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INTRODUCTION

Ao | Historical

Galactoss as an eﬁﬁolog‘ia fastor in the produstion of cataracts
in rats was first dsseribed by mwmn“»ﬁ in 1975 and later conw
firmed by Day'3) and Yudeinlh?,

i tone11(5) desoribed the sarliest ophthalmoscopical shanges in
the lens cortex as occurring in five daye in susceptible rats o a 35
per cent galactose diet, The induction time of catarasct development
was deoreased by increasing the galastose content of the diet fram 15
te 35 per cent or by deoreasing the protein content from 15 to 5 per
cent, Altering the type and amowmt of fat did not change the inductiem
time 1P the galastose consumed was taven inte account,

Craig and E‘a"&dﬁa@k(é) fed twentyw~one day old rats a dist containe
ing 7O per sent gelmctose. MNitrogem balance studies performed during
the experiment showed that galastose fed animales exereted twe to six
timee as much urinary aitrogen as control fed enimals. The urinary
amine acid nitrogen was also inereased. Poste-nortem examination wae
done after seventy-five to seventy-eight days. These suthoprs suggested
that the observed pathological ehanpes, including growth faillure,
gorneal vascularisation, formation of catarscts, hydronephrosis and
togticular, prostatic and seminal vesicular atrophy were e result of

protein and enino acid deficiency.
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When Handler(7) fed 15 gram rats of the Vanderbilt strain, diets
sontaining more than 60 per cemt lactose or LO per cent galactoss he
found thet they lived only three to seventeen days. In moribund rats
the blood galactose was found to be as high as 600 mg per cent and
blood glucose as low as L0 mg per cent while liver glysogen was vire
tually exhausted. He soncluded timt galactose interferes with norml
earbohydrate (glucose or glycogen) metabolism.

Dan(8) fed young shicks and weanling rats a diet sontaining 54.6
per eend galacta&e. The chieks developed a quivering syndrome lead-
ing to conwnlsions and death. Chicks sacrificed before death exhibie
ted high blood galactose, normal blood glucose and very low liver
glycogen. The rate sacrificed on the thirty-fourth day of feeding
exhibited cataracts, high blood galeotose, normal blood glucose and
liver glycogen,

The discrepaney between the data of Dam and of Handley is diffie
sult to reconcile. However, there must have been some inadequacy in
Handler's diet or inorease susceptibility of his strain of rate, for
other investigators(3s6) have fed higher galactose dists withou
death of their animals,

Beilaws and Ghinnig) and Buschke(10) sugpest that osmotic dis=-
turbanees play en iﬁpnrﬁant rele in the development of palactose cata-
racts,  Kirby, Estey and Wiener{11l) found that galactose was toxic to
tissue cultures of lens epithelium et a mush lower level then was
either glucose or fructose

Kosterlitel12) in 1937 found that galactose phosphate aceumulates

in the livers of rabbits fed large amounts of galactose, He later



proved this ester to be galactose=lephosphate and that it was also
preseut in livers of rats assimllating galastose(lﬁ).

Sehwartz et &1(15) using red bleod cells from normal and galacto=
semic humans studied the effect of galactose in vivo and in vitro.
They found that respiration of norﬁ&l red cells with galactose as the
substrate was only 5+6 per sent of the raapirétion;whan,gluaos@'wnﬁ
used, They also found that galactosemio red cells, in contrast te
normal red cells, did not respire with galactose as the subsirate,
These authors also demonstrated that galactesemic erythrooytes accoumue
lated large amounts of galactose-l~phosphate, both im vive and im vitro,
when exposed to galactose; that normal red cells accumulated small
amounts of galactose-lephosphate, in vitro, on high concentrations of
gelactoses and that after exposure to galactose the Op uptake of
galactosemic eryﬁhra@ytss was reduced, while that of normal cells was
enhanced, Shortly after finding the ascumulation of galactose«lephos=
phate in galactosemic red cells they demonstrated the presence of
golactose=l~phosphate in cataractous lenses of pgalactese fed rata,

Be Galactose=-glucese Intersonversion

The revergible tiunsformntion of galactose inte glucose in biow
logical systems 1s importent boﬁh for vtilization of galactose as &
source of energy and for synthesis of complex galactose contalning
compounda, The first step in metabolism of pgalactose in ysast and
animal tissues is the phosphorylation of galactose in the one posi-
tion to form slpha-galactose-lephosphate (Gal-1-P) (13,15,16) g
transformetion of the pgalactose~l-phosphate to glucose~l-phosphate

(Gel=P)then takes plece according to the following equations, in
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whioh UDFG and UDPGal refer to uridine diphosphoglucess and uridine
diphosphogalnctoses

(1) Galel-P + UDPG & UDPGal + GeloP

{2} UDPGal <= uDPSG

Gaputte and soworkers(17) in 1950 isclated & uridinse nuslectide
from yeast and identified it asg Ué?G. The strueturs of UDPG is showm
herewith,

Reastion 1 was Pirst demonstrated to be an independent reastion
by Kaloker(18), mne ensyme catalysing this reastion wes named Galel~P
uridyl transferase and has been found in yeast, red blood cellg\lS)
and mammelian 1ivar(23v20)o It has not been found in mammary glamnd,

brein or mussle(20)
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Structure of uridine diphosphate gluecse
Kalokar and eoworkers have demonstrated & defect in the ensyme
Gal«leP uridyl transferase in liver and red blood cells of humexs

with congenital ml&atcsamﬁa(waﬂs@a%).



The inversion of configuration at carbon«li of the UDP bound
hexoses oocurs in resction 2, Leloir(2l) was the first to investi-
gate this reaction. Using a dialyzed extract of gelactose adapted
yeast and substrate amounts of UDPG he found that at equilibrium 75
por cent of the hexose molety was glucose and 25 per cent wae galnc=
tose, Thé susyme catalysing this reaction was eéxlled galactowaldens
256, Hansen and Gmine(%) estimated about 21 ﬁo 27 por ecent galace
tose ester and 73 to 79 per cent gluccse ester at eguilibrium in
lastobacillus bulgarisus.,

The inversion of configuration at carbonsli of the UDP bound
hexose has subseguently been shown not to be a Walden type inversion
and is most consistant with an oxidationereduction reaetion(gé’awa%»a’g)*
‘Hence, Kalokar and Maxweli{(29) called the enzyme I}'DPGal-&uepimaré.ﬁma
Besldes its presence in galactose adapted yeast and L, bulgaricus,
the enzyme has been found in calf liver and brain, in rat liver, brain
and mammary gland(20), and in human erythrooybes{®2), 1ne ensyme has
been purified 200 fold from cm‘,;lf liver acetone powder. It is diphose
phopyridine nuclectide (DFi) dependent.,

