 30‘miRi in the Waﬁhurgfbath ath 3?“ into

V&Slble «2 rmgatea of il 1k ?faﬁaiﬁ‘éu&g@nd&& in an

~agy&aus phama whileh was eomsiﬁerably leS tuﬁbi& than

the azlgmnax.mlxture» It seemed posgible that %ba
%qp&ous pnﬂbe mloht cantaln all the xdﬂ*hlne QKL&&

activity, pravzmﬁu that bthe milk h&& fivet been

gubjected to. the treatment Gescribed in 'Section Iy

 , &hms po&sibxlity was beated as followss Pive

~miik\samglgs from individusl ¢ows given the diet

148



das&rihaﬁ iﬁ:éectimn»iii;@@, 77 wera,treaﬁ@d-ta
release bound zenthine oxidase actlvity on the day

of wilking by the method dosorived in Section 11,
pp--36@- Thease treated milks were then stored
~oveinight iﬁ*afr&fﬁigaraﬁar‘aﬁ 59;7 On the Tollowing
day they were broaght to raom~%aﬁpératura“&ﬁﬂ°‘ .

subjected to the Txllowing ddditlonal treatmentses

Tﬁeatmeﬁt;&¢> 'Zeml_-samplas weravdilut@ﬂ.ta 10 mle

with O,llmﬁsodium.pyraphosghata buffer o 8.0 (Avis

et als (1955) and the xanthine axidas@.aeti#iti@s were
&eterminéd ovay -the next z‘ﬁaysjby‘the spectrophotometrie
meﬁhaé.of Avis gt ale (1955) This wasfth§ treatment
 used td\obtaih the results récorded in Wable 1l.

‘?hen not in usge the diluted sampies were stored in. a

- refrigerator al 5%.

m:gétmént E& S-mle samples were diluted to 10 mla

with. the hulffer used for the manometric determination
of xanthine oxidase actlvity (0.25M-glycine-sodium
phoﬁphaﬁa buffer pﬁi?,ﬁ'at'aﬂc, Section IT, pe 26) e
'Tha resulting mixtures ﬁeré put into the main comparbnents
of’ ﬁarbﬁpg flaske which were then attached to open-
mononsters, @laﬁe& in the~ﬁﬁrbﬁrg‘bath‘at 37° 3 and
Sﬁakan,féf 30 min; Thé.éeﬁtsnﬁS'were‘tﬁan filtered
through coarse (Pyrex No. 1) sintered glass Filters.
The fesulting'filﬁrateégwére considerably less turbid
 then the diluted samples resulting from-?raatm@nt Ao
The xanthine oxidase activities of the filtrates were
&&termined avar.tﬁé next 2 days by the method of Avis

et ale (1955} " Yhen unot in use, the filtrates were



stored in a refrigerator at 5°.
The results from théé@ two treatments are

shown in Table 12,  For detarminations;qf'acﬁivity
made 2= 3 days after milking, both treatments gave
identical results (Nos. 8, ?, Gy 3)e For
ﬁaterminatians-of activity wmade 1 day after milking
(Mo L)s Prestment A gave a lower activity than
Treatmégt Be On keeping the test.prepavatisn fram‘
cov-Noe L for a‘furth@r period of 2 aays,.tha-activity
afitﬁe test preparation from Treatwment A rose‘to that
 of the test preparation Trom Treatment B, the activity
ot which remained constant over that period, This
suggests that Tfaatmenm B immedigtely veleased any
bound activity that escaped release by the treatment
d@scribed in Seetion II, D 36, whersas Treatment A
. was nob always immediately effective in this respect.

.- The molybdenum contents of the milks used in
the experiments summarized‘in-Tablea 11 and 12 ﬁere
- determined by. the method Gewcribed in Bectlon IX,
Do 57 » and are given in these two tables together with
the agﬁivity/malybdanum rebioss  The .values of thesge
ratios in Table 12, ecalculated from the activities
; obtained using Treatment B, approximated alosely to
the meen value of 5;17, Two of the values of this
ratio in,Table 11 (from cows Nos. 8 and 3) approached
this gean value, but tharthird'value (from cow Ko 7)
Tell considerably short of it. Sinee the activities
Listed in‘Table'll.wera obtained using Treﬂtment A

described above, and were determined on the day of
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milking, this is further éviﬁancé;that'phe full'
activity of the milk may not be released immedistely
by this‘ﬁre%ﬁﬁent.A o L

chﬁ? evidence Tor th@ canstancy of th@
ncuivltyfnalybdonum ratio is. presented later in
Suctian v, together with a, discu gion of the signif-
leance of the: ocnataﬂcy of th;u ratio. N ’

nFram‘the results of Table 12 it seems raqsanabla
to conclude tkat ”reatm@nt Pi in combination w;th the
 ml1L trthmeﬁt desaribed in %ection II, Pe . 364
ccn&¢mteﬁtly,releasyd 21l the boupd<activity»of700w‘s
‘imilk;, Treatment B had the furthar aﬂ?antqge over
freqtment A that the turbzﬂlty of the fmnal reaction
,nlxtura was consiuerably raauced, thus permitting the

ugé of narrower slit settings on the spectrophotometor

5 ‘The'ﬁeﬁermiﬂét;onvofﬁmolgp&énum,
(a) Hethode The colorimetric dithiol method of

Clark & Axley (1955), modified by the addition of

?@rvcus iron to catﬂlyse the fenmaticn.@f th@‘malyhﬁenumm

ithlal‘cownlex (Gllbart & oandell, 1960) was selected
for the determination of molybdanum in wilk and in

fﬁading'Sﬁﬁffs;‘~§The:methad was as followsr—~

- To the tesﬁ,solutibni e@ntaining up 0 10 pge
of’molybdenum,.infépprcxiﬁéﬁéiyihﬁ-ﬁydrﬁahlaria aclid
wéré ad&ed»the fq}iqwing, in order - 2 mge of ferrous‘
"‘i?an (as;ferrous sﬁiphéhé)* Qa8 8. péyassium iodide,
ﬁificienﬁ Sedium thi0équh§té to dscolorize anyﬂq-

© libevated iodine, 0«5 ge btavrtarie acid.  Tolusne-3, L-

1573

N



sl_ait)m_ei (aithiol) reagent was then added to Fomm
ﬁh®~green malybﬁenumrﬁithial camﬁl&x. ~ Thisg was

| extracted VL th g.@ m&. of is camyl acetate and the =
axtlﬁatxan of the uxtraeﬁ wes raa& in a 1 ocm. cuvette
at 68@ me: o

* In the present work the. &eVEIOPM$nt of the

- malybdenum cmlnur ané 1ts sﬁbaequent extractian with

j¢aeamy1 acetﬂte wers carrzaﬁ out. in glass«atcp@ere&
:;boro 111cata glass. test tdbes m&&Sﬁfin? 20@ X 25 mm@
;'(analay, 1959), - fhe extracts were eentrzfuged-tg
L remove susyenaed wa%éﬁ“éraglets"(Bin gleyy 1999) and
“their ettinﬂtimns were resd at 680 m@ in a ﬂnicam '

_ b?ﬁﬁ@ sn@etrephatamster.

(b),xmterlerenae_b'lev. éﬁy Glark & Axley (19§b)

_clazmea ﬁhat 1.2 mzeragrams of m@lybdeﬁum coulﬁ be
‘determiaed by this method in the nres&na& of‘ﬁ@ |
'milligrams af coppar, and Bingley {1959) alaamaﬁ th&t
:;0 micrograms . of eopper did net 1ntarf@re in th&
7aeterm1natzcn of. 5 miaragrams af molybdenuite zt was'
'chaught advisable to check thzs, sinee other worhcr
| (Pmper m‘Eeckwith, 19&3, ﬁllliams, 1955) took cave
 to remove eopper befare éeveloy;ng the molyb@anunr
azthaol calmur. ‘ _ A ‘
Covw's milk meLy normally ccntain up to 5@0 mg.
of' cegger por litre (&rahibald, 1958), and it was
sﬁimated that Tor the ﬁate&minqtlon of the malyhdanﬁm
eantent of milk, a maxi mum VQlune af 100 ml. of milk
mlgnt be reguired. Tha effaet of aﬂaiﬂg up to 30 ug.

of copper (aa-cogyar salphaﬂe) on the @etermxngt;eﬂ;af




'nlup to 10 nge of molybdanum'uy Clark & Awley 8 methad
was th@rufore determineds The resultu are shown in
Tige Be ”Itycan?b$~§éen that the éxtiﬂatiqn5-0f~thei
iSOamyl-aeétate'extfdéts were considerably depvesséér'

. by the adﬁition of these amounts of copper It qu

“~.,0bserved that the extracts fram.mmlybuanum.Polutaenm

with no adaea copper Wers pure grasg~graen in calour,
"while ﬁhé extracts from malybdanum'sglutions containing
-ad&@&Aénppar wore yellow-grach. However, the poalbion:
of the extinction maximum of these yellow-green extracts
remained unchenged at 680 mu, \
()

' & Khundkar (1954):f6und that intérfereacé by aquen:in

wwegsion of interference by copper.  IHaider

the gravimetric daﬁerminatian,cf zine with 8=hydroxy-
quinolina_cou}d be prévenﬁe& by reducing the copﬁer

to the cuprous state with.patassiﬁm iodide followed Dby
sodium thlosulphate, and then adding thiourea (GS (hﬂa)z)
which forms a very stable cuprous complax, The effect
of adding thiourea.to standard molybdenun solutiogs

- with and without added copper immediately before ﬁhe'

; addition of dithiol reagent was theréféra"examined.
‘The results récordéd in Table 13 show that interference
_-bﬁ‘u@:to IQOVué. of added ceppef Wa.s effectively' ‘
suppressed by the addition of 200 mg. of thiourcas
The isoamyl»ageﬁata e&tracts frbm‘molybdenum solutions
with a&dedﬁcopper-aﬂﬁ thiourea had the purevgrassagreen
eolour typicﬂl of axtraets from.molybdenum solutlans
with no added copper. '

- After this method of suppressing interference

L

&=




© No added copper
o8 F ° IO ug copper added
0 20,.g9 copper added
* 304g copper added
Q.6 -
E:Icm
680
04 r ,;
/Cj‘,'x
R
k44
’//’V
Q.2 7
el
.}Vl.
O & I [
O 4 8 12
Mo  wg

'ige G Effect of added. copper on the
determination of molybdenum by the modified
method of Clark & Axley (1955) described in
Section II, ps 52 &



Effect cf fhmvr’em ﬁm, int@rfs‘r&m::@ bsr w*ﬂ‘pe’n

‘Table L3

:m the determimtmn ef‘ molybdamm b}f the

 mgthod of Glark & Axioy (I

Ho

_(mg-}i

.
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- by copper had been‘dev&lopéd,:ﬁinﬁley (1963)‘pub1i%hea |
la maﬁlflcatlon of him aaflier ﬁ1th101 mnthad for the
dmu&?mlﬂatlﬁn of'moly%aenum,(Blnglmy, 1959) in whiéh
thioursa was ubca to suppress 1nturforunce by un.tg

- 1000 ug. of capper.;- Howsver, Blngloy \196;) clalms
that un to 30 pes “of copper &oes not 1nt¢r1@r& Lth

the aetarminatlon of moly%ﬂenum~by-hls unmodified:
'mefhéd (Bin@laygll959);‘ This is not in agreement with
ﬁﬁé~résulte obteined &urlne thﬁ preésent work (cﬁp Fipe- 8)

(&)-Preparatiop and. storage of 6iﬁhiQ1 reagents

- The raagent was premareﬁ ag’ follows.\ The contents af

a L -ge ﬁﬂmouie of toluene=3, - hnﬂibhl@l (dlbhiol) wore
m@ltaﬂ by immersing the unbroken ampoule in Watertat'
‘about 5% . The ampoule was then oﬁénéd‘ana it3'cont9nté
were quickly added to 500 mle of 'k “ w/v sodium hy&roxiae
‘and dissolved by vigoreﬁs'agitamian.s {ihen the dithiol
haé.diasolveﬁ,'?gﬁ ml. o thiaglycoliié acid were

Aa&@eﬁ dropwise with figcraus-stirfing. Th$~re$uiting
solution was immediately transferred to glass-stqﬁpered
Pyrex_reégent;bOttles of 60 mle or 100 ml. capaclty

which were filled as ammpletelj;as-passible, énd then

. stored in a refrigerator at about 5°,  The contents of
;partly full 5o£tles were discarded if not used with 1 day.
When prepared in this way, the reagent kepth wéll for

at least 4 weeks and often fdr longer. . The»end of’ its

) uﬂ@ful life was marked by the graﬂual appearance of a
white preeipitate Whlch was aceompanied by & prowrevalve
Qecline in the slope of the standard curve and by poor

agreement of replicate determinations. As soon as
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*e pmup;*‘c%u b@gaﬂ 'ho a;ugz’*z:r; the P@@g@nt ws
- ci:s.scafcied, e ' ' |
‘““uim _QI’G};:&I‘&’E"! ve 1’)*‘03@&111’& diff’ar@d .z;\?cm "bzwai.

'osi‘ Clavk & sle‘y‘ {1),}9) in *}mt -ﬂ.e:z "mi}.‘mm m Lhig—

o J.z.:y csc;;l:!ie ae.ul m&aﬁﬁ. wag reduced from abuuL 8 ml.. RO

740 -ml.~ ~ The: Leen.mg gua.!;u_f'i;le - Of the magmnt xarm"'c\ |

i j_fgun@ o be muc;h a:npmvau by ‘E’qia nmclii‘ica*biam

Pre faratfan.@_~~_manﬂard malybd&num snlutz.onw -

(o)

A stcc.l{ stimciard am.utmn ccznﬁaim.ng 100 ug. uf

o molymlwlw:} per ml. w'aca pr@p&reé aacgrcung tc:v tm.

-_a:«,:r*factmns of - c..iar&r: & Axley (19;5) ‘;w a‘imwalvi ng* @.lﬁt‘)g.

‘ “of ém&},ax*‘ mly‘basnum tva,a*k:iﬁe; {aried ot Ii.ﬂ“’ for L;. e }

" .’m 20 ml. a:f‘ O-mmsaéimm ilye}roazclm '}‘h a8 wmlu&:ion

owes aiiluteci mth Cu.ss hz.ilcsci vater to. aﬂzom 1:3%3 ml. P

at*}.;ii:f'.xefi w,i th ""nhy&mcnlm*u aeid to abcmt pn ;,u,:

( ,(TB De n,. narmw-mnge 1m3matcm p&mxﬂ ‘and cixlubw:i LQ .

L ' 1 ‘thrc W:I.'Lﬂ Cﬂ‘stil‘l\ad WE‘ESI“!

A, wcmking; s*%;amd*am"} salu‘omﬁ cmmaznmg O ;@G T m‘.{

c:f mul;srbdeaﬂam per mle v px*apcw 2l “by u:a,lumngf !;.Cr 1l

L | a:f‘ tiu.a s‘tmck stsmdard solution- ;plu 1 mle af Nwlwﬂfo"

chluroic seid to 1 litre with élsmnea water

ﬁll atan@ard melybaanum aolutmns S Sre kept

"iaﬂi' the. ciark as ‘f"ac;amané@ﬁ. by Qlark & .&ml@y { 19,)‘;).

