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The literature on the determination of bilirubin is : '
- voluminous, and there prevails a steady flow of papers '
- describing new or modified ' techniques. To a large extent
this is due *to drawbacks and problems *with the availeble .~
methods - rather  than mere compulsive behaviour\by_élinical
chemists" (A. McDonagh, 1979). . ' ‘
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 ANALYSIS OF BILIRUBIN WITH URIDINE 5° -DIFHOSFHATE
; “GLUCURONYLTRANSFERASE

% ALLY SHIVJI

Qse  0f bilirubinf-uridine 5" -diphosphate ‘glucuponyi—'
transférase. 'for»‘%hg analysié of - bilirabin was'studied;
Microsomal \suspénsidn§;, as -well_;s the solybilizéd gnzyme;_
demonétrat;a'capaciﬁies fqr a kinpetic assay bf:albumin}
bilirubin:k1:2) s§1utions_and “sofutions devoid of albumin.

The system was enzymatically coubled ‘for eontinuous monitor-

.ing. Comparison with the ‘Jéndrassik:Grof"method showed a

Qer#r good égféementl‘ 'Analysis of séruﬁ/piasma.sampies waé
‘met_ with interferehce "from élbumin.f Albﬁmiﬁ .appegés to
L iqbibit the enzyme"by sequestering Iree’ bilirubin{”‘and
K possibiy by direét protein—prbﬁein 'iﬁtéraction with ‘thé

:qénZYme. _The low,_specificity of pyruvate kinase, fqr a

. £ v . '
phosphate acceptor, made it. possible to link production.of

uridine 5'-diphosphate to HaUz préduction and bilirubin
oxidation by peroxidase. The activ;ty of"bilirubinnyridine

5?4dipbdsphater'\glucuronylpransfergse‘ could. be monitored

. continously at 460'nm._.Prddu6tion of uridine 5’wdiphosphate

i ¢

\(\lu
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is a feature of reactions catalyzed by uridine 5’-di§hoé—
phate glucufonyltransferases. Therefore, the coupling system

has the pqteptiai “to allow assay of .a number * of UDPGT

isoenzymes, .as well - as their substrates (which Day bg,

N - . - P ~ ’ : ' " ‘ - ..
endogenous metabolites or =xenobiotlies). The pyruvate Kkinase
.can also be  used for the analysis of adenosine 5’-diphos-

"phate,rgfidine.5’—diphosphaﬁe and glucose.

ot
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CHAPTER T
INTRODUCTION S

'A. BILIRUBIN B ' "

1. éenerel propertles

B111rub1n IXA{(BILI) is the pr1n01ple breakdown product of
beme_me abolism. This compound 1s yellow at phy51olog1cal pH
and}is e;ereted oelnly through blle. Therefore,‘ it is ‘also
claseified as a bile pigoent {11. The name, bile.pigment, is

~

a generic term that now denotes tetrapyrroles with a general

i “stru;ture as‘rhe one ,shown in Fig. 1. It is cusﬁoﬁary and

ﬁconvenient to use trivial oaﬁes for bile pigments, because
use of systematic names can become overwhe}ming,_especiaaly‘
~since ‘biler pigments;-occur in a number of isomeric fofﬁs._
Figure 2 shows the IStroctore of‘ bilipubin and 'its conform—
“ation _io ‘the solid 'fo;m ~and ih non—polar-solvents. The

>

systemat1c name for BILI is based on the 21 H b111ne (Flg 1ﬁ

and. is Jknown as 21 H -biline- 8 12 dlpropan01c ‘acid-2,17~ B

;dietﬁenylei;;§;19,22;23,244hexahydro-3,7,13,18~tetraj1
metﬁ§1—1,19xﬂioxo. BILI is also known  as a 5;15%pj1adiene
' BILI possesses peeolier ph#éfoai and chemical charac—
teristice that,areA believed to .arise from 'its'etrgotural"
conformatioq.— Extensive . studies have been‘ condected_,ﬁo_
undérstﬁnd itsAphyeiochemioal broperties; It has been}' |

“h
1



FIGURE 1

21 H-BILINE SYSTEM

ngend
The basic nucleus of the bile pigments and the
numbering system employed,,for'naming these compounds is

illustrated. - - - .

(Borrowed, - without permission, \from:n McDonagh,

A. F. (1978) in The Porphyrins. (Dolphin,D. ed.)

Vol. VIA, pp. 293-491. Academic Press Inc., New York).
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‘L ~° FIGURE 2 .

STRUCTURE AND CONFORMATION OF BILIRUBIN IXe¢

4
o N - -

Legend

.

The prefefred . conformation of BILI, with. intra—‘u

molecular hydrogen. bonds that "lock the molecule iﬂ?gﬁh

bent structure, is . shown. .  Shieldihg of polar groups

gives this conformation a hydrophobic character.

-{Borro#ed; witﬁout.:permissioh frqﬁf ﬁfoderseh,R.‘(1980$'

CRC Crit. Rev. Lab. Sei. 11: 305-35¢)
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establlshed-that this bile pigment'exists,kpredominantly,.as
a bzs -lactam and the unsaturated meso double bonds, at 5 and

15 p051t10ns, have a Z, Z conflguratlon £1,2]. In a01dlc or

neutral aqueous _solutlons, or 1in non—polar solvents; the
conformatlon is very similar to the 'one in the solid.. The

_molecule has a folded structure in whlch the cﬁrboxyl groups\

-

and .NfH groups 'are able ~to part;clpate in strong intra-

molecular hydrogen bonding ~ (Fig. 2). Each propionic acid

' side chain from one half of.the.molecule is hydrbgenebonded‘

with the‘pyrrole'ring of the other half.’ Consequently, the

P

hydrophilic groups are shlelded from the 1mmed1ate env1ron~ ;.'f

oent, and the-moleculewtakes on rather_hydrophoblc_propertles

-]

'[1,3]._:BILI has‘very'limited'soluoility in non-basic aqueous '

media, its solubility has”been eetimated to Be about 7 ‘nM at

PH  7.4. iﬁ fact 1t has a. tendency to form. 001101ds andf

f surface 'films [1 2] ~Solub111ty of thls b11e plgment -

.1ncreases w1th pH In sl1ght1y basic solut1ons (pH 7.4-8. 5),.

v,

-'f2 Acld base properties .

=4BILI molecules apparently exlst as dlmers or eggregetes of

. *

unknown_ st:uctures“ £1l. | In more" ba81c ‘solutions, 'theg'
ioniz&tion ‘of. carboxyl.'ando‘N—Hr groggs d1srupte hydrogen ,'
booding to'bringsabout soluoillzétlonuféﬁ,

R

..0~

5 15—Biladlenes are emphoterlc molecules, in'neutrel‘

solutlons, these pigments are golden—yellow or orange—brown

-



“.\.
- 3. Stabilityg.‘

- , o P ‘
‘1yely_known'rgs ‘photobilirubin, [1,21.

‘(doncentrated solutions), - and hence. called rubins [l].‘-Ip
strongly acidie or basic‘environments.'the BILI solutions are
deep red. The  colour . change . results from pfotonation of

1

carboxyl moieties (in acid) ‘or ionization of the N-H group

- lactam ring (in base). The acid-base. properties are poorly

understodd;rand there is a generdl disagreement regarding the

ionization constants. In water, the pKi. and pKa have_beén

~ estimated to be between 4.3 and 5.3 .,[1,4].

. + CEEN ' . '
i ' Al -

-,

" The cenfra}*methene”group -of rubins is high1y1Unst§bié

in visible light and susceptible to: attack by electrophiles -

'[1,2]." Visible light oxidizes "BILI to biliverdin and other

-

products. This- reactioh..proceeds at a fgster rate in.the

. - " % o . . Y )
presence gf‘singlet'éxygen photosensﬁtizers like riboflavin

Iand,porphyrins;f‘and‘mﬁreover? ‘the oxidation p:ddudtsﬂapbearr'

-£d piopégate'oxidatiéﬁ‘of‘BILI.]Thé‘mechéniSm ;is.not clearly.

"understoodt'rThEre-is subStahtia1 évidence that suggests biue;"

o liéht-KAOOfSOO pmi\ié feSpogsible for prtoisomerizatidn.‘

The'Z;ZAédnfiéur&tion'at.meéo double bonds is.‘disrupted, §hdj‘
BIL] is qunvepted‘fo water soluble . isomeric fdrm§ co11ectf

.

'The rate of BILI

'“='@§hotq;ox1dation is '_dependent- on numerous factors which

: ‘ihcludg-the‘physical_,statg of  the pigment, concentration, .

medium, . oxygen confenti of fthe systém, _?H, intensity and

-



-

~

" e
"t

vavelehgth of the light reaching the _BILI"ﬁreparation;
ete. BILI in solid'state .ie ouite stable under room 1lght

In non~polar orgenlc solvents)- the central methylene group is,
apperently protected h% the 1nv01uted‘structurea Therefore,
such soiutions 'ﬁfe also 'feirly- stable.. Aqueoue BILI.
_solutlons are generally unstable, espe01e11y at hlgher pHs or
in the presence of tran51t10n metals like Ni and Fe . Deter—

L

gents and albumlns, whlch promote SOlUblllZ&tlon of BILI elso.'

have a’ protectlve action.

4. Albumin binding -
Aqueous solutlons of BILI ere 'commonly prepered'with‘

'albumln as a oarrler molecule Thls blndlng property of

'albumln makes p0551b1e the preparatlon of fairly ooncentrated o

aqueous BILI 501ut10ns at phy51010g10a1 pHS,'WlthOUt ev1dence‘
 of 001101d ‘or pre01p1tate formatlon Albumln blnds BILT

-~ -

flrmly; yet rever91b1y [1,2,4].' The ?axlmum b1nd1ng cep301ty
_of'huuan;sefuu‘elbumin (HSA), for I BILI, 'is still a matter of
.conbfoueféy..Thefe'aﬁpeere 'fo.Be at leest one hlgh efflnlty
blndlng 31te per molecule of albumin. The number of secon-
‘dary binding .sltes,has been reported_to rense from ?-3: 'The '
Jassooiauion constahte ere estimated to be 107~105'M;1‘for'£he .
;.high affinity' eite “and- ebout . :M' for the eecondary‘
-eites The b1nd1ng of BILI i belleved to oceur to e"

'hydrophoblc'j 51te-“ through - hydrophob1C- interaotionsl and



hydrogeﬁ- bonding . Fnrthermore,_ the prcferrréa involuteo f.’

structure of BILI is supposedly maintained The binding is~
4

characterlzed by »appearance of the absorptlon maxlmum at.455";

nm (pH 7.4)‘wish optlcal sct1V1ty 'in' the v1s}b1§ reglon.
This complex of albumln BILI - ; aS'menEioned earlier, lﬁss
‘susceptlble to photooxldatlon and enzymatlc degradat1on
f_ These observations _suggest‘ ‘that ths' albumln env1ronment
.-p:otects' BiLI by limifing access. to 'the'centraf“methenei"
.group Bov1ne serun-albumln (BSA) 1s ‘more. commonly employed |
_It caﬁ\\\lnd two equ1va1ents of BILI ‘.Tne. as5001at10n
constant £0 the hlgh afflnlty 51tes has heen estlmated to be
around 3-7 'ﬁ :_107 M- 1. _ Thef.absorptlon speotrum.max1mum
‘.'locE:u;s at 4?0 nm‘. : o | -
B. BII.‘.I‘RU-I’BIN. METABOLISM ' . T
_Approximstslyo‘éso—éoo mg .of. BILI ‘are produced dally'
[5-73. The maaor source (65 75%) ‘of' this blle plgment is
hemoglobln ‘f‘Thé. rsst is derlved from turnover of hemO* _
'protelns present 'in'_thel liver acells Contrlbutlon fron

other tlssues is relatlvely 1nsign1flcant

BILI is the flnal product of an oxldatlve cleavage, of
“the heme, by én: enzymatlc system collectlvely known as:the

mlcrosomal heme oxygenase system

, The sequence of reactlons that form b111verd1n, ths;_
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' immediate precursor _of BILIT .is° schematically "shown in "’
: e oo

Fig. 3. The cleavage of the drmethené° bridge ' carbon is -

quite specifio,. however, minute amounts of‘slxp IX! and IX§

i

reaction [3]. The major sites of?‘extrahepatic_ BILI
*t . . )
productlon are the spleen, bone marrow, macrophages, and the

IR

ko

bilatriene, is reduced to b111rub1n by a NADPH dependent

‘biliverdin reductase. . ‘ e

- .

N Conjugation of BILI -isffﬁjhneéessary requirement™for
e o - . . D e

excretion. BILl:from non—hepatic sources 1s “transported tp

i

the liver for conaugatlon and secretlon 1nto the canallcull

: Its llpophlllc nature allows BILI to cross. membranes read1;y

%

In ‘plasma .BILI becomes t1ghtly bound to albumln,aand is o

(Y
-_‘f.

L .p"

.transported;to the llver as & complex Slnusordal fenes—ﬁwt'“

»

e

_tratlons, in the 11ver,_prov1de easy access for the albumln

BILI uptake 1s not yet fully understood‘ It appears to be a

v v

carrler medlated u prqcess ‘ Once .ingide ‘the 'cell BILI
. ’ ‘* ' . ) “_.. -~
supposedly blnds to cytosolic prote1ns - mainly'llgandln‘,

(glutathlone S-transferase B) The exact role of 11gandin 18

storage. of 'the-‘BILI' pool mlnlmlzlng__reflux‘of cellular-
':b111rub1n 1nto pﬁasma, protectlon of subcellular'atructures.

from potentlally toxic eflects of b111rub1n, and transport of

A,

- ;» . ) ' S Y

- Mlsomers do occur, but they may be products of a non—enzymatlc

'BILI to the hepatocyte plasma membrane The ‘mechanism ofo

ﬁ.

proximal tubule eells of " the kldney [5] Biliverdin, a..

!.,: -

: unknown but. several roles have been postulated that 1nc1ude .

[

e

L



FIGURE 3

-

| OXIDATIVE CLEAVAGE OF HEME

Legend . (

Shown is a‘possible mechanism by which heme oxygenase

system may break down heme to formggmbiliverdin, the

*
[

immediafe precursor of BILI.

“
- A L2 - x

(Borrowed, withoit _permission from: Kikuchi, G. and-

Yoshida, T. (1980):Trends Biochem. Sci. 5: 323—32;),'

L1
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BiLI to the endoplasmic retioulum (ER) for gfhcuronidation.
.It-has been postﬁleted that 11poph1110 - BILI ‘may be trens—
'ferred to theg-ER“for 'conguggtlon wvia a direct membrane—
_membrane diffusioo process.'-The intracellolar‘proteins ey
have a ooduletingl effect on'the intracelloler‘m0vement'of:
'BILI, and therefore, on the rete of oOnjugetioh [5] ~ The
diffu51on process mayueccount for the reflux of 1nterna11zed"

bilirubin back into plasma (37%).

Conougatlon of BILI is 'caﬁalyzed 'b& ‘a membrane bound

‘ {enzyme, BILI urldlne —dlphosphate glucuronyltransferase

"_(UDPGT) [EC 2 4.1. 17] One or-bothlof the‘carboxyl substitu-
ents may be esterzfled w1th a glucuronyl moxety In homahs;
-the”wp;le. contains malnly BILI dlglucuronlde {BDG)Y, with

'boﬁhfmonoglucuronide { BMG) 1somers 1n_rough1y equal ﬁropor— -
- Y . - . -
Y

tions._Formatibn of the dlglucuronlde _apparehtly‘takes plaoe

in L two steps. The monoglucuronlde is_ formed: first end
uridine 5fjdiphosphete glucuron;c. e01d (UDPGA)' seﬁves es.

a cosubstrate.
- T

‘The congugated BILI is ellmlnated by secretlon into

‘ the b111ary traér In- the GIL tract a'sqbstantlel proportlon

': of the- conougated b111rub1n 1s-degraded‘by bacterial actioo.