The main pathway of UDPG synthesis in mammalian tissue probably
prooseds via the following mechanism{23,30), in which UTP and PP pe-
fer to uridine triphasghate and pyrophosphates

(3) G=1P + UTP £=s UDPG + PP

The enzyme catalysing this reaction is called UDPG pyrophosphorye
lase. UTP is formed from uridine diphosphate (UDP) by tfamaz;hosphcryn
lation, using ATP as the phosphoryl danor(513. The pyrophosphorylase

has been found in ﬁver(%tﬁ%), red blgﬁd’63115(19’22’52)3 DANMATY
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gland(zo), braincEG), and mnscla(ea)s as woll as in microorganisms
and plantss It is an important link in the formation of glucurone
idess It also links glucese and glycogen metabolism with beta-pgalace
tosides and galactolipids,

Taselbacher(33) recently demonstrated the presence of an enzyme
in rat, pigeon and human liver, catalysing the following reastions

(L) Gal-1-P + UTP & UDPGal + PP

In conformity with previous nomenclaturs, this enzyme was named
UDPGal pyroyhc&phofylaae. The antivity of this enzyme is only about
one sixth that of Gal«l«P uridyl transferase,

He also measured the activity of uridyl trensferase and pyro-
phosphorylage ensymes in rat liver at different ages. The resulte

appear in Table 1.

TABLE I
tivity of wuridyl transferase and pyrophosphorylase enzymes in
rat liver with respect to age of animals. HKesults are averages of
three sets of experiments and are expressed as millimioromoles of re-

actants converted par nilligram of liver protein per 20 min,.*

P-Gal UDPG Pyro- UDPGal Pyroe
Transferase phosphorylase phosphorylase
Fetal
{18th day of
gestation) ‘ ! 240 0.9
Neonatal '
(1 day) 747 318 1.6
Adult
(60 Days) 394 o8 647

{22)
#From Isselbaaher‘iEi.



€, @Glusuronide Santhnia

The isolation of uridine diphosphoglucurenic acid (UDPGA) from
1iver{35,36) paised the problem of blosynthesiz. Uslike UDPG, UDPGA
would not underge pyrophosphorolysis, Strominger and somorkerst37)
found that particle free supernstant fluid frem liver 6f several anie
male oxidized UDPG to UDPGA in the presemce of DMV, The reaotion is
catalyzed by a two step dehydrogenation of UDPG at earbon=b of glusose.
The engsyme has been purifia%l 200-400 times from salf liver acetone
ymﬁer{39).

() UDPG + 2DPHt—3> UDPGA 4+ 2DFNH + 2H

The inability to demonstrate a fres aldehyde intermediate may
indicate that a single ensyme is responsible for both oxidative steps.

With the demonstration of UDPGA and glusuronide synthssis in liver
a luorative field of research was opened(35:39), That UDPGA was actu=
ally the demor of glusuronie acld in the synthesis of glusuronides of
a=aminophenol é,nd menthol in liver suspensions was shamm by Storey and
Dut“ton(m)}. It has been demonsbtrated that the ensyme systems catalyse
ing the ecoupling of glueuronic acid of UDPGA to an scceptor resides
in the micrescmal .fmatiézx of liver homogenates, while the engyme cata-
lyeing the oxidatieon of UDPG resides in the wpamatant@?ﬁaam). 8o
far the Imomn aocepters of gluouronic ascid from UDPGA are phenols and
seme related stmstwem{séﬂ?m’bz), sarboxylie a@id&ﬁﬁab&nwsﬁé’ﬂmb
and am‘ina&a’ﬁ’mf’w « Among these acceptors are sush compounds as
thyroxine, corticosteroids and other stsroids and bilirubin. HEalckar
and Maxwe11{23) sumarised the overall resctions inm gluouronide syn-

thesie as illuskrated in Figure l.
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It has been demonstrated that bilirubin exereted im bile or urine
is & bilirubin glucuronide(l,51), The glucurenide-forming ensyme
gystem in fetal and new bom gulnea pig liver, however, is uunable te
form the bilirubin gluouronide, There is a similar lack of activity
in the humsn fetus and new bern(52).

Congenital non-hemolytisc, noneobstruetive jsundice cesurs iﬁ a
mutant strain of Wister rats, in Gunn's strein of jaundiced rats and
in humans. In this syndrome there is & defeect in the glucuronide=
forming enzyme system of 1dver(53,54) that synthesizes bilirubineglue
suronide, There is also a defiaiepay in transferase aetivity in liver
microsomes of patients with constitutional hepatie dysfuneﬁian(55355)¢

The "glucuronyl transferase ensyme system" has been demonstrated
in guinea pig, rabbit, mouwse and rat liver in decreasing amounts. It
is also present in sheep, pigeon snd frog liver homag@natsa(57)e

Grodeky and Carbcne(sg) demonstrated activity in homopenates of
rat kidnéy end brainm, as well as liver, Kidney activity was slightly
more than one third that of liver, while brain was only sbout one
tenth as active as liver,

D. UDPG and UDPCal as Glyeosyl Donors

lactose Synthesis? Gander, Petersen and Eﬁyﬁrisg'ﬁﬂ)
have shown that cow's udder contains an enzyme gystem which catalyses
the in vitro synthesis of lactose~lephoaphate according to reaction 6.
(6) UDPGal + G-1-P—) lectose~1~P + UDP
They have named the ensyme galactosyl transferase.
&ehnmbye(égﬁ) and soworkers debermined the Cilt distribution in
glucose and galactose moietics of lactose after intravenous injection

of acetate=1-01lt into cows. The glucose and galactose eontained nearly
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equal sctivity., Wood and soworkers(62b) perfused isolated cow's udder
with acetate~-1-CM and found 16 to L7 times more activity in the galacs
tose than in the glucose of lactose. Wood and ecwarkefa(él} injected
acetate-leClt into the arterial supply of the left half of & cow's
udder. They then measured the activity of the glucose and galactose
moleties of lactose from the right and left sides. The galactose in
the Injected side contained 90 per cent of the ¢l #etivity of lactose.
The Elh activity of the glucose and galactose from the non=injeocted
side was squal. Wood aml coworkers concluded that free glucose was
the palastose acceptor. This would not be compatible with the emsyme
system of Gander ot al. |

