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" withont any. etfectiion tytoplasmic obe activ ty‘ Ihat ‘the’ cyboplasmc

sof the lxver to gxowth hnrmone B g S

. followed b assayof oxmﬂune decaxboxylass in pressnca of aningo

. ABSTRACT

hormone in'rats is'a max'ked increase in the acu ity o hepatic

ornithine aecaxboxylase. the rate lxnutj.n entyiie gbr ipolyaning

hiosynuhesis. It is” thnuqht that. polyanines coild parztjagei in’
<

ndcription ;

and” translat.um Thezefnze. it would appeax probable - their: L ip

synthesis coula b, ‘an inportant scep in-the protein anabolic. Fesporise -

oznithine decarboxylase éctiv;ty

gensrally decavad-hy the' t e M5

talease ors m “from ernn;hine 1-14 but this, caxbon may alsobe . R

released hy :h sequenna" amon of the mituchundriul enzymes

ornithine transammase,‘ st : pyrroline- ‘azhcxylatp dehydroqénqsg, L, e

and o 5 ’. L sfore,
the ‘agsy of -6rnithi oxylase in crude homogena Tequxres
: ‘nhzbi.txon “of ‘this, pathway. n the prasent study, ammoxyacetate sy Y 1
vxxcuauy elxmlnatsd dacﬁ:bﬂxyla on uf aznithine by: mitochnndtxa. B s

activity: repxesencgd true ODC wés shoin by rthe stoxchlumetxlc pznduction

‘of co und puczescme fr;vm ornxthine.

acecace and- of pi ine’ nt no ,1 nothionine

o ornxthlne transm;nuse and of marker éngymes £fom feach Beaption, L

demonstrated’ that nrnutnme ‘and




. admnist:ratiun

" atter govth 'nomone ;amn_is eatiem at-any of the ades totdd.

[

cytosel ;' while ‘otnithiné ;zansaminase 1. exelusively 1ocated’ in the

'mmchnhdn L fxabt)dn.

e gmuy xncxeuea ornithine decazbexylase

to be, Imaluea,gnurex@m the cytoplasm: . The et actiyltiesv
T 3 RRTE | %5 = " o T
yl methionine decz lase and

of putrescine

©ornithiné transaninase”shoved’ no change 4 houks aftex.gzé,mh hcm'uhe <

k:hur sub-Gellular lucation als‘o ‘remained . unaffected.

Kn'values for hepatx.c ornithine dscu‘hnxylase munq ornithine

‘as’a substrate’ shoved no'significaiit difiezemes between cnntrnl,

and grcwr.h homon! treated.rats: Hoth displayed Xn values ofiabout - »

32 uMV l!‘he dissoci

> as acf-].vatﬂt of -

putrésc. ine

were; also

unchangeﬂ Z/ﬁours sfter growtn hnrmcne h‘.mcuan (270 My

ornithine decarboxylasa’ Shoved & 'makimal specxﬁc a txvu;y Ay

Tiver' g:y(:usnl. at weaning in control. x‘ats and ‘then decreased zap;dly to

a low levﬂl of acnvxty abour_ one week lateg ‘At i ages ces:ed.

observed rmm heonates :to_one !Ionth of age. ‘This! zmtivn—,y was mamta:.ned

mheré was,no chunqe in érnxﬂ\ine txansamnau actxvuy four hours .




de:hne with age z\ sxngle Lnjecticn of q:ewth homne A2 nvq/

“100. g body weiqht) four~huurs before vsacrlfice :esulted inan
spamidine,

appis ximate douhlan of puerescme concentration.

qoncanczati.ons alsu decuned with age, bm—. wer \matfacted hy
coh o of spermine L toa .

grovh hnmbne o, dhe

i maximal ‘evel at five weeks of. dge. ‘an

Gioith hormone was alsu jaschout ;ttacr. on the cohcen!mtlon of l:h:.s

polyamins fouk hours after f.njecnmn.
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Hozmone
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Lactate dehydroqen.aae (1
Mu:m:hondtial £raction:

Nucleax‘ fraction

'oxmthme carhamyl tzansfezase (2.1,3.3)

Ofnithine decarhonylase (4.1.2:17),

Otnithine transaminase *(ornithi

(2.1.3.3)

 Microsondl fraction

e pyrroline 5-carbnxy1at;e diharbganise (1.2.1:a)

s—ndenusyl—methiomne

-
-Tz.xs (hydruxymechyl) amnu
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x: 15 welt finown that a‘stigle thjection of :GH ‘causes increased.
RiA ‘and protein synthesis in rat liver within seversl hours (.1 J.
'nu;aver', the nechan:sm of r.lus anabolic ;;fé_g: ennins tolle %3
elucidated: - ' ) y e s

n: haﬂ been tm:pasea thn - the large polygaprxae hormone incezacta

thh a spectﬁc receptar on the plasma membrnna of the livar cell and

mr.otﬁxs« muuctmn is. !.han r_n,uatca -into ‘the bxnloq*cal xespons-
= :
O 112 . : X
e xf Sossible that hydxvlyuc cm‘zaqe of the hormone, lftez %
|
umnng allows “active moiet:ias" of GH to penetrate’ the menbrane an:l

act dxrec!‘.ly on-.muular rocesses ( 3,4
R

umlcgubs to tm';acond of S g s nhat

\ %
™ a hormone mm-htes :dnn 1 cychu which then pzaduues oAME which -

Betd as a second -essengu cazryinq but’ the physiologicll funceion E

- of the homna (5 )i sidee “cAMP appears to., inhibit proliferation

" in ‘sohe, ci‘&wfeu ( 6 9, tifis is ‘not likely candidatesfor tife

grovtn ‘hormérie second mes senqex. iowever, zegeiit evidence his

implicated cGMP in the tzo1- of qxﬂw:h Tpoeapes, in’a, n\nbex- S

tissués’ (6a,6b ) .and thu.l it i&"possible -that i€ could be u“ulvnd
in the GH uipom. uumnvely. there could ha imtha: as yet 1

nllncoqnize\ ul:nnd lusnnqa'r

Rni a’ Nlﬁ Halti ) hlve demnittawed m ked

" the specific adtivities of hépatié ormithi ‘topc)-

(Figure {) and RNA polymerase 4 hours after GH injection to.rats.

. A moré pepuhr atgument, P




awn nccozgxng to nai.na and nol:u. e
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a0 & * Ornithine decszboxylase £s'kne siret ¢ enzyme in’'the pathway, of polyinine
| y

T mosynche fis ana is tho\xght to be vate lmu.t:mq (18 . The inczease
E

{ ron polyl'rerase amvity a,ppea:s €0 be less striking: han el OBET" vl gl

bu_t theléss it is still " id quite siquicant, Im

this series of experimzznts, gdnne (1, a) observed. incredses in

' ¥adioactive I mnta RNA and ptotsxn m it

. Liver 6 'hours after GH injection. These -expezments dnd ha ok

- of other 'nvestl,qatazs (9,10, 11) dmunstrate that one of _the:

eatliest. respcnses of 1iver to Gif isia zapxd increase in th rate .

bl s
V5 o of s-ynthes:s of polyami‘nas S'inular msults TEZe also obser\ved . »

- when xat liver is perfused thh a solutian contatniing GH (7 12)

Synthesis £ ‘Bnlxamng'é

There are three .main polyamnes wm.ch oceur, il almast 'all >

5 eucaryatic tells. ’X'he are put:escxne, lJH (cn, ) L wn’i.ch e Tl B

ac«;uany a diamine, spermldi.ne NH (ca, )NH(m )NH and spemme,

)NH(CH )NH(CH )m(

At pl;ysmmqual pH, these amines Geour

3 2 5
as po)yua:wns. R B

ol ana’ certatnother: .1 i I

 Taba et al. g3y Thowed that in

g micfoozqanxsms, putresmne could be denved from arqmme ana/e:

Grnithineby daca:hcxylat;ghn' of these amino acy.ds. The pzopyiamml i, ;

group of Spermiding is aeuved o 5 adenosy) methionine (sAm).