.- - 4

- to colourless t‘tetrapyrroles' mesobilirubinogen, sterco-~

.bilinogen, urobllinogehii oolleo_ivelyaknowﬁ-as*urobilinOéen.
. About half_of-the drobilinogen fs'reabSOrBed and the bulkxof
' it is 'recycied&to‘ the liver, _where‘it is_converted 5aék-to_‘
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=

BILI [71]. The're?aining urcobilinogen,’ in the Circuiefion. is
exCFéE by‘way of the kideey;” Some of the erobifinogen in
' ﬁhe Gl tract is.converted'ﬁo urobilih {an orenge;eroyn '
‘jpigmeetsewhieh-éives etoel its cherecferistic pigeentetion.

: Ceejuéated BILI; under nofmal ‘eonditione is excreted almesﬁ.
é#cfusively by-the liver.’ The presence of BILI in the urine
may be detected when levels exceed the cap301ty of the kldney'

_to ‘reabsorb it from the glomerular flltrete £81.

\-

,C EFFECTS OF ELEVATED BILIRUBIN o o  " . T
BILI beceuse of- 1ts llpoph111c character, can partitioh
into membrene ' structures o ¥ crossﬁ them " by d1ffu51on
Elevated levels 1n the- 01rou1at10n, by mass actlon, lead to
:1ncreased leyels in the 1ntracellu1ar pools and structereli
'coﬁponente_ef_eelis; When membrane content ‘is. suff101ent to“'
: teke:enle yeliow shade,rthe tissue 1srsa1d to be Jaundlced or‘:,
iCterie‘ Chron1c or 1ong-term exposure. to hlgh levels of BILI
‘ean 'result ih-‘lrrevers1b1e damage to neurologlcel tissue

'Howefer,.the liver’s high capa01ty te handle ;ncreased BILIT

"t 'load offers some protection by keeping levels in the

..clrouletlon falrly low f.Ih ‘additien, high pleSma eibﬁhinl
fjﬁlnkmlzes the avallabllleﬁ‘ef ffee BfLI;_the active freQQioe.
that ~can “enter _cells. - Toxic. effects of “BILI :ihélude
ueoeupiiﬁg'df eexidetiVe' phoeﬁhorylet{oh[- loss ef‘membrenee

a

¢ ‘ Y



‘-blood-transfuslon,
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t
integrity, and interference with RNA and protein synthesis,
carbochydrate metabolism, and a host of, enzyme activities._ln
humans, BILI encephalopathy 'oostl& .occurs in rare genetic

diseases 'and in the‘ newborns. At ‘birth, the ‘activity

‘of UDPGT. in human liver is quite-low, and.increases at an
exponent1a1 rate to reach adult levels within 14 weeks.
'Durlng t@ls period, the neonates have a limited ability to

i.conjugate and excrete BILI Consequently, '_unconjugated

BILI‘can reach very hlgh 1evels Thxs condltlon is termed_-

phy51olog1ca1 Jaundlce, and encephalopathy (kernlcterus) may -

v

occur 1f approprlate measures are not taken The most common

- therapy to 1ower 1evels of . c1rcu1at1ng BILI 1s phototherapy,

pbut“_int certaln cases.,lt may be necessary to 1nst1gater

C LR

_D DISORDERS OF BILIRUBIN METABOLISM AND HYPERBILIRUBINEMIA :

Bllirubln 1evels 1n the c1rculat10n reflect the balance

t

- betWeen"its ‘ rate of ' productlon‘ and 'clearance. Factors
' that increaSe i BILI 'production‘ or lioterfere “with, its
‘_elimihation- 1nvar1eb1y cause .anp elevatlon‘ in‘circulatihg,
‘1evels ISZ?]. Hyperblllrublnemla can be due to an’ elevatlonpt
in the\levellof unocon jugated BILI,fconjugated BILI, ~or both.

Factors that can impinge upoo this sytem can be Qroupedtinto,-f‘

three types: prehepatic, hepatic or post-hepatioc. . Sooe‘Of{i'
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the congenital 'hypefbilirdﬁinemias will berbriefly described
to exemplify the BILI profiles.

B
v

- Prehepatic
Those are mostiy"hemolytic syndromes} brought abdﬁt by
hefeditary red cell énzyﬁe defects. The disordérs involve
. the glycolytlc pathway, héxose monophosphate shunt, and the

purlne—pyrlmldlne metabolism . [9]. Hyperbilirubinemia,
b . :

. predominantly. of. the unconjugatéd typre, is. a result of -

incfeased red . cell fr&glllty {71. Plasma levels do not
generally exceed levels beyond eight_times, the nofmal upper

.“11m1t [5).

"hepdtic

Défedt; here .can"dccur- ‘before conjugatioﬁ;  at’~the'
congugatlon step (UDPGT), or post congugatlon

The preconougatlon defect such as in Gilbert Syndrome,

1nvolves 1mpa1red hepatlc uptaks qf‘-BILI w1th 'sl1ghtly

deqreasgd ‘levels of ‘UDPGT activity Mildl but ﬁqrsistent'

| elevatlon in levels of unoongugated BILI Aré dbseryod. At

the conJugatlon level the 1mpalrment can 'be. geve;é‘ aé in

.-lCrlggler—Naaar Type I' dzseasoh " This fatal- conditioh‘is

characterized by total lack of BILI UDPGT activity, and by

) ve;y-high‘ ievéls.of‘ uﬁcdnjuggt§d BfLI (S.EC timeS'thé.u#pér'_

normal limit). These batie@tsl demonstrate palev.yellpwror
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white bile; togethef with low ufinary levels of urobilinogen,
a feature-‘ofr impairgd ‘_EILI excretion into bile.. In
eriggler;Najar Type II,VtheVQefth ié'iess ﬁronouﬁced, there
Ais_ 'soﬁfg getivity. _qf- BILI UDPGT. Le#éls_ of conjugated BILI do
not usually exceed 26 times ‘the upper nﬁrmal limit. The
{iconjﬁgated fraction éonsist; qf'mainly BMG. |

:The;defepts.occurring afﬁer‘ the éonjugation rstep are
éharacéerizqd, by  an accuﬁulation of con jugated BILI %pd
' soﬁe unconjugated BILI.‘Defectsrcah beléf the funétiohal type
{(i.e., transport of stdrage), br obstructive, where fﬁe_flow
- of conjugated bili to the GI'tfgct is obstructed as a result
of  stasis, The . Dubiﬁ?Jéhnsoé S&ndrome ié éharabteriged by .
imﬁﬁired'pranspopt of Lorganié ié;s ACross ‘the canalicular
mémbfané; -As a yesult,' cqnjugatea BILI 1levels 'ip the
circulation_becéme elevated and elimination .by' way 6f the
. kidney ﬁakeé p1a¢e. | . | - |
POStﬁepatic.

- The obstfugﬁi#e types, which cap.jﬁvolve the liver, or
-thq'post' hepatic ducts;afe marked-by stasis Whiéh prevénts
flow of _éohjugﬁted'BILI to-the CI tfact;.'Conséquently, the
bilé _ié“ pa1e yéllow- of ‘white. Thesé- individua1s3ex¢re£e_'
él§vatedf émounts' of fconjusafed BIﬁI- and -lcw'.leVels C’fl=
‘ drobilinogen‘ih‘the urine}‘Signs;ﬂof liver damage idreiglgo' o

~

present. -



E. ANALYSIS OF BILIRUBIN )

... Analysis . \\f blllrubln‘ levels in: bodyﬁ ;ieids is - e
commonly used dlagnostlc procedure Itlcen ﬁrovide importent
;nformatlon‘regardlng the funotlonel integrity_of the hepatio
ftiliary.s}etemtﬂwaurthermore,_ it is 'necessery to;monitor
JEQEIS-Of circulating bilirubin ‘in certain‘disorﬂers‘end in
neonates, to havoid rbiiiruhin—indnied encephalopathy " The

most common methods of bllzrubln analy51s in the c11n10e1

laboratory, are spectrophotometrlc ones, - elther‘ d;rect or

" o

- following diazozation with aryl diezonium‘ions {11.

L R

.- , L .
1. Direct‘sﬁéctrophotometrio anal sis- | '

The -major ahsotption ben of" b111rub1n occurs between
'400—470 nm. The extlnctlon-coefflolent has been estlmated to
be 5 0-8B. 5 X 10‘M‘1om"- _ The shape end the posut:.on of Amax
varies W1th the solvent and the nature of subst1tuents on the
pyrrole rlngs '-_ | ,

In the serum, 40795%iof ‘the yeliow ‘ooloor' is due to
BILI. :,The rest is ;contributed by cahotene,“xenthophyll
‘ester, bilifuscin and mesobilifueoin"CIOJ.l Although direct
sﬁectrophotometrio_ analysie' is 81mple and fest, it soffers
-intefferenee froml heme contelnlng plgments (4?0;460 nm),

S

turbidity; and dletary p1gments [1 2, 10]

——
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2. Diazotization methods
The moet commonly used methods ievolve the ‘d;azb'_
- reactions. . Of the known b111rub*n01ds, bilirubin; dehydroxy-
bilirubin, mesoblllrubln and dehydromesoblllrublns react with
aryl diazonium ions to- produce red—v1olet dlpyrrollc azo
‘derivatives [1,10]. ' Of these, only BILI is found in the

circulationltlol.- o &

.-4\'
3t

and, 11 ‘ﬁoeitionS‘ “to produce two 'equivaleﬁts Cof

_The-eleetrophilic“eryl diazonium ions react at *the 9

dlaze—dlpyrroles and formaldehyde | Wifhf_the‘ first_atteck;.
" the o reactlon produces‘ : onej  ezodipyrrole: ',(rinyl:
1soneoxenthob11rrublc. 'acid  for ‘ ezoplgment)) 'land‘ one'
equ1valent of hydroxypyrromethane carelnel._ The 1atter 1n
'the presence of aromatlc*amlnesﬂ reacﬁs-'ﬁitb another-dlezon—
iem lioh Vt¢ fere ‘ﬁhe ‘eecond‘”ezedip&rrole.' SinceVBILI is
.fuqsymmetr1ca11y subst1tuted the azoplgments'Athpe fermed ere
'1somerlc forms (Fig. 4) ' \ . _ o
In 1916 Van den Bergh and Muller [11] sbowed that two‘-
‘types of dlazo reactions .oocur in .serumesamples.' A dlrect
reaction that ‘occurs ie'.30 eeec and.an indirect one.whlch._
-_requ1res addltlon of alcohol The‘direet 'reacfing'fraction'
‘contalned the water soluble conaugated BILI, endithe indirect ;
"contalned uncon;ugated BILI : Azopigment : derired ?fromer
unconaugeted b111 is referred to as ezoplgment A and the one

from the esterifled form is? azoplgment B Some authors
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' FIGURE 4

'REACTION OF BILIRUBIN WITH A DIAZO REAGENT

. . “/‘.
'ngend

Mechanism of the diazo - coupling reaction: with
bilirubin to form azo derivatives that absorb at” 530 nm

_at acidic pHs.- e

(Borrowed, withdut,‘permiéSiony'from: Hutchinson, D.W.;

~ Johnson, B., and Knell, 'A.J. (1972) Biochem. J.
127:°907-908). . - - . T

~l

\
. 4
S ’
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p TN
' .
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have referred to ezocompounds as azobllllrubln A or B. This
'nomenclature 1s mlsleedlng beceuse these names 1mp1y thet the

) tetrepyrrollc morety,' after reectlon w1th dlazonlum 1ons,'
. ] ) . v" -
remains intact [3]. =~ = SR - -

There ere ‘two. types .of diazo reeéents o Those thet_.
produoe'weter soluble azocompounds are referred to as type I
.reagents, “type II reagents oq the other hand yleld product;:
thet are 11poph111c or soluble in organic solvents [3]
.Consequently, wlth type II reegentsh extract1on into organlc
solvents 1s necessary before spectrophotometr1c measurement :
Lower blanks and greater sen51t1vity ars the attractive

features of such methods [3]

;The‘ methods- \most“ _wldely I-used” in © the 'cﬁlnicel

-1aboratories employ type I reagents for practlcal purposes

_-Although many versions have been formulated 'the most common:; o

ones are’ those-based on ones descr1bed by Evelyn and Malloy:
| [121, or Jendre831k and .Grof E13].-:_Both use d1ezotlzedif
- sulfanilic aecid (Efbenzene diazonium sulfonate) as the

electropﬁiliCsreegenﬁr'

*tEvelyn-Malloy Proeedure

" These’ 1nvest1gators used methanol '(et 50%‘final'concenf

t”tretidn) to 1n1t1ate the indireet reaction. lnghelllower
'concentratlon of alcohol reduced turbldlty from pre01pitet1on;

of serum protelns and loss of BILI (by edsorpt1on to



precipitated.{'protein) B Methanol ~in neutral or ‘acid
t solutions. apparently promotes the . coupling reection by
solubilizing thea unconaugated BILI,,'The‘disadvantage of this

(ﬁ;rocedurelis poor~precisioeidue.torhigh sample dilution [10].

Jend§p551k -Grof Procedure
v

In th1s method caffelne/sodlum benzoate mixture is

used - a8  an acceleratlng agent for the 1nd1rect reactlon =

Alkal1ne tertate is added to Shlft measurement to 600 nm
(from, 530 nm) to reduce potentlal 1nterfeneece from othcr
semple.componentS'[iol The functlon of the sodlum benzoate
is - ‘ dlsplace BILI from albumln, and caffelne serves to
.solublllze the BILI and confer steblllty to the azoplgment at_
.the"alkallne- pH ;j].. ;Pre%&s1on‘ with thrs method 'is much
pettéf;” o o o

iAlthouéh used for‘estimeting;odlirubinfrecﬁionsn These
methods (ere';hot';satisfacforily eccurate- oreprecise The

' d1azo reactlon 1s complex end is affected by many varlebles
Sl1ght modlflcatloqu,yleld different results Tﬁ;s obser-
-vatlon‘_hes Vbeen‘ attrlbuted to non- stpxchlometry in the
. :reection oinj;'.'Most of the dlssatisfactlon lies’ w1th theﬂ

"estimetion‘ of the d1rect. reactlng p fractlon. Colour :

JdevelopmentfbontinUef‘_past fhe'lnrtlal rapid"reaction;q;Lich
}posesde”problem_of.selecting an’apbropriate'time to ohtain an’
“-estimafe -6? the cOnjugated BILI. Apparentiy a significant

e



“only est}mate the topal.BILI_fraction”,

proportion of  the conjugated BILI does nemireeet during the

o -

" time frames plcked for the d1rect reaction. ' This fig_{:rther

confounded by contrlbutlon ‘of colour deﬁelopment by the

uﬁconjugated BILI [101. For the Evelyn-Malloy, 1t has

been'ergued. that values for the extinction coefflclent and .

)\mex differ for aqueocus and methanol COhteiping_soldtions;

Therefore, eqdéfing veldes of the total andjdireet‘fractions,

.to obtain levels of unconjugated introduces error.

3. Enzymatic method

~ ' Recently, an enzymatic-method : emplo&ing'BiLI oxidase,

hes been developed. This enzyme ox1d1zes BILI (conaugated as .’

well ‘as unconjugated) to blllverdln, and other products

Farthermore, the enzyme has the capacity to act on bound and <

unbouﬁd‘BILI. Its ectivity‘ iéi mehitored 'by observing ‘thé

- decrease in abeorbance at 460 nm. The procedure 18 Smele{

Afifast _and qulte accurate -[14], Howeverh thls procedure can -

T, : - - A N Y - - Lt . . AP
“rE - N - - . . - - . i

e

i b e

o e

F. URIDINE 5’;DIPHOSPHATE GLUCURONYLTRANSFERASES

"‘1 General propertlee_

Ur1d1ne—5’-d1phosphete glucuronyltransfereses

.(EC 2.4, 1 17) also referred to as UDP gluquronosyltrens-

' ferases, represent act1v1t1es .that cetalyze conaugatlon

—n.-f. .

-,



of a large number . of éndogénous‘metabolites and xenobio%ics‘
~ with glucuronic acid, to facilit?té thqir excretion from the
body (15, 161. Glucurcnidation is, by far, the nost
ﬁnedominaﬁt copjuggtionfréactida‘ih the body and an-iﬁppfﬁant
pathway. {or détp#ication “in . ﬁ&h' Li5,16].; The'glqéuronyl_
‘moiety iﬁpgrts water solubility. to hgﬁ;ophﬁbic compouﬁdé;
‘;uhich are ﬁhen excretéd through‘bile or urine. The mechanlsm
. for glucuronidetion has not been ;luc1dated The- glucuronlc?
" acid hfunétionality is transfepred from UDP—-(—D—glucuronlc
acid (UDPGA) to an acceptor (aglycone)gto"fofm an g—négiuc-
- uronide. The inversion at‘ﬁhe‘ anomeric carbon of;glucgfonic
acidzsdggests a'nleéﬁphilic type of displacement Byrthe
aglybong -C[15,16]; Théreforer"étructures wiph ”hydroxyl,
'carboxyl, §U1phydry1, ,gnd even carbon can be gluchonidﬁted

(15-171.