(i‘) Efﬂf‘kln& 'metha&. I‘i:ilk and.- f@ud ixlgreﬁicntu were
" we't ashed. by the nitric ae.l.ﬁ m&txmd ai“'“rﬁlcz.czlehon
. .Stu&l&ey (1’59,;:4).- - For ntii}.k, tne grc.llminary pvaaumwa

. vas as i“a.t.lmm. I:fupla.caat:e aaamp’ie czi’ cow's milk (Q% ml.)

S or Qat S mlk (50 m‘!..) were: placec‘i in 1-3.1 tre Pyz:*e:éc

'""beakers (hai ?’h‘b abf;m‘a Zm.b mn. » diametez* about’ 1(36 r;m.)




ang carafully evapcrated to dryness aﬁ . low heat

on an electrlcally h@ated hotplate fitted.w;th a
Amimmxvstat contralg | ﬁheﬂ auqt d?y, -the bheakers were
f r$mﬁch from the hotplate, allaxmd to cool, and 1@ 1le
f@f cencantratad nitrlc ac&d {(spe gr. 1.&) werea aﬂ@&d, .
after which tne,mxxtura was again eautiausly evaporated -
© - o Aryness. » - -

Tor feaﬁ5ingr96iénts, thé‘pﬁelimina?y proéeéure

'Apfmms 88 T@llovw. ) %q %&LQT@, ﬁu§1icat@ sampleg (LT 2 ge)

‘Aalwmve placed in 1 litre beﬁkars. To gach beaker were

o naded 10 ml. of dlstilled weter and 5 Wl of concentrated

niteic égi& (ap}wg%‘ l‘&),.an& the m;xtur®3'werezf
earefully'evaperated'to dryn@ss”at a 1aﬁ'h@at. |

| Prmm this. point the following ﬂraceﬁure wa%
'@pplmad to the wesidues from'both milk and feed 8@W@1QS,
he hatpiate temﬁerature was ra:se@ T@ abouﬁ 550“ ang
thc open beakurs were heated at this ﬁemmerﬂtura until
bhera was ﬁﬁ furth@r ch&mge in the ﬁ@ﬁbafaﬁﬁw ef the
cont@ntsg This usmally tmak\aba&tﬂﬁﬁ wine = The-
beakers were allened to cmel, end the contents Waré
‘mcxstcneﬂ wmth nitrig acld {sy. [y l.h)‘ The beakers
were covered with clock plasses and heated on. the hotplate
at about 350° for 1% min. aft@r‘thafresiduea h&@ become |
dry. Phisg prmceéura was re@e&téé mq@i& the r@siﬂwﬁs ware
whxtmsh with &ark patehess Fﬂminglﬁiﬁria acld (sw--gr,
le5) was tﬂ&n usaﬁ 1n,p1&¢a of G?ﬁiﬁary nitrie aaié,
and tﬁe nrec@&u?e was canﬁinuud untll %shing was c@mpl@ta.,

» Thetheakerspﬁgre ?hen,allowed_ta cooly anﬁnia~@1.

of concentrated hydrochloriec acid and 3 mi@ of 60%



pefcﬁloric‘acid'were‘aédéd.~ The beaker8<wer@ left
open and Lhazr contunﬁs ware slovly evqparateﬁ to |
‘aryneas at a 10w heat. » xhen drying was ccmplete;
th@ tomperature Was increaaaﬁ to about 350° and -
1heat1ng was cantinued unull fumlng ceaabd.“ mhis“
dpracedure was found necasoary to remove nltrate ion,
mich otherw1°e iﬂtarferea serleusly wzth the
uubucqnen% determ;n&tion of- molybdenum. - |
”he beakurs were allowaﬁ to 0901; 15 ml. of
' Gthydrcehlorie acid wers dduud, the: elock wlasses
" w®rv placad 1n poq1tlon.ana th@ beakeru Were heqbué
gunuly until thp ash dls olved. Thﬁy-wmre-then:.
vallowed o cool, and the cénﬁeﬁta ﬁéra'éfansfefréd
e glas&wstappcred boreullxcata glass tcst—LUbus o
»:'measurlng_éﬂs x 25 mm. A 1urtinr 10 ml. of GNn

-"ihyarochlorle a31d were adaea, tha clockglasses were

.ﬂrbplacgd, the beaherg were warmed again, and the -

canuents xere transferred to ths appraprmate Luben.,l
V;naliy, the beakers Wers rlnsed w1th 10 ml' of |
ﬁxuailleﬂ water and the r1ns;ng% Wwerd traﬁgferreﬂ to
‘the appropflate tub&g. - ' 4' |
-Throughout thls procedure 1dentlcal volumes

‘?01 aclqs wera added - ta ﬂil Lhe beakers at eauh st&ge‘-
anﬂ to &uplicate blan bmakers (reapunt hlanks)

"Tnu valumus in the te bt tubes were made up to
3; ml. with' aistlllea wabe - an@ the alloyinp Were

aﬁﬂed, in arLuP -
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(1) 0e2 ml. of 5% w/v ferrous sulphate solution in.

2% x/v sulphurie acid (= 2 mg. ef ferréus iron).

(2) 0.' ml. of freshly prepared 50% sodiun iodide
salubien. Ths. olutlcn. were allowed to étaﬁﬁufar
10 mmn. with eceasional swiﬂling ta allaw for eomplste

'llb»ratien of 1edina.

(;) 5% v/ saﬁlum sulphite salutlon was added

dra@wise until the iadine.celeur was Just aischargeél.‘v

(4) 2 wle of frashly prepared 103 o w/v thiourea |

solutiﬂn._
(5} 1 ml. af 5 Qb m/ﬁgtartaria.écia;seluﬁiuﬁ,iA
(6) 2 ml. of o.a% wv dithiol reagént (Section IIy

pe 56),  ‘the tubes vere stoppered, . shaken v;gorously

-for 30 seeu,and allaweé to stana fcr 30 mln.

(T):Z 5 mle of isosmyl aeaﬁaﬁe. "The tubes were -
st@pper@ﬁ, shaken‘vigerausly for 3& S8Cay &ﬂ& allowed
to atand untml the two phases separated and cleared.
The upg@r‘lsaamyl acetate 1ayers were then%gemavaﬁ
with‘a éuﬁti@n'ﬁevice attached to a,gra@uateﬁ pipetta,
trans ferrad o, 15 ke Pgrex ﬁlﬂSﬁ cantrifuge tubeq and
centrifugud for 5 mine. to remove sus panded water
draplets.“' The clarified axtracts were transferred to
L em, micraealls Of 1e6 = 1.? mls eapaclty‘(ﬁnlcam
.In.truments Lﬁd.) and. thblf @xtinctions Were. reaﬂ in
& Unicam SP500 apegﬁrgyhatameﬁer at 680 s agaznst a
rafarenee cell conktaining isaamyl'acetate.

A standard ourve was pr&par@& for each asaay

by add;ng known volumes of the uorking standard




“’~molybdennm solut&cn csvtﬁ&nln& 04500 MS'Mq/ml* o
7tf:&uplscata *toppereﬁ baraa&lleate~é1338 tost EUbea,=,*

'T’;~;aa@3ﬂg 25 iile OF GNnhydrccnlovls acid, makmng up the.

ﬂfvolumes Lo 93 il w1th dlstlllcd wator, and applying
"proeedures L - 7 listed aboves A typieal. stanﬂarﬁ

ﬁburvg is Shgmn in Fige Do fha,molar swtlnctimn

{:OO@ffrclenﬁ at GSQ . obtainea‘from this curve was

 2&,?00 WhLCh agreeu well with the valus of 24,400
3(1n b nzane} f&pOPtLd by Gllhorh & Sandell (1960) .

_in flve detprmlnatlous, racovari 35 of G.)OO vg, of -

-:”molybﬁaﬂum auded to 25 1l oi’eou 8 mllk which cantﬁln@ﬂ

"about O. ug. of naturel molybuonum, fell within the

~;*rangu of 9) - 10 ﬂ'

4. Ihe a,étéx%ﬁﬁ}létiéﬁ: of 1D

| (q) bngymlc metheﬁ. - The- an&ymiu %uthOd uséd-in‘this

: worL Tor tho determlnﬁtman of FAD was derived from

3Ctpe mqnometrlc mhthnd of RBurton (Lﬁbl) for the" dotezn;n*

‘:*atlon of D~anin¢ aciﬂ oxidase. A standard ﬂafbugg-

appdratus was used, w1th aip B the gas phﬂb@4 '>Tﬁe

ﬁpawnfotein 01 D~am1n0 acid oxidase was. prepared from. "

'ieommerclal orude Dmamino aeld. ax;aase pawaef by Lh@ method

of BeLv a, Mehur & Kaplan (1956), and was stored at »aoﬂ
bar most of the dabefmlnaﬁlons reported. thei the

feﬂctlon leﬁUfu conslsued‘of Ocz mle of 0;68M“@L*dlﬂn1ﬂ“

A(68 pmolos nf ﬁ»alanlﬁe) + 1.5 le OFf Os20M—sodium py o~

bhosnhate buffeP (pﬁ 8 3 at . ao°) + 1 mg,cf oragtalline

| featalase-+ Gaaﬁ il of lW—cthqnol + O.l - D.M mi. af'

solubion of the pamnrgtein of Dwsmﬁﬂ@ acid oxiﬂ“

62



4 cm
680

Mo ug

Pig., 9. Standard curve for the molybdenum
assay of Bection II, p. B7 .
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4 O = 05 e of TAD in a reaction volume of 3.4 mle
The &eagtian temparatﬁre Was_3?“,;andvthe final kaéﬁ
this temperature was BeBa Poﬁaséium hydreﬁiée'(o,z-m1, »
20¢ wv) + Pilter paper was placed in the centre wall
of the Warburg flaske  The concentrations of' the
constituents in this reaction mixture were, D-alanine,
0. 02083 acﬁium pyrophosphate, 0.088H; ethanol, 0o O7s
éétaiaée, l.2ulfe  Since Lha ﬁlﬂhﬂ@ll° constant for
De=alanine in this qystcm 1¢es heuwenn 0.002M and 0« 009K
(Lurtan, 1955 , ahd 1nce an %@p?@ﬂi&b30 amount of D~alsnine
vas oxidized in the )O mmn,-reaet;oﬁ\perlod during a fast
reaction(about & pmoles out of a total of 68 umoles)
th¢ ceanntvatian of‘D-alaninﬁ wa% later increas ea i)
A,95625M té ensure that th@ apo*pratein.was saturated with
' Deplanine over the r&aétiom.peﬁiod. At the same time,
‘tﬁe reaction velumerwa&iﬁeéfeased~to Bed ml. The
QOneéntrations of the eonstitu&nts in the f@acﬁion mixﬁufa
 Wewe-thﬁn-~ Dmalaniﬁe, O.G25W°‘ sodinm pyrophabghate,
04090} ethanol, 0.078M; catelase, L3l
| -"ﬁha DL-glanine wos placed in the side-arm of the
Waﬁbufgiflask, and alirthé other components of the rééctiqn
mixture were plaée@fih the main compartment.  The flasks
vere allowed to equilibrate in the water bath at 37° for
5 min. Blank readings Wére then-tak@n for‘9 mingiaf%er
whieﬁ the reaction ﬁas startéd hﬁ,adﬁing th@ analaninﬁ from
-tﬁa *i&anarm. After the firat 6 mln. of v@aetlonﬁ pressure

- P@éﬂiﬂ%ﬁ wera takan every 3 min. ror a Du?l@d of 30 mmn. The

1nat1&l rate of reaction was determined graph1c911y and exnresqed

-8 1l of oxygen per hr. . ~Under bhcso ﬁand¢tjmna the rate of




63
regaction remained constant over the 50wm1n. period.

The stalchazametry pf the ?eactlon was: eheckad
by determining the total u@take of axygen.resulﬁingl
from the‘complété'qxi@atian Of’OgE-mla QfAQbOGSﬁ*ﬁBh
alanine (=6,8 umeles of D~alanine)s  Thig was found
to be 147 pls of oxygen (wmean of four?@etarminatimna).

The theoretical total uptake predicted by the equation

GHEGH(NHé)GQﬁH ‘(D&fmrm) + 0y + CH.CH, OH

3
—> GHE @GGQH + ﬂH§ + Gﬂ?CHG 4 HEO

ig 1§24ul; ijagl and the reaﬁtian therefore prgééa&s
acgording to this equation (ef, equation Oy $§ctioﬂQII,
pe 18). | | "‘
A standard enrve‘was)set'up«with ench

determination by a@ding~a~7'a.5 nge of standard FAD
to &upiieate Warburg flasks. The res ultinp rates of
uptaka were nlcttaﬁ as ordinates agaxnat the amounts
of ?&D 1n the reaction mixture, aﬁd thn paintu ware
connected by a curve &rawn)fraehaﬁﬂ. - A typical
standard curve‘is shmwn.iniﬁ*g»*ié; The faﬁés of
uptake of sultably diluted unknawno wers determlned
.1n.dunlicate an& their cmntants of FAD were ealaulateﬁ
by reference to~the’standar& Curves

- The method was tegﬁaa in cellabaratian wztb
D *10. Bray, as fallcws. . aample of nurxfied ‘
milk xanthine oxidase (NWo. ZO=421),- preparaﬁ by
Qf. Bray, was analyzeﬁ for FAD by the writer; using
‘thls m&tne&, and by Dr. Bray, usxng tha fluorimetric
method of Bureh, Bessey & Lowry (19L8). Before

analysis by'the,Enzymic m@th@df”the xénthine~axidase



200

|00

Rate of oxygen uptake QI.O,_ / hour)

O 1 _ 1
O O.l Q.2

Concentration  of FAD (,uM)

Fig. 10. The relationship between the
concentration of FAD and the rate of uptake
of oxygen by the D-amino acid oxidase system
of Section II, p. 61 «

Reaction mixture - 0.2 ml. 0.80M~DL-alanine -+
1.5 ml. 0.20M=sodium pyrophosphate buffer (pH
8.3 at 20°) + 1 mg. catalase + 0.25 ml. 1M-
ethanol + 0.1l ml. D-amino acid oxidase apo-
protein + FAD in a reaction volume of 3.2 ml.
at 37%. Gas phase, air. Filter paper +
0.2 ml. 20% w/v KOH in centre well.



Gy
- was heated in bolling water for 5 min. {0 relesase

the bHound PAD. The mean of three separats determinatlions
of FAD in this sample by the enzymic method was B9 Mg

the mean of three determinations by the Fluorimetric

‘meﬁhoé.was 62 uid.

