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Cloned cDNAs encodinga number of enzymes involvedin cholesterolbiosynthesisas wellas extraceuularand
intracellularlipidtransportwere used tocompare thedevelopmentalmaturationof thesebiologicfunctionsinthefetal
and neonatalratand human liver.Tle restdtsofRNA blothybridizationanalysesindicatethatsteady-statelevelsofmt
HMG-COA synthase,I-LMC,-CoAreductaseand prenyltransferasemIL14As are highestin latefetallifeand undergo
precipitous(upto80-fold)co-ordinatereductionsimmediatelyafterparturition.These changesreflecttheabilityofthe
fetalmt liverto produceI

Pe quintaittiesof cholesterolas wellas therepressionofthisfunctionduringthesucklim
-mszriod in nse toexogenous dietary olesterol.@trfldngco-ordinatepafte of IG@@syn@ r@tas@e

and prenyl-transfemseMRNA accumtdationwere alsoobservedin fourext-ahepaticrattissues(brain.,Iung,intestine
and kidney)duringtheperinatalperiod.'ne concentrationsofallthreemRNAs inthe8-week-oldhuman fetalliverare
similartothoseobservedthroughoutsubsequentintrauterinedevelopmentwithlessthan2-foldchangesnoted between
the 8ththrough25thweeks of gestation.Analysisof the levelsof human apo AI, apo AII,apo B and liverfattyacid
bindingproteinmRNAs duringthisperiodand innewborn liverspecimensalsoindicatedlessthan 2-3-foldchanges.
These observationssuggestthatthe8-week human liverhas achieveda high degreeofbiochemicaldifferentiationwith
respecttofunctionsinvolvedinlipidmetabolism/transportwhichmay be comparabletothatpresentin19-21 day fetal
ratliver.Furtheranalysisof human and ratfetalliverRNAs usingclonedcDNAs shotddpermitconstructionof a
developmentaltime scalecorrelatinghepaticbiochemicaldifferentiationto be constructedbetween thesetwo main-
malianspecies.

Introduction developmentalalterationsin therateof incorporation
of radiolabeledacetateintosterols[2].Bruengerand

Marked changes in the requirementsforproducts Rilling[3]documented chan esin theactivitiesof two
derivedfrom isoprene(e.g.cholesterol)occur during other ch,oiis-te-rox-er-,u@.-c-enzymesin the developing rat
development.The enzvme which catalyzesthe key,__ liver:sq Fenesyn@theta.-seand prenyl transferase(or
rate-liraitingsi@epin cH-oTe-sterolbiosynthi-gis-raicro- farnesyl/pyrophosphatesynthetase).Prenyltransferase
somal 3-hydroxy@3-methylglutaryl-CnA reductase isone of riveenzymes thatparticipateintheconversion
(HMG-COA reductase)-undergoeslargefluctualiqns 0 the precul -oL-u=ls.IoL
duringriLliym-onLaMny(1.2].Enr i__,Oe activity!Lbigh Bo squ ene syntetaseand prenyltransferasedis2lay
priortobirth,declinesto low levelsdurinizthesuckling similardevelopmentalactivityprofilesin ratliver:.Ibej
p-e-rt,-Z@,na@ta@,13a@yvs@- )@and@demmoonnsstrraate"s@aa fallfollowinbirth.risetoa peak duriniztherrddto]acst t we @ l@tsactivitv0
-iientincreaseatwearung. anges initsactivityparallel sucklin-et)eriod(postnataldays 10-12).falLnnc&_Mores.cnt@ a iniL@aMs@in aral@le

durinxthesuc ling-weaniniztransitionreachinga nadir
by postnatalday 20.0
weaning.The mechanisms which resultin thesealter-
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r
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decreasein H.%[G-CoA reductaselevelsobservedin dietad libitumand a fixed12 h (6:00a.m.to6:00p.m.,

adult animals reflecesdecreases in gene transcriptionas tightcvcle.Animals (n - 10-40 for each time point@

well as increasedratesof proteinde-radation(4.,@l. were @illedbetween 1200 and 1400 h and theirlivers,

