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SUM MA RI
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Tho’ rob’ of heme in tho’ regulatioln (If #{244}-aminollo’vulinicacid (ALA) svtithetase was studio’d

in fetal rat liver. The activity of ALA syntho’tase, the first and rato’-limiting o’nzyme itu the

hemo’-biosynthetic pathway, is 10 timo’s lligho’r in fetal rat livo’n mitochondnia than in adults.

Hemin injection depresses mitocholndnial ALA synthetaso’ activity in the aohilt but not in

the fetus. Cycloheximide, a so’lo’ctivo’ inhibit(Ir of pnoto’in synthesis in cytoplasmic nibos lInes,

but not in mitochondria, causes a rapid decrease in fo’tal mitocholndnial ALA synthetase

activity. When hemin is givo’n pnioln to cyclolho’ximido’, a slowo’r nato’ (If tumnolvo’r (If mitol-

chondnial ALA syuithetase activity occurs than after cyclolho’xnmde abolno’. Tneatmo’nt with

3-amino-i .2 ,4-tniazole, au ilillihitom of �-aminodO’vulini( acid dehvdratase, tho’ s(’(oInd on-

zyme in heme biosynthesis, causes a decrease in fetal mit(Icholnolnial ALA svntho’tase ac-

tivity but 110) decreaso’ in the (‘xtralllitochondnial enzyme bo’vo’ls. Theso’ studies itidicate that

hemo’ may facilitato’ the development (If mitolchotidnial ALA syntho’tase in fo’tal mat livo’m.

It is suggested that ALA synthetase may not hecol)le nato-limiting itt ilo’patic hoino’ biol-

synthesis until it becomes suso’eptiblo’ tol repression by heme, a phenomenoiu w-hj(i) does

not develop uuitil near the timo’ of birth.

INTRODUCTION

Knolwledge of the me(’llanisms which

regulate fetal ho’patic development is es-

sential to understanding the effects of drugs

and other environmental stimuli on cellular

growth and function. Many enzyme systems

which are easily measurable in the adult. are

low or undo’tectable in fetal liver cells (1-4).

This functional immaturity has impeded
studio’s of tho’ biochemical o’vents which

characterize perinatal development. Pre-

vious studies (3) from our laboratory, how-

ever, have shown that the activity of hepatic

�-a1lliulolevuliIiic acid syntho’tase, the first

and rate-limiting enzyme in the heme-bio-

synthetic pathway in adults (6), is signifi-

cantly elevated in fo’tal mammalian liver

and declines to adult levels near the time (If

birth. During the po’niod of elevated activity,

ALA’ syntho’tase is refractory both to in-

duction by chemicals (7, �) and to repression

by the end product, henie (7). Tho’se facts

suggest that regulation of ALA synthetase

during the fetal period may be quito’ diffo’rent

from that of the adult.

In the cumro’nt studies tho’ effeots (If hemin

in the regulation of ALA synthetaso’ iti fetal

liver were investigated. Factors affo’cting th(’

The abbreviatiomu used is: ALA, #{244}-amiiinolevu-

linic acid.
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Stu1)c(’l lulam (list nihut 1(111 of ALA s�nthetase

activity in fetal hv(’m were studied using

(Irugs, o’tizvnie inhibitors, and other agents

which specifically alto’r tile hematopoietic

1)r�C0’ss in ullaiulllaliaui ((‘115 . The possible
mob’ of ALA sytltiletase as a rate-limiting

o’tuzynio’ ill ho’mo’ I)ioIsyIlth(’sis ill fetal liver

1’s-as iiivestigated, and the pharmacological

iluIl)lio’tttiOluS (If alto’rations of ho’nio’ synthesis

during fetal ho’patic development are dis-

cussed.

MATERIALS ANt) METHOI)S

�iJalei’ials. Suocinyl-CoA svnthetase (sue-

(lOW thiokitiaso’) (EC 6.2.1.4), pynidoxal

3’-phosphate, adenosine 5’-t mi phosphate,

guanosine 3’-tniphosphate, colo’nzymo’ A (free

acid), cycloho’ximide, and 3-amino-i 2,4-

t miazole (amino Itriazole) were oIbtained from

Sigma Chemical Company. G lycine, �-

aminolevulinic acid, glutathione, and hemin

��puo’ purchased fro 1111 Calbio Icho‘m. Other
chemicals were (If mo’ag(’Ilt grade and wero’

purchased from st auidard o’oInlnlercial
sources.