{b) Breparation and standardization of standard FAD
Bolubions. Throughout this work a single baseh of
PAD (see Section II, ps 6 ) was used for the
preparvation of standapd FAD solutions for use in the
ensymic assay Just described. - This FAD was examined
mer the presence of ether Tlavins by the paper
chromatographic method of Crammer (1948). Samples
of Flavin moneonucleotids (F¥I) and of riboflavin were
also placed on the chrometograms Lxamination of the
chromatogram under ultraviolet light revealed that ﬁh@
sample contained a barely detectable trace of FNN, ond
that Free riboflavin was absends ' :

ALl stondard FAD solutions were made up in "low
actinie” brown glaoss stondard flagks. A strong
gtandard solution of FAD was prepared on the day of
assay by disscolving apoproximately Qaﬁ‘ﬁg. of TAD in
50 mLls of fvéshly preparad 0.0lM~-zodium phosphate buffer,
~  PH 7eDa The extincetions at L50 mu and 260 my of this
solution were measured in a 1 cme cell using a-Unieém“

SP 500 spectrophotometer, and the concentration of

FAD was caleulated from the following eguaitlions

Concentration of FTAD (pg./ile) -

- Efem. % 786/11.3 (Whitby, 1953}
150 |



65
The ratio B (260 wmw)/R (Aga m@j.was_~1ways caleulated, .
and always fell within the range afA3,17 -~ 3e2ls ¢
For pure FAD the value of this ratié i 3.28 (Cerletts
& ml@xfami, 1958), o |
& working.standard FAD solution containing
approximately 0«5 g FAD/ml. was preparsd. impedlstely
before ué% by diluﬁiﬁg thé Streng-ﬁtandard;éwiuﬁi@ﬂ‘ |
5évf§1d,ﬁith distilled water, Additlons of this
saluﬁiqn to the Warburg flagks containing ali tha'aﬁhér
constituents of the reaction mixture were made in a
. dark room illuminateahby 8 siggie tungstan-lighﬁg
Pctagéium hyéroxidg'anﬁefiiﬁer7@aper.wera‘plaaad.inithe
centre wells, the flasks were attached to the
manometers, and were then im&adiaﬁéiy-ﬁlaeed in the
Warburg bath at 37° | |
(e)

enzymic methode  The standard curve for this assay

standard curve .of the

Hon~linearity of the

system was invariably eurvilin@ap,laszshown.in‘Figyil@;
Various workers who have use&ktﬁiéﬁmatnod‘fbr the
éeta?&inatisp‘gf FAD have stated that the relation

| between the éoneantraticn Qf’@&ﬁ.in»ﬁhé reaction
mixﬁgﬁa and ﬁha'rat@ of gxidation of Dwalanine was -
linear up to .an FAD Qﬁnaantraticnuqf<§§3:nuéfu M
(DeLuca,. Weber & Koplan, 1?56; Huennekens & Féitaﬁ;
19573 Manson & Modi, 195?};; Ochoa & Rossiter (1939)
stated that the relation was almost iiﬁﬁar‘uy~ta an
FAD concenbration of 0.6 i Howa#ar,-igttﬁgjpresent
.Work; using either of the éystemé daséribea;in Sectlon Il,

“pe 61, the relation was invariably found tggbe 
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markeély curvilinesr over the FAD concentration rangs
of Q0 = O;EZuM-(Eig.‘lo). This finding is in agreemenf
with the work of Warburg & Christian (1938), whose
data are shown plotted in Figs 1l.

| That the graph must be curvilinear in this
concentration range is evident.from the following
considefétiéns. The kinetics of the combination
‘of PAD with the apomprotein of D-amino acid oxidase
in thelpresence of a large excess'éifb—aianina are

in accordsnce with the Briggs-Haldane equation

m -

Kp +.8

v E5

wvhere v is the rate of oxidation of D-alanine, & is the

concentration of FAD, V.

D~alanine in the,yrésence of a large excess of FAD, and

is the rate of oxidation of

K is the Michaelis constant for PAD in this system
(Warburg & Christian, 19383 Burton, 1951). This is

the equation of & rectengular hyperbola which passes

'Q_%hroﬁgh the origin, and approaches asymgtotically the

value v = Vm_as s.éppraaehes infinity. It is seen from
this cquation that v is approximately proportional to

8 only when s is muech smaller than E ., s0 that when

Jin préctice_s approximates to Kmf the hyperbolic curvature
cannot be ignored. From a plot of /v against 1/s of

the data of Fig, 10, Km (FABj = Qe18 s Prom thek
eompiéte.data of Warburg &»Ghéiatiénf(lQBB), K., (FAD).

= 0,254, Estimates of K (¥AD) vary from O.13uil

m
to Qe25ul (Burton, 1955).  Since the working renge of

 the PAD assay is 0 = 0.2 pil (Figs. 10 end 11), it
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Tigs. 11, The relationship between the
concentration of FAD and the rate of uptake
of oxygen by the D-amino acid oxidase system
of Warburg & Christian (1938).

Reaction mixture - 0.2 ml., 0,51M~-DL-alanine +
1 ml. O.lM=-sodium pyrophosphate buffer (pH 8.3)
+ 20 ug. D-amino acid oxidase apo-protein +
FAD in a reaction volume of 2.l ml. at 38°.
Gas phase, oxygens KOH in centre well,

Plotted from the data of Warburg & Christian
(1938) .
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follows that the standard assay graph must exhibit

hyperbolic curvature in this range of PAD concentration.

(a) Fluorimetric methode The method of Burch (1957)

ves used to determine the FAD contents of bubttermilks
Aprepared from cow's milke In this method, flavins

" were extracted Lfrom butbermilk by adding cold
trichloroacetic acid solution (TCA) to a final
doacentration.of 10% w/v, and allowing the mixturse to
stand at O? for 15 mine. after which it was centrifuged.
A portion of the clear supérnatant liguid was rvemoved
and brought to pH 5.8 by the addition of dipotsssium
hydrogen phosphatc. The Tfluorescencs of this mixture
vias measured immediatelye. Anothey portion of the

TCA extract was lancubated evernight at 38°, breought

to pH 6.8 as before, and the fluorescence determined,
An ineresss in the Tluorescence of the incubéte&
extract relative to the fluorescence of the uniﬁcubatea
extract indicated the presence of FAD. The
~eoncentration of FAD in the ofiginal material was
determined by reference to the fluorescence of knowm
"amounts‘of rivoflavin which were carried through the
enﬁire procedurc.

The fluorimeter used was a Locarte Model LFU/
fitbed with a-mareury arc lamp (The Locarte Company,
London, S.¥e7)s Iﬁ‘Was £itted with entrance fil%gr
Vos LH/3, which isolated the mercury arc line at 436 my,
and with exit filter No. LF/7, which trensmitted ot

and ghove 510 my only..



 The fluorescence of the Solutions was measured
in cylindrical guartz cuvettes which contained a working

fﬁolume of approximately le2 ml,
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SECTION JTIX

ThF ANFLUENGE OF ﬁI“TﬁWY MOﬁYBDEWUM ON THE XANTHING

QXIDASE ACTIVITY OF COY g ANE OF COAT'S MILK

1o  Introduction

Kiermeier &_Gépellari (1958) investigated the
relation between the xﬂnﬁhine oxidase sctivity and the
molybdenun content of cow's milk and observed

(i) that the activity-ef xanmthine oxidase in cow's
milk was praportiﬁnal to the molybdenum content
of the milk, .

(2) that the xanthine oxidasé aetivity and molybdenum
content of the milk depended on the amount of
mulybdenum inge ste&,iand" ‘ | _

(3) that administration of a solubls molybdate to
céwé caused sn increase in the awmount of mclybdenumv
in the milk but did not’change‘the,xaﬁthin@ oxlidase
activity of the milkiif that activity had been
relaﬁively high before.

This work was ﬂapcated unde; more vigorously
controlled condiﬁions by the present author, using
‘poth cows and goats, in an ati@ﬁpt to confirm the
observations of these workers and thersby to galn an
lagight into the factors controlling the output of
xapnthine oxidase and of molybdenum in the. milk of

Puminamms.
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2s Ihe sffect of feeding sodium molybdate on the

zanthine oxiﬂsse aculviﬁy and m&led@num uonta;t

of eaw’s,milk

'(a}”Exgerimﬂntai§  8ix stall-fed A&ﬁshire eows;

- all in early lactation, were divided into two gréﬁpé
(A end B) each containing threo coﬁs;_SQAthat the mean.
milk xanthine mxidasé~activitﬁiof the milk of gféu@~A
was &pgrmximately squal to that of group B (aetarmzned
over a period of 1 ﬁays). The cows were offered.a
low=molybdenum diet consisting of héy and concentrabess
The hey and  the iﬁgredients bfAthe @oﬁ&eﬁtratea were
.all $eléétad for ﬁhsié low malybdanum content
(deﬁ@rmlneﬁ hy thﬁ mkthed dusarzbed in Beection IX,

Pr» 57 )« The ccmpasitlon of the eaneeatratas Was -
bruised oats, 6 parts,\ bean meal, 5 partk; eeok@&
maize, 1 part. Ealoqsem (5% by weight) was added asg
a binder io this mixture whieh wes compressed into
‘pellets {("eubes") by & local supplicr of animal feeding
stuffs. | _

Tach cow wes offered Svlb,‘@f hay and 8 Tbe of -
concentrates twice daily. (One covw in-ércﬁp A - ‘
consistently refused to eat more than 12 1b. of ;
cmncantratés daily. Oﬁherwisa,'with rara_gxqeytigns,
all the ratlen foere@‘wés aoﬂaumeé.by everj cow
throughout the eXxperimental ?aéied. The &iét conformed
Lo accepted standards Lor ithe yrotein‘intaka of l&etating
cows (Wood & Woodman, 1959)» 1t was suffieient to

provide for milk ylelds of some . 35 ~ Lo lh. par day



while restricting the,mglybﬁenumfinﬁake to ﬁ.mg¢ per
cow per day for the duration of the exporinent (L5 mg.
for the Group A amﬁmalvwhicﬁ, as mentionod sbove, Gid
Aot eat the full amount of éon@@nfrateg).- This wes
the lowest daily malyhdbnum intake that eauld be i
' achlaveé with the fe@ﬁing stulfs av&;l&bl& lmcally.

- On the 10%h day'fallawing'ﬁhe intraﬁuctien of’
thls basal diet, the three éd?S‘of'@raqywﬁ were esch
given a.daily domse of IH mg{ Qf_maly%denum,‘thnﬁ
raising theilr daily inteke from 5 mg. to 50 mg.
) ﬁa/cam?day. The dd*e censimted of 57 wle of & 04 20%
(w/v) agueous solution of Analar usdlum.melybdate,
Nagmaaa.QHQO. - It was aﬁmlnlstered by means Qf a
standard cattle dreﬂching gun at ab@ut 11 aeme eqehr
daye This dosing was contlnned for s total period of
10 days, and was then stoppede. 4ix days later the
cows of Group B were cach given a deily dose of 95 mg.
of molybdenum, thus raising;thair daily molybdenwn
intake from 5 mg. to 100 mg. Mo/cow/day. This dOSing
was conbtlnued for a totel peried of 10 days, and was
then stopped.  The cows wéra kep;bon the basal diet
for a further 7 days andnthe experiment was then endede:

The duration of the ex@eriméntal perioé, feom

the time that the éowsAwer@ firsttaffered th@rbasal
diet, was L3 days. Combined éMQﬁéur milk samples
were taken every second day from each cow throughout
this period. A 2h~houwr milk sample was made by eombining
- the milk from an afternoon milking (keﬁt at 5° overnight)

with the following morning's milk, the combination



 5§ﬁing made in pFQ@Qﬁti@ﬂjﬁGlfﬁ@ T&EpﬁéﬁiV®,yiﬁlﬂ$@
The deily milk yields from each cow on the day cf
- sampling were recordeds ~ The xanthin@'cxidase!
activities of the 2t hre milk samﬁlesvwera'ﬁatermined
immediately by the manometiric m@fhéﬁV&eséribad in
i-Séetian ITy Do 26 The mllhb W»rc truﬂbuﬂ tm *
freieaJ@ bound anthzn@ ﬁxidase aetiv1hy by warming
J.tﬂam to 37° and sheking them for 1 - 1% hr, (see
S@'_étmn Ity pe 27)e  Wor the fivs ,t 7 d.a,ff: of the
-@Xpﬁflmﬂﬁb 21 period, tﬁ@ xsnbhine 93&&&8@ %etivxhxes

of the mllks Ware determined usmng 6.5 ml. of mllk in

& rnactlon valume of’ ﬁau mle For the remainder of the
experinental periocdy all thesacﬁivities were ﬂ@tsrﬁiﬁé&'
using.Gszﬁ Ml er‘o;ze Ml af‘miik‘ih ﬁ*f@&ﬁtien:.A“ |
velﬁé@ of Beli mle ?ﬁﬁeughaut ﬁh@fem@efimEﬂﬁai perioed,
.. the aetivities of all the milk samples wers da%érmina&
at the same dilution on any one days |

- The molyhdenum‘cuntents Gf:tﬁa'milkw were

‘determ¢nad,by the method describeﬁ in- Spatiom II,‘

pe 57 «  The fat canbents of the milks were dat@rmmned
by Mre Ra Proudfoot of this Institute using the Gaﬁber
“matno@@_ The molybdenum content of the basal diet was
followed throughout the experimental period by $ﬁRing
daily samples of the hay and coﬁeeﬁéréteﬁ* Once a
week thesse were-&oMbiﬂeé jnte~sing1e éémpl&q af hay and
of concentrates and the molybdenum and molature aontants
of these samples were determineds The aﬂalvseﬁ hewaﬂ
that the malybdenum c@n»ant of the basal dlet ﬁjd not

vary appreczablv throvghout tha experzmcntal.pe&;oﬁ.



(h) Results. . The results ave shown in Figs; 12 and
AlSl It is clear from Fig :12 that the administfation
 0£ sodium m&lybdat LB altﬂe? ﬁTQup off cows was .
lOllDWPd.by an - 1mmadz 2te rise in the mean conc°btrﬁtion
of molybdenum. in tne:milk of the dosed animals. 1%
is spparent also bhat, hy comparison with the céntral
group, little or no change oceurred in the mesn xXaenthine
oxidase activity of the'milk of ths,dosed group on either
oecaéion. Pige 1 3 shows that no marked chanoe@ occurred
- elther in ﬁh@ valuss for the mean fat percﬁntagea Qf'thﬁ
"wilk or in the mean milk ylelds of either\graﬁp_@uring
tﬁe doming periodse - V

It was observed that the ratics-of xanthine
oxidase activity to. molyhﬁenum conteﬂt of tho milk
samnlos tah@n'bmfmru molybdenum dosing began, tended
towards a‘common eonstant value, in conDeratloﬂ-of the
observation of Kieﬁmaigx«&\capellgfi (1358), | The
eﬁp@rim&nﬁ&l results from these milk samples arve given
in Table 5. The results of later investigations of the
factors alffecting the constancy of the ratio of aativity.

to molybdenum eontent are des GPled 1n %octman I¢, PDe 27=52,

The apparent rise in the maanvxanﬁhine Qgiﬁasé
actjviﬁies of the milka of both groups after day 7
(see Wig, 12) was pfdbﬁblj due to inereasing the dllutlon
gt which the- kanthlnu DX1dan dcuivltias ware detarmlned
after that day'(see‘Section-XII,‘p."72=:for details).
“The effect of this inerease in dilution on the valub of

the activiby/molybdemm retio is shown in Table 7
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Fige 12, Molybdenum contents and xanthine
oxidase activities of cow's milks from the
molybdenum dosing experiment of Section III,
Do 70
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Fige 1% Milk yields and fat contents of the
cow's milks from the molybdenum dosing
experiment of Section III, p. 70 .




h
(see also Section IL, Pe 37 e
During snd after the molybdenum dosing pevicods
no sigus indicative of excessive molybdenum intake were observed

(Underwood, 1962).