'oLittleis known about the de-velo@mentalhist'orvof tunas.brains.kidneys and small intestinesimmcdiatcl,,

the activitiesof these enzymes in human fetaland frozen in liquidnitrogen.Human fetalliversamp[C@

neonatal liveror about the ontogeny of expressionof from rtrstand second trimesteraborted fetuseswere

crenesinvolvedinthetransportand metabolicprociuing obtained by Schwartz et at. (141and maintained a-

of lipidsin thistissue.The ratliverprovidesa conveni- - 90 * C for 15-20 years. Fetalage was estimated frorr.

ent referencefora comparative study of such develop- crown-rump lengthsusing nomograms developed b.,,

mental changes. For example in additionto the infor- Tanimura et al.(15).Breitfeldand Schwartz (161and

mation about expression of cholesterogenicenzyme ac- imichaelsonand Orkin (171have used thesehuman feta,

tivities.recentanalysesof apolipoproteingene expres- liversamples previouslyto successfullyprepare RNA

sion in the developinc,ratliverindicatethata complex forin vitrotranslation.Additional human liversample@

patternof activationoccurs during latefetaland culy were obtained from a preterm newborn and a fullterrr

neonatallife.ApolipoprottinAI and E mP,,NAs begin newborn, both ofwhom died of acuterespiratoryfailure

to accumulate in thistissueplus itsembryonic horao- These were storedat - 90 * C forabout 15 years(141.A

loaue (thefetalyolk sac endoderm) betweea days 15-21 singleadult liverspecimen was procured from a male

of the 21-day gestation period (6-9]. Remarkable organ donor who died of trauma and had no historyor

increasesin thelevelsof thesemRNAs occurduringthe clinicalevidenceofhepaticdysfunction(18].
sucklingperiodas the animalsadapt to thehigh fat Total cellularRNA was extractedfrom frozen

(principallytriacylglycerol)dietof mothersmilk(10,11]. pulverizedtissuesusing the guanidinethiocyanate,

By contrast,ratliverapo B MRNA levelsreacha peak cesiumchlorideprocedure(19].RNA integritywas as

by the18th fetalday thatisnotexceededatan time sessedby denaturingmettivimercuryagarosegelclecy
durin-subsequentdevelopment(121.Followin-birth. trophoresis(201.
hepaticapo B MRNA concentrationsprogressivelyfaU
duringthesucklingand weaaingperiods(121.This fall
appearsto be mediatedby thyroxine(13].A third R.,VAblothybridizationstudies
patternofactivationisexhibitedby theapoAIV gene Dot blotswere preparedby applyingfouramount

which remainsdormant untilthesucklingweaninc.,tran- of each tissueILNA sample (0.5.1.2.and 3 ttg)t;

sition(days13-14)when the-atliverbeginsto export nitrocellulosefiltersas describedin a previouspublica

largeamounts of triacylglycerol-richlipoproteins(6]. tion(6].YeastTRNA was added to each tissueRN.-

We have begun a comparativeanalysisof the accu- sample priorto denaturationso thatthe totalRN.

mulationofmR.NAs encodin-proteinsinvolvedinlipid inputperdot was alwavs3 Blotscontainin-sample

metabolismin the fetaland neonatalhuman and rat of ratliver,intestine,kidney.brainand lungRNA wet

liver.A panelof cloned cD','Asencodingapoupopro- probed with 3:P-labelcd.double-strandedcDNAs e,-

teinsAl. AII.and B. an ineracellularfattyacidbinding codine hamster HNIG-COA reductase(22].ratH-.viC0
proteinas wellas H%IG-COA reductase,HNfG-CoA CoA synthase[231.and ratprenyltransferase(241.Dc

synlhaseand prenyttransferasewere used to chaf- blotsof human liverRNA sampleswere probed wi-.

acterizethe stateof enzymaticdifferentiationof the 32P-labeledcDLNAs specifyin-human preproapo @

human fetalliverfrom weeks 8 to 25 of development [251,human preproapoAll human preapoB (2-

and in the newbom. The resultsindicatethatthese human liverfattyacid bindingprotein[281.hum;:

mRNAs appear at an earlyphaseof human fetallife a-fetoprotein(291,human H'v[G-CoA reductase(301.r

(byweek 3)and unde--zoonlyminimal(lessthan3-fold prenvltransferaseand ratH%,[G-CoA synehase.Conc

changes)in theircorc::nt,-at
.tonintotalliverRNA dur- tionsselectedforfilterhybridizationand washing a

in,,therestofintrauterineaswellascarlvpostnatallife. listedin Ref. 12.These strin-encieswere equivalent

Thisearlyexpressionof lipidmetaboliccapabilitycon- thoseused by othersto produce specificinteractio

trastswith themore marked changesinMRNA levels between thesecDtNAs and theirrespectivemRNAs. T'

observedintheperinatalracliver. relativeabundance of each mRi4A in thetissueRiN
preparationswas determined by quantitativescanni,
laserdensitometryor filterautoradiographsusing

.viaterialsand intethods LKB XL Ultroscandensitometer.Only sionalsin ta
linearran,,eof film sensitivity were utilizedforcaleu

'C'Preparation of R.V,4 front rat atid human liver tions of relative MRLNA concentration.

