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himove’ 1)0-0-to olo-t e’(’t (‘ci in’ to so-nisitive- radio )ao-tiVo- musms’tiv 1)r�c(-chmrc- imm t ratisplanutahlc- imeoplasnis,

imic-iuclirmg tIn- \Vmilkc-r 256 tunmeor of the- rat , and thmo- Le-wis lumig tumoor timid B-I 6 melmumcma of

(‘:)7 i)iack mice-. ‘Fiicse- e-tuzvniatic- activiti-s amid tiucose’ eof a nunmi)c-n eof mmormmmai rodent tissues

tire till sigluiho-tmlitiy inhmii)itc-dl i)y 1 -aminoo-yciopo-mitane-(-anl)emxyhic acid (-yc-lolc-ucino-) amid by

L-2-mimino o-4-hiexvnmciLc acid , m�’hic-h are st nuctural amid c-comifeornuatie olin! amiale oguo-s t of

i�-mc-thiomminc-.
1�’cdiow’iimg singi(- intnape-nitono-al injections too rats, time- j)iasnia c-y(-leoic-uc-inc- ieve-is rc-niain

almoost comustant for at b-mist 96 un, whereas the L-2-aniimueo-4-hie-xvlmoic acid })immsnia le-vels fall

�vitIu a imaif-hife’ cof about 60 hr. Bothm cycloleucimie mine! i�-2-anmino-4-he-xytioic acid tire highly
comicc-ntrato-d mu the \Valke-r 256 tunmeir, while the ac-etvl(-ni(- anMmico micic! is (-omic-entrated in

time IA-w’is lumig tinnior.
Admirmistratioum of phuarniac-ological (lose-s of cycioleucine (3.19 nmniooic-s kg) or L-2-afluimmeo-

4-iiexvtiooic ac-ic! (2.64 mmooles/kg) o-levates plasnma timid tissue- Icvc-ls e,f tue-sc- amino tu-ids in

mi dose- amid tinie--cle-pemidemit manner too c-ooncent-raticmmms which are 1)re)1)ai)l� sufficic-mmtly high

to ao-huievc- significant iruhihitiomm of time tissue ademiosyitransferases. Mice tumid rats trc-ated with

time-sc- ad-mn osvlt rminsferase- imuhibitons chspiay dramatic elevatiomis of frc-c- L-m-thiomiimie levels

jIm all tissuc-s e-xanmimmecl (live-n, spie--tm, kidmmev, i)rain, I)lasfliti, \Valko-r 256 tumor, timid Lewis

lutug tunmeor). ‘Time-se’ e-ffc-cts mine- dose-depc-mmdemmt. Time levels c)f five oother amino acids (iso-

leticinc’. ic-ucimie-. tvrosimio-. l)iicli�’Itiittliitic’. amid valimie) in live/n or spleeti simeow’ emmiiy rnitmor
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cimammges imi respotiso- to this trc-atnic-imt , c-xc-e-pt fun a doubling ef time j)hielmylalaniime levc-1 immthe

spleen. Treatment of aninmals with high cloises of other amitmo acid amialogues timat do miot

imihibit time- ademmosvltratmsfenases (i�-tuonvmiiimme, L-valimie, r)L-hmc)nuos(’nimmc-) had no effect 0)11 the

L-methionine leve-Is.
Treatment with j)harnmac-olcogicmul closes of cycloleucimme and I�-2-amino-4-hmc-xyImoic ac-id

depresses the levels cf (- )-S-ademmosyl-L-methiolmine (Ado-\let) by 20-40 ‘� iii niost miormal

and maligmiant tissues (iimcluditug sp!eeim, kidmmey, pammcreas, b)naitm, adnemmal, Walko-r 23(1 tunmon
of rats, amid Lewis limmig amid L1210 tunmors of mice). These- effects are time- and

dose-dependent-. Anuino acids (L-tmorvaline, L-senilme, amid L-Valilie) that tire’ ne)t ademmosyltnaims-

ferase imihuibitons are without effect 0)11 tissue Ado-’slet colm(-emmtnatiemns. 1mm contrast to time

findings itm other tissues, time Aelo-�\iet levels of live-n tire- umvaniabiy nmc-n(-aso-d following

administ ration of adenosvlt naimsfo -nase immhui)itons.

INTRODUCTION

S-Adc-nosyl-L-methuioniime plays a strategic

role imi providing activated methmyl groups

for a wide variety of biological methmyiatiomm
r(-act iOIis , and time imncp�lamine fnagmemmts

fcon spermidimie amid spermimmo- biosymmthesis

(1-6). The mechanisms that regulate tissue
levels amid turnover of Ado-Met2 amid L-me-

thiioiiimme are not well umiderstood, and timere

mine fcw clues as to the factors comitrolling

the mc-tabolic flux of Ado-Met amid its utiliza-

tion for methylatiomi reactiomms and pol�-
amimmc- biosynthesis.

It is bc-lieved that time ATP : L-metimionine

S-adenosvltransferase (EC 2.5.1 .6) reaction

is time principal, if not the sole, mechammisnu

for the synthesis of Ado-Met in animal tis-
sues, in accordance with time following stoi-

chiometry (7):

leagues (8, 9) , wimo dc-nmomistnated time- accun’iu-

latiomm of large amounts of Ado-Met, easily

detectable by ultraviole-t absorption, in yeast-
cells inc-ubatc-cl imi nic-dia nc-h iii metiuiommimmc-.

A similar but somc-wimat li-ss cinanmatic pime-

miomemion is observed immnuanmnmaliami systems
( 10) . S-Ademmosyl-i�-mc-t.iiioninc- levels rise imi

all tissue-s (4-fold in liver amid 30-100 � in
ethic-n tissues) upoti time aclniinistnatiotm of

L-niet imionine- ( 100 mg/kg) . \loreovc-n, Bat-
dessanini amid oothers have re-ported timat Ado-

Met le-vels are depressed by the administra-
tio)mi of certain (but not all) compounds which

are capable of actimmg as methyl gncmp ac-

ceptons (11, 12). This finding amid thc- ob-

servation that- nmolioamimie oxidase inhibitors,

stick as pangyline (11, 12), also cause time

depression c)f Ado-\Ic-t leve-ls in brain aimd

live-n, have- led Balc!essmmnimmi tem suggc-st that-

L-Met-hionimie + ATP Mg�, K� � )-S-acletmosvl-i�-unc-timionimic- + PP + P0

AS-Adenosyl-L-imomocysteimie, uvhuichi is enmo-

of the products of transm(-thylation neac-

tions, does muct appear to ummdergo direct
remetimvlation to) Ado-\Iet- in animal tissues
(8) , mind is cleavc-d te adc-miosimme mind i�-imoimmo-

cysteimue, in which the sulfur tite)m time/mmumu-
dergoc-s further oxidatiomm amid is -ve-ntually

largely eliminated as imionganic sulfat o-.

A close rc-iatiommsimip bo-twc-e-n thmc- cc-llular

levels of L-metimioiuimme- amid those oof Ac!o-Mc-t

was first 1)ointed omit by Scitle-mik mimic! c-el-

2 The abbreviat ionis mmmccclare : Adoo-Met , ( - ) -S-

adenosyl-i.-nuethiotuinoe ; adenooosyltratisferasc-, ATP:
L-methionine S-ademicosvltn-anosferase (IX’ 2.5.1.6);

cyclooleucinie, 1 -anminocycloopenot monoecarl)oxvlic acid;

hexvmioic acid, t-2-anmitooo-4-luex�’niooic acid.

tiuc- tivtuilabiiitv of nic-thvlat io )fl acc-c-Iotons amid

l)ne-sumiiabl� t hmc’ rate- of Ade-Met utiiizatiomm
n-itiy also o-xo-rcisc- (-o)ntroi eve-r Ade-\Io-t-

levels. \lorc recetit nc-ports ( 13-15), uvimicim
establisim t imat t lie- ac!nminist ntitiomm to rodents

c)f time mmnti-j)arkitmsommimmlm tigemit 3 , 4-dihy-

droxv-L-phc-nvlalanimme (L-dlopti ) c-au.s-s a,

rapid clc-c-!itie iii brain, kidimcy, amid adne-titil

( but ne)t- nmuscle) Ado-)cic-t levi-Is, tmne- tilse)
in limme� u’0-itii this vie-mv, sine-c L-dopti mmmd its

de-c-anboxvimit ion pro )c!uct (olopatnimic-) bet ii

ummelc-rgo rapid enzvmimmit km O-nmet imyla t ion at

timo- c’x�)c’tise of Adld)-\Iet.
Rec-mit e-florts imm this Imiboonatorv to dc-sigmm

st runt until mimic! (-omifonnmatio amal amimiieuguc-s of

L-nio-thiionimme- as imiimibitons of tin- tielo-mme)svl-
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3 A. ‘IV. (onoltet’ otod J . �‘:olt , Uhil)til)liSIiedl es’oik.

trammsfermisc-s ole-t-ivo-cl f’meOlii imit live-n amid nmicro-

bin! sources immive- ic-cl to time’ disc-cove-nv that

1-anmimie o’vcle ope-mmtmmmuc-e-arbc)xvli(- ac-ic! (eye-b-

h-iie-imme-) , t�-2-ammminc o-4-ime-xvuieoi- ticicl, tumcl to--

late-cl (-emnmpeounmdls mit-c’ immimibitors of this cii-

zvmmmo- iii e-omiipo-t iticum mm’itii L-imu-thuie onimic- (16).

Situo-c c-�’elolo-ue-immc- sul)l)re’ss(-s the’ gnenvthm eof a

mmunibc-m- of tuniot-s mimm(l mmmic-roc)nganisnis, it

u\.as suggc-ste-cl that this e-e)nij)emummcl mimmiy emwe-

its greowthi-imihihitcomo’ l)lopertic-s at least in

I)tiI�t to o immimibitie am e of timo- _-\..‘�1�’i�: m�-nio-thiommiuie
�S-micle-mmeosvltmmtmisfermmse- re-a(-tic)mi (5, 1 6) . \muli-

(Imiticoti eof this suggcstion re-e�iiim.es m�e--exani-

imimitioim 0 of Id’l)orts that mmvamio’tv of niousc’

timid nmit mic-ompitisms, w’itii time- e-xc-el)tie)mm ef

ce-ntmiimm \botmis ime-patconimis, (10 hoot e-c)ntmmimm

cbe-t oct able mimimounts ed aclc-nosvltransfc-rase-
activity (17, 1�-4). Howe-von, miclenosyltrans-

fermise- mietivitv is siiimiiat- in time- 1c-ukea�vte-s of

l)mit ic’tits �vithm c-imroomuic- tmmveloovtie- lc-ukc-nmia
tili(l t lio-im no ot-muimil 0�0 ouimmtd’m�1)aI-tS, ��iuo-ie-as thic’

o-e)mio-e-mmtrmitic)ns emf ��elcm-\lc-t in time rnalignaimt

c-c-us mimc- nmarkc-div e-levatc-c! mibove time reIn-
t ive-iv iO)\\’ love-is cml miot-tmmal white blemod coils

(19, 20).

‘Thus l)tul)0’m o-stabhishc-s tiitit Sd’V(’Imil solid

mmmaligntitut- tunuo)rs e-eommtmuimi bow but c-leanly

det-otmubie’ levc-ls O)f acle-nos�-ltnmumsfc-nase no--

tivitv . ( )umr e-xpe-rinmc-mmts clo’al uvitim time’ e-ffc-c-ts

in rico (of time’ aolmmmimnistrmttion e)f aclc-miosvl-

t-raimsfc-rase imiimibitors con time Ic--tic-Is of Ado-

.\lc-t and L-nic-timicnmine in mmommmulammo! nmmilig-

mmamit no)dlemit tissue-s. If tiny phannuacoloogical

effe-cts of these inhibit-om-s mire to be miscribed

to imuhibition ef time emuzvnuatic synthesis of
Aclo-IN-Iet, it Would be c-xpectecl (a-) tiuat-

tissue levels O)f L-mmmetimionuine would rise mi-mid

those- of AdlO-\lc’t would dee-limuc-, (b) timat
time-se #{128}-ffo-ctswould efl-cur mit appropriate
tissue- ce)mice-mmti-atie)ns of time inimibitons, mimic!