Polyamines «in yéast and animal tlssues (14516 ) appeaz o be| der.wed * a

d;rectly £xom ozmuune dnly ¥ 1t 'shoild be ‘noted that the prapex:xes :

of the various enzymes A.nvolved in the, hlosynr_hesls of polyamings "

’l‘hrough ‘the rest o -this dibcussion Butrescine will be c]assxfxeﬂ
as one of the three main:polyamines.




chase in ptocaryntes.

. ‘Figure!2 shews the e\lcaryetu: pathway Eor tha ‘prodictiion of a1t

three majaxv pblyamines T T A:gmme is converted to; oznithxne

by arginase.

Oznﬂ:hine is then decarboxylated by brnxthine decax'boxylase

( 17 ):to pxod\me the pcxyamme, putréscine. This enzyme is cunsl.dered

to be the rate ‘Limiting ‘enzyhe. in the polyam.{_ne bmsyn:heu; pas:hway

(18 . Experiments using lm'ubxtors of protein synthesi’s have stiown

“the apparém haif;life (t ) of 00 in’ unstimulated-zat liver, tu be

approximately 11 minutes ( 16

.. iThis is'the shéx;esg £y of any.”

“enzyme ‘studied o anter

i Spemxﬂu\e is pzoduced by sperlludine synthetase action on

1 me:hmmne (SAM). A sl x.lar
zeactmn catalyzed By spemine sythenase, xesults in toman on - of .

,spexmme £ron spemxax.ne and decarlmxy!a(:ed STt vas curxqinally

t‘hnught ‘that ‘saM h:s!lﬁ vas ‘the’ substrate. fcr these eniymes and “that'

! it vas aeca:noxyﬂaced as part of t}ne synthet:.c feaction. ngevez,

it has

recently been demonstzaced that S—adcnosyl l»e:hianine

de:arwaylnse exists as dn indspendent entity, at least in' rat s

prostate: ( 20> )I and brain { 21 ) Hannongn et Al (22 ) pusnulaced
that {;his is also probably the case in fat 1iver. Pputresfiine appears

‘o act as.an essential 4 '6f denosyl. methiohine

( 23, ) ’mus spem\ld;\.m synthesis would-beé hithy dspendenl: ‘on the

‘Broduct of opc activity, sircé put:esc).ne is not orly a suhstrate xJu:

also an essenuax a(:t:.vatux of the synthesis of ‘the “second substrate.

This would suppm-c the postulate that obc-appears to bal e ats

um:xng “niyme in the ‘synthesls of polyamines; |

s Pelyau_unes are thouqm—. € be dagzaued by sﬂeclfil: oxidases ( 340).)










the .1 hyde b locida) role ( 25.). At presént

mid.u\e ;m opemina sihen z:cmpued o2 tiu !vich a

xehuvely lov\xitu od pmmxn synthasis. ‘Such. a3 skeletul lmscle.'

. [ ‘Polyam ("Eechl

. are also VEQ‘hxgh
Cin ﬁpxdly growing tls!ul .such -as cemin t\-nﬂ ( 21) llecnaul

X anmlx hai! been m to have el:vabed com:ent'ntiuns DE polyall-nea.
< especiaiy/ sperniaine, whlon decresse as (ths anissls reach maturity

r (280 sunpcu (29) orchelucal {3 aamage of viable liver:”

has heen destzoyed. such regznex-aﬂo :

Lo s




e TZSSUBS OF HUMAN (nnmr; FROM SIIMES (26).) . .

migeus

... adrenals
brain

eare,

skelef.al misel

'k;aney e

- liver

panbread

‘spleen. ' . - » v P Ty 1 B s o Ses 84S




-
actxvltles and in accumulatson of polyamxnes and RN}\ (10 32)

T3 not undersbeod syus g

‘fhe - mecnamsm(s) of oo 1ncxease is st

'l ana nuéseu (5), ‘using rats exposed to cola ana samnuurea with.

anunophyl,ling nave élained to have obsemed rapid incraases in neyelic
aaenosma manophosp ate (cAMP) in thie adrenal me!iulla and ad:enax

" cortex: followed by dzamatic increases in ch act&vity. “They propused

l mechamsm for ‘the medxatlon of onc actxvxty by cAMP involving the

2 % . activation uf procem kmase A rapid, t:ansmnt rise’tn CAMP goncen-

- tratians fouuwed v a peak increase in ODC act(ivlby, about 5 hours

for a coxxelauun hetween e pxgauccmn and onc act: v).ty4 " Others -

" have, zeported ;n;ecnons of ‘dibutyzyl cAMP resuiting in slgnxﬁxcant

incredses in ODC activity in the adxenal qlands (33) and in the ‘liver °

(34,35 ."njectxons of large amounts of such compo\mds as dibutyryl

" cAMP into, animals do mot necessaxxly mu.:ace activa\:ion of "ODC By -

2 cychc nuclsotxdeé;. Release Df a nuinber of hamnes, most notably

the adrénal’ Seevotas, ia known to by mediacnﬂ hy caUp,

1nvestigators (33-35) aidinot \peasurg plasma cencenuan(ions OF .any

. pggcesses ‘might: alsé be ted.t6 Fesult in _' ivation of:0DC.

Hovever, these




A recént study by Mitcﬁrll—nnd sedory. (18 ) int

" precisely what occurs after imide:

cells. Thig vould

degtadnt‘lon of the enzyme, rather than by inoreaséd synt_hesxs. Hawever. i

lcilated by Joss.of enzyme setivity. A G 3

" after l.n)'u.b).txa o{ Pxor.e:m Ean_hes).s with cyclohaxx.m).dz Thsrefoxe,,

this data shouid be held suspez:t uhtil: more :u[xldnalng evidérnce Gan be

% o obr.amed by’ measurement cf enzyme seokein o]
i - =y §

"D P'tnEDsed Role(s) ‘of Pol.xamines ‘_ A RO

?rotein and’ nucleic acia sym;hesis anﬁ on staxunzancn of nuclexc " L
< e g : i

: g 174 known. that the pusxtlvely charged B lyﬂmines Bind tith:ly

" to' nucleic acxds il an pradice précip: ftates if they are suffmienuy

‘1 S 1 batwaen ‘the PegLE qzonps of pulyamines and the acxd).c phosphate groups

e g B uf‘nuclexc acids,

- The polyaniies could aligh mem;a\(es in the

and ninie | groups. mis causes a neun—anzacmn of the neqatj.vely S




-10v

4'ubiuzanén 'co‘um.xe;d to ic‘mgex haf llives'l‘r;r oth DNA.and.RNA, -

Pexhaps the most strixsng siﬂ\ilatity betveen, ‘ulyami.ne and

nuclexc aud,regulauon is the streng parallel ob.served between the

& conqentratxnn Of spezmxdine and RNA, especuuy TRNA (] 41 )- ?uz.

exan\ple, it ‘Ras been repozted th?t spermidi)

wlch aqe in‘rat llver, a& does RNA contént “( 28, Y. In'redenerating

rat liver, spermiding co rati x‘s closely-cortélate

thh xnureased nm\ cancem:rar.ilm Xy 42 Yoo Many othex :.nvesi:xgntox‘s

i both

d*a strong correlatisn beween ERNA syrith

prccazprohes and eucatyotes (43 44, 45) xr. has been cst\.\lated {4 5

: that palyumnes could sth.bllize R.NA, “thus preventinq ihs degmdauon.

re pznmotlng its movément from the nucleus b; the ‘cytoplasn.

:he rate cE

1: ek been suggasted ‘that: polynmi.nes comd increas

x‘ibnsome assembly ( 4s 3 Exths\: pmuxm would ma to. a m:e oy 3

efficient use of the mhrsynthesxzed in the, nuclehs and thexefaze

a8, 5 apparently more efficient soriptio “Wnetner!