(c) Discussion. The finding that the administration

of & soluble molyb&aié to cows is followed by & rapid
increase in the eoneaanablon of molybugnum in thelr
mllk ‘is in agreement with the f;n&inga of Kiermeier &

Capellari (19)8) and of Archibalé (1951). Hawa?er,
hle?meier & bapellarl s-claim, that the xanthloe oxidase
detivity of the milk of cows fed on & loummolybuenum
diet could be increéased by feeding a diet high in
molybdenuin, has ﬁof-b&én confirmed Quhihg the presénﬁ
WOrke The reason for this discrapancy’hay lie in fhe
faet.that the design of‘tﬁ@ experiments of Kiermeier &
Gapelleri (1958) differed Trom ﬁhe"déSign of the
exParimen$ in the presant ﬁork, in tﬁatiﬁiarmeier’&
Capellari used no control animals. In ons of thaﬁr*

experiments, a group of cows wes faﬁ for B d@ys on hay
which contained 0s16 pPepeme OF molyb& nnle Jurlng
this period the mean zanthine oxmdaae activity of the
milk of this grbuﬁ_fell from 10.5~ﬁnits/2 mle milk to
845 unite/2 ml. milk. For the noxt 10 days, the cows
were Ted uvnspecified amounts of hay wnlch contained
O.ua\p.p.m. of molybdenunie Sach cow also received a
daily supplement of 1.5 kge of a 1.1 mixture af oyabedn
meal and a milk production ration (“Milehvishfutter IILM).

The molybdenum content of this supplemént was 3.5l Depeie



During this period, the mean milk xanthine oxidase
activity of the group rose to a level of sbout 1L units/

S I% is possible that the variation in molybdenmm

. intake of the cows vwas responsible for the observed

Variatian in the wean milk xanthine oxidase activity
of the group, but, since the gross composition of ﬁhe
low=-molybdenum snd high-molybdenum diets differed so-
markedly, it is @gually likely that variation of some
.6ﬁher-ccnstituent of these diets was resPOQSible for the
_ observed variation in the adtivity;l In particular,
. the high-molybdenum diet must have contained
-considérably more protein, due to_thé inclusion of
soyabean meale. It has been shown that the xanthine
oxldase activity of rat liver.is markedly dependent
both on tﬁe amount and on the @uality of the protein
of the diet (Litwack, Williams, Peigelson & Blvehjem,
'. 1§50-;' Litwack et 2l, 1952, 1953) ' Therefore,
variation of dietary protein intake cennot be exeluded
as a possible cause of the observed variation of milk
xanthine oxidase aetivity in the experiments of Kiervmeier
& Capellari (1958).

In another experiment Kiermeier & Gapélléri
(1958} obtained milks froﬁﬂtwo herds of cows grazing
~in separate localities.  Dach herd was of a different
bread,-and was grazing on fields of different solil type
prdducing different types of pasture which were Tound
to diffar widely in molybdenum content. Kisrmeier &

Capellari observed that the mean xanthine oxidase



activity of the milk of the herd gm;éing on tpé
low-molybdenum pasture was qonsiderably less than
the mean activity of the milk of tha'her& grazing on .
the high—mulybdenum'pasture. They elalmed that-this

difference in milk xanthine ox1daae aativity was due

. to thp aifference. in molybdenum content of the pastures,

but ¢t is clear that any one of tne alffefances
between the two groups listed above, 1.@._braea of cow,
'soil type, and type. ol p ﬁture, could have haen
' P@mPOH“Ibl@ for this dlffareﬂcs in milk act1v¢ty.
| “In a third axpef;m@nt Kiermelier & bayeliar
"(1958)'fed two couws on é diet of hay»énd roato~wn%ch
prbvi&e& a moled&nﬁmvintake ef‘aboﬁt 2406 mge oF .
"nolybdenum p@; cow . per day, and cbserved thaL thh;n
dayb, marked Talls occurreﬁ in the anthine oxxdasa
actmvib&es ‘of the milks of hoth thesg COVISs fhby
claimed that this resuli was indicatlve of exhaustion
ot the molybdennm res erves of the cowse By oentrast
with this result, in the present work, the cows of '
Group B (Section III, p. 70) veceived 5 mg. of
molybdenum per cow per dsy for 25 days before being
| doéed‘with additional mbiybdenum;f"lt is seen - from
Plg. 12 tnat the mean kanthinu oxiaa%g act1v1ty of the
mxlk of this group i ‘1uctuated somewhat, but howed no -
sustainéa.ehange over that period. ~ This may indicate
that the eritical 1@#@1 of &aiiy‘iﬂtake of’molyb&enum |
fonr nahxmun actlv1ty lies somewhere between 5 mge and

2+6 mg. of molybdenum pe: cow per daye
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nt. to. the

(4) Diet of experimental cows subseque

:,:mollbﬁ@numwdosiﬁ .exngiMantl"' ﬂftﬁﬁithe‘molybﬁeﬁnmr 
.ﬁdsing'experimentjjuét"daécribad5.th@ experimental ecows
lﬁe$Wer® maint&inaﬁ3cﬁ.alﬁ5®ifieﬁ form of the lomemlyhﬁﬁnuﬁ’
diet gsad in that ﬁxperimaﬁﬁ;. Thalmo&ificatiaﬁii‘ "

consisted. of replacing hal¥ of the coneentrates in

‘ﬁhe ration by an equivalent welght of a commereial brand
of daneéﬁtfatas farimiik_produétisn; i;@a‘“ﬁ;Y* Dairy
Nutsﬂ&_manufgeturéafhy Rg Slleock.& Sons Libds, Liveﬁpaml.;”
TheAmilk yi@ids of tp&acaws:were~egﬁéiﬂar&bly improved .
b§~thia maﬂifiaaﬁion, The molfbdenum content of the
modified diet W&S_éﬁﬁﬁ% half as high?again as that of

the unmodified ﬂiéig.ﬁQ that the @mﬁ&k“intak@ of

molybdenum was gboub 8 mge Mo/ cow/ c;ay. Most of the
samples of cow's milk uwsed for Further investigations
warévt@kén from eéﬁs"maimﬁaimadvdg‘this modified diete

The magnitudes of the xanthiné oxidese activity/ ”i":
molybdenun ratios fosumh saﬁplea were similew to those

regorded in Taebles 5 and O

3. The éffect of feeding sodium molybdate on ‘the

xanthine ox;&gsg?&etivity and molybdenum content

of goatls milkié

(a) Ex;erimantaly, Six British Saanen goats, all

near the end of 1act§£ian, were arbigrariiy ﬁivia@é‘intm

two gréups qfvthree,‘Grougs]& and B, Bach goat was

confinéd in a separate pen and was oﬁferéd 3 Ibs of hay

“and 11 1b. of concentrates twice daily. The Qampﬁsiﬁicﬁiifi
of the concentrates wag -~ bruiaeé.mata; 6 paritsy “bgan

“meal, b parts; decorticated groundnut meal, 1 part;



“flaked<mai?a, 1 négﬁ.f; @hié'mixtﬁre was”ma&a‘g§ by é
loeal supplier of animal feeélng sHufEs Thé ééily
'imclybdsnum 1nt&?e pravxded hv the: bOﬁpl@t@ élet w;
Ledl mge Qf'molybdenum pe“ goat per é«y.f;. ’

~ The gaatsmw ave fed on. this basal diet For lﬂ
éayq. ﬁAt Lhis point apa goat in Group B"e@asgd to
lactﬂte and it was’ Pﬁpl@ﬂed;hy dnather. ALl the &
’requlﬁs From bh@‘animal Aﬁrwhxch 1&ct&txen étépn&d

‘,Were uiac&rded, so for. th@ fi?dt lﬂ d&y% of the:-

.pax0@?¢mmatal peﬁxod, Group B camprlsea two goats sn?y.

‘Fcr the next 7 days, the goais. of ur@up A were each

q;vcn a daily daau Qf Ll.g mg.-of wmlybdenhm, thus

ra 13an thelir damly inoake fram Lol mge o 1).@ mg.A‘

| io/ goat/day ¢ The dose was glven as 30 mle- af a
i@.loﬂ(mfv) aquwoua soluxlan of Analar. aodium melybdwte.
It was admznisterc& wibh a mt&ud&ri sheep &veaeh&ng gun

b at about 11 asm. each day. | ‘

- CAfter 7 days the uc i‘ of @Pnu@ A was gtopp@c,

~and an the fsllauing day- tha gamt° off Group B ere

gach. glvan a similar dally dosc, whioh was CDﬁtlﬁDLd foxr
per;aa of 7 dayss. and .then stcpwe&. The goats were

~kepi, on the besal diet Por & further 3 days. The,

exyariment then had %o“b@ te:min&teﬂ;‘éiaee seme”§fffhe

Hgoqts were appfoaehlng the end of lactation.

Hach goat was mllke& twice daily &uriQQ the

'exp@rim@ﬂtal period. Aft@raoon milk yielub Lrom each "

zoat (k@nt at 5° 6V@rn1ght) wore coubined with the
fylgldr Dbtulned the f@lla@znv marnlng and tha:vgiumes

of the coMbmn@d«ylelds,were-reeorﬁ@ﬁ.' %ampiaé for
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Qnalys¢s were imkbnAPme Lﬁébb comm&ngd‘y¢eld“ every
ﬁaﬁu&y, dednesday and Feidoay maynia :The wanomeLele

. xanthine oxidase aetlvitxeS“efxuhese somples wers
If-ﬁ@%ekmine& immediately using the systenm 1 ml,"milk
r(ad;ubteu to pH 88 at 9@*) + ? ml- Ou ?Qﬁ—gjyaylglyejnem
odium phosphate buffer pH 8.8 at 20° + 10 pmoles xanthine

Lo L mige erystalline catalase + 100 pmoles ethanol in

. a reaction volume of 3e4 mle at 37°. Before determining

the aetivities of these milks, they were Shﬁk@ﬂ‘ﬁﬂr
E . 20 wine in a reelpreocating labéraﬁury shater'(Woﬁdgn,n
10h3y see Seatianfzig p; 28}.,- The m@iﬁb&@ﬂum contents
of duplicate 100 wle sam@leé‘af the milks #@re determined
by the method deseribed in 3eeﬁian~xigwp. 5?; axaapt
that the colour waa SXLPQCLQ& with ;.0 mle- of isoamyl
acetate., The axuinctlon of this oxtracﬁ was dmb@ﬁm;nﬁd
at 680 o dn e 1 Cille eolle

meekly aa@plam of  the hsey and meal were t%k&ﬁ

end their molybdenum and moistuve contents wers
ﬁate@mih@d- These analyses showed that the molybdenum
content of the die$ did'not vary appfaeiaély threughaut

the experimental periodes.

(h) Results, The results are shown in Pigss 1 and
15. As already explalnad, for the First 10 days of the
experimental peried, Gyoup B comprised only‘th gqats. |
& third goat was then adﬁeé te‘thi&ygraup and thereafter
'the'éxyarimental points Tor both groups in Fige. 14 and
15 each representvfhehma&ﬁﬁlgf the results for three
goats in each groups

Fige. 1l shows that, as with cows, administration
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of sodiwm mclybdat@ wvag followed byyan immediate rise.

in the mean molybdenum content of the milk, but that

no change occurred in the mean xanthine oxidase acbivity.
Fige 15 shows that noe marked changes occurred either

ln the mean veluss Ffor the fat cont@nf of the milk ep

in the msan milk ylelds of either groﬁ@ during the
Qosiﬁg periods. | |

The zmanthine oxidase activities of &ll the milk

samples obtained during this experiment with goals were
very low (20 «~ 5O @l».Gg/hr./ml.), compared with the
corresponding activities of cow's milk (350 = 600 pl.
Oy/hre/mls) (Figs. 12 end 14).  The menometric
activities of some samples of goaﬁ's milk obtained
during the sxpeviment were so low as to be almost
undetectable. The milk samples which were obtained
from the goats before molybdenun dosing was begun,
invariably contained mol. yhdenun, althaugh the average
molybdenum content of these milks {about 0«1 pii)

was slightly less thaﬂ.fhat of ecow's milk (2bout 0.25 ul)
(compare Figs. 12 and 14). In contrast to the Findings
for cow's amilk, no correlaticn between xanthine oxidase
aétivity and.malybﬁeﬁﬁm content of milks from undosed
goats was observaed. The xanthine okidas& getivities,
nolybdenum contents, and activity/molybdenun ratios of
the milks of all six géat$ taken iumediately before
'leybdenum dosing was begun (on Day 11, Plg,. i&)riére
shown in Table lhe The results from successive samples
of milk from & single goat sre shown in Table 15. These

results are iypical of those obitained Lrom the milks




 Table l4e Xonthine oxidase activities, molybdenum

contents and aetivity/molybdenun ratios

of milk semples ‘%gbﬁa'ineq Lrom undosed gosts

| Goat]  XO(man.) Mo vnf mane ) 1
ade ;1‘1‘ 8] 2/ hre / mle § uM |} XG( matla }/ Mo |

19 1 0.1l 170
56 ol | oo
28 Oslh 200
L3 0.18 | 240
15 0407 210
26 ! 0.25 | 100 -

TN B - "
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- TPable 15. Zanthine oxidase ac»{;iv.i ties, melvbienunm

contents, and activi by

of successive milk samples from a sinple

goat (Nos 1, Group B) tsken before molyb-

Sonun dosing was bem

Pl xolmene) | Mo | ong i
i bay | 1. Oy/hre/mle | pil X0(man. }/10

12 | oaan | =00
25 | oaxx | 230
25 {oaax | 23
R 3 1 0,161 200
|12 19 o) 170
ST N [ 0.07| 20
15 4 3 joeuas | 230
fis | wo {; 0.19 | 210

L *

o o




of undosed goaﬁsg The éetivity/molybﬁanum ratio was
quite variable from~%iik to milk; and also, by
comparison with TAbla-S, it is cleax ﬁhat.the_@agnituﬂe_
of the ratio for goat's milk was much less than that
of the corresponding fatia found in\eow's milke

- During and after the molybdenum dosing periods
no signs indieative of excessivé mol&bﬁenﬁm:ihtaﬁe |

were observed (Underwood, 1962).

(e) Discussions The finding that the administration
of supplementary‘mciybdenuﬁ.tc lactating goats was
followéd‘immediately by a rise in the conecentration
of molybdenum in théir'milk,'but théﬁ the Xanthiné
oxiﬁése activity of the milk was unaffected, parg@lelled
the results obtained from the molybdenum dosing
experiment with cows“deécribed in Seetion III,ap;' ?Q.
The finding in the présent work that the xanthine
" oxidase sctivity of goat's milk was mueh>less than that
of cow's milk (Figs.-lz and 1L) is in agreemenf with
the findings of Morgan et al. (1922); Llikewise, the
finding that the molybdenum content of goat's milk
was less than that of cow's milk (Figé. lé and 14) is
~in agreement with‘the findings of,Taresi;rElvehj@m>&'
Hart (1942).