(c) that time tinme- course of inimibitiomi we)uld
follow- the- tissuc- k-vels of time immimibitoms. ‘Time

O)bjOct O)f this study w’a� to (‘Xtiliii1id thic-se

l)noPosit iomis.
Time dlevelol)nue-mlt (Of higimly specific- amid

semisitivo- cbouble--isote opo-, o-iizymimatic c!e-miva-

tive jnoe-ec!tmme�s feom _�obo-i#{176}sIo’t (10, 21) aimcl
for L-mnethuioliimic- (22) immos timmoole- time-se cx-

l)0’titluo’tits feasible-. ‘Time-se- iiic-timecls have- os-
t miblislmec! that iiv-m mitocl inmuuiy e otimer moeli-mut

tissue-s (/olittiiml 40� 140 umnuoio-s cof AdlO)-i’llet

amid 50 1 �0 tin-me ic-s eof L-nue-timicnmimio- 1)01 gmmim

cof uve’t- t issue- uve-igiut.

Mateiials

.-\._ll solutiomms we-me- i)Ie1)amc-(l iii cbe-iomiized,
glass-olistiilo-cl uvmutc-m from rc-agemit grade

ciicimiic-als. ‘Uiu’ scouno-o-s eof time’ e�-imc-nmicals

we-no ‘ t-is fe OllO)\\’S : L-fli(’t iiiomiimie , L-Valilie,

L-sem-imme-, L-imonlo-uc-ine-, amid anmnmonium sul-

fa-tc- (spec-ia! c-mizynmo- gmmidc-) w’’rc- sU�)pliOd
by Sciiwanz, i\lmimmiu. �“o�-Aolenoosyl-L-mnc-thmio-

nilie- hydrogen sulfmite � l)urehimiso-d from

Boe-hinimmger-1\Iaiumiimo-imn. 1-Anminoe-yciopemm-

tammo-o-mirboxvlie mmoiol (c-vo-loic-ucimic-) uu’as

sumi)l)liedl by (�‘e-lc� (�ho-tmiic-a! (�mnponatiomi.
Glutathiomio- uvmis obtaino-d fronm P-L Biochmenm-

icals. ‘Ilic- mifliili(O mio-ioi mimixturo- used for cali-
bmationm of time anmino acid mimmalvzc-rs was

l)mmrchmaso-d! fne)nm time - Beckmamm Instrument
Ce)nmpammv . 2-i\ [c -no-a 1)t ( )d’t hmiliO)i was supplied

by East mini mu ( )rgmiiiio- (1imenmicals timid distilled

muncie-n mo-o!uo-e/d! l)mo-S�uno- (b.p. ;8-60#{176} at 23

mm-mi Hg) . L-Norvahimuo-, t-nis(imvdnoxvnmi-thmyl)-

mmniine nic’t imammo- baso- , 5-imydnoxytrypt tmniimie
(senotemnimm)-c-reatininc- sulfate cOflm1)leX, tmnd
�-ace-tyl-5-hiydnoxytryptamine (N-ac-etyl-

scne oto)mmimm) we-nc’ oobtmiimie’d from Signia Chem-

i cal Co mtiiptimi�’ . Timo- i)iimiimmr� timmol so-condany
so-itutillatcors PP() (2 , 5-o!ipiioiivloxazobc) mind
POPOP � /) - bis[2 - (5 - piio-miyloxmmzolyl)]bemi-

ze’mlo- � use’ol ilm mimaking I3mmiy’s scintillation

fluid (23 ) wc-ro’ pumrc-himise-cl froni 1Nd0\’ England

N’uclo-an. Sioe�o-tremso-emroio- eiualitv p-olioxane

tulle! glycerol mm’c-mc-puno-immise -(I fnomn \ I mit heson,

Colenuami, and Bc-Il. Tc-tralithiunm [S->4C]-

ao!emie-msimio’ 0Y-tniphoospiimit c- (53.4 jtCiJ�nmole

imi 50 C; (‘tima-liemi), �

mimetiuiommimue- (44.5 uCi/ unme)le-) , L-[ntet/o/Jl-’4C]-

mmmetimie)nilie- (53.6�60.0 �Ci/�nicmle) , L-[1flCt/l-?Jl-

3H]nmetimiemmimie- (2.6 niCi/�.omnole) , mind

[iHiticetic tmlihi’\’d!ii(le ( 100 �Ci1�.�nmole) uveie

purclmas(-dl frommi So-hiwanz?ilamumu, i:’s,e1�\- I’mmg-

land Nuclear, or Amenshmamii,Seanle Corpora-

tion. Time catiomi mimic! aniolu excimtmiige I)owex
resins AG 50W-X2 ( 100-200 nmc-sh) and

AG 1-X2 (100-200 niesim) uven- supphie’d by

Bie)-Radl Labonateomios. L-2-Amnimmo-4-he-xvmmeoic

ac-iol um’as svmmtho-sizo-ol amid chianmie-tem-ize-el by

iiifraiecl, niass, mimic! uncle-am’ niagmictie’ ieso-

mmmumcesl)o-e-tnos(-(oin- Ili this laborateory by I)n.

�-‘0�,� � (‘eailtem (24).� Ammimimals uvcmo- o)btaimied

fromim time’ folleowimig supplic-ns: Sprague-Daw-
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ley male rats, 83-170 g, from Sprague-Dams--
ley, i\Iadison, Wis.; C�-z black male mice

from Huntingtomm Io’arnms, West Consho-
hocken, Pa. ; and I)BA/2 female and C57

black male mice from Jackson Memo)nial
Laboratories, Bar Harbor, Maine. Escheuic/t ia

coli strain B (midloganit-hmic) cells were oh-

tamed from Grain Processing, Muscat-me,
Iowa. Time Walker 236 tumor, the Lewis

lung tumor, and time 13-16 melanonma were
gifts from Mr. Isidore Wodilmsky, Arthur
D. Little, Inc., Cambridge, Mass. The

L1210 leukemia was a gift- from Dr. Albert-
H. Owens of this Lliiversitv.

Methods

Preparation of A TP : L-melhionine S-aden-

osyltransferase.s. Comparison of the specific

activities of the adenosyltransferases of rat
and mouse livers and tumors was carried
out on tissues 1)nepaned in a similar manner.

The animals were killed by cervical disloca-

tion and the tissues were imnmediately excised
and washed ivitim cole! 50 n-Lu-i potassiuni

phosphate buffer (jH 7.0) containing 3

mM 2-mencaptoet-hanol. Time tissues were

then weighed alid homogenized in a Pot-ten-

Elvehjem appanatus with 2.5 volumes of time

above buffer and cemmtnifuged two times at

20,000 X g for 20 mm. Time- clean supennatant-

fluid was used for time assays of enzyme activ-

ities (Table 1).

For the inimibiton studies time adenosvl-

tnansfenases from nat and mouse tissuc-s were

prepared as follows. Rats bearing time Walker

256 tumor, mice bearing time Lewis lumig
tumor, or imornmal rats amid mice were killed

and the appropriate tissues we-ne pooled. ‘Time

tissues were homogenized with 2.3 volumes

of 40 m.:mi potassium pimospimate buffer (pH

6.9) containing 3 nm�i 2-mencaptoet-hanol mimic!

20 % glycerol amid cemmt-nifuged twice- at
20,000 X fj foi 20 mnimm. Thu- supernatmmmit

fluid was fractionated w-ithm saturated mini-

monium sulfate (pH 7.0) containing 3 nmui

2-mencaptoethanol. The fractiomi precipitat -

ing betwee-n 33 and 36 � saturatioum w-as

dissolved in time imuit-iai buffer amid cli-
alyzed overnight agaimist 2 liters of time

same buffer. Time a-demmosyltnansfenase pre-
paration obtaimmed from nat liver was funt her

purified by DEAE-co-lluloso- cimnomateg-
raphy (16, 23).

Assay of A T1�: L-nlet/o.ioniloe S-a(lenosj/l-

ha ii sfeiase. Time- colunimm cimnomatogra-phic

procedure d)f ?clueld et at. (26) ti� nmc)dified

by Lombandimmi et a!. (16) u�’as en’ipleoyed to

determnine the- specific activities of time iso-
fummctional emmzymo-s pneparo-d from diffc-remmt-

tissues (‘Table 1). Incubatioii mixtures of 230

�.&l c-oimt-aiiied (iii nuicro)mol(-s) : glutmmthuiolie,

2; KC!, 30; Tnis-HC1, pH 7.6, 40; ATP,

3; MgCl2 , 73, L-methmioliilie, 0.�, containing

300,000 cpm of L-[met/iyl-m4Clmeti-mioliifle ; amid
time enzyme lrc-panat ion . For inhibitiolm

studies time (limamitity of L-nmethioliine in time

reaction system was 9.38 limoles. Itmcuba-

tions were carried out- at 37#{176}withi agit-atiomm.

The reaction was terminated by diluting
with 10 ml of cold H�O amid applying time

mixtunes to) I)owex AG 50W-X2 (100-200

mesh) columims (6 X 30 mm) in time amnmc-

nium cycle. A mimmirnum O)f 100 nil of H20
was used to wtishu umineactcd L-[met/tyl-14C]

nmet-hiommine thmrougim time colunimis. Time Ado-
i\Iet- was eluted fron’m the coilummis with t\V()

5-nil aliquots of coimcemmtrato-d anmniommium my-

droxide, timid each aliquot- was ceunt-ed iii a

lie1uid scimmtillatiomm spectronmeter �vithm 13 nil

of Bray’s scimitillatiomi fluid (23) u�-itim � effi-
ciemicy of 70 #{182}�-.The specific activity is c-x-

i)ressed as rnicrc)moles of Ado-i\Iet formne-d
per n’millignam of proteimi ili a 30-mm incuba-

tiomi at 37#{176}(16).

Tissue /) iepaiatioii for a iialy.sis (�f oS-a(lC)1 -

OSyl-L-lliCtIi ioiiine. Ammiimmtuls w’ene killed by

cervical fracture amid time tissu(-s were im-
niedititelv c-xcisec! and ivashieci witim cole!

0.9 % XaCl. Timo- tissues were time-mi froze-mm

ilm liquid mmitme)ge-n, weigimed, amid hmonmoog-

enizc-d mvitli 0.33 ui Pc-rciulonic tn/id (usualiv
2 volummmes) imm a comiical Po)tter-Llvehij enm

appanmi ttis . ‘Time honmogenat o- m\.mm-scent ni fugc-cl

for 13 niimm mit 10,000 X q, timid time sujn-n-

iimitmuiit fluid was acljustod to) l)H 6.3 uvitim

l)otmissititum biranbomiate’ amid cemntnifumgc�l (10
mi-mimiat 10,000 X q). Aliquoots 0)f time super-

nat-mint fluid \\(-�d’ then mmnmilvze-cl as oleso-nibcol

below.
_4s.s�ay oJ �S-a(Ieno.s-yl-L-nic1/o iuiline. lime-

doouble-isotopc’ mime-thee! of l3muidessam-imii mind

I��0l)i1i (10, 21) was eniployed too d!e-t(-rnmnue-

tissue content- of Ado-) let. Thus tc-c-immiieiue
utilized Acbo-i\Ic-t as a nio-timvl deommon for time

emmzyniat-i(- svmmthesis of Iiid-lmitO)nili Imonm

N-acetvlsenotonimm by hydnoxyinobole O-mneth-
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\-ltnammsfc-nasc-. ‘This e-muzvnme- was l)unifie-dl ac-

cording tO) pubhisime-ol proo’c-durc-s (10, 27).

