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Srecific Revoraihle Comcentratian of Amino icids in E. coli

. Ceorges N, Cohen and Howard V. Rickenberg

Introduotion

In the presont memoir, we ere describing sys toms whcse activity is
aoconplished by aocunulation in the cells of Escherichia «ii of certain
exogenous amino acids, These svstems secnm to cortrol the entrancs into
cellulos of exogennus amino acids, wnd in caisequenco, their incerporaticon
into proteins, On the controry, these systems seem not to intervens in

-ad -

the metabolism of endegenous amiro acids, 3y their kinetic properties

AN and specifieity, these systems beloens to those waich Rickender;, Cohen
snd Lanod descride olscwheré (15) and which control tre renctr.tion of
d-zalactos ides in Uschwriectda coli, Putting these ouserwvutions tojether

- conveys an experimental oonfirmaticn of the hypotiesis often envisuzed,
thet cortain catelytic systems functionally suecifio, distrinct from
so-called metadclic enzymes, comtrol penetruti:s of certain substrates

into the cells,

Certain r-sults dsscrived in the present memoir have been
publiched in *he “orm of a preli-dnary note {14) and Yritten, Bolerts
and french (27) have alsc recertly descrided tho aceurmlaticn of
anino acids in ¥. coli. Ve shall sec that the interpretauticn iiven

Ly dritten et ¢l, akin to that of our preliminary note, wes enliely

Qiffcront fram that which we nrerosa now, nd chould bte winrdoned,.

| —— ———
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Exreriinental Part
Stook Used, -- Escherichia coli, steok K 125, wild tyre. Valino-
renisant mnant of X 128, fsolnved byr snleoticn on valine (4). Luwtentcs
of E. coli exaot vulire (L 328 f and i~28-82), lecoire (XL 328 o),
isoleucine (U 97-21) and methionine (il 304 d).

s - . ! . 4
Rediosctive [i-vnlire,=- DL-valire 4¢-4'-14C vrxs furnishad ue by the

Carmissariat of Atomic IZnerqy and had e
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mililcurie ner millimola, Under our conditions cof ccurtin_, later d:fined,
q

the rulioactivity of valire oerragponés 4o 10 impulses-minute /mole”

which corrcsponds to an efficlency count of 7,6 p. 1CO.

Non=-Ridicactive amino acids and o*her substanies.-- Racenic and

o

optically esctive ::ino aclds ¢ ormercial orisin were used. Vilinanmide,
acids a-amino-B-butylhoptanoique (dihuivlalarine), a-amino-3-rhernyl
phenvlpropricnique (3-3=dizhenylalinine), a-amino-3-benzvlphenylutyri-ue
( 3-3-dibenzylalanine) and S~methyltryptorhane have becr synthesized

Yo Or, J, fmatol, Dept. of Orgenic Chemistry of the Institut Pastevr.

The a:id a~-amino-a-methvlvaleriaxr vas riven us by Jr. H.A. Krebs,

Pertides ~ re furnished Yy Orse R, O, Rowlin, J.Yi. Himnan, 3.4, Fox,
R.Lele Symge and J. 2o Greenctein,

Cultire :adivm.-= 3tock w.c trangplantel evury wcek on medium =2
by K

(POQHZK’ 13, 65; SO-;(tme)Zg 2 g3 30451,;: TH,0: 0,2 ;5 504F0, 7Hp0: 0,0005 g;
EJd qesep. pH 7,ﬂ0;-dcuble éistilled v ter g.s.p. 1000 ml,). To the
mediun vas aided succincte of XK to 0,29 p. 170, In ceriuin cases, ve
used steck ot adapted to rovth on s ecin~te; rluccse ving then edded

te tre modiva to 0,2 ro 100, The canc ggminetic redivm ws
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Exporimental Tachiniouee~- The expcriments are in a medivm azdtrted with

.
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air, & ouiture cf E, coli in axponential phnsc !s 'df.ltzj;cd*:b;}mediun 63 .

in the presence or absence of S-methylirypiophune ( Ii'f'['

Iwediately »Mer thermal equilitration {(if 5-uT ms-n;ﬁi bncnused) or after
thir+y ninuvtos (if in the prcsence of 5-..\, o adds to.,tlj"t‘é-;..culturc; the
radioactive 1'ali“?o In knovnm ccncentration and remowac s.i‘te“x""‘é; given time 2
comple ef § ml wilch is druwn tlrcoush a contrifuze tube previously chilled,
Centrifiice at COC at 18,000 t.pem. for five minutes; elinﬁha’ce all liguid
floating on tlre surface by aspiration with a Pasteur ripette, dry the tue
with filler paper and dicsolve the bacterinl residume vith 1,5 ml of
istilled weter. Vinen it has veen {ive nirvies in n voter bafh, at 100,
it is centrifuged end the surface ligurid is decarted, 3>:perj.ence shows +hat
by this rethod all radicactivityr not incorpeorated in ths proteins is
extracted (that §s, non-precipitable by trichlorécetic ncid). If ene wisnas
L6 shidy the influence of another substance e the quantity ef voline
proviously fixed, one adds this substance to the culture- immedintely after
tixe firet remcvel and takes another tample after a given time of contact;
this campling is treated Yelowr,

| Spread 3 ml of surface liquid (corro pchd:f.n; to the bacteria cortaired in
1 ml of the susgonsicn in the exreriment) on gnall aluzimm caaps 15 am in
diameter and 3 mm in height, dry under an inlrared la'np; and detormine the
radicantivity with the aid of a Galger ccunter, The bcicl:z‘;ro‘und neisce varics
betwesn 12 and 14 impulées/minute. 411 samplings vers doble and twe waher
c¢f inmpulses counted for eq.ch.samplin,_; was alx'.-f«‘vs hii;her't!mn 10600, In the
conditions described, theroe s no auto-absorption and the imfmlses counted vere
proportiomate to the total radiocactivity of the sample, The rerroductibility