Ticatment of animals. Sprague-Dawley

rats (CD strain) were dato’-bmed by Charles
Hjvo’n Laboratories allot were utilizo’d on tho’

lsth day afto’r breo’ding dato’ unbo’ss other-

wiso’ indicated. Pregnant animals were

housed iti individual cago’s and wo’me allowed

food and wat(’m ad libitum. Crystalline

heroin was dissollved itt a small volume of

0.01 �‘ NaOH and adjusto’d to pH 7.3 with

0.01 M HC1 in 0.9% NaC! to a fitial concen-

tration of 10 mg/mi. It was administero’d to)

pregnant rats by intravo’nolus injection at a

dose (If 20 mg/kg. Otho’r oho’micals were ad-

ministo’ro’d itlt raj)emitohio’ally to tho’ mother.

Aminotmiazolle was dissolvo’d in 0.9 (4 NaC1

and given itt a dose (If 3 g/kg; cyoloheximidc

was dissolvo’d in 50 % ethanol and adminis-

tered iti a dose of 30 mg/kg. All drugs ��-ere

given within 6 hr afto’r pro’piimation.

Pie paral lOll (If tissues. Aliillials were

killed by decapitation. Livers of adult and

fetal rats weno’ rapidly exciso’d, washed,

weigho’d, and homogo’nized in 9 volumes of

0.23 \t sucrose containing 0.02 i’si Tmis-HC1

buffer (pH 7.6), 0.1 mM E1)TA, and 0.1 m�

pyridoxal phosphato’ (buffer A) iii a Potter-

Elvehjenl homogo’nizem fitted with a Teflon

pestle. Tho’ homogenate was co’ntmifuged for

10 mm at 600 X g, and the niitochondria
wemo’ sedimo’nted fmolll the resulting super-

natant solution by centrifugation at 9000 X

ci for iS 111111. Mito:Icho)ndmia were resuspended

and washed twico’ w-ith tile same solution and
finally resuspemided in 0.02 xi Tnis-HC1

buffer (pH 7.6) containing 0.1 hiM pynidoxal

l)hosPhate SO) that each nlilliliter of suspen-
sioli contained 10-20 mg/ml (If mitochon-

dnial protein.

The microlsollllal fraction was pro’pared

from the 9000 x ci supemnatant solution by

centrifugatioti at 103,000 X q for 60 miii.

The microsoim’s were resuspended in 15 ml

of 130 nni Tnis-HC1 buffer (pH 7.4) arid

recentnifuged at 105,000 X g for 60 mm.
The final pello’t was gently resuspended in

the same buffer, using a Potter-E!vehjern

homogenizer and a Teflon po’stlo’, so that the

fluial suspension contained approximately 10

mg/ml (If micrO Isomal pro Item. Proteins

wo’ne determined by the methold of Lowry

ci al (9).

Assay of enzyme aclivities. ALA synthetase

activity iti subcellular fractions of adult and

fo’tal liver was assayed by a modification of

tho’ method of So’hoinick et al. (10). Reaction

mixtures contained 0.05 �r Tnis-HC1 buffer

(pH 7.3), 0.01 M MgCi2, 0.1 M glycine, 0.01 M

sodium succinate, 0.2 mit pynidolxal pho)s-
phato’, 1 m� �-mo’rcaptoethanol, 0.23 M

XaC1, 0.1 mu GTP, 3 mit EDTA, 60 pu

coenzyrne A, 3 m� ATP, sufficient succinyl-

CoA synthetase to generate 1 pmoie (If

suo’cinvl-CoA in 30 miii, and 0.3 ml of sub-

cellular preparation in a flutal volume of 2.3

iiii. Mixturo’s were shaken in a metabolic

iticuhat (In (American Optical Company) for

60 miii at 370� Ro’actio.Ins were to’mnlmated by
addition of 0.5 1111 (If cold 10 (4 tnichloraco’tic

acid solution. The ALA produco’d �i’as corn-

vo’rted to 2-methvl-3-acetyl-4-pmolpiolnic acid

pyrro)le by reactioti with sodium acetato’ and

aco’tylacetone and was then do’temmined

colonimo’tnicallv by ro’action with modifio’d

Ehrlich’s reagent (11). In somo’ expu’niments

ALA was purified by columti chromatog-

raphy prioln to) conversion to the correspond-

big pyrrole (7). Identical r’sults were oh-

tamed using eitho’m method. Amitioacetolne

has 1)o’eui pro’viousl�’ shown (7) to represent

less than 10 (4 of tho’ total aminok(’tolne pro’s-

(‘lit. 1-lence aminoketone lo’vo’ls wemo’ taken to
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ro’pnesent the levels of ALA. All assays were

carried out in duplicate, using zero-time

samples as blanks. Tho’ mollan extmction

coefficio’nt for the ALA pymnole was 5.3 X

10g.

