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isolation procedure. No radioactive sub-
stances othem- than actinoinycins I, IV, and

V were detected.
The imigh specific activity of time material

should be of valime in elucidating time immecima-
nisnm of action, tissue distribtmtion, and
nmet.abolism of timis agent.
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SU M MARY

A streptomycin dependent mutaimt was

obtained from wild-type (valine-sensitive)
Escherichia coli K12. This immutant (E. coli

DK 12) grew exponentially in mmminimal

medium containing valine (plims dihydro-

streptomycin I . The inhibition by valine of

the acetohydroxy acid synthetase from
both dependent and parent cells was quan-
titatively similar. However, time activity of

the acetoimydroxy acid synt-hetase of DK 12
cells was higimer than that of time parent

cells. It was concluded that time insensi-
tivity to valine of E. coli DK 12 was the
result of derepression of (acetohydroxy)

acid synthetase in timis mimutant, time role of

the antibiotic in dependent cells being that

of a “derepressor.”

Bonner (1) reported that time growth of

a wild-type strain of Escherichia coli K12
\Vi15 inimibited I)y L-valine and that this
inhibition was ovem’come by L-isoleUcine.

Leavitt and Uimmbarger (2) proposed that.
inhil)ition of the growth of E. coil K12 by

valine was a consequence of time relatively
imigh sensitivity to inhibition by valine of

the initial condensing enzyme (acetohy-
droxy acid syntimet-ase) of the isoleucine-
leucine-vahine patimway. Consequently,
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vahine would inhibit. time gro�vt-im of E. coii

K12 by �)reventmg time forimmation of aceto-

imydroxy bimtyrate (amid timus of isoleucine)

t.imrougim inlmibit.ion of acetohmydroxy acid
synthetase. Recently (1965) Temimple, Cm-

hargem’, and Magasanik (3) provided fur-

timer experimental evi(lcnce to sup�)ort time
view timat valine exeits its inhibitors’ effect

on time growtim of E. coli K12 solely by
preventing time i)iosyntimesis of isoleucine.

Bragg and Polglase (4) ammd Tirummaray-
anan et al. (5) reported (indepemmdently)

that streptommiycin-de�)endent strains of E.

coil excm’ete time amino acid L-vahine during
growtim on glucose-salts mmmednmni. Strepto-

nTmycin-dependent E. coli K12 was one of

time stm’ains foummd to (xcm-ete valine (5) -

Dum’ing time course of stu(hies omm emmzynme ac-

tivities of several strains of E. coli, it was

ob)seIVedI timat the acetoimydroxy acid syn-

timetase activity of stm-eptomm1vcimm-(le�)endent
cells gm’owing witlm adequate ammtibiotic was

highem tlman that of time uamelmt stmeptoimmycin-

sensitive cells (6, 7) om’ of antibiotic-

depleted, (l(�l)eim(1ent cells (8 . Studies on
the rd ation between diimydrostre�)tommmycin

concemmtratiomm and enzyimie activities in
strept.ommmycin-(lepen(lent E. coil imm(hcated

that one of the effects of the almtii)iotic

a l)l)ett red to I e to ( lerei)ress a cet oimydroxy

acid synthmetase (7).
It was of interest timemefome, to study time

response tO L-valine of stme�)tom1mycin-

dependent E. COil K12.

Hi-�jani.s�n.s and Fpl((/ia. .\. streptomml\rimm-depemRl-

cmi t (oh ore of /? . cob 1’i12 �sas isola t ed i �- s 1(1-I ion

of colonies which al)I)(are(I after 48 hours’ mmieimha-

t.iomm of a nut riemit agar Plate (containimig 1000 ag

p�m mnillilit (1 (If (iihy(lmost mej � ommly(-in) �vhiich had
been 51)1(1(1 �vit ii 2 g d)f ((11 101st P (h(1iV((l fmoimm

gro�vt ii of ��mh I-t :vi � I’ 12. TIn mllP(liummm (mn 1)loYed
for gro�vt ii mm I mmzvmime st lm(hies ��as that of Davis

and rvlingioli (9) ��‘ml hi 0.4#{231}/�ghm(-ose. Fom growth

of time st rept omy(-in-(Iependemmt 1(12 cimhtmmre, this

mTmme(hiumnivas suI)I)lemnentedl ��it hi (lmilv(lrc)st m(I)to-

nmyciml (1000 ag/mmil) . Time prom-emhtmme for growth of

cells and for lit rmmimat ion of acet oimv lroxv acid

svnt hit j5p wm� as follows. Of an 18-hr stat iommarv

culture, 100 miii �‘.as amhheml to 1 hitem of mimvdmummm

(containing time OI)I)ropriat-e a(h(hitions) in a 2-liter

Erlenmmmever fl:isk. Cu it mmres were growmm wit im
vigom-oims oem-at ion for 4-5 him-. t lieu chullid by im-
Immersion of t he flasks in m-rimshumh n-c. Cells were

lmamvested h)\’ centrifugation (6000 g) aimcl w-ashied

once with 0.1 M l)hospimate buffer, pH 8.0. The
packed cells were then suspended in buffer (0.1 M

