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sm: Ll210 cells nainitiale grcmth afbardilutionwithfreshnediuaudur- 
ing this tie there occurs a transient increase in qrnithine decar~lase(Kc4.1.1.17) 
(CCC) activity. The additim of 10 to 20 nM Na+, K or Mg* coqletely inhi- 
bits this inductionofODCactivitywithIroeffiect~oellgrowth. These 
cations alsoinhibittkincreaseofODC activityinrxxuoblastcma cells and 
in H-35 cells which is irduced by prostaglandin El plus 3-isobutyl-l-methyl- 
xanthine andbyl5% fetal calfsemnrespectiwaly. This inhibitoryeffectof 
law levels of cations on tbs inductionofOBC activity in differentoelllines 
suggeststhattheintraaellularfunctionofODC,~oftheproductsof~ 
reactionitcatalyzes (putmxine,,slzfzmidine and spemima ),maybeintirnately 
involvedwith dm-qes in cationpools. 

Wahavepreviously shown that the intraoallularornithinedecarkoxylase 

activity of L1210 cells can be affected by agents which disnqt the microtubule- 

microfilmant cytoskeleton (1). This phermeronwas considemdas amodelsys- 

temforreactionswhich link theperturbationof the oallmanbr~withintra- 

cellular changes inOlX activity. 

OIX: is tk rate-lirnitingenzyaeinpolyamine synthesis arrdits intracellu- 

laractitityineukaryotic cells canbeinduoedbyimreases in the rateof 

grcrwth (2,X. Thepolymnines are inplica&dinRNApolynerase activity (41, 

tRNAmathylation (5),polypeptide chainelcmgation (6) ardother cellular 

functiOnS. It is this breadthofassociationof thesepolymnines thatmakes 

it difficult* assess tkirexactrole in cellmetabolism. 

Inmxtof the reactionsnentionedabow, thereoccurs anoverlapbetwen 

the functionof tkpolyamines andothercations;specificdLlypotassi~and 

magnesiun (3). Alterations in tkintracellularo~ticpressure (7),in the 

mmbranepotential(7) as~~asdzangesinthetransportofnorrelectrol~s(8) 

and in macronolecular synthesis (9,lO) have been shown to be affected by 
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alterations of K+:Na+ ratios in the interior and the exterior milieu of the 

cell. Furthe~ithasbeenreportedthatlectinstirraiatedlynphocytes (ll) 

and Ehrlich ascites cells (121, virus transformed fibroblasts (13) and quiescent 

cells stimulaiedbyserun (14) show increased K+ transport associated, in nwy 

cases, with changes in ODC activity (1,15,16). Studiesinplanttissuas have 

alsoesphasized thattbeplantpolyamines and thaphysiologicalcations are 

interchangaable (3,17). Becauseof these associationswa have atW@ed to 

relate, in thepresent~.~k,modificationsofoationconoantrationsinthe 

grw&h xrediun of cells grown in culture to fluctuations of intracellular ODC 

activity. 

lhefollowinganpourdswerepur&ased: [1-14c]-DL-otithine, lOQ20 r&/nM; 
aquas~l;[~]tiymidina, [3H]uridiw, and [3H]leucine f.trmNewEngland IUclear, 
EK?ston, Mass.; horseserum,fetdlcdlfserum,Fischer's~diunandminimdl 
essentialm?diunfrranGrandIslandBicchem.;prostaglardinEl (p(;E) fran 
Dr. J. Pike, Upjohn Co.; 3-isobutyl-lirrethylxantine (IBMX) franAl&richCbem. 
k. Allother+emicalswreofreagentgrade andwereobtained fromFischer 
Scientific Co., Springfield, N.J. 

