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(xi)

SUMMARY

The develop.ent of 3-Hydroxyanthranilalec oxygenose
in the liver and Lidney of male and female rats has been
studied. Cortisol does not oppear to influence the poit-

natal development ot this enzyme.

3-Hydroxyanthranilate oxygenase is unstuble both
during purification and in siorage. In_vivo cori‘scol
therapy markedly stabilizes renal 3-HAAQ when stored at

the homogenate stage of purification,

Liver and kidney 3-HAAO ore heteroenzymes. They have
similor catolytic and entigen sites. In neither was a
'N' termiral detecied using a single technique. The
molecular w: ight ot the order of 32 000 and both enzymos

show microhecterogencity.,

Roth liver and kidnecy enzymes 're adaptablc, but hepatic
3-HAAO is more rcodily and ropidly responsive te in vivo

stimulation.
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The development of diurrhoca, dermatitis ond the other
menifestotions of nicotinic ocid deficiency in rats deprived
of nicotinic acid, depends on the protein quality of their
diet. Krehl et al. (1945) demonstrated that tryptophan is
the amino acid which reploces this requirement for dietary
nicotinic acid. Tn ‘oct, high dietary tryptophon levels seem
to exert more inclucrce on pyridine nucleotide synthesis than
does nicotinic acid (Feigelson et al. 1951).,  Such is the
importance and adeptobility of the tryptophan - nicotinic acid

pathway in the rat.

Numerous enzymes participate in the conversion of
tryptophan to nicotinic acid. The enzyme chosen for this
study is 3-hydroxyanthranilic acid oxygenase (3- hydroxy-
anthranilate: oxyg:n oxidoroductase £ C 1 13. 1. 6.).

Figure 1 shows the position of 3-hydros: inthrenilic acid
oxygenase (3-HAAO) in the tryptophan-nicotinic acid pathway.
That 3-HAAo is indeed aon enzymz in this pathway has becn shown
via the administration of dietary and in‘raperitoneal
3-hydroxyanthranilic acid resulting in increased urinary
excretion of N-methylnicotinanide (Albert 2t al. 1948; Hankes
and Urivetsky 1954 ond Hanks und Hender:zon 1957).  This enzyme
is located not only in the cytoplasm of rut liver, but also in
rat kidney (Crunaoll 1965). A comparison of the development of
certain physicochemical properties and of the adaptability of

3-HAAQ within these two organs is the basis of this dissertation.

For this study purified 3-HAAO wos required. Many workers
have partially purificd the enzyme and some of the difficullies
encountered in the purification muy have their explangiion in the
postulated role of oxygon and iron in the action of the enzyme on
its subetrate, Oxygen cleaves the bensone ring of

3-hydr xyenthranilic acid (Block 1960),  3-Hydroxyanthranilic
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ocid oxygenase, like tryptonhan pyrrolase, falls into the group

of dixoygenases (Mason 1957) - both atoms of 02 being incorporated
into the product (Heycishi et al. 1956). Evidence points to

iron being involved in the catalylic site of the dioxygenases
(Mohler and Cordes 1967). The terrous ion, and often g second
reducing ag-nt, are caplayed te activate and stabilize 3-HAAQ
during its purification (Cox 196¢7; Vescia 1962- Savage et al.
1973; Stevens 1959 and Ogaswura 1966) . Docker et ol. (1961)
consider the ferrous ion may achicve a canfornational change 1in
the enzyme. Like other phenolytic oxygenases, 3-HAAOD rapidly
loses its actuvity in the presence of OXygun, Oxidation and/or
loss of beund ferrous ion account for some of the idiosyncracies
encountered in the purification of this enzyme (Mitchel t. al.
1963, Vescian aond di Prisco 1962). The ferric icn 1s known to

act as a non-competitive innibitor of this system (Nishizuku et al.
1970). The instabilivy of 3-HAAO complicates its purification
cnd storage. Nishizuko ! al. (1970) found the most stable
storage of beefl liver enzyme ot pH 6.5, Savage et al. (1973)
found that once freeze dried, monkey liver 3-HAAO was relatively
stable on storage -~ the procedure of freeze drying however was
associaoted with marked loss of octivity, Much ottention hos been
paid to the purification of the enzyme - comparatively little to
its storage. Modes of storage, not only of the purified enzyme,
but also of the crude extrocts, arc topics covered in this

disscrtation.

Results of studies carried out by other workers on purified
3-HAAO have produced the following Michaelis constants.,

ORGAN STUDIED
6

Rat Liver 7.0 x 10°°M Taccorine et ol. (1961)
Rat Liver 7.4 x 10-6M Cox (1963)

-5
Beef Liver 2.1 x 10 "M Dechoer ot _al, (1961)

—"
Beef Kidney 2.0 x 107N Ogasvara ot _al. (1966)
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In this study attention is paid to the Michaelis constant, the
molecular weight, the nitrogen amino acid terminal and the

antigenic site of 3-HAAO in yat liver and kidney.

The compound most commonly studied in association with
hepatic enxyme develepment is ]lﬁ;le_-?]-trihydroxy— Ak-pregcne—
3,20,-dionc(cortisol).  For example, tyrosine-« -oxoglutarate
transamingse is partially dependent on cortisol for its post-natal
development, Sereni ot al. (1959) found that on administration
of tyrosine the expected inucrease in this enzyme fuiled to occur
in adrenalectomized rats. This response wes wompletely restored
to normal on simultancous administrotion of hydr-co.tisone. The
auvthors suggested that substrate avoilaebility ples adrenal
secretions were important causes of the abrupt inceease iIn
cctivity of tyrosine-eo -oxoglutarate transuminzse wnring the first

12 hours after bi:ih,

The pre-natal development of trytophen pyrrolose serine
dehydratase and glucose-6-phosphotase independent of cortisol
(Greengard et ol. 1963; Noemeth 19469;  Greengord and Dewey 1967).
Adult rat tryptophan nyrrolase ha: been shown to respond to
induction by both substrate ond cortisol; feetal hepatic

tryptophan py:rolase responds to neither.,

Hepotic enzyme systems have been shown to develop at
different rates. In the rat tyrosine transaminase and phenylalanine
tron-cminase ore present at birth, tryptophen pyrrolase is not
present in significant quantitics till 12 days aftes birth (Auverbuch
and Waiiman, 1959), Scher and Fricdman (1958) found that while
tryptophan pyrrotase took 15 duys to reach high levels in the rat,

it took 24 hours to do this in 1obbit and guinca pig.

In this ctudy the quantitotive development of 3-HAAO in rat

liver and kidney has been oboerved in terms of the changes in



activity associcted with ageing. The present outhor appreciates
that con unchanged level may mask significant changes in overall

enzyme synt® sis and breukdown patierns {Racheigl 1970).

Cortisol is a well recognizcd hepatic enzyme inducer
{Betheil 1965; Wcber ¢t _al 1964); it, as yet, enjoys no such
repulation in the kidney. It does however increase the free
arino ccid level in both organs (Noull gi_gi‘l957). The organ
best adapted for free amino ocid capture, aftier cortisol injection,
is houv.nver the liver. No information is available regording the

response of 3-HAAQ to cortisol in either organ.

Hepotic tryptophan oxygenase is known to be induccd by
cortisol (Grecngard 1963; Recheigl 1971). Cortisol is known to
ctimulote rat he; -tic ribosomal RNA synthesis. Its mode of
action is disputed. Blatti et ol (1970) suggested this may be
achieved via regulation of the catalytic activity of RNA
polymcrase 1. Sajdel and Jocob (1971) suggested the hydrocortisone
induces an allosteric change in the nuclecolar RNA polymerase. RNA
polymerase 1 is located in tho nucleolus. Yu and Feigelson (1972)
suggested that an increase of this polymeroses activity is via an
incrcased synthesis of a core enzyme or via synthesis of polypeptide
moeitics necessary in the ENA putymerasce 1 system, These autnors
concluded (1973) that cortisol stimulation cf ribosomal RNA is not
via allestericolly enhanced catalytic efficiency of a preformed
ritosomnl RNA polymerase; nor was it due to a derepression of the
ribosorial RNA gonome. They postulated instead that cortisol acts
vig an active increase in the rate ol synthesis of at lcost one of

the polypeptide cemponents of the RNA pelymerase 1 systen.

In this study the level of 3-HAAO activity per gram weight of
Jiver is found to be enhanced by cortisol administration to adult

rals.  The mechanism whereby cortisol achieves this is of interest



- does it act at the level of 3-hydroxyanthranilic acid oxygenases
genetic apparaius, or is its primary action on the genetic
apparatus which controls tryptophan pyrrolase?  If the latter is
true then the enhanced activity detected on testing 3-HAAQ is the
response to activation of the tryptephan-nicotinic acid pathway at
che level of tryptophan pyrrolaese. Cortisol is also cupable of
acting as a "ligand" und stabilizing certain proteins (Ryan 1973).
tnzyme induction varies between animals of different genctic
content in the sume species, and also between aninmals of the same
strain at diffcrent ages (Conney 1967). This proved true of

3-HAAO on treatment with cortisol.

Schor and Fricden (1958) postulated that one of 1he modes
of action of cortisol on tryptophan pyrrolase was via the metabolic
shift to protein catabolism resulting in the liberation of free
amino acids. They felt ithat cortisol made an increased quantity
of endogcnous tryptophan available to this enzyme.  This
hypothesis has not been stressed in more recent papers. Exogenous
administration of tryptophan has been shown to activate tryptophan
pyrrolase (Kenny and Floru 1961; Greengard and Feigelson 1961).
The irduction of tryptophan p.irolase by its substrate is not a
linecar function of dosage (Sche. o d Frieden, 1958), The rat has
been shown capable of disnensing with nicotinic acid as an
essential dictory constituent in the presence of adequate tryptophan
substitution (Priest 1951). No information concerning the effect
of 3-HAAO on stimulation of the .yvptophan - nicotinic acid pathway

by tryptophon was found.

The final in vivo stimulus imposed on this enzyme system is
a pathclogicol one in the form of a carcinoge:. Shiroyama et ol.

(1967) showed that S-methyl-ddinecthylaminoasobenzene (DAB)
produced hepatomes when fed to 1gls, The concentration of

hepotic 3-HAAD wus impaired in both the carcinomateus tissue and
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the adjacent liver cells. The effects of up te 15 wecks of
dietary dimethylaminozobenzene (DAB) on crude extrac:s of Loth

liver and kidney 3-HAAO have been noted.

The following aspects of 3-HAAO have been investigated in

this study:-

(a) The development of liver and kidney 3-HAAO in both sexes
between 7 ond 360 days of age.

(b) The purification and storage of hepatic and renul 3-HAAO.

(¢) Investigation of certain physio-chemical properties of
the enzyme. This includes properties of the catalytic
site, the antigenic site, the 'N' terminul ond the
molecular weight of this enzymo.

(d) The adu.t.lility of 3-HAAO in the liver and kidney to
in vivo stimulation with cortisol ~ a hormone, with
tryptophan - an essential omino acid, and with DAB -

o carcinogen,

e
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INSTRUMENTS

Tissucs were homogenized ir an ulitraturrox (Sunke and
Kunkel, Stauffen); and centrifuged in o MSE superspeed 18

refrigerated centrifuge.

The spectrophotonicter v, »d was a Beckman DU monochromator
attached to a Gilford 222A photometer with an automatic cuvette
positioner Model 244. The recorder wus a Unicom AR45 linear/lig
1,0 decade recorder, obtoined from Pye Unicam, Englond. The power
pack used for clectropheresis was a Voken SAE 2/6) obtuined from
Shandon Scientific Co., England. A Universal UV Lamp (Camag
Muttenz Schweiz) was used for detecting darsyl derivatives. Gel
filtration was corried out in columns obtoined from Weight
Scientific Co., Enaland. The fraction collector used was o LKB

Ultrorox(Sweden).

REAGENTS

"Analar" reagents were sed in all cases unless otherwise stated.
Reagents used for enzyme assay:

Dithiothreitol (DTT) - Clelonds reogent, grade A obtained
from Calbiochem, Cclifor .ia. The 6-aminocaoproic ocid was
obtained from the Koch-light Laberatories, Englaond; the ferrous
sulphate fru. Protea Holdings, South Africa.  The 3-hydroxyonthranilic
acid was obtained from Sigma Chemical Co., U.S.A, Reagents used
in purification ond molecular weight ecstimations of
3-hydroxyanthronilic acid oxygenase (3-HAAO):

Sephodex G-100 and G-75 were obtaincd from Pharmacia Fine
Chemiculs, Sweden, Acrylomide, N,N,N' ,N'-tetromethylethylencamine-
diamine, ond ammonium persulphate were obtained frem BDH, Englond.
0f the marker solutions used serum albuwmin was obtained from BDH,
Enaland, ovalbumin aend trypein inhibitor from Sigma, U.S.A.,
cytochrome C from Bochringer and Sochne, Mannbcein, arnd lactic

dehydiogenase and myoglobin both from Miles Serevac, Cape Town.



For dunsylation 5-dimcthylominonaphthalene-1- sulphonyl
chloride e Merck (Durmstudt) product was used.

Chemicals which were administered to certein grouns of
rats:

Solucortef suppliced by Upjohn, S.A., contoins
hydrocortisone sodium succinate (cortisol or 11.,170-21.
trihydroxy- 2" -pregenene-3,20,-dion=).  As this is o relatively
insoluble substance it i, supplied in a Mix-0-Vial containing
a diluent which consists of water, sodiun phosphate, sodium
biphosphate and methyl- and propyl- p-hydroxybenzoate cre also
provided. Tryptophan was obtained from Schwartz Laboratories,
New York. Actinimycin D (Cosmagen) was obtoined from Merck
Sharpe and Dohme. Dimethylaminoazobenzene (DAB) was obtoined

from BDH, England.

