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 SUMMARY

| The metabo]1sm of 1euc1ne by normal and: v1ra11y tranfformed mouse
f1brob1asts in-culture has been 1nvest1gated Cu]tures pu1sed with (U)14C
1euc1ne were stud1ed for the d1str1but1on of rad10act1v1ty in the free amino.
ac1d poo], cellular prote1n, 11p1d and CO2 Less than 1% of the 1abe1 taken
up was found in 11p1d and no rad1oact1v1ty was recovered as CO2 when cu]ture
.owere pulsed‘1n.growth med1um.‘ That these ce]]s reta1n the capac1tyAto oxi-
dize 1eueinevwa5'ehown by experfments in which oulturesipu]sed in a balanced

salt solution (Krebs-Ringer bicarbonate) showed ]inear-evolution of €0,

Leucine proved to be a desirable marker for protein turnover.studies due
to its minimal metabolism when Tabe]ing Was'performed in-growth medium. The
‘appearance of. rad1oact1ve leucine in the medium of ce]]s prev1ous]y 1abe]ed

w1th 14

C 1euc1ne was shown to be d1rect1y correlated with. 1oss of rad1oact1v1ty :
in cellular prote1n A class of rap]d]y degrad1ng prote1ns and a second
group of prote1ns w1th a s]ower rate of turnover cou]d be d1st1ngu1shed when

]4C— and 3H 1euc1ne for varying lengths of: t1me

cells were labeled with
Dens1ty inhibited cu]tures degraded both these c]asses of proteins about

~ twice as rapidly as d1d growing cells.



A]teratipns 1n.rates of protein synthesis, especia11y‘for\spec1ficv
classes of proteins-(e.g., non—histone chromosomal proteins) have been
imp]icéfed in recent yearsvas one of the processes which may QOﬁtribute
to the'regu1ation of growth'of cells in culture (1—3). Since proteins
are continudus1y turning over (4), the degradatfon of proteins must also.
be invo]vea in any such control mechanism. While the control of'protein
synthesis has been the §ubject of numerous.inveétﬁgatjbns, very little
is knowﬁ about protéin degradation in tissue culture cells.
Analysis of pfoteih turnover gﬁing radioactﬁvé1y labeled proteins
is complicated by degradation of the:jabé]ed amino acid itse]f§'vlt is
therefore desirab]e to Qse an amino.acfd’which is not synthesized by
.the,ce11s under study and which is, in addifion, minima1]y metabolized.
Isotopically labeled leucine has Been frequently emp1oyed in protein
turnover studies (5-8). Previdus'fnyeStigations have used the appearance
of radioactive ]euciné in the growth medium as an assay for intracellular
protein degradation (5). This is a convenient method and permits detection
of both rapid and small changes fn degradative rates whiCh.might not be
observable in assays which account for degradation by loss Qf label from

a hfgh background of radioactive proteins. Howéver, it has been shown

in muscle tissue and in human. fibroblasts in culturé that;there is consid-
érab]e oxidation of leucine to 602 (9-11). Such extensive oxidatjon‘wou1d
invalidate the measurement of free 1eucine in g%owth»medium as an assay"
of 1ntrace]]uiar protein dégradationf we-have; therefore, investigated leucine

metabolism in non-transformed and MSV/MLV trahsforméd'Balb 373 A31 fibrobiasts



in order to determine the extent and nature of léucine degradatfon in
culturedcells. | We show-that while oxidative degradatidn of leucine by
cells pulsed in growth medium is m1n1ma1, evolution of C02 from leucine
is highly depcndent upon the comp]ex1ty of the medium in whwch such
exper1ments are carried out. |

'.Usingbthe appeakance_of leucine in the medium, Poole and Wibo have
recently demonsfrated fhe existence o? proteins'wifh long and short half-
lives in confluent populations 6f rat fibroblasts (5). In work reperted
‘here we have compared the rate of turnover of these two classes of pro-
te1ns in actively growing and in non-cycling dens1ty inhibited Ba]b 373
f1brob1asts The re:u]ts indicate that grow1ng cells degrade both

c]asses of prote1ns more slowly than do qu1escent density- 1nh1b1ted

cells.