Time assay nmixt mire- comut-ainc-d t he- foileowimmg

conipomuc-mits il-i mi fimimil voilunie of 1 .0 ml

1()0 /LIflO)!C5 of Potmissilmni pimo)sphmtite- buffer

(pH 6.9) , 10 nnuolc-s of N-�3H]ae-etylsereotommin

(240,000 c-pm) pno-pmmre-cl micconc!imig to Baldes-

sanimui and Js.dOl)ilm (10, 21), 1 imnmole of exog-

(-nc)us o-annie-m 0S - adenosyl - i. - [inetliyl-’4C]-

mnetimionimmo- (23,000 c-pm), 30-100 �l of pmin-

tiallv puniflo-ci imyc!roxyindoole O-mo-tiiyltrans-

fc-nase eomitaimumig a�)proxirntiteiy 2 nig of

proteimm (sjecific mmctivitv, 14.3 imnioles of

ni(-ltit OI)liili fonnmec! per milligram of j)rot-ein

pc-n imoun) , mimmd aim alictuot of o-o-ntnifuged
neut rmmlizc-c! t issue o-xtract- ( 100-230 � . \Vater

\vtiS ti(le!0’(l to mmfimmal volunic- of 1.0 nil, and

tin- ne-mictiomm mixture was incubated for 1

hr mit 37#{176}.Win/mi a large’ number of tissues
wore- to be- processed mit time� sanme tinme it was

advmimmtageo)us to prepare time tissue c-xtracts

mimic! to) ticic! an a-liquot of time’ -xtract- to) the

r(-ac-ticomi mixture-s (onmittimig time- nuet-hyl-

tnammsfe-mase-) as soon as pe)ssible-. These sani-

1)105 c-conIc! time-mm be froze-mu ovc-rmmigimt, and
the’ :i(!o!itiOli o)f time tnammsfc-nase, time incuba-

t id )li , timic! subse-e ide-nt c-xt nae-tiomm of product

coumlo! be’ po-nfoonnmo-(I roll tiic- feollouving day. ‘The

nemio-t-ieoii \\.tis sto�)ped by tiddlitiomi of 2 nil
eof 1 N soeliumii hvdirOxi(!e’ ttimel time’ [N-aeetyl-

OH ; lliet/iO.l/J-#{176}4CJIiic’lmmtOnimi \\‘IiS extrao-tecl imito

(_o mmii cob o-iileomo)fo)nnm uvimicim was washe-el twice

mm’ith-i2 ml eof I x Seod!iunm hydroxide-. Alic1uots

Of time’ ehilomoofeormim pimaso- uu’cre c-vtiponatc-(! to

olnvmic-ss ill seilitillmmtR)rm vials iii a c!o-sio-o-aton

nude-n vac-uuni. mimic! counte-o! for 3H amid

im-it-ii 10 ml eof Bray’s se-intillatiomi fluid.
(Eflic-ie-mio-y fe)r i4(� was 90 � ; mimic! for 3H was

36 � ; ce orro-c-tion uvas neec!c-c! only for timo-

spill of 4(1 into) the’ �H c-iiamiim-l.) ‘The ratio of

3JJ to) t4(l cimaimgc-d limmo-mmrlyw’itim e!ilutieon by
emidogemuous Aolc-i\Io-t in tho- tissuc-s, amid time

ciutimmt-itv of Ac!eo-\Ie-t was graphic-ally oh--
tc-nmine-(! fnonm a c-alibrmmtiomi curve c-eon-

stnumct o-d wit hi. unlabe-li-ci oS-ac!e’mmo svl-i�-nie-

timionimue mis a- stmimmolancl.
i’issue /)le/)aia-tioli an(/ analij.s’is oj alit !iO()

acids. ‘Tissue’ (-XtntiO-ts iii 0.33 � p(-ne-hiloorie-

ac-ic! i�enc- pre-pmmrc-ol tid’d’Ooncling t co t lie’ abe ove-

I)neoo-(-dumno- fer do-tc-rnmimoimig Aclo-i\I o-t- b-ye-is.
1”eor expcnitnc’lits imi um’huio-ii tho- c!oubbo--isotopc-

o-muzvmnc- (lerivativo- nio-thoic! fon� L-niOtimiomiimie-

(22) uu’as liSc’(i, tiio- foilowimig mmclditionai ste-ps

mm’e-no-include-c! . After mieut naliza-t-iomi of time
tissuo-s with KHCO3 , amm aliquot (usually

0.3 nil) of the cemmtnifugate �m’as passed over

aim tilile)li excimango- re-simm (AG 1-X2, 100-200

niesim, cimbonide- fomm, 2 X 20 mnm) to remove

emiciogenous ATP, whelm into-nferes with time

assay by o!ilutimmg the specific activity of time

[8-’4C}ATP. Commtnols with either L-[-lliet/iyl-

14C]miiet-Iuionimie on [SO-#{176}4(J:�f� indh-ated thiat-

thmo-ne wtis both clumintitative nonmoval of

o-ndogenous AlP mimic! ciuantitativo- nc-c-ovo-ry

ejf i�-nmethioimine (22).

Assay of L-lnet/il’onil,e. A mti1)id, highiy semi-

sitive, emmzyniatic doubbc--labe-lc-d isotope- c!ilu-

t 10)11 niethod for time (lUtiflt it ativo- o!e-t e-nmmmma-

tieni of i�-n’methmionimie has been c!o-vise-d in
this laboratory (22). Time- tissay mmmixtum’- coli-

taiiis time following componemits (imi niio-ro-

mnoles) in mm flumal vc)lume c)f 350 �i : giuta-
thiorme, 2; KC1, 50; Tnis-HC1, pH 7.6, 80;
:\ lgCl2 , 75 ; L-{iitet/i-yl-3H]metlmioliino-

tainimig 80,000 cpm; [S-’4C]ATP, 0.015, 0Oli-

tainimmg 300,000 d-pni ; appnoximate-ly 1 .0 mg

of E. cvii adenosvltnammsfo-rase [spc-O-ifi(- ac-

tivity, 2.3 j.enmoles eI)f Ac!o-i\Iet fornmed per

niillignam of pno)teimi ilL 30 mm under sp-e-ified
comiditiomis ( 16)J ; timid! a processed alicluot o)f

cent ni fuged tissue supo-rnat amit fluid . A stmmnci-

mire! e-unvo- iS constructed by addimig c-xe oge’nous
unlmmbo-lec! i�-nmet-hiooiiiiu- mind o-alculat imug t hmo

ise)toj)d ratio e)f ‘4C : 3H, takimug imito (-onsidbe-na-
tid)mi booth time 04(1 SI)ill (approximately 30 � )
inteo time- tnitiuni (-hmmlunc-i and time’ tm’itiuni

spill (mippmeoxiniato-ly 1-2 #{182}�)into time’ 04(1

(‘hitimim)el . �Thuo- simimu Itaneous e-cjumm-t ions uveno-

seolvcci 015 ti e-alculaton.

Ot/oci- aiiiiiio aeni analyses. �The-se we-ne- pc-n-

feonmmme-e! 0mm o-itimo-n time- Bo-c-knmali 120C anuimmo

tic-id! analvzo-r, uSimmg time’ long co)iunmmm (0.9 X

60 o-nm) amid time stano!and buffer system(2$),

or time’ simigbe colunmn systo-m (0.7 X 125 cni)

of the- To-chuumicomm minuimmo tic-id analyzer (29).

Booth instnumciits were cmmlibnatecl with a-

st a lmd!mim-d minuimio tic-id! mmiixtunc mimic! mj-non-

lo-uc-inc mis mmminit o-nnal st andand.

J)C11iliit ma/iou ()�f tissue i’n/o ibitoi’ (once/i-/ia-

lioiis. Cvcboleucimuo- was oiuamititativelv de-

te-rmined on time Bee-kniami 120C amino acid
amua-Ivzer. The cyclic anuimmo acid was o-lutecl

iii almost time- smimime relative positiomi (with
no-spo-ct ti) PH amid ionic stnc-mmgth) as Iuoon-

bo’umc-imue-, mind thnis thu-re was no ove-nlap

w’ithm time- imaturmul mimimino tic-ids mind eothc-n
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ninimvelnimm-peositivo- coonmpc)Ii(-nts present imm

tissues. Standards cof cvc!oleucume gave only

about 25 o;;� of the o-cilcr into-misitv of time-

standard a-ttmimmo acids. ‘The dire-ct- ciuant-ita-

tive amialysis c)f m�-2-anmimmo-4-hexymmoic miciel

Oh time B(-ckman timnimio micid analyzer mvtis

himidc-red by time complete ovc-nlap of its

elution pc)sitiomm withi that of L-alanilic- in

the normal buffer systems. However, tue

ratios of time’ abscnbtmnco-s of time- mminimyc!niim

reactiomm prooducts of time-se tmniimmo acids mis

detecto-d by the 370 mini timid 440 mmm cobonini-
(-ters uvone very eiiffc-ro-mit, and (-c)uld be misc-c!

to dc-te-nmiimc- both mmnmitmc acids re-liablv. Thins

the ratio of chant arc-mis measured at 370

nm to t-iiosc mo-tisune-d at 440 mini was 7.10

for alamuinc- timid 1.61 ion L-2-amino-4-hiexvluooic

acid. Time- appropriate- cc)nstants were oh-

tamed for standard ciutimmtitic-s of each minmino
acid and for mixture-s. The dluammtity of (-achm

amino acid iii mixture-s could be calculated

with ami accuracy of ±3-10 � by soiutiomm of

t-ivo simultaneous c-quat ie nis.

Protein concentrat zo,is. These were det c-n-

mined by the mc-timocl of Lowry et a!. (30).

TU1flO)� tran-sfei-. Thmc Walker 256 t-unme)n was
carric-d immtramuscultmnlv imm male Spraguo--

Dawlev rats (3 1 ) . Appnoxinmately 1 g of

tumor cells was hmonmogc-nizc-c! by mind in a

ground-glass imomogemmizc-r with 1 nil of

sterile- 0.9 #{176}:-�XmiCl. Aum aliquot, usually 0.1-

0.2 ml, o)f this susj�emisioomi wtis imijc-cted intra-

nmuscu!tmrh- imitc time- right thmighm of the rat.

\Vithimm 4-3 days time- tumor was palpable

amid the tumors wc-n(- usually harvested O)Ii time

sev-ntim day.
Time- L1210 leukemia was oarried in I)BA� 2

female mice. The spice-mm from a leukeniic

animal was homogenized by hand hi a

loosely fitting glass honioog(-nizen with 12-iS

ml of sterile 0.9 � XaCl. An aliquot (0.1 ml)

of this solution was injo-cted subcutaneously

iimto the- immner left thigh. After 3-6 days time-

tumo)n wo-ighed 300-300 nig mind timo- amminmals

were killed. Time amminmals mmormally die by time

eight or ninth day as a r(-su!t of systemiiic

infiltration of time leukemia.

The Lewis lung tumor and nielanoma WiG

wene carried imm C57 black mmmle mice amid

t nansplamitc-d ev(-rv 2 we-c-ks by immmplammt at io�n

of tin approximately 2-nmm (Ilbe of tunic)r

subc-utmmno-ousiv by t ro)ciman immt o 0 t ime night
axilIary area.

Iiijeetioiis. Ceonipoumids um’c-ro-aclnmi mmistero-cI

usummily by immtntipc-nito)nc-mml immjc-o-tions in 0.9 d

NaCi (1-1.3 nih foor tin- rats tine! 0.3 nm! fe)n
time nmic-(-).

1tESUl.T�

�:l� c/wi/irs of a-d(’lios-yltoa /I.sJ(’ias(’ iii iim-i,iai

a-ito] nialiqioaiit tissues. Using less sc-nsitivo-

ttsstiy tecimmiiqucs, so-vo-na! hive-st igmitors ccouic!

ImO)t d-tect mi(lolioosVlt natmsfo-nmisc- mictivitv in

e-e-rtaimm tunicors, i.e., ntmt Nc)vikoff sodid mimic!

ascitc-s imepatommis (17) timid! a vanic-ty of

n-iou_so- mic-o)plmisnms, itmo-luclimig imeptit ic mideno-
carcimmoma B”oV7736 (18). Hewo-ver, vanio)us

‘slenris hiepmmtonias (31231), 7793, timid 7793)

cc)imtmumm ic-ye-Is o)f mtde’nc osvit rmimisfe-nasc- COIli-

pmmrable to rat live-n (17). ‘Fhio- o-xtro-nu-iy so-n-
sitivo- radioactive- o-tmzvnie assay of �-s1udcl

et a!. (26), mind its mimoc!ificmmtiomis (16), imtive-

clearly estabiisiiecl t hat -c-iit ni fugc-c! crude-

hmc)mogenat(-s of time \Valkc-r 256 tumor, time’

Lewis luumg tumor, mind time- B-16 mime!anonia

of C57 black mice all oontaiii ienv but easily

measurable levo-Is of mido-miosyitramisfo-nase timmd

amount to some- 3-S #{182}�of time- specific tic-
tivit-’t- of live-n (Table 1). ‘Time tunmon activity

levc-is tire comparable to) timose of matiy

normal tissues (26) . Livo-n is imivminiab!v time

mo)st active tissue-, and panoreas mind kidmmey

ce)ntam high ac-tivitie-s. Time-re is timere-fonc

good evidemmce feon time- vintutilly ubiquiteus

tissue- dist nibut iou eof time acleno osvlt naimsfi-n-
ases.