Free fructose as a glucose acseptor from UDPG hes been demon-
strated in the formation of sucrose iﬂ'?l&ﬂtﬁ(ég’éh)m The same plants
can also form suerose phosphate from glucose and fruetose=G-phosphate.
The snzymic formation of sucrose and sucrose phosphate 1is belleved to
be catalyzed by two different enzyme systems., This type of mechanism
may ssgount for the discrepahey in the in vivo and in vitro work in
lactose synthesis.

flycogen Synthesis: Leloir and Cardind (66} found
that equal amounts of §D? and glyﬁogen‘warﬁbfurmed when UDPG, a small
amount of glysogen end an enzyme from the smoluble fraction of liver
were inoubated together. An inereass in glycogen could be detscted
enly when the liver preparations were free from amylase. Several
mone, di end oligesaccharides were found te be inactive in this sys-
tem. These authors concluded that UDPG acts directly as a glucose

donor to glycogen and that the resction is similar to polysaccharide
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formation from glucose-lephosphate with animal phOSthrylaae,'a ree=

action which alse requires & primer of high molecular weight.,

Galactolipid Synthesist Burton and coworkers(67)

found that both ﬁwglueuseuluclﬁ and ﬂag&lactoseulaclh wers readlly

incorporated into the neutral galactolinid fraction of rat brailn tissue

in vivo, They found that the in vitro incorporation of free hexose

into the neutral galactolipid was dependent upon the presence of ATP,

However, both l—clh~9—ga1aet0seulwphosphate and uridine diphospho=De=

galaetoaa-loﬂlh could be incorporated into the galactolipid fraction

in the absmnoe of ATP,

They rroposed the following sohems for the incorporation of glue

ose and galactoss into galactolinids of brain. This scheme is based

on their observations and the lmown ensyme activity previously demonw

streted in brain tissue.

I,

The Incorporation of Glucoss:¥

A,

B,

Glucose is activated by ATP in presence of hexokinase and phos-
phoglucomutose (eguations 7 and 8)

, hexokinaee

(7) Glucose + ATP > Glucose-6-PO)™ + ADP
‘ phosphoglucomutase

(8) Gluease«é—PQE‘ - — Glueose—l~?0h”

The glucose~lwphosphete is ineorporated into uridylic nucleo=
tide and converted to UDPGalactose {eguations 9 and 10)

UDPGlucose
§q?ophoaphcrylage
(9) Glucose=1~PO)~ + UIP = UDPGlucose + PP

UDPGalactos e=li=spimerase
{10) UDPGlucose % = UDPGalactose

sliodified from Burton et a1l67)
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€. The UDPGalactose may donate the palactose moiety to a lipid
soceptor to form the neutral galactolipid (equation 11)

{11) vUDPGalactose + lipld secceptor —p pgalactolipid + UDP
II, The Incorporation of Galactose

Ao, Galaotose ls mctivated by ATP and lincorporated into the
uridylie nuoleotide {equations 12 and 13)

galactokinase
(12) Galactose # ATP a? “ulactose=1~PO)= + ADP

galactos e~l=phosphate
uridyl transferase
(13) Galactose-1-P0) + UDPGlucose UDPGalactose
+ glucosé-l-?ﬁu"

I 4

Be. The UDPGalactose formed can then donate the galactose moiety
to form the galactolipid {equation 11)
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II
PROBLEM AND APPROACH

The problem wes two fold. (1) Development of a method for the
igolation of UDFPhexose fram rat liver that would give quantitative
rosults and yet allow for the determination of multiple samples withe
put being exeessively time consuming. (2) Determination of the
amount of UDFPhexose in livers of rate fed high galactose diets and
the amount of UDP bound hexose represented by glucose and galactose.

The problem was approssched as followst

(1) Bxtrastion of rat liver with verchlorie acid.

(2) Since uridine nuclootides are somewhat wmique in thet they
do not sontain s free amino group in the pyrimidine base, thelr ioni-
zation characteristics differ fram the nuclectides that do possess &
free aminoe group. The nucleosides and nucleotides that possess a free
emino group become cationie af; a low pH range while uridine does not.
Cation exchange résin treatment of the liver extracts at a low pH was
therefore used in retaining many of the bases, nusleosides and nucl@m
tiéas; ag well ap amino acids and other compounds that are cationis
at the pll range used,

(3) Since norite is relatively specific in adsorbing nucleo=
tides it was used in the adsorption of uridine mzeipo*tidea. The
nueleotides can then be remcved by washing the norite with ethanol

sontaining small concentrations of amnonia,
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(4} VUsilization of paper chromatogrephy allarved for the gsepara-
tion of the nuclectides remaining after adsorption and elution frem
norite. By chromatographing Imown uridine nuclectides along with
the wnknowm, UDPhexose could be loecated and eluted from the chroma=
tograma,

(5) By the use of ultre vieolet absorption speetra the UDPhexoses
gould further be identified and guantitated,

(6) The hexoses of UDPhexcses were hydrolysed and the resulting
UDP precipitated with barium hydroxide and zine sulfate leaving the
hexose in solutiom.

(7) Paper chromstography of the hexoses hydrolysed from
UDPhexose provided a means of identifying the UDP bound hexoses.
These hexoses (glucose and galactose) could +%hen be sluted from the
chromatograme and determined guantitatively.

Bate were fed high galactose diets and their livers processed
68 above to determine UDPhexose concentration and amounts of glucose

and galactose bound te UDP,
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MATERIALS AND DEVELOPMEKT OF HETHODS

A, Animals and Hations

All animals used were rats of the Sprapue~Dawley strain ocbiained
from Hortlwest Rodent Company, Pullman, Washington.

Rates weighing 250 to 1100 grems used for the UDPE recovery sxperie
ments (vide infra) were fed on a stock ration. Rats weighing 85 teo
110 grams used in the galactose feeding experiments were fed the

following synthetie diets:

Contyrel Diet Ga.laotose Diet

{Por Cent) (Per Cent)
Casein i8 18
Salt ﬁ&:turéﬁéﬁ) L L
Cod Liver 0il e 2
Wesson 01l 6 6
Browers Yeast 10 10
Dextrin | 60 30
Galastose 30

The only difference in the above rations is that some of the
experimental animels received 30 per cent of thelr diet as palactose
in place of dexbtrin,

A1l animals were allowed food and water ad 1ibitum,
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The animals fed the experimental dlete were divided inbto two
groups, Groups of animals were fed either the control or the galace
tose dists for five or ten days.