ALA dehydratase activity was measuno’d

in 9000 X #{231}jsupennatant fractions of adult

and fetal livers by a modification of the

method of Gibso �n et a!. (12) as (l(’scnibed by
Baron and Tephlv (13).

RESULTS

In pro’Vi(Ius studies (3) it was shown that

fetal hepatic ALA synthetase activit is 6-S

times the adult level in rats. In order to

delino’at e mo )r(’ clearly these differences in

enzymo’ activity at different stages of do’-

velopnient, an analysis (If the subcellular

distribution of ALA synthetase activity in

adult and fetal rat liver was made (Table 1).

In both adult and fetal rat liver ALA synthe-
tase activity is localized primarily in the

mitocho Indnial fraction. Tho’ most notable

aspect of these measurements is tho’ 10: 1

difference observed bo’tween fetal and adult

mitocholndnial enzyme levels. In the adult,

enzyme activity is distributed between the

mitocholndnial and postniitochondnial frac-

tions in a ratio) of approximately 2: 1. High-

speed centnifugation (103,000 X g) of the

postmitochondnial 9000 X �/ supennatant

fraction revealed that approximately 50 0/ of

the extramitochondnial ALA synthetase

activity resides in tho’ soluble fractioln,

whero’as the remaindo’r is found in the micro)-

soilies. In contrast, fo’tal mitochondrial ALA

synthetase levels aro’ 20 times tho IsO’ mcii-

sured in tho’ postmitoloho)ndnial supo’mnatant

fraction. Tho enzynie activities in the soluble

and microso Imal fractions ano’ approximat o’ly

o’qual to) those observed in the aolult.

The pattern of decline in fetal mito-

ohondnial ALA synthetase activity to) adult

lo’vels is shown in Fig. 1. Mitochondnial ALA

synthetaso’ activity was measuro’d itt rats

ranging in age from 5 days antepantum to 13

days postpartum. Enzyme levels e iuivalent

to those observed in adults are reached ap-

proximately 3 days after binth.

Studies with adult. rat liver (14) have

shown that, although ALA syntho’taso’ is

localized primarily in t.ho’ mitocholndnial

fraction, it is initially synthesized in the

(‘Ildoplasmic reticulum and accumulates

transiently in the solublo’ fraction of the cell

prior to incorporation by the mito Icho Indnia.

In addition, it has bo’en shown that heme

plays au important nob’ in regu!atitig ALA

synthetaso’, both by suppressing its sytithesis

(13) and by limiting its incorporatioti into

the mitochondria (16). It was tilerefore of

interest to) determino’ whet-her heme plays a

role in the regulation of ALA sytithotase

activity jut fetal liver. Previous studies (7)

have showit that hemin does not. alter the

over-all activity of fetal ALA syntho’tase, as

measured in wholo’ liver homogenates. As an

initial approach to) this problem, thenefolmo’,

the effects of hemin on the subcellular dis-

tribution of ALA synthetase activity in fetal

liver were determined. Tile effects of hemin

treatment in adult liver were analu’zeol for

TABLE 1

Subeellular disiributiomi of hepatio’ ALA .s-ynthetase activity iii oidult anolfelal rats

Subcellular fractions were prepared as described under MATERIALS AND METhODS. Actual optical

density values of samples mimius blanks at 553 urn of adult and fetal mitoo’hondniab enzyme activities were

0.020 and 0.090, respectively. Corresponding values (If samples minus blanks for adult and fetal post-

nlitochondnial supernat ant activities were 0.010 and 0.005, respectively. Values in this table amid subse-

quent figures represent the means ± standard errors of at least six experiments. Livers of four adults or
four litters (If fetuses were pooled for each experimental value or time point..

Rats ALA svnthetase activity

Mitochondrial 9,000 X g 105,000 X ,� Microsomal

fraction supernatant supernatant fraction

flmflo)leS ALA/mg protein/hr

Adult 0.52 ± 0.09 0.23 ± 0.05 0.15 ± 0.09 0.12 ± 0.01

Fetal 5.10 ± 0.11 0.26 ± 0.09 0.16 ± 0.06 0.18 ± 0.02
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Fu. 1. (‘hamiges iii rat hepotlie iiiitoehomidrial

A ,t1A symothetase a.ctu’it!, (lomrimig perimiatat period

Points represent hepat ic mit ochomudrial ALA

synt.hetase actvity in rats rangimug imu age frolm 5

days prior to 13 days after delivery. All points were

deternuined (on(thrrehut lv.