Timed-pregnant.neonataland young adultSprague- LNorthcrnblotsof totalcellularRNA were produc

Dawley ratswereobl-iinedfromSasco(St.Louis.MO). followinaclectrophoreticfractionationthrougha
Weaned animalswere maintainedon a standardchow aaarosegetscontainingformaldehyde[31@
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Results and Discussion a remarkable simila 11the p,.tttt!rnsof change of
'A durin-rat. atand neonataldevelopmenleach mPN4 a

ulation of H.@IG-CoA ki-,Ifhase.H.%,IG-CO,4 re- H@iLhle@-cisar@c e@,@.st@al,,ion.These fall
.4cctirn

oted e est-11@10 --
citicitiseatidprenvltraniferasemR.'V.4iinthedevelopingabruptlywithin24haftercarturitionreachingcon-

ratlicer
centrationsthatareasmuchas30-foldlowerthanthose

Cloned CDNAS encoding H,@w(G-COA synthase. e@ncoun@teredp@r-iorto@irt@(t.g.. see the

H@N,IG-CoA reductase.and prenyl transferasewere used middle panel of Fig.I which shows chances inprenyl0 ZP

toprobe dot blotsof totalcellularRNA preparedfrom transferaseMRN*A concentration).A transient2-4-fold

ratliversharvestedduring fetaldays 16-21. thesuck.- risein HNIG-COA synthastand prenyttransferasebut

lingperiod(derinedas the first13 postnataldays,Ref. not H,'v(G-CoA reductasemR4A accumulationoccurs

32).theweaning phase (days14-28) and from animals duringthe niid-sucklingperiod(day 8) followedby yet

proceedingthrough sexualmaturation(postnataldays anotherriseduringearlyadulthood.Itisim-portant to

35-70).),Iaterialwas collectedfrom 10 to 40 male and note teat-thispatternot change isnot a generalphe-

femaleanimalsrepresenting1-4 littersat each develop- nomenon in thedevelopingratliver.For example,when

mental stageseudied.The resultsof our dot blot the developmentalprofilesof apo AI, apo AIV and

hybridizationanalysmare presentedin Fig.I and show
L-FABP mRSAs were studiedusingtheseR-N'As,quite
differentontologicchangeswere noted (see,forexam-

Liver
pie,Ref.6).

The developmentalprofileof ratliverHLMO-C:OA
HMG CoA Syntha30 reductaseand prenyltransferisemRNAs pararclthe

3.0
changes in the activitiesof theseenzymes which have
been previouslydocumented by severalgroups [3,33-351.

2.0 - Birth The correspondingactivitiesof Hi'viG-CoA synthase
have not been reported.The rat fetusobtainsoilly

to
about 105cof thesterolrequiredforgrowth and (level-
opment from itsmother [36].Therefore.itisnot surpns-

I i@-fthatv--ry-high levelsof thesemRNAs are observed
in ratfetalliverdurinatheperiodsurveyed.DLe hi

PronylTtansferase
0

levelsof apo B mRiNA occurduring theS2,m@has@of

3.0 1.E liverdeve ooment (i.e..tn7a-te--Cc-staa-tiLco@@_-@t@-@@ein op 1121.Thisfollowedbv an abrupt.eary postnat dr

2.0 - irth Or-o@@sionfor expressingthe principalapofipoprotein

E involvedincholesteroltransportata time of maximal

to endogenous productionemphasizes the co-ordinatena-
ture of thesedevelopmentalchanges in the fetalrat

liver.