BUFFERS

Homogenizing Buffer: This consists of a 0,02-M tris-maleate

buffer containing 0,25-M sucrose and dithiothreitol (DTT),
6-aminccaproic acid and hydroted ferrous suvlphate (1-mM of each
in the final concecntration). The last three rcogen’s were
added just prior to use. The pH was 6.5 in those purifications
in which the animols were not pre-treated. Pre-treated

animals are thcse which were subject rither to a specially
prepared diet or ar intraperitoneal injection. In these pre-
treated onimals plus those used to study the development of
3-HAAO ¢ homogenizing buffer at pH3.8 was used. The present
author is aware that this is not a physiological pH ond
unusually low for enzyme work., In spite of this low extroction

pH,3-H/ A0 wus found active when assayced at pl 7.6

Assay Buffes. a 0,05-M tris-nalcate solution at pH 7.6 woe

used.
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Eluting Buffer: A 0,03-M ammonium ocetate buifer (pH 6.5) to

which DTT and hydrated ferrous sulphate (1-nM of each in the

final crncentration) were added immediately nrior to usc.

Storcge Buffer: This is identical with the elution buffer.

All solutions werc made up in doublcd distilled deionized water.

i
l
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TREATMENT OF ANTMALS

The rats, caged in groups of five, werc supplicd with a well
balanced dict (207 protein) in the form of rat pellets ond water ad
lib. Owing to o« shortuge of rats it wus necessary to use different
strains in these experimints = Gilbert-Gillman (GG), Long-Evans (LE)
and Sprogue-Dawley (SD). Rats of the GG stroin were subject to
abnormally higl temparatures due to a mechanicol fault in the
temperature system controlling the rattery - it was thought that
this may have inhihited spermatogenesis ond be the explanution for
the fuiiure of these rats to breed. (Walker 1973). The LE straoin
during this period also encountered breeding difficulties and this
rat population consisted essentially of elderly members. This
left the SD rats as the main source of animal material; just over
300 rats were available for these experiments. It was thus
necessary to impose limits on the number of rats used in any single
experiment - this difficulty was further accentuated by the
desirability of keeping certain factors constart, eg. str:in and
sex, in whcle groups of experiments. The eftcct of this limitation
becomes apparent on peruszal of the experimentol data. The present
outhor is aware that many more experiments could have been carried

out, especially during periods of rcmi nge.

Rats Used to Demonstrate the Development of 3-HAAO:-

SD stroin rats of both sexes uged between 7 and 360 days were

used.

Rats Usod in Ixperiments involvinag Cortisol:-

(u) Studics done at the Horogenate Stace:-

(1) Two groups of male rats (SD stroin), one group 15,5

weeks and the other 8 months old, were given intraperitoncal cortisol

(3 mg/100 gm body weight) and killed 3 hours later. Controls werc

injected with an cquivalent volume of saline and killed at zero time.

lll
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(2) Two groups of 8 month old rats, of SD ond LE struoins,
were killed ot 105 minutes post introperiloncal cortisol injection
(3 mg/100 gm body weight). Controls were injected with saline and
killed 105 minutes later.

(3) A group of 8 montn old SD stroin male rats were killed
at 35, 70, 1G5, 180. 240 ond 360 minutes post cortisol injection.
The does of cortiscl used was 3 mg/100 gm body weight.  Owing to
the shortage of rats no parallel saline control series could be run
in this experiment. Results from the above experiment (2) did show
cortisol to significontly elevale the level of hepatic 3-HAAO. It
was thus decided to measure the 3-HAAO activity ot various intervols
ofter cortisol injection. Owing to the lack of an adequate control
series it must be appreciated that *he iesults obtained reflect both

the effect of cortisol and the influcnce of stiress on 3-HAAO,

Certain cnimals in +he 15,5 weck (SD) and 8 month (LE) groups
werc alco subiected to an intraperitonecal injection of 0,175 mg of
Actinomycin D per rat. This was either given alone or followed 1

hour later by 3 mg of cortisol per 100 gm body weight.
4 g y 9

(a) Studies Donc on the Purified Enzyme:-

Adult mole rats of the GG s¢troin were injected with rortisol
in u dose of either 3 or 4,3 mg/100 g body woight. The rats were

killed at 140 minutes after injection.

Rats Used ‘o Jdemonstrate the effects of L-tryptophan:-

L-tryptophan (90 mg/100 gm body weight) was admninistersd to
6 month old ruts of the SD strain. The rats wverce killed 1n groups
of five ot 25, 7G, 140, 180, 240 and 360 minutes ofter peritoncel
injection. Tryptophun proved insoluble in soline .ntil the pH was
adjusted to 10, This resulted in subjecting the animals to
introperitonrcel injections at a non.phy<iological pH. The only
macroscopic evidence that this alkali may have damaged the peritoneal

cavity wus the persistence of a variable volune of fluid in the

12.
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«iton2al cavity even 6 hours post injection.  This fluid was
clear, wrtery and the volume varied even in animals in the same group.
No hyperceemia of ihe peritoncal cavity or of the adjacent viscera

was found,

Kats used to demonstrote the offeoct of dincthylominoozoben.ene

(DAB) on 3-tAAG: -

An adult (7 month old) group of mole SD rats were fed DAB.
In avder to obtuin o hemogenous exposure to the DAD it was necessary
to mix a special diet for these rats. The diet had the following
{w/w) composition: flour 28,5:; skimmed milk 367%; mcalic mcal 10, 3%;
brewers yeast 0,02%; spleen 8,3% beef dripping 5,1%; NaCl 0,56%.
This diet was made up to one kilogram of dry ingredicnts and a
further 150 cc of halibut oil, 150 cc of raw linsecd oil and 30 cc
of corn oil were added, The control ruts were fed on this diet.
The experimentcl group had 0,66 gn of DAB added per kilooram of
mixture - the dousage as recommended by Symeonidis et 2l (1954) ond
Roberts and Warwick (1966). The DAB was discolved in corn oil prior
to inclusion in the diet, The diet was freshly prepared every 10 days.
(Optimal conditions for carcinogenrsis were provided by using
male rats (Morris et ol, (1951} found malc rots more susceptible to
hepatomas than females) of the SD stroin. Chauve ¢t al. (1968)
produced hcpatomas in rats of the SD strain with no overt signs of
adrenal insufficiercy. Litwack and Morcy (!1970) shewed adrenalectomy

roduced increoased resistance to hepatoma induction.
p

Rats were killed ot 4,5 and 7,5 wecks after starting on the
above diet. Cytoplacmic protein -ozo dye binding was found to be
significent during this peried (Miller ci_al. 1949, Miller cnd
Miller 1947). A further group of 1ats were kiiled aofter 15 1 oeks

on this dict.




l4l

MOLC OF ENZYMD ASSAY:-

2ubs-rate Stock Solution:-

One ml of ethanol containing 2.8 mg of 3-bydroxyanthranilic

acid was stored at -20°C,

Assay Solution:-

A 2.95 ml volume of assay buffer plus 50¢;l ot substrote
were pinetted into a cm cuvettes and incubated in the spectrophotometer
at 29 : 0,50C for 5 minutes. Enzym: extroct (10 - 25¢;l) was then
added.

Unit Enzyme Activity:-

One unit of enzyme is defined os the amount which increases
the absorbance at 360 nm by 1,0 absorbunce unit per minute ot pH 7,6
)
and temperature 28,5°C.

Protein Mrasurements:-

Protein wos measured by their absorbance at 280nm. The

protein concentration was calculated from the following equation

(Loyne 1957):-

. ew . _ - _
Protein Concentration = F (1,55 x A280 0,76 x A260) mg/ml.

dilution factor

i

A

absorbance

1]

Specific Activity:-

This is defined as the enzyme activity in units/minutes/mg

of pro'ein,

1. PURIFICATICN OF 3-HAAO:-

. ¢ .
All proccdures were carried out at 4 C unless otherwise stated.

Ammonium sulphalr fractionations were done under o nitrogen streom.
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(a) Purificetion of Renal 3-HAAO:-

Stage 1:-

The Initial Extract:-

The rats were killed by cervical dislocotion and the
kidneys were removed and weighed. Homogenizing buffer was added
to the tissue in the ratio of 2 gm tissve : 3 ml buffer. The
kidneys were homogenized for 55 scconds and the homogenate was
then centrifuged for 25 minutes at 30 GJXg. The volume of the

superhatont was measured and activity ond protein estimotions parformed.

Stage 2:-

Anmonium Sulphcte Fractionation:-

Additions of ammonium sulpliate wece done under a nitrogen
streom with constant stirring of the enzyme extroct, Ammonium
sulphate was slowly odded to the supcrnatant from Stage 1 until a
saturation of 30% was reached. This solution was centrifuged for
20 minutes at 32 0C0g. The supernatant was then brought up to 60%
saturotion. The solution was centrifuged os before, and the

supernatant discarded.

Stage 3:-

Gel Filtration on Sephadex G-100:-

The precipitate from the previous stage was dissolved
in elution buffer ond placed on a Sephadex G-100 column (3,2cm o 60cm).
The eluting buffer was run through the column and fractions of 6 ml
or less were collected. In most coases fractions of more than 8

enzyme units per ml were pooled.

Stage 4:-

Tlu!77(U§ Avmosiien Sulphate Froctionation:-

The poolad c¢luent was brought up to 70% <aturation

with ammonium sulphate, centrifuged fr 20 minutes ot 32 07%0g, and
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the supernatant discarded. The precipitate was token up in o
minimal amount of storage bhuffer.
N.B. Hereafter encyme which has completicd stage 4 is referred to

as "PURIFILED ENZYME".

(b) Puri.ication of Hepatic 3-HAAO:-

Stage 1:-

Livers were homogenized for 45 scconds and
centrifuged ot 32 000g for 25 mirut~c.

Stage 2:-

Livers were handled in one of two ways - they were

subject to either ammonium sulphate fractionotion, OR to an acetone

frectionution.

Ammonium Sulphate Fractionation:-

The enzyme extract from stoge 1 was subject to
constant stirrirg while ammonium sulphale was added te 30%
After centrifugation (32 000g for 20 minutes) ammonium sulphate was

added to the supernatant to 60% saturation.

Acetone Fractionation:-

Acetone at -15°C was rapidly stirred into the homogenate
supernatant to a concentration of 42% (v/v). This solution was
ce..trifuged at -5°C for 10 minutes reaching a maximum of 22 000g.
After centrifugceiion, cootone was added 1o the supernotant to a
concentration of 60 (v/v), keeping the solution at a temperoture
botween -5° and -10°C.  This was then centrifuged at -10°C for 10

minutes (maximum 10 OOOﬂ). The supornatunt was discarded.

Stages 3 and 4:-

These were identical with those in renocl 3-HAAO

purificction.

o gnm A e
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2. STORAGE OF 3-HAAO:-

3-Hydroxyonthranilic acid is on unstoble enzyme and
storage is inevitably associated with loss of activity.
Optimal storoge conditions have been examined in terms of

temperature, storage media ond stage of enzyme purification.

(o) Temperature:-

o
Enzyme at the homogenaie stage was stored at 4
o . .
ond 37 and tested for octaivily over u 3 hour period.

(b) Storage Medio for the purified Enzyme (liver,

GG strain):-

The enzyme was stored in one of the following

storage media at -20°C fo: 58 days:-

1. Storuge buffer (0,3-M anmonium ocetate
with DTT and hydrated ferrous sulphate - 1-mM in the final

concentration, pH 6,5.)

2. Storage buffer mixed in ration of 1 : 1

(v/v with distilled deionized water.

3. A mixture of storage buffer ond glycerol
(1 ;1 v/v).

4. A mixture of storage buffer and glycercl
(4 : 1 v/v).

Thesce enzymes solutions were subject to thawing

and refreezing c¢ight times during the 48 day storage period.

5. Storoge buffer followed by:-
a. Freeze drying
b. overni t dialysis and then freeze
drying.
6. Storage diluted in water (1 : 1 v/v)

foliowed by a. and b. above.
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Aliquots of the freeze dried enzyme werc token up in

storage buffer immediately prior to tesling.
y p 9

Stages During Purificetion at which the Tosyee may be

Stoved:-

Liver (homogenate - stage 1, and purified (stages 1 to 4)
and kidney (homogenate - stage 1, after 6070 cmmonium sulphate
fractionation - stauges 1 ond 2, ond purified - stages 1 io 4)
were stored at -20°C and assaycd ot intervals for up to 2u doys.

As the homogenate stage is convenient for storage an attempt

was made to stabilize the enzyme at this sloge. The following
additives were used:- In Vitio: Sodium hydroxide wes odded

to a scline solution to bring the pH to 10. This saline
solution wes then mixed with oliguots of both liver und kidney

homogenate in the ratio of 1:3 (vi).

Tryptophar was dissolved in a similar solution, NaOH
being used to adjust the pH to 10. The final concentraotion of

tryptophen was 10 mg/ml.
Cortisol at a final concentration of 0,3 mg/ml.

Each of these substances, in the concentration shown
above, was in.ubated with the homogenate enzyme solution at 4°
and 37°C. The effects of these additives on live:r and kidney
stability compored with coentrol were studicd over a 3 hour
period. In the case of in vitro cortisel trcatment the period

. (o]
studied wes extended to over 25 duys ot =20 C.

1o Vi Cortisol in u dose of 3 mg/100 gn body weight
wos odninis tered by intraperitonea) injection (p.11-12). The rots
were kalled at 35, /su, iul, 180, 240 ond 360 minutces post
injection, Homogenales (pH 3,8) weve prepared (p.14-15), stored

o .
at -20°C and tested ot intervals for up to 27 days.
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3. ESTIMATION O TIE AVFRACT MOLECUL Al WETGHT O 3-HAAD
FROM RAT LIVER /10 KIDUGY

(a) By Gel Filtiration:-

The molecular weights of 3-HAAO liver (GG strain
and kidney (LE stirain) nave been determined using o coulibraeted
Sephadex G-75 column (1,6 cm x 60 cm) according te the method
of Andrews (1970). Proteins used as standards for molecular
weight determinations werc:-

Lactic dechydrogenase,

Myoglobin,

Trypsin inhibitor,

Cytochrome C,

¢ albumin, aund

Serum albumin

The enzyme and stondard protein solutions were cluted
from the column using elution buffer: 3,3 ml froctions were
collected. The elution volume for euch protein was determined
from the 280 nm peak. In the case of the enzymes from liver
and kidney, both activity ond ebsorbence at 280 nm were plotted.
The molecular weight of the enzyme was determined by plotting

the log of the MW of the standards against the elution volume
(Ve).

(b) Polyocrylamide Gel Tlectrophoresis in Sodium

Dodecyl-ulphate (5D5):-

The method of Weber and Osborn (1969) wes followed
except thot gris were not destained electrophoretically. The
enzyme was not ¢ uted from the gels. The value of SDS is that
it eliminates the effect of chorge on the migration of protein,

(Shapiro ¢t al. 1967, Shapiro ond Migil 1969).