(oluiipanison. Tho’ rosults of t inM’-o urse

studio’s follbowilug adniitiistratioln o�f hiemin to

adult mats are sholwhu ill Fig. 2A. A ((Intinual

decreaso’ in mit(Icholndmial ALA synthetaso’
activity occurred folm at !o’ast 4 ht following

ho’miui injeotio 10. A co Inconlitatit incro’aso’ in

(uiZylile levo’ls in tho’ polstmit 1(110 Indnial fnao-

tioln was o)bso’rv(’d for 3 bin, but do’oro’aso’d to

(0 lIlt roll bo’vels dunitig t ho’ subso’quo nt ho lur.

Iti contrast, hemin did liolt do’pmess mito-

ehondnial ALA syntho’tase activity iti fetal

liver (Fig. 2B). Enzymo’ lo’vo’ls 1 hr following

ho’miti treatnuetit were cit ho’m similar to

(fivo’ of tight o’xpenimetits) (In gro’ato’m thaut

(threo’ (If eight expo’minietits) thoso’ (If zo’rol-

t imo’ (‘0 Itit rolls. The o)ver-alb ro’sult, tho’ro’li)ro’,

was (1110’ (If slightly incro’aso’d niit 1(110 Indnial

ALA svtitho’tase activity I hr afto’r ho’min

imujectiolti. Tito’ significanco’ (If this iticro’ase

(p < 0.03) is difficult to) itito’mpmet bo’cause
(If tho difficubtio’s assolciato’d with ho’mitt ad-

minist nato Iti. At no) titno’, h(Iwo’vo’m, did

nutocho Itiolnial ALA svnt hetase bowels de-

crease heli �w thoso’ of zo’moI-timo’ (0 Int rolls.

ALA syntho’tase bo’vo’ls in tho’ polstmito-

(h(Iutdnial fraction of fo’tal livo’r wo’ro’ 110 It sig-

nificantly altered by ho’miti administmatioln.

A higher doso’ (If hemin (30 mg kg) did not

l)rodUco’ a molmo’ � I� Iunced alt o’rat io In in
ALA syntho’tase aotivitv in any suhco’llulan

fractioti of fo’tal mat livo’m. Hemitt has been

shiolwti to cross tho’ pltootuta ro’adily and to

I 2 3 4

Hours

Fmo;. 2. Effects of hem iii o ii in itochon (trio:! a mud

post iii itoehomidriat A LA .s�jmilloetase a(-tivit// iii adult

(A) amid fetal (B) rat liver

Hemin (20 mg kg) was administered to) preg-

muamut rats by imut ravemuous i muj� 1(111 at zero time.

Controls received ami equal vollulnie of 0.9�, NaCl.

Animals were killed at the times indicated.

mo’aoh a maxitiial concentration in the fetus

withiti 1 hr after injection into) the mother

(17).

Iiu (Irdem to invo’stigato’ tnoro’ directly the

j)(Issib)b(’ influence (If hemitt on fetal Illitol-

oholtudrial ALA sytithio’taso’ ut rico, the effects

(If bI(’Illihl 0111 tiu’ nato’ of tumnolv(’r (If the’ mito-

cholndnial enzymo’ were studied in fetal livers

itt which ext maniit 1(110 Indrial b)mOteiui si-nt he-

sis was inhil)it(’d. The latto’r process was

ao’((lnlplisho’d b tmo’atmo’tit of fetal rats with

oycbo lilo’xinli(le, a sebeotivo’ inbiibitolr (If cytol-

nibolsomal pmoltein syntho’sis in maninialiall

oells (1$). F’ollbo\ving cyobolho’xiniide inj o’c-

tiolli, AL.-\.. sytithetaso’ aotivity do’clitied

mal)i(lbv itt l)oIth mitolohiolndmiab atid postniito-

choltidnial fractions of fo’tal liver. Tho’ do’cline

in tho’ ro’lativo’ activity (If initooholndnial ALA

svntho’taso’ after cvoli Iho’ximid(’ treatment is

shown itt Fig. 3. A bino’ar rato’ of decay oc-

cumr(’d for approximately 90 nun follbolwing
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cycloheximide injection, after which a slower

rato’ of decline in activity was obsenvo’d.