" The low and varisble ratios of activity tn-
molybdemun content of goat's milk were in marked contrast
ﬁe the much higher‘and odnstaﬁt valnue of the ratio
found in cow's milk. It was thought that this finding
might be due to the presence in goat's milk of very

firmly bound xenthine oxidase which was not released



8l
r“by the'éimple shakiny traatmﬁnt of worden (1943)..

Also, the manomatrlc mchoﬁ Por Lhe determlnatlon of
anbhmne ox1dase act¢v1tv used in this uxperiment

amploged a hxgher concentratlan.of xanthxnh (10 umol@a/

4_).& nl.) than bhat used in tﬂb corregponding

- O?p&fld ont with cows ( &¢moles/3 L mle)s It was

jpDFulblS, therefora, that the dhsarved sctivities -

the goat's milks could have been.low'becquqe Qf an

‘ .“-increased degra@»of substrate.inh&bmtlon relative to

‘the acﬁiéitiés found for the milks from the mo 1ybdernumn-~
Goszng eyporim@nﬁ wsth.cows (ef. Qectlon 1¥, pe. 20 and
mip; by, An dlterﬂatlve poselbmllty waa/gggtpOﬁt‘

mi]k contdined a graqter amount of ﬁhe 1nhibit0r

; dlSCuaSGﬁ in uectionllI, p._37 compared thh»cow s milke

These possibilities were now investigated.

' 'hg_ ;Furthgr 1nvestlgstions of the relationship butween

‘ the ganthine oxi ﬁase actlvity and the molybdenum

) cantont of_poat'a milk

'.To;tast Tor the presence of bound xanthine oxidase
in gééf's'milk, saﬁplesfof milk from si# goats fed on the
ﬁieﬁ<déécfibéd in S@ction:iii, Pe 77 5 were treated to
raléaéa'bqund xanthine oxidase by the treatment described
iﬁ Beetion_li,fp.fES.‘ Thé xanthine oxidase activitles
“of the ﬁféated miiks were determined by the improved
‘mancmetriezm@ﬁhod of Section II, p. 26 , and the
molybﬁenﬁm‘cbnt@ntsiby the mathod'of Section iI,‘p.57 .
.‘Tﬁa re%mltS.afeiShown_in Tablé 16. - Comparison of this

" toble with Tables L4 and 15 shows that the use of



Pable 16.
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Xanthine 63{1{1&@@.@@@#@?51@5; molybdenwn
contents, and schivity/molybdenum :v‘&tifoé
' of goatle milkes
|52 | S . | - X0(mana)/o
1 66 04130 510

B 38 04090 Lﬁo R
| b 69 0142 Lg0-
15 45 04117 380
7 23 0.096 2
| 55 0+125 Lo

= For detalls of 7&11@;—523" mllks, see Section ITT, pe Blie

‘The milks were treated by the method deseribed inm Seciion II,

 Ds 36 4o release sny bound xanthine oxidase setivity that

migiht have been presents

were detevmined by the manometric methed deseribed in

Seetion IL, pe 26 -,

The xanbhine oxidase asctivities



improved methods fef-thé,v@lease and determination of
xanthige exidase aetivity made no difference to the
magnitudes of the ratlos of aectivity to molybdenum
content. | Prom ﬁhié, iﬁ-saemﬁ unlikely that the
goat's milk contained bound xanthine oxidase of the
‘type Tound in cow's mllk.

. The - ‘presence in gaat’% milk of an inhibitof of

ixanihine 0x1da3e similar to that af Seetion I1, pe 37

- wag htested . far by deuefmining the zanthine oxidase

" aetivities of semples of cow's milk and goat's milk,

and of a mixture of the two.  The molybdenum contents
kgf‘ﬁha'milks were aléa determineds The results
:raecrde@ in Table 1?i$haw that, witgig;th@ limits of
'éx@ékiménfal errory the éctivity of a mixture éf egual
volumes of the two milks was equal to the sum of the

separate activities. This suggests elther that there

 was noe inhibitor p?@S@nﬁ in the gout's milk or that

AP amvinhibitor‘of &nthzne oxidase was present in the
‘gma%‘s:milk bh@?n was iﬂaﬂ&fLCiwﬂ& of 1t to affect
the activity of the xenthine oxidase added with the

Ccow's milk.

5  Conclusions

The rasults’ﬁbtaingd From th@s@finvestigatians
of the relatianship'batﬁeen the xanthine oxidase activity
and molybdanum content Sf goat's milk ave consistent with
Lh@ hyyeth;81s that Lh@ avevage xanthlne oxidase content
of goat's mllk is mueh 10wer than that of cow's milk,

fzan& thet most of the molybdenum found in goat's milk is
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not a$saciated‘with xanthine oxidase activitya
Homevér;‘this hypothesis is: in no sense proved, and
it'ishélear that‘furthar work is reguired to establish

it with certainty.




SEGTION IV

PHE PRESENCE OF BENZVMICALIY INACTIVE FLAVOPROTEING IN

‘GOW'S\WILK“ANQ IN XAWLHIRG OXIDAGE ISOLATED FROM
cow's MILK

Le ggxroductien 

Avisy Bergel & Bray (1956) and Bergel & Bray (1958)

- studied the properties and compasitisn of many highly
purified preparations of xanthine oxidase isolated from
cow's milk. Their pﬁr@st preparations contained 8 atonms
of iron; 2 melecules of WAD, and 13 =~ 1.5 atoms of
molybdenum, pey molecule of proteine. The speecific
activities of thesse ?repaﬁations (defined as xanthine
oxidase activity per mméle cfiﬁAD)fvariaﬁ from 3«7 o
rla6,;and there was no correlation between the specifie
adtivity of a glven preperation and its molybdenum
contents To sccount for thess obséfvationa, and others,
Bray, Pettersson & Bhrenberg (1961) postulate& that these
hignly purified preparations consisted of mixtures of

| the active enzyme with two other closely related butb
gnzymically insecitive flavoproteins, designsted "xanthine
axidaseuil" and ''xanthine oxidaseéig“, with the
compositions shown in Table 18+ Bray et al. (1961)
could not~separate ﬁhese.inactive forms from the achtive

- enzyme or from oue another, and could not distinguish
them spectrophotometrically from one another. WNo
investisation of the origins of these inactive forms

appears to have been mades The failure of all atiempts
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Table/18; fhe composition and activity of the components
o postulated

Bray et als (1961) ‘to occur in

their_Eprifieaigggparationg of milk xanthine

oxidase

¥
-
-

~‘GOm@Oﬂﬁn§ 1 ng;~FAn ; T aetivity

Xanthine @xidase"

| Xanthine oxidase~a |

o

Ay
o

N

Active

-e
™

(1)

LY

Xnnihine>oxidasa~il | 8 Inactive

. Inactive

P
e
o

. KanthinerQXiéasavig,i 8

& ge atoms or moles / mole of enzymes

18]



a1 .
£ séparatg»thén'fram the aetiv&.@héym@ has led to
doubts that they exist (ﬂchﬁrman & Brill, 1962).
'Howevér, if they aa exist, 1t is Gldaf that they must
either be Qraoﬁnt in cow' 8 milk Lag@thuv with the

acti?e,énzyme and must acqampany that enzyme throughout
the purification procedure, or alternatively, they
must arise by deogradation of thB éetive enzyme auring
the purifieationkproceﬁufa¢, _ '
'»Tha.exPefimental~fiﬂdiﬂgs presented here in

Seetion IV are consistent with tﬁé followling hypotheses-

(1) that the inactiVe’foPms postulated by Bray ef 8le
(1961)_do exist;

(2) that xanthine oxiduqe*il is sbsent from eow'
milk. ana arise% by 1nact1vat10n of the active

onzymg durlng th@ puriflcatlon proceaure*

(3) that xanthine exioqsawia is. nreqent in oaw's milk
and aecempanias the active enayme throughout the
purlflcatxon procedure .cnployed by Bergal anag -

‘Bray and their collaboratorse

‘2,  Dhe origin of xanthine oxidase=i,
(2)

anﬂ molgbdenum contcnt ot cow’ milk. ' The observation,
that thu ratlc of xanthmno ox1dase aotiv1ty to molybdenum

Lhe, rela_ionqhinvbétween,xanthins oxidase achivity

content of cow's mllk tonded - towards a constant value
provided that the cows had not been doseﬂ wlth a galuble

molybdate, was fzrst made by Kiermeier & Capellarl (1958).

. This ﬁbservation was coniwrm&d aurlng the molybaenumw

' dosing exPeriment with cows described in Section III,



70 ~using the methed of release af=bound xanthine

"Qki@ﬂ 3¢ activity described 1n BSection II, Pe 29, and

ﬁhe manomstrme method (weotiﬁn I, p.1426) for the
determination of that activity. With tho ald of the
lmproved method fTor the velease of bound xanthine
oxidasevaetivity described in Section II, pe 36 ¢
and the use of the spacﬁraphmﬁomatrib method of Section
IT, pe 45 1o determine that sebivity, it has heen
found that the ratioc of the xanthinéloxidase actbivity
to molybdenum eontenﬁ'of'cow‘s milk tends very closely
towards a common constant'valueq Preliminary
detérmin&tians‘af the valu@ﬁ of this ratio in cow's
mi1h made wltn thesa improved metha@s end expressed a
(upactronhotometf1e aet1v1ty)/wo (@M), are recorded
in Table-l?, together with the corraspcnalng activities
given. by the épectrmphptgmaﬁric énd manometr1c methods.
The most recent datermiﬁaiions of the. -value of the ratio
of activity to molybdenum content heve already been
recovded in Table 12, pe 51 . It will be obhserved
Cthet these valuss deviate very Jmttla from the wmean value
of B.17e

The conutancy of this Pﬂth impl¢es that all
tho moiy%denum present in normal cow'!s milk mu&t he
‘.bound to dotive zanthine medase. * It follows from this
that the molybdsnum~containing but inactive xanthine
oxidase-i, of Bray gﬁ als (1961) (seg Pable 18) must be
abéenﬁufrom ﬁnrmél cow's milke Tﬁis'conelusioﬁ'is
&uonort@d by the finding (soe bPlOﬂ) thﬂt the ratlo of

xanthlne oxidase qct;vtty Lo molybdenum contunt or tiwo
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purified preparations of bovine milk xanthine oxidese
- were almost identicel with the msan value of the ratio

for gow's milk pecorded in Table 12.

(b) Zhe relationship between xanthine oxidase activity

and_molybdenun content of purified preparations of

bovine milk xenthine oxidase. The activities and

molybdenum and FAD contents of two samples of purified
bovine milk xenthine oxldase gre‘shoWﬁ in Table 20.
Sample noe X0-421 was prepared by Dras R.C. Bray by the
method of Gilbert & Bergel (1964), and Wﬁé homegensous
in the ultrecentrifuge (R.C. Bray, personal communication).
Sam@1a n0,T§¥a~l was prepared by ﬁh& present wriﬁér
by & mudificaﬁian‘éf‘tﬁa method of Gdilbért & Bergel
(196Ly. This modified method is fully deseribed in
{e) below. The xanthine oxidase aétiviﬁies of %héﬁa
semples were determined by the spectrophotometric method
of AVislgg,ak. (1955)s  The molybdenum contents were
determined by the method deseribed iﬁ Section IL, Pe 57
after wet oxidation of the samples with a mixture of
perghloric and suiphﬁric acldsS. The FAD contents were
determined by the enzymic method deseribed in Section IT,
P 6L |

The finding, thet the activity/molybdenum ratios
éf these samples were almost identiecal with the mean
value of the ratio Ffound for cow's milk, is strong
supp@rting'@viﬂencﬁ.fbr the conciusien that xanthine
| mxiﬁaﬁemil ig absent from normal ésw’s milke = The mean
of &11 the velues for this ratio, recorded in Tebles 12

an@ 20, i8 B5e2e It Folows that a sample of purified
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bovine milk xanthine oxldase with an activity/ |

molybdenum ratio of less than this value will contain
xgmﬁhine axiﬁasewil which would arise by inaéﬁivaﬁion
of active xanthine oxidase (the xanthine oxidase-a of

(e) ?remarétion‘gf xanthing Qxidasé Samnlaigé;'ﬁXO~l.

In the method of Gilbert & Bergel (196l) for the
isolation end purification of xanthine Qxid&$6 £rom
coﬁ's milk, the removal of cas&iﬁ is accompiished by
digestion with pancreatin for 3% hr. at a pH of 7;5_

and a temperature of 37°. Morton (1953a, b}-considére&
that the use of proteoclytic digestion to remmvefcésein,-
when isolatihg alkaline phosphatése from cow's milk,

was undesirable, and instead precipitated the caseln:

by adjusting thé pH to U495 with acetiec acids Carey,
Fridovich & Handler (1961) have obtained evidence that
in ﬁhe isolation of xanthiune Dxiéase fromloow's“milk,_
the use of protgolyﬁic digestion to remove caséin‘@aé"
responsible for thé‘produgtioh of several fcrﬁs of -

the enzyma Which.éould]ﬁe distinguished chromatograph-
ically. - In view‘of this finding, 1t:was thought
wérthwhile in the present work to in#éstigatalthe
passimlmy that the panereatic digestion step of
Gilbert & Bergel (196&} might be fesponsibla for the
production of xanthine oxidasgnilkand xanthine oxi&ase«ia
from xanthine oxidase-a. A samﬁle of pantially‘pufifie@
‘xanthine oxidase (no. HX0-1, Teble 20) was therefore
prepared by the method of Gilbert & Bergel (196l4),

oxcept that casein was removed by the method of Morton



(1953 b) referred to sbove. 'The modified method was
as Tollovws.

One litre of cream (fat content 59%) was '

obtained by separating 8.4 litres of milk in o

“eonventional' eream separator, . immediately after milking.

The milk was a bulk sample of morning milk-from three
Ayrshire cows which Wére all near the end of their
1a9tation period and which were glven the diet described
in' Section IIL, pe 77

The cream was diluted with distilled water to a

fat content of 50%, and was then churned by hand in a

o7

small glass churn fitted with a wooden paddle. Churning =

was continued until the separatibh of butter and
buttermilk appearad to be complete, ~ The bubtermilk
(5QO mle) was removed by decantation. The butter was
waahed twice with Qistiiied water (300 ml. on each

oceasion)s  The volumes of the various fractions and

their manometric xenthine oxidase activities are given

in Table 21. The marked increase in activity with
dilution of the cream and cresm fractions has alveady
been discussed in Section II, pe 43 .

Thé buttermilk fréction was treated as follows.