[EROTO Ry
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The enzymes used in this experimert were the same os
described in gel filtration uxcept that liver and kidney of

rats (SD strain) fed for 4} weeks on DAB were also tested.

Two separule runs were done. In the first experiment
the mi.%er and cnzyme solutions had been incubated with Sby
o .
for 2 hours at 37 C. In the second run these solutions had

been incubatcd at 4°C for a further 36 days.

4. ELECTROPHORESTS OF ENZYME ON ACRYLAMIDE GEl :-

Polyacrvlamide electrophoresis voe car led ovt uccording
to the meihod of Davis (1964). Gel concentraglion wos 7,5%,
the gel buffer consisting of 0,06-M tris /HC1 (pH 8,4)
containirg l-mM DTT. The running buffer was 0,05-M tris / HC1
also pH 8,4 and conteining l-mM DTT. Enzyme solutions were
prepa.~d in 10% sucrose contuining 0,255 bromophenol blue. A
total cur-ent of 16 m Amps was used uniil the dye had entered
the gel, theveafter the current was increased to 32 m Amps.
Electrophoresis was stopped ju.t before the dye reached the

end of the gels.

Gels were stoined in poirs - one tor protein, the other
for octivity. The gel to be stained for activity was
incubaterd in a solution of ussay buffer containing substrate.
Activity was detccted as o dark non-fluorescent band under LUV
light apporatus. The protein was fixed with 207
trichloroacetic o » . and stained with 2,5 Coomassie blue

Methanol (CHBOH: uzu.cr3600n - 5:4:1).

Both liver and kidney enzyme failed to migrate when the
pH of the gel oni running buffer were 8,14, 1f the pH of the

running buffer was incrcased to 9,2, slight movenent wos
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observed. Increased migiation was observed when the pil for

both the gel and running buffer vas 9,2.

5. DETERMINATION OF Iﬁ[ INTL TERMINAL CROUDPS BY THE
DANSYL CHLORIDE METHOD:=

The procedure used was os follows:i-

The purificd enzyme was dialyscd against a 0,3-M
ammonium acetate solution.  After freeze drying 10-15 mg of
this prctein were dissolved in o 0,5 ml 8-M urca solution in
4,2% NaCHOa(pH 9,5). Dansyl chloride (25 mg) in 0,5 ml of
acetonc were added. The solution was shoken overnight ana
then dialysed ogainst distilled water for 72 - 96 hours.  The
precipitate was washed with water tvice followed by two ucetone
washing and spun down by centrifugation. The protein was
hydrolysed overnight in u <ealed tube with 0,5 ml of 5-N HCL,
The acid was removed under vacuum ond the hydrolysate dissolved
in either ether or water. tarkers of dansyl omino acids were
preparcd as described by Boulton and Rush (1964). Lysozyme
and ribonucleass were treoted in an identical fashion os
described above ond elso us,ed os marker solutions.
Chromoiography of the donsyl amino acids was carried out on

silica gel, using the following solvent systems:-

(A) Unidimensional Chromotcaranhy:=

(a) Chlorotorm : methanol : acctic acid

(15:4:1) (v/v).
(b) Butanel : occetic acid : woter (4:2:1) (v/v).

(c) Mcthyl acetate @ propencl : oqueous ammonioc

(1:2:4). (v/v).

(d) Chlorofcrm : elhy) acetate: methanol
aceiiv acid (30:50:20:1) (v/v).

(e) Benzene @ opyridine @ acetic acil (16:4:1)

(v/v)
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(B} Two Dimensional Chromotogranby:-

Solvent (b) in the first direction and solvent

(d) in the second direction.

6. THE CATALYTIC SITE:-

In the following experiments the assay conditions were
identicoir ', those described on page except for the
consecutive olterations in pH, temperature und substrate

concentra*ion, as described in each section.

(a) pH Optimum:-

The enzyme was reacted nt pH values vorying
between 5,7 and 8,5. Assay b »- wes adjusted to the desired
pH with NaOH.

(b) Tempercture Optimum:-

At a pH of % the activity of 3-HAAO was assayed

. 0
at temperatures ranging between 31° - 43°C.

(c) Michoclis Constant:-

This was determined at a pH of 7,6 and temperature
of 29 1 0,5°C.  The enzymes tested were liver and kidney 3-HAAO
of the SD strain with and without in vive cortisol or DAB

treatment.

7. THE ANTICENTC SITE:-

Animals:-

'wo aduli male rabbits of the New Zealand white stroin
were housed in scparate coaes and fed od 1ib on rabbit pellets
and wotcer., Both rabbite :emained healthy throughout the

period of the experiment, A control blood specimen was taken
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from both rabbits prior to starting oniibody induction.
Blood was obtained from vesscls in the pinnu of the ears in

both cuses.

Purificotion of Antiagen:i-

Rat liver (GG strain) 3-HAAO was purified accerding to
the scheme on page 16 (Stege II involved the use of ammonium
sulphate). The 707 cmmonium sulphate precipitate was further
purificd by being subjected to chromotogruphy on a column of
G6-75 (1,6 ecm x 60 cm). Three froctions with 2 mean specific
activity of 27,6 (totul activity = 658 units, totcl proicin
= 23,86 ng) were pooled (Fig. 2 shows the protein / activity

elution profile). The combined fraccion. were precipitcted
with 70 ammonium sulphate.  The enzyme was dissolved in

normal saline und diclysed against saline to remove ammonium
sulphate. The enzyme was then mixed in a )l @ 1 ratio with

Freuds Complete Adjuvent (Williams and Chaose 1967).

Preparation of Antibody:-

The robbits vere injected intromuscularly for the
reasons outlined by icskowitz and Woksman (1960).  The
experimental rabbit was injected with 3 ml of the enzyme /
adjuvant mixture - this contuined 3 mg / ml of enzyme protein,
The control animal received un equivelent of saline / adjuvent.
Volumes of not more thon 0,75 ml were injected into any one

site. No booster was adminictered.

The rabbits were bled at intervals, the blood allowed ‘o
clot and the serum was pipetted off. The serum wos uscd os
such for antibody titration e»periments, was was subjected to
509 ommonium sulphote froctionation prior to use in gel
diffusion, The antibody precipitate was dissolved in 0,9%

saline prior to use.

G W 2

L SET
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(a) Gel Diffuzion:-

The agar for the double diffusion experiment was

prepared as follows:-

Bacto cga: (15 gm) was soaled overnight in 1 litre of
distilled water. This wos then avtoclaved at 20 lbs / sq.

inch for 2C minutes and the following substances were added:~

25

KH,PO, 1,53 gm
NozHPO4 8,47 gm
NaCl 9,0 gm
Na azide 10,0 ¢gm

The pH of this solution was beiween 7,2 - 7,5 ar d was
maointained ot a temperature of 68°C. Al mm thick layer of
agar was poured into a petri dish ond aliowed to set. A
plastic matrix with ote central and four peripberal circular
projections wos placed on the sct Jayer of agar. A further
loyer of agor wos poured into the petri dish to a depth of

3 mm, allowed to set ond the mutrix was then removed.

Antibody or control serum were ploced in the central
well while ontigen was pipe*ted into the peripheral wells.
. r . . -y O . .
Difiusion was carried out ot 37,20 and 4 C. Staining conformed

to the technique employed by Ureil (1967).

(b) Antibody Antigen Tityation:-

Enzyme of both liver and kidney at "howogenate' and
'purificd’ ctoges were incubated with antibody and allowed to

O . . .
react ot 4 C, The ensyme activity was tested and antibody



added until no further activity could be detected. The solution
was then centrifuged ot 4°C and the antibody-antigon procipltale
separated from the supcrnotant. Varying volumes of purificd GG
liver ontigen were added te the supernotent, ollowed to react with
any remaining antibody, ond activity was re-tested. Schematic

represontation of antibody antigen titration appears on Fig. 3.

The ulilization of control scrum did not eliminate errors
due to the variable resporse of 3-HAAO to dilution; scmetimes
there resuvlted an enhanced cetivity of the enzyme, whe cas at other
times some enzymatic activity gpprured to be lost. For instunce,
o ihree fold dilution of an enzyme solution containing 100 units of
enzyme activitey could result in a solution containing either more
or less but scldom the same arount of enzyme activity. In other
words, dilution offcetcd the measurable enzyme activity and did so
in an unpreviciagble wanrcor, C.wer workers in this field have
found similar errotic Lehovicur of this onzyme. Inevituble small
volume losses Inherent in this procedure are not necessarily equal
in control and experimentel zpecimens, The present author found
that this meihod is both c.oude ond inaccurate, and furthermore it
consuines relatively large quantitics of antibody. As o quantitaotive
measure of enzyme present it proved o foilure; qualitotively, the

gel diffusion method was cuperior.

8. A TEST FORDAR EN/YIT_COMPLTX FORMATIOM: -

Aligquuts of formic acid were odded to purified liver and
kidney 3-HAAO of animols which had been subjected to 4,5 and 7,5
weeks of dietary DAB. The colour was then roted with the noked
eyc. This is a modificatior of the technique employed by
Ketterer ot ol (1967), boaed on the pirk colour produced on

ocidification of the aro dye,
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(A)  KFSULTS OF STUDTES CLFINED TO THE HOUOOTIATE STAGE: -

1. THE OUANTITATTVE DEVEL CPIENT OF 3-HAAD

One fifth of the total number of rats availuble were
used in this study - in spite of this the experimental data

obtained lacks sufficient detlall.

(0) Tissur Investigalod:-

The following orguns of 7 day ond 8 month old
rats werc examined:- Spleen, lung, heart, small intestine, liver,

kidney and brain.

3-HAAD was isolated i1om .he cytoplasm of only liver and
kidney. It is present in both of these organs at 7 days (liver -
138,5 : 8,5, kidney - 25,5 : 2,5 both expressea as enzyme units per
gram weight of organ) ond at 8 wonths (liver - 137,5 ' 4,8 kidney
- 124,8 : 5,1 EA/gm wet wt. organ) of age.

(b) Th. . mporal Quantitics of 3-HAAD:-

Fig. - 4 showss the hepatic enzyme development
between 7 and 360 days in male and female SD rats.  The male liver
enzyme is developing rapidly ond demonstrates the*overshoot
phenomenon at 59 duys. By 4 months this enzyme hos quantitatively
stabilized. Female hepatic 3-HAAO is at a higher level at 7 days
of age ond no significant increase in the level of this enzyme was
noted,

Figure 5 demonstrates the renal 3-HAAO development in

the came animels used to study the hepatic enzyme development. Toe

kidney enzyme is far lower al 7 days thaon hepatic 3-HAAO. The

*Enzymes thal undergo a larage increase in activity during o short
period of time, frequently rise above their adult Jevel and
subscequently fall back to a relatively steble level. This 1s
cailed the overshoot phenomenon, (Moug 1971).
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developnent of this enzyme in the male and fernalo Lends to o a

similaor overall pattern, but the male maintains o higher
concentration the rutio of which ircreases with age. 1he fenale
kidney enzyme demonsirates the "ov :ruhunt phenowcnon™  abuent in
the male owing to his ability to waint in the higher renol level of

3~HAAOD in odult 13°€ -,

further ev.cence that the quantity of 3-HAAD differs in
male and femals kidney is found in Figure 6 which outlines the
varichility of .. .ific octivity associoted with the developnent
of this enzyme 1. ' male ond fenale kidney.  The specific
activity in the ratic of enzyme activity to cytoplasmic protein
concentration is statistically significontly different between

male and female at 59 ond 183 duys of age.

Figure 7 shows the chang-s in specific cctivity ossociated
with hepatocyte developrint, At 39 days the level of 3-HAAO 1is
relaotively higher than the other cytoplasmic proteins - this may
well imply relatively early development of this cnzyme's genetic

apparatus.

- - -~ o .
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2. THE TNTERACTICN BT TWEEN CORTISOL_AND 5-HAAD

Hepatic 3-HAAD responds to in*raperitoncal cortisol
(3 mg / 100 gm body weight) by significontly increosing its level
of activity. This hepatic response and the failure o renal
3-HAAOQ to respond io cortisol are araphicclly demonstrated in
Figure 8. Figure 9 shows the offects of cortisol injectior on
specific activiiy. The variability of specific activity demonstrates
cortisol's generalized (¢imultancous and also cuccessiva) effect
on protein syrthesis. At 105 minutes the specific activity of
renal 3-HAAQ reaches a peak. The change is attributable to a
combined cffect = a slightly irn~reased enzyme activity level (Fig. 8)
plus a decrease in renal protein. No satisfactory explanation is
known for cortisol decreasing renal protvins at 105 minutes. Noall
et al. (1957) have shown an increased level of omino acid in kidney

and liver 120 minutes after hydrocortisone injection.

An attempt tc obtain information obout the mechanism whereby
cortisol influenced hepatic 3-HAAO was mode using Actinimycin D.
Table 1 shows significunt induction of hepatic 3-HAAO is inhibited
by this protein synthesis inhibitor. Bivingical statistical
significance is token as o P value of 0,05 or iess. This isolated
result points to cortisol acting as an enzyme inducing ag:nt aond not
vig enzyme cctivation. The 70 minute time lag between cortisol
injection ond 3-HAAO level clovation is in keeping with this result.
Actinomycin given alone increascs the measurcable 3-HAAO level.

Tt.is increase, although not statisticaelly significant (ng0,0S) is
similar to the response of basal tyrosine aminotransferase in rat
hepatoma tissue culture on exposure to actinomycin D (Peterkofsky and
Tomkins, 1967). The critical factor associated with the induction

of hepatic enzymes in tissue culture was found to b the concentration
of actinomyrin used, Garrc . ~t al. (1964) increased the level o
hydrocortisone-induced tryptoptan pysrclase in rot liver by

adwinistering actinomycin D 5 hours aftes the hydrocortisone injection.

e



~rzyme aciviy/gm. st of orgon (units ml/min )

Figure 8.