During the initial period of do’cay, enzyme

activity decro’ased with an approximate

half-life of 34 mm. This turnov(’r rate is

considerably greater than that reported for

the adult enzyme (19). Cycboheximide (200

put) was not- effectivo’ in altering ALA syn-

thetase activity when incubated with fetal

mitochondnia and the appropriate substrates

for 1 hr in vitro.

The o’ffects of heroin on fetal mitochondnial

ALA synthetase activity prior to illhihition

of pnoto’in synthesis (le novo with cycbohexi-

mide are shown in Fig. 4. The decay (If mite)-

ehondniab ALA synthetase activity following
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FIG. 3. Decay of fetal initochondrial ALA symi-

thetase activity following o-yclohcximn ide treat meat

Pregnant rats were treated with cyclohexiniide

(50 mg/kg) by intraperitoneal injection at zero

time and were killed at 30- or 60-miii intervals

thereafter. Half-life (11,2) represents the time fol-

lowing cycloheximide treatment at which 50#{176}�of

the initial ALA synthetase activity remained. The

actual activity (If the 100#{176}level was 5.00 ± 0.13
nmoles/mg/hr.

FIG. 4. Effects of heimiimi Oil Ole(aiJ of fetoil ni ito)-

chomiolriat A LA symithetase activity foltou’iiig o-�jelo-

heximmiite treat inemit

Pregnant rats were treated with luemiiin (20
mg1kg) 1 hr prior to cycloheximide injection (50

mug kg). Animals were killed at the times imidi-

cated. The deoay curve for ALA synthetase ac-

ivitv following treat merit wit Ii oycloheximide

alone is given for conlparison. The actual activ-

ity for the 100� level was 5.33 ± 0.12 mumoles/

mg.hr.

treatment with cycloho’ximido’ alone is in-

cluded for comparison. Data in the two

treatment groups wo’ro’ compared using a

Wilcoxon signed rank test and wero’ found

to) diffo’n significantly at tho’ p < 0.03 levo’l.

Who’n heroin was given 1 hr prioln tol cyolo-

heximide treatment, a much sboiwo’n nato’ (If

decay of mitochondniab ALA sytithetase ac-

tivity ui-as observo’d immediately folb Iwing

cycloheximide injection.

Studies with adult rats (6, 14, 13, 19) have

shown that mitolchondnial ALA svnthetase

lo’vels are substantially o’levated fobli lwing

treatmo’nt with chemicals which induce syn-

thesis of the enzym(’ iti the endoplasmic

ro’ticubum. Pro’vious studio’s (7, 20), how-

ever, have shown tilat ALA synt.hetase in

fetal mammalian liver is refractory to induc-

tion by agents which itiduco’ the (‘IiZyhll(’ ill

adult liver. Thus tho’ polssible stimulatony

effect of hemin on mitochondnial ALA syn-

thetase activity in fetal livo’n was furtho’n in-

vestigato’d by blocking hemo’ synthesis, hence

reducing over-all hemo’ levo’ls. This proco’ss

was accolmplished by administration (If

aminotniazolo’, an inhibitolm of ALA dehy-

dratase, the so’coitd enzyme imi the heme-bio-
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sylutho’ti( pathway (21). Although ALA de-
llydnatas(’ is hot rate-limititig in heme bio-

syntho’sis, the activity (If this o’nzvmo’ cart be

ro’duco’d b� aminotniazole suffio’io’titly to limit

home productiolmi in rico (13). Preliminary

studies indicated that 40 (4 illhihitioln of ALA

dehydratase activity could be achieved in

both adult and fo’tal rat livo’r within 1 hr

folbolwing aminot niazo)le administ ration at a

doso’ (If 3 g/kg. This dosage bias been shown

not to have an inhibitory effo’ct on protein
svtuthesis in general in adult rats (13). In

additioln, 11(1 direct (‘ifects on ALA synthetase

activity were olhserved in either adult or
fo’tab liver who’it aminotniazolle (5 mu) was

-%

a,

0

0’

aEII

2
Hours

IF: o. 5. Ef/ects of (Viii notriazole on in ztochomodrzal

amid postmioitochomodrial ALA symit/octase activity iii

adult (A) ami(/ fetal (B) rat liver

Aminotriazole (3 g/kg) was administered to

pregnant rats by intraperitomieal injection at zero

timne. Controls received amu equal volume of 0.9%

NaCl. Aninlals were killed at hourly intervals

hereafter.

incul)at(’d wit Ii mit 0 lohondnia and the ap-

propniate suhstrato’s in vitro. Itihibition of

ALA dehydrataso’ activity in rico was sus-

tamed folr at lo’ast 24 bin following tno’atment

wit h arninot nazole.