(i). To the buttermilk were added, to give the

© concentrations shown in brackets, 20% (w/'v) sodium

 salicylate (1 mle/1.), L-cysteine”ﬁydpoéhloride (03

ge/1s) and disodium ethylene—dilsmine tetra~acetate

(0ot go/La)e

(ii)s The buttermilk so treated was waried to 32°,

énd.nAbutanoll(hGO mle/1.) was added. ° The mixture vas
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stirred vigorously and was heatbed to 3K% for sebout 10 min.

The caqoln was, Lhen.praclpltated by adjusting the pH to

‘-‘ua 95 (glass Qleetrc@e) with O.agﬁwacetic acid (Morton,

11959-b)- The wixture was centrifuged, when it
. separated into three layers, sn upper butancl layer,
1ja:brownish—gre@n agueous layer, and a layer of

precipitated caseins

(iii).  The upper butanol layer was removed by suction

. cand was discardeds - The agueous layer was also removed

by suétion an&'wasifiltéréd ihrqugh_a layer of ﬁ&flo‘
:qupéfAGel‘(Johﬁs-ﬁanﬁille Cow, Ltde) supported on No. 1
xwhatman flltbr paper in a Blichner funnel. The i of
the filtrate was ahusted t0o 7«5 with sodium hydroxlde,
causing & white prag;pztate to appear, and the mixture
:was allowed to stand overnight at~5°; On*the,feilowing
morning,:as nmch as pOS%ible of' ﬁﬁe supernatant liquid
was décanﬁedu‘ The remainder was canxrlfuged and the

. pr901p1t&te was d;scardea.

- {iv)e The gupernataﬁt,liqui& mas:cﬁoled to -2°, and
'.: ammoniﬁm sulphate (190 g¢/le) was addeds The miXtura
was allowed +0 stand at 5° for 21 ﬁf; »

- {(¥)es The turbid miﬁture wasvcsntfifuged at 1150 x g

- for &5‘ming; but it remaine& turbid. It was then
filfére&:thfough‘ﬁyfio Super Cel. The Tiltrate was
still turbid*but begéﬁ to clesr on standing, so0 it was

'left\avennighﬁ at 5%

(vi)e Ammonium sulphate (110 g;/l.) was added to the

cold;flltrate with stirring.  The m;xture was allowed
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to stand at. 5° for 3»hr, when 1t saﬁa&éteﬁ into a brown
f:geiaﬁineus lﬂ&ér flcﬁting'an a layer of yellow-green

serume. The' serum wasg remavaﬂ as far as possible by
) suction and was uchardsa. ‘The brown material was
*ceﬂtrifnge& to remove further seruams @h@ hrown.
. galaﬁinéuﬁ-alum@s were removed, suspended in O.0li-sodium-
‘pntaqsiumvwh0%mhate puffer (pH 6) containing 0.2 mg.
aodinm salicylatb @er mle, and amalysed overnight
against ﬁhlu SHSB@QSIQB mﬁd&um, ~The resulting selution
was brewn and rath&r ﬁurbid. The turbidity wéa not

remaved by cantrlfuglng fer l§ mln. &t about 1000 x g

(vif& ~ The phﬂﬁphﬁﬁa céncenﬁr&tign'&f"tha solution

wag 1ncreamea Trom O.0Li %o O,QJ, still at pH 6.

The -aiutxen waS‘hhen'fliterea threugh Hyflo Super Cel
Twhmch removad same, but not all, of the suspended
rturhidltyh No furtngr purzficatlan Was attem@ted.

‘The resulbing galeébrown solution, designated nos, HXO-1l,

wag stored atb 5* in a glass-stappered Pyrex flask inside

- & light=tight container.

- The agtiviﬁy‘pf.ﬁbis.yreparation.in relation
ﬁé its molyh@ehﬁm:éoaténﬁ has bheen ﬂiécussad in {b) above.
Thé-specifia aeti?ity of this preparation, and of
Va@ious\preygraiicns of Bergel & Bray and their colla-

borators; are discussed in the Tollowing section.

-3« Ihe specific activity of génthgye_axidasa%aka
BPay;ggjg;;,(lgél) propesed & valus Tor the
specific activity (expressed oe the ratio of

‘spectrephﬁﬁamatria xanthine‘exi@ase'aetivity to extinetion
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‘2t LB0 mu) for pure active bovine milk xanthine oxidase
~(xamthine‘oxidase«a)aof_ll?.‘ This value was derived
_ffd& the énalytical data for a crystalline sample of
Xanthine§éxiﬁase (prepered by the method of Avis gh ale
1955) which had a specific activity (defined as above)
\of 82‘and a molar Mo/FAD ratio of OQ7G, corraesponding
0 a molybdenwn eontaﬁt’afyl.&@ g« atoms psr mole of
protein. It weas assumed that the sample contained no
»xéﬂthine oxidase=iqy lece that- 1t was o mixture of
xanthine oxidase-a aﬁﬁ.xaﬂthipe oxidase-i, only. The
-value for the specific activity of pure xanthine
. pxidase-a was then calcuiated as 82 xig/l;MD = 11?_
}?%i 'Tﬁaﬁ thié extrapolated value for the specific‘
actlvity of xanthine oxidase~s is low, is evident
;fram ihe following considerationss The molar |
"sxtincﬁioq coefficient &t L50 m“‘(EQSO) of xanthine
’Qxidage ism?0,00G (Bray et al. 1961), and all the Lforms
of xenthine oxidase"listeﬁ in Table 18 coantain 2 moles
of RAD per mole of‘proteih. It follawg that the ratio
of activity to molar moiybdanum eéﬁt@ﬂt'af the ecrystalline
}pfepar&tion éflﬁraywﬁﬁig;..(l961), from which bhe

) extnépolated specific activity of 117 was derived, was

vetivity - Aetivity  FAD B, .
et X e g 450

L , —— -

Mo ki 150 . Ho *AD

Aetivity — FAD <

thQ" Mo 2
= 82 x_1 _x 70000
5. 70 )
= La x 108
lel.

- B
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ABﬁﬁ the value of this ratio Tound In the present work
is 5.2 (Tables 12 angd 20, and p« 50 )» . It Follows
that this crystalline preparation of Bray QL Ble
| ﬁlgﬁl) must: Have contained a considerable amount of )
:txaﬁﬁhiﬁa oxidase=l, despite the assuaption to
. the ¢@nﬁrary. However, in a regent perwonal
| éommunieation, D¥e Bray hes stated that it is pos siﬁle -
that the value for the molybﬁ@num eonbant of this

‘prepawatmen.mag have been as mich as 20% too high.
'f.lf 80y the frga activity/Mo (pM) ratio of this
prepavation would have bsen L9 instesd of L.le It
1w¢u1d then follow that it cam&éiﬂ@d only & relativaly -
small proportion of xanthinﬁ exiﬁaseﬂii.

The value for the activity/Mo (ull) ratio of

‘xamthin@ oxidagse of 5,2,'faun@’in‘ﬁh@ Qresenﬁ W0ﬁ$§
lééds to a minimum.valué for the specific aetivitjk

of pure xenthine oxidase-a of 150, obtained as follows.

Activity Activiby Mo
Bpgo M0 ~ Pus0
_ Aetivity TAD
- ] s K | —
- Aetlvity 4
i &
110 ' "-3-56
| 70000
= 150«

The agsuiptions made 1n deriving this value are
that the composition of xanthine oxidase-s is ag postulated

by Bray ¢t gl. (1961) (seec Table 18), and that the molar



extinetion coefficient (EQSO} for zanthine oxldase=a
is 70,000 {Bray et al. 1961). “
At the present time the highest specilic.
activity. that has been observed in a preparation of
lpurifie& bovine milk xanthiﬁa oxidaéey is 120 (&ilbaﬁt
g é Bergel, 196M).

‘L. Investieetions into the origin of xanthine oxidase=1,

(2) Ihe occurrence of xanthine oxidasewl. in

upr@a&r&ﬁians,af‘bcvgne milk xanthine oxidasee. Sinee
u\the molar ratios of FAD to mélfbéaﬁum in the purified
"pyeparatiems of xapthine oxidase recorded in Table 20
are considerably greater than unity, it follows that
:bcth of these preparations must have contained
- ecnsiderable amounts of xanthine exi&a$a~12. The most
highly purified preparations of Bergel and Bray and
their collaborators had FAD/Ho rvatios of le3 = Le5,
indieating that xanthine exi&a%gmig was present in all
of these preparations (Avis, Bergel & Bray, 19563 Bergel
& Bray, 1958)s This raises the ﬁu@stion‘af the origin
of xanthine oxldase~i e |

It is possible thet xanthine oxidasemig arises
by degradation of xanthine oxidase-2, with counceomitant
loss of molybdemum, during the isolation procedure of
Gilbert & Bergel (1964), or during the modified version
of this procedure used to prepare sample no. HIO~L
(Section IV, pe 96 )o However, the molybdenum Of'xanthine
oxidaze~a appeers to be very Lirmly bound, since bhoth
the activity and melybdenum content of a preparation of

purified bovine milk xenthine. oxidase were ueaffected by

10

2




1oL

dialysis of‘tﬁ@ﬁpreyaration agaimstim.aleamménia for
‘& periocd of 10 days (Avie, Bergel & Bray, 1956). In
view ef this finding, it does not seem probable thst

('fthe mlld conditions of th@ Jsalwﬁlmn.proeedura of
i;f&mlbert & Bergel (196L), ov of the suthor's modification
‘;2:af‘this procedure (Section IV, pe 96 ) could be

'“vésponsible for dégrading xanthine oxidase-a %o xau%hiﬁe
oxié&seﬂia.

A more likely explanation of the céemrreﬂcé of

.‘xaﬁthine_éxid368412 in.pufiﬁie@ preperations. of ﬁovine‘

milk xanthine oxidase lg that it 1s present in the milk,

- and accompenies xenthine oxidase-a throughout thie

purification procedure. If so, then the retios of
‘«etmv1ty $ Mo ¢ BAD in a preparat&en of puraflea‘xaﬁﬁhine
oxidase should bhe identical wm&h those of ‘the milk From
which it is prepared, and with thesélof all the
intermediate milk fractions. The vesults of some
preliminary attempts to verify this hyﬁoéh@&is are‘given

in the following sections.

comparison of the activity : Mo ¢ FAD ratios of

purified baviﬁe milk xanthinelexidase with those of the
milk from which the enszyme was prapareé,_the'valpés

of these ratios were dotermined in cow's milke 'i% was
‘expected that the value of the FAD/Mo fatié»wauld give
jém indication of thekﬁresamce (PAD/ME>1) or absegée'

(PAD/Ho=1) of zanthine oxidase~l, in cow's milke"




Milks were thaineﬁ‘fram Ayrshire cows whieh were
reéeiving th@ diet of Section IIX, y,-yyy, aﬁd from
Ayvshivre covs Df th@ lnstituie'her& Whicﬁ were being
" givén a nermﬁl milk produetlsn ratior. :After treatmcnt
of the milks to release .-bound PAD (sec b@law), the F&B
E contents werse aetarminea by the enzymlc method @f
S@étian II, pe 61 » Th@_FA§~met@§ts;were‘cgmpaﬁe&

with the melybdenum contents of the milks é@ﬁefmineﬂ
€ by the method of Section II, Pe 57 » |
In.canlirmatlam of the observations of Manson &
" Modd (1957); cow's milk was Tound not to canﬁain free

FQD‘ However, on heatlng th@ milks for 5 min. at
95 - 100°, which is & trestuent commenly used to
releage bound F@Q:infbiological material (DeLuea gt 8k .
1956), fr@e.FAB appaare&; Thévag@ayant PAD content of
cow's milk rema;ned unsltered on heating the milk Tox-
periods of up o 30 min., and on héatiﬁg it when diluted
Bwfald with distilleﬁ.wétef. "B@Eidea releasing bound
\FAD, the heat treatment serves also to inactivate the
nucleotide pyrnphosphatase activity of cew‘s'milk"féarran
& Green, 1938 b Manson & Modi, 1957), which would
otherwise split the PAD as it was veleased (Manson &

Modi, 1957). |

The PAD contents of cow's milks, treated to relecase

“bound FAD by heating at 95 - 100° for 5 ~ 15 min., ave
shown in Wable 22, together with manometric xXanthine
cxidase aetivitieé, molyhdenum contents, ﬁafigs of xanthine
oxidase. activity té malyhdenumlcahtent, and molar fatgos of

FAD to molybdenum. Percentage recoveries of known amounts
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of FAD added to the milks after the heating treatment,
ara alsc ShovIle |
Prom bhis Teble, 1t.is seen that the molar vetioc
of AL to molybdenum was usually considerably less than
uuni%y; although Tor a few milks, the ratio was egual to,
or alightly greater them unitys. From Table 18, the
value of this ratio in cow's milk should be at least equal
0 unity, corrvesponding to the presence in cow's milk

of xanthine oxidase-a only. . The fact that the‘?atims
of xenthine oxidase activities to. molybdenum content
were normal (efs Table 19), indicates that all the
malybd@numlgregamt'wag.in'the forim of xenthine oxldagews.
It follows that the apparent FAD contents of the milks,
as determined by the enzymiec method, were much too Lovw,
This coneclusicn is substentiated by the low recovervies of
added TAD which were obhbtaineds The numerical values of
Atﬁh@ FAD/To ratios Gbﬁéinea from these experinents were
therefore of no assistencse in deelding whether or not
xanthine oxiﬁasemig was éress&t in these milkse

| A possible explanation of the poor recoveries of
FAD added to cow's milk seemed to be that some Free
ﬁEﬁE was‘aasoﬁbeé by a counstituent of the milk, and was
‘thereby prevented from combining with the apo=-protein

of D-~amine acid oxidase. Since buttermilk from cow's
milk eontalns about 10 times as much  Xanthine Qxiéése as
the whole milk (ef. Table 21}, but is otherwise similar
in pross composition to whole milk (except that it hes

a ﬁﬁgh lower fot content), it scemed possible that the

analysis of bubtermilk for FAD and molybdenum. might
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give & cleaver indication of the presence or absence

of xanthine exiﬁasawie in cow's milk. It was éxpecte&.
‘that the higher xanthine Qxiéasa‘cagtﬂmtkcf butﬁermilk
relative to whole ﬁilk.miéht permit the "diluting out"
uf;of the interfering factor respensible for the low

- recovery of added PAD from cow's milk. Samples of
'Abuttéﬁmilk were therefore prepared and analyséﬂ'foﬁ FAD

and molybdenum as described in (&) balow.

(e) Investigations inbo bthe eccurrence of xanthine

oxidaseed  in buttermilk. TFrom the bulked milk of Ffive

cows given the diet of Section ILT, p. 77 , two somples
of buttermilk were prepared by separating the cream,
and apnvérting it into butter and buttermilk in z small
glass hand chuen fitted wiﬁh a woeden paddles. The
buttermilk was decanteﬁ from the butter and was used
Wlthout further treatmen%. When not in use, it was
stored at =20°.