1

. =
The 1iver is the major 31te of glucuronldatlon howevar,}
”"vother tlssues also contaln ‘some UDPGT act1v1ty (15, 16]
Inside theo-cells, the act1v1tles are w1de1y,q;str1buted,zand'
are present.mos£ly within the memﬁranes of smodﬁh :and'fough
endoplasmic reticulgm.‘Small_ amountg of UDPGT‘adtivitiéézére;
also associated with the membranes of goigi; nuéleus and. -

mitochoﬁdria [15]. 'Membrane-bound preparatlons (freshly pre—

rpared) exhlblt 1&tency That ié,: the act1v1tles_ of UDPGT

~

are’ enhanced aftep memhrane perturbatlon (e g » péchanicai,

_disruption;'gging,.fréezB/tbg&ing,-or exposure tq,détérgehts,
: ' o ’ . . . . . .

-
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proteases, phosphalipases or .certsin chemicals) [151.\de‘

models have been: posthlated, based on -experimental obser-

vations, to explain 1atenoy ahd.the assOCiated'kinstics.-Thel
propooents of tﬁe-compartmentation_ modol bolieve‘ the enzyme.
to: be deeply embedded within the oembtsns lattice with the
- 'actlve site on the luminal side [18—21]..They‘maintsio'toat
ilatency‘ is an‘_exprQSSion of festficteo _entry of polar;
oossbstrate: (UDPGA) or the egress of .ths- product. So.

activation removes this barrier or makes it -leaky. The

‘SuPportets of the llpid. oonstraint“oodel; tstguel that the
'eozyme’s;actite;.site'is:exposed to.thetcytpsol;fThe ;emb;ane
envitonment'detsrmines .the'conformation'sof-ths ttansferass.
;;gnd th&s, Fmodulates.:its actlvit§ '[22,23]l.ACtivstion is
logkéd upoh as a cdnformatiOnal‘ohanEe (i}g.;'relasatroo:or
"readjustméot ‘of' llpoproteln complex) Thése“'oodels -sfs‘ a

subgect of a v1gorous debate,.and although still speculatlve,

there is ample ev1dence " to support both perspectlves_

—

tl5—l7] It is generally agreed that the enzymes are latent o

Ciny l”o,' and can be aotlvated by endogenous act1vators like

'UDP—N acetyl glucosamlne (UDPGLcNAc) ' Accordlng : to the

compartmentatlon model a transport system (perme&se) for

\ .
‘transferrlng UDPGA to the enzyme has been postulated UDPGLc-

$

NAc stimulates‘ this_transport system, and concurrently. the_;7

aot1v1ty of UDPGT T18]. Wlth the constralnt model, the UDP— )

GLcNAc binds to an allosteric 51te to actlvate the enzyme (by
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lowerlng the Km for-UDPGA) [24] .
.The capa01ty to glucuronldate the wide varlety ‘of
compounds, bas been attrlbuted to exlstence of more than one
_ form of . transferase [15 16 19]. -Ev1dence suggests the
existence of a number of 1soenzymes with wvariable degrees-of'
'overlapplng 1§PBCIf1C1t16$, whlch fac111tate the congugatlon
of a. Qide, rﬁhgeﬁ of oompounds [15,17,25-30]. The current
notion io tha; two distinbt ﬁg;;I;tions of UDPGTs'exist}
.foq‘exogenousuCOmpoonds and ohe'fog endogenous ones fl?]. The
-forms .céﬁalyéing "tHe' conjogation' .of" the ;endogonoosl
‘meoabolites hpve loﬁ’capﬁcities; ‘high‘ ﬁffinities,f and:shdw
otfict 9ubstrate sﬁecificiﬁies;:This oopPOSedly‘énsurés
éffeéti?é‘eiimination ‘of'these compoﬁndé, The forms for the
exogehous oompounds éxhibit low_'éffinities. high capacitiés
(Vmaki} diverselsoecificitieqé. and' can ‘be-'indﬂced ‘to a
greateé'dogreg{- Conéequéntij;7dfu§s can be‘ metabollzed and'
, disposéﬁ .of'L effioiehtly"[17]; Anopher maaor dlfference
'Betweeni'tﬁeo two-”poﬁulations is ‘prGSeooe ~of act1v1tles..
'assoc1ated w1th exogenous compounds, ‘at biroh{ The populatlon -

assoc1ated w1th the endogenous compounds develops after blrtho

'-[17,30.].. e

2. B111rub1n conausatlng act1v1ty L

A transferase proteln with a hlgh SpBC‘flClty for BILI f f-

l

'hgs boen isolated ;n‘a pure form f:om rat 11ver_[31—34], I£1

.'_'fﬁ . '
. - - o
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ib111rub1n monoglucuronlde glucuronosyltransferase

r

has an apparent molecular weight of 53-58 Kda [32]1. Intra-

cellularly, this enzyme appears to be widely distributed.

The majority of  the -activity is ' concentrated within the

membranes of the ER, with some in the:-golgi and nuclear

envelope [35]. It has been well established that human and

rat bile contzic predominantly. BDG. Yet, in vitro studies
("1 ' -

with BILI have™shown synthesis of mainly BMG with small

 quantities of BDG, when BILI is incubated with UDPGA and
UDPGT [34,36-39]1. The mechanism of BDG formation has not

_beeh*eeteblished, and is en issue of an on—going debate. It

~ . g
is sgdreed that 'the synthesis of BDG takes place in two

steps Formation of. BMG ocours f1rst it is then converted to

LY

BDG._The.dlsagreement lies at the synthe81s of BDG from

BMG. One school of thought is, as the long—held cla331ca1

[y

~bresumption, that a second molecule of, glucuronlc_ acid' is -

r

‘attached to the second half of BILI by the same'eozyme
5,34, 40). | | | '

T
G

The opponents of the above perspectlve believe that the

-capaclty of UDPGT'to form BDG in vivo 1s 1nadeqoate1;and that-

“another  enzyme is 1nvolved Apparently,‘ thls enzyme, -

- (EC 2.4, 1 95) is located- at the canallcular plasme memb-

’

ranes. It catalyzes a dlsmutatlon 'reactlon (transesterlflc-‘

l_etlon) 1nv01v1ng two molecules of BMG E38 41- 43]

R



BMG + BMG -—-----------> BDG + BILI

The physiological importance-éf each;meohanism has yet to be_
established.-A ﬁhir& mechanism has been‘suggested L44]. These -
workers, _usingf  radiation imectivation to .oetermine ‘the
molecular weight of UDPGT, obtained an apparent value of
43, 000Q (oompared ‘toH53—57 OOO rwith conventionel'oiochemical
.techniqoess, They proposed the BILI oonaugatlng system to be
‘a comblexl of four -subunxts, whlch can’ be d1$5001ated eas11y
'by detergents The monomersmhave» the ablllty “to synthe31ze
BMG at a fast prate'bgt“cannof form BDG. Formation of BDG is.
only posslble when tbe tetramerlc form is intact. Thls is an
1nterest1ng-postu1ate, however,‘lt does not .concur w1th the
'observetlons that 1ntaot mlzrosomes, whlch presumably have an
" tao . mplex, also synthe51ze,predom1nantly BMG 45, 46]
More recent :ev1denoe_ suggests that the form in wh1ch the
'smbstrate'is'presentedfmafi Be'en 1mportant factor A hlgher
‘proportion of _BﬁG;‘resemoling.the profllerfound in ratoblle,
1{was'oboained whem‘BILI wes presented'in'a..liéosomel.prepera~f-
tion."[373"These'*results‘ support the notion that BILI 1s
'transferred to UDPGT through membrane membrane oolllSlons or

L Y
diffgs;on. Furthermore,' 81nce comp031t10n and‘structure of

V,the‘_membraneT have‘;a pronounoed effect on aot1v1ty, fhe' i
:fphospholipidssmaxf play a role‘;nHoorrectly qlignlng-the BILI:
_ molecule for the enzyme [47). BILI UDPGT is a thiol'"

-

3
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containing enzyoe that.reqUireS- PhOSphOllpldS end magnesxum :
ions for act1v1ty {17, 24 31,32,48]. The locatlon of the thiol
group is thought to be removed from the active site [489].

L1ke other UDPGTs, it ' is latent in freshly prepared micro-
‘.somee_ ena can be ' actirated'.by  ‘UDPGLeNAc or membrane‘
 ‘perturbat1on |

Klnep;c propertjes of this enzyme_ heve_beep idveetigated
[23,24,39,50-531. However, results do not cohour. It is
'thought that differences in 1solat10n procedures may have led--
to preparatlons w1th different phosphollpld content [17]

'1t is qu1te poss1b1e that forms with klnetlcally‘dlfferent
preperties‘ were ¥ obtalned Furthermore,. modificatidh"of.
experirental condltlons for optlmlzatlon purposes, probably;
led, to altered klnetlc behav1our Therefore,‘ klnetlc pare—'

meters requ1re a re—evaluatlon under-controlled condltlonsy

G. OBJECTIVE -

. The prlmary obaectlve of thlS study was to 1nvestlgate

the p0551b111ty of employlng the membrane bound enzyme, BILI L

UDPGT to determine concentratlons of, BILI in solutlons/ _

-flur@s. If the 1n1t1e1 results yere fru1tfu1, then analysis;
of .serum/plasme _Samples ~would - be'_sﬁudied{ The ‘prop08éae
" reactions for‘rthe _enalysis Qf_BiLiffraetiene ere-outlined;

belowf‘



UNCONJUGATED BILI: -~ _(
. o UDPGT \
SERUM + UDPGA - —=-n----=--== > BMG + UDP
TOTAL BILI: - .- &
* UDPGT - ST T
SERUM + B—GLUCURONIDASE ------=> BILI + GLUCURONIC ACID
TREATED SERUM + SACCHAROLACTONE + UDPGA -<-4——> TOTAL BILI ,

Unconjugated BILI is a substrate for UDPGT,. therefore, the '

:flrst reactlon would prov1de an estimate for the unconaugated

. fract1on Treatment of sample 'w1th B—glucuronldase would,.
‘j_convert BILI glucuronldes to BILI. 1,4—Saccharolactone, a

‘ potent' 1nh1b1tor of - B-glugﬁréniddsé, would subsequen ly
éérmitndeterm1nat;on of.ﬁotal BILI. The conaugated fractlon o
',Wduld bé Calculatéd by subﬁfactlng the‘-unconaugated value'
;ffdhhthe- total An enzyme coupled assay. was desired, and the
SUltablllty of employlng the- system descrlbed below [25] or a U'

N modlfled,ver519nlwas also 1nvest1gated,

UDPGT.

" BILI + UDPGA -------=--==-=> BMG + UDP"
PR o
unp + PHOSPHO(ENOL)PYRUVATE D PYRUVATE + UTP "
1D - 3 N
PYRUVATE + NADH --*9-*-‘-> LACTATE + NAD*

—_—"

.
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-Tﬁe_key énzyhe fhat fa&ilitaﬁég‘an'enzyme céupleﬁ assay fof
. the UD?GT'systemfis‘pyruvate kinase (PK).  This;'enzyme has &
rathér - low 'specificity'pfdf a iphgsphaté acceptdrf" This:'
property was further eScplo-ited. Prel_i‘mipary work to _estab—.
lish suitability of using PK for .the analysis of adenosine
;'5'Q&iphosphate (ADP)Y, . uridiqé 5’ -diphosphate 3(UDPS;- and

glucose, was also carried out.’



CHAPTER II R
MATERIALS AND METHODS

A. REAGENTS | A |
'Q—AminbantipyrinefﬁAP),‘n—butylacetaﬁé; B,E—diCHloro—Z—
. _hydrogybehzénesulfonicMacid {sodium gslty(ﬂbcss); and
-2-pen£an6né were obtained ‘from Aidfich‘Chemical Co.
-(Mllwaukee, WIS. USA) _ } J.

‘ Lactate dehydrogenase (LD) (L lactate NAD_oxiddreductasg,
_EC 1.1;1.27) was _obtalned- from Amano IntérhatidnaifEnzYme
" Co. Iné. (Troy, VA..USA). |
' Folin and “Ciocaltéaq"reaggnt'-yas'sbtaiqedrf:§m British
‘Dfug'Hone (Toronfpiloﬁ,fcanada). ‘ ._- | |

‘ Pyruvate kinase : (PK)(ATP: _ pyruvate _2*Ofphosphotraﬁsf

ferasa, EC 2.7.1. 40r from rabblt muscle) 'WaS'bbtﬁined from
Boehrlnger Mannhelm, (Dorval PQ Canada) .
Octyl JQ—D-glucopyran081de and octyl F ~-'D-th:.ogluc:op)n'-em—'_
081de, vere obtalned from Behr1ng Dlagnostlcs (Calblochemn)

(La Jolla, CA, USA).

Biliruhin,. caffeiné;' ethylenediamine ﬁetraﬁcdtic-'acid
(diécdium salt) ani(/hiﬁ}ogen .perqxidé were obtained from
-.Flsher Sc1ent1flc Co Fair Lawn, NJ, USA). . S

-

Ethyl_manthranllate and 2-mercaptoethanol were obtalned; ‘

' ffbm‘Edstmaﬁ'Kodak Co. (Rochester, NY, USA).

33
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Glucose calibration sefum {(ENI} was‘obtalned ffom Electro-
nﬁcleonlcs Inc. (Fairfield, NJ, USA).

Pyruvate oxidgse (POx) '(pyruvate: éxygen oxidoreductaée;
phoséhorylating, EC 1. 2 3. 3 from Pedlococcus Sp.) was a glft
from Flnnsugar Blochemlcals Inc (Shaumburg,-IL, Usay. .

 Pgd1atr;c bilirubin control serqm - was obtained from Ciba.
IsCerﬁihg Diagacstics; Gilfo;a_(irﬁiné, CA, USA)

.Lubroi_, 12A9. ;as' pﬁféhaéed ‘ffém Imperial Chemical

IndpstriéslkBogton, England) | “

CaeY

.‘ Emulgen . 911‘ waé a. glft from KAO Corporatlon (Tokyoh-'
'Jafm ' | |
. Héxoklnase .the lV 'LATP:i D;hexoée.S-phOSphdtrgnsfefaéé;:
EC 2.7.1.1, from‘ygastS, horseradlsh perox1dase ~type X (PER)'
(dono::hydrogen-éérgxide S ox1doreductase, ECl 1. 11 1“7&‘

ascorbic'acid;fédenésiné 5.—d1phosphate {ADP) (sodlum salt),

é&énosihe,_5‘-diphdsphate (ATP) (sodlum salt) bQV1ne serpm S

o

‘albumin'(BSA).(frgctioﬁ‘v,' fﬁttyhagld free};'flﬁvin édéqiné'
dinucleotide-'(dfsodiuﬁ ‘salfdl (FAD?, ch?arOXybsﬁﬁoié'écidm
methyl ester (methyl paraben),.‘NADH fgrédé:‘III) 4;hitfd¥

phenol (4 -n- p) phdspho(enol)pyruvate (PEP) (monocyclohexy1— 

‘ammonlum salt), phenylbutazone (4 butyl -1, 2 dlphenyl -3, 5—  :J

pyrazolldlned1one) ‘ Dfsacchgrlc ‘301d-1,4f1actong,_Jsulfadi— :

-'methoxine. (sodigm,:sa1t$;._thiaminé- ngbﬁhaéphaﬁgr ch1ofide '-
(TP?) (coéarboiyidSQ, : énépr{ne”; pyroﬁhosphgtés;uridinﬁ -

'. 5'-diphoéphaﬁe '(sodiqm salt) (UDP){"UDP"glucgronic Iaci&" _

LB
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4

© (UDPGA) (sodium salt), and UDP-Nfécéﬁylgluéosaminé(UDPGLcNAcS‘
r‘(sod{um sa1t) were obtained,from Sigma Chemical CS.'¥”
(St. LOUlS, MO Usa). o

Other reagents, conformlng to the standards spe01f1;d by |

‘Athé_ Amerlcan» Chemical Society, were  obtalned,_ from the .