MATERIALS AND METHODS

Cell Culture

A cloned line of Balb 3T3 A3l mouse fibfob]asts originally obtained
from the Naval Biomedical Labobétory Oak]and California, and a line of

. sarcoma

Ba]b 3T3 A31 cells transformed by the Moloney strains of murinejand leu-
kemia virus (MSV/MLV Balb 373 A31) were cultured in 35 mm Falcon p]ast1c
petri dishes in Dulbecco's Modified Eagles MediUm‘(DME)(Gibco H-16) éuppTe—
mented with 10% denor calf serum (Flow Laboratories).v Cé]ls were seeded fwb
days prior to experimental use at either high (2 x 10° ce11s/dish) or low -
(2 x 104 ce11</dfCh) density. - Cells for cach experiment were tested for

the presence of mycoplasma by 3H- thym1d1ne autorad1ography (12), and were found



U@é;%}@t’a.%ﬂi?ﬁ@éﬂ

to be uncontaminated. For each exper1ment dup11cate p]ates were 1abe]ed
New England Nuclear

with 3H- thymidine (1uC1/m1) for six hours, and the percentage of labeled

nuclei was detemined. Density-inhibited ceils had fewer than 1.0% labeled

nuclei and growing cells showed 45 to:SO%'bf the nuclei to be 1abe1ed.

Isotope - }
L-[4, 5-3H]-1eucine (5Ci/mmole) and 1-114¢(u )] 1euc1ne(299mC1/mmo]e)

were obtained from New England Nuc1ear. A]though the 14C-Teucine was found
to be'pure by the two;dimensidnal'paper chromatography'and autoradiography
system used in(this 1aboratory (13), we have cOnéistently collected a vol-,
atile impurity Which éccounts for 0.2 to0 0.3% of the tota]-radioactivity.
This led to a rather high;béckground level of radioactivity which could not -
be-eliminated:and which, giQen‘the sensitivity d?.thé'COZ absorption system

used, could obscure minimal oxidation of-]4C-1eucine.

Labeling of Cells

- Depending upon the experiﬁent,.cellé Were 1abe1ed in DMEiCOntaining
the normal amount of dialyzed serum (10%) of in Krebs;Ringer bicarbonate buffer
(14) containing 0.4% dialyzed donor calf serum. | | |

For turnover experiments, monolayers weré exposedlto medium contaihfng

3H- or 4C-leucine for Vafying 1eﬁgths-of.time (as discuséed in thé results).
At the end of the labeling peridd, radioactive ﬁedjum was removed ahd cell
monolayers washed 3 times with warm Earles Balanced Salt So]utiqn.(BSS)
Unlabeled niedium (conditfoned mediuﬁ) from cultures seeded at the same time
and densities as exﬁe?iﬁénta] cuTtures'waS then pooled and adjusted to
contain cold leucine ét a’ concentration of 10 mM. This medium was then

added to the prelabeled cultures at zero time and at various times thereafter



radioactivity in. the medium, free amino ‘acid poo] and protein was assayed
Beckman Model 120 C Amino Acid Analyzer

Amino acid analyses ( 7\ ) were performed on conditioned medlum used

for 1abe1ing.in order to determ1ne‘spec1f1c act1v1t1es, For metabo]1c

studies cell monolayers were washed 3 times in warm Earles Balanced Salt

~solution and 14¢-1eucine was added at equal specific activitieslinaeither

DME or Krebs-Ringer buffer with the addition of 0.4% dialyzed calf serum.