The effects of ro’dueed heme syntho’sis by

aminotniazole 0)11 tho’ suhcellulan distribution

of ALA synthetase in adult rat liver are

shown in F�ig. 3A. Mitochondnial ALA syn-

thetase activity was doubled within 3 hr

after treatment. In addition, a slight increase

in the eiizyme activity in the polstmito-

chondnial fmaotion was observo’d. On the

otho’n hand, a significant decro’ase in fetal

niitolchondnial ALA synthetase activity was

observed following aminot niazolo’ tr(’atment

(Fig. SB). A 30% decrease was observed 2 hr

follbolwing drug injection, and this decrease

was sustained during the 4-him experimental

l)eniod. ALA synthetase activity in the post-

mit ochondnial fract io)I1 (If fetal liver iti-

creased from 30 (4 to 100 (4 in six of eight

o’xp(’ninl(’nts within 2 hr following aminot ri-

axolo’ injectioln, but the oven-all incro’ase was

not significant. At tio time, however, did

ALA synthetase activity drop below levels

obso’nvo’d in zo’ro I-timo’ co.Int rolls.

Simultaneous admitiistratioti (If heroin and

aminotniazolo’ l)moduco’d 110 significant altera-

tioln of ALA svnthetase activity in the sub-

c(’llular fractioltis in either adult or fetal rat

liver. A reversal (If the aminotriazole-induced

decreaso’ in mitolchondnial ALA synthetase

activity in fo’tab liver by hemin could he oh-

so’rvo’d when ho’miti was givo’n 1 hr after

alluinotniazole mnj o’o’t bIt. In this experiment.

mit(Ichondniab ALA synthetase activity in

zo’ro-time cont rolls �VItS 3.30 IiIuioll(’s/fllg of

protein po’r hour. Ono’ hour followitig amino-

tniazobo’ injectioln o’nzyme activity had

drolpped to) 3.40 nmobes/mg/hr, or 62 (4 of

coltltrob levels. If henlihi was given 1 hr after

aminotniazolle, ALA svnthetase activity 1 hr

later was 4.40 timobes/mg/hn, (In SO % (If

cotitnoll valuo’s.

Responsiveness to) tho’ effects of ho’min and

aminotniazolo’ o�n t he subcellular locabiza-

tioht of ALA synthetase activity dunitig the

perinatal peniold was investigated in rats

ranging in ago’ from S days 1)efone t(I 15 days

after birth. The no’sults of theso’ experiments

showed that tile facilitative effects of ho’min
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Oh ITlito)clio)Iidnial ALA synthetase levo’ls are

restnicto’d to the fetal po’nioIcI pr��n to) the de-

dine (If ovo’r-all ALA svlutho’tas(’ levo’ls.

Neither hehluill ra�r anuinotniazole produced

alterations in the subcellulam distribution of

ALA syhith(’tas(’ a(tivity in tho’ livo’rs (If

newborn rats or (If fetal rats 1 day Prior to)

do’livery. Eighteo’n-day-old rats exhibito’d

r(’spo)nses similar to tholse Seo’hi iti adults.

I)ISCUSSION

Numerous m(’po)rts regarding the regula-

tion (If hepatie ALA synthetaso’ in adult

mammalian liven have appo’ared itt ro’cetit

years (14-16, 22, 23). Convincing evidenco’

has been provided that heme plays a major

role in this process (15, 16, 24). Although it.

is wo’ll established that ALA svnthetase is

the rate-limiting O’nzynle in heme biosynthe-

SiS ill adult liver, the current studies, in

which fetal mitocholndnial ALA svnthetase

levels are 10 times those seen in the adult,

suggest that this enzyme may nolt play a

rate-limiting role in heme biosynthesis

throughout fetal development. 1ro’shney and

Paul (25) have recently shown in f(’tal mice

that ALA synthetaso’, ALA dehydratase,

arid fo’rrochelatase, the filial enzymo’ in the

henue-biosynthetic �mthway, ano’ elevated

maximally at 14, 15, and 17 days of gesta-

tion, respectively. The sequo’ntial elevation

of these enzymes during gestation suggests

that o’ach may play a rate-linuiting role in

heme biosynthesis at a different time during

hepatic devebopmeutt. The current studies

suggest that ALA synthetase may not be-

conic rate-limiting in fetal liver until it be-

comes susceptible to) repression by heme, a

phenomenon which doo’s not develop until

iiear the timo’ of birth (7).