F-HYDROXYANTHRANILIC ACID DXYGENASE LEVELS 1N CORTIGOL TRELIED LIVER AND KIDNEY

2204 /%\
180
,w" !
140§—”_,
¥

-

0Ly
&0 |"O

~.
\

el S

Koy

[] Lvm’

» leney

\H

180

tme ltunutes) aber admmstiaton of cortisol and before death

e e .- .

o aEEr - el M



101

Figure 9.
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The tempora! effedt of in vivo corhsat on renal ond heprtic 3 - hydroxyanthrantic acid oxygenase
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Table 1.
qabre 1
TAVE 3 INCKCT ) e IO M O PAL

OF Ii o oty o

R g

All rots biJled i mi tes post

)]

R IR R AT )

injection,

(i) sere- so AL B oeonths SEx:-  aole
HEAN Pyt ACTIVITY N SEM P

SALIN 160,23 36,062 <

MRALALLN" 159,73 3 24,5¢ 0,9%

Soline hee

Loen vved 6y oo contiol

in gll other ecgrriventa os

37

rortisol®s diloent by vo s1gmficont effect on 3-HAAD ootavity.

(8) A

(ai)  srirlee ut ALb:i- B omonths X mele
MEAN FRZYME ACHIVITY N SCM P

CONTHO, 133,61 5 18,28 -3

CORTIS ! 195,04 5 9,12 0,05

(3 g /100 gm bods wtl)

ACTIn Miro 83,7 £ 6,772 0,1

(0,175 ra / vet)

ACTIV A o 167,2 5 10,48 0,2

{1 hr priot to Cortisel)

(§ii) St S0

CONTE N 160,07 [ 7,784

CORTINL 220,44 5 9,58 0,01

(3 L1 /l(‘) gr toly wt.)

MEA - Moon arg, e ciiavity perogran weigh! ot vrgun.

SEM - Stordard erqur of the meon,



Takle 2.

TABLE 20 THE ADAPTATLTIN_CF 3 MARD IN PAT LINLR A FI1U00Y 00 IN VIVO 517000 ATION WTTH (ORTI500

STPAIN: -~ Sptogue -Dawley
SEX:- Mole
IN VIVO ST1M3115:- (o) Introperitonee! cortisol (3 wg / 1790 gm body weig't). Rots killed 3 hours post
injection.
(b) Irironuritoncol cvrin (0,175 v [ 1at) given 4 hours prier to death.
CONTF (. : - Equivalent volime of snline odrinisternd.  Killed ot zeio Lime.
MEAN E. AL - The znzyes ectivity rer yrom weight of crgon,
ME 0] iy
Chond - LIvie QRGAN - KLY
O I S B - A VI Y VR Y SN T R
Contrcl 5 155,2 4,757 ‘. 100,9 2,575
Cortisel 10 61,87 7,505 0.4 ws,25 3,15 0,9
Actinosy - in 5 176,4 7,002 0.9 - 1, 1 2,257 0.4
Actincrycin/Cortizol 6 175,6 4,65 0,5 |« 99,61 4,17 0.9
AGE . B prins
OiGR - LIVE
Nooom A osm e P
Control 5 137,5 4,671 ] 124,94 5,11
Cortisol 5 201,5 11,91 0.00Q \ 150,72 8,337 0.1
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The responue of ensviis to inducing agents varies with age
ond specics. Cortisol inc. ces hepatic 3-HAAO in & month old rats
of both the LE and SD stroing = the 1csponse ot 105 minutes after
iriection is however statisticolly moie significant in rots of the
SO strain (Table 1(B)). Ruts of the SU rain were killcd 3 hours
post injection thoce of 8 munths of age respond d with a significant
increase in hepatic enzym: wotivity, those at 15,5 weeks of age
failed to respond (Table 2). Table 2 also show: that in neilther
case did renal 3-HAAD respond significantly to cortisol induction.
It will be noted that although renal 3-HAAO did rise in 8 monlh old
rats, the enzyme failed to reuch biologically cignificent levels.
Actinomycin D alone once again led to some incrcase in enxymne
activity. The failure of actinomycin to intiveace either hepatic
or renal 3-HAAO post cortiscl treatment further confirms the

resistance of this animal to cortisol induction.

Tatle 1A shows the result. of an attempt to induce hepatic
3-HAAO with the diluent used in the cortisol mix-o-vial, There
is no significont responce of the enzyme to the substances injected
in association with cortiso!. The active cgent in hepotic 3-HAAO

induction is thus hydrocortisone sodium succinate,

3. THE INTFRACTION RUTUICN -TRYPTOPHAN AND 3-HAAO: -

In the case of liver, 3-HAAO activity was incrcased
at 35 ninutes post injection = this regardless of whether the
saline / NoCH oH 10 contained L-tryptophan or not. The tryptophan
treated onimals have an enhanced level of hepatic enzyime octivity
at 180 minutes, they also have o significantly decreased level of
octivity at 240 minntes, AlLoli treated control arimels maintain
on octivity Jevel not significontty different from that at zero
time during this period. Whether the alkolil veed to sorvbilize
tiyptophan compromic o the tesponse i unknoun, The responces of
hopatic 3-HAAD to in vivo tryplophan an olkell trcotment are

tabulated in Table 3.
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TA!

~

TIME,

35
70
14¢C
180
240
360

TINE
35
70

140

180

240

360

N=5

(O]
ve

LE 3

to L-Trypteplion: -~

Hepotic 3-HAAD Ko oponce
MEAN IN7YME ACTTVITY

150, 56
223,3
218,02
141,57
189, 42
118,73
169,5

SEM
5,895
9,12

11,86

12,29
8,722
6,679
7,096

THE_RISPONSE_OF (1P PATIC 311420 TO_IN VIVO
TRYPTOP 1At TREAT i

_}i:g_
0,001
0,05
0,6
0,02
0,001
0,2

Control (Alkoli pH 10 in Saline Solution):-

MEAN ENZYUE ACTIVITY

150, 56
236, 54
223,9
184,7
151,9
142,9
171,6

SEM
5,895
5,413

11,65

5,513
6,767
6,67

6,878

Pz

0,001
0,001
0,05
0,9
0,5
0,1

40
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The renal cnsyse, unli's with covticol Lycaleent, reuponds

to both tryptcphon and alkali. The dilte —nce bLoetweon the two
responses ot 350 minutcs is however significant - this implics a
1esponse to tryptophaen per «r, Ihe mebed elevation of alkali

treated Kkidney 3=HAAO at 35 einutes Is not within the statistically
acceptable ranve of significanc.. The obvious technique to use in

order to detewmine the importaice of thiu increosc would be to

vtilize o larger nusber of exporimertol eninals, Rots of the same
age, sex and strain were not availeble at the tine. The large

staundard error of the mean does however point more to experimental
error than o specific rencl 3-HAAQ responce 35 minuvtles after alkoli
injection, Table 4 shows the response of the renaol enzyme to

in vivo tryptophan end olkali stimula soi.

4, THE INTERACTION BEJUVEEN DIFTARY DAB /7" 3-HAAO: -

Figures 100a) and (b) show the effects of dictary
DAB ot hepetic, renal 3-HAAO and on body weight after feeding of
this carcinogen for up 1o 15 wechs, The onimals on o DAB
substituted diet mc ' ntoinced ¢ lower bedy weight than the control.
DAB influenced both liver and kidney $-HAAO Jevels ot 4.5 weeks;
olso ot 7,5 ond 15 wecks respectively, The increase in liver
3-HAAO at 7,5 weeks in DAB treated animals is an increased which
is significont only in tcerms of the morked decrease n enzyme
activity in the control group. These resulis connot be igno-cd os
the only obvicus difforence between these groups of rats is that
onz group was cxposed to DAR. It is only in macroscopically
abnermal oreos of Jiver thaot th: encyme activily 1s decreased -
10(b) and (c¢). Storage of puriticd PAB ticated enryyme (Fig, 11)
does not apprar to offev any great odvantaoge over the control = in
fact renal 3-HAAD oftor in vivo DAB 1+ gt nt oppear: to be a little
less stoble than the contaiol, The cozyme stored was from aninals

which had boen fed on DAB for 4,5 wocks,
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TABLE A4: THE RESPOTIST_ OF RN/ 3-HAA0 10 TN VIVO

- S

TRYPTOPHAN TREATMENT

Hepotic 3-11210 Pasponnc Lo -Trvplophan:-

TIME (Minutes) MOAN ENZVTE ACTIVITY SEM ps
0 107, 44 3,666
35 98,42 4,522 0,3
70 115,3 3,153 0,2
140 108,07 6,16 0,9
180 115,3 7,071 0,5
240 124,6 6,087 0,1
360 139, 4 3,465 0,001

Control (Albcli pH 10 in Saline Solution):-

TIME (Minutes) MUAN EMZYME ACTIVITY SEM p<

0 107, 44 3,666

35 140,5 16,69 0,2
70 116,3 4,96 0,3
140 114, 8 6,296 0,3
180 103,3 4,024 0,3
240 101,3 9,55 0,6
360 122,3 3,408 0,05
N_5

Signifirant difference Foween 360 minutes alkoli and tryptophan

= 0,02
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Yo TUr_EFLRCTS OF PURTITCATION O 1 TVER A0 KIENLY 2 00 a-

- . - s .

Remarks on the Technigon Errt)iﬁ»_}/i;'_;i:—

Both liver and kidney show varichle purification and yield.
The stability on Scphadex gel filtretion is especially varicble,
more activity tending to be lost with repeoted vse, Acetlone
proved a quicker, more difficult proccdure ideal for bulk
preporotion where ihe increascd loss of enzyme activity s
adequately compensated for by the removal of contaninating

proteins,

There is no direct correlation between per cent yield and
purification - in a scries of liver purifications stage 1 -4
(p.10 Stage 2 was acetone froctionation) per cent vield varices
between 119 (purificotion 45x) and 48% (purification 23x). In
this seri~s the moximum purification achieved by this technique
is 84x (per cent yield 31). When ammonium sulphote is used in
Stage 2, the results are similorly variable. In one case of
kidney 3-HAAO purification (method on p. 16 ) a per cent yield of
1045 associated with a 40x purification was found.  Furthermore,
it is found that a good per cent yicld ond high fold purification
achieved with the livers of o group of raots does not pre-suppose

a similoily good r« 1t on purification of their Lidneys.

Table 5 shows the effects of different doses of cortisol
on the purification of liver ond kidrcy 3-HAAO. In foct, pre-
treatmant with corticol probably had :ittle effect on the
stobility of this enzyme, It did, however, appeor te wensitize
hepotic 3-HAAD (3 mq cortisol / 100 gm bLody weight) and renal
3-HAAO (4,3 gm cortisol / 100 gm body weight) to activation by
ammonium sulphate at 705 soturotion. Table 5 also shows the

per cent yield ond porificotion achievad.
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Figuies 12 and 13 show activity profiles obtaived fron ;)
filtration of liver and kidney cnzymes poct cortisol tyeatment
(doses 4,3 and 3 mg / 100 gm body weight) couspored to iheir
respective controls. Protein peats are deronstrated Ly ar ows
on the corresponding octivity elution profiie. In the case of
control kidney and 4,3 ma cortisol / 100 gw body weight liver,
protcin profiles failed to peak and presented instead as
steadily decrcosing protein concentrations.  Liver (4,3 mg /
160 «m body weight) and kidney (3 mg / 100 gw body weight)

differ from the other activity profiles in having double peaks.

DAB has little effect on the purification of 3-HAAO.
Renal 3-HAAO docs appeor less stable after 7,5 wecks on a diet
contuining DAB - this could however be satisfacterily explained
on the variobility inherent in the purificotion procedure.
Renal 3-HAAO activity and protein profiles are similar in control
rats and those who have been subjected to 4,5 weeks of DAB in
their diet. (Fig. 14). Figure 15 shows an octivity peck in
the liver of rats which received 4,5 weeks of dietary DAB.

There is no coricsponding protein penk.
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Figure 12.
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enzyme activity {units/ml/min )

FigUI‘Q .13a
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(C) RESULTS OF “TORASE OF 3-HAAO: -

(a) Tenperaturoe:-

Figure 16 shows the cffects of 3-HAAO storage in
liver aond kidney homogenotes at 4°C and 37°C for a neriod of 3
hours.  Both cnzymes proved more stable at 4°C t..an ot 37°C.
Theoretically enzymes are more stable at lower tcmperatures.
When slorage for a number of duys was required it was decided to
store the enzyme at -20°C. The effects of freczing and thawing
on enzyme octivity were not stucied, il was, however, noted thot

enzymz left for over a week at 4°C lest all its activity,

(b) Choice of Siorage Mediu:-

Figure 17 shows the stability of freeze dricd
purificd liver enzyme on storage ct ~20°C.  Fractions of this
enzyme were diolysed prior to frecoe-drying ojainst either 0,3-M
or 0,5-M ammonium acctate buffer. It became apparent that when
frecze drying at 0,15-M nolority,dialysis becomes essenticl for
enzyme stobility.  The diolysis step can be elimincted by
using a 0,3-M sclution buffer thioughout. Storage of thkis
enayme in a :oluble form in 0,15 and 0,3-M buffer, also
supplementation of the O,S-H colution by either 20% of 1 : 1
v/v or 4 : 1 v/v glycerol solutions is scen on Fig. 18. Except
for storage in 1 : 1 v/v glycerol, «ll the stovage procedures ot
-20°C were associated with an approximate 2/3 loss of activity

over the 68 days tecied,

Al : 1 v/vglycerol colution, clthouch having o
stabilizing effect on the cnzyme, v o viscid misture which may

have undescribed binelic effects on the cnzyme,
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Fioove 16,
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Figure .!‘.Z'

Stability of hreeze dncd hver 3-hydroxy. wheanlic aad oxygenase on storage
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(¢) Stages During Perification ot which the Fnzyne

may be Storcd:-

Storage of the purified ensyme is obligatory,
storage at certain intcrmedicte stages 1s convenient. Figure
19 shows the stability of the purified liver and kidney enzyme
at -20°C compared with these enzymes at the homogenute stage.
The kidney homugenate is very unstable on storage at ~200C; a
preferuble stage of storage proved to be as the 60 precipitate
after ammonium sulphate fractionation. Figure 20 shows the
increased staobil.ty of renal 3-HAAG at this stage compoered tc the
homogenate (and the purified enzyme). Although it 1s possibile

to halt purification at Stage 2 (60% (NH4) ‘04) it would still

25
be more cunvenient in terms of the duration of the experiment,

if the rencl enzyme could be stored at the honogenate stage. An
attempt was thus made to stobilize the enzyre ai the homogenate
stage by the oddition of various odditives. Additives which

weve added in vitrc: Tryptophon ond alkali incubated with the
liver and kxidney (homcgenate) enzymes at 4°C and 37°C for 3 hours
gove the following recsults - both cuzymes were equally unstable

in either additive at 37°C and neither appeared to confe. any
stability on the enzymes ot 4°c. In vitro cortisol incubated
with these ecnzymes at 4°C ond 37°C for 6 hours suggested an
increased renal stability.  An attempt to confirm this by storing
the enzymes with in vitro cortisol for 27 days at ~20°C failed.