vins better than 5 p. 100, Very raiioactive sumles vere diluted so that

the expoted radionctivity on the cup rerresonts less than 2000 impulies/minute,
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Vhen cno wiches to deteridne alsc th: radloacitivity incorporated

in

2

irgcludle form, the rsidue centriluzed after bolliny; is rewashed and rut

ntwn
-

ain in suspersion in 1,5 mi of distilled wm*er, of which Q,3 =l are
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Spruad
double,
This represents the incorroratim into mproteins. In effect Roderts etel (3)
nave chowvn that cxogenous valire conirilntes only tc the valine and levcire
ef proteins and is not incerperato: in non-pretein fractiorns. Ve hove
verificd that the radioactivity of the spread susrension is equal to thut of -
the correspondirg cold trichloracetis crecipitate.

For un interprotation of the vresul:s, one must taico into oconsideraticn
the faet that a certain fraction of mencured radiation (contaminz<irn)
correctonds to the gquam%ity of valire prssent in the lignid volume corstituted
by agueous space (1) of bacteria, plus th: vclume of interstitial liguid and
the volume of liquid adhering to the sides, %Yo chell sec by the followin:
that the »henomenon of concentration which we are zeing to descrite is
supprossed by the 2-4-dinitrophenol. Ous can then, in tre prcsence of
this inhwioitor, determine the liquid volume correspending to this
centeminatian, Under our experimental cenditicns, our results show that tris
contamination corresmonds +c a volune verving hetwsaon 0,001 and 0,705 ml.

Tn the case stuciod here, the con‘smiretion is neglizible in relatioam to
the vpecific fixaticn just as the extermal concentrntion of DL-valine
is inlerior to lC""42.1. In our exporiments, voe have nover passed this
concentr-tion and, as a coaseruence, ve have not had to introduce a
correction for <he intracellular ¢ oncentration.

- The acwncoeutrubion of exogenous valine in the Zcteria bdelrg, as we
chall see, = reversible phenorenon, the quartity of intradacierizl valire
conceuirated is a function of corncentration in %the exterral nedium, and

experiments charld be made in candit:icens wvhere exterinl concentretion doce

The mcasured radionctivity correspends to 1 ml of the orisinsel cvlture.
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; ( ) nos vrry moticenbly. hien it wes aot nossivle to operate in ccnditions v:hore
tho proportior of fixed valine was negliginle in relation to tne i.dt.\l valinc,

the mecessary corecticn vas mde for evalun.tim o;. act;al e*temelicmcentmtion.

We rocall trat the aqueocus "naco vnter (o), 1is deﬁred as :the xfo].ume of  1 "*-
i bacteria in which concentration of e retabolite is idmtical-_.:gv;f;s
concontration in externnl medium. | i

The optical cens ity of microbidl susponsions is determined by'ms_ns of
a Hounier eloctropl'-.étcmetcr and the cuantity of bacterial nitrogen per ml
is calculatod with the 2id of & cooficient of convzrsion determinad
erperimentaliy, Likevdise, the numier of bacteria by unit af volune 1s deducted
from tho optical density, also by msans of a ccefficient of conversion determined
during the exponential vhase and corresponding to a weirht of 7 x 10~-7 ug
per average bacteria
O S-nethyltryptophane has been used in a certain number of ex wooriments

so as to permit study cf the Xineties of conoantmtion in omd;tviqns vhore
the total capacity of zsancentration pér:unit of volums renéins constant in the
“ course of growth of the bacteriel macs, In effect, if one adds to the
cultures of E, coli in exponential ;ha‘seI '6f"grov:€h, S-KT 1n‘afconcerrtr:.tion
of 5x 10""'1L their cptic density continues to increace (more ,#iowly however
than in mormal cultures), “»ut their capacity of valino com ce;itx;é.tion Iremai.ns
constant per unit of volume of culture, as we shall see in the course
of the work, -
~-ults

5 A, Specific raversidle intracellular concentration of exogencus L-valine

Concentratin of mdicactive l-valine.-- Hure is a typlaml experiment,
O Stock K 12S, Cacoxntration of radiocactive DL-valines 5 x 1of"”¢, or

250 i.mpulses/minute nl corresponding to isomer L, After a minute of contect |

at 37°C, one finds 115 impulscs-minute in tacteria df 1 ml of culture, which




€
rorresonted & wol. kv of 188 u;, or a hunid vweight ¢ 1 z; and a volume of
J,O“:s ml, if one admits thut baocteris have a dengity of 1, You have then
realized a concentrution of:

11§

—---.-----3-.:-- : 460 ti-m.
250 w2 0T

4t the cancantraticn of vallre used, tho oontaninati-n is about 0,8-3

dmpulses-minute,

expuriment is done in the pres noe o $-L.7, vhich inhiits tne _revth ¢f
the total capacity of concentraticn in the Lacte=jal mass in jrowth,
goncertrati n is maximum aftar e rinute of contact if the experiiert is
done at 37°C., If the expesrimont is dme at 0°C, avout t‘.-.'ninty rinutes is
necessary to ocotain the maximum cancentrticn, Howover, thie adbsoiute
valus of tho maximum concentr.tion at the two temprrutures is identical
{ta.le I). In the followir;, the time of ccntact chosen has been for
ore ainute at 37°C,

Proportionality betwesn mentigs ¢ hacteria and guontity of

ocncent ratsd radiosotive L-valine,-- If the eaxperi-ent is done withr &

suf ficient quantity of wvaline (5 x 10"-s M of DL~walire), the concentrated
dadiocaotivity 18 strictly prodorticral to the quentity of dacteria used,
in a zore mrjinc from 3 to 30 u; N mcteria/ml (fig.1), Ve snall call
spocific ocamaolty of cincentration the capuolty of coneemtretion Ly urit
of bacterial weicht, in contrast to the totad sapacity of concentrutiom,
defined a: the caracity of corcentration of the unit of volume of culture.

