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DEVELOPMENT OF AVIAN LIVER LIPOGENIC ENZYMES
DURING THE PERINATAL PERIOD. MINIREVIEW.

Elena Ryder and Gilberta Campos®

Contrary 10 the mammalman ambeya, lipid synthess s minimal o the
livee of the chick ambryo, During this period, the animal i consuming &
farty dist from whore it desives i1s energy in the last part of ity embryonic
fife. 1t &5 indemsiandable that there & no necessily 1o slabdrate these
enzymas, since the embryo environmant is fch in lipids. After hatching,
& high carbobydratedow fal diet is installed snd the animal hes 1o asdjust
to this naw nutritional state devefoping the hepotic lipogenic activity
with a concomitant coordinate increase of the enzymes involved in this
padhiay,

It has biean shown (& =) that the activily ot citrate Iyass (CL) incréases
shightly but significantly during the hatching period and the staranon
period follawing hatching. Aler 24 h of feeding, the values are alevated
4.5 fold raaching the maximum activity 5-6 days atter lesding. The fatty
acid synthetase (FAS) activity, s found by Joshi and Sidbary (14) in the
newly hatched chicks, poss up mven i1 the animal |z starved. After leeding,
thare is an additional increase, The maximum activity i found a0 28 days,
going down ta adult valees in ten days. Malic enzyme (ME) behaves like
tha other two enrymes (7}, howsevsr there i no increase in sctivity befome
lesding Is establshed. We showsd (24} a1 the same time & did Arinze and
Mistry (1), that the seetyl CoA carboxyless (ACCx) sctivity is very low
duting the embryonic period. During the hours after hatching there is a
rise and with tho onsat of feading the sctivity incresses 8- 10 timaes, peaking
#t 15 days. This enzyme is activated by citrate, and st any point theme
was 2 citrate requirement (5mM] for maximal sctivity (2q), It seems then
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that CL, ACCx and FAS share & common charactenistic, not seen with
ME which iz that the elevation in activily oherved during hatchmg peniod
s independent ol feeding.

The lirst guestion 15 1o ascertain il this increase v activity wat due 0
sctivation of preexicting enzyme molecules or fo synthesis of new protein.
Qui first approach was to determine the rate ol holoanzyme Tormatian
uging the ATP-dependmnt C'* hiotin fixation to 8 25% ammoniom wfate
Iractionated ensyme Trorm chick Hver eytosel ot dilfeen) stages of develop
mant, This ghowed thed with hatching there s an impariant incresse in
holoenryme lormation (ea), 11 implies then, that with development, there
wat on incrgase of the ppoprotein, Presence of holoeryme synthetss
during the ¢dmle perind and of the cosneymn i likely because Aringe and
Mistry hawe demonstrated (1] high activities of other biotin enzymes, and
It b assimed that the ssme holpeneyme synihetase |y active Tor all biotin
anymes (an),

Loter on, fludies in different Inboraiones [z, s} of mate of synihesis
of some of fhes enzymes during hatchaing and subsequent days have
revealed that in-every case, increased activity correspansds to incresse rate
of symihesic

Several agerts heve been considered sie sifectors of thia incresss:
trastic environmenisl change, coenzyme levels, metsbolites and hormonal
factom. Lef us considar each one of thess.

1. Drastic emironmental change. Placing eogs in glectric forced incuiba-
tors and fhshing continously with 100% owygen, or gir, Goodridoe found
(s} that the activity of FAS incressed 1.5 times while ACCx was not
affectad,

7, Coenzyme levels. Birnbaum in 1968 {2) described 8 mechanism of
comngyme rogiession observed in L. plantanam: the ACCx wes inhibited
when the bocterial celly were grown in excess biotin, In 1871 thera is &
ieport [yu) whers the authors claim finding 8 simitar phenomena of e
pression of ACCx for biotin, in ral odipose tissue. The fiver enzyme in
their sxperiments showed the opposite eifect: i wat induced by the co-
enzyme.

Th biolm concentrabion in egg yolk & qiete high (500 mpg'g) (o). We
detarmined (he bintin concentration in chick Hwer at three dilferent dive
lapmental steges and found (z«) o notable decresse in free biatin content
of chick liwer cytosol after hatching, tollowing an Inverse coursa o the
appearence of the carboxylase (Fig. 1). Despite this, the coenryme doss
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Fig. 1.= Fiee Biotin lovels and scetyl GCoA carboxylass activity in chick
Ty eytosnl during development.

not seem 10 piay any role in the synthesis of the enzyme protein snce m
ghimals injected with biotin, the sctivity sfter sevan daya, was the same
B in the control group (s2), Although we observed a smull change in tho
emount of protein precipiteble st 25% smmoniun suftste, the smount
of immunciogical precipitable profein per unit of anayme activily was
unaliured,

3. Metabohites. Goodridge in 1973 (s} tried 1o identity mtsrmedaie
which imght ba potential regulators of the concentration of Tipogenc
enzymes, He found that glucose injections in neonatal chicks stimulate
fatly souds syniheses and tha ol activities of ACCx, FAS and ME. He
also found o docresse of free fatty acids and fatty acyl CoA in the lives,
He concludad that glicosa (or & matabolite of it} is the natural mducer or
compressor for the synthesis of the lipogenic enaymes.