1)h105I)il�t(, 1)H 8.0) at a concentration of 1 g of
cells to 15 ml of buffer. This suspension was sub-

jccte(1 for 4 mmmin to sonic disrul)tioum in a 20 kc

sonic oscillatom- (Biosonik, Bronwill Sciemmtific Co.,

Rocimester, New York) . Time resulting extracts,
which commtaimmeml 4.5-5.0 mug per miiihlihiter of pro-

teimm (10) wmme Im-e(l directly for enzvnme assays.

Deteri�i mat ill!? of acetoh ?/(1rox�/ acid synthetase.

The iflet ho(1 of analysis was developed as a result
of ()i)servcmt ions on enzyme stability and cofactor

requiremiments ( 11, 12) . Each tui)c contained thm(

following in a total volume of 1.0 ml of 0.1 M

I)hlosPhIcmt( buffer. pH 8 : thmianmine pyrophosphate,
45 1ag : � mum adenimn . � hiumlm(l(Ot I( li, 50(11111mm salt,

100 ag : mmiagmmenmumm (-illori(li, 0.1 nml of 0.05 �i

so(liummm I)vmlmvat e. 250 �mmmmoles : i)a.cterial extra(-t

0.1 mmmi. For eamhm (h(t emmmminat iomm. three tlmi)es were

incul)ated at 37 � for 5, 10, and 15 rimirm, respe(--

tively, \vhm(r(Impon time m(a(tiolm \�.as sto1m1)e(1 by time

a(1(lition I cm i�am�ii tuime of 0.1 nil of 50c� tu-ic-imloro-

a(-et mc acid. Tubes were I hmemm imeat(d at f�#{216}0fom’

15 nun t 0 (-onvert u-mt olact at e t o acetoin, �vhmicim

\‘.as t hemm m1( t ermmline(l i)’s t iii mmm t ho( I of %Vester-

feld (13) . SJe(ific’ activities \vei-e cali-imlated fronm

zemo order plots and are expresce(1 as niicromohs

of acetolactate Per hmoimr � ummihhigraum of protein.

\Vild-tvpe (stmeptommmycin-sensitive) E.

co/i K12 (SK-12) grew- exponentially on

minimal nme(hiunm, but gmo��-tim was linear on
the sammme mmme(lnmlmm containing L-vahne (58

mug/i ) (Fig. 1 ‘1. Strcptommmvcimm-dependent
E. coil K12 (DK-12) gmew exponentially on

mrminimmmaI mmmediumu plums (himyd rostreptomv-
cm ( 1()()O pg mmil) , an(I time addition of
L-valine (58 mmmg 1) to this mmmediunm imad a

neghgil)le effect Ofl grow-tim of tlmis mimutant-

(Fig. It.

lim Table 1 am-c iecorclecl time results of
(ietellmmilmatiolms of acetohydroxy acid syn-

timetase iim all four preparations. Time activ-
ity of this enzymmme was elevated in strepto-

mmmycin-del)emmdemlt E. coli 1(12 (DK-12)

ItI)O1’e tlmat of time w-ild-type, or streptomy-

cm-sensitive, K12 (SK-12). No acetoimy-

dm’oxy acid svmmtimetase was (letectable in
SFZ-12 ((115 �vhmicim imail bcemm grown in
mmmediumim containing L-vaiine, whereas timere

was only a slighmt- decrease in timis enzyme in
DK-12 cells after growtim in time l)iesence of
i�-valine (Table 1).

Time acetohmydroxv acid synthetase of
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Fin. 1. Grout/i of imild-type, .sirptomycin-

sensitive E. co!i K12 (5K-fl) and a .strepiomycin-

dependent mutant ( DK-12) on ni in imal me(Iionl

/)lUS valine.

At zero tirn(, 58 mmmgvalimme was added per inilli-

liter of me(Iilmm, as indicated. For growth of time

dependent organism (DK-12), dihydrostreptomy-

cm (1.0 mg ier mmml) was present in the rnednmnm.