Be Exoision and Extraction of Liver

The animals were anesthetized with nesmbutal given intrapere
toneally (3«5 mg per 100 g body wt.). The livers were rapidly exe
cised, blotted between paper towels o remove exoess blood and immee
diately frosen in dry loce. About 5 g samples were guicicly weighed
in the frozen sbtate and replaced in dry iese,

All of the following procedures were carried out in a sold room
at 6°C, wless stated otherwise,

Liver ssmples were homogenized in two volumes of cold 0.6 ¥ per=
chloris aoid {PCA) in a Potter Elvehjem type homogenizer. The homoe
genate was centrifuged and the residue reextracted twice with twe
volumes of cold 0,2 N PCA. Potter and workam(‘{g) found that the
vucleotides of liver were about 90 per cent exbracted with two volumes
of 0.6 ¥ PCA and twe volumes of 0,2 ¥ PCA, After each extrestion the
supernatant was neutralized to pH 6«7 with concentrated KOH, using
phenol red as an indlsator, While adding KOH the supernatent was
sooled nearly to freezing in an alcohol-dry ice beths The extraots
were oorblnoed and brought to a pH of about 1.2 with concentrated
Ho80), using Tropelin OU ag an indicator, Extracts were kept evol
with an alecholedry ice bath as befors, Final adjustment to pH 1.2
was made with a Beclman pH meter at 6°C,

In the UDPG recovery experiments (stock ration) the extracts

from about 20 gms of liver were coubined, the pH edjusted as
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indlcated above, and made to a volume of 200 ml. with HpS0p at pH 1.2,
In the ‘a:porimnts with galacitose and contrel diete, the extracte
from the liver of each animal were combined, treated as abeve and
brought to a volume of 50 ml. with HpSOQ),, pH 1.2, Prior to exchange
ohrematography the precipitated KGIL% was removed by centrifugation,

Ces Construction of Resin Colwme

Dowex 50 {100-200 mesh 8%) was made into a slurry and poured ine
to large glass columms fitted with a glass wool plug to retain the
resin, Two normal HpS0), was alloved to flow through the column umbil
the optical density of the effluent at 260 millimiera became sonstamt,
The Ho80), was followed by distilled water until the effluent approached
pHE 5¢ The resin was then dried im room air.

The individual columns used in ion exchange of liver extracts
were prepared from glass tubing of vll mu inside diametsr., Ons end of
& pisve of glass tubing 15 to 18 inches long was pulled to a fine tip.
The eolumns were prepared for use by inserting a glass wool plug te
hold the resin, followed by the addition of I g of the washed Dowex 50
made into a slurry with Hp80), at pH 1.2, The resin @a allowed to
gettle by gravitation eand was covered with several centimeters of
Hp80), pH 1.2 wntil immediately pricr to adding liver extracts, &t
whieh time the fluid level was allowed te reash the top level of the
regin columnn, The columns would not rum dry even if free flow was
alloweds Flow rate of the columns was about 1 ml. per minute at 6°C,

De Iom Exshange ‘cf Iiver Bxtract

Two types of exporiments were carried out, 1) recovery of UDPG

end 2) iselation of UDPG from livers of experimentally fed animals,
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In UDPG recovery experiments a lnowm smount of rechromatographed
authentic UDPG” was added to & 20 ml. aliguet of cne=half of the
liver extrasts previously made to a volume of 200 ml., These were
thoroughly mized and quantitatively transferred to the Dowex colwms,
In the feeding experiments 20 ml. aliguots of the liver extracts were
transferred to the Dowex colums, Four liver samples in dupliecate
were run &t & time.

The sides of the columns were washed several times with Eo8Q),
pH 1,2 after the fluid level of the extracts hed reached the top of
the resin oolumn. They were then filled with 15 te 20 ml, of HpSOj,
pl 1.2, Tropelin 00 and phenol red were retained tightly by the col-
wms. Effivent was ecollested inm 100 ml. graduate sylinders from the
time of adding the extreets until 50 ml. had been collected, A cone=
trol column was run at the same time, using only HpBS0), pH 1.2, 4
1:30 dilution of the effluemt from this volusm was used as 8 blank in
making optiocal density readings. The effluents were thoroughly mixed,
One tenth ml. of each sample was diluted to 3 ml. with distilled
water (1330 dilution). The optical densities of these solutions wers
read at 260 millimicra in & Model DU Beckman Speetrophotometer., A
millimoler sbsorption coefficient of 10 was used to calculate microe

moles of nusleotide in sach 50 ml. of effluent ag follows:

0.0, at aiﬁg x 30 x 50 = tptal micromoles

The samples were quantitatively transferred to 100 ml., beakers

and neutral red added. The solutions were then titrated to & yellow

*Sigma Chemical Company, 5t. Louis, Missouri or from Pabst laborae
tories, Pivision of Pebst Brewing Uo,, Milwaukee, Wisconsin
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¢olor with eoncentrated EOH and immediately bask titrated to a pH
just below 7, at which acidity norite adsorbs UDPG optimally.

E. Horite Prepsration emd Recovery of UDPG from Water Solutions

Horite A was prepared for use iu adsorption of nucleotides by
washing with 50 per cent ethanol containing 0.1 per sent ammonis,
Bthanol-ammonis treatment was followed by washing with distilled
waters

In preliminary experiments 1t wes found that 10 mg of norite,
troated as above, would completely adserb O.1 micromole of authentie
UDPG fyrom distilled water. About 77 to 80 per cent could be eluted
from the nmorite with two ten ml. portions of 50 per cent ethanol cone
taining 0.1 per cent mmmoniae.

One hundred mg of prepared norite was added to 10 ml. of dise
tilled water containing 1.18 mioromoles of UDPG. The sclution wae
stirred intermittantly for 30 minutes, centrifuged in a Servall cene
trifuge for 15«20 minutes at 12000 rpm and the supernotant decunted,
The norite was stirred with 10 ml. of distilled water for % minutes,
sentrifuged and the supernatent decasted. UDPG was sluted from the
norite by stirring with 50 per gent ethancl containing 0.l per cent
smmonia for 30 minutes., The norite was centrifuged and the supers
netant decanted, The elution was repeated with 10 ml. of ethancle
amonia,. The supernatants from the elution were combined and mads

to 25 ml, Table 2 demonstrates recoveryi

F. HNorite Adsorption of Huoleotides fram Liver Bxtracts
These experizents were carried out on extracts ag treanted in D

above, In trial runs 5 mg of norite ner 0,1 micromole of nuclesotides



TABLE II
Resovery of authentic UDPG {(1.18) micromoles mdmorbed ombo

norite and eluted with ethanol-anmonin.