Jelanze of the raaction, Affinity of valive for bactoria, -- &y

deterrining the o antisy of valive concentrated us a functicn cf the
quantity of externil vaiine, cne o-tains a curve ol tyrical ads rption,

The cop.cii) of maxiral concentrution of the systen cerrespends to

il TR T i 2 - e o




‘extomrmnal conoentmtion of §x 10 ¥ of L-valine. .

6 :
3,6 x 10 molccules of L-valine per average ’)acte**a (eleven

éndopendent detormimtiora tho extrome values being 2, 2 xl 10 and

~e

8 i "'j'
5 x 10" molocules por bacteria) It is reachod at ;th bevimxing of &n
-5 :
(ﬁs-‘ 2)

The constant of dissociation apparent in the system is very veak,

by order of ‘{L-valine =3 x 107-% (ig. 2Y. "‘his value has ‘beon
dstermined in correctlf.o the mlu»s of external’ concentmticns (tuble II)
In offect, for the weak corcentrations of valire, ..he paonomnnon of
intracellular concentration bows piresptidly to the .extqmql con centration.
The specific capacity of concentretion of ths system ﬁhd"the constant |
of dissotiation are identical for the wild tyre of X 12 S and for- the
valine-res istar:i‘t Tutan t,

Ve sece that our results are expressed in L-valire. Ve shgll see
later, in effect, ihat only L-valine is concentrated.

Chromatograpiic ana'lysis of the extracted xr.aterie.lv ’-oyi boiling of
vacteria he.vmr concentretion of valine for ore minul:e."shows that

this material oconsists only of valine, unaltered,

Conditions nocessary for concontration.-- Spoci.fic ccxentr.tion
of L-valine requires a scurce of e‘ﬁérg‘/. | 7

In table III, we ;ee that the experirent is made in the absence of
an extemal socurce of energy (s;:c circte), the specifig: ccncentration
is reducea by 71 p., 10C. If the experinent is done in the vrescnce
of nitrite of sodium 1,5 x 10~2 or of 2-4 dinitrophehol 10731, the
specific concent ration is reducod vespectively by €4 a'ﬂd 22 p. 100,
If me adds nitrids to a oulture alre ad;«.having a concentrate of
radioactive valie, onc ohserves & slav loss of valine previcvsly
ooncent rated: aftnr thirty minuf.cs, the tcteria still ccr.t:'.i:; 44 p. 100

of thewline which they had concentrated bafore the addition of nitride,
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shecificitv of fixation of L-valine. Compotitive denlaceiant.

Hirsch and Cohen (5,6) have shown that L-loucine and L-isoleucine, anslogous

structurally to valine, are antagonisis of this amino acid in Bscherichia coli.

If one adds to bactoriu naving already a concentrate of radiocactive valine

sore leucine or isoleucine in sufficient quantity, the valine is <lumost

entirely expelled froa bactsria in one minute at 37°C, It is the same case

wlth norlcucine (taoble IV).

A quantitative study of this phenouenon shows thit the relation

antagonist / valine necessary to obtain a Jeplaceuent of 50 ». 100 of

radioactive valine is constant, whicih indicates a competitive reaction.

In consequence, it occurs as if the valine were concontrated thanks to 4
system by which leucine, isoleucine and noicleucine woula have caual alfinity

(table V). This system is specific; in fact, ardno aclas without evident

structural relation with valins, sucii as phenyralarine, proline, threonine

or methioriine do not drive out the valinae praviously concentrated, or eliminate
only & weak fraction and only if they are uscd in hign conceairation (tabie IV;.
we shall later discuss the question ol knowing if the phencrenon of
concentration is due to stoichemistiry or to w systém of erzymze propertics

not intervening as cutalysor. For tae noment we shall study the properties

of speciricity of thcse "acceptois® without prejudging their natuce or their
precise function in the system of concentration.

Isoleucine anx leucine are the most effective antagonists (50 p. 100 of

(X3

siibition for a ratio antagonist/valiine = C,5~=1,0) since norleucine is ruch

- . sy ar ~ . N a2 \
lzas active (50 p. 100 of inhibition for & ratio norlevcinz,valine ;710/.
T..e radioactive i-vuline also deplaces the radioactive vuling previously

concentrated.




after the valine. This fact 1nd1cates

or not of different reactions which may constitute it.), ‘whicn ;is‘alrea.dy evident

from the fact that one can attain a mea.aurable balanco' :
Only the composites of series L have affinit.y for specifi acceptors' .

in fact, D-valine, D-leucine and P-isoleucine do not. e.cpel.; radioactive"

valine (table VI); from this it is deduced that in our e.cperimen..s, done with |

DL-valine, only the isomere L is concentrated, which jns ha.t our results

are expressed with no regard for L-valine. ‘ ﬁ
The substitution of the amino group or carbo:vl gr es the';,’affinity
for acceptors: DL-N-monomethylvaline and Db-valinann.de'do not: kep]ace t.he

valine previously concentrated. If the two methyl residu f',the isopropyle '

affinity also dlsappears. Likewise, the acidda-amno-a-mt.by; alerian is .

deprived of affinity (table VI).