No in vitro additive was thus found to stabilize either enzyme

at

the homogcenate stage.

Figure 21 shows the effects of in vive cortisol on storage
of the renal enryme ot the homogenate stage, There is a
dromatically enhanced stobility of the enzyme os carly os 35
minutes after injection.  All the oniwals billed post cortisol
(from 35 = 340 minute<) show this increased renal 3-HAAO
stobility at the homogenate stage. Liver 3-HAAD falis to show

any change in stobility over the neriod leolod,
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THE AVEPAGE MOLEC ™ WLTGHT OF 3=HAAG i1 '8 RAL LIVIR AND 7 Eray,

(A)  AS ESVTMATID (1 GTL [I1TRATION:-

e w2 e

Figure 22 shows the liver activity und Figure 23 shows the
kidney aciivity and protein elution profiles obteined b, fillration
of purificd GG rat enzyme thiough G-75 Sephadex in o 1,6 cm x 60 cm
non-adjustable colunn. Rut liver enzyme has two protein end two
enzyme peaks, only ene of these protein-activity peaks coincides,
The second enzyme poak is associated wilh a minimel rise in
detectable enzyme activity and is not consistently reproducable.
Owing to its doubtful significance it has not been considercd in
the interpretotion of the recults. The molecular weight of the
enzyme is determined by plotting the log of the MW of the stondards
against the clution volume (Ve) (Fig. 24). Table 6 shows the
elution volumes and the known and estimuted rnoleculor weights of
proteins vsed in this experiment, The nolcecular weights of liver
and kidney 3-HAAO ore calculated in terms of both protein ond enzyme
peaks - these peoks coincide ot 40 000 in the case of hepatic 3-HAAC
and 33 500 in the cose of renal 3-HAAO. Botli enszymes have o
sirilar protein peot, 30 500 in the case of liver and 31 5GO in

the case of kidney enzyme.

(B)  AS FSTIMATED (! POLYACKY! AMTDE 6 FLECTROPIORESTS: -

Mobility is colculated us followsn:-

dictanoe of protoin soveralod fenaih hofove staining
MOBILITY - SREtClu’ [0 DFOLLin Pfiolil ) AL o Sl
Tength afcer dectorning Jitance of dye migrated

(Weber and O born, 1969),

1
1
|
|
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Pigure 23.
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Figire 23.
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TABLE 6: MOLECUL AR WETCHT 55 DETCLIIINID ON A NON-
ADJUSTAIILE G-75 SEIHADEX COLEMN (1,6 cm x 60 cm),

M.W. VOLUME FIUTED

Serum Albunmin 68 000 51,25

Ovalbumin 43 000 61,82

Trypsin Tnhibitor 21 500 76,42

Tryptophan 17 400 82,055

Liver (GG) 40 000 63,3 Protein + enzyme peok
34 000 69,5 Enzyme Peak*
30 500 69,5 Protein Pecuk

Kidney (LE) 33 500 66,69 Protein + Enzyme Peok
31 500 63,4 Protein Pcuk

*Probably not significunt

Figure 25 shows mobility plotted ajoinst the log of
molecular weight.,  Both liver ond kidney gave a number of bands
on polyaciylaemide gel - of these the major bond of liver was ot
31 00C molecular weight fragment, kidney haod 4 'major' bands
molecular weights ranging between 10 500 and 44 000. Table 7
shows the number of bands, the mobilitic« and the molecular
weights (known and estimaicd) on polyacrylomide :1, Prolonged
incubation in SDS results in an increased nunber of bands in
boih standauid protein ond 3-HAAO solutions. The problem with
denaiuring polyacrylomide gel ecloctrophore«is is that there is

no indication if the band stuined has activity or not.

Ar attempt was made to correlate protein bands with
S . 0 .
activity by running the enzyme ot 4 C as described on pages 20

and 21.
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In non-denaturing rlectrophoresis, both charge and puore
pore size pluy o role (Hendrick ond Smith 1969). No ati-mpt waus
thus made to estimate the molccular weight. Protein and
activity steining on complementary gels either overlapped or
coincided. The renal activity band appears o move slightly

cohead of the liver 3-HAAO band.

In summary, it uppears that the molceculor weight of
enzyme from liver may be a little higher thor that obtained from
kidney. To =zcount for the number of bands on electrophoresis
and the protein ond activity peoks on gel {i)Jirction, one may
consider multiple forms of the cneyne (only some of which are
octive) or sub-units may be present.  Before any definitive
comparison boetween the moleculor weights T these two enzymes
can be made, one should determine that the forms of the enzyme

studied are compcrable.

THE 'N' TERMINAL AMTNO-ACIL OF THE PNZYME

Both liver and kidney enzymes revec!cd 3 spots under
UV light - these were idontified os o-tyinsine, ¢-lysine ond on
ortifact donsyiamine. Failure to detect on 'N' terminal amino
ocid could either be due to masking of that amino group or to
destruction of the amino acid during dansylation and hydrolysis

(Seiler 1970).

THE_CATALYTIC_SITE:-

(A) R’i__(_}_[_LJ MU S -

Figure 26 shows the activity of liver and kidney 3-~-HAAO

(purified GG strain) ot pli's varying between 5,5 ond 8,5. The
overall paticrn displaycd by th tvo erzymes is similar - the
prac of activity being ot pht 7,9, The temperature ves

. . o
maintained at 31,5 C.
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(B) Temperature Ootimum:-

Figure 27 shows the activity of purified liver ond
. . o
kidney 3-HAAO (GG struin) over a tempervoture range from 31 C to
) . . . .
43°C.  The activity of both ¢nzymes increuses over the period

tested;

(c) Michoelis Cens'ants-

This is detcrmined at o pH of 7,6 and at o tcmperature of
29 ¥ O,5OC. The Km obteined for liver 3-HAAO is 1,82 x 10-5.
In vive cortisol or 7,5 weeks of DAB in the diet did not olter
this resuvlt (Fig. 26). Figure 28 also show, the more variable
results obtained for kidney on testing the Km of 3-HAAO under

similar condilions,

THE ANTIGENIC SITE:-

The controls - i.e. serum taken from both robbits prior
to injcction and serum token from the control rabbit ot intervals
equiveclent to the antibndy producing animal - all failed to react
on ¢ .posure to the antigen. This is true for both the gel

diffusion and titration techniques.

(A) Gel Diffusion:-

The antibody rcacted with liver ond kidney antigen of
both specics as shown diagrowaticolly in figure 29. The
enzyme isolated from DAB and <o iisol trcated was still capoble
of this intcraction. In all cases a single precipitation line
with no spur formation wos produced - figuie 30 demenstrates
the precipitation line between the GG liver entibody and SD

kidney an'igen.




enzyme adivity {units/ml/min)

Effect of temperature on the catalytic activity

40+

3

Key o liver GG

70

Ficure 27,

e e

vy of 3-hydrexyarihranilic acid oxygenase

P

okidney GG
pHZ,6

I L) 1

30 35

Temperature °C

&J-




Krr. liver ond b-dney 3-h, Lexyarthion'c oud ony e Lol cortivnl and DAS trecment )

003-

m.

K

Y R N . -’
oDAL b oy _;v,yvrl,mr.:.‘ drentc ocrd Cryinnin Fm: ?-,3’ 0 JM

. - ) . . -5
Ocortne! bedary 3y frrys 2 ucd oxyy e Km=233-1) M
‘(om'n_" b ke 2050 ' I
a ' ! 5
(Ql"(l loer b ]“ I IR X
RBeornl Lo bm .8
.o

15
DDA b B J/‘ LM

/1



DIAGRAMMATIC RERESINTATION OF AMTIBODY - ANTIGEN PRECIPITATION ON GEL DIFFUSION

Figore 29.

————— ————
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The absence of procinitotion lines doco pol exclude the
prescnce of a complementory antigenic binding site, the presence
of a precipitotion line is synonymous with the presence of
complementary entigen and antibody binding sites on the proteins

testod,

(B) Antibody - Antigen Ti ration:-

The resulis obtained in ottempting to clucidute the mode
of action wheruby cortiwol clevates the level of 3-HAAO were
disaoppointing. No informotion was cbtained vhich pointed to
induction of the enzyme ond scunt information for activation

was present,

The only positive results obtained in this experiment
were to confirm the results cbtained on gel diffusion - i.e.
that the ontibody - antigen reoction between liver stimulated

antibody ond liver ond kidicy antigen dues occur.

A DAB ~ 3-HAAD CONMDLEX:-

A sulphur contoining erino acid is implicated in the
binding of the gzo dye - both methionone and cysieine have been
implicated (Ketterer and Christodoulides 1968). Savage (1973)
showed SH groups present in 3-HAAO of baboon liver. An attempt
was made to demonstrate the prescence of o DAB - 3-HAAO couplex

in the purificd enzyme preporations (p.26).

Addition of formic ocid dirrctly to the purified enzyme
of both liver and kidacy of DA fod (4,5 and 7,5 weeks) animals
failed to produce any pinl. colouration of the solution,
Trichloracetic ocid when added to DAB freated ensyme in
polyacrylomide gel alzo produced no evidence of DAR being

present dn the purificd ensyme solution,
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(A)  JHEPOOToR LS VOLOR T OF 30020 TN R IVER AND

KIDLTY

——— 4 rnn et

The development of rat 3-H/AD is influenced by both nuclear
and cytoplasn detcrminants.  Certoin of thece intlucnces are

clearly delincated, others are open to wurnise,

(0) The Genetic Aspectac-

1. The structural Gene:-

The presence of an active structurcl gene 1is
synonymous with the presence of it product. 3-F "0 is known to
have structural genes in liver ond kidney. These are active by

7 days after birth ond remain <o into adult life.

2. Architieciur il Gf\n(_)i:-—

The enzyme is found in the cytoplasm of both

orjgans., The technigues employed connot exclude its presence
from other sites. Dallneret et ol. (1966) found on associcotion

between the cite of an enzyme within a cell and the "over snoot”
phenomnenon unlikely. The aichitecturel gene is probably not

responsible for the "over shool" demonstrated in 3-HAAC.

3. Regulatory Gonesi-

Any single ossay of enzyue activity reflects
not cnly the rate of enrywe synthesis, but clso the rote of
enzyme cotalysis (Correll ot al. (i965). The most probably
explanaiion for the over shoot phenomenon observed in male liver
and female Lidney is on imbalance within the requlatory gene.
Both the cotolytic {(Ganschow and Schinke (1969) and the
synthetic goneme  (Doyle and Schaibe (1969)  have been chown to
be individucily r1esponaible for enzyme levels within the liver.
The actual locus controlling 3-UHAAD level within the 1iver ond

kidney reaaing obscure, The over shoot phenoronon may either

;
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be duc to a delayed developuent of thiw locus, or the locus may

chonge with incrouning malurity.

There is no opparent wcute requirencont for nicotinic acid
at 59 days in the wale liver or ot 4 months in the female kidney.
Besides, Yeung (19¢7) hae 7o ud that the excessive increuse in
the octivity of one enryme is not necescarily co-ordinated with
on increuse in functionally reloted enzyres,  The excessive
increase of 3-HAAO proiebly wanifests o genetic rather than g
homrostotic responce, Moog (1971) remarked that acnzymes which
undergo a larg> 1ncrease in activity frequently tempororily rise
obove their adilt level before stobitizing. The relaotivaly
high specific activity found in male liver at 39 days, followcd
by the excescive level of measurable 3-HAAQ at 59 days, could be
interpreted as o lurge increase in the productivity of this

enzyme's synthetic genes during this period.

4. Tenmporcl Genogr
The levels «!

~nzyne activity are predicted

by the temporcel gene. Short term changes are sup-rimposed on
these predictable levels vio factors which offect the ratios

between the Joci of the regulatory gene.

The temporal developmnent of the cnzyme within mole and
female kidney is synchronous. -iver is out of step, Liver
which is exposcd to a higher concentrution of molecules is more

prone to short te.m adaptation than kidnoey,

(b) A Cyvitanleimice ,’“v)wl'f:—

" e~ e o ot — .

Cytoplosmic Tactors may nfluence enLyme expression
ot either the Tovel of tran cription o1 frantlotion Jlanninen (1971).
Cortienl 1w known 1o combine wilh bepotic cytoplosmic recoptors
= certain of there corti-ol e ptor corplexes hove later hoen

located in the nucltong (Feilg tom ond Feilgelaon (10/2).




The role of cortisol in the development of 3-ilAAO is

discussed

The Pituitry-Adrenal-liver Axis:-

The pituitry in the younyg rot does not respond to stress
before at least 8 days afier birth; the adrenal responds to
ACTH after about 4 - 6 days (Joiler 1950).  Adrendl
corticosteroid concentration increasce . until 185 days ond
thereafter stored stieroid levels rupidly decrease. Joost (1956)
concluded that foetal liver has an early ability to respond to
steroid hormanes. In the neonate it takes only 24 hours before
the hepatocyte is capable of toking up ond binding cortisol with
cliwost adult efficiency. By 11 doys cortisol is concentroted in
rat liver with adult dexterity.  There is, however, o diffev:nce
within the cytosol. Betweer 16 ond 39 days cortisol binders Il
and IIT defined by Morey und Litwack (1969), Singer and Lit
(1971) reverse their ratios. By 39 days the hepatocyte binders
are identical to those found in the edult (Singer and Litwack
1971). Induci' ility of hepatic tyrosine amino transferase

parallels the shift in cortisol binding pattern.

it would thus oppear that the pituitry-adrenal liver
oxis 1s intact as early as 18,5 doys, and that by 39 ¢ ,s *he
ahility of the liver to bind cortisol reaches maturity.  The
pattern of development 1uposed vpon 3-HAAO in both liver ond
kidncy prior to 18,5 deys continues uninterrupted until well
post 39 doys of zge. It seems vnlikely that 'he development
of this ¢nzyme ewaits the moturity of the pituitory-adrenal-

liver axis.