In order to release bound PAD in th@u@ samples
and to inactivate the nucleobtide pyrophos§haﬁasa of
eow’s milk, both the simple itreatment used for whoie
milk, and various modifications of it, were employeds
The modifications of the simple treatment (Nose 2 =7
below) represented attampts to prevent or to miﬁimize
the suspected adsovrption of some of the free FA@TB& milk
proteine The treatments were as follows. |
(1) The undiluted buttermilk was heated at 95 - 100°

for 5 min., cooled, and diluted l@nfcld with dzatilleﬁ

watere

(2) The butbtermilk was diluted L.5~fold with distilled




109

water, heated at 95 - 100° for 5 mine, and cooled.
HOydrochloric acid was then added tc-é coneentration
of Owlls The mixture was ceuntrifuged, bul remained
turbid. A portion of the turbid supernatent layer
was neutrallized with sodium hydroxide, and was made
up with distilled water to give an overall dilution

of the original bubtbermilk of 12e5-fold.

{3) The buttermilk was diluted 18-Pold with distilled
water and then treated ag in. (2) above, the overall

dilution resﬁltingvffom this treatment being 20.2-Folde

(L) The buttermilk was diluted 9.9~fold with distilled
water, and calelum chloride was added to a concentration
of.D;GE% (w/v), making a 10~fold dilution of the
buttermllk. The mixture was heated at 95 - 100° for
5 mine. it was‘them cooled and centrifuge&,‘buf

remained tur@bhide

(5) The buttermilﬁ was diluted 10-Fold with distilled
water, heaﬁad a2t 95 -~ 100" for 5 mine. and cool@d.
The pH was then adjusted to U6 (the isoeleeciric point
of casein) with O.25N-scetic acid, and the precipitated
casein was Filbtered off and discardéﬁ. A portion‘éf
the filtrate was neutralized with sodium hyafoxida;
and was made up with distilled water to give an

overall dilution of the buttermilk of 18.8~fold.

(6) The buttermilk was diluted 10-fold with distilled
water, heated at 95 ~ 100° Tor 5 min. and coolede
The pH was then adjusted to L.6 with O0.250~acetic acid,

end the mixture was allowed to stand for 1 hre 'at room



temperatura. The pH wam then adjusied Lo L.5

with H~hydrochlorie acid, and the mixture genirifuged.

The pH was immediaﬁely-@emé@juﬁted to- Lhe6 with
godiun. hydroxide, énﬁ the mixturs was again »
centrifuged. The supernatant liguld was decanted
from the precipitatad caseln, and. the praci@itafak
was washed twice with 0. =hydrochloric acid.

The swpﬁrﬁatant ligquid and washings were combined
and nauﬁralizeﬁ with sodium hydroxide. The mvaﬁail

dilution resulting from this btreatwment was 25~folde .

(7) The bubttermllk was dilutaﬂ»5~folﬁ;witn Qe 25M~

glycine-sodiuwn phosphate buffer pH 9.2 at 20°, apd the

mixture was iacubeted with shaking in a Warburg

flask at 37°. The mixture was then filtered through

& eoarsa'(Pyrax los 1) sintered glass fii?er. The
filiratien removed some clotted material, but the
filtrate wes still somewhat turbid. A portion of
the Filtrate was adjusteé to pH 7.0 with hydrochloric

acid, heated at 95 - 100° for L0 mine and cooclad.

The pH was then adjusted to.ﬁgﬁ-with sodiwn hydroxide,

and distilled water wss added to give an overall
dilution of the original buttermilk of 25-fold,
This treatment is4baseﬁ on Treatment B of ééatiﬁn Ii,
e 49 for the partial removal of milk protein.. .
Recoveries of kaown amounts of FAD added to the
buttermilks w&r&‘éeterminaﬁ in conjunction with all

these treatmentisa Tne additions were made to separate

portions of the buttermilks lmmediately afbter the heating

step commeon to all these treatments, in ordsr to avolid

110



possible breakiowmn of the added PAD by nucleotide
pyﬁaphasph&tase. - The amounts of FAD added were roughly
equal to the estimated FAD contents of the portiaﬁs
taken for analysise The molybdenum contents of the
- two bubtermilk semples were determiuned by the method
of Section I, pe 57 .
The results of these determinations, recorded
in Table 23, show that low recoveries of added FAD were
agsoclated with all of these treatments for the release
of bound Fib. They show 8lso that the molar ratlos
oF aﬁpérent'ﬁgb content to molybdsnum content were
- gimilar to-those ohserved in whole milk (Table 22)4
Howsver, by correcting the apparent TAD conbents given
by each treatment for the concomitant loss of added FAD
(assuming that the loss of native FAD was of the same
magnitude as the loss of the added FAD), the correcied
FAD contents shown in the last column of Table 23 were
obtained. The Taet that these figures are fairly
consistent sugpests that they may have approximated to
the true PAD contents of the buttermilks. The mean of
the valves. for the corrécted BAD content of sample A
is L4 pM, and the ratio of this to the molybdenum
content of the sample is L.l The corresponding mean
corracted FAD content of sample B is 11 pM, and the vatio
of this to the molybdenum content of this sample is 2.3
| Both these ratios are considerably greater thaan unity;4
which is consistent with the presence in thess samples of
xanthine oxidase~i, in addition to xanthine oxidase-a.
Howsver, the expedient used to obtain thess ratios, i.0.

the correction ol the apparent I'AD contents of the
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buttermilks for the low recoveries of added Fﬁﬁ,.is
ot d@ubtfﬁl validity whén the recoveries concerned are
S0 10OV It would be-mﬁch more satisfactory to
determine the true TAD content of the milk and butterw
- milk by some method that would give reagonably good
1>raebveries of added FAD.  Unequivoeal determinations
of the molar ratios of FAD to molybdenum in cow's milk
and butbermilk. would thei be possible, and the magﬂltuﬁcs
of these vatlos would indicate whether or not xanthine
éxidasewi was present in these materials.

Some time aftbter these enzymic determinations
of PAD were made, 2 sensitive fluovimster bucame ‘
availeble which permitted the determination of FAD by
the fluorinetric method of Burch (1957) (see Ssotion 11,
Pe 67 )+  The FAD contents of these butbermilk semples,
which had been stored mesnwhile at ~20°% , were ﬁharef@re
determined hy this Dluvorimetric wethod. Reocoveries
of added FPAD were alsc determined. As in the engymlie
determinations, these additlions were made imms@iétely
aftar the breatment to release bound FAD (additipﬂ of
cold itrichloroacetic aecid to the diluted buttermilks)
in ovder to aveld possible breakdown of the added TPAD
by nueleotide pyraphgsphatééew . The emounths of FAD
added were roughly equal to the estimated‘FﬁﬁfcontEnts
of the portions taken for analysis. The Pe%ulté of
these determinations, emrﬁeﬁ in Teble 23 togather wvth
the results from the enzymic detevminations, ﬁhsw that

almost gquantitative recoveries of added TAD were obtained

in conjunetion with the fluorimetriec method. Unexpsetedly,

.
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-'haraver, uhazaehhoﬁ 1ndmgabeﬁ bhﬂt ﬁhﬁ apparent. cantent
,»;0 sampla A war ﬂbeum the same as that 1nﬁlcated.by the
leG‘ﬁchO&, aﬁﬁ that the appar et FAD centenﬁ of
5{,3am@le B waﬁ ratho& less fhﬂn the cant&nb.in cated by .

rVHjthe enzymza ﬁ&bbﬁﬁu'

The most Ti?ely QXplanablmn @f thase Lluorimetric
Ei;results, cansidefed ia cmnjunetlmn with the exeelleat
f;}ﬁocaveraeq of qdﬁeﬁ Fﬁﬂ, is that Lb@ PAD contents of

‘;?i boﬁﬂ bnttermilka @eelxpe@ 6u?¢ng tba periad of abowt

N m@pths (sew T&bl@ 93) ihat elapseﬁ hetweaﬁ"the

{iae%efmxnatlonu of. ?AD esnt@nt by the ﬁﬁé'meﬁho&s. Tor

H f;ﬁhe whale of thab nurﬁod, thm buttavmilk r@we"étaﬂa*
‘llfiat «20% 4 and. ih@vr mclybdennm eantentﬂ remained;uncﬁaﬂ§ed,
l:;(indmcatlng bhdt no chqmges ln velume ed occurred An
w:altcrnativa @Xplaﬁatlcﬂ of the fluarmm,tﬁic results, is
uhat Lhc extraaticn of ‘the bevna.PnE Ffrom uhe‘bubtnrmllks
by brmchlerowcetzo 06l wos, inccmplete.ﬁ “Howe ver, this
”saem& unjlkelyg for the reason that this mathod of
:>a¥tract10n»af‘ﬁﬂﬂ‘has been widely used qlnea<its
o ﬂﬁ?blﬂgmeﬁt by BaMS@y and sall“bafator {Bureh, ResseJ &

'»;Lawvy, 19&8*< Be% S6Ys Lowry ‘nove, 1949), and 50 Par

»y  ita mffgcjency Eﬂd r&lj&bdqlty for the quanhlt%txvv

: t“eatract¢on of PAQ 1rem'bxcloglcal mat@fﬁ&l have not been

‘Yf{queSuianuc._fi?herefmre, it seoms Q?ﬁbdbl@ that the
>”appﬁf€ﬂt contcnts af tha huttarﬁllks g*ven by the
‘$$1iuor m»tric me thnéxnay represent Lhelr true PAB eontunts

Cal ﬁh@ iime{th&t th@ Fluorimetric debterminations W@re-ma@a.

(&) piseu e results presented in the

. ‘pr@cad¢nw saéﬁiamg'és'nat give a clear indication of the
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"5bresenee or absence of xanthine oxiﬂase~12-inféow'
»lmilk, due to the uﬁexpectad difficulties encountered

ﬁ.whmla attemptiﬁg to &atmrmiﬁa the FAD cantents Qf

*" these materials. - The hypothesis S that xanthlne oxiaa ami

Cdg pré%@nt in eow’ s milk, is supported by the Pindings

J: that @ molar excess of FAD over'malybacnum wos pfesehm

in some samples of cow‘q milk (Table 22} and in cna
sample of buttermilk (Table ag)Q e Lhe eorrecteﬂ.FAD
’ f:centents of the. buttermllks glV@ﬂ 1n Table 23 are

;"accapted as apmraﬁlmatxonq to the Lrue FAE contant Qf”
these: samples at the tlma that th@y were prugared,
fb@n the ne&ulting‘lqrg@ malgr @XQuSm@S af;yAD‘mver
‘\;lmélybdannmq(p;>illj in:bcth.offtﬁﬂgexﬁampleé provide
“  furtber eViﬁanee in favour of this hypeéﬁesis. g ﬁow&vér,-

 ﬁ1t is clear that definite oranf of- thls will not‘ba
i“:farthcsmxng nntll a relxable m@thed for tha ﬁatermlﬂqtlan
"f‘0f~?éD ln.cou s milk and 1n buttermilk is ﬂvallable.

Such a method mu%t simul tane ously {1) r@leasa baunﬂ FAD |
V:aﬁffxelently; (2) inactivate the nucleotide pyra@hanphataee
f.vﬂdtivity of cow's milk, and (3) permit a reamsonable
‘nfracuvery of added FAD t0 be made.s | |
. ‘ It is possible that the trypsxnychymotrypsin
- digestion method developed by Cerletti and cullabmrﬂtars
for the release of bound FAD in tissues (Garl@tti.w'

Ipata, 19603 Geflaﬁti, Strom & &iarﬁanc,«lgﬁ%), éémbineﬁ

“‘thh heating to 1nacﬁ1vate nnﬁleatld@ pyrqphaS@hatase,

mignt fulfll thiese requlruments. " Alternatively, extraction
of PAD with trlchlarcmcet¢a aeld, fallawed by removal |

of the ﬁrichl&roacatic aeld by -the trgactxl&mmn@>pyeceﬁure 5
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of,ﬁughes‘& Willimmsenf(l9§l) might be effective.
”it~wau&d'Ee'esw@ntial‘té femﬂﬁa-%newtriéhldraﬁceﬁic,_.
aaiﬁ it 1t were to be used in- eOﬂJuthlaﬁ thh the
A¥'anzvm1c me thod far tha det@rﬁ;matlon of ﬁﬁb, Sinﬁ@ 1t
»i;wma feund.@y palmer (1962), and confimned during the
'3*presant wéfk, that iﬁiehlmréacetia agiﬁ?is ﬂ’$ﬁrﬂﬂgﬁgl'
inhibitor of E;amiho acid axi@ﬁéﬁ.*“’f

T flmcrlm@trle mathaﬁ of Burch (1957} is 1a%s
:k@ultablu than  the Gﬂu&ﬁiﬁiﬂ@ﬁh@& for. the éetmrmanatian
of FAD in whole cow's milk because of the large- |
‘praportman off free rmbcfl&vzn rclatlv@ teo FAD that is
ff:preaént in the milk (see %ecti@n I, y; 5 Yo The
‘;app¢1catlon of this. method . would r@sulﬁ in the ﬂAﬁ
cont@nt ol eaw's milk bamng sstimated as a small alfferenca‘
fbetv&en two 13rge numbura, to both of which the
flgmreagemc@ of the free r;hofldvin.wnulﬁ»centributa
the gréateé parte 'This aifficulty couiﬁ;‘cf'aeufsa,

‘5f;%é‘0veraomésby dialféing the milk to remove the fé@é

- riboflavine - -ﬁéwever, the sensitivity @f‘the<f1uafimaﬁvic

:Ji;mathod (=ee Burch¢ 19;?) is sueh that the ‘procedure wmula
:have 10 be appllad to uﬂﬁxlute& ar to Ver sllphtly &1luted"
. whale mllh, which- csuxd lead to 1DW'recaver1eq of aéded
:yan (Bureh gt et al. 19h8; ‘Dess ey et‘mi 1Gu9} |

In ecnnactmon\with'ﬁha hypoth@s&& that~anﬁhime
éxiﬁﬁse#ia ls pra eat in cow's milk. sngether with - zanthine
oxidé e»é, 1t is ox znt&r@at th@t ?ateman, Geve,.ﬁever &
"RObQTt% (19&&) have feuna that the an“vmeG nztrate«
reduetase and x&nthxnc ﬁ@nydfogenase (bothAmolyb&oflavo~ .

1 ‘pro%@inm),aecurring in mutents of the. funpu% ﬁsgerglllus



i nldulana, pesqemsed a. cmmman.co~faetor Whlch al
g_regulateé thc ynthemx of nltrate re&uctasa An. that

rggnl m, 1t was . faunm th&b the synthgb;s ef thJu

f;:camman confaahar waw unﬂ@r genet;q cantrml.« Th@
~ecmpa%1tian 01 the ca—factsr was not detarmlned, ﬂnd

w.:;bere was 0o c?}demca that 1t fegulatma tna ynthd

._11?% €;?g;ﬂ

:Df hﬂnthln@ ﬂehydrmgunase. ﬂawever, frﬂm a c@ns;ﬁeratlan‘*

Cof ﬁh@ ch&racuer stios of the mutantu af &sgarp&&luu

flnzﬁulanw,. it was sug&ebted'by’ratemau et al. (196&)
 f that: “if [phe eawfactoﬁ] is one of the. knan yrasth&txc
'~?mr0uns [bf Lhﬁsﬂ an&ymaé] it s xmra 11%81y te h@
;ﬁnaﬁaoczﬁted vlth thc mslybdahum ﬁhan with th lPOﬂ.OF

{.flavln”a', E ce xanthine oxidase~i2 lagk& malybdenum

. and tba’b thls ayn‘th&sid ie comple”t@é% 'by the mcs,itian of a

‘ molybaanum—ccﬁtalnan co~T'a ctar whxch may bé - %1mmlwr to

stagm @1 1aetatlan of the GQWi : Iﬁ may ba slgﬁi&leﬁnt 1n
this 'ra%pect th&t xanthlne oxidasu sampl& Nnea” ﬂK@wi (x abie

2@), wh;nn ua pr&pured from the GOMbiﬁL@ mllk 0@ thrae

"”a hlgh prmpurtiam of xanmhlne axzﬂxsa-ig, as %hewn
vihy the hlgh molar ratia Of.EAD o molybaenmﬁ ( able OD}.