Hicromoles UDPG .
Caloulated from 0.D, at 262 millimicra

Sample Numbeyr

1 2 %
Solutioen after absorption «01 «008 +008
Wash water 000 +000 +000
Bthanol-ammonie elution 913 #5925 935
Par cent recovery 775 7848 7945

*Galwlat&uu of wmieromoles of UDPG

0,0, at 262 x Vol. of Solne
10 (mil¥imolar absorptlion
ooefricient )

= mioromoles UDPE

were used to adsorb materials giving absorption at 260 millimiera,
By following the 0,D. of the offluent fram the Dowex eolumms before
and after norite adsorption the completeness of adesorption ocould be
determined, It was found that it was necessary to remove glyoogen
before reading optical density. All materials absorbing at 240
aillimiora were adsorbed by § mg of norite per 0.1 mioramole, Therew
fore 5 mg instead of 10 mg (as used with the agueous UDPG solutions)
of norite were used in the experimemte to be reported,

To the effluent from the Dowex colums (treated as deseribed in
D) was added 5 mg of nerite per O.l1 micromole, caloulated as UDPG as

in D aboves These solutions were stirred intermittantly for 30 to
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10 minutes. They were them quantitatively transferred to polyethye
lene sentrifuge tubes and spun in a Serwvall semtrifuge for 20 minutes
&t about 12000 rpms The supernatant was discarded, The norite was
then washed with 10 ml. of distilled water for 5 minutes, sentrifuged
as before and the wash water discarded. Washing was repeated twioce
more with 10 ml. of distilled water to complete the removal of impurie
tles. In follewing the optical denaity of the wash water in several
experiments, it was found that absorption at 260 miliimicra fell to
sere with the second or third 10 ml, wash and that subsequent ethanol
elution contained no salt interfering with chromatography. This washe
ing procedure did not remove UDPG,

G. Blution of UDFG and Other Nuelectides from NHorite

Ten ml. of 50 per eent ethanol containing 0,1 per sent emmonie
were added to each tube. Each sample wes stirred intermittently for
30 to L0 minutes, The tules ware cemtrifuged ss before for 20 min=
utes at 12000 rpm and the supernatant was decanted inte Dowex 50
colums. The Dowex 50 columns were prepared as deseribed in C except
that 1.0 g of Dowex, instead of l; g was used and the Dowex was in &
distilled water, instead of an HoS0), slurry, The water level wae
allowed to reach the top of the resinm column bhefore pcuri#g in the
supernatant, The effluent was collected in 50 nle. rownd bottom flasks
containing one drop of neutral red indicator, The norite was treated
three more times with 10 ml. portions of ethanole-ammonie and each
sluete was decanted into the Dowex columns. After the eluate had
passed through the colums the sides were washed twisce with ethanole

ammonis. The colums were then blomn dry with air under pressure.
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The offluent was sollected in 50 ml. flasks and titrated with B0 per
cent ethanol containing 1.0 per cent ammenis to a pH close te 7. The
ethanol-smmonin eluate from the norite was treated with Dowex 5@3“" to
lower the pﬁ.* By back titrating to pH 7 with ethanol-ammonie there
was little incrsase in the salt concentration which might interfere
with subseguent paper chromstopraphy. The ethanol-smmonia solutions
were evaporated ‘Jco dryness at L0°C, Evaporation was fasilitated by
blowing clean dry room air over the surface of the solutions,

H, Paper Chromatopraphy for Separation of Nucleotides

The residue was brought into solution with 0.3 or O ml., of dis~
tilled water, One tenth ml. of each sample was spotted on Whatman

Hoo 1 filter paper. Authentiec UDPG and UKP were spoited at either

*cardini and Lelair(?e) reported the formation of UMP and cyslis
1t2-monophosphoric ester of glucose upon mild alkaline treatment of
UDPG. To determine whether the conditions employed in the present
procedure would decompose UDPG, the following experiment was carried
out: 1:18 mieromoles of UDPG were sdded to each of two flasks con=
taining 1O ml. of 50 per cent ethanol-0,1 per sent ammonia ab 6°C.
The solutions remained at 6°C for 12 hours. At this time they were
treated with Dowex 50 and back titrated to about pHE 7 as deseribed
in G above. They were then evaporated to dryness and the residue
dissolved in 0,2 ml, of distilled water, Une tenth ml. of easch was
spotted on Whatmen No, 1 filter paper, along with authentic re~
chromatographed UKP and UDPG and chromatographed as described in H,
Descending ehromatography was carried out on one sample for L2 hours
and wntil the solvent front had traveled about 50 em. on the other.
The chromatograms were removed, alr dried and ultra-—v%alﬁt adsorbing
gubstances located by the method of Markham and Bmith 71 p Using a
mineralight lamp. The chromatograms w?rg then sprayed with the
phosphate spray of Hanes and Isherwood 7 )0 The UV absorbing sube
stances and the blue spots that appeared after spraying were identi-
enle The only spots visualized in the sample lanes were those eor=
responding to an By of authentie UDPG., There were no svots migrating
at the same R, as authentic UMP or migrating with an Rf greater than
UDPG, If UMP and the oyclic 112 phosphate ester were formed with the
above treatment there should have been a spot migrating with an Kf
of UMP and a spot migrating with an Ry greater than UDPG, It was
soncluded thet there was no degradetion of UDPG with the procedure
usede
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edge of the same paper. The sample spots were kept to about a 1 em.
diameter by using multiple applications and by blowing a streem of
cool alr meross the paper.

The end of the paper opposite the spots was serrated to insure
even Plow of solvent from the end., The paper strips were plased in
troughs suspended near the top of & glass tank, A plece of filter
paper linad the tanks and dipped into solveat of the same composi-
tion as that used for development of the chrommtograms. The starte
ing line was meayr the trough., The tank was sealed and the inside
atmosphere allowed to egquilibrate with the paper for 12 to 18 hours,
At the end of this period the solvent for development was transferred
to the troughs through & hole in the top of the tank. The hole re-
mained oclosed except for solvent transfer, The ethanole-ammonium
acetate solvent pH 7.5 of Paladini snd Leloirwg) wag used, The
ohromatograms were developed for liB~56 hours at room temperature.