Foilgi:’of Cort{;wl to Induce 3-HAAD: -

At 15,5 weoks 3-HAAO in male rat liver resists induction
by cortisol. Possibly the cortisol is boing bound by transcortin
which has a higher affinity for corticol thon the hepatic
dechydroxy system (Sandberg end Slaunvhile 1943). The hepatic
dehydroxy steroid dehydrogenase system (RQu-ton ond Jeycs 1968)
may also ploy a role in this resistance to cortisol. Hoining
ond Correll (1969) found that tryptephen pyrrolose responded
better to inducticon between 6 and 12 monihs, than at either 1 or
24 months. Possibly a similar mechenism underlies the absence
of responsce at 15,5 weeks and the significant respense at 8 morths

of 3-HAAOQ.  This mochonism may well involve gene potentiol.

Corti<ol as an Exrl.iction for the Sexucl Differences in 3-HA D

Dovelopmont in Live -2-

Fcr the first 20 days of post-natal life, plasmao steroid
levels incicase simultancously in both sexes (Decker et al. 1965).
Transcortin is of similer concentrotion until 30 days, thereafter
the female levels increase (Gala and Westphal 1965), Steroid
bound to transcortin is biologicaelly incctive (Slaunwhite et al.
1962). Prior to 26 doys corlicosteroids are metabolived in a
similor manner by both sexes - ofter 32 doys males produce
metobolites B and D (Singer and Litwack 1971). In summary, the
sexual discreponcies of steroid plosma binding of sleroid
concentraotion and ol hepeotic steroid metoboiism occur after 20
days and ave establici.ed by 32 days of age. The cexvol
dify . rence in hepatic 3-HAAO development precedrs the sexual

discriminalion of cortisol metc¢holism,

Cortisol complctely failse to account for the sexual

difie nce in 3-HAAO developront. Thece differences ma,
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possibly, partially be attributed to the henatic microsomal

enzymce system.,

At 4 weeks mcle ond femole hepatocytes are equally capeble
of wetubolizing hormones, druos and other molecules. By 6 wecks
the male hepatocyte is more «fficient (Conney 1967). Possibly
the less efficient detoxificution by the female hepatic
microsomal enzyme system results in o prolonged stimulation by
effective molecules. This moy explain the relatively high levels

of this enzyme in the female liver after 2 months of age.

The sexval difference in renol 3-HAAO is one of guantity,
Both the wetiology and the function of the raised level of 3-HAAQ

in the mole kidney remain obscure.

The development of the genetic apparatus of 3-HAAO has
been nonitered via measurement c¢f the cytoplasmic level of this
enzymc. Prior to maturity, cortisol .as no detectable

influence on the genetic expression of 3-HAAO.

(B) LIVER 3-HAAD VERSUS KIDMNLY 3-HAAD:=

Enzymes performing similar biochemicol functions may
occur in different forms. They may have differcat
physicuchemical or oduptive properties. The foimer may be
conferred on the encyme at the level of the structural gene, the
latter may result from the physicochemical properties or be due

to different internul environments.

(a) A consideration of ihe Phycico Chomical Propevtics

of 3-HAAG- -

The structural gene detervines the omino acid

sequence of a protein. Alteration of a single bose within the

o gage A i Ok s g - S =
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structural gene may result in the production if iIsocnzynes,

Certain specific orcas of 3-HAAD have been considered -

(i) The Catalytic cite and the influerce of pH,

temperatuee and substrate:-

No obvious differences were found.
It must be recalled that the active site probably consists of
groups separated by peptide bonds or even situated on different
chains (Boyer 1960).  The similarity between liver and kidncy's
response therefore reflects a similarity in structure vhich is
not confined to a single amino ocid. Liver and Kidney 3-HAAO

has been found to be isodynamic in this study.

(i1)  The Antiqrnic Site:-

Tne rabbit produced o single detectable
entibody to liver 3-HAAO.  The probability that the
purification techniques are adequate is increased ond kinetic
studies become meaningful. Liver and kidncy have a similar

antigen site

(1iii) The 'N' Jerninal:-

Neither enryme has an 'N' terminal

detectable by means of dansylation.

(iv) Moleculor Weight Determination:-

Multiple bends were observed on polyacrylamide

gel separction of both liver and kidney. More than one peak of
protein ond octivity were detected on Sephadex filtration. These

fuctors suvgqgest the presence of possible isoenzymes of sub units

or of variably active forms of the sume enzyme,

(v) The Stability of 3-HAAO:-

On purification ond storage 3-HALO, proved
unstuble. Except Tor renal 3-HAAD on storage at the homogenaote

stagr, both liver ond kidney cnvymes disploy a similar stobility



&l

L
¥
t
on storcge and alwn on purilicallion. Renal 3-HAAO's stobility ]
[}
as a honogrnate 1s murkedly inproved ofier in vivo cortisol ?
treatment. Hepatie 3-HAAD ot a similor stoege of purification
is inherently more stable - in vivo corticol does not further
enhance this stabilitly. The question as to whethor this is on

organ specific difference or wn enzymatic dissiumilarity ariscs,

(b) The Internal Pnvivonmont of

"Tver ond Kidney 3-HAAD: -

The liver is recegnized as o aore rapid protein ‘
synthesizing organ than other tissues (Bollman 1962), tryptophan
is however probably nol concenirated by liver ags Civen and Knox
(1959) found, the concentration of free tryptophan is only
slightly higher in liver then 1n plasma. Steroids non-

specitically increasc the level of free umino acids in both liver

ane’  “dney (Nooll el _al. 1957).  Specific intcraction between
st and «ozymes is influenced by other intracellular foctors

(Yio g and Toukins 1962). The dissimilor functions of liver
ant .y suggest different internal cellulor envircnments in

the 0 organs.,

The ability of steroids to influence the protein synthesis
of enzymes is probably confined to interoction within target
Jrgans. Endocrine products occunulate in target organs and are
effective in trigge1ing concenirations (Srzego 1971). Target
organs sclectively bind cteroids to cytosol receptors, these
mobile receptors tronsfer the steroid to the nucleus (Hechter and
Soifer 1971). Not only does the target cell concentrate the
steroid, e.g. corticoel is concentrated by the hepatocyte,
(Litwock ond Baserga 1967), il tran:porls the hormene to the
nucleus, c.g. oldocterone te the Lidney cell nucleus, (Jensen
and Jacobuan 1962), cortisnl io Lhe hepatocyte nucleos (Bealo
ond Feilgelaon 1972), Kidrey end Liver bhoth heve the obility to
act os tavgel orgen:, - they Loih are copeble of proteln

synthesis in ¢ propriate circonctonces,




¥4
Non~target orgen. da have theiv cytoplawm capo o Lo
hcrimones bul they differ from torgel organs in that (h luck
the obility to !ronsport the hormone to the nucleus (Boulliou
1971). Non-taiget organs do not develop a nucleur conceniration
of the hormoae (Stumpf et ol 1971), and ovrotein synthosiy

becomes unlikely.

In vitro cortisol feils to produce any c¢ffects on 3-HAAO
- in_vivo cortiscl does effect this cnzyme. This suggests that
cortisol either requircs o viable genetic eppasatus or thot one
of cortisol's melubolites is the active component, The latter
is more likely to apply as kidney is not recognized us o target
organ ¢f cortisol, Renul 3-HAAO is itabilized by in vivo
cortisol. The exogenous dosc of cortisol that sechbilized
rznal 3-HAAO hed no effect on the ~tablility of Tive 3-HaAO.
The inherently enhanced stability of liver 3-HAAO ey be
achieved by endogenous cortisol - iv is difficult to ¢ sess the
true concentration of a hormone at its site of actica (Vitlee
1961). It is suggested that the apporently different response
of liver ond kidncy 3-HAAC is g dosc-dependent phenomenon

explaired on o terget organ response,
At the present lovel of invesiigation, all that con be
stated is that liver cad kidney 3-HAAOQ are heterozygenous f.e.

they are isodynanic but are derived from different organs.

(c) 3-HAAD — AN ADAPTAGI L PZYME

(o) Coiticol and 2 UAAO: -

Theie are basically three Yoevels ot which cnzyme

regulation may orcur {(Yielding 1971): .

1. Modilication of the activity / efficiency

of the enzyme. his oceurs when tryplophon pyriolase o

CELTT ORIy

PYSCIE-3
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exposcd Lo tryptophan (Ciroengurd ond Feilgoleon 1961). This

enhanced cotalylic power is achivved at a cytoplasmic level,

2, The ovailobility of envyne substrate and
the remeval of products.
This is the basis of the "mass action' 1" cory of enzyne

aduptation. (Mandelstam 1952).

3. Changes in the concentration »f the enzyme
as determined by synthesis and degiodouion,
Cortisol increases the eynthetic rote of tryplophun pyrrolase,
tryptophan decreases ils rate of degradaticn (Schimke et ol.
1965). Both on adavtive increase in enzyweo synthesis or a

deciease rate of degradation are defined as ensyme induction,

Hormones are known to modify genetic expression at the
level of transcription (nucleu&) ond translotion (cytoplosm)
(McKerns 196%). Hormones thought to influence NAD metabolism
include adrera’, thyroid, femule condal end growth hormone
(Grecngard 1765). In this study, the effects of the adrenal
glucocorticoids on one of these enzymes is considered,
Glucocorticoids increase the level of trynptophun pysrolase via
incrcased protein and m - RNA synthesis (Masuda and Duncan 1971).
The effects of glucocorticoids on Z-tAAD have not previously

been described.

(h) Corticol Actinag at 1h3 CVtQﬁl”““;C Lovel:-

¢ ——— ————————— -

Cortisol accumulates nainly in the cytoplasmic
compartment of the hepatocyte (Litvack et _ol. 1963 and 1965,

Litwack and Bauverga 1967, Morcy and Litwach 1969).

‘o

Acting ot a cyteplasmic Toevel, steroide are knewn
alter enzymatic structure by interferiog vith covelent bonds

among sub-units, i.e. steroides are known to cchieve o change in




tertiory structure (Yielding and Toslins 1962,.  Cosii ol
acting as a ligand, is known to retard hydioly:is of certuin
proteins (Ryan 1973). Cortisnl, olthouygh it [ails to increase

the level of activity in the kidney, stabilirves renal 3-HAAD on

storage in the homogenate. Only in vivo coriicol elicts this
response. This doces nol cxclude Lthe possibility that cortisol

acts at a cytoplusmic level; 1t may imply thol u metubolite is
the active component.  Certainly only o small per cent of
metabolically unaltered certisol 1s found in the hepatocyte

(Fiola and Litwack 1966).

Hormones arce transported to the nuclei of iheir tarqget
organs (Beato end Feigelson 1972; Jensen and Jocobson 19627,
The cytoplasm of both target and non-target orgens are e,posed
to hormones. It is thus likely thal the kidncy cell

experiences cytoplasmic but not nuclear exposure to cortisol.

In this study an interocticn between a cortisol metabolite
and 3-HAAO ot the cytoplasmic level may account for ihe enhanced
renal 3-HAAO stability on storuge ot the homogenate stage post

in vivo cortisol therapy.

(C) Corticol, 3-HAAD and the "Mass Action' Theory:-

Mondelstam (1952) describ d the mass action theory
on the basis of an equilibrium phenomenan, Cotoination of an
enzyme with substrate upsets this equilibrium with the precursor
substanc:. The higher the substrate concentration, the greater

the demand for encyme ond the higher the rote of enzyme synthesis.

Cortisol is known to induce isyptephan pyrroluse -~ the
firet and most Jilely rate-limitiag cacyme of the tryptophan-
nicotinic azid pathway (Rooe and Braiduan 1971). The possibility

that the clevated Tevely of 3-HAAO detected in liver post cortisol



therapy dre due to increased moverent dovn this pathviay exists,
t

It is unliluly that the primary oction of ¢ortisol on 3-HAAD isg

al the leve) of tryptophan pyrroluse tor the following reasons: -

1. Cortisol mediates an enhanced Jevel of
tryptophan pyrrolase via increcased protein synthesis - tnis is

nol proceed:d by cn enhenced conversion of inactive to wctive

enzyne (Grengard 1965). In 1966 Creengard went a step further

and showad thut after cortisol treatment the major component of
tryptophan pyrrelase which is increased is an inactive form.
Under physicleaical conuitions mornt of the tryptophen pyrrolase
in the cytocol is in en inactive forn (Knox et al, 1966). All
the tryptophon pyrrolaowe induced by cortisol is thug not
immediately ovaeilable to the tryptophen-nicotinic acid pathway
and hence not to the 'mass action' hypothesisc, In fact Civen
and Knox (1969) showed that cortisol did not increase the ratc
of tryptophan metoholirr as measured by the excrction of

xon henuric and kyneurcnic eocids in pyridoxol defic. rate.
Althiough steroids amay influence the entry of amino acils into
cells inductioit with cortisol, wnlike with tiyptophan, 1s not
associated vith an increased level of free tryptophan within

the liver (Tomkins and Maxwell 196%).

2. Knox and Auverbach (1965) increosed the
level of tryptophan pyrrolase activity using cortisol and found
urinary excretion of kyneurine doubled. Both tryptophan ond
cortisol have been shown to increase the urinory excretion of
tryptophan motobolites (Srown end Price 1956, Altmon cnd Green

1966) - these ratebolites are found pricr to 3-Y4AAOQ in the

tryptophan-nicetinic coid puthva,. This pointe not only to the

production «f a certain concentration of uctive trypiophan
pyrrolasne, but also illusinates the Vimatod extent moved down
the pathway by at least a propovtion of the product. Rose and

Mc Ginty (12635 found o F0ANY escercted alter corlinol

(4]



induction. Thie implics inodequate 3-HAAO available for the
propurtion of wubsirate potentially able to pass down this

athvay to aicotinic ucid.
y

3. Tryptophan pyrrolase can be induced by
cortiscl in newborn rats ofter 12 days of age (von Bekkun),
2-HAAD was not induced by cortisol in 15,5 wecek old rots ([n
39). Mass movenent down this pathway in the 15,5 week old rat
either fails to reach / induce 3-HAAO o1 induces 3-HAAO in

statictically insignificant quoantitics,

4. In 1957 no adadptation had been found
subscovent to the first reaction in tryptophon metobolism (Lin
and Knex). Excese dietary leveine significantly increoses
tryptophan pyrrolase but has no cffect on eithey 3-HAAC or
nicotin.tr-phosphicribosyl trancferase (Afoorunissa and

Narosingarao 1973).