Department Stock Room{W'

'B 'PROCEDURES*-

| Standard assay condltlons . ; | .

| UDPGT act1v1ty towards BILI Qgsfaésayediésing's}ightlf'

.‘moalr;ed con¢1t;qns}publlshedﬁby xﬁg;éhell .[33}. The ﬁ:od—-j

'Qcﬁioﬁ _of‘ BILI"gluéﬁronidesT wa§ :aSSayedL-with the diazb'

_ 'proéedufe descrlbed by Van ;Rof | aﬁd“ Heifweigh- [45].
'Incubatlons were carrlgd OQt__Qf‘$?9Ciin 5:ﬁL élﬁss_écra@tép
"test tubes. 1In a total volume? of . 200 ‘ul, ‘thé;inéuthionf
‘mixture contained - éb WM BILI; 120 mM triethenolamine-HCl -

bufer pH 7.8, 15 M MgCl2 5 oM saecbaroil 4-lactone. . 5 mM

- UDPGA,'40¥50 ' uL enzyme preparatlon (0 7 1. 3 mg proteln) and

‘f:_2.5 'mM -UDPthNAc (all . flnal concentratlons). With the

: solﬁbilized' fractlons,f UDPGLcNAc was 'oﬁitﬁed ' Stock.BILI.

'ifsolutlons were prepared by - dlssolv1ng 3. ? mg solid BILI in ;.
i 0.5 mL of 0.05 M sodlum hydroxldeh, Th1s mixture was mlxed_:
:tkwith'9.5 ul of buffered bovine sé&gm'aibumin‘ (BSA) solution

(0.4 M triethsnolamine-HCl, pH 7.8, 20 mg/mL, BSA). A working

B



stock solution was obtained by‘dilutiné' one #olUme of-this

) stock w1th 2 volumes of 20 mM trlethanolamlne—HCI buffer, pHr'
:7.8. The 1noubat10n cooktallnpoontalnlng everyth1ng-exoeptr
UDPGA "was prelnoubated for 5. min.. Tha. reaotlons were

1n1t1ated by the addltlon of UDPGA Cold glyc1ne buffer, pH
2.7 (1 mL), was used to termlnate renzyme‘act1v1ty; The-
resultirg.solutions were kept,on'ice_uotil boopling w{th'toa"

~diazo reagent_could be performed-(usua}ly within 10—40‘mio). ‘

‘2,-Diaao ooupling with eth&l anﬁhranilate:-
.— Fresh d1aZo reagent was prepared for each experiment,aodf~
used. 1mmed1ate1y Ethyl anthranllatej(orl mL); sospeodedaio
" 10 mL of 0.15 M HC1 by vigoorous shaking, wasf‘mixed withHO‘S .
‘mL 'sodiom oitriﬁe (O 1 é)mL)lland allowed to stand for &
min at room temperature ' Ammooiumj sulfamate‘ (0 1 L, iQ
mg/mL) 'wa added Ato destroy excess. sodium nltrlte.l-The_
. ‘solutlon was allowed to stand for 3 min before use. Samples,:
. treated w1th 0. 5 mL of dlazo reagent were allowed to develop

'for 30 m1n Freshly prepared asoorblc a01d {0. 5 mL 0 57 M)_,,

_was added to consume excess aryl dlazonlum ions Azo deriv--

‘.atlves:were extracted lnto 1.4 wmlL of 2-pentanone JBut}i-
o aeétaﬁé;11713)- by v1gorous shaklng for 1 min. .Phase s;para¥
- tion was :aocompllshed by ceotrlfugatlon on a table-top.

olinical oentrlfuge '(Interoational .Equipment Coh)dat‘full

“speed for 5 min. .The absorbance Vyas measured at 530 nm
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'againsﬁ appropriate ‘blanks. 'Blahks contained everything

except UDPGA. Measurements were performed with - either the

- Shimadzu Model 240 double beam recording spectrophotometer_or -
i‘,the Hewlett Packard Model B451A diode array spectro—

photometer. dfhe 'entlre . procedure was - carried out under

_subdued - 1ight ~—to avoid photodegradation of BILI. - This
':diazo:procedure was‘used Jduring tHe evaluation and optimi-

_ zation_of_fhe UDPGT assay. S -

'3.3Preparatiod‘of microsomes ‘ “- E | fi}V’f
-Wister rat_livers_were the_sourcerof mierbeomes and'
“solubflized.‘enzype.h ﬂicrosouee were prepared'_u;ing the
‘procedure descrioed by Lewis and ArmstrOnél‘[54]. Figure- 5

outllnes the procedure schematlcally _
| Chopped rat liver, susPended in 4 5 volumes of buffer
'_-(50 M Trls—HCI pH 7.4, 10;15 M KCl 0.3 mM 2-mercapto-
.ethanol .wae homogeo}ged hin 'a Potter-ElvehJem glass—teflonj
A"Eomoéenizer; .Centrifugefdons were performed on a Beckman-

L8-55 ‘ultraeenfringe‘ at . 4°C. ;The sequence vof centrlﬂ_

"fugatlons are outllned in Flg 5 _ Mlcrosomes were washed with

10 mM EDTA in a buffer system {10 mM Trls—HC1 pH 7 4 and

,O 15 M KCl) and stored at —140°C (11qu1d Na) as "a suspen51on

Lo

‘"n2—merceptoethepol, pH.B;O,%15% glycerol).

in ‘an. equelA volume. of 25 mM Tris-HC1 buffer (0.3 mM '
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FIGURE 5 -

PREPARATION OF- MICROSOMES AND- SOLUBLE ENZYME

‘ ng_ end
Flowchart outlines the steps in the preparation of
- microscmes. and the solubilized enzyme.
il
a ‘
&
- 4 -
" : -
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4. Solubilization of UDPGT activity -

Microsomes (1 g wet .weight ,fresh ‘br" frozen) were .

suspéndgd in asdequate amocunts 0} buffer (25 mM .Tris—HCI: 0.3
mM 2—mércéptoethanol, pH 8.0, 15% glyﬁeroi) to obtain a total

volume of 4.5 ml.. Detergent solgtion,”OfS ml. O:S M 6cty1:B—

'glucopyfanoside (34 mM final 'boﬂcentration), was . added, and

"the resuitihg mixture ‘was ‘mixed with a 10-mL dlass-teflon

s r.

homogenlzer by hand for 1 mln ‘ Soldbilizatidn wasnfaciliated‘ir ’

' w1th two 10 -sec. bursts wlth a Sonlc 300Tm dlsmembrator (Artek

‘Systems Corp.} Farmlngdale, NY USA) (set at 70% of_max1mum -

-

power). ~The mlcrosomal preparatzon was 1mmersed in-an ice

bath a;‘ all tlmes to ~m1n1mlze“ temperature _rlse .. The

1resu1ting solutlon was 'stirred for 30 min at 4°<C before

b,

centrlfugatlon at 105, 000 x g for 120 min. The thlck v1scous

¢ the UDPGT act1v1ty,__wasg the source of . the’ solubllized .

-

'.enzyme. ThlS protein 'solutlon was diluted wlth an‘gqual

volume of.the above buffe:, and used for istudx. Protein was

_estimated by the method of Lowry et. al.[651.

LS
-

5 Effect of incubation modlum components on UDPGT aotivity

With BILI. kgpt constant at 90 pM, concentratlons of the;

A .

L

‘.'tested 1ncluded UDPGA, assay buffer, and MgCla. ;': R ‘ o

-

]

. -

'proteln layer above the pellat which contalned more than 90%_

‘assay . components were varled one at’ -a time. Components

Concentratlons of glycerol EDTA and phosphatldylchollne'“

L
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eere also testeo, cne at a time, for‘theirleffect on UDPGT
'aotivity. Phosphetidyloboline, obteioedl as a methanolic
solUt;on,_was prepared accordlng to the procedure described
by Burchell [33] Methanol was' evaporated at 37°C under'
nltrogen, 3%9 mlxed w1th the assay buffer to obtain a concen:

tratlon of. 10 mg/mL The solutlon was used- after sonlcatlon ‘

at 4°C to obtaln a suspen51on of le01th1n 11posomes

P ] - " ’ . ! i
' . . :
. o
. ; N .- ;

6. Teﬁperatore~studies‘ o o A

a. Effect of assay temperature on ect1v1ty Buffer.solut1ons
for essays et 25°C 30°C 37°C 40°C ‘and 45°C were prepadgﬁ
at their respeotlve temperatures and used 1in the assays
Amounts of conaugated BILI produoed at each tempereture orer

'a 5 m1n perlod were measured

p; -Tempereture 'end stablllty The incuoation oocktail_”'
'rmixtures,'eih the” absence of UDPGA were'pre-iocobated at
| . 37°C, 40°C and 45°C for varylng perlods of tlme intervals‘
Lf The pre 1noubat10n ‘intervals were _of 5 10 20, 25, end 30-"
m1n_durat;0n.- Activities were_measoreo, as described. above,

-4

at 3750,imme&iately'folIowing‘pre—incubation:. *

. 1.
U

7 Studiea with albumin—BILI solutlons _
a... Effect of BILI concentratlon on UDPGT act1v1ty BILI
.:glucuronlde productlon was' measured h the presence “of

v

' verying_emOUnts of albumln BILI solutlon {1: 2 molar ratlo)



 ysA).

a2 T

Incubations were of 2,_;5,3and _10;min auratian. Canﬁugatad
‘BIL; ppqduction‘ waa‘ measured, ‘colorimatrida¥}§, with the"
diazo pqpceda:eg

b. Liaaar"fahge: Variols cancentratioas {df_‘BILI Qa:e
assayea 'Qitb the UDPGT/diazq imathod. The bonqentrations
-ranged,from 30 uM to 350 pH : Measareaents were mada at 2 and
-5—miﬁ iatervals.w Analyses were performed in trlpllcate

c. ‘Sfandard ca;ve:.Stock _BILI was dllutsd 7, 6 5 4,3-. and :
2-fold - with ‘201 mM assay fbuffer:‘ Allquots of 60 uL were
analyzad._.Measurements wefe maae at 2 and 5-min 901nFs;w1th :

' the.diQZO pfacedure.' . ' IR

._é: cbméarison with th; Jendressik-Grof method
| Stock BILI soiution was ailuted'7,e,5,4;3—‘ana éefoldf
| w1th 20 mM assay buffer Aliquots'af-ﬁo uL of . eacH solution‘
were assayed by the enqymatlc method and the Jendra531k Grof
method “In the enzymatic procedure, .ﬁhe amouats of conJ—'
ugated BILI wera.assayed'WLth dlazotlzed ethylaanthranllatea

“With tha Jendrasaik;Grof mathbd | the'aﬁouat'of‘ﬁbﬁalrﬁlLI
‘Qaa quantltated "with dlazotlzed sulfanlllci aciq, 'in the
3presence : af: caffelne/sodlum banzoata/acetate-;fas .‘tﬁe-
.\ﬂ acceleratlng agent Thls procedure was carrled' ouﬁ;.at.

Salvatlon. Army Grace a’Hospltal Laboratory, on Flexigamf-; a_

centrifugal’ analyzer‘ (Electronuclepn1cs- Enqp Fairfiald,'NJ

»
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'9. Analysis of bilirubin io‘serum

+ -

- a. . Serum ‘semplee; Paﬁ£;3¥ sempléé‘ were obtained from

-o'were substlt ted for BILI solutions and assayed
b Recovery:‘study: Verylng;,amounts of BILI solution were
:oassayed in tbe ﬁresehce of 0,10; and 30 uL‘of-sefum,"

-cw Effect of verylng "UDPGA: 'BILI concentration waé fixed at

.

a0 uM UDPGA was var1ed from 1 mM to 3 8 mM

A

10 Freotionatlon and electrophoresls of serum

",eyi‘ Gel {11trep1on. Pooled serum, dlluted 1 4 w1th 0 15 M

. KCl in 20.mM Tris-HC1 (pH 7. 8), wes subaeoted to fraot—‘

o ionafion 3» columnc of SephadexTm G 200 (1 cm ‘x 120. om}--'

Hospital‘ Allquots of patlent _sampleS‘r(SO pLS_-

equ111brated ‘in the same buffer. 5 mL of the dlluted serum'.

- were epplled to the column and 2 mL freotlons were' collected
at‘a flow rate of 9'mL/hr Maaor proteln bands (monltored at e-
1280 nmY were pooled and concentrated with AmlconT“ membranea”

cones (CentrlfloF, 25,000 mwt cut—off) Proteln solutlons

T were trensfeffed fO'the‘conee and centrlfuged at.3000 rpm for

'10 min. Centrlfugatlons were performed wlth a RCZ-B SorvellR 

ware performed at 4°C. - cThe"reta1ned frectlons as well .
" as the filtrates were asse&ed‘for 1nh1b1tory aotlon egeinStr

UDPGT..Thi§'wes,eccompliehedeby assaying the activity of the

preparation in - the presence and absence. of . the various

[

'. oentr1fuge w1£§ SS 34 rotor All procedures descrlbed above
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frectionsg '5~-min glucuronide production {in the presence of
90 uM BILI) was measured with _the ethyl anthranilate diazo

N

procedure.
b. Agaroseigel eiectrophoresisr This prdbedure wWas performed,‘
et_S; A; Grece Hospital, as part of a-routine serum electro—
. phoresis _;hn._ The procedure‘employs commercially prepared
'agerose gels from Ciba 'Corniné Diagnostics {Oberlin, OH
USA)' Separatlon (of 1nh1b1tory proteln“band from ebove) was
‘performed in 50 mM sodlum barbital buffer\ pHVS.T for‘ 35 min
,at-flxed setting of 90 volts Proteln benes were visualized f
by staining with 0.5% Ponceeu S staln in 10% ebetic eeid'(15
;-m}n) Destalnlng wes done 1n 5% ecetlc acid. Densitoneter
scans were performed w1th the Cornlng 710 den31tometer,set et'

o

520 nm. ;f. o

11 Effeet of elbumin on UDPGT- activ1ty '
g,' Act1v1ty studles Bllirubrn end UDPGA concentratlons were 
varled in. the presence of o, 0 2 and 0 4'mg BSA (1n eddltlon
‘ thet present in 'substrete -solutlon) Act1v1tles were
“determlned wlth the dlazo method as descrlbed before

;p T1me study Productlon of conaugeted BILI was monltored‘
“oyer t1me in the‘ presence of 0 0 2 end 0 4 mg add1t10na1 '
ﬁéA. Measurements were carrled out. at 2 5, 10 and l5-min )

s

'1ntervals
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c. Tlme study wlth free, BSA— or HSA bound B If Stock

solut1on of free BILI was preperea by dlssolv1ng 3. 7 mg BILI

in 2.5 mL_of 0.05 M NaOH. The result1ng solpt;on was dlluted;

to 10 mLI with'.eater HSA BILI solution was pPrepared as

described'-fer BSA solutlon _ Reactlons were;_stopped and

esseyed at 2‘5‘10,15, end 20—m1n intervals. ) B ﬁe

-

d. Stendard curves for free and bound BILI: BILI (free,

BSA-, and HSA bound) concentretlons were varled from 15 pM to

75'uM. Incubatlons were -of 5-min du:atlon,

12. Displacement of bilirubin and UDPGT activity :

*,Caffeine/bensoate,._ethanol - phenylbetaeone,‘Q-hydroxy—:

-dlsplace/solublllze BILI Concentratlons were veried‘from

0. 05 mM to 15 mM 1n the presence of 0.4. mg eddltlonal BSA or -
' SO,UL serum Act1v1t1es.- b%alned 1n the presence of these

‘egents, were compared wlth runs w1thout -add1t10na1 BSA/serum"

\

or dlsplac1ng egents (controls) Blanks conslsted of control

- benzaoic acid methyl ester, and sulfedlmethoxlne were'used to .

with d1sp1e01ng agent and centrol wlth d1splac1ng agent'but. ‘

no BILI

13. Ensyme EOU§led assags-

_1Meesurements"f0r.ithe enzyme - coupled assay were carried

.Loutlat 97°C'using #he Beckmen' Modei 35‘espéetre§hetometer or

:_theﬁﬂewlett—Packard Model'HP 84515 sPeetrpthteeeﬁer. Both

H

,‘_
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instrumects were equippcd with.tcefmostatcd cuvette holders.
8. Modified Muldpr and Van Doorn coupled assay: Conditions -
-described by- Colin-Ncigef' et lgl; [56]-we}e‘em§10yéd.‘ The
assay cccktail"(éoo UL total volume). contained 150 oM
_ triethanolamiﬁe-ﬂClfpugfer; (pH 7.8), PK (8U), 0.7 mM PEP, LD
€0.5U), 0.0l mM NADH;._cnd‘_SO ul  of solubiiized enzyme
preéaraﬁionl Re&cﬁions; Qere 1n1t1ated with UDPGA and the
decrease. in absorbance at 340 nm was monltored

' b. Enzyme coupled assay‘ II' / Thc coupled 'enzycs ccupled"
assay descrlbed by B021mowsk1 et gl [57]cwas‘appiied to our
.cystem _ | . | .
' ”.BILI congugatlng act1v1ty PK -(8U), , 0.7 mM ‘PEP, .Poxc(lU),
| peroxidase (20), 10 uM- FAD; " and 72 mM‘TPP; wcre'added_to,
the. standard assgy miktGrc. Total feacticn volume was 600 uL.
" The rcacﬁioﬁs;' initiated  with - UDPGA, were monitofed conﬁ—i
_inUou;l; by;foliowing fhe'decrease 3n acsorbance at 460 nm.
VFor ccnveﬁiehce _ a workxng cockta11 w1th all the components.
:J  except UDPGT UD;GA and BILI was prepared in advancc. This
| Solgt;on. was Placed  1@_ an ice' bcthlicfthe'dark and hsed‘~
withiﬁ'z‘Er* EEEE B | |
c. 4 n p conJugat1ng acticgfyf ' Sfandard‘ assay ccméccents
‘ _w1th PK (80); O. 7 mM PEP POx (iU). 10 uM FAD;‘ZﬁM TPP,
o Perox;dasei(zUﬁ, 0.5 mM HDCBS "acd 0'5‘7mM LAAP we:e'used.'

| BILI . solutions ‘ were' substltuted w:th that of - 4-n-p.