A unique role for henuo’ in fo’tal liver is indi-

cated by the strikingly different effects of

heroin and aminotriazole on the distribution

of ALA synthetase in mitolchondnial and

postmitochondnial subcellular fractions dun-

ing different stages of do’velopment. The

rapid decrease in mito)chlolndmial ALA syn-

thetase levels in adult rats following henuin

injection, and the corro’sponding mncro’aso’ in

o’nzynue activity in th(� polstmitochondnial

fraction, support the hypothesis that ho’min

linuits tho’ niito Icholndnial incorporation (If

ALA syhitlietaso’ in adult mat liver (16). Coti-

vensely, the observatioti that henuin (11(1 not

illhlil)it and, in fact, iiuay havo’ o’nhaticed ALA

sVIithO’t aso’ activity itt fetal niit 1(110 Itidmia

suggo’sts that ho’min niay �)luty a quito’ differ-

ent robe dunitig fo’tal ho’patic do’vebolpnlo’lut.

The studio’s with cycboho’xinuide, itt which a

slower ttlmno)v(’m rate of ALA svllthetase was

oIl)serv(’d after treatmeiit with hemiut (Fig.

4), suggest that hemiti enhances the activity

of tho’ nuitocholndnial folmni (If tll(’ o’tuzynue

rather than inhibiting it.

The nlechanisni through which hemiti acts

ill this l)rooess, however, cannot. l)e deter-

nuihi(’d from the results of tho’so’ studies. One

possibilitY is that hemin directly stabilizo’s

fetal mitochondnial ALA syntho’taso’ or

slows its do’gmadatio)n. This concept is sup-

poInted by studies curno’ntly in pnogno’ss in this

laboratolny, whioh indicate that the activity

(If ALA synthetase partially punifio’d from
fo’tal mitochondnia is increaso’d, ratho’r than
inhibited, by hemni, as has bo’eti ro’polrto’d

itt the case of the adult o’tizymo’ (26, 27). Al-
tentatively, hemin might stabilize the mito-

chondnial nio’mhnane to which ALA syn-

thetase is attacho’d, or may in some manner
prolmote the conversion olf ALA synthetase
from the soluble to the mitoloholndnial form.

Tue latto’r possibility is supported by the

studio’s of Bo’attio’ and Stuchell (14), which
demonstrated the stimulatory o’ffeets of in-

duced heme synthesis on the mitochondnial

inconpoImation olf cytoohromes and other pro-
teins, ntcbuditig ALA synthetase, in adult rat
liven. Such studies suggest. that 1)olth th(’ rate

of mitochohidnial protein synthesis and the

incorporation of proteins synthesizo’d out-

sido’ the mitochondnia an(’ incro’ased who’ii

hemo’ levels tine o’lo’vato’d by induction elf ALA

synth(’tas(’. Reco’nt studies by Mathews et

al. (2S) suggo’st that Ii(’flIiul may stiniulato’ a

general increase in mammalian protein syn-

thesis.

The uso’ of aminotmiazolo’ in these studio’s

was based on tho’ obso’rvation that the pri-

many mechanisni of action of this chemical
is inhil)ition of ALA dehydratase without

co)ncomitant mhil)itiout of over-all protein
synthesis (13). On the basis (If this considena-

tion, it is concluded that the SO (4 decrease in

fo’tal nuitochondnial ALA sytithet-ase lo’vels
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011 )sorvo’d folbolwing allulioltniazo Ibe t mO’atlllO’Iit

( F’ig. SB) occurred as a�i itidiro’ot ro’sult (If

inhihitiolti (If lucille svtutho’sis. FlIoIwo’vo’r, it is

IlOlt o’urro’tut lv ktio �tvii \VhiO’tblo’l allntuoltniazo)le

dimoetby inhibits pmolto’ilt sytitho’sis ill fo’tab

livo’r. �Fhuis po)ssil)ilit\ could also) accolutit for

the olh)sorvo’d (boebilfl’ in nhitol(ho Ilidbriab .\.LA.