Time inje-(-tiomm of o’yclolc-uc-ine con of t.-2-

amimio-4-hmexynoic mi(-id hmael little- on imo o-ffo-ct

on time emizvnme activities observed in cc-n-

t rifugecl (-nude- hmonm g-nat c-s oof no )nnia! amid

nmahgmumimmt. tissuc-s, wimo-n time missays we-re

carnied out undc-n co)mmditiomis which diiute

time tissue levels ef time-se COIimI)O)ulids to) iioti-

immhibitorv leveis. Although sc-vermil instamie-c-s

tine kmuown in mm’imic-hmc-tizvni- inhmibitoons tiffcc-t

tluo- btilmmmm-e- b-tw-o-ni rmmtc-s of -mizymo- symi-

thmo-sis timid cle-gnmiclatioon, timenc- is boo evidommoe,

for timis pho’tueniic-neni hi thic- prc-semit (-misc

(Tmible 1).

I/i/i ibit iv ii of i.S()fU mid ional i’od(’ a I adeloo.s!j1-

ha imsfeiases by ey(-IoIeucine a mid m-2-am ino-4 -

Ii e.ry ionic a(-id. ��It imoughm c-yo-lo)leuo-immc- miti(l

L-2-aniilmo-4-imexvlioic ac-id imavo- boemi simowim

to immimibit time mic!emicosvltnammsfc-raso-s of rat

livo-r, ye-mist, timid E. co/i (16), it bo-c-ttmiu-

mmec-esstmnv too c-stmibiislm timtit tin-se- immiiibitcorv
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effects I)ort:iimme(l muse) too time’ ise:ofummuo-tiomial

elizvnies oobtmiilicol freonm eotimen tissues. Tabie-

2 give-s tim’ o-ono-e-mmtnatieomms oof thmo-se substamic-es

required fon 50 #{176} immhibitioon (I�� ymilues) oof

midenosvit nmonsfo-ntisc- moot ivitv of o-emmtnifugo-c!

crude iu(onme)gelmtmto-s of iivc-m-. sj)io-en, mimic! time

\Valko-n 25G tutimeom ef Spnmigue--T)awley rats,

as m�’o-ii mis time’ Lewis lung tunmor of C�7 black

mio-o-. ‘Time-sc- vmmlues van�� betweemi 0.8 and

2.G nyu with 37.5 .ein L-methionimie, under

t lie- re-mu-tieon o-eoml(hitie)mmsstated. Time ademmosyl-
tm-tomosfc-rasc-s of vmmnious ohmic-ken tissues tine

like-wis immiuibitc-d by c-v(-lc)lc-ucine amid L-2-

a niimu-4-iie-xvnoio- micicl (33).

‘l��non.E 1

_4elic’ilies (Of .1 7’J) : i_ -mud/i 0(010 0 100 (I(lcmoosyll,’amos_I(,’(,s(- imo 0(10 I/i/Of/do! loOmiiof/emouIos of moommmoal amoil mioaliymoant

mmoooiso’ (1 mod i’a I I iss ics

‘Flic’ t issues 5�(’1O’ I)r0l)00 re-ol :Liuo I act ivit ies nooc’mosumo-o I is (10-sc ni 1)0-0 1 010(1cm li X I’E RIMENTAL mite oci�o t’ISE.
‘Flue forniti t ioni o of ;\,elo o-\Io’ t uvas slo osvto t 0 0 be ii moe-mci �‘ i t It nc--l)ec- t I 0 0 t iIiie mod J)t0 ot ciii concent rat io onu . ‘Flue

fimoal n-niet loiomoi moe (0 onocenot imot io on mo t he assmov svst c-moo \s’:os 2.0 nou�u . 1�lio- t nemoted muuinials (nale ( � bloock

iouic-o- o on- nmi:olo S�)ragtio-- I )auvley moot s ) teceiveel ito 0 r:o�)eri I 0 onoc-mol inoj cc-i ions of cvclooleucimie (7 .75 niinu oles -‘kg

foot- niice monoel 5.1#{176}.)nionoocoles kg for rats) cor m-2-aniuimoo-4-Ioe’xvnoooic model (3.94 noumiuooles kg fer iuoice mood 2.64

tumneoles ‘kg foor nat ‘ ) it 18 omool 2.5 hr prior t oo mciii oval o of t isstncs foon onomolysis. The act ivities are expressed

as menus ± 51 atodmorel ele-vitot ionos. ‘Flue tuimIuul)eI of onoinutols i nuvoolveol ito each set of (letermuoatioonos is given

iti l)moro-notloc-so-s.

‘I’reatnuuent (of animals )olale (�.,7 black mice

Normal liver Lewis lung tumor B-16 nuelamonua

Inotro-:ote’(l

(‘vclolciioinoe

n.-2-.\,nooinoo-4-loe-xvnoooir #{149}oeiol

12(i

125

152

iim,zoles . I do-_lid ionized 3(1 tin

± 7 (5 5.0 ± 0.7 (5

± 16 )3 ) 5.7 f 0.3 (3)

± 10 (3

,oz� protein

4.0; 4.�0 (2)

Treat tue-u t O)f animals Male Sprague-1)awlev rats

Liver \‘o’alker 256 tmonlor

mules .ldo-ifet joined 30 moimi mug proleimz

73.0 f 12.9 (7 5.5 ± 1.4 (5)

50.3; 93.1 2) 6.5 1)

55.7 ; 90.() (2)

Imohi-bulio,o of’ (zolc’moosq!/o’umo.s’f(o’use.s of (lobS 100riiO(ll (ho] ?mO(ilicjmo(110t (055005 b!/ oii’lol�’o,eimoc (imod

i.-2-uiioimoo-4-/oo’xqmooic (l(’i(I

‘Floe clet cmiii lomot to nos svcme c-monmioo I o ut o ono c-rude cciii ri fugecl too moo ogenoal (‘s 0 of :Ol)I)1o oI)Ii ate I issues oh-

t aine’d frorou Spr:ogioe-I ):osvle-y rat s anool ( ‘� bimuck nuice tinnier co omodit io omos elesc-riioed by Lconuhardimoi ci al.

(16 ) , tot a finoal 1.-niet lmiootoinoc co otocenot n-tot io no 0of 37 .5 � . ‘Fhe co onto-c-tot moot ioiis 0 of itoloibi tor (I��) teetimired to

reduce t he meet ivit y t oo onoe-hmolf s�’e-re oleteriooiiied graphi-:mllv l�’ t he- niu-t looocl of I )ixon (32) . The number

of aninuals imivolvecl ito couch so-t of oleternmimoat iootos is give’no ho l)tLrt-mot Imeses. The ho values are expressed

mis iiueans ± St tiII(ltOrol (levitot iomos wlieno niieasiirenuients uvcre nouaole oono mo ore t hano one anuinial

J’issue Concentration e)f analogue

C’vcloleucinue-

require(l for 50� � inhibit ions

L-2-Ansino4-hexvnoiC acid

l1:ot liver

l�:ot Sl)leemo

‘IVoolker 256

Lo-wis lenmog

tomnuoon

tonnioor

oil_mi

2.62 ± 1)27 (5 )

2.15 ± 0.05 (2

2.41 ± (1. i:� (3 �

2. 13 ± 0th) (3 )

011.tf

I .57 ± 0.43 (3)

1.0 (1)

0.53 ± 0.05 (3)

1)90 ± 0.0$ (3)
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Blood an(l /)lasllma levels of cycloleueine alo(l

L-2-am ino-4-Iiexynoie aei(l. FollO\Ving the imi-

trmmp(-nitonea! inj c-ct iomi of 10-1 00-mg doses

of cycloleucine to malo- Spnague-1)awiey rats

weighing 133-137 g (i.e., 0.38-5.7 mmoles/

kg), t-imo- blood levels attained j)iateauS of

0.4-4.4 mM iii 2-I hun timid nenmaimio-cl essc-n-

tially umichanged for as long mis 96 imr (Fig. 1).

At time imigimest dose’ levels timo- rats do) miot-

survive bo-yotid about 7 days. ‘Tue-so- fimidimugs

confirm earlier rej)c)nts (34) thmmit-cycloieucimio--
is cleared c-xtrenmc-ly slowly froni time nmit,

and is miot tmppnc-ciably mc-tmmboiizo-d in thus

specie-s . C�c-boieucinc - (10 00 ‘5 Ii( ot accumulate’

signifie-antby withuimi tin- e-c-iiultii’ -li-ments of

time blood, sinco- tiic cc)mic-emmtratic)Iis of this

amino acid in pc-ncliie)nic acid extracts of

eitimo-r imeptininizeci 1)itisniti mimic!, con �vinole blomod

were almost thic- sanme (rmitio = I . I :� j SD
of 0.03; .N = 3) at tinmo- imitenvals froni iS

mm to) 24 un tiftcn tmdnmimiistnatiomi oof time

cyelobo’ucinc-. Jim a nione- limited study, fcl-

lo�viimg time- imutrapo-nitoomme-al midnuimmistnatiomu of

L-2-timimio-4-hmc,xvlmoie ticid (2.64 nmnmele-s1 kg),
t ime plasma Ic-ye-is no oso so nmmo-�vhmat nmeno- SlO)\Vl�V

to a maximum cof 2.5 mii mimic! fell vc-rv slowly

m��itli ti half-life- cof mi�)pno)ximato-ly GO bin (miot

SiiO)\VIi). Nco infoonnitttiooim is tovtmiiabbo- con timo-

j)c)ssiblc nmc-taboiisni eof i�-2-aniimmo-4-hmo-xyno oio’
acid.

Tissue levels ()�/ (!I(1�Icevime alI(1 L-.2-(l111 lie-

4-hexynoie- a(-i(I. Itiblo 3 shioivs t ho- love-is of

(-ycboleucine mine! m�-2-tmnmimmo-4-imc-xyne oic- tic-ic!

imi various �prague-1)tiwic-v rat mimic! (‘:� black

mnouse tissue-s following time iiitrape-nitoomio-til

imujecticon of tiiese cc:onipoulidls. The- tid!tumimmis-

trtitionm O)f tWO) c!ose-s of 5.19 nmnue)lc-s oof cycle-

h-umc-immc 1)0-n kilogm:inm o)r tivo cioses eof 2.G4

nmmolc-s ef m�-2-mmnmimieo-4-hmcxvmioie- ti(-i(l 1)0-n

kilogrtmni no-suite-el iii live-n amid spice-mi love-Is

that u�c-ne Of time- owolcr eof 3.5-23.3 �inmolo-s - g.

It is of c-oommsielc-nablc into-nc-st thmmot time-se- anmimic�

acids we-re- sigmiificmimit ly o-eomue-o-mmtrmitc-ol (2.9-

4.G-folel) in time- \Vmilke-n 25(1 tumoon imi re-ia-
tioim to) time othic-n tissue-s stu(ho-c!. ‘Time- iuo-x-

vnoic a(-id � cO)tuO(mitntitedl about 2-foolol imi

time Lewis Iung tunic)n cvc-r time- ic-vets in time

liver. If ummifoornilv clistnibutc-d imi tissue- �m’ate-r,

these’ ic-ye-Is of timo- L-mo-tiuicotiimie miiitticoguo-s

would ho- sufliciemmtiv higim to o ac-Imie-ve- sub-

stamitimil immhmibitions f time- ne-sloe-ct ive- t issue’

adieno)sylt namusfentise -s.

Le1’(1.’� of S-a(IeliosyI-L-niet/i-ioi 1/iC lii iioiiiiai

(1101! iiialigiiaiot tiSSUeS. I mm ceomit nast t 00 t hic-

no-lativc-lv ieow tic!emicosvltnammsfo-raso- mic-tivitio-s

O)f tunic oms , t hue’ ��e!o �-:� I c-t iovois o of t umuue 01.5 mimic!

those- cof ootimo-r tissue-s uvitlo sitniiariy ioo�v

c-mmzvnic- ic-ye-is mire- c-comparable- to tin- Ado-

i\bo’t le-vcls (of iivo-n, mvhh-hm is time- mic-imo-st ani-

nmai source- O)f tiiis eimzvnme-. ‘l’miblos 4, 5, title!