: Reactlons were 1n1tlated w1th UDPGA and monltored
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continuously at 510 hm; .Working~cocktailfsolutions‘ﬁere also

uzed here. Total réaotioo_voluma was 600 uL.

14. Enz&me‘coupiedlessey for-ADP’ahd UDP

: .‘ The cocktall used for the assay of 4—h-p aotivity Qes“

| -used However, ‘4—n—p, UDPGT and UDPGA were omltted All—
'quots of ADP and - UDP stock solutlons were pre—lncubated w1the
ther-assey cocktelfp solutlon, at 37°C for 5 min. Reactlons\
fo;ere ioitiated.by edding- PEPf Anely51s' of ADP ’was ce:rled %
 -out in'ihe presence @f 5 mM KCIT | | '
15. Analysis of glucose :l - .
In addltlon to the components for . the assay of ADP “the

- cocktail also conta1ned hexoklnase (1o, Alii samples were. .
-pre 1ncubated at 37°C (5 mln) before measurement Reectioos
.'were 1n1t1ated with ATP ((0.16 mM flnal concantratlon)'
Aqueous- glucose solutlons .or‘ glucose serum standard (from
-Eleotronucleon1cs Inc ) .We;e,useﬂn for callbretlon purposese N
: Sergm semples-.were diluted ZO-fold'eno GOfgL-aliquoﬁe,wenshq

o
. P . . . K

analyzed. '

18. Effeot of albumin on oxidation of BILI by peroxidaﬁﬁfﬂ:Onj_:

PR

Assay components were peroxldase -(1U),,10f-pM-BILI, 120:

mM _ tr19thanolam1ne—HCl buffef,‘ fﬁH ‘7;8,._Oxidat§oh'fwaS'-

1

- 1n1t1ated w1th 60 nmol of HnOn' (100 uM. fioai'oonoenfretion. o

-

A
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600 uL total volume). The rate of decrease of absorbance was

monitored, at 460 nm, in the presence'bf .0, 0.5, 1.5, 2 ﬁnd

2;5'mg of extraneous BSA.

o=

L



CHAPTER II1
RESULTS
1. Ethyl mtbranii‘ate dim;»o‘ method

Before u51ng the ethyl enthran1late assay for our enzyme

- studles,,some time- was_ epent becomlng famllaar rw1th the

methodology. For this purpose, Gllford pedlatrlc ‘control

serum wes'USeo as'a source _of our conaugated BILI Figure § -

ehows:bthe. spectra. of ‘the solvent -system,, diazo ethyil

anthranilete,, and the 'azopigment_' (in' the 'presenoe of

BILI). Figure. 7  shows the epectra,'.before Lan efber

' .deriVetizatioh, with various oonoentretione' of'BILI' It'wae o

observed that presence of BILI contrlbuted to the absorbence
—

at 530 nm. In ubation of uncongugated BILI w1th the dlezc,-

reagenb up'to:a reriod of 20 mln, d1d not produce detectable.

amounts of ezoplgments at -all concentratlcne stu@1ed'{up to

160 'uM) Therefore, under the experlmental jconditions,
unconjugated ILI'did not ' react. (s1gn1flcent1y} fo produce -
~‘detecteble ounts of dlazo derlvatlves Some colour develcp—

_ment was ob erved when mlcrosomel proteins, in the absence of

r

‘BILI,‘ were - 1ncubeted w1th. the "colour reagent The colour';e
development is thoughtfto)occur'as a resulﬁg_of‘the-reaotxon

oflrtbe- diazo ‘reagent with amino acid’ reeldueS'of‘prOteins :

[10],iThese'reeUIteeiodicated'thefinolusion‘offﬁ;LI,

49 -
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o III

IV, V.

FIGURE 6 .-
- SPECTRAL PROPERTIES OF THE DIAZO SYSTEM

Legend

[ .

.";-Absorption'spectfum of the solvent'(Z—pentaﬁqne:i

butylﬁéetateL'L7g3)‘ I T S

fanthranilﬁte (1%). in solvent .

;éontrdl serum (Gilford) were' reacted with diazo-

%

.Absorption »épectrum of diazotized ethyl

Absorption spectrum of 1% ethyl,gnthrgnilate'in.

':the éQ1ﬁeht

Absorption spectra of azopigments in'the presence

of Aunpbnjugated' BILT. Aliquots of .pediatric

' ﬁized' ethyl anthranilate. - The concentrations of

GOﬁdUé&PGd BILI' in bdrveé IV and V correspdnd to -

0.75 uM and 1.5 pM,-rqspectiVQly;‘A
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- FIGURE 7 ' :
SPECTRAL PROFILES OF BILIRUBIN AND AZOPIGMENTS
' Leger*d ‘
Curves A B, C, and D represent the sPectra of ﬁSEe
BILI in pentanone butylacetete i (17:3). The final

..concentratlonS\ef BILI‘ere A. 7.0 nMj B. 4.5”uM; C..3.0
uM; Do 1.5 uM.  Curves A’, B, €, .end D are the

. azoplgment spectra obtalned w1th 1 b uM, 2.2 uM, 3 0 uM,

and\§ 6 uM conaugated BILI‘ fpedlatrlc gontrol serum},

’/ reeﬁectlvely.e
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. FIGURE 7
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]

ddiaze reagent' end the enzyme protein for the blanks, Therej;

I fere,_blank nubes centelned all cempone its except UDPGA
. Blanks ‘with UDPGA (addéd. after the glycine buffer, or
.when glyc1ne wes added 1mmed1ately fOllOWlng the 1ntroduct10n.‘
of UDPGA) were practlcelly 1dent1cal

LY

7.2.'Enzyme preparations’
' _ Purification efqthe UDPGT,.usieg the precedures'odtlieed
By Burchell {32], was attempted. Owing todlimited'experienee*

with membrane—bound engymes, low yields, and iﬂétebilitylbf |

the resultdng preparetlons, preliminary work was eerriedjqut-
) | . L] c . Q

with mlcrosomal suspensions. rk with tbeAseIubiiized form

erheps,the semipurified eﬁzyme was'te'fellow; if besulted

ith the microsod%s.were favourable.

_ . ~~ The isolated microsomes, storeg in buffered glycerol'
/ﬁ\\\)eolutien in liQuid nitrogen, possesseﬂ act1v1ty for et least

. ,L“ 7

’ ) ry . o
3 months. For BILI studies, both fresh and frozen prepar—
ations were:employed. Microsomes, suspended in two volumes of

jstorage.buffer; were used in the assays In the presence of”

.. 5mM UﬁPGLcNAc,r the ecthltles ef the mlcrosemel preperetlone
. Vranged from 0. 35 1.1 <nmol glucuronlde/mln/mg m;crosomal
protele,' which compered quite fevourably w1th act1v1t1ee
.repertedf-det thed_l;tereture (0!3- 1 nmol/mln/mg _groteln)
[20,33,347511. - |

LY .
-

For studies with the solubilized enzyme,  UDPGLcNAC
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was cmitted . becaﬁse of  its inhibitory ‘effect .on the
'enzyme Thls 1nh1b1t10n hes been repOrted before end has- been
attrlbuted to eltered k1netlc-‘behav;or. The inhibition does
not appear. to be »comnetitive'because itjis additive_in the -
.presence ) ofe. other competitiye_isubetrates. Inhiition' by -
UDPGLCNACEtie :not‘ oHSer#edw»in ,the' ebsenoe‘ of Mg*z, and
'-therefofe,;it has‘been surnised that UDPGLcNAo*binde to the\ '
B allosterlc 51te to bring ebout the 1nh1b1t10n [58} .
. ‘Solnblllzetlon of the.enzyme wlth Triton X-100, -deoxy-
choiictacid;.'Lubrol 1249, ‘Emulgen 911, octyl-B-D-thiogluco-
pyranoside, enduoetylfB—D—gkoconyranoside; wes‘carried-out,

:In onr experienee,'the most-fevoOrebie ‘Preparations (with. the:
"‘highest'aetivitiesi were obtalned wlth octyl-B ~D- glucopyran—
i-oside;.Effect‘ of the detergent concentret1on--on enzyme
\ ect1v1tyw-,wes studled ‘Table'” 13 shows“ the progreesive
f«lnhlbltlon by 1ncree31ng eoncentretlons of thls detergent |
‘LD1e1y51s of the preparetlon egalnst the storage buffer( 50'

\%
/\_\\\32 br, dld

‘t{oa. The concentratlon of the detergent 1n the assay medlum

Hp#olunes) not produce a more ectlve prepare—
wes'estlmated (through volume d11ut1on) to be approx1mate1y_
0. 05% Solublllzatlon of UDPG 1th detergents has been’ known.
h_ to dellp1date 'L.the'—,enzyme - and cause‘_ 1nect1vat10n

-[18 20 31] Addltlon ‘.'of - phosphetldylchollne‘?‘llposomes{
reetores most of the act1v1ty Effect of addlng the 1e01th1n'

preparatlon was studled ‘Table Il shows the 11posomes to heve'

A
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* TABLE 1

. B
LI

INHIBITION OF UDPGT ACTIVITY BY DETERGENT

o l. P ‘ . ) > ‘ .
Detergent(z)' ~ ' uanT\iuvity*

(nmol/min/mg protein)

005 1.80
«0.10 " 1.50
1S 1.28
020 - B BT 1 ER
0.30 | ﬂ 0.68 - . -

1. Detergent (octyl- -D-glucopyranoside) = was

o :ntroduced into the ‘assay mixture’ befol’e the pre-' ’
" . incubatjon period.

‘2. Activities were assayed by measurlnc the 5-min BILI

glucuronide formatlon with the diazo reagent
The assays were performed in tnplicate- _ i




TABLE ' I

" EFFECT OF PHOSPHATIDYLCHOLINE ON
UDPGT ACTIVITY '

Phospholipid = . _ UDPGT activity?
pg/assay - © + - (nmol/min/mg protein)

»

o . liss |
B N R o '1'.5‘2“““
0. . | .. 154 .
.' \"_130 L - o “1.77 | |
200 e ) w7

2000 " Y 176

1. Phospholipid lipo-:{omes were added at the time of

_'pre-incubation. O
2. Activities ‘were ~measured with the ethyl anthranilate
diazo procedure as for table I.. All analyses were
‘performed in triplicate. S ' o
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no apparent effect on our preparation

Ay

It has been shown that asf the proteln/detergent . ratio is:

increased-(fof solublllzatlon. of membrane-bound protexns)

the 51ze of #he resultlng mlcellar prote1n aggregate also. -

1ncreases {593 A larger proteln/detergent_ratlo (compared to
commonly used ratlos CSQJ) "at the 'detergent cohcentration

just above its cr1t1ca1 mlcellar concentratlon (25 mM) was '

_used 1n hopes of obtalnlng large proteln aggregates Implleit:

1n this reasonlng was that the enzyme dellpldatlon would be
. 5

mlnlmlzed. The results 'of addlng extraneous phosph011p1d'r

'supports this notdon. Free21ng ‘and lyophilization deéstroyed

most of the act1v1ty The preparation'was-yelatively‘atable

weeks.

_at 49C; Showing 1léssthan 40% loss in actéjjty _after two

-

The assay .pretocel_of. Burchell [33], slightly modified

for‘optiﬁum activity,‘was employed;'Several difﬁprent baneps

: Qere ﬁested.- These iabludedgifodium phosphsate; Trie-HCl:
Tris-maleate; and’ triethanolamine-HCl <{(all at pH 7.8). of .

'théee,_act1v1ty wés the highest in triethanolamine- HCl

i . v
Cohcentratlon -ofu‘mhe' buffer- system' was var;ed. and the

" optimum sctivity was obtained. at concentrations gfeater”than

O.l M ‘V(Figla8), It~ is_aipessible, that ‘ihcreased.:BIL;

;solubiliﬁ§;'.breught .about :by : iﬁcreaSed “ionic strengfb;

- ‘ " ‘\.

N
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. FIGURE 8 )
_EFFECT OF BUFFER CONCENTRATION ON UDPGT ACTIVITY

Legend .
"The-final concentration of buffer ip'ﬁhe aséa&-ﬁas
o varied from 0.05M - 0.20M. Shown ere the Activities of
-'ﬁﬁé solubilized .preﬁa?atiOn (0.8 ﬁg  protéfn/aséay;,
.meaégféd,as fﬁé éﬁount'of BILi_glucgrohidé.fOrmedeithin'
'éi SFmiﬁ"incubétion;.periéd..  AﬁSays weré.perfbrme&lin
© . triplicates, at 37°C; in the presence of 90 uM BILI
| (fiﬁal‘CanéntrgtiOQS.__Méasurementslgére dﬁﬁe gt 530lnm_

with the ethyl anthranilate diazo procedure..

k)
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" FIGURE . 8
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could have been the basis for increased enzyme activity
[60]. Alternatively, the buffering .capacity, at ooooentraf
tions below 0.1M, may not have been optimal.

Magnesium ions facilitate " the conjugation reaction by

_enhancing the solublllty of BILI [60] and promotlng the

fblndxng of the allosteric effector in microsomes [58]. The

. E : ’ ) . ) " B . - ’ ‘ . .
. effect of Mg+*Z has <Z:j:%ie;orted to be biphasie, that is, -
‘stimulation followed® ogreseiye‘inhitition [45,46,52,611.

The mﬁximal'stimulotionlhas'beeﬁ1reported toloccu between 5

and '10 mM. Figure, é 'shoee thel‘results:obtained with ouf_

to. a concentretion of epproximately'18 mM. -TheSe

system which shows Mg*2 to have only an - activating efiiet up

esults

'egree with that of Gregory and Strlckland [52]1, _who did not -

—

1observe 1nh1b1t10n below 20mM

The effect' of temperature -on the activity of‘UDPGT wast

studled The act1v1ty was observed to be 11near1y proportlon— :

, LY
al to the' temperature, up to at least 45°C (Flg 10). The

stablllty study of the enzyme_over ‘time at 37°C; 40°C, and

.55f0, showed the enzyme‘ to ‘be qu1te stable‘et 37°C and -

_40°C..Th;s was ztruef'for_ ‘both‘ m1crosoma1 ‘and .solubleti

-

formsl Graduel‘“ioss- of act1v1ty was obsirved at 45°C wlth

both preparatlons (Flg 11Y. Tbe soluble

' sl1ght1y more lablle, 1t‘lost actiﬁity feetef,

Glycerol was present ,inttassays beeauee it'impaftedV .
stablllty to preparat1ons durlng storage Incfeasing‘

[
o

_p:eperatlon- was o
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§IGURE &
'EFFECT OF MAGNESIUM ION CONCENTRATION ON UDPGT ACTIVITY .
e . Legend .