TThla sugEoste that, ane a raim&ble method for the

vorthwnile tQ ﬁ@tbfmlﬁﬁ whather a. relatienvhip cx1&b%

Ebe an intsrmaﬂia%e in the qynth&sis @f xﬁﬂthlnc 5x¢§a e-a,’a

athat of ?atemmn,gg alg (19&&), A thls 1s B0, then 1t 1S:f

“to xanthlne exxaase~a in ccw’s milk may‘he relataﬂ Lu tHe

(GGWm all near: the mn@ eﬁ thﬁl? lactatien pefigés, cantﬁined

’ﬁestlm@t;on of FAD in whoie mllk iu‘available, 1t w&ulﬂ\ba

pesslbje that the ralativa prqpartlan af xanthzne ox;dﬂse~l2 o




between th@'@ﬁgpé of 1aéta%isﬁ.of a cow snd the ratio
,~of xaathxnb axlﬂa emi to xanth&mﬁ Gkiaﬂbﬁmﬂ in ats

tm&lky'jk

bﬁ}‘ The activitv af'purlfled bovxae miTK xantnlne

nz;da e as Qaenavme fmr th& apampreteln af

Dnamlna aelé ox1aa5e

(a) 5

,x_ermeHtal. It has raceutly’bebn elﬁjmed that

';;hounﬂAFaﬂ of purmflﬁﬁfbavin& milk xanthine nxldase CEn

'take the plaee of. froe PAD as the coenzyme for ﬁhﬁ an®ﬁ<
Npr0u@in of Uwamlna acid 0x1dasa, and that ﬁhe Sicbaelis
constant for th@‘bonua.FAE of xanthine o"iﬁas@ 1n.$na
‘*%ystﬂm ayewﬁmamlnn acld oxidas 58+ B~alan:na 3 @qﬁ&l
%o tpﬁ,mlgng@;x ccnﬁtant for free TAD in the sams. systen
(iamaﬁo, Miyszaki, Wiki, Shiraishi & S&wada, 1996~
Fé?iﬂﬂﬂig }968' Matsukawe, 1958). A preliminary
| eXp@fAmﬁﬂt to 1nv atigate these elaims was maﬁe by ad&ing
arylng dmounts af a preparatlon af mur¢fi0& m;lk %anthine
DLlQﬂwQ (No. Xﬂw@?& - prepared by’ﬁr RO Bray; see
“xﬁegtapnixvgngp 9& uanﬂ,Table.RO) 1o ﬁhalassayvgyat@m of
.jaeatianﬁiig p.,6ﬂ-. .. This sam@le~cfixénthine oxidase
was prupareﬂ about 10 months bafore thl% ﬂart)aul&r
'_vaxpermm@nt was madsos ﬁur¢nv Ehat puleﬁ it was stmraa

\“unéerVtﬁa_c@nditionsqreeommande@,by ﬁ@rggl & Ergy (1959)@

118 .

The preperation was found to possess apprecisble coenzyme

‘ aetivity $ﬂwtha‘D~am1n0\aé;d.éxiéase.asgay systene
The dbsevved ratasnmf Qxywen‘uptak@lwere ﬁanverteﬁ,te
apparent qoneentratlaﬂs of free FAD 1n the orlgin&l

preparatlcn‘by reiarence t@ the uaual stana&r& CUrVe
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determined at the same time. The total FAD content

of the preparation, after hesting at 100° for 5 min.,

was determined in the same Deamine =eid oxidase aaéay

- gy steme The results of these determinafions, recordesd
:im.Tabie 2Ly, show that almost exaetly ene-third of ﬁhe
total FAY of this preparation of xenthine oxidase reacted
as though it wers free WAD, and that the amount of
Yapparent free ?ADQ found wéé proportional ito the amount
of the §f@paratian that was added te the D-amlino acid

oxidase assay systeénm.

() Discussion. There are two possible explanations
of these results, (1) that thia,preparatiaﬁ of xenthine
oxifase actually contained this coneentration of free FAD,
and {(2) that some constituent of the preparation was
capable of reacting as fres FAD in the D-amino aaid oxidase
assny syster. |

The first possibility connot be ruled out entirely,

since the preparation was 10 menths old at the time of
this experiment, and had not been dialysed or treated in
any way to remove free FAD immedistely before the experimente
However, it was unlikely that the sample would ﬁave
decomposed to that extent with the liberation of free ¥AD,
since the stability of preparations stored under the
eonditions of Bergel & Bray (1959) is usually very good.
Support for the second possibility comes from tha anaiytical
resulté for the composition of the preparation, given in
Table 20 (pe 95)e From this Table, the mplar excess of FAD
over molybdenun of sample no. XO=421 was S59uM=-37uM = 22uM.
Trom Table 24 (pe. 120), the epparent content of fros FAD of
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the preparation was 200H. It was found in the present
work that this preparation consisted of a mixture of
- xanthine oxidase-a an&VXﬁnthiﬂﬁ mxiﬂasémiz only {(sece
Seetion IV, pps 94 and 103).  Therefore, the molar
exeegs of FAD o%ev molybdenum répreseﬁtad the TFAD content
of the xanthine oxidase~i, present in the preparation.
The f&c£ that this was very nearly eguel to the apparent
content of free FAD suggested that it might be the FAD
of xanthine oxidase~i, that was acting as a coenzyme for
”the_aﬁoepretain of D-~amino aecid oxidase. However, uniil
. Gth@r,‘frashiy.ﬁrepaﬁeé‘samyles?éf purified milk xanthine
| oxidase are examiuned fop eaenﬁﬁma activity in this system,
 thi$ explanation must be regarded as tentative onlye
Thatever may be the correect sxplanation of éhese
resulbs, it is clear that they do not support the claims
of Yemeno et al. (1956) and of Horiuchi (1958} that the
Wichaelis constants of xenthine oxidase-bound FAD and free
 FAD in the D-amino acid oxidase system are equal. If
this wére so;‘ﬁhen all the TAD of X0=L21 should have

reacted as frée FAD.

6. The problem of preparing pure xanthine oxidasew—a

(a)vlaﬁrqﬁuﬁﬁi ne The desirsbility of preparing pure
xanth&nﬁ‘oxidaseaa, free from inactive flavoproteins, is
. emphasized by the recent work of Bray and collaborators
on the sequence of ¢leectron transfer within the molecule
Qf‘active~xanxhine oxidese (Palmer, Bray & Beinert, 1963;
Palmers Bray & Beinsvt, 196l 'Bﬁayg Palmer & Beinert,

196L) . ‘ During the sewcbic oxidation of xanthine to
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urie acid, catalysed by milk xanﬁhin@ oxldase, these authors
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obtained electron~spin resonsnce signals which wers
attributed to two chemically distinet forms. of

peﬂta#élent molybdenumn. It wes suggested (Bray of al.
196L) that both these types of molybdenum were present
‘in.tna engymically acetive form of xanthine oxidase,

but there was some doubt about this bescause the varisble
speellic activities of the preparations of xanthine
oxidase used in this work indicated that one or mors
inactive Tormg of xenthine oxidase were also prasent
(Pelmer gt al. 1964). One of the preperations of -
purifieﬁ'xanthine oxidase used by Bray and collaborators
in this wovrk was Nos X0~L2L1 {R.0. Bray, personal
comnunication), the composition of which is given in Table
20 of this thesise. It hes been shown in the present work
that this particular preparation contained considerable
amounts of xanthine sxiﬂasemig, but did not contain xanthine
oxidase~iy (Section IV, ppe. 94 and 103). This strengthens
the suggestion of Bray et al. (1964) that the twe types of
electréngSpin resonance signal attributed to molybdenum
were both due to molybdenum present in the ensymically
‘activa form of xanthine oxldase. However, it is clear
that it would be mora satisfactory to apply this t@éhniQpﬁ
to pure manthine oxidase-s which ¢ould be demonstrated to
éanﬁaih a stoicheiometrie amount of molybdenum and t0 be

free of inactive meitalloflavoprobteing.

(b) A possible approach to the problem of seperabing

xenthine oxidase-a snd xenthine oxidese~i,. The finding

- that the apperent free FAD content of a preparation of

'purifiea xanthine oxidase (determined by the D~smino acid



3:0X1éasa methaa) Was aqual to . the FAD cantant cf the.
axanthina Qx1dsse—ia prmsamt in that yrugaraticn (%@ct¢on

»Iv, P 139) suggests a poss 1b1@»approacb to tha prablem

: %ef sap&rating xanthlne ﬂXid&S@mQ and xanthln@ axz@& 9*12.

 ffiL “the- JAD of Xﬁﬁthlne exx&aganmg were faund ta b@

'%;irasgansxblafror the~coanzyma aeuxvzty-afapurlfiﬁd |
V-prapaﬁétians»cf xanﬁhiné_exi@asa,.thén it would follow
ﬂithat ﬁgﬁs‘ﬁﬁg'musﬁ'%e”bouﬂ& by*tﬁ$=apoepnateiﬁ Qf.‘
}béamiﬁﬁ‘aciﬁ axﬁdgﬂ&,x A ﬁieﬁéalig éanstantvﬁf?gbpuﬁ

'QQE‘MM‘{ﬁnrtonft1955) for the émmbihaticn af_freéiFﬁD |

. with. apo=Deamine aci@jaxiéase»indiqatasiﬁhat thélaffiéiky_v
E'QF‘thaméﬁcapraﬁein-f@ﬁxfrgetFAb isfvery éﬁ&ong;g I (
l;a similarvaffinity eiihts-betw&@n‘thﬁ apawnratain‘aa&-
::thﬂ haund FAD of xanthine Gtiﬁaﬂeﬂlgg thea it is possible

that. th@ preyert&es of tﬁﬁ cem@lex formeﬂ by thcse twa‘!

- might @szar‘sufﬁaelently from the preperti@s~af xanthane.

Qﬁiﬂasema to permit their w@pafatzen‘by one or more of
~the uﬂaal phJszcawcheminal meth@ﬁa, Ca e ehramatcarqphy,

 “@1Leterhares1s, or altr&waant?lfngatxan. Hawavey it

'  wowld fivet be nacessary t@ establiqh wmth eertainuy that

~tha coenzyme actlvity of purlfzed prepavatmong of havine

milk xanthina oxidase towaraw apaﬁﬁuamina acid oxidase.

:_Vwas ‘indeed 6ue tm their c@ntent @f xanzhiﬂe axadasemig



- aeh

Lo The relationships between the mnthina oxidase
® ci;w.z tys molybdenum c:cmtem*, N anﬁ flminna&enina

dinueleotide (®AD) comtent of amf 9 milk, and between
the xanthine oxidase a&sﬁivity and zr‘mlybﬁé.rﬁm cmﬁan*f;—

off goat's milk, have been lnvestipated.

e A method for e:ﬁ*i’ﬁ@ting g,ua;:&-tit:a‘i;i#s release of
the hound xanthine 'aacmasci a&tivi%y of covw's milk
has ’ﬁzeen deva’.{e;@eﬂ; and existing mammetriﬁ and
sgaeetmnhamm@tma methods for the determination Qf
zenthine oxidase aetivity in milk have Dbeen nmc:iif:.aﬁ
and lmproveds With the aid of these improved methods
it hag been showm that, provided the diet of the cow
is not sapplemented with a soluble mo lybdate, a consbant
ratioc. of xonthine oxidase activity to molybdenum content
is observed both in cow's milk and in purified xenthine
oxi éhse isolated from cow's milk by the methed of |
Gilbert & Bergel ( 1{96&;}. It follows from this |
observation that the .ina.e«tiveg. nolybidenum-conbaining
- "zenthine oxidese~i," of Bray gb al. (1961) must arise
by inectivation of éa,::tive xanthine oxidase during bthe
isolation of this enzyme from cow's milke It is

shewn that the estimated velue of Bray gt als {.1961}
of 117 for the speelflc activiiy f{ae-tivn;tyf}%‘sz}"gg} of pure
ae‘tivé bevine milk xenthine oxidase, is lovie | A new
value of 180 is proposed Tor the specific activity of the

| puve enZymS.



B The xenthine oxidase activity of goat¥s milk |
nas peen found to be very lawﬂcnmpared with thevaetivity‘
of cow's milke. &olybﬁ@ﬂum weg found in all the samples
of goat's milk’that-yura SK&&iﬁ@d; usually in |
*}5canaéﬁtratians slightly less than those found in normsl
‘:aaw‘g milk, but there was no correlation beﬁ&eeﬁ the
xanthine oxidese activities and molybdenuu contents in

" the goat's milks.

b _ - An inhibitor of bovine milk xanthine oxidase of
unknown. composition was found to be ywes@nt in cow's milk.
mnlther the copper nor the orotiec acid prasent in caw’

milk Ware respongible fbr the 1nhib1t1cn-

5.. (Tha influence of dietary molybdenum in%akalﬁn
the xanthine oxidase activities of cow's and of géatfs
milks was investigated. It wasg faund‘ﬁhat with daily
intakes of 5 mg. Mo/cow/day and l.1 mg. megaaifﬁay,
supplementary molybdenum (as sodium melybdate) was
Withauﬁ effeet on the xanthine oxidase activities ol the

milks of either cows or goatse

Oa The manometrie Bnamina acid oxidass method for

the deterninatlon of BAD has peen modified and improved.
It gave satisfactory results when ayglxed to the
determination ef-tﬁa TAD sgnxenﬁ Qf.@ﬁrified bovine milk
xanthine @xiﬂase; but gave less satisfaetaﬁy results when
applied to the Getermination of the FAD content of cow's
milk and of butbermilke However, on the basis of the
results ebtainaa‘by’tha use3uf-ﬁhis ééthmd, it is

suggested that cow's milk contains an enzymically inactive




 ferrofiaveprotein (the "xenthine oxidase~i," of Brey
&t ale 1961) which acaampaﬁieg'aativa‘xénthige oxidase
“ghroughout present proeedures for the isolation of

. this ensyme from cow's milke:

res In‘ﬁdnfirmatien:mf garlier reparts in the
litéréturé,-a sample aﬁ‘purifie&'bav;ne*miik x&pihiﬁa
oxidase was Tfound to possess some activity as eosnzyue
far'the'apeﬂprsteia.afwﬁwamina acid oxidase. The

implications of this Tinding are ﬁiﬁauaseda‘
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