In sumary, only the composites of the L ‘series having rbo:q,'lpoup

and an amiro group not substituted, and a not indifferent g’;ﬁation*of -

their extrenme non-polarity, present affinity fdr'tl'ac;. sﬁtem 9£;_s§ééifi§
concentration of the L-valine. , | : |

Peptides containing va].ine, leucine and isoleucine ‘ha T .tica.lly no .
affinity for the specific acceptors of .u-valine, which c‘or' sponds bo what has
already been:.seen w:.th valina'r.iue. The most actlve/of th e {q;‘c’h’-havgkibeken
tried, glycyl-L-:.soleucme, provokes only an inhlbition% ‘ _ 100 fd‘i; a - |
ratio pept:.de/l.—va.line = 100, since this same inh:.b:.u:.on i the vj’%}case of

L-isoleucine is obtained for a ratio L-iso;eucmeﬂpvalinq= 5 k- 1,0 (table VII)
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Tihie weak inhibition by the peptides does nov seci elsewhers to have a
competitive cheracter. ilsewnere the effect is due in part to rapid nydrolysis
of peptides by th2 cultures of F. coli, which is nct negligible, even in a
minute. Feptides not hydrolysed (D-valyl-L-valine, L-valyl-D-valine, DL-
valiramice) are absolutely vithout effect (table VII).

Indeperndence between scacific intracellular concantration of valine and

syntitesis of proteins.

It is no. nccessary W have synthesis for specific concentration Lo tuake
place, as is saown by the lfollowing lacis:

Specific concentration of the valine is not affected by the absence of
other arino acidas: for example, it takes place in a mutant requiring meindonine
as well in the absence as in the prasence or methionine; it is not alfected
by ihe presence of analogous structures, such ag 4- ana S-methyltrptophare
{table VIII), vhich inhitit synthesis of tryptophane in the beginning of the
indole and of serine (7,8) or B-2-thienylalanine which inhibits utiliz.tion
of prenylalanine (9). rfinally, in the presence of chloraiphenicol, irncorpor.tion
in the proteins is totally suppressed, but the specific intracellular
coacentrasion is not affected (table IX).

The specific concentration is produced rmch ore rapidly than incorporation
o< valine in the protein bacteria. In fact, the concentration attains its
rosimwrn in about & minute, since the incorporation is still negligible.

~

Pl “
L~

ot of weax ansasonistic concantritioc:.s.

!
i

among the sub-innititive concentrations of i-lcucine and L-isoleucine,

onc observes an increase, in accord with the demonsiration without i.nibiter,

in wae guantity of L-valine reversibly concentrsicy; wnis increase becones

leoe important in proportion as th: antagonistic conceatration i imere.czd

~ - pyrrn ol m Y -~ - " e ~ e D A e e o N F o . P T
vasle V). Tris resarkable paenomencn, for whidiwe can furrlsi no explaiacion,

~—~

finds an exact parailel in the eifect of conceniraiiouns of weak entajorists on

e e came
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) he aggregat: of observations daiscussca in Table & shows thet the cells
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4. coll reversibly concentrate

ciogencous valine, that this prenomenon of

concentration csuse: a specific system and tiut it is coupled with trne energetic

nelaboldism,  lie
ana in conseguence of
for tyrosine (2=-¢). ang

In the secoud part oI thnigc work e

R
—a

specific reversiuvae intivaceilasar

systes of specific concentration

nave been able to siow the exdstence of an analozous pnenomenci,

for wecthionine (353),

e e L s .. R
for phenylaianine (3™ ~%; (Jable X and {1).

foing; to stuwy the correlation

¢concentration Lad utilization, or

ithe eflccts of exogeneocus veline, leucine ana isoleucine .on dirferent strairns
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recuiring andno acids.

Case of vild strain 5. coii K 12 3,

.¢ know that the growth of wild strain

L~valine ana re-established by L-isoleucine

the extreme sensicility of this organism to

5 x 1077 innibits growth at the beginning
to the fact thit synthesis of isoleucine in
slow. iie supvoses that the limiting

esrly, previous ir any case to ihc stage of

' threonine and the other composites isplicated 23

anc isolcucine itself, increase notably the rats o rowiin ol

irsch (noites not published) have shown

etation of the offects of exogeneous valine, leucine and isoleucine

Z. coli K 12 3 and on tne growtn of imutants of k. cold

of 5. cold ¥ 12 S is inhibited by
(10). Unbarger (11) thinks that
L-valine {4 concentration of

6

of incculun of )Obacterii) is due

this orgzanism would be relatively

reaction in this synthesis would be very

homoserine: in fact, homoscrine,
precuesors of isnleucine,
i 12. Cohen

effectivelyr Tics tne acuivity of

the synthesiting nomoserine was less high in K 12 than in other straiis of =.
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Howaver, the growth of K 12 S, inhibited by valine, can also bLe re=- E

cstablished by L-leucine (inste.d of Leisoleucine) in a competitive ranner
(12), as we have already verified,

The parallel between these antagonism and those wiich reveal specific
reversible fixation is reaarkable: tihe rapport isoleucine/valine, necessary
10 expel 50 p. 100 of valire ;nd to re-establish growth of 50 p. 103, is
sansibly the same., There is no doubt that the toxic effect of valine on
crowth of K 12 is not conditioned by its specirfic concentration., It is
equally evident tinit the effect of iscleucine, restoring growtn, i due
to its antagonisu fice~to-face with tne phenomenon of concentration.

Mevertneless, it must be supposed thav the inhibitive effect ol wvaline,

il it is conditioned by concentration, is not,however, an inherent ccasecuence,

since the valine-resistant nwutant of K 12 presents ihe phenomenon of

concentration, in conditions identical to the wild valine-sensible fori.
In conclusion, the toxic effect of valine is not necessarily linked to its
antagenism vith isoleucine.

Case of auxotrophic rutants requiring L-valine, L-leucine and I-isoleucine

Here again, antagonisms revealed by growth find a parallel with the

phenomenon: of concentration,

A

Hirsch and Conen (©6) nave described competitive innibition of growth of
the strain L 328¢ requiring L-leucine by L-valine and L-isoleucine. ‘e
have extended these observations to mmutants requiring respectively L-isoleucine

/

{(:27-21) and L-valine (i1 3251 and i L&=b62) for growth.