0 1 0 1 1 1 1
4 8 2 6 20 24 28 96

HOURS

Fie; . 1 . IiilOO(/ levels of cqo’lo(o’oicimoe in rats cis a fomoctiomo of /iomoo rvol olosc-

Nicole Sprague- I )tmwley rats (133-137 g, l)eO(ly weight ) received 1 he i nidiomotool do )S(�5 0of c-yelooleoieinoe

(0.55-5.7 Iflflue)les -kg) in 1 .5 riol eof #{216}9C(Na(’l los’ i not rapenit oioe:o1 iioject ioono . AIie1Iio)ts (75 oil ) oof �vhoole loloooel

�vere coollecteol at intl env:ils fneonmi t he t ails, oleproot ci moizeol �vi I In Per(’imlonie- aoiol , onto! ononlyzeol fo on- -ve-lo-

leon-moe contenot con the anouiioc mici(1anoalvzo-r mis (l(-scril)eoltinnier ExPEnCIMENn’ �n. n-ne(oo’En)c’nmE.
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‘f�iot.n.: :�

‘J’is.’�io o’oomoo’o-mo/1(1100105 (of o’!/e/o/oo mO(’ (00’ L -2-ammoimoo-4-loex!/moozc (lcj(l fe/boom mo(/ IIo(-I ‘ (1dm? imo istra-tiomo too 0(015

oimod mice

‘l’loo’ n:o t s n.o-o-o- i ve-ol I 0 t n:Ll)cn1 I oonoomol imoj ce-t 1(0105 of o-v(-looleucitue (5. 19 nunuoolcs kg) o on m.-2-aniinuo-4-Imcxvnoooic

iciol (2.64 noonoiooles kg ) ot 18 timid 2.5 br prioor too icruuioval oof t issues for monomolysis. ‘Floe noice ivere t reate(I comm

t be- -a tue se-lie-c lob’ . Le(- Ii (loose 0of evelo oleucimue was 7 .75 noniooles kg, ante I t iito I 0 of n-2-anoino-4-ho-xynoo oI(

tuid �:os :i.#{176}.)4toonoo des kg. ‘Floe’ nocinoiber oof monoinuimols nnoveolveol ito emoclo set 0 of olo-t e’nmmiinat iomus is giveto in

l)tt0’001 ho’so’s.

‘I’issue

( vcloleucine

Concentration o)f

m.-2-.-�mino-4-hexvnoic acid

�ooowles g s�’e1 tissue (o,zea,c ± SI))

Spimogomo- - I ):o��le�’ rat

Liver

Sioloeno

\\‘alkor 256 tomnoioor

�S1OOlis(’ )(‘:.; black)

Live-r

1.o�s’is lonnog I omnoooon

10.() ± I .5 ((�

7.5 ± 1.7 (4)

29.() ± :�.3 (4)

23.3 ± 0.4 (3)
23.2 ± 4.1 (3

:1.5 ± 0.6 (3)

16.2 ± 2.4 (4)

5.5 ± 0.3 (3)

15.5 ± 1.0 (3)

(‘o give- time- ;�dle)-ibO’t io-vois (Of vttnieous tissue-s

cof Sjortigue-- l)miwbo-y nats anm(l (‘�7 black mimic!

1)I�� 2 mimic-c-. Time Ae!e)-�\Ie-t live-Is fall immto

time- rmommgo- he-two-c-mu 40 mimic! 140 minuiolc-s’g (of

��‘o-t tissue- ��‘eigimt. ‘Tiuo- omily o-oommsistent-!y dis-

ce-nimiblo- pmmttc-rmm is time’ so)nnewimmit- imigher con-

centratio)n oof .-�(leo-\IOt iii time- liver thami in

other noonnmal tissues. It .Siie)llldl be- mieoto-d thmtit

time- Wmeiko’n 25G mine! Le-mvis lung tumors arc’

alsoi no’ltitivclv rich so)unce-s oof thus subst-ammce.

Time- aclnuinistnmitioomi of c-vc-lolo-ucinc- or of

i.-2-muuiimio-4-imc-xvimooie micid prc)duic(-s o-imarac-

tenistic- tissue- e-imango-s mi Ac!o-\lc-t levels. In
time- spio-o-n, kidmic-y, 1)mimiOm�Otis, brain, mimic! ad-
i-enal of Spraguo--1)awle-y rats time’ Aolo)-\Iet

levo-is dnooj) by 23-40 #{176}, tine! iii the- Walker

tunmon by 35 -4() 0 � In c-ye-ny iiisttuuc-o- m�-2-

amnimme-4-iu-xymioio- tic-id pncoducc-s a slighmtlv
large-n e-ffe-ct- timaim (-yclo)lc’uoimic-. 1mm comutrmist,

time live-n bc-vc-ls of Ado-�\Io’t in botim miornial

mind timnmcon-he’tmniimg rats immc-retmseol too about

double e-oont nool value-s (l�miblo- 4 ) . lotit ire-!�

Paral Ic -1 O)bso -rva t io)ns ��‘enc- nimicbc imi muconma!
(57 black ammo! DBA, 2 mice ali(! in those-

bcanimmg thic- Lewis lummg mimic! L12i0 le-uko-mia

tumors, respectively. ‘Time mielnminiStntitio)mm of

the L-nie-timie otuimme titimiboguo-s de-pno-sso-s Ado-

\Ic-t love-Is imi time’ spioo-n atud tunmers and

elo-vato-s tiio so’ in timo- liven (‘Fmibios S tili(! 6).

Timo- fino!iimgs mm time- I)iL� 2 niic-o- bo-animig

L121() Ic-uko-nuiti mind- o-oonmmplic-ato-o! by the

imifiitm-motioon oof 1)ootii spice-mm mimic! live-i ivitim

ic-uko-mumic- e-lo-nme-nmts, but time- bmisic- obsc-nvti-

tiotms shmcav o-iutino-ly siniuimmn tre-nids iti all of

tho- situatiomms examimued. Tho injectiomi into)
nmmts oof i�-norvaline- (‘E1able- 4 ; as we’ll as

L-scriimo- on L-valitic-, mid)t simc)wn) mit corn-

parable d!O)SO’5 (670 mg/kg) wtis without imi-
fluenc-o- Oh Ado-\Iet levels of livo-n amid spk-emm.

‘Timo- lat t er time-c- anmino 0 acids hittvc vintually

tid) inhibitory effects oon time adenosvbtrans-

ferasc-s, thus suggo-sting that time c-ffects of

cvcbolo-ucine timid L-2-arnimmo-4-hieXymiOiC acid

on time Ado-\let- ic-ye-is are n-Iatc-d to tho-

immimibitieommof its svmmtime-sis.
Time- effects of time- L-rnc-tiuiomiifle anabcoguc-s

0)11 Ado-iNIct lo’vels are- closc--dc’pendc-iit

( Ttmble 7) tine! occur no-lativeiv soon mmftcn

t he- tmolniinistrtitioon of the- inimibitons. Altimough
timo- c-ffo-c-ts dc-so-nibo-d imm Tablos 4-7 were au

o-xtiniutuo-cl iS hr tifter time imiitimitic)n of treat-

nie-mit wit ii tic!c-miosyit namisfe-nase iuihibit c)ns,

time- e-ffoe-ts mine- niminmifest within 30-120 mm

(Ttiblc- 8). Thus, foilowing timo- ititrapenitoneal

micinui imist rat ieni o)f 4 .57 nuimo oles of cycboleucimie

1)c’n kilogrtirn to) mimmile- Spnaguo--Dawicy rats,
time- 5l)10’0’ti Adco-\lot- levo-is showed mm mic-tir

rumixinmunu do-climic- of 38 #{176} imm 30 nun amid no--

nmmiimio-cl olc-l)ressod! feor mit lemist 4 bin, who-no-as

time- live-n Ad!O)-’ibO-t icvols rose more slowly,

ne-mic-iming mi J)ititctuim of I .5 tinmes comitrol

valuo-s �vithmin 2 hun timid rc-mmuimming elo-vatc-(1

fon at Ic-mist- 2 hr nio)ne.

Sin-uiltit� no-suits m�’e-re- eobtmiitic-el following time
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TISSUE LEVELS d)F o�-ADENOSYL-L-M ETHIONINE ANI) L-METHIONINE ssl



Liver

a irs ,m scel tissue (001eoln ± .51))

$0.5 ±

45.6 ±

41.9 ±

9_,s (4 ) 102 ± 10 (9)

5.7 (9) 5$.$ ± 18.9 (9)
9.0 (7) 4M.0 ± 12.5 (7)

552 i�omtmi�mani�i .INI) ‘I’.II�.ILA\

Tinom.E 5

7’iss ii o’ to’ ‘els (Of �$-a(Io’mo Os !/‘ - I. -00 c/b 0 on 1 moe o n (]�s 1)I(IO’A’ no 0 o( 1/0(1 lcd oil/i (1(/(-mo Os �lI,’(I misfemase inhibitors

‘Floe’ t neate-el ooiice- no-ee-iveel mtot ntol)e-ni I conical i ooj ect i 0 0005 oof (-\‘c-lo olcoici toe’ (7 .75 nouniooles, kg) oct n.-2-mmnmino-

4 -lie-xvmoooic- toen I (3 .94 toomoiooles kg ) at 1$ atod 2.5 lur 1)100 on t oo reni(oval oof t issue-s foot aioalvsis. ‘Uhe nounul)er

eif atoiniotols i ovoolve’ol I 10 omoelo so-i 0of elc’t emtoui oat ioomos is gi veio i to l)tote’not Ioo’so�s.

‘I’reat nient .S’-.�denos�-l-i.-nsethionine

Slleeu Lewis lung tumor

Nooritoal niiid(’

U�mot rented 13$ ± 16 (10)

( ‘ve-lodeue-inoc’ 237 ± 1$ (6)
t.-2-;\nium moo -4 -loc’xvtoo � #{149}iejcl 264 f 13 (7)

1��o’sv os lootog t otnou oo’-loe-ami tog nouioe-

t’tot mettetl 121 ± 10 (5

(‘velooleoici toe- 175 ± 19 (9)

i.-2-.-\nii ooo--1 -Ioo-xvnoo mc aciol 155 zE S (7

.0 Po oo led -anOul)lO’s -

‘F.mnot.E Ci

65.7 ± 17.0 (10)

42.5 (t�

46.-I ± 6.0 (7)

‘I’! 55 /1 0- Ic ‘c-Is o/’ -S -ao/cm o,#{176},’!I’ - I. - 000 c-//o oco, 0 moc- 1 mo i)1/.4 2 ii jo-c /oot led or //o (0/(00 doS’ !JI/ra mo.sfem’a.so’ imo/oib ilors

‘Floe- motto-c’ nee’o-i VO’( I i to t n’apc’no t oonoc’al i oj c-c-i i 0omos o of eve-b olc’otci 000’ (7 .75 nounoioolcs kg) o on no L-2-atouiioo--1 -hex�-

too jo :ooocl (7 55 noorooo ks kg) at 1$ omool 2.5 Ion prioon t oo retoiooval of I issues fo or inomolvsis. TIoe nooimbei of ansi-

trials I tovo olveol i to (�tell sOt eof dci entmoi limit Id)105 is givelo I 10 pane-tot heses.

‘Frcat niemsi of animisals .S-:�deneos�-1-m.-n#{236}et hionine

Liver SPleen Ll210 leukemia

none/c -s -c wet Ii.ccue (menu ± .5!))