5. The effect of steroids on liver enzymes
is sequentiial rather then i, ultaneous of the maximum respense
tryptophan pyrrolase is betweer 4 - 6 Yours (Feigelson et al.
1962, Rosen and Milholland 1971).  The moximum response of
3-HAAQ precce 'es this. Aliﬁough the moximum response depends
on the half life of the enzyme, this fact does not favour the

mass oction hypothesie,

The activity of cortisol induced tryptophon pyrrolase,
the temporal response of tryptophan pyrrolace and 3-1AAO, the
enhanced excretion of metebolites prior to 3-HAAO in the
tryptophon-nicotinic ocid pothvay and (he lack of response in
other cnsymes on this pathvay all oppoue the concenl of the
'mass astion' hypothesis boing the sole mode of induction of

3-HAAO by cortisol.

8O
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(d) Cortiendl Aeting at the boevel of the Genctiace

/‘J\r‘m,o’hf of Al ()

PRS-, e = n e e w—

Towkins ol ol. (1969) sugaest thet cortivol may

mediale inducticon via reculetion of the conformation of the

gllo<teric molewule, The stieroid wmey influence the synthesis,
denra'ation o1 tiransport of this represtor cubstonce from the
cytoplasm to ‘he nucleus, Karison ond Seleris (1966) feol
cortisol acts at the lev 1 of the nucleve via binding to bislones.
A negolively chayged derivative of corticol may play @ role in

the relatively non specific depression of genctic informoticen

associoted with cortisol induetion (Fi lu and Litweck 1966).
Cortisol is tl ught to act ot the level of gene transcription in
the cose of tiyptophan pyrrolase (Yo Fu Li and feigelson 1969

and other h patic enzymes te<ted in rat hepotoma (Yu and Feigelson
1971). Ashmore and Moraan (1967) feci hat coriisel's initial
action on the nucleus activales syntheuls of specific RNA resulting
uliimately in certain enzoooo being produced, Purine nuclectide
synthecis is one of the concequences of glucocorticoid cctivity cn
the liver (Feigelsaon ot al. 1962, Feigolson and Feigelson 1963

and 1965).

This enhanced RNA synthesis ossuciated with hormonal enzyme
industicn is inhibited by actinomycin D (Carren ci gl. 1964).
Actinomycin is thought to inhibit RNA polymerase vig binding with
DNA prirers (Goldbirg ot al. 1962). This complex between
actinomycin is selective and reversible (Barnabei ot ol. 1965).
Actirowycin D given alone 14 bnown to increave enzyme activity -
this increane i ¢ttributed o an enhone d ensyme synthesds in

the precence of inhibition of synthecis of inhibitors of troaslotion

(Torking ot ol. 1966). Actinenycin doos not int rfere with the
pre-cxiotine w-INA acting on a template for protein syntheois - it
dore not prectod conbiancoment of ensyme octivily vio ollosteric effects,

conversica of dnactive molocnles o evien increased cynthetic
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ability of ewisting m = BNA (Roy o1 el 1764).  Actinowycin
inhibited cortisol induction of Loth tryptophon pyvrolase
(Michkin ard Store 1967 and 3-HAAO (sec P, 37). Corti-ol thus
induces via protein synthesis.  As previously discuc od, it 1o
unlikely that the movement of metabolites down Lhis patiway
could completely account for the Increased level o 3-HAAD; 1t
thus scvems likely thet the primery action of corti- 1 ic at the

leve! of 3-HAAD's genctic onpavatus.

The ropidity of this enzyme®s response t ¢ tisnl, the
knowledge that RMA pelymerase activitv peals ot 3 nonrs post
intraperitoncal cortisol, the eftect of cortiscl on the renel
enzyme and the nebulous results oblained on ontibedy antigen

titrations, aoll suggest a nultifecal rode of action.

THE ADAPT/BILTIY OF 3-1A0 N TRYPIOPHAN STTH 1 ATION: -

The obility to  survive within a changing environment is
intimately linled with the cdoptebility of the metobolic process.
1n animols, adantation cen be achiceved via eitier hormonol
regulation or alterotion of a dictery substrete (Feigeleon et _al.
1962). Tryptophan irduction of tiyptophan pyrrolase is
assuciclted wiith two phenomena - conversion of inoctive 1o active
forms of the enszyme plus on increose in the totol protein moiety
of this ensyne (Orengord  ond Acs 1962). Actinomycin has no

ol 1963). Tryptophon

influcnce on thic tesponce (Greencard ot
administration «hould thue increace the movement down the
tryptophon-nicotinic acid pathvay rand elevale the Jevel of
3-HAAD activity -« this wo. found Lrve of hoth Yiver and Kidney.
The drop in henatic 3-NHAAG activily which followed tryptophan
induction c¢ovld ponibly be explained as encywe depletion due to
excrsnive moveront down the tryptephan-ni otinic acic pathvoy -

the ocute dewand for 3-HAAD excending the aynthotic potential of
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the g-netic apparcius at that time. The albali used may have

further compromio-d the regponse,

Tryptophen awlninistration leads not only to the clevotion
of tryptophan pyrrolese, it aleo elevotes at least four other
hepatic enzymes (Foster 1966; Perino | ol. 1965), In the
case of at least one of these cnzymes an intect odrenol is

required (Kenney and T oora 1961).

The peak of tryptophen induced hepatic 3-HAAO occurs
towords the end of maximum induction by cortisel and procceds
cortisol's induction of tryptophan pyriolasec. Induction of
3-HAAD Ly cortisol is not pr owavily via mass movement down
this puthway; tryy *ophan in/ [ this enzyme may however

be due to this mecharnism. Ci “h of action hove not

been excluded.

THE ADAPTABTLITY OF 3-HAAQ ON DAG TNCESTION: -

. e————

In thecory it secmed possible that DAB could uttach to
3-HAAO, DAB is Lknown to bind to certein cytoplasmic proteins
which are themselve: almost entirely obsent from the resultont
tumour (Sovof et _ol. 1958), In DAB induced hepatemas the level
of 3-HiAD cetivity is nolahly decreased (Shimoyama ¢t al. 1965),
The cytoplasmic protein to which the dye binds ho certain
properticosg similar to those of 3-HAAD - its isoelectric point
is 8,4 (3-H2A0 failid te migrate in polyacrylomide gel at 8,4)
no 'N' terminal haw been detocted and this protein shows
micronctorogeneity (Ketterer ot al, 1067). The moteculor
weight of this prot.in id 45 000, that of 3-HAAOY i« lower.

The Tewer molecular weight form could be justified if the

enzyne bod seporeted into cobeonits during pourificalion,
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As the dye is onty hydrolycced oif from ihis protein by
strong alkali (Miller ond Miller 1902), purificalion of 3-HAAD
will not disturb the dye - protein complex. Teoting with
formic and trichleracetic acid showed no evidenc: for 3-HAAD
being cytoplasmic proteir o which DAB attached. Michaelis
constant and antibody experinents confirmed thal DAB dnes not
influence the catalytic or untiacn site on 3-HAAD, I1 thus
seems unlikely thet DAB dircctly influences 3-HAAD at e
cytoplosnic protein level.  Dictary DAL did howvever enhance

this enzynme's activity in botir liver ond kidney.

In terms of the activity of rencl 3-HAAO it is of interest
to note that bound dye is virtually absent from kidney (Miller
ond Miller 1947), vhilc one of the hepotic DAB binders is a
cortisol binder (Litwack and Morey 1970). The carcinogenicity
of DAB is associaivd with its obi’ity to bind DNA {Dingman ond
Sporn 1967). No striking relatieonship exists between renal
tumours end DAB und nothing to the contrury was found in this
study.  This study did however show that DAB, or one of its
metobolites, enhances the cectivity of 3-HAAD - the mechonism

invelved remains obscure.

Less difficult Lo explaoin is the decreased Jevel of
3-HAAD in mocroscopically ebrormel arvas of liver oiter 15 wecks
on “he DAB dict, These arceos had suffered hepatocyte loss and
cannective tissue gain thus enzyme activity is not comporable
on a weiaht to weight basis. Why co "oin liver cells should be
more surcoptible to noxious opents thoo others is beyond the

scope of this dioo iqtion,

3-HAAO 1o on adopleble eosyme wi h an adoptoble pathway.

Stir ol may act at the Tovel of the moctoes or the cytoplavn

o
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but in cither cose the effcectiveness of this stinulus is
influsnced by the physiological state pre- impoced by otncr

regulotory faclors.




T T T T T TTERIT TS . ST ST, A S & B

BIBLICGRAPHY




92
APOORUNISSA, G.H. and TARASINGAMH, 6.S. (1973) Bioci . Jo 1384
425.
ALLFRT. PuW., SCUEER, B.T. and DIURL, H.d. (1948) J. Biol. Chen.
175, 479.
ALTHAN, K. and GREENSARD, D, (19¢6) J. Clin, Tnvest, 45, 1527.

’

ALTMAN, K. and GRETNCARD, D. (1004) Science 151, 332,

ANDREVS, P. {1970) Ed. GLICK, Do In Methods of Bjochemical
Analysis, New York: Interscicnce 18, 1.

ASHHORE, J. and MORGAM, D, (1967) Fd. EINSEHSTLIN, A.B. In ihe
Adscnal Cortex; Boston: Little Brown end Co. 249,

AUCRBACK, V.H. and WAISHAN, H.AL (1959) J. Biol. Chem. 234, 304.

BARNABET, D., ROHANO, B. and DI DITTONTO, G. (1965) Arch.
Biochem. Biophys. 109, 266.

BARTON, E.J. (1977) Biochen. J. 129, 983.

PAC TEU, L.E. (1971) EJ. HUBINONT, P.O., LEROY, F. and GALAND, P.
31d Ed. 1n Internotienel Seminar o Reproductive
Physiology and Sexuol Frndocrinology. Basel: Kager, 44,

BEATO, M., BRANGLE, W., BFISENIC, D. and SLKFRIS, C.[., (1970)
Biochem. Biophys. Acta. 208, 125,

BEATO, M. and FEICELSON, P. (197.) J. Biol. Chem. 247, 7890.

BETHEIL, J.J., ond FOICTLSON, M. ond FEIGILSON, p. (1965)
Biochem. Biophys. Acla. 104, 92.

BLATTT,S.P., INGLES, C.t., LINDOLL, T.t., ot ol. £1970) Cold

Spring Harbour Sywp Ouant Biol 33 619.
BLOCH, K. (19462) Ted. Proc. 21, 1008,
BOLLMAN, JuL. (1963) Ed. Schiff 2nd Bd. In D1ocases of the Liver
Philedelphio:  Lippencotic 85
BONLTON, AJA. end BUSH, 1.E. (1964) Biochoen. J. 92, 11P,
BOYER, PP, (1960) A Reve Bioch . 22, 10,
BROWN, R.R. ond PRICEH, J.M. (1054) J. Piol. Chea. 219, 985,
BURION, A Fo, ard JEYEL, Cot. (1908 Core o Bin hew. 46, 15.
CIVEN, M. and "NOX, VF. (19500 00 Riol. Chew 201, 1787,
connby, AU (1067 T e Revs 19, 317

CORPELL, Mo, TURCR, Th. o s, g (0eh) JuGerent. 20, R0,

'

R - i — T



93

COX, M.C.L. (1967) Siudies of Hydroxyenthionilic A-id Oxidaon
M.Sc¢. Disa. Undv.e Wirand.

CRABTREL, H.G. (1775) Cancer R-u. 6, bL3.

CRANDALL, D.1. {1965) Ed. KING, T.E€., MA%N, H.S. and MORRISGN, H.
In Oxideces and Polated Ridoc Systems, New Yorik:
Wilev and Sons 1, 263.

DALLNPR, C., SIEKLVITZ, P. AND FALADE, G.C. (i966) J. Cell Biol.
30, 97.

DAV.Z B.J. {1964) Avncls NJY. Acod. Sci. 121, 404,

DECKER, R.H., KANG, H.H., LEACH, ".R. and HERDERCON, L.M. (1961)
J. Bici. Chem. 235, 3076.

DECKX, R., RAUS, J., DENEF, C. end DE MOGR, P. (1965) Steroids
6, 129.

DE MOOR, R. ond DENEF, C. (1963) Endocrinalogy 82, 45L0.

DINGMAN, C.Y. and SPORT, M., (1967) Canccer Res. 27, 938.

DORIMAN, R.I, (1961) Fd. VILLFD, C.A. ond INGEL, C.L. In
Mechanicm of Action of Steroid Hormenes, Oxford:
Pergarrom Press 140,

DOYLE, D. ond SCHINMZL, R.T. {1969) J. Biol, Chem. 244, 5449,

FEIGZLSON, M. cnd FEIGTLSON, P, (1965) Ed. WLBLR, G. In Advancer
in Enzyw: Regulation, Oxford: Pergowmct Press 3,
11,

FEIGLLSON, M. and FLICLLSON, P. (1972) J. Biol. “hem. 247, 78%0

FEIGLLSOY, 1., GROSS, P.R. and FEIGLLSCYN P, (1962) Bi chem,
Bioohy«. Acta. 55, 495,

FEIGELSON, P, and FETorLsoy, M, (1963) J. Biol. Chem. 238, 1073.

FELICELSON, P., FLIGELOON, M. and CREENGARD, 0. (1962) Recent
Frogrea. in Hornon. Res, 16 491,

FEIGELSON, Po, WILLIAY, J.N. and LLVEHJLHM, C.A. (1951) J. Biol.
Chem. 190, 737,

FIACA, .5, end LITWATE, Go (19¢4) Brochem, Biophy.. Acta. 124,
260,

FOSTER, D.D. (1966, Bioiiwiotry o, bho3,

L

T N e i N,
oy T



94

GALA, R.R. and WESTPAAL, U. (1904) Fncocrinolegy 77, 841,

GANSCHOW, R.t. and 3CHIE (1969) J. Bioi. Chew. 244, 46,49,

GARREN  L.D., HOWILL, F.R., TOHILNG, G.M. and CROCCO, K.M. (1964)
Proc. Nat. Acad. Sci. 52, 1121,

GOLDBCRS, I1.H., RABINOWITZ, M. and RELCH, L. (1952) Proc Nat.
Acad. Sci. U.S.A. 43, 2094,

GOLDBERG, J. and TANNER, W.F. (1962) U.5. Public Health Reports
37, 462 (f.x COX, M.C.L.)

