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INTRODUCTION 

The mechanism involved in induced synthesis of enzymes (enzymic adaptation) in 
microorganisms has b ~ n  paid very great attention because of its importance for the 
understanding of the ways in which the living protoplasm directs and controls the 
synthesis of proteins (enzymes). 

The induced synthesis of fi-galactosidase in E. coli is probably the most 
thoroughly investigated case of enzyme adaptation. The reason for this preference 
is particularly the introduction, by LEDERBERG 1, of a very simple photometric 
method for determination of the activity of this enzyme, using o-nitrophenyl-fi-D- 
galactoslde as subtrate. 

One of the most fascinating features of induced enzyme synthesis is that  it may 
occur even in the absence of any exogenous nitrogen source. Under these conditions 
growth is completely arrested, and it might be expected that  any kind of protein 
synthesis was also inhibited. However, a certain amount of low-molecular nitrogen 
reserves, consisting mainly of amino acids, has been demonstrated in yeast (RoINF2), 
and this reserve is being utilized when adaptation occurs in the absence of nitrogen 
(HALVOR~ON AND SPIEGELMAN3). In the present work it has been a t tempted  to 
demonstrate some of the factors influencing the rate and extent of the induced 
synthesis of fl-galactosidase, especially in the absence of exogenous nitrogen. 

MATERIAL AND METHODS 

Biological material. All e xpe r im e n t s  were done on Escherichia coil, s t ra in  B. For  de ta i l s  abou t  
cu l tu re  methods ,  media,  etc. the  reader  m a y  refer to ROBERTS et al. 4. 

Extraction o/ enzyme. Samples  t a k e n  from a bac te r i a l  suspension (25-1oo ml, d e p e n d i n g  on 
the  enzyme  content )  were cen t r i fuged  and  the  s u p e r n a t a n t  discarded.  ] 'he  enzyme  was  l ibe ra ted  
by  shak ing  the  pe l le t  of bac t e r i a  in i o  ml  d is t i l l ed  w a t e r  -~- 0.25 ml  to luene  for one hour  a t  37 :' C 
(ConN .aND MONODS). The r e su l t ing  e x t r a c t s  were not  centr i fuged,  as abou t  5 ° % of the  enzyme  
a c t i v i t y  was found to be bound  to the  prec ip i ta te .  These e x t r a c t s  were then  a p p r o p r i a t e l y  di lu ted.  

* The work  p resen ted  in th is  and  the  fol lowing pape r  was (lone ( luring the t enure  of a Special 
Fe l lowship  of the  Carnegie  I n s t i t u t i o n  of W a s h i n g t o n  1951-52 . 

** Presen t  address :  D e p a r t m e n t  of His to logy,  Un ive r s i ty  of G6teborg,  Sweden. 
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fb'ep~ratim~ o~ substYalc. I.EDERBERC-'S s u b s t r a t e  l, o -n i t ropheny l - /~ -D-ga lac t t ) s ide  (()NI>G) 
was  s y n t h e s i z e d  in t he  fo l lowing  s t e p s :  D-galactcJse was  t r a n s f o r m e d  to  pen taace ty l - / ; t -D-ga l ac to se  ~, 
f rom which  was  l l l ade  t e t r a a c e t y l - ¢ z - D - g a l a c t o p y r a n o s y l  b r o m i d e  (HAVNES AND TODI)7). T h i s  
s u b s t a n c e  was  t r a n s f o r n | e d  m'a o - n i t r o p h e n y l - / ] - l ) - g a l a c t o p y r a n o s i d e  t e t r a a c e t a t e ,  i n to  ( ) N l ) ( i  
(SEIDMAN AND [ANI,:S). 

Determination o/ ('~lz3me actiz,ily. The  p r o c e d u r e  a d o p t e d  was  e s s e n t i a l l y  a | n i c r ( m m d i t i c a t i o n  
of the  m e t h o d  ( l e sc r ibed  b y  LI,'.DItRBERG 1. To a s m a l l  t e s t  t u b e  was  a (h led  - o o / z l  o/  a buf fe red  
sa l t  s o l u t i o n  (c/. below),  -'5 /ll  e n z y m e  so lu t i on ,  and  3 ° i l l  o .oo 5 3 l  O N P ( ; * .  Af te r  _,o m i l m t e s  
i n c u b a t i o n  a t  37 C, t h e  r e a c t i o n  was  s t o p p e d  a n d  the  y e l l o w  co lour  of the  l i b e r a t e d  o - n i t r o p h e n o l  
d e v e l o p e d  b v  a d d i n g  25 /tl 1 .l/ Ke ( 'O  a. The  a b s o r b a n c y  was  r ead  a t  4_,o m p  in t he  V, e c k m a n  
s p e c t r o p h o t o m e t e r ,  u s i n g  Py roce l l  m i c r o c u v e t t e s .  