Nomnootol 10010-c

I�tot re:oto’ol

( ‘�‘oloolo’ooe-itoo’

oi.-2-:�tiuooooo-4-Ioex�toooio aemol

1�I2l() t ooiooom’-Ioemoriiog mooooe’

1�iot 1c:ut eol

( ‘:‘-- ol oole 000 � I oe

ot,-2-:�tooimooo-4-loexvoooooe oeil

.13.2 ± 17.5 (11 ) 71.7 ± -1.9 (tO

163 :±: 9 (11 ) 49.5 ± 3.() (11
216 ± 41 (tO ) 59.0 ± moo; u

134 ± 11 (13 ) 140 ± 21 (1:1)

177 ± 20 (12 102 ± 2$ (12

20-1 ± 3() (6 ) 63.5 ± S. I (6)

#{182}11.2 i 9.5 (13)

5-1.9 ± 7.5 (12)

40;.)-�; :E 6.2 (C1)

imijt’o’tieomms t of L-2-tuiuim100-4-iic-XylioiC mich! (2.64

immnioole-s kg) . Sp!o-o-im lovo’ls migaiim fel! muc-anly

to mi nmimmimuiumii witiinm :�o � timid re-mmmmiined
depn-o-sse-e! tom- mit least 4 iii. ‘Time live-n A_do-

J\Io’t be-veis fimst- (!e-o-iitiedl so)nmewimat mimic!

re-ac-he-el time-it- mmumixinnunm iii 4 hun (1.5 timiies

commtm-ooi li-v-is). It nutty be’ d�()t)clIi(!(’d1 fionm.

time-se- to-suits that timo- tissue- Acko-Me-t leyc-is

re’SJ)Omi(l vt-mv mtil)idliV tc) time’ mld!niimmistrmitie)mm

(Of time- micio-mieosvltnmimmsfe-raso’ imulmibitons mono! thumit

time’ timmic- ceoumset of time-sc ne’sm�omuse’s is e-mitno-lv

commsist c-mit with t ime- tissue- Ic-ye-is eof time’ in-

imihit ( ors ( i�ig. 1 mimmo!‘Fmmblo- 3).
Tissue I(’l’els ()�/ L-iiiCI/i ion iiie amul 0)1//el

am inn acl(1s /ollowlng (1(1/it lii is/i-at-ion- of ad/elm-

�s!jl1iaii-sJ(’lase ui/i ibilo,s. Simmo-e time adniiimis-
t-immtieomm cof L-nmethuiomiitic- e-lo’vmmto-s time tissue

loyels eof A(!O)-’slO’t (10), it bo’ctmnme of interest

to) detcntuiimio timo- effects cot immimibitons of the

ti(!e-lueis\’ltmmmflsfo-ImisO ic-miotiomi cmi tissue

L-nmc-t hoie omiimme- c-cone-c-I I t m-mitit otis . ‘Time levels of

six aniimieo tic-id!s ( nmic-timieonimue, iseoleuc-ino-, leu-

O’lli(’, tVmcOSilm(’, �)hio’niylmilmiluimiC’, ammd valimme-) imi

t lie- iive-is (Fig. 2) moral 51)10-elms (Fig. 3) of

Spnaguo--I)mimi Ic-v mmits we-nc- c!etenniimic-e! on

t he miniitio o tie-id! mouimmivzo-m-. Time- L-mmuethmiommimie

be’vo’Is mvc’ie- miiseo o-stimumato-e! by time double-

isotco1oo- -nmz�’iuimitie- o!e-nivmitive nietimod (22),
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‘FInLE 7

Effect of o’arqimog closes of cycloleoocomee amod L-2-anoiioo-4-hcxynoic acid omo /oo-patic leer/s of

S-ademoosyl-L -moor/h ion-lee (lmO(/ i. -mmoel/oiomiine in -monte Spoagooe-J)oorley rats

Male $prague-Daw!ey rats weighitog 115-135 g received intraperiteoiieal injecti(olos at 1$ oor tot 18 amid

2.5 hr prior tc) remeoval of tissue for analysis, for thcose receiving otue and twoo (loses, respectively. rFloe

nunui)er ef anoinsals invo)lved in each set of (leternuilmations is given in paremitloeses.

‘Freatment Dose No. of
doses

Ado -Met levels Meth ionine levels

Utotremoted

,n,,zcoles kg

114.9

nmmzoles, g wet tissue (001eolmz

± 8.3 (5 56.6

± .S’D)

± 7.2 (7)

(1vcloleucioie 5. it)
5.19

2.60

2
1

1

164 .2
151.7

128.4

± 13.3 (e;) 1(10.0
± 21.8 (6) $1.0

± 15.4 (6) 45.3

± 4 .6
± 7.9

± 6.7

(6
(6)

(6)

i-2-Anuinooo-4-hexvmocoic acid 2.64

2.64

1.32

2

1

1

211 .3

154.7

114.0

± 2.9 (3) 202.4

± 3.8 (3 1OtLS

± 3.5 (3) ;:�.;

± 31 .6

± 35.()

± 15.7

(6)

(6)

(6)

‘F\moLE S

Tt.ssic bce/s of S-adcmoosyl-L -imoet/oiomcine at roorootos timmoc iroIei’o’als of/c’ o mojcc’Imomo of (1(10-moos !/II0’(lmosf 0-muse

i-nh ibito’s to mmoaie Spmagooe-1)aw1e�j rats

‘ilmere were three anoinuals mi each group. Cyo-lcoleucinue (5.19 nunioles kg) oor i.-2-anuimooo-4-hcxvnoooic u-id

(2.64 nsnsc)les kg) was injected inotraperitoomoeally at zero tinie.

‘I’ime after Liver Spleemu
treatment - - ----� - -- �-___________ -- �-

Cycloleucine L-2-Amuuo4-hexvnoic acid Cvcloleucine L-2-Amino4-hexvnoic acid

hr nnzoles Ado-iIet g tissue (mean ± SD)

0 115 ± 14 97.7 ± 18.7 133 ± 1 51.2 ± 1.2

0.5 149 ± 19 77.4 ± 12 82.8 ± 3.5 42.6 ± 1.7
1 167 ± 7 83.7 ± 7.2 95.8 ± 25 37.2 ± 2.4

2 177±12 104 ±13 75.7±25 36.0± 1.5

4 177±10 156 ±29 76 ± 16.5 45.5±5.6

amid there wmms gocod tigreenic-mmt bo-twe-c-mm time

t i\.o 0 mmmotimocis . 1o)llc)\vimmg t neat rne’mmt wit im

cycioleucnme om� L-2-anuino-4-hexymmoie acid,

tho- L-miiethiiomiimie ic-vo-is become significammtly

elevated (2-4-fold) iii botim tissues. 1mm the

live-n ( b’ig. 2) time’ other five anuino acids (iso-

Ieuo-imue-, b-ne-mo-, tynosino-, piio-nvlalamiinc-, mind

va-line) arc- lo)wc-ned! slighit-ly by cyd-lolo-uO-iuid’

admimmistnmitiomi. In timo- Spice-li (F’ig. 3) iso-

leuo-immc-, lc-uo-imic-, amid tvnoosimme bc-ye-is mine- miot

signifi-ammt!y mmffc’c-tc-d by c-itho-n time- eye-lie or

acetyio-mmie- conm1)e)unds ; howe-ye-n, �)iio-iuyi-

mmlmmnimio- is milmost- doublo-e! by botim immimibitors.

L-\lc-timicomuitie lo-yels of brain timid kidmuev hmtive

a-iso) be-eu nic-tisuro-d aft c-n tidmimuist ntition cof

L-2-aniilio-4-hie-xvmmoic acid timid tire- e-loymito-e!

2-3-fdld.

‘Table 9 shows timmmt time’ ie-ycls of L-nme--

timiommimme-mine dranimitio-a!l� eboyato-e! (2-7-fold)
mumboth time \Valker 256 tulmmo)n of time’ Spnmoguo�-

Dawley nat mind time Lewis lummg tlmnme)n of tiw-

C57 bltick mouse fol!owimmg midmmmimmistnmitiomm

of time adenosvitrmimisfo-rase iliuuibitors. ‘Time

oflects of the’ Imo-xvtioie- ii(’iO! mine- gro-tito’r thamm

tiiose of time cvcloieuo-inc-, �viuichm is commsiste-nt-

mm’itim the fmict that time- mico’tvienic cc)nmpound

is a niono- po�verful midenoosyitrmimmsfo-naso iii-

imibiton.

Time immcreasc-s iii tissue- L-miue-tiuioniime- b-ye-is

imi time live-n timid spice-mi alto-n tne-mitmumc-nmt with

tidlO’Iuo)SV it-nansfermiso- imuimibit ors occun c1imit e-

rapidly (l’able 10) ammd j)til’tuilei time c’iitmmmge-s

ili Ac!o-i’ilet- bevels (cf. ‘I’mible � ‘Time mmig-

mmitudes e)f time e-!evatiotis in L-nme-thmio)mune
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PHE VAL

Ftc;. 2. Effect of ATP:L-noe/hiomoine ademoosyl-

tramosferase imoloibmtors omo levels of six amniioo acids in

rat live

Three groups 0)f male Sprague-i)awley rats

(108-124 g; four animals per greoup) received int-ra-

Peritoneal injectionos cof o.9�; NaCl solutions a-lone

or cotitainimig either o-yeloleucine (5.19 mnmoles/kg)

cor m-2-amiiuo-4-hexviioic acid (2.64 nmmoles/kg) at

18 and 2.5 hr prior to renuoval of tissues for atual-

ysis. Time tissues were Processed and analyzed for

niet hiconi ne , isoleucitie , leucine, tyrosine , 1)heimYl-

alanimie, and valine by the atnitmo acid atualyzer

I eclmnoiqome- as (lescribeci umuder

PIIOCEI)UItE. Sinuilar values for m�-nsethioninue were

dt(ertooinoool h 0 Coo oI0010l)lc’-isoOtO)I)e eiozvnomat ic olo-

rivative method (22). The results showms were oh-

taine(l by amino acid analyzer and are expressed

as nooeaou values ± stmumudard deviations.

(-eomic-e-mitrmitie)mls time-, likc timose of Ado-�\1et,

(!c-po-Imdlo-mit imi)e)mi time- c!oses of time adenosyl-

tnansfc-rase- inimibiteons (Table 7). The gemieral
immcretisc-s of i�-nie-tiiiomuimie tissue bo-vc-!s timat

folbo�v treatrnemut with o-vc-lolo-uo-immo- or i�-2-

iimiiiliO)-4-heXynd)iO’ tic-ic! mire- milso nc-fib-c-ted in

o-leyat-ions e)f time’ pbasrntm colicemitnatioIiS of

this mi-mino mu-ic!. Figure- 4 shows that

cyclo)lo-ucine- adrnimiistnmitiomm elevat (‘5 plasnia

L-nmethie)nine bo-ye-ls to nean!v twice co)mitno)l
vmiluo-s iii 2 hmn, timid this j)lmitetiu is niaimmtaimmo-d

leon mit- lo-ast 24 him. Time- mmcc-tvbommic tiniino tic-ic!

1)re)e!m1e�es a- nio)ro gntidual rise- imm plasnia
L-met-ImiOluilie beve-Is, mvhmich reach a plato-aim
imi 4 bin mmd tibso) ro-miitiimm c-io-vmmtec! for at lo-ast

24 bin (i�ig. 4).

�!f t ho- e-ffcct 5 ( of o-vc-iolo-uo-imuc’ mimic! m�-2-

mimumino-4-ho-xymieoio miciol O)Ii tissue L-nic-timi-

OtiiIlO’ timid Ado-Mo-t b-ye-is tine- o-xc’nto-d by mi

c-oonumme)mm nmc-o-hmmimuisnm, it se-onms ne-asommabli- to

assume timat- doses of these coomuipoummc!s pro-

ducimmg mmean maximal effccts, svhmemi given

a-loIie, should not produce additive’ effects

ivimen given in combination. Expenimmmemmtal
Su1�)pom�t for the correctness of this supposi-

tiomi is given in the exl)enimo-mmt shc)wmu in

Fig. 5.

Simuo-o- comic- O)f time o-ffects of tro-atmmiemit eof time

nats with imighm doso-s of cyc-ioleucimic- is

aimonexia, tue-ne existc-c! tho- j)ossibility thiat

stanyatiomm might- be respomusibbo- for time

changes imi the L-methioliilme ic-ye-Is. limits de--

pnived of food for 18 un exhibited time- same
L-methiolmilme levels as co)mmtne)l tmmuirntmls wimicim

were fed ad libiturn. Prior tro-atmiment of time

rats with i�-norvaline, or wit-li i�-valine, or

with DL-homosenilie (at- 670 mg/kg), hmacl no
de-tectablo- effect on time i�-niethmiommine- leyo-ls

MET OLE LEU TYR PHE

FIG. 3. Effect of ATP: L-methiOmlimoe ademoosyl-

tl(lmosfelase imo/oibitoms omo leo’els office ammiimoo acids imo

rut spleemo-

Three groups of male Sprtmgue-l)awley mats

(108-124 g; fcocor animals per grooup) received imotra-

I)eritconeal itijectiotis eof 0.9�( NaCl sc)lut ionos tobomoe
or comotainimig either cy’loleiocine (5.19 nunuooles--kg)

or i�-2-anuiiuo-4-hexvouoic acid (2.64 tounnooles kg)

tot 18 tumid 2.5 hr Prior to renso)val tof tissues for

aooalvsis. The tissues were i)ro(essed total aioalvzeel

for tuiet lmio)loilie, isoleoie-iiue, leuciooe, tVt’(osi toe, aooel

pheiiylalmuoioie by t lie aninoo ac-id analyzer tech-

tibiae as described itiieler EXPEl(IMENT�L PRO-

dEDURE. m-�NIethionimue � also cleternuitoecl in’ the

cldouble-isotope enzvnuat Ic elerivat lye nuet locod (22),

amid clcose agreenent bet weets t he values obt aiiueel

by the twoo Oiiethd)(1S was observed. ‘Flue results

s1ioo�vno mmmc t hoose oobt abed froni t he miii tOe) acid

aiialvzem ojuol more expressed as niieato values ±

stmiroelard cleviatiomms.