At the end of development the paper strips were removed and dried a%
room temperature,

i Xdantifieaﬁiaﬁ and Quantitation oi_‘ W DFhexese

Nueleotides were located on the paper strips with an UV minera=
light lsmpe. Those spots which migrated at the seme Ry as authentie
UDPG were cut from the chromatograms along with & contrel strip of
the same slsze, These papaﬁ strips were placed in test tubes with
h mle of 0.1 ¥ Hy80,. The tubes were agitated intermittantly for
60-90 minutes., The paper strips were then removed and the HpSQj solu-
tion transferred to 15 ml, centrifupge tubes which were spun for 5 te

10 minutes at 2000-2500 rpm. Centrifuging completely sedinented
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paper fibers whioh would subsequently interfere with spestrophotoe
metrie readings. These solutione were read against a blank at 250,
260, 262 end 260 millimiora in the Spestrophotometer, The spectra

of the eluted spots and suthentiec UDPG were identical (Table 3)

TABLE IIT
Illustration of the spectra of a sample spot and authentiec re=
shromatographed UDPG,

Ratio of the Opti-
sal Densities at

Optical Density 2601260 Millimiora”
Wave Length in
Millimicre Semple Koown UDPG Sample Ehown UDPG

220 JOZh +000 037 o37
225 015 +000
20 o «000

5 «105 B0

0 «193 «115
2hs 295 192
250 +L00 266
255 oy «332
260 o547 369
262 554 o375
26 fiﬂg 365
ero 315
275 o340 235
280 »201 o138
285 082 5L
290 «020 012
295 00, «000
300 002 «000

*¢he ratio of the optical densities at 2501260 millimiers and 250:260
milliciora is a good indication of the purity of uridine and ite
nucleotides iz relation to other UV absorbing substances such as
other nucleosides and nucleotides,

Three ml. aliguota of the meteriel eluted from the chromatoe

gramg were trensferred to 15 ml. centrifuge tubes, The tubes were

stoppered with rubber stoppers penstrated by a plecs of eapillary
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tubing and placed in & boiling water bath for 5 minutes, They wers
then eocled and the stoppers removed, Barium hydroxide had been pro-
pared, one ml. of whish exactly neutralized 3 ml, of HpS0(}, used in
the above hydrolysis. One and two tenthe ml, of this barium hydroxide
and 0.2 mle. of 5 per cent zine sulfate were added to each 3 ml, of
Hp80), solution. The solutions were thorouphly mixed between addie
tions of barium hydroxide aml zine sulfate and apgain after addition
of zino sulfate. The precipitete was removed by centrifugation at
2000 to 2500 rpm for 15 minutes. The supernatant contained the
hexcses hydrolyzed from the UDP hexose by heating in the boiling
water bath and the precipitate contained the UDP.* The final pH wasg
649+ Three ml, of each sample were evaporated to dryness at 60°C in
a manner similar to that desoribed in @ above. The residue was dis=-
solved in 0,15 ml. of distilled water, The tube# were eentrifuged
for © minutes at 2000 to 2500 rpm to facilitate transfer to filter
paper for chromatography.

Je Paper Chromatopgraphy for Separation of Hexoses

Whatman Mo, 1 filter paper was used throughout, The ends of
each strip were placed between two glass roda held tightly together
by rubber bands. These strips were then suspended frum a glass reck
within a large zius costed waste oan. About ten paper stripe eould

be humg in this spparatus at & time, allowing several ome of space

*It was found that hydrolysis and barium hydroxide~ginc sulfate
treatment {as described) of 0.5 micromole of authentic UDPG re-
moved all of the nueleotide. &Since less than 0.5 micromole of
UDPG (ocaleulated from absorption at 262 millimiorons) was en=
countered (in I above) in experiments to be reported, this pro=
csdure wag considered satisfeotory in preoipitating nucleotides,
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between sach strip. The waste cean was then placed in & sink and &
large hose yuwa from the hot water faucet to the bottom of the tank.
The hot water tap was fully opened allowing water at 60-70° to flew
from the botbtem of the waste can ocut over the top. The papers were
waehed in this menner for eight hours. They were then removed, dried
at room temperature, end used in subsegueant chromatographye. ﬁnly
after this procedure were the redusing substances im the paper dew
sreagsed sufficiently to allow Por elution and datsrﬁxinatim of the
mierogram guantities of hexoses encountered in experiments to be rew
ported,

One tenth ml, of each sample was transferred to Whatman No. 1
filter paper washsed as aboves The paper was ruled and serrated and
applications of samples made as desoribed in H. Glusose and galao=-
tose were spotted at either edge as a pulde to the location of the
semple hexoses., A glags tenk was lined with filter paper that dipped
‘ into solvent of the same camposition as that used for chromatogrephic
development. The paper strips were plased in troughs suspended near
the top of the tank, The starting line was on the descending limb
of the paper several om, from the tm‘ugﬁ. The tenk was sealed and
the paper strips allowed to equilibrete with the etmosphere inside
the tank for 122 hours, The developing solvent was then added te
the troughs through a small hols in the tenk top. Ths chromatograms
were developed for 36 hours by the descending method using the solvent
of Jermyn end Isherwwﬂ;(?ﬁ). The solvent was ethyl acetate-pyridine=
water in the ratio 25:1:75, At the end of 36 hours the ohromatow

grama were removed and dried at room temperature in a hood, Ouide
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strips containing the Imown glucose and galactose were out from the
shrematograms, These were then sprayed with 0.5 per cent p-aninge
hippuric acid in 95 per sent ethancl{72) (PAresthancl) and placed in
an oven at 1L0°C for O minutes, Glucose and galactose appear as
yellow orange spots in UV light or orange in wisible light if hexose
goncentration is great enough. In preliminary expsriments the entire
chromatogran was sprayed with PAllesthanol, In the sample lanse tweo
spots appeared when viewed in UV light. One was light and auvrru-
ponded to the Rf of kaown gelactose and the other darker spot core
responded to the R, of imown glucose,

The spote were circled and the centers marked, The guide strips
wore then placed along eide the chromatograms and & line dresm across
- them between the ocenters of the hexose spots on the guide strips. It
was found that 20 to L0 g of glusese or galastose preduced spots by
the above method of loss than 16 sguare om, and that the two chromae
Sographed in the same lane were sompletely separated by 1 to 2 em,
Sixteen sguare om. aress were thorefore cut from the chromatogrems
corresponding to lmown glusose and galastose. Control 'sgm'r«m were
also out. The squares were cut inte 1 em, strips, placed in test btubes
containing water and the hexpses eluted for 60 to 75 minubes with free
quent vigorous agitation. The elunte was traneferred to 15 em. glase
sentrifuge tubes whish were spun at 2000-2500 rpm for 5 4o 10 minutes.
Centrifugation was used to sediment the paper fibers since they intere
ferred with the supgar determinations.