CellCulture. L1210 cells ware grown as previcusly &ascribed (18). lhe cells 
ware grown to the late leg phase (1.3 x lo6 cel1s.m) and than diluted with 
fresh Pistir's rediran plus 10% horse sennn to about 4 x lo5 oalls/hil for sub- 
sequant studies. Differentamxlntsofcations were added to W freshmediun 
tootsem theireffects ontheinductionofODCactivityafteroalldilution. 
H-35 cells k~re grown on 100 mn Falox plastic plakes in Eagle's ~UI&L n&iun 
plus 15% fetal calf serun. Atconfluency, the plates ware rinsedwith saline, 
freshnedi~minusserumwas added& 24hrs IaterODCactivitystirmlatedby 
tba additionoffreshmadiclmplus 15% fetal calf serun. The cells wre har- 
vested 2hrslatera~~lODCactivityassayed. NeuroblasMnacellswere grown 
on 100 nm Falcon plastic plates in Dulkecco's modified Eagle's minimal mzdiu~~ 
withlO%fetalcalfserun. Atconfluency, the plates vxxe rinsedwith Dulkec~'s 
rnediumcontaining25nM~pH7.4ard~serum. IEMX arKI PGEl (0.5% in 
ethanol) wre added toeachplate containing the serum freemadimatthe final 
oxozntrationofO.5 nMand1O1~Mrespxtiwly. The cells wre harwstxd 4 hrs 
1aterarkIODC activity assayed. 

T&sayofODCActivity Ornithinedecarboxylasewas&t~rrni~-~dbyneasuring 
the release of 14cD Lrn [l-14C]-I&~tithine as previ0usl 
lb2 specific activi&of *enzyi~isexp3~ssedasnmoles SI 

described (1). 

permgprokinperhaur. 
4CD2 released 

KESDLTS AND DISCUSSION 

1. Effect of cations on OCC activity of neuroblastaM and H-35 oells. 

The basalODCactivityofconfluentcultures ofH-35 and rx?ur&lasm 

osllsisvwylow,kx+evzr theenqxe activitycanbe stinulatedapprcacimately 
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Table 1. Effect of cations an tlx induction of ODC 
activityof~~~umblastanacslls andH-35 cells 

G?luwa mxliun* Inductionmdium* CellularODCactivity Inhibition 

M4Q2rn %a2 n-M mmles 03#g/hr Per Cent 

Neuroblastalla 
cells 

0 0 3.2 0 

0 10 1.6 50 

0 20 0.86 73 

10 10 1.65 48 

10 0 2.80 12 

20 20 1.61 50 

20 0 3.65 stirmlation (14%) 

H-35 cells 

0 

0 

0 

10 

10 

20 

20 

0 

10 

20 

10 

0 

20 

0 

0.36 

0.030 

0.001 

0.073 

0.40 

0.030 

0.43 

0 

92 

99 

80 

stimlaticm (11%) 

92 

stimiLation (20%) 

200-fold within 2 hrs by the addition of mdim plus serun, to serunn-depleted 

H-35 cells orwithin hrsbytk additimofPc;E1and IEWX t~neuroblas&ma 

cells. The AditimoflO-20nMMgC12 to the inducingmxliainhibits axple~ly 

the rise in ODC activity in H-35 cells; the rise in ODC activity in xwroblas- 

tare cells is inhibited by mre than 50% (Table 1). In addition, this table 

sh3w.s thatregardless ofwhether the cellswxe grmnin thepresenzor ab- 

214 



Vol. 70, No. 1, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

0 2 4 6 8 IO 
Hours 

fig. 1. Effect of 15 ITM KCL on the induction of OIX activity of L1210 cells. 
Ii1210 cells at late log phase were diluted with fresh Fischer's 
medimplus 10% kzse SerunandODC activity was assayed atdasig- 
natedtinepericds. -o-, oontml; -o-, 15 mY KC1 was added to the 
freshnedkmbefore dilution. Insetis tha growth axve. 

+I 
senceof addedMg , thepresencxs ofMg* in the inductionmdimprevents 

the induction of OX. Tk converse alsoobteins,becausewhenstationary 

++ 
cells aJ?edilutedin the absenceofMg , ODcactivityis always induoed. 