MMG CoA Reductase The sic.,nalsforthe rapidpostnatalfallin the

0.4-
capacityof the liversof sucklingratsto svntCS e
c o esterolarenotknown. Itmay representan aiLa2ke

0.3 responseto ade uatesu liesof ics=ol

0.2
Sefiv@eredvia*m theesmilk [3,33,37).Based on theRNA

i Birth blothy )ridizationdata.itappears thatthe mechanism

0.1
involvesat leastin parta reductionin thesteady-state
levelsof mRN-As encoding these kev enzymes in

16IAMII24 3 ',1 24 35 70
cholesterolbiosynthesis.The data do not allowus tosay

1921 to what extentsuch alterationsreilecea chlina Ingene
Days of Development transcriptionor mR','A stability.

cc

FiS.1. Ck-elopmenLd changes in rat liverH,%(G-COA Synth=. The changes observedin thelevelsof prenyltrans-
H%10.CaAReductiseand PrcnytTr=ufcrawMRNA level&Total feraseMRINA durin-thelatesucklinc,throuahweaning
%:cliularRNA w-.upreparedfrompooledratlivers(n- 10-AOanimals

a a a . the
rw time;xlint).Clonedmt cDNAs encodingthethreeenzymeswere

phases can be directlycorrelatedwith changes in

u%cdt,.iprobelotbloucontainingfourcowmtmtions ofeachRNA. levelsof thisenzyme activity(3).By the 14th ostnatal-po., -

The tviati%ccun%:cntration *( each miLNA was calculated based on day, H.@v[G-CoA reduct,, inratI-ier hasfallen

.wanninglawr%icnsiwnwtryoffilterautoracrwgmphsand cipressedin duringthis

4rbitr4ryJcnsitOrnetriCunitlNote thatthespedrtewtivitksof the
t ry-un-det_t-"-@@ (361.However,

proti,"weren,,itidenticaland thereforeno comparisonsmn be made
second postnatalweek. risesInnr,-n!iltr!insfer-ascOccur-

abouttherelativelevelsofeachmIL14Aata particularstarofliver
@jisri@L Lui*nLi@cs@with@@@@'

ell-

L
zy-me-inv-orvvee-ddti-nth-c m valonate to squalent pathw@Y:-

4ev.op
n the me
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Fig.2.Coordinatepatternsof iccumulation of H16IG-CoA synthas-..prenyltransterase.and HNIG-COA reductasemRNAs during lung.intestinal
brainand kidneydcwlopMCnL ToW cellularRNA was isolatedfrom poolcd tissuesh:irvestedfrom 10-40 mLs at each day of fetaland posuutai
lifenoted on the x-axis.Rel.2tiveMRNA concentrationswere determined by scanningdot blotautoradiographsand expressedin arbitrary
dwsiuxoetricunitlThe onlycomparison which ispermittedby thisform of dataexpressionisthatwhich involvesthesam rnRNA witwn a given

dslue.
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iquatene synthetase.These changes in prenyttrans- A cloned human H,*v(G-CoAreductaseCDNA plus
(eraseand squalentsynthetaseactivitydo not corre- cDtNAs encoding ratHNIO-COA synthase-and ratpre.
zipond to any known change in cholesterolsynthesis. nyt transterasewere used for thesestudies.Since the
Brut:n-,erand Rillina.(31note,.'thatsince theprimary lasttwo representhetero[ogouscDiNAs. a preliminary
metabolic destinationof isoprenoid precursorsis experimentwas performed.Northern blotsof RNA
cholesterol.changes in the.activitiesof theseenzymes prepared from a human hepatoccitularcarcinoma cell
may reflectas yet unknown developmental alterations line(Hep G2) were probedwiththeratcDNAs employ.
in themetabolictargetingof mevalonate toothercom- ingthesame hybridizationstringencieslistedin Ref.12

pounds (e.g..dolichotand itsderivatives.ubiquinones. but the finalwash temperaturewas reduced from 55aC

or isopeneenytERNAs (381and prenylatedproteins[391). to 45*C. The resultsindicatedthat each rat probe
Although informationabout the activityprofileof reactedwith a unique human MRNA species-3.1and
H',Iv[G-CoAsynthastduring rat liverdevelopment has 2.2kb HN,(G-CoA synthaseMRNA and a 1.2kb prenyl

not been documented in the literature.based on the transferaseMRNA (datanot shown). These sizesare
MP,NA data presentedin Fig. 1. itsdevelopmental comparable to those previouslyreportedforthe corre-
profilewould be.predictedto more closelyresemblethat spondina ratmR,\[As (23,401.Dot blotsof totalceuular
of prenyttransferasethan H,%,(G-CoA 'reductase.More- RNA is@latedfrom 8.5-25-week fetallivers(n - 1-3

over,theblothybridizationstudiesdemonstrateforthe individualsper time point)plustwo newborns and one
firsttime that there are co-ordinatedevelopmental adultwithout evidenceof Uver dysfunctionwere then

changes in the levelsof thesethreeniRiNAs encoding prepared and probed with the threecDNAs using hy-
enzymes involvedincholesterolbiosynthesis. bridizationand washing conditionsestabushed above.