Duplicste sugar determinations were done on each sample by the

nethod of Parl and Jabnﬂnn{ﬁ), Known eoncentrations of glucose and
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galactose were chromatographed with sash set of experimental samples.
These were eluted and the sugars determined as above, The Imown glue
oose and pgalactose data were used to construct a curve for caleoulat=

ing the hexose content of the wknown samplse.
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RESULTS AND DISCUSSION

Ao Some Critical Steps in the Isclation of UDPhexose

During the development of the method used for the isolation of
UDFhexose it beoume apparent that seweral of the steps were ¢riti-
cale

It was importent to cool the perchlorisc aeid (PCA) extraets
while adding concentrated XOH during pH adjustment to 6 to 7. 1If
the extracts ware not occoled sufficliont heat was gonerated to hydroe
lyze the hexcse from UDFPhexose,

Ad justing the pH of the liver extracts to 1.2 prior te ion ex-
change with Jowex 50 is important, 8Sinee most purines, iayrimidims #
nuclecsides and nuclsotides, with the exveption of uridine sueleo=
tides, exist ns catiome at pH 1,2 they will be retained by the
Dowex columns, while uridine awcleotides will pass thwupgh the sol-
wms., Comnl76) i 1950 caleulated the net charge per molecule of
some ribonucleotides as a function of pl. He found that adenylis,
oybidiliec and guanylic acids were cationic belew pH 1.5,

During paper chromatography of nuceleotides, it was found that
the Ry values of UNP end UDPhexose were similar ensugh that complete
separation cecurred only after UDPhexose had migrated 35 te LO om.
Binoce the absorption spectra iz UV light and the micrcmelar absorp~

tion coefficients are the same for UNP and UDPhemose, contamination
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of UDFPhexose with UMP will give falsely high walues for UDPhexose
when calculated from absorption at 262 millimicra,

B, Characterization of UDFhexose from Liver Extrasts

In the precedure desoribed under materials end development of
methode the UDPhexose isolated ’from each liver sample was charactope
iged during the process of detemmining the amount of UDPhexose per
liver sample and the smount of glucose and palactose bound to the
UDP,

(1) Paper chromatography of the norite eluant revealed several
UV absorbing spots, one of whieh migrated at the seme Rg, as suthens
tie UDPG.

(2) Elution of this spot from the chromatogran and deterninaw
tion of itse UV absorption spestrum revealed & spectrum identical
with suthentis UDPG. {(Table 3)

(3} Paper chromatography of the b
spot after treatment with barium hydroxide and zins sulfate revealed
two spots with the same Ry walues as known glucese snd galactose,
Elution and quantitetive determination of total hexose showed a
1 to 1 ratio of hexose to uridylic acid caloulated from UV absorp~
tion at 262 millimiera,

Since the only uridine nucleotide conbaining gluccse and galace
tose so far isolated from rat liver is the uridine diphosphate, it is
presumed that the above characterisation ldentifies the compounds ise-
lated as uridine diphosphate glucose and uridine mpmpzmm galactose,

Ce Caleulations

Bxplanations of some of the caleulations used in arriving et the
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data to follow are given below:
{1) Total mieromoles of UDPhexose in a liver sample

Total mieromoles = D x L x 3

a} OD ig the optical demsity at 262 millimicra which is

the wavelength of maximum absorption of uridine,

b) L 1s the number of ml, of 0.1 N Hy80) used to elute

the UDPhexose from the chromatograme

©) 3 iz another dilution feotor. OFf the 0,5 ml, used to

dissolve the residus after evaporation of the ethanole

anmoniie eluate only 0.l ml. was chromatographed.

d) 10 is the millimolar absorption coefficient of uridylie

acids

{(2) Per cent recovery of UDPhexose in the recovery e@?@rmmtm

was caloulsated by substracting the average micromoles of UDFhexose |
por liver sawple, %o which no UDPG had been added, from the total
micromoeles of UDPhexose recovercd from the chromatograms of those
samples to which UDPG had been added., This wvalue was divided by the
micromoles of UDPG that had heen added to the extracts prior to treat=-
ment with Dowex 50,

Per Cent

Recovery = Total mieromoles UDPhexose~—Tobal miecromoles UDPhexose

{(no YDPG added) {(vore added)
Mieromoles UDPG added

{(3) In ealoulating the micromoles of hexose beund to the UDP
& number of dilution factors were imvolved. Of the L ml. of HpS0,
used to elute the UDPhexose from the chromatograms, 3 ml. were talken

for hydrolysis and barium hydroxide-zine sulfate treatment, which made
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& volume of L.l ml. Three ml, of this was taken for evaperation and
two thirds of the residue was chromatographed. 8o the %hmretivad
amount of hexese actually chromatographed was Inown on the basis of

the quantity of UDPhexose represented in the aliquot enmployed.

Fredioted mioremoles _ 0D at 262 millimiers ; 3 4 E%Hx 2

of hexose on UDP 10 ¥
0D at 262 millimiera _ mioromoles of UDPhexcse per ml, of
10 Hy80), eluate.

(L) In caleulating mieromoles of hexvee recovered, the micros
grams of glucose and galactose recovered from the final chromatog=
raphy were sonverted to misromcles by dividing by the micromolesuw
lar welght of these hexoses (180)., The micromoles of glucose and
galactose recoversd were then added %o glve the mieromoles of hexose
resovered,

(5) The per eent of the UDP bound hexose represented by glu=
¢ose and galactose was caloenlated by dividing the amount of each re-

govered by the sum of the two,

Ds UDPG Recovery Experiments

Ia these experiments authentic UDPG was added to one-half of the
aligquots from & pooled PCA extract of rat liver. The extracts wers
carried through the procedurs outlined in Seotion I11I. The resulis
of these experiments appear in Tables L, 5 and 6.