'Pzecedas mm (especxauy ZRNA) synehesis xs suu ot gleart Mobt

i research on gxowth s:imulauon'appeaxs ‘to indxcate a sim\utaneons increase

b m the synthesis uf syarmi me and" RuA (a ., wh;cn woum indicate

ca—ux‘dinafe rzuntrol of these; prbceases. e i & Ly

; 1. d Polyamines have aIsa heen demnstrated to. increase the synthesis

ot po1ypepﬂdes at ns uans1a:mna1 lavel of prol:ei.n synthes:.

spezmidxne and spermine ag

amnoacyl transfer BN {48} I B,

;v that ‘polyamines may stabill.ze transfer m\(cm) in‘a fu\'orable

confoma(:mn. He obsezved l:hat thie h;o}.egxcal ac\:ivxty of ‘tRNA




. nffecﬁ the bxndinq of messenger RNA to xnmmpes, ‘altk

content in E

che bxndn\g ot trn 't

bosomes. He also posrulaced that polymln £}

not pmsent evx.dence to stpport thid idea,

‘. presumahly as an xntegrul pau; of l:he rxbosome. ~1nb:eased- polya fe

Ptonmtad

i Ss ) 1n alnd e these studies a'ck: tical mn' um 1gvel af maqnasium




i P PROBLENS OF: INVESTIGATION ' ' . . O
K ? 5 |

ince a dramatic mcxeas& i the ‘specific a'étxvxty of ornithine 1 . .

(s one-of  the ea;,ﬁest effécts of qrewth humone action - . -

’ ) ‘»,. 25

- '©n'rat liver, it is very xmportant te gﬁw the sub—cellulaz locauon i

Lof this enzyme.. [such knowledge could: givé;some clues about thel mode

P
of. action of r_he hurmone on’hepatic cells and’ Bossibly also-about the .
by g

o e l fynction(s) of pona.m nes. It may be that qrwth hmm\nne contrals M

Kt o’ via a secend messenger, such-as’ & cycnc nuclent)de or ‘that the | *

P enzylne is plasma mem.brane bouad; whereby GH could d)rectly affect its &

T Yy activity. It i aldo possible that thete arg xsoenzylnes of onc in

dxfferent 1ucat).uns of the 411 which are homenally controlled, as’:
. PN
2 has 'heen shown. l'cr tyros)ne i (s9). a

suh-ceuular 1uca:uanon of the ‘enzyme in both.control and Gi . - ~

<R stimulated rats was pex‘fomexL

SRR 3 view of the .qune‘n:- ok of knowledge of 'the details Gf & i

-spermiding dnd Spermine syrthesis, we also .investigated IsD_c, both Ty B

5 g "witn ‘respett to sub~cellular Tocalization and activity after GH y -

injection, ‘since sDc is ;“Xve;wed i,);bthe synl:he515 of both of thess - .

" to ipcreasé ‘after GH xn]ection (47) "It 'has beén.suggested that -

. L op r.equlated the hepatic ornithine cqncencmtxon and, this in turn, S

may control onc (aa e therefore, also exaln.\ned thig'enzyme: "

[ Some work pxevmusly inascated-that very young' Fats: were not' .
N x‘espensl,ve to GH and that Lsutes 20se responsweness 9. Certain effdots, i
4 S35 piah especially in muscle 60y ana cartilage (61). " Since if, (68 ; So g
T Sy beep taporced that mle zuts will i in o grow if Given exogenpus 4

GHv(BZ),- the; growth related response in the Tiver might be expected




were also monitored.




STl phtmals: B e

dawléy strain were obtained from ‘the

oo ™ L Maleratsof the spragug
: animal udit, Faculty of Medicine, Merorial University of Newfoundland.
H s cmwm )\cmone wiis dissolved ‘in 0.9% salihe (approx. pH s~9) to

give a’concentration of 2 m:ugzms per mnunne. This solution

ok,
was 1njected subcutaneously it a final, dose of 2 milligranis growth:

_* 7. . normone per 100 gians body ‘weight- . Control tats rece).veé a bropox-

‘tional, subcutaneuus Xn_’ectlon of saline. .Animals were Eacr)Exced

Four hours aftex infection. w avala d)nznal variatiq-n in zesponse, 8

xngecuans were always carnea out bétwaen 9 and 10 A.M.

crfnology Stuay” Se:t.ion, mmn, Bet)(esﬂa, wazyla q

v';, i a-1e5 . (5 jtxvxty 7.7 nci/fimoie) and'Ncs

E “.were purch from

& 1¢"corp Gakvidie, Dntazic .

TR R S—aﬂer;usyl-h—m.ethicnine (cézbexyl‘—'”c) (speunc actxv)ty 77

mk:i/muze),.a-xctogluta: 5 wed (J,-‘ 4y (specxf)c activity 1.4 mci/mM),

= B ‘- - and Glutamic acid (1— c) (sp_aci“fic activity 200 mci/mmole) and
q'«mnxfluor wére obtained ‘from New 'England Nuz:l.eax, DorvalJ Quene.:, i
Sl i zia., boote, England. " s :
< et a L lein: rio; 3 i (mplin sam, o-aiino-
~ _'benzald hvde, and stalline pyridoxal ph {0 ware i s fr:m\

Sl.gma Chzmi:al camf/‘_y St. Louis, Mo




ki Campany, gt Lnuis

: :rne schere, px‘opcsed by ‘Debuive | et al

.. in-the flow sheet:(Figure 3

/AL other chemicals, uniess c:hexmse specxfx.ed. were. of the

h;qhest “analythcal grade and were ohtamed ‘from éither Sigma Chemical

0. or E‘xsher Sclentific,‘ zJont:eal Quebec. 3

Cer\txe wells and rubber stoppers uséd’ in rag 1oactxve carbon

dioxide qupxng were purchased from Kontes ' Glass ccmpany, Vineland

New, Jorsey. -

tion”and Fsolati 'ug su):—ceuu'lax P

Tigsue Honogeni

Rats wer iacnfxced Refioarvicar disigcation: ‘Livéx’s were

auickly temoved and’ placed in apprcx;una:ely ten vc.)umes oE 1solatiun

med).um (S 33M sucrn The’ Liver

i, 0.009 MgCl,, 0:01M Tris, pH:7.3),

“was chopped with’scisscz‘s, then homoqenized in-a’ Snooth glass E’Dttet—

Elvehje'm per minute: by:

a5 -

0.3 mm)_, ifltex filtration thxo\;qh ' 1ayers of chfese clnth, the

ey o jal sm-_oa
[ 5

nuclear fraction (M), & mxmchonaual fractxon M a 1ysosoml

‘fractxon (L)| a H’Lcroscmal Erdetion # and a soluble . f:actwn (S).

!es) Jiasi mdxﬁea by Sedgwick

and Hub;chp: (64)-was clasely followe “Inis procedirs 15 ont1inda

All.operations were carried ‘out at

of ia and High Speed










\ : .
The- supetnatant obtained after the- lituchondrh were pelleted was

iun;hex centrifuged to obtain the l-u.gh speed mpermth mese

procedures ‘aze outlined in’Figure pic

liark‘ets for rzacuo'ns

2 tucn.om obtainéd by ‘diffe ia1 1

‘S S e e o - Leen

by mTuxement of umspaexﬂc activ:.ues of the tcnwmg -mzkus'

| Pgucuon
nuclei
. ‘mitochondria
e ysosomes - -
icrosonmes 3
‘supeznaun: 4 " % g

',cne latter. pumon of che elactrun mnspoz: chasn. The reactinn-

»'mnxtand at, 55 om, sn:yme ates were cuuuxutad uuing the

(x'educhan - oadd-:ion)

'-cma of Sottocase dt al. '(sa ). :me nednl:tion o cytochtﬂne ohy'. 3

nuccinau x; catalyzed by ‘an early portiun eE the u-pxxamq l:ha).n._ :










-9

At acid pH, lysosoml ironidase hydrolyses alein. . -

8- ronide to a-'u* '_ a:xd and ph olphthalein. “Addition

E l:ypwal of phenolp‘hthale:.n in axkalme solution” The optical density

|
was' read at 550 nn and. 'a stanrla:d curve vas uled £o converk absorbance

_to moles: of phemn;hthalem ‘released. " Bnzytie rates could . then be

2 h

calculated 4 {

" NADPH cytachzuna C reduc ‘assayed i tol'sotto % s By /;
et all (68 The principle' of this assay. is.exactly similar to that B 4

of succinate cym.:nmme c :eductase, extept. that zeéuc‘:mn of .