Unit rented

(1vcloleuci ne

t-2-Amimio-4-hexynioic acid

TILE 10

TISSUE LEVELS OF oS-ADENOSYL-L-METHION1NE AND L-METHIONINE

T.mmoLE 9

Effect of tro’atmioent with adevoosmiltransferase inhibitors on L-mn-ethionimo.e levels of IUaIheo 256 amod Loomis

louog In motors

The tretoted animals (male Sprague-1)awley rats or C5� black mice) received imitraperitomieal inojectieons

of cycloleucimue (5.19 mnmc)les/kg feor rats and 7.75 numohes,/kg for mice) or L-2-ansino-4-hexynoic acid

(2.64 mnioles kg for rats and 3.94 mmoles/kg for mice) at 18 amid 2.5 hr prioor to renuoval cof tissues foor

antulvsis. ‘Fhe ooomniher d)f atuinials itovolveol mo each set of determinations is givelo iou paretit heses.

Treatmen C of tumor-hearing animals L-Methionine

Walker 2505 tumor,
Sprague-Dawlev rats

Lewis lung tumor,
C � black mice

nnzoles/g wet tissue (macan ± SD)

73 ± 13 (7) 109 ± 13 (5)
274 ± 33 (6) 210 ± 67 (6)

452 ± 101 (7) 315 ± 123 (11)

TiSSOIC levels of L-melhiomoine at various linie intervals after injection. of adenosyllmansferase imohibitors to
niale Sprague-Dawley rats

There were three aninuals in each group. Cycloleucine (5.19 mmoles/kg) or t.-2-anmitio-4-hexynooic acid

(2.64 rnmoles”kg) was injected ioutraperitoneally at zerco time.

Time after
treatment

Liver Spleen

Cycloleucine
�-

L-2-Amino4-hexynoic Cycloleucine L-2-Amino-4-hexynoic
acid acid

liT nonoles L-mnethionine - g wet tissue (m;zean ± SD)

0 65.3 ± 1.7 68.7 ± 1.9 58.8 ± 2.2 66.3 ± 1.6

0.5 87.8 ± 5.1 88.7 ± 12.3 105 ± 12 92.9 ± 5.9

1 93.8 ± 4.3 112 ± 5 93.6 ± 4.2 109 ± 10

2 56.5 ± 3.3 115 ± 15 97.1 ± 6.0 124 ± 9

4 83.6 ± 7.3 liii ± 17 105 ± 7 130 ± 14

of the liver, spleen, bnaimm, or kidney. These
amino acids are all extremely weak inhibitors

of time adenosyltransferase reaction.

Effects of L-methion-ine administration . The

effects of L-methiOfline administration on
the liver and spleen levels of L-methionifle

and Ado-Met- in vivo are showmm in Fig. 6.

BoUt the liver and spleen L-methionifle

levels imicreased 5-6-fold within 5 mm after

intraperitolmcal immjectioim of 0.67 mnimmok- of
L-methioflinc per kilogram of body weight.

The Ado-?s-Iet levels in these tissues also

became elevated. However, the Ado-Met

levels of the liver showed a much greater

response to L-methiomne elevations thaim

those of the spleen. Thirty minutc’s after
treatment of the rodents with L-metimionimme

the liver Ado-Met concentration increased
4-fold while the spleen ic-ye! was ebevatcd by

omu!v 25 (7() (Fig. 6) . Baidessanini ( 1 1 ) had

eanlio-n shown that- after imitraperitormeal iou-

jeetion of L-rnethionine (0.67 mrnok-/kg) time-

liver Ado-Met levels imicreased dramatically

while those of ethic-n tissues (imeart, spleemi,

kidney, lung, braimi, amid adrenal) incre-ased

to a much lesser extent.

DISCUSSION AND INTERPRETATIONS

Jim this papet we have e-stablimoiicd timmit-

ATP : L-methiommimme- S-adenosylt-ransfenase ac-

t-ivity can be detecto-d in all tissues c-xamined,

provido-d thuat- sufficient 1:1- sensitive methods
of mmssay are employed. Earlier repe)rts that

certain tumors are devoid o)f adenosyltramis-

ferase activity may therefore be imi error,

simmce such activity has been clearly demomm-

strated by us ili othmer tumors, such as time-

transplant-able Wabkc-n 256 tumoon of time
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lic; . 4 . 1i(sp�mosd ooJ� pl(15110(l L -mm/c/b iOmo inc levels

of t/o- rut /d) (ldmmoimoostroltlomo of (!/loleol(imoc or L-2-

ammimoo-4-/oexymooic am!

Twoo moutole Sprague-I )miwlc�- rats (155 g mood 170 g)

ro-ceiveo I 1not napem-itomuemul I noj ect io onis o of 0.9d� Na(’l
sooloit iootos eonot ninuimog c-it her m-2-amooimoo-4-hexvtieoic

ac-ui (Imexvnuoi- mociel , 2.64 niono des -kg) (01 c-ye-lu-

leuci tie (4 .56 nurnodes,� kg) . \Vho ole 1)10)0 el (100 al ) �

ooollccted froomu I hue t nil , lmcpnminiizeel , timid cetmtri-

fioged I to a Hec- knoua to 152 oiic’ro ofuge for 3 � to

nemmooovo- t lie cells. ;Ioo al toj too 0 0of 0 lie I)lmisniomi (4(0 ul

�s-:os OleI)m000 Ci nizo-ol ‘�vm 1 lo aou eqomal vooluniue of 0.33mm

l)emclmloorie- ac-id atool e’o-not oifuged foot- 3 miii to .

oliqomoot oof I lie supernal must fluid mvas analyzed fior

1-niet hio 0101moe- o’ootocemot mmciid)li ho t he elouble-isoot 0O�C

emizynouat 10- derivat lye oi�et 100)01 (22) as described

ooooclo-r i.� x nEluMENt’�1 n’neo)e-Eo)i-mmE

Spnmigue-- I)miw!c-y nmit timid tue B-16 nio-lamionia

timid timo- Lewis iummg tunumoon eof (137 black mice-.

l)um-imig time’ course- eof mmsvstematic so-arch

for struo-turmil , c-ic-ct meonio-, timid c-onformational

miiiakoguo-s of L-tmme-tiiicotmilmo-, we obseryo-cI that

beotim ovelooleucino- ( 1 -anmimio)o-vc-bopemittimie-can-
boxvlio- tic-ic!) atuol L-2-mmnmimieo-4-imc-xymmooic tic-id

inimibito-c! tue iso ofuno-tionual ado-rmosyltramms-

fenases oof btmkc-rs’ vemist, E. (Dli, mind nmit

live-n, imm o-e)nmpe-titieomi ivith i�-nietimionine- (5,

I 6) . ‘Time-so- obse-nvmitiomms imayc- flo)W beemm o-x-

tO’m)dlc’ol teo simow that- crude- amid j)mintialI�

1)Uniliedl 1)ne-Panat 10)115 of mmli mieiOmid)sVltrtins-
fe-nmi.sc-s e-xmmnmimio-(! are imihiibitec! by these

i�-niethiomiino’ ammmmlrogime-s. (‘yc-boleimo-ino- has

bc-cn shmoivmi by rmic!iomiutognmipiiy to be io)cal-

ize-ci iii time- \Vabkc-r 256 tunion of time- nat , mib-

thic)ugim time’ nc-suits pnc-sc-mmto-d we-re- mmot o�uan-

titmmtivo- (35) . Simice- c-v-boleue-immc- diisplavs a

muimnibe-r eof phianmacoobogio-al 1)nOPeIt ie ‘5 , such

mis tunuo)r imihuibition (36, 37), inimibitiomi of

t ho- grcowth e)f e-e-i-taimm mie-mo)e omgtimmismmms (38),

mm-moe!suppne-ssion of -o-mtmmimmaspects of time

inmniumie- ne-spomise- (39), � l)050’d the eiuo-stion

whmo-time-r time-se o-ffo-e-ts niighit be- neltited too flit-

iniiibifioim cof mmdo-nosvitnmmmmsfc-ntise- tmctiyity iii

l’il’o. ‘The- exl)enimo-mits �viiie-im lmmivo- be-c-n pen-

fonnmc-c! shiOiV ciuitc- e-oomme-lusive-lv fhmif time’ in-

trape-nitoneti! tmdniimoistrmitie tim cot �)himiIImiticeolog-

ic-al close-s of oveloieuc-imio- em L-2-mimiiimioo-4-

hme-xvneoic acid c-ic-yates time’ tissue (a-nd

plasnma) leve-Is of time-se tmnmiioguc-s to 3.5-30

/cnmo)les/--g (or nib). The pltmsmmimm !o-i’c-ls m-e-ii-mtiiii

elo-ymitc-cl almost tit to plato-au leom mit ic-mist 24

hir, timid! pnoobmmbly rather bommgc-m-, se) timmit botiu

mmniino ac-ids are cleanc-d froni time- i-ede-mut body

extrc-nio-lv slo)\V1V . ‘Time tissue- mimic! 1)bmismna

levels O)f time imihibitory ammabogime-s timmit are

mit t aimue-d umucbe-n timese - cine-unist milie-os a no- mno)st-

probmmbby high o-mmough to preuluec- sigmiificant

inimibit IO)fl eof the tissue mmde-nosvlt nminsferasc-s,

if O)ti(’ assumes that tissuo- le-vo-Is of i-mimcthm-

ionimio- tine- imi time- range of 50-180 mmnmebcs-- g.

It was miote-cI timat timo- tmntmboguo-s te-mioled to
-eomie-emitrato in SO)fliO tiS�ito’m-m, mi(ot:uhiv time-

\Vmilko-m 256 tunmeor.

1mmtime- j)1�0’50’1iCe of piitmmnimiceolo ogiemil Ic-ye-Is
O)f time c-ye-lie- or acetybe-nic- amimit o tie-ic! �mo-

imavo- ebsenyod pronipt- amid e!ntiuiumot ic c-Ic-va-

tieomus of the i�-niethicomuimuo- levels (2---7-fcolel)
imi till re)demit tissue-s e-xanmimmo-e! (inc-lading

i)lmisma, livo-r, spleen, \\aiko-r 2.56, mimic1 Lo-wis
lumug tumors). ‘These e-ffects tiIc� (lc)so--dbo-l)eime!-

eat , timid were- miot obse-nvo-cl ��hmc-mo imigim dcoscs

of mimimmo acids (e.g. , L-ncoI�vmiiimmo-, L-vahimmc-,

o)r DL-imonmoose-rnme-) timmit tine- hoot micle’miosvl-

tramusfe-rase imihmibitons we-me miclmiiimuiste-io-d to

time- ammimabs. Time c’levtmtiotis of time- m�-muie-f hi-

ommimme levo-!s j)01�5iSt0dl fer nmmimmv hienits, mimic!

timus pmmnmiblo-bo-d time- c-le-vafe-cl levels of tiuc-

milialogu(-5 imi t-ime body . ‘Time- imuc-ro-miso-s imm

L-mo-thuiOnitie e-omuc’e-mmfnatieomms \\.emo’ 1)tmrticu-

lmmnIv strikimug imm time \\tibkct tumimoom (tmlnmost

7-fold) aimd the- Lc-wis lung tunio)r (milmeost

3-fo old) . Time- nmmigmuit uclos e of t imese e-bo’vmmtio otis

mine- c-mmtine-ly comisistent witim time- low levels of

midO’miO)5\’lt ntmnsfenase ac-tivity i ii t ime- t nine ns,

who-ne- virtually coniplc-t o- ble oo-kmicle- eof t imis

e-nzvnic- might be o-x1)e-ete-ci too lone! too nimmnkc’cI
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h#{176}�no ; . 5. Effect of inhibitors of A TP : L -ninth i on imoo- 5-ade-mo osqltmoi mosfo-maso- , (-01/0 00 s o it tJI!/ en I mo dommthi moa I ocon

on rat liver and spleen levels of S-ademoosyl- L -mmoel/o inmo ommo, a mod L -imo (-I/o �O?O imo c-

Four grooups of male Sprague-I )awley rat s (55-9#{176}.)g ; I hree nouimnals �cr gro ooip) ree-c-ivccl by I not ral)eri-

I onieal inject ion � NaCI solut ioomo alomoe or conot monoinog ci t her eycloleuci moo’ (cyclo 0 , 5. 19 nsnse)les kg ) or

L-2-anuiiueo-4-lmeXvnicoic aci(l (hex, 2.64 ninioles kg ) , or a d-oonibioiat ion of loot Ii i moloibi t o ors (e-yc-looleuciioe , 5.19

ninioles ‘kg, l)l11S hexyoocoic ac-id, 2.64 nunucoles kg) , at 1$ mood 2.5 hr prior teo renuooval of Cissomes fcor anoalysis.