L jThe  concentration of MgClz, in the final assay mixture.

* L]

. was varied from O 'to-18 mM. - Activity .of UDPGT - was measured
 as deécfibed for'Fig,‘B,. p. 59. Shown are thé_results'withf
" the soluble preparatiod.L_Each-point represents an average_of

* 3 measurfements.
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FIGURE 9 - .'
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- FIGURE 10
* EFFECT OF TEMPERATURE ON UDPGT ACTIVITY

K Légggg.-74<’_- L B
| UDBGT activities were measured at 25°C, 30°C, 37°C, 405C
“and 45°C.'fbe'assays. Qere"ﬁerfqrﬁed -as‘_deséribéd for
“,_Fig, 8; P. 59,‘ §t the  résﬁeétiﬁe_ﬁemﬁerafures. Asséy
.buffers wereffrebéred‘ at thé  appropriate temﬁératq:eér
'to,.mgintain the 'pH;k Both; micr6S6ma1'an§ sblubilized 1
'activifies varied iinearly.ﬁifhl'fempérgturef_'Shqwn.are
" the results .with thé'solubilized:prepafation,“penfd;médl, '
-//’q\\w ' SR _ o L

in triplicate.
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. FIGURE 10

ABS 530 nm
ABS S30 e
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| | FIGURE 11 *

' THERMAL STABILITY OF ENZYME PREPARATIONS

P |

Fe . P . - -
¢ o - .,legend . oy

. ' . . -:n . . . P . .
.ActivitieS'ln_ thé enizyme preparations, pre-incubated

at the various temperatures  for appropriate lengths of
-5, : - ' : :

time, were. mesasured ﬁt. 37°C. .The“Sfmin glucuronide

" synthesis was measured as described for Fié;-B;pﬂSQ.”

S ¢ - - ' ; . .
- All measurements = were . performed in triplicate.

(I:microsomeé,' 37°C;' 1I:. microsomes, 4Q°C;'III: micro-

somes, -45°C; Ivf‘sélubiiized ehzyme, 45°C).

&

0'.
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concentrations of . glycerol were. inhibitory to the intact

microsomal enzyme, but not to the solubilized form (fig. 12y,

This inhibitory effect may possibly be a result 6§fincreased

. : 3 ' Y ; R
viscosity of the -reaction medium Ethylenediamine tetra-
acetic acid (EDTA) has bheen reported to have ah activeting,

" effect on the enzyme at low concentratlon and 1nh1b1tory'

fe

dicted these observdtions; EDTA did not- have any'effeot on”

our preparetioos (Fig 13} The aetivatiOnl observed may have‘

'4~—been due to removal- of 1nh1b1tory metals by EDTAL463

However, 1n our case, such metals would have been removed by

the EDTA wash (1n ‘the course of mlcrosomal_preparatlon); The"

.inhibition may have been a result of,Mg*zpchelation by EDTA
to levels below that required for optimdi activity [503.
4, Anal?s1s of albumln BILI solutlons

The 1n1t1a1 ‘studles' were almed at establishingr an

. approprlate type of assay (endpoznt or klnetlc) Time—based

"'studles clearly showed-*glucuronlde preduct1on to Vary*.

1-'

>

w1th BILI concentratlons (Flé.hl4) Rt The dﬁta was transformed:f;@a"f

- R

(¢ T
and replotted as a klnetlc type of assaj: The absorbanoe at‘gx“

A0y

the Zzgln p01nt was subtracted from the 5 and 10 -min

effeotslat higher concentratlons [45].-0ur results contraf‘

‘@readlngs, and plotted agalnst thelr respectlve concentratlons '

(Fig. 15). This linear relat10nsh1p prompted an 1nvest1§at1on

_forﬁaakinetlc t&pe_of“assay.,A'w1de.renge_,of BILI ooncentra%




'FIGURE 12
* EFFECT OF GLYCEROL ON UDPGT ACTIVITY,
1 Legend
Assay of BILI conaugatlng aetiyify, in microsomes

and the solublllzed preparatlon was  -performed in the

: presence of vary1ng= amounts of - glycerol‘fThe final

glycerol concentratlons ranged from 6 - 13 5% (v/v}

o Act1V1ty measurements were made as descrlbed for Fig

¥
p. 59. .Aveyage of-trlpllcate measurements are shown.
“(1: microsomes; II: solubilized erizyme).
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. FIGURE 13 -

' EFFECT OF ETHYLENEDIAMINE TETRAACETIC ACID - -
| ON.UDPGT ACTIVITY . . - ./

. Legend . . - -
~Shown is¥ -the effect Qf Vafying ﬁmounfs of EDTA, on.

the activity -of UDPGT (solubilized preparation).

L

Response - with the: microsomal suspension was similar. .

' Enzyme activity -(UDPGT) .at. each EDTA congentration was

méésured;as described for'Fig;'BQ p. 59, ih triplicate.
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FIGURE 14

" BILIRUBIN GLUCURONIDE SYNTHESIS WITH TIME

Legend '

BILI- glucufonidé' proddcticn;  by michSOmal susp--

. ension and solubilized enzyme, was studied as a Binction

of time and.BILI concentration. Measurements were made

at 2,5 and - 10-min intervals, with- the ethyl

L

 ‘anthréni.: diazo colorimetric assay.‘Shown.~gfe fheJ
. average)of triplicate measurements obtained with the.
*'sblubilized‘preparation. {Concentrations of BILI:iI:-lG_

| uM; II: 24 uM; IIT: 32 uM; IV: 48 uM).
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FIGURE 15

DEPENDENCE OF UDPGT ACTIVITY ON BILIRUBIN CONCENTRATION

R

 _,"  7" 1 :. " |  ‘.:. .:_ o AT o

e Legend ‘\éd
" The-data from Fig. 14 was replott .by subfracting

'vglues,at-the‘2—min‘poiht,‘fﬁpm the‘réspéctive 5 and .

'10—min-;meaéurements._ The rate of hangégof ébsofbanCé_,"

ective concentration..
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' tioos Qefe enalyzeo‘ to‘ establlsh the limit of l1near1ty
.whlch appeared to be below 60 pM (Fig. 16). Fqgure 17, shows
the analySIS ‘of d1fferent conoentratlons of BILI w1th1n this

. range. All data p01nts (trlpldgates) were plotted to graph—
_1ca11y exempllfy ehe preolslon A close examlnatlon of:thee
date points showed'the 'relatlonshlp to be non 11near ..The
'linear range was‘ observed to extend ‘up to &:flnal assay .;:
 concentration of 20 uM Comparlson of the data, ‘as absor—
bance change/3 min (D ABS\53O nm} and as’ absorbanoe after a

.

 B-min incubation (data not ‘shown) were very comparable. The.,

staodard curﬁes with both types ﬂ¢f- dataHYielded similar'
:-l values of X for glven values of y ‘ Therefore, both types of
‘.datalgerelaooeptable; The‘ llnear ranges for mlcrosomes and
}eltbe.solubilized._prepepations ‘were very 51m11a: Flgure 18
shdwsfphe- fesults"of.anal§ses pefformed wiﬁh the'solub1112ed .-
system;-and.asfthe total fractlon,‘ w1th the Jendra551k#Grof ‘
- method.,Within ﬁhe 11near rangel for the UDPGT assay (20 pM,
B see 1nset), the correlatlon 'of determlnatlon ‘was’ very good
(r**O 998) w1th the equatlon of the regre351on 11ne belng v
1 12 X —‘13 Table 11T shows. the results‘ ofsphe preolslon
‘study Perfbrmed Qith albumlo:ElLI.solutloes; R

A t . . - L § v -

_ 5{'Ahalysle of“serum sanples .
,Wopk_yith~ serum/plasma samples was not suocessful Very \

] 1oyr QDPGT:'aot1v1tles_.yere observed with ‘Splked samples
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FIGURE 16 B

RANGE OF LINEAR RESPONSE‘. -
L_g__gd FPE o roo
Shown 'ér. the’ relatlve' a§t1V1t1es ﬂof the solu—f..f
" bilized UDPGT preparatlon at var;ous concentratlons of_":
o A

"BILl and the locatlon of the 11near response Measure-
‘ ments at' tha 2—m1n— 901ﬁt 'was spbtracted from theu-".
respectlve 5—m1n measurement to obtaln, D ABS 530 nm _

.E;BILI 'glucuronldes_ were assayed wlth tbe ethyl anthranllate

dlazo method The assays were all done 1n trlpllcate

C | | | | | : ‘.
. . . . P '
"
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~ FIGURE 17 . - _

%

STANDARD CURVE OF UDPGT ACTIVITY AND BILIRUBIN .

;,CONCENTRATION

Legend

ﬁ'Anal&sas.; of albumin:BILI éofutions (IHZS was ..
i &6ﬁgdwith the ﬁﬁiubi;izéd‘ﬂenzyme preparatlon Glﬁcué |
- ronide fofmdtion over é }S—mln perlod was- measured wlth-
thexethy}'antﬁranilété'diazo_ procedure The absorbanoes¥
obtaiqéda:wére _ﬁlottéd'  e a_ function’ of BILI concen—‘

"ttatipn. ‘Thé indi

1dual nesults, ofuthe analyses done'
‘-:in- tfiplicétes;" re plotted to graphlcally 1llustrate;
. the pre01s1on JThe.llme of best fit w1th1n the 11near -
range was lqalculated to‘.be y = 030009X-— 0.004 Lra =\

‘ 0.976}.

*

B
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- FIGURE 18 - ©

*

Legend _
 Analysis of total BILI with UDPGT/ethyl
anthranilate method (UDPGT/E.A)‘W&S comparéd ageinst the
commonly used Jgfid assik-Grof’ procedure. Theflétter

was performed on a gentrifugal analyzer, FlexigemT=.

Yalues were calculated to represent concentration (uM) .

in sample volumes of 60 ML instead of 200 "ulL as in

-~

Fig. 17.'UDPGT/E.A._analySes were i' performed .  in-

triplicate, and the anélysis by Jendrassik-Grof proce-

dure was done in duplicates. The inset graph shows the

graph when values from the linear rande were compared. =

The equation for 1line of best fit (inéét-graph) wis

determined to be y = 1.12X -13 (r2 = 0.998).

L
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TABLE III

PRECISION STUDY WITH THE UDPGT/ETHYL ,ANTHRANILATE SYSTEM

.

. 5 .
BILI concentration

30 uM . &0 M
Within-run cv! 2.93% 1.25%
Between_—.run cvt - 3.57% 1.47%

Analyses of albumin:BILI solutions (1:2, molar ratio),
with .the solubilized enzyme- preparation, were perfarmed
‘at the concentrations indicated. S-min glucuronide
synthesis was measured with the diazo procedure.

b

1. Samples/run : 10
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(Figs. 16.20). Serum .semples and blood treated with anti-
coagulants like heparin, citrate buffer.. and EDTA were
analyzed, Siailar results were obtained with all these
samplies. Citrated plasma, héwevef. showed less inhibition.

Time pfogress spgdy showed serum/plasmagto prolong lag phase
and suppféssvéct1V1ty (Fig: 21). Prellmlnary fract1onatlon of
the serum by gel -filtfatidn column chromatography was:
performed with SephadexT™= G-200. The inhib%;ary protein in
the serum was eluted in- thejprotein fraction immediatgl§
following the Qbid fraction Results of eagarose gel electro-
-phore51s showed the 1nh1b1tory fractlon to be malnly composed
.of a proteln that had the same electrophoretlc mobility as
albumln _  Small amounts of proteins (<18% of total) with thq
mob111t1es that 001nc1ded with ., ;xn, : B and ¥ fractions
were also present (Fig. 22). Since albumin is known to
inhibit UDPGT [39,51], it became a stroﬁg candidate for o

¥ -4

fqrthef'inQEStigation. ’

6. Activity of UDPGT with free and albumin-bound bilirubin
When albumin solutions were  éQbstituted' in placesof
serum, resuwlts were quite similar. to thése' agtéinedlwitb
serum éapples (see Figs? 19,20). ~The data obtained were
jreplotted as UDPGT activit} versus ‘albumin:BILI rétio ‘This‘
was done for all the BILI concentratlons studied (Flg 23).

It is qulte evident that a non—llnear 1nverse relat1onsh1p



.“ ’
FIGURE 18
EFFECT OF SERUM ON UDPGT ACTIVITY

Legend -
Activity of solublilized UDPGT was meésured~iﬂ the
 presenée' and fabsencg of Serum_r 5-min glucuronide
" production, as measured by the eth&l'anthranilate diazo
procedﬁrg was ‘élotted againét"BIpI concentration. All
assays were -dgne in triﬁlicateu (I{ no_serum;VII:»lolpL

serum; III: 30 al serum).
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FIGURE 20
EFFECT OF SERUM AT VARYING UDPGA CONCENTRATIONS
Legend
UDPGT activity (solubilized: form) was assayed in

the presence and absence of serum at several different

concentrations of"UDPGA. BILI concentration was fixed

at 90 pr;vBILI. glucuronide formed within the 5~min'

incubation period was assayed. with ethyl anthranilate
diazo prQqedure. Points represent average values -Qf 3
individual measurements (I: no serum; II: 10 ul serum;

II1: 30 pL serum).
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FIGURE 21

-—

TIME PROGRESS CURVES IN THE PRESENCE AND ABSENCE:QF SERUM

' BILI glucuronide synthesis by solubilized UDPGT, .
was measured as a’funbtioﬁ,of ;timei.Assaysl(tripligatéﬁ
ware run in-thé-presencé and absencs of aarum-_Reactiona

" were stopped at 2, 5, 10 and.15—mih 'inéervals,'and the
glucufonides"werer éssayed' with the etﬁ}l Anthranilate‘
diaEO'probeéure,' (I: ;o serum; II: 10.uL serum; IIT: 30

ul serum).
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FIGURE 22

. GEL ELECTROPHORESIS PROFILE OF THE INHIBITORY FRACTION
. F
Legend

' The inhibitory protein band from Sephadex™ G-200

gel column, was subjectqd to electrophoreticzsepératibn.
Eiectrophoresis was 'perfor;éd,‘on-bomﬁercially Qreparedu
agafose‘gelé(Upiversal gels, Corning ﬁiaéndétics) at pH
8.7 in sodium  barbital buffer. Bands were viéualized.'
with Pénceau—S Stain._JThe labels on the_horigbntal axis
indicaﬁe Athe“stitions of 'the standgrd serum_ protein

bands. SR B
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FIGURE 23
'EFFECT OF ALBUMIN:BILIRUBIN RATIOS ON USPGT ACTIVITY

L_eé_c_i.g' -

Thé rates .of BILi glﬁcuropidétién.z(éolubiiiééd-
prepa?étion) were measured in the presence"of Véryingl
amounts of-‘albumL@; different concentratiqns Qf‘ﬁlLI.'
AbSofbancés-(aveféée off;ttiplipates) 'obtained éftef
treatment with the éthyl anthranildte diazo reagént,
'_ were plotted ﬁgéihst the reépéctive.alBUmih:BILI ratios.
for each conben;ratidn of BILI. Ihcﬁbétidns were" of
5-min duration. (I: 16 uM BILI; II: 24 uM BILI; III: 40
uM BILI). | S o |
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exXx1lsts between UDPGT activity - and albumin:BILI Tratio.
¥urthermore, this relationship became more pronounced as

= v

substrate concentration was increased (that is. in the
) ’

presence of more BILI and albumin). Time-progress curves

.