'*-’rhe reaction was imtxated by the addnmn of NADPH'

‘The' optical‘

density was nonitored at 550 om. Freiins pates wefe calculatad using

¢70). The, snzyms was assa)iled in the dizection of NADH - exidation. B

¢ The reaction ‘was stazbed by | th aaﬂm.tmn of sodlum pytuvate and ;

 optic al ﬁehstty was reco!de by 40 ‘nm: ; Enayne rates were calculatad

using th}.- ext).nccmn coefridiant for wADH (e'=6.22 mH 1en right
1 . .

OF . Data: on Subce liular: Localizatioi ¢

The’ results obtained from \:he E‘ractinnatxon stumes were pre—
~

sam:ed in the manner prcposed by DeDuve et ai. (63 5. m a bepuye

plot; the relatxve prntsin Jontzn: of fracv_ions (cum\llatively ‘fr{;m

lefr to uqnc

n -the ahscis a) is plottsd aqam.n: x'elative Epec.\.fic
i ‘

acthty (ordx_nabe) 'rhe nvean

'v
|




is deﬂnea as the percentage of total actxv.\ty E‘cz each. fraction .

‘éwmed by “the peréentnqe of total ptote1n Enr each fraction: The

total actxv).ty Of ‘all enzynes. g usuall.y taken to be that act:unty i, & el

“tolina tn in tha homoqenate Llyr:xon ‘The- total proteth contdnt is -

cbrmputed by ‘addition of. the total bzotein in'éa'cn fza"cso . " Because

of the unusuauy high pe‘:csntage recovery (total activity [of all’

fract)ons/homoqchate acuvity) of ornithine decarboxylase (onc)y its,

total actxvxty vas con\puted in a smilar manner to that dpscribed

for pratexn. i ¥ .

s . 5 i a paxtlcular fraction shoLs a elative specific ctlvxty

qreater‘t‘han 1.0,. this wnuld 1ndicate that the— enzyme’ in qugstion i C s B,

has enxic'hed Act;.v.\ty in ‘that patuculax' Fraction. “By comparing

I ) r.he sub::ellular dumbunon patterns (DeDuve }u.stoqxa.ms of ‘each

3 enzyne Whose. 1nca11zatmn is \mcerta.v.n with' those of the (marker -

. enzynes, one can in itk SHAEY _: nost’ uf i

B Ty Fu:ther getails| of this

. “procedure can be_obtained in ‘the papex: by DeDuve: (63
S sl 0 . . ¢
hssay for e

urx; activity was measuzed hy followxng the release uf <:(>2

X R et-‘ZLf, {717 Reaction bk Sontadaed o T e g

phoggata; approxxmtely o"m.protein, 7.5 umales Tris, |pH.7.3,

0.5 }m\ules =oTA, 3. o )m\o)es L—nznithine (ici/mo1), 4n|a final
e experiments-to . 1Dcalx.ze o ,‘aminnr
3 “at & final ration of .

& for 10 minites ‘before, the




reaction was i

b eazned out i

* rubber stuppers, each ﬁlask carned agolyph opylene centre ‘Fu in

After en winutes of in »._‘ ﬂ!e s torina e

4 Beckman LS—Z]B liquxd fcintillatxcn conter,. Corxectmns for:

blanks, J
' Nssay of Puk: y lase (SDC)
T e L i % o G T
Enzyme activity was determined by measuring ‘the libey: 4: 2
14co £rom v e 7)., The sane

s wnoles putrescma, 2

 ware correct: " tricting the value

ated by additi B of isato‘pa. The reqofions were L P

lass E:’lenmeysr Elasks eqisiphed vith tohe n:unq

which was placed 0.2 a2 of nes ‘and ‘a-emall pxece of f1ltez paper.

addition uf o = ‘mx of 5N n S0,n m;,ec:ed throuqh (:he xnbhr.\x steppu‘ .

'shaking was, then contxnu&d For 60 min to collact zadicactxve carbon

dmxme +(91) caucm w«lla were quickly placed in m1usne ‘containing L

a qzms/l itre qmmﬂuex arid rdeoactivn:)( was measured using a

q'uenchinq were . nade usinq the channels ratic mat}\od. Mixtuzes

cental_n:mg acid at time zerd’ of éontaining no enzyme were used as

basic, method nf mz cragpmg as desczibe previously was uged:

mixtuies 0:1.umoles

umule s-adem:syl methxam.ne 0.5 qu.umqle)

aﬂzr%. BH 7 0, ina Fina volume I

\of 2ml." ‘Assays were arrxed out at37°C. £or 60 nunutes.

llmoles

g va:ues" W

wheri no-




o 125 um\oles i pod, pH 7.6, 100 m\\crles L-ox‘rut:hine, o g § w Y

oraminobenzaldehyde (dissolved in 50 ul'40%- eﬂranol) and appxoxxmately

"2 to'3'mg pratein,.in a “fotal vnlun\e of. 1. i

mli. The assay, stiee

was, incub.JtEd at 37°C for 30 mmutes e teactlon vas terninated’ ' . . o

‘ by'thé addition"of 2.0 nl of iov (w/v) tri moracem.c acld erotein .- .- ;

was remuved by cem:nfuqa on;’ Opblca] densxby oe nthe supeznazant fo

(the sponmneuus cyclned Form of glutanuc ‘v—semlaldnhyde) p:esem:
g

“was calculated. ‘using” the molax extincuon CoefE

cient far the " .1

¥ colaured cemplek pmduced with o~a|n1ncbenzald2hydé (e'=2710)- (75 Vo el g, ¥

vas ned:assury to px‘evsnt tu::bidu:y EY che assay. ‘Bovine. sérum J! min | e

vas used as standard 5 | i ot T “RE s

 Datermination’af Polyaiint 2 e & :

were det L by the ase of the -

A :olumn of spherical sulphonated




.« putiésci :  sermigine, ‘and spermine: at’22,32) 42 and

<95 minutes respecuvely, after placement of sample un colunm

'me resnlts vers « cempared to sta'ndard concentrations of ) 25"

iumoles/ml of ‘sachof the polyam).n!s pzepnred i,

2 ;adium citral

o . buffez (ol 2.2/022.8.Na )

1\11 samples wvere depmtex.nued by addn:mn of 50 mg oF

it s recoqnized that ext:apolanon _é

om He).ght tq ag8 bsing tl’u’s &

curve could give rise to an exor r be 10-15 “due to

- D scussmn) - Howevet, it has ‘been necessaty ‘to estmate ages of

rats in’ the: discussion ‘f our resu.\ts = ‘that they can be campared










A,

5 in the i #ial s *,‘ . ion of putresclne equw.uenc £

| ehe.co; relepsed €ould not i shwwn ‘(wable z

mzsums'mb DISCUSSION -, @ °
0 . .

caincacmns of 6pc nssaz

Since opC cacaly;es tne. formation of one mole of co, ‘.'nd one Tole
©f ‘putrescine Erom ‘one fiole of ‘ornithine, ‘it should be ‘possib;e to

" vausay) Vi ensyme Y measuring dppsarance of aither s S e

practice, this assay is’ generally carried out by fnlluw:.nq pzoduccmn E

of 1‘fco2 rom 1-14C ornithine, as e s x]s simple,

ahd"'exc’remely sitive: ( 71))+ ion of ¢ putzesci frcm's—l"c"

ornithife can be assessed by 2 piying “Hie sample to an aming acid

analyzer (see Methods section k), coue::mq the fractions off the col\.\mn
|

and then seamirly Fadioaseivity Ty each: - iz vethol faguisds, faz

nore material for accurdte’measurement but 1t+15 open o' fewer

artifacts.