Tre growth of mutunt !. ¥7-21 is coapetitively inhibvited by L-valine
aithousn the relation L-valine/L-isoleucine necessary to inhibit growth is
much higher than in K 12 (tabdle LII).

matants (L 2281 anc i 48-02 is competitively innibited Gy

¥

The growth o

L-levcine and Leisoleucine (5} ana by Uo=-norleucine.
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The growth of the valine resistant rutent of X 128, which we have
isolated by selection in presernce ol veline (4) is not affected by valine or

isoleucine. Tigure 3 shows that the rate of growth is identicul in presence

1,

oI tnese aino acids or in their absence.

fecording to Roberts et al (3), if one cultivates 3. coli in presence
of radioactive valine, 95 p. 100 of ihe valine incorporated in the proteins
are radioactive., ]

Jith o the veaine=resistanu nutant, we aave foiloved the growtn of the

extractitle radio-

+

radiocactivity of the protein as well =5 the increase o
activity as 4 part ol the increase of tnc bacterial mass, in a culture uade
in preseacc of radloactive Di-vualine 10~~%... One sces (figure 4) trat in
these conditions, ihe total racioactivity incorporatved increases linearly
in accordance with the growth of the bacterial mass. The slope to the right
uieasures the specific radioactivity of the valine in the synthetized proteins
from the moment of the addition.

waen the cultures are made in presence of growing concentrations of
iscleucine, the specific radiocactivity of the vaiine in the proteins diminishes
until it is almost arnuiled. (fizure L). A4s the presence or absence of v.line
or iscleucine is withoul elfect on the growin of these bacteria (fixure 3],
it is rot nrobable thut their tenure in valire varies notably; the valine
incorporated in presence of iscleucine is then of the noa-radiocactive valine
syntacsized by the bacteria atv the beginning of tiue source of carbon employed
(succinate).

Tn the case of the vaeline-resistant strain, isoleucine still reolaces
the valine, but ther.: results no advantage-or aisadvanta e to the culiure,
whe kacteriz ‘eing neither sensidle to valine as K 125 wilid, nor reguiriag

valiac 4s .1 32¢r, e arrive then at a single cxplaration of the valiine-

isoleucine antagonis: in & 12, in uutants requiring =. cold and in strains

el

1
 E
S
i
g
i

dd

PoPIe




i

it ek aibiman s ey ) dei bbb otk aNAE | ieitatebiiites clintiies ot LUNSILE T U, e L LA S

"

ALl S

e

which are neither sensible nor exacting. The comnon phenomenon is competitive
blockaze of the system of specifi- concentration responsible for concenbtration,
Table XTIV gives a resume of the situation.

Sffect of ‘Jeak antagonistic Concentrations on fxacting iutants.

with numerous rutants, if non-optirwl concentrations of the amino acid

factor of crowth are used, it is frequently observed that the addition of ~
certain other amine acids, in particular those having o structural relation
with tne factor of growth, are trinslated by a final yield higher in bacieria
(sparinz effect).

In the particular case which interests us, one uotes an effect of
sparing ol isoleucine ana leucine oa the growin of mutant L 326f waich
exacis imvaline: for a concentration of _~valine 5« lO"G.. and a coacentration
of isoleucire x, 5 % lO“6";, one obtains, after 13 hours of zrowth, 2 final
yicld in bacteria higher than that obtained with < cecncentration of 1070,
of valine along (table XV). Compare this result with the efrect of weak
concentrations of L-isoleucine which increase the cuantity of I-v.line
concentrated specifically a:ad reversibly (table V). e cannot, for the time
being, provide any :Lnt.erprétation of this phenomenon. But one sees here
again, the purallelism between the effects of isoleucine in growth and its
effects observed on the system of specific concentration is entire and
continued in certain peculiarly characteristic details,

attermred xolaration of Zenavior ¢f Peptides in iutants of E. coli.

irsen ane Cohen (6) have stated trat if one grew strain .l 328c, exacting
leucine, ir. presence of peptides containing leucine (glycri-_-ieucine

or L-loucrl-¢lycine), tiie srowth toca.e insensible Lo Le-v.iinz and to L~
isolevzinc. Taese results lave been extended to L 3201, exacling i-valiue.

In this orgzanism the growth is competitively inhibit d bs L-leucine or

L-isoleucine. By contrast, the growth of peptides contuining L-vailine is
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is not affected by these inhibitors (table XVI).

we have for the present proposed as possible interpretation tiat the
inidbitors prevent peptide synthesis, but that if a peptide were furnishaed
preformed, the other peptides to a valine could be snythesized by truns-
peotidation. The results which are discussed above shew that inhibition of
crowtn of exacting :mtants is due to a coapevition for the systen of con=
cantration, The peptides escape this competition, which conforms to results
indicating that thoy themsclves aave no affirity for t.ae system in question

(table VII). But this leaves wianswerec the auestion ol imowing by what

vway they are engaged in tihc metebolisn ol protein synthesis,
' Piscussion
Je nhava just shown thut the celiules of . coli are capuble of astively

acamalating external valine, uethionine, tyrosine and phenylalanine. It is
entirely possible to think that this paernomenon is produced by ull natural
asirno acids. s4s belance, the internal concentration can attain several
nwdred times the external coancentraticn. uur results sh. « that this paeno-
menon of intracellular concentration is reversible (experiments in balance

nd deplacement), that it is linked to the energetic metabolism (experiments
at 0°C and at 37°C, inhibitions by nitrate and by dinitrophenol); that it
is hizaly specific (competitive deplacement by analogous camposites oniy)
and thet there st exist some mechanisn or system of distinct concentration
for each atdno acid or type of amino acid.