As in thecaseof theratliverRNA dot blots,multiple

E.rpres,sionof the H,@fG-CoA s
*
.-nihase,H.%,IG-CoAre- concentrations(0.5-211-)of each human liverRNA

dliclasewid prenyltransferasegenes in e.-ctrahepatictis- sample were includedin thedot blots(seepanel A of

sl,esdilriiigratdeveloprnent Fig.3).
The remarkablesimilarityin theaccumulation'pro- Inspectionof Ficl,.3B revealsa relativelymonotonous

files'of thesethreemRNAs observed durinatheperi- developmentalprorileforallthreemRNAs. By 9 weeks0
natalperiodof ratliverdiffer'entiationwas not unique of -estationthese mRNAs have achieved steady-state

to thisorgan.This isillustratedin Fig.2 which sum- levelswhich do not change more than 2-foldduring the

marizesresultsobtained from probin- dotblotsof lung, remainin- 17 weeks of fetallifethat were surv4@,vedand

smallintestinal.brainand kidney Ri@As preparedfrom lessthano3-5-foldwhen compared to thetwo newborn

10-40 animals ateach ofas manv as tendifferentstacres and singleadultRNA preparations.When therewas an

of development.Two obvious corclusionscan be made opportunityto compare more than one sample at a

afterinspectionof thedata.Firs-,.thetimingand direc- given stazeof human fetaldevelopment, remarkably

tioriof developmental variationin r-eT-at-iver@R-iNA con- littleindividualvariationwas noted inthe relativelevel

rationwas vtrtualividenticalfo n of a givenMRNA.

e tissue.Second. as in the liver,the highestcon- This less than 2-foldchance in cholesterocenic

c trationof each MRNA durin- lun-.intestinaland MRNA levelsduring fetallifeisnot a cencralphenom-

kidney development was encountered in the lateand ena. Itcontrastswith resultsobtained when thesesame

earlypostpartum periodwith subsequent declinesoc- RNA preparationswere probed with other cDNAs en-

currinain the sucklin-and/or weanin- phases.The coding proteinsnot involvedin Lipidmetabolism.For

notableexception was brain where a 12cogtessiv-er)ost- example.a controlexperimentwhich examined thelevels

nlicalrisein the concentrationof each MRNA occurred of a-feeoproteinMRNA disclosedthe approx. 10-fold
ciirklina reductionexpected between firsttrimesterliverand@.1-d*@@ 0

p Lod.Thus expressionof the rat H.N,[G-CoAsynthase, liverharvestedat thebe-inninaof the lasttrimester(see

H.@,[G-CoA reductastand pren,,-ltransferastcenes ap- panelsA and B of Fig.3) [411.In addition.a recent

pe:irsto be elaboratelyprogrammed to respond in a study revealedmarked changes in the levelsof epsilon.

similartemporal fashionboth withinand betweendif- gamma and thetaglobinmRNAs as wellas ceruto-

fe.renttissuesfrom latefetallifethrough the end of plasmin MRNA in the 10-25-week human fetalliver

weaning. RNA samples (421.L*vtorcover.the patternsof change of
these fivedifferentmRN.@k!iwere quite ctistinctfrom

.4(.-citipiLilaitunofntR.Y.4sencodingcholesterolbiosynthetic one another.

ett:.I,P)Iesalidlipidtratisportproteiiisinfetal,iteonataland There is littleinformationabout the activitiesof

ildi,ithunittirliver thesecholesterolbiosyntheticenzymes durina human

Fig.3 providesthe resultsof our analysisof develop- fetaldevelopment.However. the relativelymonotonous

mental changes in the concentrationof the three
'