GREENGARD, 0. (1963) [d. WLHER, G. In Adv. in Rozyme Regulation
Ox{ford: Percemmon Press 6, 01,

GREENGARD, 0. (i966) J. Biul. Chew. 241, 304,

GREENGARD, 0. (1972) Ricchem. J. 130, 48%.

GREENGARD, 0. and ACS, G. (1962) Biochem Biophys. Actu. 81, PN
652. N

GREENGARD, 0. ond DEUEY, H.K. (1967) J. Biol. Chem. 242, 2926.

GREENGARD, 0. nd FEICIESON, b. (J961) J. Biol. Chem. 236, 158.

GREENGARD, 0., SMITH, A. and ACS, G. (1963) J. Biol. Chem. 238,

1548,
GRELNGARD, 0., WEGLR, 6. ona SINGHAL, R L. (1963) Scicnce 141,
160,

GREENGARD, ©. (1965) J. iol. Chewm. 210, 484,

HAINING, J.L. and COXRELL, W.W, (1969) J. Gerent, 24, 143.

HANKS, L.V. and HENDERLON, L.P. {1957) J. Biol. Chem. 225, 349,

HANKS, L.V. and URIVEISKY, M. (1954) Aich. Biochem, Biophys. 52,
484,

HANNTHEN, O, (1971) Fd. BECHCICH, M. In Fnoyme Synthesis and
Degredotion in Mammolion Systeis Farger: Boscl 200

HAYATSHL, 0., ROTUHIIG, S. and MOHLER, Al (1956) Abstr. 130th
Moo ting Aw. Chern Soce Atlentis City 52C,

HECHTEE, O. and SOTELE, Do {1971) Fdo HUBINONE, 2.0, LERDY,  E.
and GALZND, P Ta Bnic Aciions of Sex Steroids on

Targe ! Orcare Karoers Banel O3,




HENDRICK, J.L. anrd SMITH, A.J. (1965) Avch. Biochiow. Bilophys.,
126, 155,

IACCARINO, M., BOERI, E. and $C21Dd, V. (1061) Biochen. J. 78, 65.

JAILER, J.W. (1950) bLndecrinology 16, 420,

JENSEN, E.V. aad JACOBSCH, H.I. (1965) Recent Proy. Horwmene Res.
18, 347.

JOOST, A. (1966) Recent Prog. Hormone Res. 22, 514,

JUNG, J.S. and KNIGHT, C.A, (1972) Analyticol Biochcw. 44, 153,

KARLSON, P. and SEKERIS, C.L. (1966) Acta. Lndocrinol. 03, 508.

KENNEY, F.T. and FLORA, R.M. (1961) J. Biol. Chem. 2345, 2099.

KENNLY, F.T. ond LEE, K.L. (1971) Fd. JAMES, V.H.T. and MARTIN, L.
In Hormoncl Steroids, Amsterdom: Exerpta. Medica
472.

KETTERER, B. and CHRISTODOULIDZIS, L. (1968) Biochem. J. 109, 37P.

KETTTRER, B., ROSS-MANSELL, P. and WHITEHEAD, J.K. (1967) Biochem.
J. 103, 316.

KNOX, W.E. and AUERBACH (1955) B. Biol. Chem. 214, 307.

KNOX, W.E., PIRAS, M.M. and TOKUYAHA, K. (1966) J. Biol. Chem.
2i4 297,

KOSHLAND, D.E. and NEET, K.E. (1968) Ann. Rev. Biochem. 37, 360.

KREH_, wW.A., TEMPLY, L.J., SARMA, P.S. and ELVEHJEM, C.A. (1945)
Science 101, 489,

LAYNE, E. (1957) Ed. COLOWICK, S.P. und KAPLAN, N,O. In Methods
in Enzymology, Mew Yoirk: Academic Press 3, 447,

LESKOWITZ, S. and WAKSMAN, B.H. (1960) J Imnunol. 84, 58,

LIN, E.C.C. and KNOX, W.L. (1957) Biochem. Biophys. Acta. 26, 85.

LIN, £.C.C. and KNOX, W.T. (1¥58) J. Biol. Chem. 233, 1186,

LITWACK, G. and BASERCA, R. (1967) Endocrineloay 80, 774,

LITWACK, G. and MOREY, K.S. (19/C) Biochem. Biopnys. Acta. 3%,
1i41.

LONG, C.L., HILL, H.N., METRSTCCK, T.M. and HENDIRSON, LM,
(1954) J. Biol. Chew. 211, 405,

e e Tewr S ok

——



AN

MAHI LR, H.R. a1d CORDES, C.H. (1967) Biologice! Chemistyy,
New York: Harper Reu, 567,

MANDELSTAM, J. (1952) Biochem. J. 51, 674,

MARTIN, D.W. ond TOMKINS, C.M. (1971) LCd. JANES, Y.H.T. and
MARTIN, L. In Hormonaj Steroids, Amsterdan:
Excerpta. Medica. 441,

MASON, H.A. (1957) Scicence 125, 1185

MASUDA, J.M. and DUNCAN, G.R. (1971) J. Steroid Biochem. 2, 165.

MC KERNS, K.W. (196%9) Stercid Hormonces and Motobolism, Nev York:
Appleton-Centuary-Crofts Meredith Corp. 145,

MITCHFLL, R.A., KANG, H.id. end HENDERSON, CHM. (1963) J. Biol.
Chem. 238, 1151,

MILLER, E.C. and MILLER, J.A. (1947) Cancer Res. - 468,

MILLER, E.C. and MILLER, J.A. (1955) Concer Res. 12, 547,

MILLER, E.C., M’ LER, J.A., SAPP, R.W. and WEBER, G.M. (1949)
Cencev Res. 2, 336.

MOOG, F. (1971) Ed. Recheigl, M. In L[nzyme Synthesis and
Degredation in Mammalion Systems Karger: Basel 63.

MOREY, K.S. and LITWACK G. 1969. 8iochemistry 8, 4813,

MORTON, R.K. (1958) Nature 181, 540,

MUNOG, J. (1971) Ed. WILLTAMS, L.A. ond CHASE, M.W. In Methods
in Imemunoloqgy and Immunochemistry, New York:
Acaderac Prens 3, 146,

NEMETH, A.M. {(1959) J. Bicl. Cham. 234, 2921,

NISHIZUKA, Y., TCHIYAMA, A. and HAYATSEI, O, (1970) Ed. TABER, H.
and TABER, C.N. In Methodsy in Ernsyoology, New York:
Academic Pross 17, 463,

NOALL, M. W., RIGES, T.R., WAKLR, L.M. and CHRISIINSEN, H.N. (1957)
Scienca 126, 1007,

OGASAV 4, No, CRHDER, JoD. and HENDDELON, 1M, (1066) 241, 613.

OUDTH, . (1952) rdL CORCOIAN, ALCo T 11 theds in Modical Research

Chiicoas:  Year Bool O, 530,

’




2

PAIGEN, K. (1971) Fd. RLCHCIGL, M. In [nzyme Synthesis and
Degrodation in Mammaelion Systems Kayger:s Boool 1,

PERAINO, C., BLAKE, R.L. and PITOT, H.C. (1965) J. Biol. Chen.
240, 3039.

PETERKOFSKY, B. and TOMKINS, G.M. (1967) J. Mol Biol. 30 49.

PRTEST, R.[., BOKMAN, A.H. and SCHWEIGERY, B.A. (1941) Proc. Soc.
Exp. Biol. Med. 78, 477.

RAY, P.D., FOSTER, D.0. and LARDY, H.A. (i964) J. Biol. Chcam.
239, 3396.

RECHCIGL, M, (1971) Enzyme Syrthesis and Degrodetion in Mawmalion
Systems Karger: Basel 236,

ROBERTS, D.P. and BRAICMAN, T.P. (1971) Amer. J. Clin. Nuirit. 24,
673.

ROSE D.P. and MC GINTY, F. (1968) Clin. Sci. 35, 1.

ROSEN, F. aond MILHOLLAND, R.J. (1971) Ed. Rechecigl, M. In Enzyme
Synthusis and Degradation in Mammolicn Systems
Kaurger: Basel 77.

RYAN, M.T (1973) Biochem., 12, 2221.

SAJDEL, E.M. and JACCR, S.T. (1971) Biochem.Biophys. Res. Comm.

45, 707.
SANDBERG, A.A. ond SLAUNWHITE, W.R. (1963) J. Clin. Invest. 42,
51.

SAVAGE, N. (1973) Perzoral Communication,

SAVAGE, N., SOLDIN, 5..0. and LEVEY, P.R. (1973) Rec. Trav. Chim.
92, 723.

SCHIMKE, R.T., SWLENEY, E.W. und BERLIN, 1M, (1965) J. Biol.
Chem, 240, 322.

SCHOR, J.M. ond FRITDIN, £, (1958) J. Biol. Chem. 233 612.

SEILER, N. (1970) Ld. GLIZK, D. 1In Mcthod. in Biochem. Analysis
New York:  Inter cience 18259,

SERENT, F., KENNEY, .7, and KRETCHMER, N. (1959), J. Biel. Chem.
234, 6.

SHAPTRO, A.l. ond MAGIL, J.V. (1969) Anal. Riochen. 29, 505,

ST e g T




SHAPIRO, A.L., VINULLA, E. ond MAIZEL, J.V. Jr. (1947) Biochen.
Riophys. Res. Commun. 28, 815,

SHIMOYAMA, M., KORI, J., USUKI, K., LAN, S.J. and GHOLSON, R.K.
(1965) Biochem. Biophys. Acta. 97, 402.

SHIMOYAMA, M. YAMACUCHI, K. und GHOLSON, R.K. (1967) Cancer Pes.
27, 578.

SINGER, S. and LITWACK, G. (1971) Endocrinology 88, 1448.

SLAUNWHITE, W.R., LOCKIE, G.N., BACK, N. and SANDIIRG, A.A. (1962)
Science 135, 1062.

SLUYSER, M. (1972) Biochem. J. 130, 49P.

50ROF, S., YOUNG, E.M. and OTT, M.G. (1958) Cancer Res. 18, 33.

STEVENS, C.0. and HENDERSON, C.A., (1959) J. Biol. Chem. 234, 1188.

STUMPF, W.E., BAFRWALDi, L. and SAR, M. (1970). Ed. HUBINONT,
P.0O., LEROY, F. and GALAND, P, In Basic Actions
of Sex Steroids on Target Organs, Karyer: Basel 3.

SZEGO, C. M. (1971) Ed. JAMLCS, V.H.T. and MARTINI, L. In Hormonal
5t.roids. Amsterduem: Excrptu, Medica, 642,

TOMKINS, G.M., GARRLN, L.D., HOWELL, R.R. ond PETERKOFSKY, B.
(1965) . Cell. Comp. Physiol. 66, Supp. 1, 137.

TOMKINS, G.M. GELEHRTLCR, T.D., GRANNER, D., MARTIN, D.,
SAMUELS, H.H. and THOMPSON, E.B. (1969) Science
166, 1474,

TOMKINS, G.M. and MAXWELL, E.S. (1963) Ana. Rev. Biochem. 32, 677.

TOMKINS, G.M. THOMPSON, E.B.,, HAYASHI, S. et a1, Symp. on Quant.
Biol. 31 349.

URIEL, J. {1967) Ed. WILLIAMS, C.A. end CHASE, M.W. TIn Mcthods in
Inmunology and Twounochemistry, New York: Academic
Press, 3, 294,

VISCIA, A. and DI PRISCO, G. (1247?) J. Biol. Chem. 237, 2318.

VESEIL, E.S. and TRITZ, P.J. (1971) Fd. RECHCIGL, M. In Enzyme
Syr.ihesis and D credation in Mammolion Syctems

Karger: Basel 339,

C m nv e ——— s



99

VILLEE, C.A. (1961) [d. VILLED, C.A. and LRGiL, L.L. Ia
Hechanien of Action of Steroid Hormoncs, Oxford:
Perganon Press 1, 8,

VON BEKKUM (1965)  In Diccussion on Poper by Tookins ol al,

WALKER, S.E. (1973}, Porwinal Communication.

WEBER, G., SINCHAL, R.L., STAMI, N.D., FISHLR CL.A. und
MENTENDIEK, M.A. (1964) Ed. WEBTR, G. In Advances
in Enzyme Rogulation, London: Crempton 2, 1,

WEBER, G., SRIVASTAVA, S.K. and STNGHAL, R.L. (19865) J. Biol.
Chem, 240, 700,

WEBER, K. and OSBORN, M. (1969) J. I’iol. Chea. 244, 4406,

WILKINSON, J.H. (1965) Ed. LONG, C. In Iso Lncsymes, London:
Spon,

WILLIAMS, C.A. and CHASE, M.W. (1967) Methods in Immunclogy ard
Immunocheritstry, New York: Academic Press 1, 205,

YEUNG, D., STANLEY, R.S. and OLIVIR, I.T. (1967) Biochem. J.
105, 1219,

YIELDING, K.L., (1971) Ed. RCCHCISL, M. In Lnzyme Synthesis and
Degradation in Mempclion Systeems, Karger: Basel 141,

YIELDING, K.L. and TOMKINS, G.M. (1962) R:.cent Prog. Hormone Res.
18, 467.

YU, F.L. and FEIGELSCN, P. (1969) Riochen. Bisphys. Res. Commun,
35, 499,

YO, F.L. and FEIGELSON, P. (1971) tJ., JAMIS, V.H.T. and MARTIN, L.

In Hormonal Steroids, Ansterdom: Excrpto Medica

446.
YU, Tul. end FETOTLSON, P (1972) Proc. U.S. Mot Acad. Sci. 69
"233.

YU, Folo o b T0IGELSON, Py (1973) Biochem, Bicophys, Res. Comm, §Q
7ha.

s e S



Author Jamison J R
Name of thesis Studies on 3-Hydroxyanthranilate Oxygenase in Rat liver and kidney 1974

PUBLISHER:

University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the W itwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