Extraction and Analyses of'Ffee'Amfno Acid Pool and Protein

-Trich]oracetic acid (TCA) so]ub]e rad1oact1v1ty was extracted by over-
laying washed cell monolayers with 1 ml of cald 5% TCA for 10 minutes. The
TCA was then removed, and the mdnolayer washed. 3 times with co]d PBS. The |
TCA'inso]ub1e:materia] remaining on the plate was then dissolved in .1% |
SDS-.01N NaOH. A]fquots of medium were counted both in Aquasd] II td give;
total radioactivity, and‘precipitated'with'lo% TCA fi]tered onto Whatman
GFC filter paper and counted in a Toluene POPOP cockta11 to y1e1d TCA |
prec1p1tab1e radioactivity (regularly less than 4% of the total counts).
Counts‘were corrected for quench, background and sp111over (where app]1cab1e)_
and converted to DPM. Protein cencenfratiohsbwere'detérmined by the method
" of Lowry (15) using bovine serum albumin as a'sﬁandard. For metabo]ic,studies}
the small amount of radioactiVify in ce]]dlar ]ipid was sdbtraeted.from the
tdta] radfoactivity_fn TCA precipitable material.to yield corrected va]uesv'

for radioactively labeled protein.

-

Extraction and Analysis of Cellular Lipid |

At the end df the labeling period, cell monolayers were washed_3.times
with ¢o1d PBS; For 1ipid extraction, cells wéfe'grown in 60 mm glass peiriV'
dishes.i Total lipid was extracted from ce11‘mdno1ayers by a modification of

the procedure of Folch, et al. (16). A 2 ml amount of»chloroform-methanoT
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(2:1, V/V) was_added immediate1yfto each washed piateiand a]1owed'to‘renain;
at room temperature for 20 minutes;” The sojuent was then transferred to a
centrifuge tubevand eachlplate washed with an additfonafVZ ml of chloroform-
methano] and vo]umes were adjusted to 4 ml. 'Each tube then‘receﬁved 0.5

mi of 0.05'M NaCl and the tubes were shaken, allowed to stand and shaken’
again. The ch]oroform layer was w1thdrawn by a Pasteur p]pette inserted

under the aqueous phase. NaC1(0:5 m1 of .05 M) was aga1n'added'to the
chloroform layer and the extraction was repeated a second time. The chloro-
form layer was transferred to a scintillation y1a1 and .allowed to evaporate

to dryness. Scintillation fluid (toluene POPOP) was added and samples counted

as described above.

‘»11ect1on of CO» .

A modified procedure of B1sse11, et aT (17)>was employed. " petri
dishes_(35 mm) containing ] ml of rad1oact1ve medium were p]aced into 100 ml
beakers and gassed with 10% COZ and 90% air for 30 seconds Beakers were
then plugged with 1- ho]e rubber stoppers 1nto which serum stoppers had ‘been
inserted. Cells during the 1abe11ng per1od were ma1nta1ned at 37°C. At the
end of this period, 0.2 ml 2 N HZSO4 were 1n3ected by syringe into each
petr1 d1sh NCS (Packard) was then 1nJected in 0.2 ml aliquots into a small
plastic cup prev1ous1v 1nserted through the serum stopper and’ CO2 was
absorbed for 90 minutes in the stoppered beakers The plastic cup was- then
removed, p]aced in a scintillation vial conta1n1ng toluene POPOP and counted.
The efficiency of CO, evolved and cO]]ected was‘tested with a known amount

14

of ~"C-NaHCO

3’



Two dimensional chromatography and autorédiography '

Cell monolayers were labeled for one hour With ]4C(U) 1~1ehcine'(15 uCi/m1)
in growth medium (DML) + 0.4% dialyZed’ta]f'serom. Cells were woshed 3 times
~with oold phosphate butferéd saline and kiT]ed with 1 mb QO%Imethano1.' They
were then removedtby'scraping,and the vo]umebof'methano1,reduceo under’ |
nitrogen. Chromatograms. were spotted, ron, and exposed to X-ray fi]m; films

were developed and spots quantified as described by Bassham, et al.(13).