The per sent recovery of UDFPhexose from rat liver extrasts
ranged from 70 to 82 per cent as caloulated from UV absorptiomm at
262 millimiora. About 77 to 80 per cent of suthentioc UDPE was ree
sovered from norite after adscerption from distilled water. See Seo~

tien 111, B, The recovery of ULFG from rat liver corresponds well to
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UDPG recovery from water using norite adsorntlon end elution. It
would appear that in the recovery of UDPhexose from liver extracts,
the factor limiting quantitetive resovery was the adacrption and elue
“ion from nerite,

The reported ratio of hexoee to UDP in UDPhexose is 141027,

The mieromoles of hexose recovered ranged arcownd the theoretical
ratio of 1lsl,

Ereept for samples 1 and 2 in Table © the UDP bound hexose cone
sists of about 18 te 28 per cent galactose and 72 to B2 per gent glu~
eose, These results are similar to those found by Leloir(2h) and by
Hansen and Gmine(gg) using in vitre systems from yeast and bacteris.
The per cent of glueovee and galaetose in the UDFhexose recoversd from
sanples to whieh UDPG had been added was nearly the same as from sam=
ples to which no UDPG was added, The anthentie UDPG added in the re-
covery experiments evidently contained s mixture of UDPG and ﬁDP&&
in about the same ratio as UDPhexoses of rat liver. If the authentie
UDPG had actually contained only plucese as the hexose, then in those
samples to which UDPG was added there would have been a greater per
eent of the h@méw recovered as glucose and less as galactose.

B, UDPhexose in Lij:ram of Bate Ped Control and Galactose Diets

Date for rats fed control and ralactose diets appear in Tables
7 and 8.

There was little differemce in the concentration of UDPhexose
in the 1livers of rats fed control and pgalachbose diets for 5 daye.
The micromoles of hexose recovered from the UDPhexose were consist-

ently lower than the nredisted micromoles of bound hexsse. The most
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likely explanation is that the UDPhexose eluted fram the chromabte-
gramg contained s small amount of UMP, If UMP were present in the
ULPhexose there would be no difference spsetrophotometrieally from
pure UDP hexose, but it would be evident in the isolation proscedure,
ainee there is ne hexose in THP, Gnly tro of the four galactose fed
animals exhibited an inerease in the per cent of the hexcse ropre=
semted by galactose. In these two animals galactose represented
about LO per eent of the UDP bound hexose compared to a maximum 26
per oent in the control fed rats.

The UDFhexose concentrations of livers in rats fed contrel and
galactose diets for 10 days showed a greater range than the rate fed
for § deys. The value for UDPhexose concentration in control rat
No. 2 was low, HNeither finding can be explained at this time. The
quantities of hemose recovered were closzer to the theoretiocal ia the
10 day experiments than in the % day experiments. One ﬁg;nifiamt
finding is the partial reversal of the quentities of glucose and
galactose bound to UDP in the rats fed galactose for 10 days, The
highest per cent palactose in the control fed animals was 30 while
the lowest in the galactose fed animals was 59, This iné.ﬁ,éa‘biun of
reversal of the UDPGlucocse~UDPGalactose ratio in two of four animals
fod palectose for § days is confirmed by the resulbs of the 10 day
feeding.

F. Galactose Toxicity in Rats

Hansen et al{77) fed newly hatehed chisks a diet sontaining 15
per esnt galactose, They found that the UDPhexose content of liver

from these chicks had doubled in 6 to 10 days in comparisen te
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sontrol fod chiscks and that galactoss made up a greater porbion ef
the hexose, It was inferred that the normal 75:25 UDPGeUDPGal equie
1ibrium established by UDPGal-li=epimerase (galactowaldenase) does
not oeecur in chicke fed palanctose,

The liver concentration of TDP hexose in rats fed gelactose
{discussed in E above) did not change as it did in the chicks of
Hansen ot al. Although the UDPG:UDPGal ratio changed in only 2 of
Ly experiments in rats fed galactose 5 days, the shift in the ratio
is quite evident in the animals fed ten days. This partial reversal
of the UDPG:UDPGal ratio in rats fed a grlactose diet for 10 days
supports the findings of Hansen et al in chicks,.

The role of galactose in galactose toxloity in rats was par-
tially discussed in the introduction. The acoumulation of Gal~l-F
in rat livsf(13) and 1ana{1h), the toxieity of galactose %o lens
epithelium in tissue culture{ll) and the fnhibition of phosphoglus
somutase and glusose-G=nhosphate yhaap&ataa@‘ﬁg) enzymes by Gale=l-P
all point to Gal-l~F as the toxie agent in galactose toxisity. Hovrm
ever, there are other facets to galactose toxieity which merit dig=
ocussione.

The only Imown patlways for the entrance of Gal-l-P inte the
metabolie scheme 1is in the ensymatie reactions 1 and L illustrated
in the introduction, In both of these reactiouns Gal-leP iz eonju=
gated to form UDPGal whish may then be trensformed to UDPG (threugh
the Li~epinerase enzyme}. The main pathway of UD"G¢ synthesis in
mammalian tissue is through the reaction{25:30) G-1-P + UTP&UDPG+ PP,

One of the functions of UDPG 18 inm pluouronide synthesis after iis
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oxidation to UDPGA. Since meny metabolic produets are detoxified
through glueuronide formation a decrease in the awailability of UDPG
might well allww for accumulation of toxie produsts. If the ratio of
UDPG to UDPGal is upset, as indicated above, then the availability of
UDPG in gluouronide synthesis may well be desreased. This appears
very likely in that UDPG is wbilized in the Galel«P uridyl transferase
reaction for the fomation of UDPGal and thet this enzyme activity
is some six times greater (Table 1) tham that of the ensyme involved
in the formation of GDPGal through the UDPGal pyrophosphorylase re-
astion whish regquires no UDI'G,

Another factor concerns the activity of the DPGal-h=epimerase
which funstione in the UDPGal to UDPG conversion. Evidently the
activity of this enzyme is not sufficlent to waintain the normal

UDPGE={DPGal ratio in rats fed galactsse.
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SUMMARY

Two types of experiments have been carried out.

The first constitutes a methoed for the isolation and recovery of
added UDPhexose from rat liver, The method involved, (1) liver ez
traction with perehloric seid, (2) treatment of the extract with
Dowex 50 H' at a pH of 1,2 (3) adeorption and elution of nueleotides
from norite, (L) paper chromatography for separation of nuclectides
and identification of UDPhexoses, and (5) paper chrometography of
the hydrolysed UbDPhexoses for the gquantitative determination of liberw
ated hexoses (glucose and galactose). The factor preventing guantie
tative recovery of added UDPG appears to be incomplete elution of
JDPhexoses from norite,

In the sewond set of experiments UDFhexose was determined in
livers of rats fed high ralactose or control diets. It was foumd that
the normal UDPGsUDPGal ratio was altered in livers of rats fed high
galactose dists,

This altered ratio is discussed in relation to galactose toxe

lolty in mats.
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