Tre kinetic and specific properiies of the system of concenwv...” ion

of valine lead to envisaging two types of different mouels to take account of tie

ohencnena.

a) Stoichiometrical scheme, == The valire woula e reversioly fixed in

stoichiometirical vroportion on specific acceptors fos whllh isolzucine would

have egual affinity, thus

R
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Valine / S & Valine =~ 8

b) Catalytic schema, = In this hypothesis, a specific system woulu catulyse
the passage of external viline across the osmot cellular buarricr.

aceurulated valine would be livarated oy a process A which would not
interrupt th: system in guostion and whose velecity would be proporticial

to the quantity of 'internal valine.

Peraease

xternal Valine } Internal Valine

a
wxtarnal Valine

In these conditions, the internal concentration of valine to tne balarce,
is proportional to the activity of valine-parmease. The addition of
isoleucine would inhibit competitively the permeise and valine already
concentrated (and not fixed) would be transformed into external valine
(which 18 to say expulsed) under the action of &

The two schemes proposed explain all tho phenomana of saturation aid
conpetitive deplicement. Hcne of the idnetic results permit chnosing one
hypothesis over the other. From other considerations we are led to prefer

the citalytic system, but before accepting them, let us show that other

rmodels, a priori similar, cannot be retained.
¢) + first possibility wouli be a catalytic mechanism or the reversibility
would be assured by the perieasc:
Deriicase

Axternal valine A\

‘ Internal valine
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It is evident that such a scheme takes no account of eithor the
conpetitive deplacement (the addition of isolsucine should stabilize the
system at the state ol balance attainad at the moment of this aduition)
or of saturation.

If one completes this model thus

a) Permease

Valine / S e
Al 2
<< - Waling == &

permeise being specific and 5 an acceptor non specific, saturation is

explaines, but not the cospetitive specific depl:.cznenct, If S is specifie,

1.

onc returns to the stoichiometrical scheme coiwlicated by & permease.

In swamary, we find ourselves in tuc prescuce ol two accepiable nodels,
the one stoichiometrical (a), the other catalytic (b).

In the system of reversible intracellular concentration ol 3-u-gilactosides
ani in that which we are discussing at present, we have {irst of all co:asic}ered
a scheme of the stoichiometrical type. (13,14). In later experimants (15,16)
we have been led to the conclusion that, in tne case of the system of
E-sulactosides, tine stoiciiometrical scheme shaould be rejacted, The very
rigid anslogy betweea. properties of the system of concentration of
z-galactosides and systemns of aidno acid concentretion sugsest looking for -

ihe interpretation ol the lutter preferably oy ihe catalytic schienme, In order

15 consider only results conceriing anino welds, il is necessary also that the
adritted scheme explain in simple fasidon . linteractions veiween amino acids
in different strains of I, cold. The catalywic wwouel puridts ziving an

explanation of these in eractions which is satisiying creopt in certadn

particularly characteristic details: in parvicuias, it SLk.s wceouni, puarsuant
s : o

10 & resarxable parellelism, of all pheronena ol oompetitive liniblitloa observead |
t

. - . 1

ia . coli under the influence of valine, leucine and exnjcncous 1lsoieucine. !

“he stoichiometrical soue., 0. Liie conirery carnot expluin tnese phsiciicad




cxcept with the ai’ of arovitrary supplementary hypotheses; in particular,
it does not explain how, in &. coli id, wild type, exogenous isoleucine
which does not aifect thu rate of growth and metabolism, coitrols the guantity
of exogeneous valine incorporated in the proteins, without adudtting that
synthesized endogenous valine at the beginning of succinate does notv pass
through the specific sites. |

This schewe is considered as preliminary. The general effect of the
properties of tac systen o: concentration, in particular the nature of the
reactions of pcrmease and £\ is not cleared, and it is voluntariiy that
we refrain from representing the catalytic scheue (b) in & rore precise
fasnhion. Particularly, in the simple schene which we have propased, ve nave
not attempted to take account of the nechanisia of enerzetic coupling, on a level
with which inhibition by dinitrophenol and nitrate doubtlesds taxes place.
Now, one will have noted th.t the addition of nitrate to bactcria naving already
concontrated valine is shown by a very slow loss, dince deplaccrent by an
analog is extreuely rapid, It seems then that metabolic inhibitors interfere
not only with the reaction of entrance, but equally with the resction of
exit A

It would appear very iikely that the specific catalytic systems of which

" we nave demonstrated the existence are consvitubed esgentially ol specific

proteins, perhaps proteins of the cellular membrane. (nly a reasonable
hypothesis is concerned, buf, we recall that in the case of galactoside-
permease, this system is inductible in conditions identical to those wihich
perrmit induction of S-galactosides itseif and that the formation of the systea
is irkinitzd by chloromycetin., e have obttained aralogous results, so far as
formation of methionine-permeise is concerncd, wiich for reasons vhich we will
explain elsewhere, lend themnselves to this type of experiient. Ticre is tlus
no doubt that the activity of galactoside-~permease and, by extension, of

aninc acid-permeases, is not comnectea with the presence of specific proteins.
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ilorks now classics, of Gale (1) and those of Halvorson and Spiegelman
(2) hava shown that there is an accwmuilation of certain amino acids in
staphylococei and 1un yeasts, and that this accumulation is linked with
utilization of metabolic snorgy. In these cases, however, intervention of
specific catalytic systems has not been sought.

It is lmown that very frecuently phenomena of selective permcabildiy
have been supposed to explain certain contradictions or difficulties in the
interpretation of activity of metabolic substrates., Barrett, larson and
Xallio (17), Kogut and Podovsid (18), Green and Davis (19) have analyzed
such a phenomena in the case of citrate in fseudomonas fluorescens and
acrobacter aerogenes. It is a question there of induced biosynthesis of
a s-stem pernitting accession of citrate to enzyues of the Krebs ¢ycle.
However, in this case, there seems to be no accumulation of intracellular
citrate and it is rnot possible to show as direct evidence thc reaction of
transfer, Let us note in conclusion, that Britten, Roberts and French (23)
using techniques very different from ours, have independently given evidence
of tie phenomenon of specific concentration of amino acids in <. c0li. They
propose an interprotation of wie stoichiometrical type, akin to that
of our earlicr comuMnication (l4), an interpretation which we have now
avandoned,

Very recently, iathieson and Catcheside (22) have described, in
Neurospsra crassa, a non-reversible concentration of histidine which scenms
S be innlbitea by a whole series of amino acids. This systen could be
analogous to that of =, coly, bul with much less restricied specificity.