 RESULTS

Leucine metabolism tn cu]tuved cells
14

 Cells labeled with c(U)- Teucine were ana1yzed by two d1mens10na1
chromatography and autorad1ography.. These.stud1es revealed no 1abe1ed
metabolic intermediates other than a small pool of acetoacetate. In

order to determine the distribution of utilized Teucine, labeled cells were
next assayed for radioaotivity,in the free amino acid pool, protein,
cellular lipid and COQ,- The rate:of protein synthesis,.as'expected, was
linear for’ at least 90 minutes and was d1rect1y proportional to the rate
of growth - with non- transformed actively: grow1ng, and transformed cells
shQW1ng higher rates of’ prote1n synthes1s than the non—cyc11ng density-
inhibited cells (fig. 1A). In all cases the TCA soluble pool of radioactivity._vb
reached steady—state'equi1ibrium values by 5 minUtos after addition of the
1ahe1 (data not shown). The rate of lipid biosynthesis from leucine is
shown in figure 1B. Incorporat1on of Teucine into lipid was 11near for at

least 30 minutes and w1s1nv01§91y correlated with the rate of growth of the

cells; nen-transformed density-inhibited cells showed the highest rate of



Tipid synthesis and transformed cells shoved the 1owest A decreased rate
of lipid synthes1s may ref]ect an actua] shif 1 in metabo]1c act1v1ty of these
~ cells in response to an a]tered qroth rate | For purposes of this study,
however, these results 1nd1cate that a neg]1g1b]e amount of rad1oact1v1ty
( 1% of the tota],vTab]e I) Jsﬁfound in ce11u[arv11p1d.(however, see ...
discussion) ' | ’ f N | N |

“Contrary to observat1ons on rat d1aphragm in v1tro and human f1brob1asts .

]4C 1euc1ne

in culture (9-11), no CO2 evo]ut1on cou]d be detectcd from
in intia] experiments S1nce the reported data of in v1tro leucine oxidation
was obta1ned from t1ssue or ce1ls pu1sed 1n a ba]anced sa]t buffer (Krebs

]4C(U) 1—1eucine in

b1carbonate)(9-11 18), ce]] mono]ayers were pu1sed w1th
_Krebs Ringer buffer wh11eyBa1b 373 A31 f1brob1ast pu]sed in‘growth_medium
did not convert 1euc1ne»to bdéf ce1tsv]abe1ed tn buffer oxtdized'ieucine
at a linear rated(figf_Z). To test whether the inhibitory effect on 1euo1ne
oxidation in the medium nas due to the presenoe offg1ucose and sodium
pyruvate or amino acids, CO2 evolution in buffer.was measured'aftervaddition
of these compounds. It Was’found;that‘do2 proddetion deoreased'by7about
60% when g]ucosedand pyruvatefweré added to Krebs-Ringer buffer at concentrations
found in DME (fig. 2). If the complete amino acid.mixture found in DME -
were added to the buffer, no CO2 evolution was: observed (f1g 2) These
experiments indicate that mouse fibroblasts in culture retain the capac1ty
to oxidize 1euc1ne; but that in growth medium this is.not a major metabo]ic
pathway of leucine degradation. | |

In the course of ouf investigation of CO, ev01ution in KrebSvRinger»

']4C T-leucine in Krebs~Ringer sojution

" buffer, fibroblasts pulsed with
showed a rate of protein synthesis which was aboul 4 times as great as

the rate observed in cells in growth medium (DME) (fig. 3). Since there.
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Were.no other amino:aCids pkesent for’protéin synthesis in the'buffer, énd
since the total amount of protein did-nOt'intrease over values obtéined for
'cél1s in DME, these results indicate thatfprotetn turnover was acceler-
ated by cells in Krebs-Ringer buffer. The radioactﬁVe free leucine pool

in ce1ls'pu1sed in butfer was approx1mate1y twice as large. as that of cells
in DME. However, th1s increase in pool rad10act1v1ty was not great enough |
rto account for the .vcreased rate of synthes1s observed.