2. Inhibitionof the inductionofODCactivityinLl210 oells by cations. 

Dilution of L12lO ~11s at late log phase or at stationary phase into 

fresh aediun results in a stimulation of ODC activity reaching a mximun 

approximately 2-4 hrs after dilution. Fig. lshms that if the freshnedim, 

at the tine of dilution also contains I5 IIM KCl, the increase of OIX! activity 

is ocmpletely inhibited with no undue effects cm the subsequent growth of the 

cells. A similar result is obtairred if the dilution is dolre in aediun with 

15 r@lNaClorwith 15 n@lM$l2 (these oxxentrations of I&I+, K+andMg*have 

little effect cm ODC activity w&n added to an in vitro assay). This involve- 

sent of the cations on the regulation of the induction of OLX activity is 
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Fig. 2. Effect of I.5 IrM I$C12 on the induction of ODC activity of L1210 o4l.s. 
L1210 cells wxe grown in rsxmlmckiun to the late log phase and 
weredilutedwith fr.whfischer'smdimplus 10% horse sermin tk 
presence (-o-) or in the abseme (-o-J of added 15 NM &$12. -A-: L1210 
c&Is wze g-mm in Fischer's rwdiwx with added l5 IW MgC12 for 2 
gensratiom &were tkndilutxdinto the nonmlfreshfisckr's 
medium. 

furtherenphasizedby tk amverse experiment. fig. 2 slmws that&n cells 

kkhhavekeengnmnin thepresenoeof 20m&3C12 up to thestaticmryphase, 

are diluted into normal fresh mdim (i.e., lower Mgc12), there occurs anal- 

msttm-foldgreater increaseinODC activity thantkincxeaseinODC acti- 

tityusuallyobtxined. This indicates thatwkreas thehighMg* concm-&ration 

inhibits theirxk&anofODC activity almingof Mgft cmcentration 

erhan~stheinductimofOM3activity. 

3. The adaptationofL12lO aells tia highMg~mdiun. 

L1210 czlls gmwn in the presenoz of 20 rrM MgC12 o=r several gemrations 
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fig. 3. Aaaptation of L1210 dells in the presence of 20 IIM MgC12. 
L1210 aalls ~wi.nFischer'sn~di~arbd~ dilutedevery24hz-s 
(roughly. 2 generations). 5, L1210 dells at 1.2 x LO6 cells/ml ware 
diluted 2 the abeewe (-0-I or in ths prese" t-m-),of 20 rMMgC12 
ti3xlO cellsrn. b_l amtrolcellswzze &lukdwithmnnal 
mdiun; the&Q-treatsdcellswmz dilutedwith rMMg*amtaining 
medim. cg, contmloalls~redilu&dwithnorml rrediunandMg- 
Izreated dells wzre dilutedwith r&lMg~amtainingn~dium. 

adaptslowlyto this highsrMg* leveluntiltheyreach the stagewhe~ they 

againslmwanmmlindu&ionofODC activityevenkendilutedatstationzy 

phase with highMg*madia (Fig. 3). Tkfigw~sl-cwsthattheinductionof 

XXactivityinLl2lO calls inFis&er'smdimis inhibitadby20s@lMg* 

(Fig. 3a); this result a~rresponds to that obtained with K' (Fig. 1). However 

if the L1210 aslls are grown in a high Mg* mdiun fbr 2 germcations and then 
4-k 

diluted atstationaryphasewith ahigh&@ mdim, alowbutdefinittaitiuc- 

tionof ODC activity is observed (Fig. 3b). In addition, if tk L1210 cells 

~vebsengmwnformme than4 generations inahighMgS+mdiun, tbsndilu- 

tianatstationaryphasewithakigh~~~unresultsinaninductionof 

EC activitywhichis alzmsteguivalentti that of the amtrol (fig. 3~). 

Cheseresul~enphasiz;ethat~aella~tstotbe~envi~~ntwitha 

~~1inductianofODCactivityinthepresenceof~atwasaninhihitory 

%J* umcantiation; furthentmreitappears that the phemmna w2 are observing 
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az73 central to W functionofthecell,htthattheparticular oxditions 

thatarerequiredtoelicitthemwillvarydeperdinguponthepriorconditicol- 

ing of the ~11. 