The transfer of different wmino acics of seriv: L (Lut not of secies D)
across rat intcstine, has been deseribed by agar, Lirc wiw Jidhu (21). This
transfer is inhibitec by 2-4 dinitropiencl ana c¢yanide. 1t is a gu st.on of

a phenomenon not directly comparable Lo that vhich we lave stuuled since the
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transfer in question takes place in extrsi=cellular snace toward uanctiicr extra-
cellular space, across a tissue, But it is intercsting to aoteo tiut by reuson
ot its reversibility,a mechanism such as we have described in £. coli could
talto equal account of a transfer acrvss a umeono=-pluricellular layar, t could
also take account ol a transfer in conccction with a drop in teaverature of
concentration or activity, with the only condition that the pernicasc
unequally distributed on the two surfaces of the cellular \ayes.

The advantage of 4 study of systons of insracelliular cencentration
existing in E. coldi for auino wcids (14) and this work) and for 3-O-galactosides
(13, 15, 16)(and really for all glucides, resides ia their reversibility and
in their spccificity. Their nearly sinultancous alsgcevery suzzested tha
systexs of this Kind are of zrest generality and an isportent capital in
the physiologzy of microorganisms, if not of other cellules.

we have to thank li.. Jacques lonod with whom we lave Lad numerous fruitful

discussions and llle, iarcelle Lannes for tecimiical assistunce.

. desune
\3/
Therv exists in iZschericiia coli a series of specific systems

responsible for a reversible concentraldion of exogencus anino acids, wadcn

precedes their incorcoration into proteins. The properties of tnese systens

explain a number of growth inhibitions and interactions between aino acids,
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Table III. -- Lifect of the absence of a source
of energy and of tne addition of inhititing agents of phosphorylaticns

on the specific concentration of L-vuline.

E, coii K 12 3.

for each experiment.

II witheut 5-.T.

s
mu— M s
4 LR b TN
Mapévienve] OGumitvioue caple e Y
Lo nglstamos | wie o 2wl » %
-l
1 [oeewmitoe 3007
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weme vuecim¥ M2 a ~ n
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Mowiiee 1% 1.8
-t 1 =, puia 13,3 m ne
Byl 2,9.00 R
L RY w i

® 3 sfavies m -«
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Concentration of radioactive Di-valine indic.ted

In experiment 1, the bacteria are centrifuged,

washed twice with a rmedium without succinats and diviced into 2 flasis, one
cortaining succinate to 0,25 p. 100, the other containing no source of carbori.
The two cultures are agitated for thirty minutes (to extract the reserves

ol bacteri. in tie medium without succinate) havinz the addipion of valine.
fxperinents I and III were made in tiie presence of 5-1T5.107 %, experiment
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Table IV, == Ueplaccuent of valinc previously concentrated by

L.coli w12 3

... .. .. g
Sy 0L T 4Ld0W0 L CLUS.

[ Tite 8o 1 01 b alvers o
Matson Iagulst : [ u‘ ‘lﬂ
one-an o B '
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s [ 29 147
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) 09 158
: L-leucins 5.10"%n o 22 ™

. ° 08 153
L-leucine 10N » 17 ”

s ° o0 146
Levaline non redicactive S.lb-jll Y %0 &6

’ ° 308 132
l-valine ron radicective 10° [} 2 o

° 0 307 154
Pl-norlevesne 107N 67 34 [ ]

1 « ° 300 150
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1 ° 328 163
L-proline 107°R 377 109 °

R ° 43 D
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...... B St bopinsindint i .

. ° 3 n
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Dl-afthaonine 10740 293 147 1

n ° 308 183
Dleaéthicnine 10™3n 208 103 3
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. bacteria il ot culture: 27 yz. Concenjration of
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S e el e

o

el s s s s,

s sebat st




~ . . .
Table V. — Competitive character of Gepliccnent of
radiogetive Levaline by L-iscleucine and by

Di~norleucine
Mb Uy 21 trationd Consentrution]Concentration 2ar 1e¢p Rarpert
wiine  re~fl-100leveins | Dl-aerivecine|bocriries do ) al 4o Ll od
! [ ftsstiw ”.““2::.-: ______ .
i n " n tep.enl sotes 3 1072w trnsutirent
', Le-valine de 50 p.100 \
H [l
1 sa07¢ ° - w1 121 i
s.10°7 - %0 170 !
106 . Ne 137 i
: 2,5.10° - 98 - . 0.5
¢ s.107 - 40 20 ;
- |
i 5.10 ° - o us ‘
H 51077 - 588 284 !
i 1076 - s 256 |
H s.107% - o 237 ;
10°% - sea 1% !
: $.107 R 240 120/ s 1.0 |
10~ . 108 53 i
.20 - 0 3 i
u s.10% - v 109 9 i
- w0 - o sa, 10 !
- 51074 6 n !
- 107} " n : .
1]
s.207? - ° ”» 1% !
- w s 198 i
- .0t m 14 ;
_J - »? » Y4 W '
- — - — !