 The resu1is-of exper1ments carried out in growth.medidm show that

Teucine 1s not extensively metabo11zed by mouse f1brob1asts in culture. |
'Tab1e I summarizes these data. Thn metabo]1c regu]at1on of leucine by
mouse cells in DME is such that 1euc1ne, vhile cont1nu1ng to contr1bute
| to»protein synthesis ahd_to a minimal degfee, ]ipid synthésis, is not
oxidized tovCO2 This metaboth pattern cén.be altered by placing cé11$:
in another extraceliular env1ronment, as has been shown with exper1ments

carried out in Krebs-Ringer buffer

The rate of protein deéradatibn in _growing and qyiescent cells

Hating eStabfishéd that there is minimal -metabolism of leucine by
cultured cells in growth medium, the average rate of protein turnover in
- growing and‘qujescent Ba]b 373 A31 cells was‘exémined.. After removal of
radioactfve médium f{gm cells labeled for'56vh0urs-with ]46—1eucine, the
disappearante of radioactivity.from‘protein and its appearahce tn the Medium
- were monitored. - In ayreement with our previous results, TCA'solub1é radio-
activity in thevmedivn,wés directly proportional to 1oss of radioactivity

in protein (fig. 4y, Two dimensional chromatography ahd'autoradiography
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of the medium (see Materials and Methods) 1dent1f1ed the on]y labeled’
conpound in the medium as leucine. In addition it was ‘found ‘that the 1ntra-
cellular free Teucine pool equilibrated rapidly with the medium (fig. 5).

]4C leucine and

By five minutes after the remova] of medium containing
“the addition of fresh medium containing cold Jeucine, approximately 90%
of the Tabel or1g1na]]y present in the 1ntrace1]u]ar free amino ac1d poo]
appeared in the med1um In order to prevent any reut111zat1on of th1s
TabeTed ]euc1ne and a]so to estab11sh a ]ower backcround for determ1n1ng
rad1oact1ve leucine der1ved from prote1n breakdown, ]abeled cu]tures were
~experiments.  This

flushed for five m1nutes w1th un]ab]e]ed cond1t1oned med1um in prote1n degradat]on )
medlum was then d1scarded and un]abe]ed cond1t1oned med1um conta1n1ng
10 mm co]d ]euc1ne aga1n added Samples of th1s med1um were suhsequent]y‘
'assayed for rad1oact1v1ty to determ1ne the rate of average prote1n degradat1on

In order to examine degradat1ve rates of tota] ce]]u]ar prote1ns w1Lh

3# an ]4C 1euc1ne for

1ong and short ha]f 11ves, ce]]s were ]abe]ed wwth
‘vary1ng 1engths of t1me Act1ve1y grow1ng and qu1escent dens1ty 1nh1b1ted
ce11s were stud1ed in these exper1ments to f1rst determ1ne prote1n turnover
rates wh]ch are corre]ated w1th rate of growth Ce11s were ]abe1ed for _
24 hours with 6 ]euc1ne and 1 hr with 3H ]eucwne as descr1bed in the 1egend
of figure 6. The rate of appearance of 3H 1euc1ne was more rap1d with respect

3H 1euc1ne ]abe] in the ce1]s at the tlme of 1abe1

to the total amounf of
removal than the rate of appearance of ]4C 1euc1ne in both grow1ng and
quiescent cells (f1g. 6). This is 1nd1cated by the |n1t1a1 rap1d appearance
of 3H—]eucine in the medium fo1lowed by a s]ower rate as the supply of.
1abe]ed_rapid1y turning over protein is diminished. Ce11e.which have

ceased growing (as judged hy 1ncorporation of 3H—thymidine)‘and autoradiography
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degradedboth these c]a%ses of prote1n about tw1ce as rap1d]y as did

act1ve1y grow1nq mouse f1brohlasts (f1q 6)