At  t h e  t i m e  t h e  p r e s e n t  e x p e r i m e n t s  were  p e r f o r m e d ,  t he  p a p e r  b y  LEDERBERG 1 Was t h e  
o n l y  one  a v a i l a b l e ,  d e a l i n g  w i t h  t h e  a c t i v a t i o n  of { / -ga lac tos idase .  LVZDERBERG f o u n d  t h a t  m o n o -  
w f l e n t  c a t i o n s  were  n e c e s s a r y  to  a c t i v e  t h i s  e n z y m e ,  and  t h a t  N a  + w a s  t he  b e s t  a c t i v a t o r .  E x p e r i -  
m e n t s  d e s i g n e d  to  d e m o n s t r a t e  t h e  effect  of v a r i o u s  s a l t  s o l u t i o n s  on t he  a c t i v i t y  of t h e  e n z y m e  
s h o w e d  t h a t  a p p r o x i m a t e l y  t h e  s a m e  a c t i v i t y  w a s  found  in 31/25 N a - p h o s p h a t e - b u f f e r ,  p H  7.5: 
o.I  .]l NaC1, a n d  t he  s a l t  s o l u t i o n  in  w h i c h  t he  b a c t e r i a  were  g r o w n  (8. 5 • 1o-231 N a + ;  2.2.  t o - 2 M  
K - ,  p H  6.8). The  l a t t e r  s o l u t i o n  w a s  t h e r e f o r e  used  in a l l  e x p e r i m e n t s .  The  r e s u l t s  a re  e x p r e s s e d  
b y  t he  a m o u n t  of O N P G  spl i t ,  as  l~31 "/. m i n u t e  i p e r  m g  d r y  w e i g h t  (DXV). The  d r y  w e i g h t  
was  c a l c u l a t e d  f rom r e a d i n g s  of t h e  o p t i c a l  d e n s i t y  of t he  b a c t e r i a l  su spens ion ,  e m p l o y i n g  an  
e m p i r i c a l  c u r v e  c o r r e l a t i n g  d e n s i t y  and  cell  v o l u m e  (wet  we igh t ) ,  a n d  a s s u m i n g  t h a t  t he  d r y  
w e i g h t  is 25 ° o of t he  w e t  we igh t .  

RESULTS 

Enzyme synthesis in complete and in nitrogen-line m~dia 

The course of enzyme synthesis in a complete medium, in which the energy source 
is lactose (I mg × ml-1), may be seen in Fig. I. 
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Fig .  I. G r o w t h  a n d  i n d u c e d  e n z y m e  s y n -  
t h e s i s  in  t h e  p r e s e n c e  and  a b s e n c e  of 

n i t r o g e n .  

In this figure both concentration of enzyme 
and the growth have been plotted against 
time. It is seen that there is a lag phase in 
the growth lasting about 9 ° minutes. Contrary 
to this, enzyme synthesis begins immediately, 
and at the end of the lag phase the concen- 
tration is about 0.20 /xM ~ min -1 per mg 
DW. It should be noticed that, confirming 
LEDERBERG'S results, a slight amount of fl- 
galactosidase was found even in the unadapted 
cells, varying between 0.003 to 0.005/,2/I × 
min 1 per mg DW. When the cells start 
growing, at the end of the lag phase, a very 
rapid enzyme synthesis simultaneously begins. 
The enzyme synthesis is not proportional to 
the increase in cell number (DW). Calculating 
the ratio: Increase in total enzyme/increase 
in DW, for time intervals shortly after the 
lag phase, 9 ° 12o, 12o-15o minutes etc., have 
for several curves given values in the range 
4-7 t x:lI × rain-1 per mg DW. Plotting these 
two quantities in a graph shows that after 1-2 
hours of growth linearity is approached 
between them, the slope corresponding to 

* M y  h e a r t i e s t  t h a n k s  are  d u e  to  Pro fe s sor  J. [.EDERBERG for a s a m p l e  of O N P G .  

lCelerenccs p. 255. 



v o L .  19  (1956) INDUCED SYNTHESIS OF /~-GALACTOSIDASE I 2 4 9  

1.75-2.25/xM ~,:: min -~ per mg DW for several experiments. This linearity is also 
indicated in Fig. I. by the constancy of enzyme activity per mg DW found after 3 
hours. The final concentration of enzyme in the cultures after adaptation to lactose 
ranged in most experiments also between 1.75 and 2.25 FM X rain -~ per mg DW, 
although occasionally even higher and lower values were observed. The DW employed 
in the latter values includes also the bacteria added at the beginning of the experiment, 
which are not negligible compared to the final amount (c/. the growth curve in Fig. I). 