showed longer Tag phases and slower rates of
BILI conjugatioq in the presence of alBumin‘(wben‘more whs’
added to‘thg assay mixture) (Eig. 24 . ‘Agaiqg the profiles
gerelyery'similar to those.obtained with serum.. .7
The effeqts of BILI as free._BSA=ﬁEﬁnﬁ‘and HSﬁ—bound
‘are shown 1in Fig.- ?5; The' surpfisihg; observation _was the ¥
similarity in activities between free ;dd bound, at the
various concentfatisns.nTheggﬂobservations suggeéi‘equivalent
availability‘of the %ree BILI in both preparations. Time-
;grogréss chves with free BILI, standard BILI‘solutioé, and
in the presgﬁce of additidnal“BSA {0.4 mg) are shown in Fig:
26. The almost equivalent prof;leg of the free.BILI and the
standard BILI solution (albumin:BILI, 1:2), lends further
support to the notion that tﬁe availaBility_of free BILI in

these preparations are similar. | s
o

7. Displacing agents and UDPGT ectivity

'Sévera} different agenzg\ﬁéfe experimented with in an
effort to displace- BILI— from albumin.. Bengoate/caffeiné;
sulfadimgfhoxine. ethanol, phehylbutaéone; and p-hydroxy-

benzoic acid methyl ester wvere ‘used. Figure 27 shows the
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T FIGURE 24 o
EFFECT OF ALBUMIN CONCENTRATION ON THE RATE OF

GLUCURONIDE SYNTHESIS

Legend
: b
Bovinerserum _albumin made up in assay buffer, was added

to assay mixtures: containing'-solubilized preparétidn ‘of ]
UDPGT.  Reactions were stopped at 2, 5, 10 and 16-min
'ihtervals apd _produét‘f0rmatibn was assayed Qith’thé ethyl
anthrahilgte diazo propedure. Triplicate-meaguremqpts'were
made in all cases. (I: albumin:BILI (1:2); I1: albumin:BILI +
0.2 mg BSA; II1: albumin+BILI +0.4-mng BSAL

-
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FIGURE 25

‘COMPARISON OF FREE AND ALBUMIN-BOUND BILIRUBIN

AS SUBSTRATES

et

i

Legend

Activity of UDPGT with free, BSA-bound BILI (1:2)

N

and HSA-bound. BfLI (1:2)  was measured. ét various

concentrations of BILI. Solubilized prepardtions'were
employed; and the 5;min glucuronide syntLesis {run in
triplicate) were. meésuréd with the ethyl anthranilate
procedure (I: HSA-bound  BILI: IT: BSA-bound  BILI;
niII: free BILI).‘ |
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. FIGURE 26° =
TIME-PROGRESS CURVES FOR FREE AND BOUND BILIRUBIN
; |

. Legend
BILI glucuronide- synthesis  was . studiedd as a
function of time with BILI in free form, bound to BSA
"¢and in: tEe presence ‘of extraneous albumiﬁ. Shown are
Athe average of AtripiiCate me&suredéhps, obfained with
the soluﬁi}ized énzyme érepafatioh; The concentration of -
EILI-wasH 90 uM (final). Reaétidhs were stqpped—;t the

i .
various intervals and BILI conjugates were.measupsd with

-

the diazo qeagebt‘- (free BILI (I):Qstandard'Substrate

(11); standard substrate + 0.4 mg BSA (ILI).
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- o FIGURE 27

' UDPGT ACTIVITY IN THE PRESENCE OF DISPLACING AGENT
| Legend

Varying amounts of benzoate/caffeine - (molar
equivalence) were §dded to assay ﬁixfures containihg 30
uL of serum and 90 uM\BILI..ShOwn are the resulﬁg’of the

5-min gluéuronide production'ébtained-with theISQI—
ubilized e?zymelpreparation.' ActiQities, .as the amount
of éolohr development aftef diazo reaction, were
‘compared égaigstl a control .(which, had no serumror
disﬁlacing agéﬂt):eés with o#her studies,. all asséys

-

were done in triplicate. ..
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activity of UDPGT. félatiﬁe to g;dbhtr9l thaﬁ‘qpntained no
added albumin or Serum (and no ﬁisplacing% agent‘: The
.‘1ncrease in act1V1ty was presumed to be an effectlve displa-
cement .of BILI from “&ts binding site by benzoate.'Of the
gomppdnds'&studied, sulfadimethoxine and benzoate/géffeine
were - the most effectivé; with a recovefy of activ%tf at.
75% ofrthe'qontrolrr -Other agents were not as affqétive,K
and ‘they -also ihhibitéd - UDPGT acti%ity (observaé\in the

controls containing displécingVagéhf but no serum).,

8; Enz&me—couﬁled assay o& bilirubin - :

Inltlal work was performed wlith the system descrlbed by
\fj}der and Van' Dogrn [25] The product1on of UDP was coupled
- t5 NADH consumptlon The reactlon was monltored by f0110W1ng-

the decrease 1n absorbance at* 340 nm. The method was found tof
have llmlted sen51t1v1ty, and because of the high absorbance
‘(due‘to presence of BILI, proteln'and NADH}. it was prone ta
effecéé of Jlight scattering. The sysfeﬁ was .modified fof
ﬂeasdrement in the" visiﬁle region: The systeﬁ described.
‘By‘Bozimowski‘gg,gl! [57} was modified Blightly for Qse
" with our syﬁteé’»(sée DISCUSSIbNA CHAPTER, IV p. 134 for
'eqqafions). Analy91s of BILI was accompllshed by monltorlngu*
the decréése .in absorbance at 460 nm (Fig. 28). This flggrg

" shows the various spectra of the -system-'(before and after

BILI oxidation).. The Absorbance at 460 nm decreased
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FIGURE 28
. SPECTRAL CHANGES IN THE PRESENCE OF HaOz/PEROXIDASE .’

Legend

Shown are the spectral profiles of -the UDPGT enzyme,

cogpled system in the, v131b1e r;E?%Q\;\\}Ed T .
I. .~ Visiblé region spectrum of the coup systep.with

B ¢

all components, . except BELI. and UDPGA
II. Spectrum in the presence of BILI (35 pM)

I1I. Spectrum after -1n1t1&t;on of reaction wlth UDPGA

I

whlch led to oxldatlon of BILI by HzOz/peroxldase
. i .
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when'UDPGA was added {except that due to photodegradation).

Various concentrations of ' the - =a

analyzedn‘Results with this coupled as; system are shown on

Fig. 29, and compared with the ethyl anthranilate method in

Fié- 30. A-poipt of éoncern in using this coupled system, is

that analysis of dilute sampless.{ < 10, uM in cuvette) was

hampered by photodégradatiop frbm the - light "beam in the

. spectrophotometer (pfeincubatiéhs had to be carried out

in the dark).’Cornebtion for’- photodegradatlon . was.

‘accompliéhed.wifh the rate observed in the blank. gk the -

otber extrehe; 'high BILI concentrations_(_> GO‘HM) resulted

in high_  -absorbances. ,Conéequently,. substantial 1ightf'.

. scattering was " obsér#ed._ Enzyme - coupling permitﬁed

cOntipubus monitoring,of the UDP&{ reaction wi time. Figufe

31 shows 'tragings of “the react) ns at sevenal different

concentrations of BILI {(with the same a ILI ‘ratio). It

is - quite. apparent .that the lag phase becomes longer with

ihcfeasing condentrations of BILI. Whether this éffect‘is__

‘due to BILI or albumln is not known Ali UDPGTS use'é common -

cosubstrate, UDPGA To . show that this system'COuld be used

to follow other UDPGT act1v1tles, 4—n1trophenol congugatlng‘

apgtivity, in the solubillzed prepapatlon, was assayed.

Results are graphically shown.in Fig. 32.

M

umin:BILI solutions were
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FIGURE 29
BILIRUBIN ANALYSIS WITH THE ENZYME COUPLED ASSAY

Legend -
The enzyme .coupled systém whs applied to- the
analysis f ealbumin:BILI solutions ‘(1ﬁ2lf, Activity of

s

the - splulilized UDPQT"preparation‘wés monitored cont-

.inucusly at 460 nm. The activities weére calculated from

the rate of decrease 1in absorbance, expressed as

" nmol/min, and biotted ‘against the respective BILI

concentrations.. The data point represents an averagé qf

duplicate measurements. T
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FIGURE 29
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FIGURE 30

.

COMPARISON OF DIAZO AND ENZYME COUPLED SYSTEMS

- ngt_?é

Albuh;n:BILI‘ solutions (1:2). were analyzed by

UDPGT/ethyl anthranilate diazo proéedure (UDPGT/E.A.)_

and by the éqzyme coupled procedure. Soluble‘eﬂ?}me
pr%parations_were employed in .bOtE? types of analyseé.
_.Thej|ﬁiaqo based anaiysis was ;erforﬁéd in.pgzgz}éate.
*and the en%yme coupled .aésays were done in dbp%icate.
Concentrationg of "BILI (final cohcentratioﬁs). as
‘_detgrmined'by both procedures, were -plotted against each
other. (r® = .990, "equation for line of best fit: y =

Y

0.992X + 0.2 ). | . )
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FIGURE 31

CONTINUOUS ASSAY OF UDPGT ACTIVITY WITH BILIRUBiN

Legend

The activity of the solubilized‘UDPd% wag-monitéred‘
Acontinuously wi;h the eﬁzyme coupled éystém. Shown afe
the time—prpgreés curvés oﬁtained. with different
concentrations of BILI. The l;eéctiqqs‘were iﬁitiatedn
after & '5—ﬁiﬁ ppe—incubation atn3f°C in the dark, b?
adding UDPGA. Réactioné were followed by observing‘the
.,decrease in .absdrUance Qt 460 nm. (A: 15 uM; B: 24 uM;

C: 36 uM; D: 51 uM). : h
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FIGURE 32

ENZYME COUPLED ASSAY FOR 4-n-p CONJUGATING ACTIVITY

e
[

- Legend
'The 4-n-p conjugé;ipg'act;vity .in the éolubilized
preparation wa§ assayed at differgﬂf‘coﬁcenﬁrations of
4-n-p. The production of UDP was linkeé tofférﬁat;qn of
.afguinonejmine dye. . As a result,i 4;n—p‘co$jﬁgating
éctifity could be honitored coﬁtinuégsly at 510 nm.
Average of duplicate measurements (absﬁrﬁgﬁée change/

min) were plotted against 4-n-p cohcentrations.
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9. Ana1y31s of UDP, ADP and glucose

The analysis of UDP and ADP was carried out with the \\)/ﬁ\“
coupling reactions used for UDPGT: The results ' are presented d
in Figs. 33 and 34, respébtively. The limit of detectioq.for
both nucleotides with this syste;-was es;iiated to be ;bout;‘
10 . pM (™~ 5 nmol). Tﬁe linear range for both nucleotldes;
extended to at least 180 uM Some preliminary work5 regards
to monitoring reactions that;empld}.ép prgduce theséf007 
factors was also carried .oQt. Anélysis, of gluﬁose, in the
presénce of,lhexokihase and ATP, was studiéd_*(Fig.-BS).
Progress of the reaction, with time, is shownAjon Fié. 36. °
.Serum samples: weré ana1§zed. using this system."ngntitatiQe
recoveries were obtained with sPikea samples. tiues obtained
.with this were compared with the methﬁd -héed on the‘
‘P:e‘_x'spec:_ti\.l'e.R ‘{American"Moﬁitor Corporafion).g The méﬁhod
"Neochrome II” (American’ Monitor Corﬁoration) uses glucose.
oxidase coupled wlth a modified Trlnder coupllng system The
method employs 2, 4 6-tribromophenol (instead of phenol) to
form a bromlnated- gquinoneimine dye. . Tha react;on is
monitofed at 500,ﬁm. For comparison, ﬁhe. résults obtained

-

‘with the two methods are shown in figure 37.
10. Effect of albumin on oxidation of BILI by peroxidase o
Fiéure‘ 38 ,shows the effect of increasing albumin: BILI

ratlos on the. oxldatlon of BILI by horseradlsh perox1dase, in
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the presence of excess Hz0z. Activities were compared
against that obtained with albuminiBILI ratioc of 1:2. Per-

oxidase oxidizes free;BILI to biliverdin and-sother products.

Increasing amounts‘.oflalbumin has a profound effect on the

" activity of peroxidase. This observation _is presumably

due to decreased availability of free BILI in the reaction

medium.
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FIGURE 33 ) -
ENZYME COUPLED ASSAY FOR UDP

Legend
Various concentrations_ of .UDP wefe.aééayed with-
pyruQaté kinase, coupied to a modified Trinder reaction.
Reaction'was monitored at 510 nm, and all samples wefe
'assayed.in duplicate: Activities {as absorban;a change/
' miﬁ) wére plgtted agéi&st the resPective‘éoncentrationé.
| Equa£ion’for, the line of best fit: y = 0.0011X - 0.013

(r2 = 0.996). -
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" FIGURE 34

ENZYME COUPLED ASSAY FOR ADP .

Legend

Analysis of  ADP was performed with the enzyme

N

coupled system used for UDP (Flg 33, p.llB)' ‘However,

KC1 (5mM} ‘was. requ1red for optlmal act1v1ty of pyruvate*

kinase w1th thls cosubstrate " Thé p01nt§hmrepresent an

average of duplicate runs. The equation for thé'iinq of .

best-fiﬁ:,y‘; 0.0013X - 0.013 (r2z = 0.996).
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FIGURE 35
-~

AN ENZYME_COUPLED ASSAY FOR‘GLUCOSE

v | lL.@_gs?_r,;_c}, | R }

Variocus concentrations of aqueous glucose solutions

©
-

were assayed with hexokinase. The aétivityl of this
enéyme was coupled with lthe system déscribed for ADF
. {(Fig. 34, :pTIZQ)n All analyses were perfofmed' in
duplicate. Equation for the line of best fit: y = 0.002X
= 0.02 (r®=0.992) | |

<y ' ) .
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FIGURE 36

TIME PROGRESSION CURVES FOR GLUCOSE ANALYSIS'

Legend | Y
Shown are reaction profiles obtained with two

different_serum samples. The serum samples were first

<

di}uted - 20-fold, and then 60 ul of the resulting

. .
solutions were assayed for glucose. - This corresponded to

~

presence of 3 ul of serum sample in a reactioq volume of

[y

800 uL. The analysis was carried out with the,enzyme

‘\

coupled system described for Fig. 35, p. 122.

L]

&"( )
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FIGURE: 37
COMPARISON OF TEST METHOD WITH GLUCOSE OXIDASE METHOD

Legend

Glucose levels ih patient ‘serum samples were
éssayed with the enzyme ccoupled assay’ developed.in this
project (See Fig. 35, p. 122 for description). Results‘
were- compared with a commercially available pfocedure."
The metbod employs glucoée. oxidase coupled with a
modified Trinder reaction. The latter was‘perfofmed és

. - - )

‘part of a rdutine run on an ;automated instrument
i”PepspectivéT@“ {Amefican Monitor Corporation). Data
presgnted are- individual determipations for each patieht
sample. Values ,reéleét the original conceﬁtrations of

glucose in .patient samples. The equation for tbe ligf
of best fiti'y = 0.86X - 0.3 (82 = 0.990). |

—
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FIGURE 356
EFFECT OF ALBUMIN ON PEROXIDASE ACTIVITY

Legend
The peroxidase ' coupled oxidation of :BILI wﬁs

measured in_‘tbe  presence ‘of different  a1bumin:BIﬁI~
'rratiqs} Reactions ‘wefe. initiated by addingq excess
"HzQz tq assay medium‘containing BILI and peroxidase

(1U). Measurement of perb#idaée activity (as rate of‘u
decrease‘-in abéonbance) was-.performed at 460 hm. The
résults obtained ware cdmﬁared against those Obtaiged
with standard BILT solution (albumin:BILI, 1:2). All

.assays were run in duplicate. .- ' g
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FIGURE 38
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CHAPTER IV

. DISCUSSION

'Incubatiop of BILI
to result in the synthesis of.

rhase, the.

with UDPGA and UDPGT

mainly BMG.

is known

In the evaluation

assay was monitored with a sensitive diazo system

that was specific for the conjugatediifraction;. At pH 2.7,

the dlgzotlzed ethyl

unbonjugated BILI. The

approach of ’the larger

o methene bridge [45].

anthranilate

involuted

is upaﬁie to react with

structure hlnders the

ortho substltuted ion. to the central

Results, of the work w1th albumln BILI solutions; showed

some . promise for a .kinetic

Tlinearitx of the method (5-min
derivatization) fell between
performance,

cemmonly used method,

in terms of _precision

was quite respectabler

type of assay with UDPGT. The

incubation, followed by diazo

5 and ©20 uM (Fig. 17). The

gnd corfelation with a

The w1th1n -run

‘ and between -run CV’s were less than 5% and the coefficient

A ©

| of determlnatlon, ‘when cqmpared ~to  the Jendrassik—Grof
prgce&ure, was 0.998. .

