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It seems well established that in Escherichia
coli, att least, isocitracte lyase (Ireo-Ds-isocitrate
glyoxylate-lyase, EC 4.1.3.1) synthesis is under
the control of intracellular levels of phosphoenol
pyruvatte (PEP). With a variety of metaibolic
mutants, H. L. Kornberg (Biochem. J. 99:1, 1966)
has presented evidence which suggests that this
compound not only controls the synthesis of the
enzyme ("coarse" control) but also its activity
(fine" control). Intracellular levels of l'EP
during growth on precursors such as C-6 antid C-4
substrates appear sufficient to repress the syn-
thesis of the enzyme. However, during growth on
C-2 substrates, -a derepression of synthesis ap-
parently occurs atnd the enzyme is "induced."
This maLy result from decrelased PEP levels
occaLsioned by insullicient production or by the
demands for saccharide and other biosyntheses.
The atddition of C-4 intermnediaLtes tsuch as suc-

cinate) to cells growing in the presence of C-2
compounds (suchl as acetate) causes in most
systems, the immllediate repr-ession of enzyme
synthesis (H. L. Kotrnberg aLnd S. R. Elsden,
Advan. Enzyn-mol. 23:40)1, 1961). R. F.
Rosenberger Biochimli. Biophys. Acta 64:168,
1962), however, reported thalt enzyme synthesis
in a species of lchronlobacter is not repressed by
the presence of succinate in an acetate growth
medium and that acetate will induce in la succinalte
growthl mediunm. He suggested that 'an atltered
metabolism of succinate miglht be responsible,
and this may well lbe true. However, our similar
results with .Wi1iu71 polhlno)rlpa ATCC 9957
suggest that, possibly, this taltered nmetabolism"
may not be uniqLue in this related group) of' bLc-
teria, or thbat in certatin organisms PEP mighlt not
represent the key coLarse control meclhanlismii. An
"induction,'' to ai slighit extenlt, of isocitraLte lyvase

by succincate has alsolseen indicated by the data
of B. A. McFadden and W. V. Howes (J. Bac-
ter-iol. 84:72, 1962)

Experillentlal cdetcails coIncer-ning cultuIr Illinl-

tenance, basal salIts Trowtlh miiediumii, incubation
prep,aration of extratcts, enzyme Iassay, and pro-

tein determinaltioni haVe been published E. J.

Bell and A. Marus, J. BaLcter-iol. 91:2223, 1966).
Acetate and succinate were added to a concen-

tration of 0.0)3 Ni each. Specific activity is ex-

pressed as micr-omoles of glyoxylate formed per

milligram of protein peir hour.

Time study exper-inments wer e designed to
compare the indLuctionl rate of cells grown in the
presence, as sole cairboon source, of acetate or
succinate, or in the presence of both. The washed
inocula wer-e pr-epa,tred lfr omii cells grown for 24
hr in a nonindtuCinlg Tr pticLase Soy Agartr medium.
The results Fig. shdow a norrmial induLction
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pattern foir ctccatc similar to Rosenberer's
observatiolns, gT(od nliucLtion alOthoug,h to a

lessel degr-CC \ensucIAIMate is inIcltded as a

second substrate. NIo0-C sUtprising is the fact that,
afte- 24 hr of inicubatiotn, succinate itself lallowed
an incre'ased level of enzym'ie alctivity. Growth
w",as essentially Cequiva7lensllt in all tlree medial
(TaLble I), althoughi thee w,as a slight lag in thie
aicetate-containin1gmcdli, presum bly the time
nlecessaIry for the inll(W.tctoIl of sutlicicit levels of
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TABLE 1. Growth (expressed ais optical density) of
MiAlim poly1norpha in il/ie presenice of variouis

carbon sources

Time (hr)
Ca-bon source L

0) 2 I 4 6 24

Acetate .... 0. 12 0.15 0.20 10.29 0.45
Acetate plus

succiinate 0.11 0.11 0.17 10.22 0.50
Succinate. 0.06 0.12 0.22 |0.26 0.58
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one or both of the bypass enzymes. No lag in
growth initiation was observed in the succinate
medium.
A second set of experiments was designed to

show the effect of adding either acetate or suc-
cinate to cells after 4 hr of "induction" in the
presence of the opposite substrate. To obviate a
dilution effect, sterile saline was added to the
control flask. The results (Fig. 2) indicate that
succinate, when added to cells synthesizing the
enzyme in the presence of acetate, allows induc-
tion to continue for at least 2 hr, although at a
slightly decreaised rate. Furthermore, acetate
added to cells in the succinate medium im-
mediately stimulates the rate of enzyme forma-
tion a great deal. The results obtained upon the
addition of acetate to cells in a succinate-con-
taining medium are strikingly similar to those of
Rosenberger.
The results clearly show then that succinate, in

the presence of facetate, will allow significant
induction of isocitrate lyase and, as sole carbon
source, will induce synthesis to some extent after
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FIG. 2. Effect of a .supplemnetal suibstrate, addled
after 4 hr of indulztctioln, ont the suibsequelnt rate of syn-
thesis of isocitracte hyase. All conicenitrationis are 0.03 mr.
TSA = Trypticase Soy Agarl.

a lag period. The reasons for this are not clear,
but, until evidence for a defective metabolism of
succinate is forthcoming, it might be well to look
for a coarse control mechanism other than, or in
addition to, PEP levels in these organisms.
Evidence has been priesented (L. A. Jacobson,
R. C. Bartholomaus, aInd 1. C. Gunsalus, Bio-
chem. Biophys. Res. Commun. 24:955, 1966)
that acetate itself exerts (in Pselidomn1onas putida)
a "coarse" control vil the r-epression of synthesis
of the malic enzyme.
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