HMG-COA reductase.H,*viG-CoA synthaseand pranyt

cholesterolbiasyntheticenzyme mRNAs in human liver. transferaseMRNA level-iarecompatible with observa-
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Fig.3. Dc%-clopmentalchanges in the concentrationof mRNAs encoding cholesterogenicenzymes in samples of human fetalliver.cDNAs encoding
human H@@,10-CoA reducms@-plus r2t H,%IG-CoA synthase,rat prenyl u-2nsfer3se(plushuman a-fetoprotein)were used to probe dot blols
conwain$ sever2lconcerLtmtioeLs(0.5-2;Lg)of eachhuman Uvcr totalcellularIL'4A sample.Fetalage isbased on crown-rump lengths(151.Fetal
age isbased on crown-rump lengths(151.'4otethatthetwo 14-we-eksamples came from scp&ratefetuses(seethe key definingthe symbol ascribed
to each R4A preparation).Panel A displaysreprescntalivedot blou probed with 3P-labeledprenyltransferascand a-fetoprotcinCDNAS. Panel B
presentsdevelopmentalprofilesof mIL4As encoding the threecholesterolbiosyntheticenzymes and a-fetoprotein.As in Ft& I arbitrary
densitomeuicunitswere used to expresstniLNA levellNo conclusionscan be made about therelativeconcentrationsof each of thefour mRiNAs

ina tiverRNA sample prepared ata particulard4evelopmenW stage-

Fi& 4. De%-ctopmentatprofileof human liverrnRNAs specifyingproteinsinvolvedinlipidtransport.StoLsprepared with the same-fetal.neonaw
and 2dulthuman liverRN*A samples u those used to generatethe data sh&3wn in Fig.3.were probed with @:P-lab@eledcloned CD-NA specifying

hum= apolip@oproteinsapo A[. apo All.apo B.and liverfattyacidbindingproteiniL-FASP).

tionsmade by Carr and Simpson (431 thatonly slight principalproteincomponent of LDL, apo B achieve

alterationsoccur in the rateor cholesterolsynthesisin
steady-statc:concentrationsby 8 weeks of a tationthatces

the developinghuman feW liver.(Thisratewas esti-
are similarto thosedocumented during.weeks 10-25

mated tobe appro.-,.9 mg/day duringtheIgthweek of
and interm infants.Variationswerc lessthan2-foldin

gestation.)
allcases.'L@viorcover.theMRNA encodinglivqE_!?_tly-Acid

When the levelsOf other MR@NAS encodingproteins bindineprotein(L-FABPI.a s
ein

n artici atdj 3 : - .involved in Upid transport were exartuned in huma be ieve to c -,nd/oc -ohnilc

pro
X aci4-(reviewed in ReL

fetalliver.sinlilar'flat'developmental profileswere ._cemtnL_01_-Ce.-x--Oo-nnousfatt

observed(Fi& 4).mRNA3 specifyingthe two principal
44).displaysa similarlack of change in itsconcentm-

human HDL apolipoprot6ns, Al and All, plus the tion during this period(Fi& 4).Together these data
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.iugaestan earlybiochemicalmaturationOf Lhehuman populationsare obviouslyimportantwhen considc:ring
"afet.iiliverwith respectto itscapacityforcholesterol regulationofgene expressionin thistissue.For exam-

,@vniliesi.iand lipidtransport. ple.therelativelyconstantlevelsof mRNAs encoding
proteinsinvolvedin lipidmetabolismthatwere docu-

Dil.)rc!renticitionofthehur?tanand ratfetalliver mented intotalhuman fetalUverRNA duringgestation
There are very few studieswhich have provided may *mask'relativelydramaticchanges in theircon-

informationabout thebiochemicalmaturityof human centrationswithina givencelltypeand/or changes in
liverfrom midgestationtoterm.so itisverydifficultto theirexpressionindifferentcelltypes.Therefore,itwUl
put ourdataconcerningexpressionofgenesinvolvedin be veryimportanttoextendtheseanalysestlsinginsitu

lipidmetabolismin any sortof comparativemetabolic hybridizationand immunocytochen-dcaltechniquesto
contextat the presenttime.Greengard has conducted examine changesin thecellspecificexpressionof thm

an extensiveanalysisof theliteraturedealingwithen- genesinthefetalhuman and ratliver.

zymaticdifferentiationof human and rat liver[451.
Althoughthedata forhuman are both limitedin the Acknowledgements
number of.enzymes examined and the scope of the
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