He detgrmined the cancentration of other metabalites such & acetyl
CoA snd citrate, not finding any relationship tietween thair levals and an-
tymn activtiog (s}, Rinsudo and eo-workers (gal hove reported that e
trate bovels ga down in the liver tissus with developmant; the same situs-
tion b obastved with ATF lovels, whits AMP went up continausly,
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An impariant phenominon abserved 0 chicks funng the fint houns
stter hatohing i the abgvation in blood glucoss (1o, w1 2a), which is accom.
pamed By 3 marked deplation of the hepanc giycogan content (=), Ri-
noudo and coworkars [ea) notad thet the glucose bevel &t 1he lwer call
goes up slowly dunpg developmint and Ratmjs o1 al, (w1 ) showad that
posma glucose inpreases during the fasting period that lollows hatching,
and that atvor feedimg is sterted, an addifional increass oocurs

We studwd diffetant conditiony altesing the hlood glucoss el in Gne
day-old wtarved chicks. and found that slthough the glycemin suffaed
importont changes, thers wai o correlaton with the activily o sceiyl

Cosnzyme A carboxylue {27) (Fig. 7},
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Fig. 2~ Hormonal etfect an glycemia anid liver acetyl CoA carhaxylae
pctivity in unfed newly hatched chicke
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4 Hormonal efect. The itroduction of different hormanes failed 1o

produce “in vive™ any nduction of the ACCx scthwity in newly hatched
ehicks (=7}, Studies with embryos revealed the same situstion,

Goodridge hue been wbils to induce ME in isolated Mapatocyies i eyl
ture lrom 1B-day-old embryoes with thyroid hormones (1riiodotyraning
beng more sctive than thyroxing] and with msulin faad, Na “in viea™
nduetion of ME has been meported, Joshi and Sidbury in 1878 (1s)
showed & Brel premature induction af FAS in 20-day-old embryos with
“in wivo™ injections of seeeral hormanes s insulin, glucagon and cyelic
AMP, depending on the time of spplication, Recently (16} he suggesed
that the glucegon offect & due to oo inceeassd bvel of insulin provoked
by thie plucagon inprction. Thi same effecton were activie “inwtmnm”,

In the casa of ACCa, in wivo studies have not been successtul in po-
mateng indpction with sny bormones egies {15, 27). Basides the hormaonss
that eitect biood glucose fevels, v tesled other hormones with no succes
[z7). However, dud fo the limited effect obsered four hours after The
imjection af glicagon, and based on a very brsel precocious rise obereod
by Goodridge on CL and FAS in his hopeiocyte system (1o), we decidod
1o check the effect of glucagon on the carboxylase n “in vitro' systems
Working with embirgs liver oxplants or salated cells mantained in culture
{or 40-72 hours, we found in sach ol the mmtioned systanm, an ewident
affect of glucagon on the sctivity of ACCx (Fig. 3] (Ryder, unpublishad
resultsl,
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Fig. 3.— EHect ol glucagom on seetyl CoA carboxylase activity in livers
fram 16-18 days ald chick embryos, in culture. 1-2 % 10" hepatacytes
isolated by trypsinization af the tissun of 10-20 one mm” liver axplants
oyt eilture grids were placed an Sem culture dishes cantaining 5 ml af
MEM with Hanks salts and L-glutamine, 25 mM HEPES buffer, 10% chic-
kimi gerum aod the antibiotic mistere. Incobated at 377 on hemdditied
incubator under air. ——  Cantral; . —— 1 upg/ml glucagon.
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Aecently, Goadridge and Fisher clsimed ta find stmulation of ACCx
synthesiy (and of FAS) in their hapatocytes with triindothyronine pls
ingulin, an affact that was blocked by glecagon (12},

In adule animaly, changes 6 ihe total actiaties ol CL, ME, AGCx and
FAS, which accoi after nutiitional or harmemal masipulations, soo isually
coordinate. Tatal activity changes are due ta variations in the rate of
fynthosis: consquantly control of synthosis of fwo or more en7yme
coulil he sssociated with an operon of b sukaryoie eguivalent, Howeser,
it seems thot fipogonic enzymes, when they first appear during hatching,
Ieifiwve differently,

In considering the teported levels of hormones, which are thought to
i wffective indocess of lipogenic encymes during devalopmant the la-
[iywing picture smerpes

Thyraid hormones: 1 hes been reported that the T4 leveis are high on ihe
17 smbiryonic day, declining until htching snd the lollowing week with
s only trangen) increase on day one {«). Diher authors {ze) showsed &
completely ditterent pictume T4 jncrsases during developmont with its
highest point on day 1820 and decays abruptly on day 21 (haiching),
while T2 ingresses continouly in the posthatching perad,