‘FABLE 1

.4 cetohydroxy (1CUI synthetase activity hf E.scherieh in

Culture

Additions to

basal medium

/.Lmules of aceto-

lactate ler mg

protein per hr

SK-12 (wild-type) None 4.9

streptomyci mm-

sensitive

SK-12 Valimie (58mg/i) Nil
l)K-12 (strepto- None 8.0

mycin-depend-
ent

I)K-12 Valine (58 mg/i 7.3

streptomycin-dependent E. coil was found

to be valine sensitive (Table 2 . Time en-

zyme activities in Table 2 are recorded as
optical density units at 540 m�. The final

column of Table 2 shows that time ratio of
acetoimydroxy acid syntimetase activities in
dependent versus sensitive cells remained
constant at about 1.39 as time valine con-
centration was increased, indicating timat
the vaiine sensitivity of time enzyme was

TUlLE 2

Inhi’iition by valine of acetohydroxy acid synthetase

o.t_ strepknnycin-sensitire (SK-12) and dependert
(I)K-12) Escherichia coli K1�

Conditiomms: Eacim tube colmtaine(l iuma total volume
of 2.0 In! of phosphate buffer (0.1 M pH 8.0): thia-

nmimme pyropimosphate, 45 �g; flavin adenine dinucleo-

tide, sodium salt, 100 �g; mmmagnesiunm (‘hloride, 0.1 ml

of 0.05 M; sodium pyruvate, 25 /.Lmoles; bacterial

extract 0.1 nil. Reaction tinme: 10 mm at 37#{176}.Acetol-

actate was determined after conversion to acetoin
(‘sVesterfchl, i3).

Spectro�ilm )t( meter

readimig at 540 mm�.
Volume Flitti()

(moles/liter) (l)K-I2 (SK-12) I )K-12 : SK-12

3. 1 X l()� 0.812 0.59() 1.38

(L2 X l0-�-� 0.710 0503 1.41

1 .25 X l0-� 0.5�.S) 0.430 1.37

unaffected by mimutation froni streptonmycin

sensitivity to dependence.

Interest in time inimibition hiV L-\’ahine of
time gm’ow’th of E. coii K12 stemmis frommi the

mmportance of this pimeimommmenon to an Un-

(lelstan(himmg of regulation of mmmetabolic

h)athmways. In a recent study of regulation
of time isoleumcine-leucine-valine enzymmmes in
Esch erichia coii K 1 2, Ummmbarger and

Fm’eundlicim (14) concluded timat not only is

time acetoimydm’oxy acid syntimetase of timis
strain nmom’e seimsitive to valine inlmil)ition
than timat of other stmaimms of E. coli, hut

timis enzymmme is “m’atimem- ummiquely not dere-

presse(i w-imen isoleucine is limmiiting.” Timese
investigatoi-s (14) concluded that resistance
to valine in E. coli K12 could be acimieved

by one of two types of nmut-at-ion: (a) by

nmut-atiomm leading to time fom-mimation of a

mesistant enzvmime (acetoimvdroxy acid syn-

timetase ) om (b) l)\’ a immutation that �vould
result in (iei’epmessed fornmation of the
isoleucine-leucume-valine enzyimies. Resist-

ance to valine l)y process (h) I1I)O\e \VOul(l
“iflCiU(le (lerepre-ssion of time sensitive en-

zyme. acetoi(lctate .S!Jfltheta.Se.”

In time l)iesent �vork, it w-as oi)sem�”e(l that

the acetoimydroxy acid (acetolactate) syn-
timetase of streptomnvcin-de�)endent- E. coil
K12 and timat. of time streptomimycin-
sensitive l)arent omganismn WCIC equally
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sensitive to valine (Table 2t. Timus, resist-

ance to valine by nmutation leading to a
resistant enzyme (see (a) above) is ex-
eluded as time explanation of valine resist-
ance in streptommiycin-depemmdcmmt E. coil

K12. Mutation resulting in dem’epressed en-

zymmme formation (see (b t above) appears to

explain the ol)semvcd results satisfactorily.

Only time first of time isoleucine-leucine-
valine enzyimies \%-as determined in this
investigation, and its activity in time strep-

tonmycin-dependemm t mutant w’as higher
than that of time strel)tommmvcin-sensit-ive
parent culture (Table 1). Presummiably, the
enzynme was sufficiently derepressed in

stre�)tomycin-depen(lent K12 to permmmit the
observed exponential grow-tim in time pres-
ence of an amount of vahine sufficient to
prevent exponential gm’owth of the parent

organism. These results appear to provide

furtimer evidence in support of time mecha-
nisimm of valine inhibition of K12 �)roposed
by Temple et ai. (3) and by Umbam’ger and

Freundlich (14).
Our interpretation of time significance of

valine excretion to time phenonmenon of

streptomimycin dependence has been reported
elsewhere (4, 15). The apparent derepres-

sion of acetohydroxy acid syntimetase in a
nunmher of strains of streptomycin-depend-

ent E. coii and time relation between enzyme

derepression and antii)iotic concentration
have been described recently (7). These

results taken together witim earlier observa-
tions on the requiremmment for streptomycin
for enzyimme induction in dependent E. coil

(16, 17) suggest an action of the antibiotic
at the level of expression of regulatory

genes.
Bacterial cultures were grow-n by J. Withaar.

Streptomycin and dihydrost ri-pt onmycin were gifts
of Merck, Sharp & Dohme, Montreal, Canada.
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