4. The effect of catims cm rkacmmoleailar synthesis in L1210 cells. 

Although the three catims inhibittheinductionof OE activity at lo-20 

nI4, thsyhavemadverseeffecton~llgmwth. Weal~fotithattl-eydomt 

inhibit tk inanqqration of thymidine into Dm and leucins into protein. W 

ever, a smallpercentage (less than 10%) stirmlatimofuridi.nsinoxporation 

in tkpreseMzofemgemus cations is consistentlyobsexved (datamtshcrwn). 

The results clearlyinlicate thatKC1andhQC12 as keJ.l as IGCl,wknaddedin 

a>ncentratimswhichha~ mapparenteffecton the gmwthrateof tk cells 

oronmcraml.ecular synthesis, canakolish the charaderistic nmnalirhction 

0fOM:whichoccurs after the reinitiatimofgrowthinL121O cells dafter 

the sGnulationofgxwthofmmblastmaandH-35 cells. 

ThisstudypxtainsstrictlytotheinhibitionofthehductionofODC 

activitybycations ardshouldbedifferentiated fromthe inhibitionof theba- 

s.alintracellularactivityofODC. Champs in the latterhavebeenshownby 

Munmetal. (19) timcur athighchanges ofosmlalityof tkresurrotigme- 

dim; for instance, anincreaseby50 r@lNaClinhibits tkbasalODCactivi.tyby 

less than 60%. Thiseffectslmuldbe contrastedwith tk alrmstomplete inhibi- 

tionof inductionofOE activitymtedin thepresenteqerimntswith10 nNNac1. 

Theinhibitionof tkinductionof OLlCactivitydcesmtappear ti bedue 

toosmtic changes butdm to catianspecificeffects. 'Iheosmlalityof Fis- 

ckr's ruediun is appmxhmtely 325 n'Osn/Kg (20). Adding 10 to 20 ml KC1 increases 

tlaeoslPlalityby~~~~y7%~15%andcausesa~leteinhibiti~of 

thsinductionofOECactivity. How=xer,he findthatan iJEreaSoftheoslrKJlal- 

ityby the additionof 20to 40 r&lsucmse, inhibits theinductimofODCacti- 

vity only by 30% to 50%. CWiseqmntly, the change inosmlalityisnotsuffi- 

cient in itself to have a profourd effect on thz inhibitim of the induction of 

ODC activity. Ftutkmre, theIlEurgindLir3ribiti~ofODCacti~tythat~have 
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observed,whentkosmlalityof themsdiunis changadby theadditimof su- 

cmse,may*llbe areflectionof changes inintracellularamoantrations of 

tie cations whichare the proxima leffectors of the irhibitim of the induction 

OfOlx. 

Inadditionaleqxrimentswe find thatthe saneeffectispmducedby the 

chloride arxl the sulfate anims of a giwn cation. In contrast, we find that 

soma changes seem to be cation specific. Forinstance,theinductionofODCacti- 

vityi.nH-35 cells is less sensitive ti chaqas inNa+ tian to changes inK+; 

in contrast, the induction of ODC activity in L1210 cells is equally sensitive 

to changes in Na+ and K+. 

Our currentworkinghypothesisis thattk inhibitionof tk inductionof 

ODCactivityinresponse tomembrarepertwbations (1) andtheinhibitimof the 

inductionofODCacti~ty~~~dwithsmdLl~angesofcatianpoolsmaybe 

causally related; it is possible that fluctuations of caticnpools my act as a 

linkagebe~n~microtubule~~fila~cytoskeletDn~ODC. 

Adumwledgmnt: Theautbxswish to thankMs.S.M.Tuforherexcellenttech- 
nical assistance. lhis~*~suppor~byPsTlericanQncerS~etyGrant 
X75 and USPHS Grant CA-04823 atxl a USPHS F&search Career Award to E.S.C. 
m.Iux-m-03070. 
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