=.coll . 12 5,4, bacteria/ml of culture = 18 ug (exp.l) ar
16 ug (exp II)




Table VI. ~ Structural conditlious reguisite

cempetitive deplacement

i AMd1treme Consentration Soms 106 Wetiries 40 ) o) #e culture
: n
Topal slonn/nmee wies 1 1971 Lwitse
| ° 297 (%) 149
t-realeveine ¢ 1¢"0 s 21
L-leucine *.1C7- [} 71
LevAlira ncn rudlosctive 107? 40 20
r-v-line 1CT° 3T 17
t-1solevetre 1670 ses 183
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1
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Table VII. -- Effect of peptides on radioactive valine
previously concentrated.
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Tabie VIII. -~ .bsence of effect of 5-.uet hyliryptophane on
the specific reversible concentration of valire.
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i <y bacteris/ml : 18 ug.




“Table IA. -— Absence of effect of chlorampnenicel on spec:.fic
concentration of radicactive valine

Piste dums ehderepbingend Piode ewme shlorengblutoud
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1
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5. coli ¥ 12 3. Chloramplienicol is utilized to a concentration of

4O ug,;ml and is lert five rdnutes in cortact with ithe culture before
addition of valine., Gne \,Jewl;lc reversiblc concentration is measured
&3 usuzl, after ¢ indinute at 3’7 C. The two cultures ace left in presence
of redioaciive valine to verify the absence of nrotein synthesis of
caloranphenicol. ixperiuent without 5-1T,

Initial bacteria: 13 ug N/ml.
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Table X. -- Specificity of deplacement of L-phenylalanine
previously concentrated.

Seacenttetien 17 )
[TR ] d.rtd:*‘-
Male FUVITYPS -
Inpuletons/mm | wolce x 20712
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A (] - 1 -
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i =
» o 1% 53
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' i
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1
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s e i 54
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—ene -1
? |o 1% 1)
W-p-phéngllectate dv Sa 10°n n? .
s Je 14 3
Meparefiverephing 1o lantne W [} ”.

t.coli, mutant v.ling resista.t of ¥ 12. & Dbicteriu: 17,2 ug w1
Di~phenylalanine radicagtive 5.1077%i. Specific activivy: 122.700
impulses-mirutz, mole ™ °. Same experimental cenuitiorns w5 lor v.lire.
e of contact of phenylalanire and inhibitor: one minute.
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Table AI.
L-ltiethionine npreviously concantrated.

dpeclficity of deplacement of

Oensentration dems 1o Nastdeies
. te 1 ml ¢ suivare
Fisles Addstions m
Iapulsions-airute | soles x 10™
Leaéthi
r |e 02 ”
L-adthionine 10740 7” 20 -
¢ v vaw eneeod
» |o %07 ”
D-adtnionine 207 307 ”
¢ Jo 299 ”
L norlevcine 10740 1s 29
» Jo 299 ™
D-norie<.ine 107%n n "
2 o 300 ;)
L-prolime 1070 240 3
? o 04 ”
I-phinglalentze 30”0 ” »

N. bacteria: 27 ug’ml,
sie  Specific activity: 390.000 imp.. man’mole™ °, Sare
ental conditions us for valine and paenylalanire,

DL-methionipe radi




Table XII. — Competitive inhibition by i~valine of
growth of mutant of Z, coli I 97-21, reguiring i~isoleucine

'
H
i

toolessten | Loveline Twbes 4'1ah1%iMen () ‘
i [] [] 1‘& Teunder) !
| i
; s.20~4 ° N
! : . s.10°3 10
i . 10~4 ‘
| . 5.2074 o
| 107! 0 0
\ . T 5
. - ;
0 IR }
i . 1072 ) 100 | i
| .5 1 |
: s.10 ° a7 ;;
! i !
' . 1073 b b:
! [
i . s.20"? ? 100 !
: H
107 ° ) !
. 10°? n
. 30077 [y
. ) ‘." 19 s
| ?
| 1

(¥) Jefined as the relative inhibitor/factor of grewth totulling
suporessing growth,
For the conaitions of this experiizent and of those described in
Table XIII, XV and iVI, see Hirsch anu Cozen (6)
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Table XIII. —- Competitive inhibition of srowth

of mutant . 328f requiring L-valinc

for its growth

- l-valine I~aaricesine Ored scanse
. . [ [ ] n (wnivie Mewnior)
° ¢ °
B 2073 - n7 |
o0 1078 107 16
S ; E 1073 103 2
: 10°% s.307% °
}; s.20% - 109
ST b s.10° 1074 103
s.107? 107 109
5.107% s.2073 $1
s.2¢" ¢ *
1074 . 10
1074 107 109
07t s5.103 119
w4 0™ 15
nt TR o J °

L4
bienorlisuc.re Lul been usea, but the isomere L alone deing active,
the concantration of this anminoacid is exrdressew i iccrere L.
.
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Table XIV.

orgatses Bt Motageuters | dovw v 1vesmguione | NS
T Tallue-eonaible {ouivuine Bylacoment compiiiadt | eresovense rotshiis
B3 e | Nllae exsgmat osireeime Péplosmment compdiitit | erviseasse Labibée
yhn | Teslewatss extgeens LSt e T e [ eretosense taninie
o 30 leuciae szigeant :m:‘_‘— “'L':::::‘::::n::“ crejosunce 1shivée
wviint valine- | Moot & 20 misen | demivostns l.hlmc-lﬂw =-".=:r.‘::5._

Table XV, ~= Effect of isoleucine and leucine on
of mutant ML 328f exacting L-valine

- Aeswae of intcractions betwaeen valine,
leucine and isoleucine

growth
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Table AVI. -- Comparative sensibilities ol -rowth of L. 322&f
on L-valine or on peptides containing L-valire arnd L-isoleucine.

S-enitne] R irt-{0 irprelpl+] Irtaedew-| B mig) | Levn!
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88383398882 .¢% o
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czatein core aminoe acid opticelly acitive, the concentration is that of
loonere LeL in imking the rprpothosis thet tiie isomeres b-u, L-J, O-L are
_thout action on growth., IZssentially iaesntical results .re ottuined with
L-laucine as antagonist instead of L-isolzucine.
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