Application to serum.'éamples was seriously interfered

~with by presence of an finhiBifor“.ﬁ-Preiiminéry results,

‘oBtained from -gel filtration: frécfibnaﬁion' of serum and
agarose gel ;electfophorésis léf the:

inhibitory fraction,

130
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suggested involvement of ‘albumin. Albumin was a strong
andidate, ev§n ﬁhough small amounts of other protdins were
present in the inhibitory fractiont isolated by gel-filtra-~
tion'cbrom&tography with_Sephad_e;cTm G-200. The ‘reasdns for
suspectihg albuﬁin were ‘2-fold: 1. albuﬁin is -preseht in
serum/plasma in a large quantity (35 g/L); 2. the inhibitory
effﬁCé of albumin has disq been reported by‘oﬁhers (24, 39,
59,51]. | |
Use of_'albumin, to facilitate solubilization of BILI in.

AagquUecuUs buffefs,|is a common pfactice Addition - of albumin:-
" to poorly water soluble substrate 1ncréases the ayallablllty
of thé active form. ~ Without solublllzlng agents colloid
formatlon. and ¥re01p1tat16n can reduce the availability of;‘
the substrate -to the enzyme [63]. However, the resultant
albumin—BILI‘QompléxJ is not a substrate for the énzymé. Free
;ILI is believed to be the dctive subsfratg form for UD?GT
[24,46]. Albumin:BILI ratiés have a profound efféct oﬁ UDPéT
activity [24,39,50,51]. Activity of UDPGT has been observed
to be inversely ' related to the concentration of albumin
(relative to that of BILI). Albuminm binds BILI quite
'strongly, yet.rever31b1y Increased levels of albumln appear
| to lower Ithe _avallgb111ty 'of free BILI through binding
(24,511, and he;ce;fbring‘abogt deCreaée in UDPGT.activiﬁy.

The résults of our stud&, with . the effects of‘alﬁumin,

.correlgted‘quite well'with the pu?i}shed ones L24,39,50;513.
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An increase in‘ the ratio of albumin:BILI‘was associated with
decreased UDPGT activity and a longer 1lag phase (Fig. 24).
.Such an observation is consistent with lower substrate-
concentration. The activities obtained with BILI as free,
- HSA- and BSA-bound, were similar Since the, unbound fraction
is thought to be the substrate, it can be 1nferred\ that the
ooncentration of free - BILI 1s similar in the two prepara-
tions. Therefore, it appears that solubility of_BILI,-under
the reaction conditions, are  similar. In addition,'it was
demonstrated that under the reaction ‘conditions used, the.
solubility of iBILI. is adequate to'support:the activity of‘
UbPGT and does not reqUire albumin. These results are in,
agreement with the findings . of Wong (467, but?not.oompletely
with those obtained by Cuypers et al. [39].' This group'found
a 1:1. ratic to be-optimalr'. Our results Suggested.that the
concentrations of free BILI, at an.albumin:BILI ratip of 1:2
is similar to uhenl albumin is omitted -An increase in thie‘
ratio was assooiated with a_decrease_ in UDPG activity; hIt
was presumed that larger albumin: BILI ratios i) 1:2Y |
reduoed the concentration of free BILI, and'therefore, the
availability of the substrate for the enzyme. Our studies
also showed that this relationsh:p of albumin BILI ratio with:
UDPGT activity was more pronounced in the presence of higher

substrate 'concentration (Fig. 233, Our‘results agree with

those of Heirwegh et 'gl. [83], who .observed hyperbolic

A



——

relatioeship of  UDPGT activity'witﬁ albumin:BILI ratio. The
steeper slopes at highef conceetratiqns of'BILI'(Fig- 23) eay
belen eutcomelif albumin-BILI. binding kinetics, or perhaps
due 'to interaction of elbumln' with ‘the énzyme protein
'-(UDPGT). Analysis ef ‘albumin;BTLI soclutions wiﬁh tﬁe eneyme B
coupled system demonstfated- longer_'lag phases w1th hxgherw.

-,

substrate concentrations (Flg 31) This was an 1nterest1ng
observatlon, because the elbumln BILI ratio was fixed.et 1:2
" for all the solutions analyzed. It is known that elbumin can
inhibit oxidation of BILI by peroXideSe' [64]. Analysis of
BILI solutions Qith. variogs coneentratiens ef albpmln;BILI
solutions did not have: such an .effect. Altﬁosgh iﬁcreesing
ratios of albumin:BILI solutiens did progressively inhibit
lthe peroxidase reection (Fig. '38l So‘ it is. llkely thet the
effeet en_ the leg phese is not an artlfact of elbUmln effect.
" on peroxidase‘reactlon, These results.eppear to support the
'nopien that _albsmin may also alter UDPGT activity'ﬁy_direct
' protein-protein interaction. I? is quiterpossible " that the
more -pronounced 'inhibitioh,.Aobserved wifﬁ higher substraﬁe'
concentration  (Fig. 23) was. also due to—greater albumin-
enzyme 1nteract10n Ip light of thesge observetlons, 1t 1s

not surprising that fhe actlvxty of UUPGT was only barely

detectable with serum samples x(elbumln:BILI ratios in serum

o exceed 3011).

Use of ‘egents,‘ that have substantial capeeipy‘ to

‘_..-g.e‘.f‘_-;_:rq-j
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disolace BILI from albumin [65], eas met ‘efth ‘limited
success: Increased act1v1t1es (upto 75%) were obtained in the
. presence of serum or albumln, " when sulfad1methox1ne or
fcaffeine/ sodium . ~benzoate -wae . added These' compounds
appereetly compete‘ for.the hlgh afflnlty 51te [647. Inhlb—
ition of enzyme act1v1ty was observed with phenylbutazone,
_ ethanol, and Q—hydroxyben201c methyl ester at ell.concenr
trations . Sulfedimethoxine-.&ed ;ceffeine/beneoate inhibited
at’ concentrations greaterrthah_ 20 mM. It  is quite apperent:
.that.a'quantitative displaceoent'of BILI. would be'neceesar&;
due - to dependence 7 of UDPGT activity ron ‘albumin:BILI
ratio. BILI is bound rather av1d1y, and whether "a quanti-
tative dlsplacement of BILI _can be achieved, without inter-.
ference with UDPGT act1v1ty,fkis e matter of speculetion.
-nHowever} such a task would eqteil an exhaustive etodyveith
various egents or thelr cdﬁbigatioos 05 'a phllosophlcal
note, use of such anfldeal displacer would certalnly 81mp11fy
matters greatly, because the system would be self blanking.

In the absence of the dlsplacer, the sample could prov1de a
blank rate, whlch could be subtracted from thé rete obtained

“after addlng dleplacer
L)
The coupled system as descrlbed by Mulder and Van Doorn

[25] was found unsu1tab1e Modlflcatlon for measurement in

the. v131b1e reglon was accompllshed by comb1n1ng reactlons of

‘Mulder and Van Doorn' with that of 3021mowsk1 et al. [57].

- >
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'~ The reactions are shown below: . _ -
S : UDPGT | .
' AGLYCONE(BILI) + UDPGA ------------=> GLUCURONYL 'ADDUCT + UDP
B . JPK T . . IR
UDP + PEP  =--v-cko---=> PYR + UTP -
. | POx ~ , |
. PYR + TPP + FAD + Py —-—-----> ACETYLPHOSPHATE + Hz0=z + COz

..+ . . PER .
© BILI + Ha0Oz:mmmmm=ofimmmm>" zed “BILI"

{Tfé%‘#hiémine pyrophosphate; FAD: flévin adeniné.digucleq—

tide; Pa: éhogghate; “MILI": oxidation products of BILI,

»;.é!a c. ourlesé, pola; dipyrroleé'+' 7; PK: pYruﬁaﬁe kinase;
,\pOx; pyruvate oxidase; PER: horsgradish perbxidase{

-
: ~

' ;,A;Ig théé';é&plééxgytem, theipfddﬁctiqn of hydrogen ﬁéféxide,is
;lfisllinkeafwith the-p%oductiOn of_UﬁP; and is depéndent 6n UDPGT |
ggtivity.‘_Pépokidasé,ﬁinithe presénce Qf Hzoa, oxidi;es BILI
[64],and.brings ébogt'a cdncomitanﬁ.drop‘in absorbance at 460.

nm (Fig. 28). It Qas?éééessary' to us;‘an'enzyme prepﬁfation

': that"was devbid of Z-me:captoethanbl. Thiol groups are
- efficient scavengersh—of peroxide; and' thé;éf6pe;‘ would

interfere with the édﬁﬁling éystem. The

. -~

-activity of UDPGT
hd . 1 L . . } i ‘ ;
varied linearly with'BILIlcondentratiog: The range of linear’

» .
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response - was obsérved to be larger; than.-when-tber&%hzo ’

procedure was used ( upper limit: 50 uM ‘ﬁersds .20 uM for

N .

. diazo coupled = procedure). A possible reason for. the

~extended linear range mey be the determination of more

representative _activities, with the enzyme coupled system.

With the diazo coupled procedure; the 5-min incgbatioh
- : = . - M '
pfpvided an averaged velocity. ‘This precluded correction for

incredse in the .lag phase. ' Furthermore, since “the diazo
procedure involves ' sample ménipulatipnr prior, to spectro-
" . r ' . :

pﬁétometriq meaéurément, it wduld not have been practical to

Correct”for .the_dynamicrfﬁfth respect to BILI concentration).-

lag phase. Tavoloni et al. [51] observed a biphasic
) [N | i -

~ f

“effect of BILI woncentration on. UDPGT activity; an initial

‘Stimulation in activity was followed by gradual inhibitidn. -

.

‘It is quite likely that, ati““inhibiting" coqcentfatioqs, the

lag phase was increased substantially to reduce the value of -

Tt . ' 1
4 : _ . . . , - . .
the overall T"average" rate of. reaction. The Use. of this
cphtinﬁqus' ass&?? system. has an advantagde in permitting

selection of the actual rate of reéction, cdfresponding "to a

bl . 1l

particular concentration. The 10-min or 30-nin incubations,

that are commonly uéed) represent average ‘qeloqityh and the

kinetic parameters_,determiﬁed' on such bases may not be

representative. -

& " ‘The coupled enzymé,systém has thd.vérsatility to monitor

activities  of other UDPGTs. This is possible because all
: . Y "".a '_ . ) .
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UDPGIs use _a‘common cosubstrate, UDPGA To aemoastrate this

'capac1ty, the systeﬁ?was modlfled sllghtly ﬁdr ponitoring 4-

S

—_

nltrophenol conjugating activity: f -

'

'y

| UDPGT. . .
4-n-p + UDPGA --=w--= -~—+===>  '4-n-p GLOCURONIDE + UDP
: . : s R - .
UDP + PEP Sommmmmmmoeee > PYR + UTP .
o .o pox ' “
'PYR + TFP + FAD + P: ———om———es -> ACETYLPHOSPHATE + HzOz + CO=z
S ' ~ PER - R “ .
HDCBS + AAP + H20z -———-—=--e—- > QUINONEIMINE DYE

L

{(HDCBS: 3.5 dlchloro-z hyd;oxybenzene sulfonate, AAR:
; 4-a@;noa$\\Plene) - A | |

. . .- - o

. The '1&%;’ reédction i;la modified Téinder—type reaction
(621, that pfoduceé a chromogen with maximal absorbance at

- 510 hm and an extinction coefficient of about 32500 M-tcm—*.

-f

?he advantage of this version is the feature of monltorlng an
'.1ncreasg in absorbance Wlth tlme lee the -BILIT system, it

* was neéesséry‘to use a ﬂ‘@paration free of-2—mercaptoethanol.

The feasiﬁility - of applyihg this system ﬁo the analysis
" of thé.4—n—p conjugating activity was-demonstrated‘(Fig..32}.

iThlS coup11ng system may serve as- a “tool'ﬂfor monitoring

,

act1V1tles of a numbar of'UPPGTs.'The method ié.sensitiqp
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{can detect_-nmole quantities of UDP),- simple, fast., conti-

nucus, and precludes'sample processing (which is not offly .

.time consuming, but can introduce error). In contrast,

.

pther ppoéedgrés for gssaying the various forms of UDPGTs are
qniguely_ldesigned for éach UDPGT activity; and_almost all N
require a substantiai ahount‘ 0} maniﬁulation prior to
anélysis[_The mefhods,u so far;’ have beén colorlmetr1c.
fluorometric. raéiometric,_or chromatograpblc (21 36 40,
6681. Many ©of these also require costly equ1pment

" The enzyme coupled assay was possible beceuse of the
low’ specificity of pyruvate kinase fPr_ the .phasphate
acceptor. lIb addition"to AQP; it éan utilize GDF, IDP,

UDP ‘and  CDP (671, The reéults demonstrated the .useful

'capaciQ%?of this system for analy51s of purine and pyrimidine

" nucleotides and?or associated reactions.

4
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Impoatapt information régarding the‘funatioqal integrity
of the hébato—biliary‘system can be obtained from leveis of
- BILI fractibnS' ip-the serum/plasma. Currenthethoas used'in.
ciiaica laﬁorafafies, espaaially for determlnatlon . of
conjugated BILI} .are nbt-éatisfactorily specific.’ Although
‘ suéhv pdé Add -éxist, they are not- practiaal -for the
clinical labarator§. . - ' o

Thls,proaect 1nvolved a fea31b111tg study of u51ng BILI
UDPGT for ana1y51s of BILI. Activity was. sbown to vary
llnearly with BILI conaentration, rwell beyond hormal

B

physiological concentrations. gomgarisdn ,,“ith ' the
.Jendrassik-Grof method showed a 'ver& gaod aofrelation. AE
enzymatically Acoupled - assay - thatV permitted .continuoas‘
-monitoringK was es?abl&shed. Aétivity of  UDPGT could be
monitorad. at . 456 Inm{ bf:-follawihg . the decrease in

absorbance. Correlatlon with thg diazo methbg was - also qu1tel
good Albumln appeared ta be the prébable cause of 1ntenferd
.Pence_thatr was observed with serum samples. High albumin
- concentrations inhibited _UDPGT aati§ity; as well as that ‘of

peroxidase, presumably by 1ower1ng the ava11ab111ty. of free

139 . . o
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BILI, .the substrate form for these enzymes. UDPGT activity
was sensitive to the albumin:BILi ratio; ratiocs greater than
2 ?}ogressivel& inhibited UDPGT. Under the experimental
conditions, albumin was not required to facilitate solub-

ilization of BIi}.vTherefore, itr_wag demonstrated that
analysis of BILI, with UDPGT, is possible and can be
ienzymaticallf coupled for an efféctivé continuous assay. |
" However, - quantitative displacemehé'.ofl BILI from .aibumiﬁ
would.bé\required:‘if serqﬁ sampiés .h;é to be.asséyed. The
free BILI, sS“produced; would be a suitable_subﬁtrdfe fby the
enzyme. N
_Thé pyruvate kinase régcéion, " and iﬁs' low specifiéity

foﬁ the _phosphate‘gcceptor, proved to'be;very valuable. This
step;permitféd formulétion bf §n enzyme*cdupled assay fo;
BILI congugating UDPGT. ‘Furthermore, ' since all" UDPGTs
e producé UDP; ~the coupling ﬁysﬁémr;lihkedt with the‘hodifiéd,
‘Trinder reaction, has the fﬁotéStial to facilipaté.assay of
other . UDPGT_ activitiés, ‘Sudh procedures would be'simple;i
rapid, and -sensitive‘lcéuplqd asséys.‘ Besideé, allowihg
coupling of the UDPGT ‘sygﬁep, the PK reaction permits
‘enzyme céupied analysis of AﬂP, ﬁDP,‘ and‘compoundslfeacpions

t

associated with above nucleotides.
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