‘l‘hus, n: was' dssu'able to carxy ouit a prelnninary assay in which

“both co and. were itored to fmine suitability

14, )

co, prnaucnon #3 s measirs ‘o£6DC" activicy -

of ]

A trial fﬁac:xanauen Lnﬂxcuted that activity followeé hoth the

cytoplasmic: m.arke::.wﬂ, and the itochondrial, marks)_r. in :'j,

v

trapping method w‘exe used,. 'In the Hss, it

4ot reductaSEr

~was- found that’ thezs was a_stoichiometric’ zelatmnsmp batiaa “cé2

‘vax_xd 4o putiescine prod\lced (Table 2 ). Therefare, m this: f_raction

the co met)md appeazed £5 be a tiue measure of cmc activity. ‘Howewer,

. ‘In“hepatic micochox_ddria

orruthine coula e;.thar be convefted to cxt:ulllne By cxnithine

_czansca:bamyuse (78) or gq slutaiic v sbaisiddnyde by the cnayns




‘Radl.oacuve Pruﬂ\mt (nmale/eomn) i | Ratio

Putresclne ‘coJ/pitrescine

Cytosol
 “fiitochondria
% B : )




ornithine is denoted by the symbol (7).

, rotenone and aréenite ipmb'itdn‘ are al:




i carboxylie ac(id dehydrogenasé, (79

| can, he metabollzed to

* was-involved in mitcchondrial Mg co rd1sass £ron L=

Srnithine uansami'nase (o-r). In the case of nrni:hms transchbamylase v

the product c.l.trulh.ne, whw [is an intermediate in the uzea cycle,

ol | oit into the echtdem, s thid patmey, weuld. Srrer

no lwde ef release for Hco, £ron 1-Mc-ornitnine. in' mitoctondria.; In

se of onu.tmne braﬂsal’l\l ase;- the product qlutamc ¥ semialdehyde

‘can be matabolized o glutamate by the'action of at pyxznlxne 5-

e B Tepatig mxtechondna glucamate

ecoglu:arata taxs) By poth qlutamate dehyaro-

genssa’ and v oxa it ‘n fisamin as shev_m in figure

£hé Labelled carbon from the :.-oxmchine (121c6) - becones the 1-c of |

—ke&;oqlutarate. This 1abelled carbon’ban: b remved'- from the aKG

co b “the “action St the' mitOChondnal enzyme, ao dehyazogenase

Therefote, before a sub~cellular 1ocallzation of mx: coula e |

csrued»out, n: vas necessary to de:emme if this altérnate Pathwav

rnithine (-1

under the cdndu‘.ions nf’

ur' nznithina decazboxylase psdy . 1 thig:

Cwere the case, it would be necessary to mmbu the or t:o pxeven\:

arufac:s in'gHa ODC" Localization" experlments

In, cxdex to detexmine ihat percentage’, if any,of .the oenithine’

7 vas metabolized via the glutamate-vukebcqlutatate pathway, a nmhbez of

"my i ami aﬂenxne iniicl (kD) “dependent steps (80.).

T

inhibitors were employed The inhibitor, rotenorie: was used to )n‘hxb)t

Inspethon of Ehe pathway (see F).gurce bl indlcatas three ‘podsible

\involved are a) & pyrml.\ne a-carbuxylic-acid \iehydroge'nase, S

ql\;ta.mate dehydzoqenase and cfakg dehydrogensse . Aisehite was used
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\ transaminases.

5 1abe11e:\ on the same caxbon - co ),

" vas ssiven as. descx‘i.bed in Mathoés in ong, ‘using ‘one: of ‘the :hree

o Mtenone mmhi:ed

pxeduc:mn g

release of approxmlat:ely 508 vas ebse,rved, but,

was detected. -

vactxvn:y e se zesults voula |

! ami that the ather hazrwas removed by some othex‘ pathwny.

6, inhibit

(sl)- {Amin

(aon). was rsporced by, Rognstad (82) tc.speaifxeal]y inhibit /GOT. in.

Lower concentiation (0.2n) than is /requlred ‘to ‘inhibit mast _other

“Thus, 1\0}\ was used initially to mhibx.t cor.” !

b, S i
| In-these Studies thxes dxfferent labelled substza:es, thought ‘to ..\, T ]
- ; i

be Lntermed).ates in the pathway between ornithine and succmyl COA’ were.”

used. These were L—nx‘nzt)un ¢ L-glutamate and u«keteqlutaxate, a1l

Mltochandrial 05 evnlunaﬁ

5
Tabelled suhsn.—aces wn:h each mffexent inhibitor, (Te.ble 3

co pruduction by mxtechcndxia -

by ‘approximately 89-95% when »—.m:m,.\m

tel r'is\ “pen ¢

was the, Jsheu’ed substrate. . On

ehe othar nand, - roter i i without, effect on cytaplasmic 1”?t:oz

These results anne would seem to. (,ndxcace thac at: 1east 4

903 .0f ' the' label; ea co, evolved: fram ornit ;ne (e oo ) ‘was ot

zemoved by ornx.thinc deca:boxylase wie rather by the pmposed pac}may

'vxa glutamate

When arsemce wag added to-a mitochondrial assay mixture ..
£ 2 “ ?

 either

St (:KG or [an’ inhibiticn Of

£; orpithine were Al
uged as’ the la.belled substrate, an_inhibition of approxlmately s0s A A

!\‘haze was' no effer.‘t .of. arsem.te ‘on, cytupl.asmu: onc

d).cate that! only abqut half of the

co zemoved from ornithine was s derived fxom the acticn of aKG DH.

’J‘he_ s

additional action of roténbne:'in this cage could be to decrease the

qppp;y “of 4KG required by'ornithine transaminase) | The. identity of

13




‘TABIE 3

EFFECTS OF, TNHIBITORS®ON HITOCHONDRIAL

145
COZ

EVOLUTION USING

LABELLED ORNITHINE, Ghul EAND, K GLUT)

As

% inhibition

* . Inhibitor .

(.Olnm), - Arsenite. (1) | "\ AN, (2mH) ¢ .

ibition

4 inhibition

I:—Glnta.mate .(1; 14c)

* | a-ketolytarate (1-c) o




« any.

is sc'r' itselfs . since Aohis knwn £o mmmc pyrmoxal p’hosphat?

L oy production.

cn'enz?lm ‘pyridoxal phosp‘hata. The AOA taxboxy). qroup

the:. other pathway is |
By use of thes te-oxaloacetate tr i (sar)xnhth:r,

“a0h -(2m#) i was shown. that, when 1ah;lled qlutama:e is aaaed

approximately 508 ot the M €%

i5 inhibited Gnder our. condxtxon54 *

when ornithine was.used. as the subst!ate it was abserved that

con ntratxons between 0.3 and sm Kon woula almosc crm\pletely inhibu:

“ca Evolutiqn (95~99 4\ Sntubitxon) « On the ocher hand,-a

g cuncenttatxon of 0.2mM AOA only mmmced glu:ama:e deca: hexyxamon by

£yl ot

'rhese results would indicaté' “that some enzrne ‘involved'in...

appzoxunately 2780 -

o j s wacw wore sen’sxuve to HOA" than -

ss!\xes‘ OF. expetiments was dss:q.ned to test thes pjcssibilxty “that adﬂltlon

of DI\ r:ould inhibit the mxldat,\on of. ernichmé by LLver mimchandr a
Ly

and’ thus permit aecux;ate méasurenént. of ODC'activity by measuxing

! T R et B e o iy 3
; 2 1 }

inhibitor, . apparently forms ‘an okimino Lorid between the amindoxy.

| OR, . N, ~0-CH] -COOH, which id known to be agenéraltransaminasé.