The tissues were procesm-ceel and atoalyzeol foor boot h 5-aolenoosyl-m-nnet hiomiinoc- amid 1.-root hicomoinie by t he
eloooble-isootope enzymatic niethocis (10, 22) as described ommoeler m-:xn�iemuii-�sm’mm t’1IOoEDt�0tE. The elmit a tore

expressed as the mean values ± stanolard devitotiomos.
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Fie; . 6. L -)l-!elh-io-nine an(l oS’-dldemoO.Sl/l-L -miiet/o iomo i,oe lee-is of roil Ii o’or umod splc-o-mo uflor o mo�oclicomo ooJ L -

one//I ion inn

Five groups of male Sprague-l)awiey rats (110-121 g; tim-ce motoinimols per grooct�o) received by miCra-

Peritotieal injection 0.67 mmeole/kg of L-niethionuine. The monoim�o1s wer- killeol at t he imoolicateci tinme
intervals, and the tissues were processe(l amid thetu subjected to analysis foor S-aoleoiosyl-n.-nietloiooninie timid

L-nuet hionimoc contenut by the double-isotope enizyrotatic moot h(odls (10, 22) as oIc�scribeol mnnider i�xn�nen -

MENTAI� PROCEDURE. The results are expressed as mean values ± staoudarel devinticonis.

accumulatic)ns of L-rnetimiofline. Aneotiier nia-

jor patimway for the utilization of L-rnetimi-

omune is its incorporation intc pnoteilis. Time

L-metimiofline-tRNA aminoac�-l synthetases

are fuII�’ saturated at- quite low levels (lc-ss

than 10 .�i) of L-methionimict (40), and are

not imuimibited by tho- acc-tylc-nic or cyclic

tiIiiulio) micid mimitmiogue-s.4 Ne o immf ornimit io on is

mmvaiiabbe omu time- e-ffc-c-ts of thmo-sc mimiaiooguo-s on

other metabolic- n(-act-ie)mis e of m�-nio-t hue otoimic-,

timid c-oonseoiuent-Iy e-autieai niust be- e-xo-nc-isc-c1.

imi at t nibuting t im(’ obso-rvc-d phmc-mio)nie-timi (‘x-

4 IF. it . )olnnognno anool P. ‘Fal:olny , olnIl)OlI)lisloe(l
cobservatiionis.
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clusive!�’ e)r even �)nimmcipaIly to immhmibitiomm of

time aclemioosvltnmmnsferase- remmctiomm. Alt-he)ugh

exhaustive studies of time c-ffects of these

ammmmlegues Oh time tissue lo-vo-Is of all otimen

anmimieo mtcicls have mmot beemm carrio-d out, time

hunted results show-mm iii Figs. 2 amid 3 suggc-st

timat- at lemmst in live-n timid sple-o-mm time- L-nmethmi-

connie’ levels mine- nie)st respoonsive to) tremit-

mnomit �vit ii mie!c-miosvlt nmimisfermmse- immhibit ors.

Time miccumiiulatiemm of m�-mc-tiiiomiimue imm re-

sponsc- too ae!mnimuistnmmtiomm of time tidemiosyl-

trammsfo-rmisc- immimibitons is mice-omnptmnic-d by

dose-e!epe-mmc!c-mit cimminges imm tim(- tissue levels

of �S-adc-miosyl-I�-nme-thioninc-. Iii all tissues cx-

amniimc-c! , imiclueliimg cert aini traimsplantabie

turnc)ns, but with time imotable exceptiomm of

time liven, time- S-midc-muosyl-L-me-thmionimme levels

are depne-ssecl by 20-40 (#{149}�;. Otimer amimmo

acids, such as L-mmonvalimlo-, L-vahnd-, eon

L-senilie, timmit do imet immimibit time adenosyl-

transfc-rases do) mmo)t-affect- time levels of Ado-

?slet- on of L-mimc’tlmiommilie. Timese fimidimigs cami

be rtmtiommtilized on time missuniptiomi that ummder

nortima! c-oimclitiomms time levc-is of Adco-i\Iet are

controllec! by the rate- of symmthesis ratimer

than timat of utilizatienm, and timmit comi-

sequemit-Iy iimimibitiolm of time synthetic emmzynie

causes accunmulatiomm of the- substrato- (L-

muetimie)mmimmo-) timid depressieomm of time- levc-l of

the prooduct (Ado-Mc-t). It should be- noted
t-imat in time jne-se-mmc-o- e)f tiic- inlmibitors time

Ado-\le-t- levels tire’ e!e-presse-c!, eve-mu iti time

face ef nmtmnkc-d o-lcvtttie)Iis cof m�-nmo’thmiomiine

in time-se- tissue-s. Timus time-se- depressiomis

assume medded sigmoific-timice-, sugge-stimmg re-la-
tively coniple-to- blockade of time’ symmthe-sis

of Aclo-\ lot-, simie-o’ ant ificial o-bc-vmit iomms of

L-metimiomiimmo’ tmonnmtii!v ne-suit imm in(-reasc-s in

tissue Ado-Met- le-veis (see Fig. 6 timid nc-f. 10).
Time pmitto-nmu of Aelc)-Met Iovels imi time live-n

i_s quite (hffo-re-mmt fnonm that iou all the otimer

tissues. Admimiistrmitiomm of adlo-mmc)syltnamlsfer-

ase immimibitons iii (‘ho -miuses ele-vaticomi (1.5-2-

fold) iii hmel)mitic Aclo-i\Iet levels mm both

mice mind rats. Altimc)ughm no unique- e’xplamma-
tiomm camm bo- o)ffo-red for thus fimmding, ce-rtaimm

factors mtiv c-ommtnibute to this mipptinc-nt-

j)aradox. It will be- recalled that time ademi-

osylt-rammsfe-nmisc- ao’t-ivitv of live-n is far hmigimen

( 10-20-feoic!) timamu timmit of mmmiy e)tiie-n nmanm-

nmmmlimimutissue-. (‘eonmsc-oiumo-titlv, c-yen if mmhigh

degree- of imihmibit ion c)f thus e-nzymimc- we-ne

achievo-o! in time live-n, time-ne- nitty be suffi-
o’ie’mmt resie!umi 1 mme!o’neosv it mtimisfc-naso- tict iyit-y

to nitiimmttmiim mij)j)reciabbo- nato-s cof syntime-sis of

Ado-)dc-t. As time-tidy J)oiiite’dl oout by ethmo-ns

(10) mimic! coiifinnme-d by us (1”ig. 6), tissue

levels of Ado-1\Iet beoonime e!eymitcd �mhmc-n

L-nimc-t imiommine- is mic!niimmisli-neci . \Vime-re-as t imese

eleytitiomms mire mimoe!e-st (25-SO #{182}�)in most
tissues, time’ re-sponso- oof timo- live-r is most

c!nammiatie- (�5-6-folol) . Since- L-miid-tiuo)mmimmc- tic-

o-unmulmitc-s in mill time- tissue-s (imicluding plasma

timid i iye-n) ivhmeti tide-i ie svltransferase imihib-

itcons mine mmdniimmistc-re-el, this would to-mid to

I_muse- Ado-i\Iet- bc-ye-is. If time- hugh ticlo-ticosyl-

tntiiisfenase- activities 0 of time’ live-n tire’ ommlv

pantitmily immimibito-d , aim imio-re-mmse-d syimthc-sis
O)f Aclo-\Ic-t imi timis tissue- could be time re-stilt

of time- re-distribution oof m�-rno-thmiomiimmo- froni

othmo-n tissue-s tc) time livo-r. Evidelice bo-animmg
omm this preopoosal mighit be obtained by direct

perfusicomi cof isolated livers wit-h imihibitory
aima!eoguo-s iii time abso-ncc- on presemmce- of
vanicous icvo’ls of i�-nmo-timioninc-, amid mc-asurc--

nmeiit d)f Adoi-)det ic-vt-is iii time tissue.

()tme ummusual feature of the na-t and nmouse

live-n midc-mmosvitnansferasc-s may o-omiceivably

Immivc ti beaning omi time elevatiomis of imepatic

Ado-�\1e-t levo-ls �vhmicim imave beemi discussed.

‘Time- noodemmt liven o-nzyme is emidowed with

ummielue- regulatc)ny ProoPentic-s. The- velocity

of time- neactiejmi bears a sigmoidab nc-lation to

L-nmethuiomiimmc- Ic-ye-is. Le ow ceonce-mmtnatioiis of
cvcbo!c-ucimic- maid m�-2-miimmimmo-4-hmexvnoic acid

stimulate t he- mid!elmosvlt ntimisfenmise mictivity

of rodemmt liven by oblito-ntitimig thm(- sigmcoidal

kinetics obsenvc-d at bow L-methmiommine con-

cemmtnatiomms mimic! raisimug time tiffimiity of time

cnzynme for L-nmt-thmioonumic- (34). It- is hot clear

mvhc’tiie-n thus SI)ccific (-0000i)erative PropertY of

the nodemmt live-n e-tuzymc- is imi ammv way

causally re-ltito-d to) time- e-lo-yatiomis of the liver

Ado-)Jo-t beveis mvhmic,immono- cobsenvo-e! whemi time

L-nmet imic)mnmmo- analogue -s mire admimmisteree! in-

vito.
As iii time- (ti5O’ eof time’ c-immmmigc-s in tissue

L-rne-timiomuimme- love-Is, time- no-si�omisc’ cof Ado-

i\Iet b-ye-is is de-pe’nde-nt commtime dose d)f the

ac!emmcosylt nansfe-rase- inhibitor, timid! t he time-

course pmmrmilio-ls time’ chmammgc-s in tissue levels

of cvclobc-ucimie- timid! L-2-mimimio-4-hme-xylioic

tic-ic!mis m�c-il mis theose- oof L-nie-thiiconimmo.

TIme’ ftnt 5 0‘1manic -rat o -ci tibe ove st meommgly sag-
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gest t imat �)imanmacobo)gicah doso-s O)f cycle oleu-

cimme timid L-2-anummo)-4-iiexynoi(- acid inhibit

ATP : L-metlmi(ommme � S-ademiosvbtrammsfo-nase

activity in vito. There are reasons sup-

porting the view that inhibitiomi of this

emizvme may be at beast iii pant responsible-

for time tumor-inhibitory properties of cy(-io-

leucine, arid possibly for some of its cothc-n

phannmacologmctil activities. L-2-Amiiioo-4-

hexymmoic acid imas Sd) far undergone emily

PreliminarY so’rc-emiimmg against L 1 2 10 icti-
kemia in the 1)BA/2 mouse, amid proloongs

the survival time of timese ammimabs by a

modest degree (25-30 #{182}-.) without mmmcii c-vi-

deuce of tooxicit-y ((�ancer Cimemotime-rapy

Xational Service (1c-nter, XSC 134451). In

viemm- of time fact timat these analogues appe-an

to accumulate- in tumors, the evaluatic)n of

their chemotimenapeut-ic potemut iab in ot imer

systems appears warnammted.
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