- DISCUSSION

Oxidation in.nohfhepat{c tiééuéltshthohght_to'he'a_majof.péthway

of deghaddtiOn_df Jehcine, vaTihé'and ﬁgb]éucéne (9,#0,19). In éxtisédv_
rat_dfabhragm,:Odésseyfand.Goldbéhg'fohnd that'38%fof-the_]abeied_1eucine
.taken up could be retoveréd ésVCOé (9). Human,fibroh]asts in culture were also
shdwh toibxidize']ehctneh(11) 'These data‘ hbWevéh “were obtatned f}Om‘
cells or t1ssue pu]sed 1n a s1mple sa]t buffer (Krebs Ringer) which is
frquent]y used in phys1ologxca1 expernments. When g]ucose or amino ac1dsv
at concentrattohstthnd in h]aéma were added,.OXJdatjon of 1euc1ne was |
dééreésed:(9); ‘TtSSUe.Culture.growth medium has been deye]obéd;to_yie]d

optimum growth otvcej]s'jh culture. whijé hoftisSue-cu1ture environment
§ (buffer or évén growth hédium) tah acCuraté]y mimic‘in vivo conditiOns,
we found twat Ba]b 3T3 A31 ce]]s w111 not survive 1onan than three hour%
in Krebs anger buffer even in the prescnce of 0. 4 serum. Our resu]ts
showwng acce1erated orote1n turnover 1n krebs R1naer buffer and the . absencc
) of Teucine ox1dat1on by cel1s in growth med1um demonstrate the ab111ty
of ce]]s to alter their metabol1sm accord1ng to the extrace]1u1ar
onv1ronment Nettenha]], et a1 (20) have reported a difference in
the rate of orotewn synthe§1s by 1ymphocytc< in Krebs- R1nger buffer versus

Qrowth med1um In ddd1t1on we have found that metabolite patterns der1ved
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from " "C-glucose labeled chick embryo fibroblasts are strikingly Qifferent

when cells are pulsed in buffer (Hanks Ba]anccd salt solution or Kreﬁs)fin
place of growth medium. Mégfsse1] agzlﬁeff, unpublished). These results ..
demonstrate the importance of identifying as carfu]]y.as_possib1e those
metabo]icvprocesses which may vary under_differenf experimental condithns,
and in correlating their relevance to conditions in vivo. -

~Although less taan 1% of the total label taken up qu,recovergq?jp
cellular 1ipid, our results indicated that the rate of lipid biosynthesié;
from leucine increased as cellu]af-growth rate decreésed. H9Wever, this
data should be interpreted with reservation'since acburate dgtgrminafion
of rates of_1ipid‘biosynthesis by 63115 in culture is difficult due to
thejr acquisition of lipids from serum fatty acids (21, 22). Although
. labeling experiments were carried out in medium containing serum at a Tow
concentration (0.4%), cells in this laboratory are routinely cultivated
in medium suppTemented with 10% serum.‘ Ouf data. do not take,into‘qonsideration_ce1}-
ular 1ipid acquired beféke the’]abe]ing period. . |

Reutilization of the labeled amino acid-céuses difficulties in the

interbretation of protein turhover expekfmentsJ. Righetti;:ei al., report |
" that reutilization of Teucing in Hela cells is as.high as 81% (23). It
is possible that growing and density-inhibited cells may reuti1ize amino
acids'to vafying degrees.. However, the addition of 2, 10, and 20_mM cold
Teucine to the medium-of growing and quiescent cellswhich had been previously

labeled with 1%

C-leucine, did not change the rate.of appearance of -radio-
activity in the medium for time periods up to 48 hours after label removal.
In addition, Poole, ot al. (5), have pointed ovt that cells grown in a mono-

layer present an enormous surface area for amino acid exchange. The
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extracellular concentration of amino acid is veryaiahge in comparison to
the intrace]1u1ar nooT, so'that %n monolayer CU]tnre'systems‘there may be
little redti]izatien, 'Even thoggh'this may be an accurate assumption, in
the absence of dihect'proof fatesvof pretein degradation estimated by
the 1sotop1c techn1ques used in this comnun1cat1on represent relative
va1ues -