= 3L

i the next."

group of the inhibitor ana. tie pigehide carbon. of: the transaminase

transa:\umase it a3 )

Hepatic mitochondria and HSS of nozmal male rats (appxoximatel'

100g) vere prepared and assayed for or activity as described in the

method i Varyan amaunts ‘of )\OA to give Etnal concentzations up t6




Yeomes .|, assays would ensure agairst artifacts caused by ‘the c)u

j e
E fo mM were addedA Activx.ty was calculated as’ a percen age ‘of the ‘_

: . ; activity in the absence of AC 4

The, sane -spectrum of +n concencxatmns

. was used' in-the ‘dssays for i micochondrlal and Hés &o evolution

2

using L—onuthxns (1L14c) as »s\u.bstzate.

2 B ok quure 7, shows that at a fual concencration of
5 o A

<OLmit AOK, ,

p ormthlne S actxvxty ‘was

by 7847

ana was comp]ecely xnhxbited by 0.1md AOA: - Mil:ochumiri Ly co ¢ evomr_ian'

i evolution was unaffected at 0.01 o, "

Thexefore, it am;eared vthac the use of 0.0l

was ‘almost’ completely mruxu(ted at-0. onm 08 (998) while thé HSs {‘co
N
AOR n all opc

tive metabcl sm

sy of oxnithine via vn withont serxously affectan the meas emené of 6pC -

. actlvlty- -

4 - It is anersstan to'fiote that at 0.01mM .A0A, mmchonanal

_ornithine transaminase. is

nm.hn:ea by a\:out 754 while thp mxcochandrial
S %5 L

co, s avalutionivis thx‘b:ted by 99%.° "THis discrepancy could by due”
¢

: to one_of several reasons. ihie AGA ‘Gertainly nkithited ‘ ::o2 evalution’ - ©

s by blocking GOT besides .;:n;ehi‘ne transanindse, (1abls 3, ol 3) ot

The

. .difference in assay conditions: bétween OT. and 4cc2 evblm: on ass,;ys-

nught also e, 5 iple for :he' Qifferen L the two

in,

assays to AOA..

.4cc evolution assay medii is, Hypotonic. The

‘The crnithlne kansaminase assay vnedxul!. is isetonxﬂ

£ while the |concem:zatians

1 of substrates were alsc sueh higher n'the OT assay’than in) the" aasars

baxy].a(:ion assay. s i g s o8




Eniymé activity as a func

ornithine decarboxylation, . fat liver HSS:
Y “ornithine deé7rpo£q_1acio‘, rat 1iver mitochondria
% o g Ry R w i







~3

‘S-adenosyl "

_ Sub-cellular: Localization| of

- Methionine Decarboxylase and Ornithine Tr:

|" contra: Growth Hormone-Treated-Rats. ..

e . oL sub—csuula?fracuuLatxons and anzyme astays were-cHFEL

TR “as desczi':ed in the Hethods. Marke: cnzyn\e actwn:us B it

were measured in’ all fzac]ti.ons to campare theu dxsbzlbutmn with chose'

of 'the. enzymes’ undex st v (oDc. ‘soc and o'r). The xesu].ts obtamed

are pze;e‘ ted in the manrier p!opcsed by, DeDuve. et al (63) as.

eccmn. The, recovéries’ dar enzymé .. DNA_and

¢ U desoribed Hn ma Mettiods

protein ranged £rom 80 tol 110\ with. the exqeption of onc, whxch gave

wa cansistent Yecovezy ef pprcxuﬂately 150\. The reason for such a.

dxsczepancy zemaxns uncle] It maybe_that ‘there is an ¢ ‘Xn’hun.tbry

Eactor in’ tHe. cxude homog :&e uhu:h is not present n he mss. A" e U

fxoml l.a nwas ometiie: ved with. ificre a(nrvvolume

of homogenate,. wh: ‘}. wou}d 1éna credence o thik Xnterpzefatx.on .The K

s ey 4 aistnrmnon of ma!ker enzymes - ‘was cumparahle to. that fo\md by other

uwesthators (sx) (84 ).:

it can Be-seen that the: su.b-,cellular distributio

“From figuge 8

i ; of onc in livef from control Yatsvas very simuax to. that ef the -

o cytosu:uc "(HSS) ‘marker enzyme. 1aunc aehydzogenase (LDH). Thx.s wu

1nd1cate :ha't ormthme decatboxylase is ennchea in ‘the

HSS fxaccson a5

(cycusul) oOf rat 1)ver cells. sic also shnwed the same rh.strxhution as

o

again vadicatinq 4 eyrossiss Togation in’the uvex nf,conrxpl rats!

- Ornit‘_h:me transaminase, - on hé other hund, showed a sub-ceuula: 3

dxstn.hutxjn s.\.nrilax to that of the. xtochnndual marker enzyme, succl.nate .

-.eytochyone:C, reductase. - Otﬁer woxknrs (73) have previously z‘epoxr_ed
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g <7 thattnis mzyme nppen—s to be located -inethe litbchcmizhl matrix in

t nvez.

. ngure LE shev- the aub—ceuuhx distribution of hhe naxker

enzynes and . DNA long wien onc, sn! and OT in liveg £rom Gﬂ—tmated_

fatsy ithine dec . and 2 sBC appearea

to be enxich-a' only in t:h'é HSS fraction ut.s le omtmne txansam.masu

s m-iched ehly X.n the mtochonﬂdxl fnctxon These xesults are

) sma: o “those obsérved in Livers from cuncrol rats. -nms, it

would Appelr that qrewth hornorie d;d not, capse an altereﬂ dia:xibunon .

markedly incraaaé ﬂ‘e speciﬂc

‘of oDC,.SDC or OT. GH aia, haweyez

" activity of soluble'ODC relative to controls. . T4 90'g gontrol

q B | mle-nes,' the. Hepatic onC specific acuvuy was zpproxmtelyru .29

we R nmles/nq HSS ptotnn/so min.* Four hours “after. G, Jinjection, u\

'hepac o obc specific: .cuvu:y vas 1. - hmolds/mg HSS Protsin/s0 ain. B

’nhles 4 and 5 uat mean specsnc ;}i‘dtie. for a1l the marker

_enzymes used in this m.dy, tn— conersl and GH treated rats.. Four

. hours afte: GH Ln;ncuon, the spe:xﬂc actxvxcy of mase marker

* enzymes zani.ma uneha‘nged* or and soc

156 showed no sigmﬂcam' .

e 'Fhanges in, sp.cifj,: .ctsv,:y after o r_r:atlaent. sm:e bor.b or(73) .

a aud sDc (72), ‘have the same cofdctm as onc (pyridmtal phosphabe)

and slnce or xequix!n the same suhluate a5 unc, it would ‘appear th

§ % 0 7 the ncrease in the specific activity of7ODC is'a “relatively specific




Eul.\bwn\g sub-ctl_lullr lrnctlm\utioﬂ of 1iver Erom r.:mch] hnnnon
1 rat (rnt mlght saq). oxdiutg mean za', Lve specl.fxc

ucti.vx:y of 3 n -of total M-H t agé * of

total pmtem -b-eiu ‘relative pmt:ein content of Emcuona

(c\mla\.,(vely :ru left E rlght)» N, mx:l.ur fuctwn. M,

3 fract P,

soluble’ fraction.
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- wilhm 3 to 8 mg of p:emin.