svntho’taso’ bo’vo’bs afto’r aiuuitio It riazo 110’ t meat-

nio’tit , although 1101 oonoolluIitatut do’oliIio’ in

(tizvtilo’ bo’vebs in tito’ posttnitoloblollidnial fine-

tiOIIi \\It5 olbso’Ivo’d. ��I1oItli(’I oolnsi(lo’matiolhi is

tho’ polssibibity that amituot tiazo 110’ might sIR’-

citieally inhibit otho’r o’nzytiuo’s of tho’ henue-

l)iosytith(’ti(’ pathi�vay iti fo’tab hivo’m, asido’

from ALA debivdmataso’, to) neoluoe ho’mo’ svn-

thosis effi’etively. Studio’s in prolgress in this

laboratory, as well as thoso’ of oltho’m invo’sti-

gato Irs (25), itidio,ato’ that itt I S-day fo’tal

hivo’r ALA do’hydmataso may nolt ho’ pro’so’nt

in groat o’xco’ss ill eompanisoti �vith otho’r (‘Ii-

zytno’s (If tho’ blo’mo’-biolsvtutho’tio pathway

hiotuce ituhuibition (If this o’nzytno’ may ro’oluco’

ovo’m-all hetne syntho’sis mo 110’ o’ffo’ot ivo’ly

thiati in the adult. Tho’ rapid elo’aianco’ (If

[‘4CJho’min frolm fo’tal serum folbowitig injo’c-

tiolti into) the motho’r (17) suggosts that a

rapid turtiover of hemo’ occurs itt fo’tal liver

and suppolnts tho’ (0 )tuto’lutioItu that fo’tab unto-

chotidmial ALA svnt hetaso aotivity de-

cno’aso’s when hio’nuo’h’vo’ls aro’ nedueeol (Fig.

SB). Aminoltniazolbo’ is also knolwli to ho’ an

inhibitor (If thyroid futuetion (29). The

pllsSil)lO’ iIiflti(’hlco’ o�f the golitmo)go’nio o’ffo’cts (If

ttflhlhi( Ithittz(IbO 0)11 fo’t al A LA sylithio’taso’ have

not. bo’eti ittvo’stigated.

Tho’ j)Ossil)lo’(0 ItitnilflItiolti (If bo’mollR )io’t id

coils to the high bo’vo’ls (If ALA sytithetaso’

so’o’li in fo’tal liver has ho’o’mi co)Iisido’mo’el iuro�

Vi(IU5IV (7) atiol does liolt S(’d’lli very likely.

I)ata ott the ratio) elf iio’mopolio’tic to) parch-

chyinal cells in iS-day fetal rat hivo’r aro’ not-

cumro’titl� available. H (‘(‘(lit histological stud-

ies (4) hiavo’ shown that, wheneas hemopoietic

activity in rats do’clino’s toward the end of

go’statioln, a sinaI! nunul)o’r of deve’bolpnig

1)101(1(1 cells mo’main in the hivo’n dumiltg the

first wo’o’k (If lifo’. Thus the o’levated hio’patic

ALA synthetase aot.ivity obsemvo’el in tlio’

Into’ gestat iolnal period o’oulol, in pant, ro’flect

the gradual olecline in tho’ funetiott (If the

liver as an o’rvthnopoietie olrgan. Ott the

otlio’r iland, changes in ALA synthetase ac-

tivity in fo’tal Iivo’n do not so’enu to be closely

correlated with oiiatiges in tho’ cell 1)olMlla-

tio)I1 (If tho’ livo’m duling late fetal devo’l-

oII)hluent (25 ) . Iii addit i Iti , ho’tnopolietie cells
a��pean to I (0 Ilittliti to 10I fe�v InitOlchondnia,

in conipanisolti With fetal paro’nchymal

cells (30), to) account for the differenco’s oh-

so’rved.

In colnelusioln, these studio’s suggo’st that

ho’me may play a no 110’ in the regulation of

ALA syntho’taso’ in do’velolping fetal rat liver

which is quite different from that propolSed

for the adult. The possible facilitative or sta-

bilizing nob’ of hemo’ in the devo’loprnent of

fetal mitoohondnial ALA synthetase ac-

tivity may, in part, o’xplain the elevated o’n-

zynn’ levels mo’asured iti fetal mito.)chondnia

in companisolt with thoso’ of the adult. The

do’vo’lopmo’ntal ohiatigo’s which render ALA

svntlio’taso’ susco’ptiblo’ to repression by

heroin near the titiuo’ (If birth are not vet

known. Howevo’r, expo Isume during gestation

to drugs on other envino)nm(’nt al chemicals,

suo’h as amino It miazole which interfere wit-h

hellie synthesis might preclude the devo’lop-

ment of normal ho’pat io ho’mopo )ietic activity.

On the oltho’m hand, tho’ identiflcatio)n and

utilizatioln (If agents which speo’ifically alter

ho’patic heme s titho’sis may permit further

clarification of tho’ 1(110’ played by ho’mo’ in

co’llular growth and functioln.
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