Cond1t10ned medium was u°ed in exper1ments measur1ng the rate of prote1n
degradat1on 1n order to m1n1m1ze the poqswble effects of fresh medium and

serum on the ratesof prote1n degradat1on St1mu]at1on of DNA synthesis
~1in dens1ty-1nh1b1tew cells by serum~and fresh medium is known te_be accompanjed'
by changes in. rates of . prote1n synthesis (24) v ‘ Such a1teraticns in the
ce]]u]ar env1ronment cou]d therefore a]so be expected to change rates of
protein br akdown Cold Teucine was added at high concentrations (10uM)
to conditioned medium to prevent exper1menta1 artifacts due to differences
in cold leucine concentrations. MSV/MLV transformed mouse f]brob1asts
were also examfned in these-sﬁudiee -The medi uin frem these cells exhibited
presumably

a h1ghcr percentage of TCA 1nso1ub1e radwoact1v1tyAdue to virus product1on .
and a h1gher percentaqe of detached cells, and results of exper1mcnts vax1ed
according to the degree of transformatjon.' However, MSV/MLV transformed
mouse fibrob]aets Showed rates of pnotein breakdown sjmf1ar to orvslightly
higher than actively growing normal fibroblasts. |

The increased syn:hesis of proteinlin growing ce]Ts obsenvediin_theée
"~ studies is accompaniéd by decreased turnoVer_of protefns with both rapid
andbs]ow turnover rates. Denéity;inhibited ce]]s, on the ocher hand,
show a decroasel rate of pro*z‘n““":o“ig G wcwome 1ap1d role u{ protv'n

decgradation. Protein. synfhe51s and degradation are lhv* 1nt1mate]y 1nvo1vcu
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in growth regulation and the,maintenance of the densityfinhibitéd state. -
We are continuing to investigate the degradation of proteins deriVedvfrbmi
fractionated cells and how their turnover rates may be related to growth

regulation in culture.
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Table 1

Cell monolaycrs were pulsed as described in fig. 1(A). TCA solubie
ad insoluble fractions were assayed and lipid extracted as described in

Materials and Mcthods, Each value represents the mean of 3 separate

determinations.

@
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Figure Legends

Fi g.

Fig.

1.

(A)

(B)

Abscissa: Minutes after addition of 14C—10ucino; ordinute:
DPM/ug protein. |

TCA precipitéblc radiocactivity. Cell monolayefs'wcre incubated
in the presence of (U) e jeucine at a f{inal specilic activity of

1.23 uCi/umole in DME containing 0.4% dialyzed calf serum.

_Radioactivity in total cellular lipid. Cells were labeled as in

fig. 1(A) and lipid was extracted as described in Materials and
Methods. Non-transformed density-inhibited cells ¢; non-transformed
growing cells 0, MSV/MLV-transformed cells A. Rach‘point is the

mean of 3 separate determinations.

Abscissa: Minutes after addition of 1C-leucine; ordinate:

DPM/ug protein. (0. evolution from MC-leucine. Monolayers were

2 i
incubated in the presence of (U) Mc-1eucine at a-specific activity
of 1.23uCi/umole in either DME or Krebs-Ringer bicarbonate buffer

both of which were ,
#\ supplemented with 0.4% dialyzed calf serum. CO_, was collccted

2
as described in Materials and Methods. Kriebs-Ringer buffer o,
Krebs-Ringer buffer + 27 aM glucose and .9 M No-pvravate ¢, Krebs-

Ringer buffer + DME amino acids 4, DME A.  Bach point is the average

of 2 separate determinations.