_t:h).s assay.

w RS e b R A,.v-qo‘-

) -Ornithine Decarboxylase ~
i)' Protein concentration , :
The data px‘eunced ‘in ﬁg\uu 10, dnmns:'xates that a‘ssays of

-Mpa'n: onc £rom ‘tontrel and Gh- tzeaced rats vere lifear up ,m at

least +10 mg of WSS protétn per 2 ml of assay -edxuu. ’l‘herefnze, the

anoiing of HSS protein umd to ODC assay mxmzus was alvays kep:

; ii’).

of time for at ieast 90 nu.nutes (E‘iq\lxe :u.) AL expezmem_s

“be in wivo: I Pa.sihly ouc wais prntemd fxe- deqradﬂdon by the addqd

“substrate or utacmr.

iz Ornxﬂune mmznt:at_xon .

nguu 12 shows the effect of

“i'on ‘the velncity of J.ha l’wpati.c onc activtcy fxun boch oonrxol and .

ated. rats, | Thn Linevea k'plots eE this same data

Gii-treated rats. These observed.Ka valies are below the ornithine
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- 5,
% - concentration’ (0. 2m¥) repofte& for Tat Liver by Rax]man (85,

I Yesultd would séem to. indicate that the. higher specxfxc activlty of

¥ 0DC observed in uve‘zs £

i ‘ 5 change of 0DC for uxvni:h'ine. ’ '

S reparted far the rat pmsané enzymé (90)

L E . ke eoud be Aus'to dx\fferences in assay cond)tmn's ‘tissyes or breba

i ~ef rats ﬁtudxea, or to :he ‘relativa purity os fraction assaya

s . iv) Pyridoxal phosphate . : s i i

. supplementation of oDc thh aadea pyrldoxal phnsphate was squmed

using dxalyzed HSS From Liver’ ot" control rats.: An incrsasein bbe

S0 activity ke’ about 20 £ 30 Ut pyridoxal phosphate s observed

(nguxe 15)

A platéau occut!ed at mqhex ccl}yentratinns of py!.bdoxal

Qhosphate. It was decxded to use 50 i, pyridoxal: Phosphate in all,—A\

% suhsequen\: experiments.

Putrescine !

2" I 2 z)‘

‘ ’ii emtein concen xa:mn . b

5 Assays for. s0c in hver of némmal .and af %treated rats vere -]\

v shTwn ‘to be hneaz to _u mg o : HSS prnuem (fi@ute 16). ;_x;says_

- ‘were alvays Perfozmed

thin this range. |

x;). Time : Vi 5y

| T the, cenditmm: uf i assay‘ (flguxe 17). ALL" assay .

vere J,nc\!.l:ated for ea minutes. §

ii1) Putrescine caAcentration

“These'

vaH treated rats is not due to.any gmm'gy '

This dxffezem:e in ubserved
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concéntration from liver-
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~50.-"

snc acnvity was’ plutud £gc Buth control and GH :maud fats (qum 18)..
" The une-qavar—suzk plcn lﬂqure 191" ot these u-e.dan yielded the

straight’ lines interoepti; the abaclsn to give appaxene du.ucutmn

constants of 0. 22, md:

126w £or the anzyu in the WSS from control m.d[w‘

& H treated rats xuuplctivgl

Hofltaa plots’ (igiize. 2(}) of this same

* aata wexa ‘also dzlwn. The slapes of the two stxuiqht iities gpve nppnrent

afasoctation constanta of 0. 45 fox both groups. Thesg Eesults

1n41cite ‘o significant change’. u the applmnt a{.ssocuuon constant of

‘ngpng spc ‘t‘ur ‘putrescine, ‘4 hours after in]ec\:m

-3 putrescine’ cone-ntxation in liver of control rats vas .pp:oxs-acely

010 w4 (ixlnmd 50g bbdy v-lght) while a btoest g com:.nunmn of ",

0. 23 ™ was obsdmd in livers of GH ‘treated ncs (of 'the same weight) :

L 'ﬂnu resulés smncata t}nt SDC_Would be uneauy responslve to putuscu.e

. concentration over the nnqu .seen fzcm conttol o GH. r.reaced rats.

" fThe snc .assay.used in this study neasured tetal enzyme | nsxvuy it

at ing putrescine’ 0 ons. ~Thus an increas

" atkait cH xnj :tlnnl mm ot be > medsurable by this assay.
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Hepatic Ornifthi
Vo

]

Activit{ dnd Polyamine .C

specitic actxv)txes of hegaﬁic oB¢ from: H$S ‘and J’r from B * S5

micochcndria “of both concml and Gi treated’ rats 'were plotced as

functians of rat weiqht as shewn in ﬁqums 21 and 23 respecuuely, L s

“The small’size‘and thin skin oF the infant. rats pmmmted An;ecuon

of_Gj-l to very smallArats. Hemogenate polyamne and1ﬂss putrejcxne I o 6%

concen \;\‘atiuns wexe

also measuved in livezs of+these ratsl Il .o

sepurate experi.ments “performed bl Mr. Wnyne symanas in this L ¥ %

laboratcxy, spemid).ne and spermine” appeared o hxnd’ nonspecxiieauy

o némbrare fractions ‘at low, potassium concentration.  For enis

2 N 1
Featon. the tion of! (these ines' in HSS was varidble ar\d i Bl

thus is not inicluded here:

1) Q:n&thine. Dacarhaxylase

o " ¢ Fxg{lre 21 indicites that fzom n days to weamnq therd was @’ Sy

rats with a penk ac:wn;y or:2.46 nmoles/mg s pxotexn/so minutes. ...

I+

a Jap.ld decline!'in speclfi ,activxty s oBAESA pyeE Hhiasmant

wedk to 4, 16w level of about.0:35 nmoles/mg 1S pro sin/60 minutes.:

e o Tumd syect.fic activify then remained. relutively constant. far N

Lt as Yok as AT was mam.toked ;appraxxuw:ely 75 ﬂays). o S e |

e hormofe

age ‘(Figure zx) vhen cempa:ed 6 cont:ols of similax aqee. Hwever, 3 .
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v'tapid Liear qzowth phies :hat lasts well into_ a;lulr.heod

T ; .
. fron about 25 to 35 days of age

'days arid always.. tuqer_hsx with ya\mqez and/ur older rats.:

o 36—38 days of age, the rsspanse of onc to ‘GH b gan l:e return:to leve].s |

cwparable to thosé, seen- in ‘younge rats.

maintamed-m the oldest rats studied |abuut 70 days).

"G in both cartuaqe (6l ¥ and s 80 1

2156, 5

biphasic @esponse: (Figure 22). From 20 to-24 days of ‘age’ (the. first

few’'ddys post weaning) ;. rats ‘showed -a qocd résponsé s Gif as

measured by cnc acc;vity{ This is just ‘AS they are heqinninq t)‘;c

.Then

ere Was. a wich smaller respanse I:o

the s me. dpse of e This was not et Experhnental error, sinceé a.

largé ‘number of x rax:s in thls Age ranqe were studied .on dxffexnnt %

By abbut:

b
- this’ xesponsiveness was

The dimxnisg\aﬂ

tesponsxveness of the 25-35 day’ s1a; Tats cbuld be. due to such factors

as decteased sensxtwicy ot liver cells to &, deczeased amuw of

-omC to xespond o sbm\\llx or. mtertexence w!th the Lffect :of GH.by

another. hormone.