Pancreatic hormones. Plasme insilin levels during developmant have been
raported anly for hatching period snd for subsecusnt days (zi). 11 doss
not change significantly during the post-hatching fasting period; the in
crigse in plasma qiucose ariburable 1o the hepatic glycogen depletion (=]
i purhapd promoted by glecsgon. Glucagon levels have nol been reported.
Tha inglin bovel incroases significantly only one day atter feeding starts
fael,

In Hazelwood's lshoratory i1 has been foutd (1a) that “in vitra” the
level of glucose necessary (o stimuiate msulin release {rom chicken pan:
creas over the besal rate iz S00- 700 ma/dl. With non stimulating lvels ol
plucoss, glucagan ingresses fwo-lold ihe ovkeass; and tofbuiemide, pros
duced o two-told rise ot glucose concentrations of 225 myg/dl

Imuulin effects in the regulation af carbohydrate and lipid metobaiism
in chicks are uncertain since thess animals are resistant to diabetogenic
wgeEnts and thar metabobsm i guite different Trom mammals. One interss-
ting fact is that insulin wnd glucagan, both elevaie lives cychic AMP lavels
o free fatty acids (e}, Glucagon has been conmdored marg important
thas sanlin ip owisn metabolm.
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The situstion ot the moment ks controversial, Some lipogenic enrymes
have been induced “In vivo™ and insulin seams to be the hommonal etiec-
tor, (thers, have only been induced wsing “in vitro™ wystems; i these
pates there was 8 synirgistic elfect of thyrpid hormones plin insubin. Qo
the athiee Rsnd, ghecagon midght b an sfecuve ndocer 100, and probebly
rot anly thiaugh (s et on maulis leveld, (nhibition of soms ol (hess
hirmongs might bring soma hght into this situatian, Radiothyroidecomy
ar goitrogen tieatment of embiyos eould prevent the inductive actinn ol
thyraid hormones. The difficoll would srise with insufin: i1 has besn
imposible 10 vender chicks disketic, alloxan o1 streptozotocE lave
failud to do it, The usa of sntiingulin soram might be of soma beip (17}

Woik s in progress {0 ssses the impartance ol these harmongs-on (he
appearance ol the ACCx wn newdy hatched chigks ta verify of s i &
coordinate induction of all llpegonic enzymas svoked by the same hoimo-
nial etfactars, and o deteeming whather tha samn eifoctors em scthe o
the synthesis of enryme protein during tha Tt upsurge during develop
it &8 i adailt animials alter heembnal ar aut it chsnmpes

ik el g e
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RESUMEN

Desarrollo de enzimas lipogénicas hepdticas e aves duramte ¢l periodo
peringtal. Revisidn, oder . Campas G (leatitale e faresligrisine
Clisiias, Facultad i Welieina, Univerndal ded Sulia, | parialis 1131
Warmiaiber Vemecoeta), Invest Clin 200de 17187, 1079, Ls octvidad
lipogénica hepitics en las aves comienea inmnedmtaments desgués tel naci-
mignto y @ acompeiin de on semento coordinado en In sctivided de fm
engimas lipopdnices citrato laga (CL), scetil CoA carboxilass (ACCx),
intotaza de los bcidos grasos (FAS) v enrima mdlfes (ME). Extas sctivi
dades aumenian on ausencis de cualgulin cambin digbético ¥ paiece e
indopandionts do 1o concentracidn de la glocoss plasmaticn, de los niveles
de coenrima o d¢ ot moduladores, |n gee segere que s alimentacide
imcrements, pern no inicia ls expresion de los genes. Se ha establecida
fque Ettox eambios de sttividad son debide @ sintesit 08 nuevas proteing
¥ no 8 aetivacifn de enrimes preexivtentes en forma inactiva, Sobre
ilgmat iy esing enpimes i@ ha demostiado efectos hormonnles. Extudiog
“im vitng™ hen mostrode que 12 muliog y 13 tiroxing mcrementan la acn-
vidat, 4 la eantidat de proteing precipitabile inmunolbpcesmants, de ls
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ME, ACCx v FAS an cultive de hepatocitos o smbridn de polla. Exte
stecto es bloguesds por el glucagon. La glénduls tiroidea ha estado impli-
cady on |4 infciactn del procese del necimiznto ded polln, pero los mgares
gohire lo3 miveles de hormonss tiroedeas . circalantes durants & desarmilo
son contradictonod, Los niveles de wsiline. durante &l perfode petinatal
nopargcen varkar $ gl animal oo es alimentadn, al menos durante los doa
primenas diag que siguen al nacimignto. Mas sien, su efecto en la regulacion
de |os metabolismos de carbohidratos y |ipidos en Jas sves es tadavis
incierto, ya que gstos animales son resistentes A los agentes dishatopénicos.
Los estuding *in vive™ solamente han conseguido prodici unas induccidn
breve de la activided de FAS por la accidin de mailing, glucagan, AMP
ciclico y otras hormones, dependiendo del momento de s épleacitn del
inductor,
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