MAbscissa: Minutes after addition of 14C—leuc1nc; ordinate:
DPM/ug protein. TCA precipitable radicactivity. Monolayers weve pulsed
with 14C-leucine aus described in fig. 2. - Krebs-Ringer bufier o,

I¥%: A, Each point is the mean of 3 separate determinations.
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Fig. 4. Abscissa: Minutes after removal of label; ordiﬁaﬁé: DPM x 10-3
in TCA soluble pool. TCA'soluble radioactivity in the free amino
acid pool and medium after label removalp' Cell monolayers (Balb 3T3 A31) were
pulsed 1 hour with ?H—leucine (ZUCi/ml) in TME containing 107
Calfvserum. 'Radioactivelnodium was removed, monolayers wasﬁed
and fresh medium added. TCA soiﬁble radioactivity in the p&bl(m}
and.nﬁdium (0) was assayed. Each péint is the mean of 3 separate

determinations.

w

Fig. Abécissa: ~H§urs after removal of label; ordinate: % bf total
radioactivity in protein (&) and in medium (o). Disappearahcc o
of radioactivity from protein versus its appearance.in the medium.
Density—inhibited Balb 3T3 A3l cclls were labeled for 56 hours iﬁ'
IME containing 107 dialyzed calf serum and lpCiﬁnl'(U)laC-leucineﬂ
At the end of the %abcling'period,,nnnolayérs were washed 3 times
with Earles Balanced Salf Solution and fresh DME containing'0.4%
dialyzed calf serum was added. Radioaétivity in the mediun, TCA
soluBle_pool and pfotein was assayed at varying times thereafter.

_ Total radicactivity is the sum of the DPM in the TCA sqluble'
pool, and in proteiﬁ'ét the timé of labé]-renpvai‘ Each point

is the mean of 3 determinations.

Fig. 6 Abscissa: lours after removal of label; ordinate: % of total-
radioactivi:v. TCA soluble radicactivity appearing in the medium
after label removal, (e) density-inhibited cell, (o) growing

14C—1eucino labeled cells.

cells: A, 3H—leucine labeled cells; B,
Cell nonolovers were labeled Tor 24 hours vﬂfhllpCihml ) IQC-

leucine in DME. AL the end of this period, mediun was removed
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and the mono]aycr washed with warm BSS. - Conditioned medium con-
taining'lo uCi/ml 3H—]eucine waé then added to tﬁe ¢u1ture fof'
1 hour. This medium was then removed and the cultures flushed
for five minutes with unlabeled conditioned medium. The flushing
medium.wés removed and rep]aéed-with coﬁditioned medium containing
10mM cold leucine. Radioébtivity in the medium was detefmfned
at_various,ﬁimes thereafter; ‘Total radioactivity'fs the sum of

v DPM of each isotope in the TCA soluble pool and prqﬁein at the
time of label removal. Each point is the mean of 12 separatc

determinations.



TABLE I

. Iinnutés : -
Cells _alter % Radioactivity in
e addition .
“of 14C-leucine | TCA soluble | Protein | Lipid
S 15 82.8 16.8 .36
Non-trans fomed,
Density-Inhibited | 60 57.5 41.2 1.20
[
90 46.4 52.5 .93
15 56.0 - 43.4 50 ™
Non-transtommed, .
Growing - ‘ 60 26.1 75.0 80
99 13.5 85.8 57
15 44.5 55.2- 1 ..20
MSV /MLV i »
Transformed 60 19.6 -~ 80.0 28
| 99 12.9 86.8 26

XBL 764-5813



OO0 046010609

- =23-

180%—' ' - A

Fig. 1 Heff et al,



-24.

Fig. 2 Neff et al.
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LEGAL NOTICE.

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any -of their contractors, subcontractors, or
their employees, makes any warranty, éxpress or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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