4 factor (s) nu.ght be responsxble LIt is znteresblnq that ‘these rats ©
1

; cuntlnue to, he xesponsive to GH,  as measured by hepatic onc actlvihy: s

at an ‘age when dthex wqtkers havg observed a lack’ of xaspunse to =

Male rats €

thxs age. newever, _are capable’of redgonding to xnjsctxcm of en

62): x(—. is alsu wen knawn that 11var

by an oteased qrawth rate
cununu s to respond to elevate‘i oH levels in aldex am,mals, such ‘as

fodir tespond with further gruwth, as evxdenced by

hirar,  Which:
1ated wen aczomegaly: (cn \excessr

(1ivet en

(8 ). This weuld Be in aqreement with the’ pteseht findinl;s Qfa

l:un‘f:i.nugdvzespo'n:iveness of liver fo ait. -

e dis t)me,_ it is inpossible to predxct umch T
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2’, ornichi-ne 'transami‘n‘ase

|
40" ornithine tzansam).nase activity was masux{ea in isolited

m1tuchnndrxa prepazed frmn the uvers .of irats ‘of different ages

(F).q\n‘e 23)...8 ll.near mczease in specxnc acmvny was obsenea

. erom appxoximately 4 days-to 4 weeks of age... The activity then

S S
5
3
0,

u
remained Constant, (approxxmately 180 nmnles ak pyfrnl).na—S-

y ! smi

ial prptexn/:w mxn\ltcs) to #

appzaxhﬂately = weeks of age) when it hegan ey steadily

ior as long as the rats. ~were studicd (abnht 10 ueeks of nge),

|+ gatha eb a1,

(-87) alkc observed ah’ mcrease.m or. acthty

in total liver homagenates from male‘ and female pxaque-Da J‘ey xats

-2 to 4 weeks of a'gé. ?muevez,

they: fouind Constant” activity from this

"lageldnto aduithood: : They did not Biartetn decteased acuv;uy in‘the

I ‘uige’r rats;, ‘axit}ouqh they did not state the aqes & Sais "adulc“

rats.

Ih is possible thnt they did nct follow the l.'ats ‘long ennuqh
o | to chserve the decline.- i : 1} 3
‘A smgle

njection of .G four houzs befere sacrifice aid ot

appear to have any affecx. on, cvn spemf;c actw\uty, ‘as xuustratad

‘in Figure 23. U§ing repeated injections qi GH " (3 1n)nctions

.7, ‘administered.at 12 hour intetvals), Raiha.et-al. gbgerved a

gl ) aep:essmn 1n'oT ackivity per.gian Tiver - eipave (17 hours” afceg the
ot yage in]ectian) 1t appears possible. that" thig could ha due c’(
X a dxspropuxtiunately larger 1ncrense Ln othez live: pratei.ns 5 a - L
s Fe v el of - GH ln;ecticns, or possibly it

s adtually a 1onget/cem

. Effect ot ‘Gt
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¥ d\e First stép in the oxidation of ornifhine ' excess.to the needs of

‘ O Yived., b p)tevmus)y stated ornithine aliq functions as’a L

caxbamyl

o 5 o t in urea biosynthesis. (via
., * 7 e

* much more active. han o0 (approximately mc\ 600" (88 )’ anﬂ 1, 000 g B .
™ :

™ . Fold mspcctﬁvely:. Howeve'x, bTm are nutochnndxxal enzymes ahd’ thus

. would be resp ive o' c ial nithi .as - p o

AR .+ reportsd in Section B

thus would be

In preliminary ‘experinents, bne lobe"of rat. liver was imhediately

25 o freese l.amped (92) ‘and groung. in llquid ni€rogen while!five hinuta Taer 0"

i e secnnd tobe wais clamped. Results: indicated essentm)y the same o s b

pulyamine cgncen:xnwns ip Bath e merefoxe, ‘it.was not ) Sy ol T

o P considered essential to fr_eeze' tissue imioaiatsly’ aftor sacriﬂne

for measu:emen: of puxyamihe 1eyels" s of fréeze clal“Pan woum b % i

«. 7 "Putrescine’ cbn;:entratxen (Figute »24) was highést in the R

. T / ‘younqest xat tested Fon:y—six gran, control zatd” (appzaxj.mately 35,2

days old) showed a putrescine; cuncen‘Cacmn of 1.45 mles{v‘ﬂg

‘A steady decrease/ vas obsexved ta a’low level

Yok hnmoqenate pro}e.{n.

‘Liver i

Fae w 10 nimoLeg/mg bomogennl:e prctexn) by about. 6° weeks of age

homngena‘tes étam aH tzeat_sﬂ rats displayed a penk in putrepcmn $in




\dd! waight "

- of rat; X > mntrol kbl | ) growth, mm txuud KA

. -) mnu’im u hnuqeuu .
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concentratisn at 21'days.of age (I '50 nmoles/ng humngehate pmce}n),

homnqenate pn{:exn) The* hepatic pum;scme _;encen_l:x‘ations £rom

contxo) zats and|2.20 nmoles/ng’HSS pratsih for GH_ trea:ed i) ana

“HSS fzacr_mn “grom ccm:rnl ra

T atter. GH x.njel:t.h:In bt he did not easure spemudme concentrafion

% = 5 . R

ﬂecreasxng l:o a mhumal platequ at abouc 33 days (0 30 nmale:/n@

these'GH traated rats were about twice.as high as‘_g};ose in the 3

uvers of control rats. In the HSS frackior puf.:esc'

peak concenttation At ahout ‘weaning (1. s0 nmﬂes/mq HSS pror.ein soi

decreased €9 & low plateay ot hout T wéeks (0 40, nmoles/mg HSS
pmtem Eor cnntzol tats and ahout o 80 nlnéles/mq HSE protein. gor 5

GH tréated rats) . The pu::esc'ne céricentrations in'HSS from GH

tzeated anxmals wer&z consz.atently higher. than those obsetved in the .

’ 4

" This increase in concen:racmn of pu:xesr::ne in uvexs uf GH_treated

rats.is in aqreement with’ the ohsezved 1ncrease in’ orx: adtivity

@ otk after injedtion. -..

s Erom mm‘.tol rats|

pFpermititne concer ns dn hve%r
appaaxed tu dscllne stnadily {rom 13 days- (6 ounmoles/mq homgenate ]
protein) to ss ‘days (2. oo rm\eles/mg h:moqenate yrotexn)‘ A similar
dec].lne in *ermiﬁine concentrations wlth aqe ha! also heen nbserved

by Janne et ali ( 28).. GH injections ‘had.sio - wtfect on 5permidine i

coricentratiohs. 4 hours. aftér 1njectian. -Janne: (47 )' o):served an

0 i I
xncrease in 2-“ ionine 1

6 }wuLs

Spermxnn ) " mlwez . n £ trol rats.’

steadily incréased from'13 days e peak at’ aboiit 3 days of age ;

(4.50 nmclesJ/mg homoqenate protein), aﬂ:ez which a steady decune in

(appmxsmcely 1. 30’ 2.0 fold' 1nczeas§







Lt 1ne{éaze that "oD¢ is not- transiocated “rom ofie ¢ellular con arthent:
*

o anot)\gr af:er GH. treamentl as

] aminncransferasa .

I i thauqht. (althauqh \mprcved) that! GH' interacts with a.

specif.lc zaceptuz ‘on t.he ‘Plasma membran?a ‘of u-.e “livér cell, and that
. gmaﬁ iteracti ‘is" lated into the bjochenical: response without .
- actual eritry of GH ‘into thé cBll. ZE this, weré:che case, GH'would -

o8c dctivity do <

a: change xn xm £or nznithine. . g

It is pos‘si.hle~ that: there'is a change m Kin For pyz‘idoxal yhusphate

or an actua) increase. \in ammunk oferinymé px‘esent\ Both ' of these

possxhuscms are cuzrently holh shudied in. our labotatary.

We have dlso f od riat S0¢ is. exclusi 1v localited £ R

the. cytosul 'fzacnon of

‘ver frcm both control .and GH treated rats:

ance -ODC and $DC dres cy:ap1asm' enzymes, u wou].d appear that

putresclne ana/ deu:bmquated SAN ate ma).nly 83 nthasized in ths E . J

cenuxu compa:unem:. The | suh~ce11ular distri.bution of spermidine

5 ana «épemine synthethases 14 ot Xnigwn. if pnxyaMnes re Lnaeed

affectan nu:laic acid synthesls dng if sparmid.lne and spemne i T

synhheta.se were 1ocanzea at the aLtes of acieic acia anthes:.s




Y T (nugleius and mi

Sylated SAMuPuld P

'imevm’he ; .’,f,

If all these s

d;.stribur.ton of ‘the polya.mines -

TR suh-cutanenus x.n]ec(:xon of x!sulted had mcxe;ise in onc
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