The linear relationship between growth and enzyme synthesis mentioned above 
may represent the normal content of enzyme in already adapted bacteria. If this 
be true, the amount of enzyme at the end of the experiment may be accounted for 
by assuming that  both old an new cells synthesize the enzyme. 

Comparing enzyme synthesis in the complete medium and in the N-free medium, 
it is seen that  these processes proceed similarly during the first 9 ° minutes, i.e. 
during the lag phase (Fig. 1). In both cases the rate of synthesis is gradually increasing 
during the first 30 minutes. After 9 ° minutes no further synthesis occurs in the N-free 
medium, the enzyme content remaining constant at a level about 0.2 FM >< rain -~ 
per mg DW during the rest of the experiment. As enzyme synthesis during the lag 
phase thus is the same in both media, it seems reasonable to suggest that  the 
endogenous nitrogen reserves during this time are the only ones available for protein 
synthesis even in the complete medium. 

Enzyme syntl~esis during diauxic growth 

I t  may be concluded from the preceding experiments that  the amount of enzyme 
present at the end of the lag phase is sufficient to initiate growth. In order to see if 
the onset of growth is correlated with the enzyme 
content some experiments were done in which ~ zoo 
both glucose and lactose were added, in the ratio ~ 1.75 
7:3. Under these conditions the phenomenon 
"diauxie" (MoNo> 7) is exhibited, i.e. the cells ~" 
grow until all glucose is consumed, after which F"~ 1.50 
a certain lag phase is observed before growth ~ z 

'--< 1.25 is resumed with lactose as energy source. The ~@ 
growth curve shown in Fig. 2 clearly shows this ~g 
phenomenon, and it may also be noticed that  ~ g 1'°°t 

.~2 Qa 

I the lag phase is somewhat shorter than in the ~ ,% ~, 0.75[ experiment illustrated in Fig. I (about 60 rather , 
than 9 ° minutes). No enzyme synthesis occurs ', ] 
before growth has ceased due to lack of glucose. ', I o.5o~ 
At this time it begins almost immediately and 
proceeds at maximum rate after a few minutes, o.25 
Already after 3o minutes the enzyme content is 
1. 5 times higher than at the end of the lag phase o.0o 

0 
during norma] adaptation, and when the growth 
begins it is about 5 times higher. The onset of 
growth is thus not directly a function of the 
enzyme content. 
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Fig. 2. Growth and induced enzyme 
synthesis  under  diauxic condit ions 

The enzyme synthesis greatly exceeds the normal content per cell, if only new 
]C<ierences p. 255. 
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cells were to produce the enzyme. Thus in the in terval  from 27o 3oo minutes  the 
synthesis  amounts  to 4.4o t,3[ min ~ per mg DW. The value approached  at the 
end of the exper iment  is . iqo,  i.e. in the normal  range. 

This diauxic  exper iment  indicates  tha t  the nut r i t iona l  s ta te  of the cells influences 
the enzyme synthesis  dur ing the lag phase. The cells in this expe r imen t  were under  
op t imal  condit ions with respect  to nutr i t ion,  both  because they  were in the  loga- 
r i thmic  growth phase, bu t  also because no isolation and washing of the cells took 
place (c/. the  following section). 

Synthesis in N-/ree medium u~der various conditions 

The preceding exper iments  clear ly indicate  tha t  the ra te  of synthesis  depends  upon 
the s ta te  of nu t r i t ion  of the cells. I t  was therefore  decided to inves t iga te  the influence 
of this fac tor  in the absence of nitrogen.  At  the same t ime the effect of ex t rac t ing  
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Fig. 3- Effect  of s t a rva t ion  and  ex t rac t ion  wi th  wate r  on 
the  induced enzyme  syn thes i s  in n i t rogen-f ree  m e d i u m .  

the bac te r ia  with dist i l led water  
was invest igated.  

The bac te r ia  normal ly  used 
in the present  exper iments  were 
taken  from cultures inocula ted  in 
the af ternoon and harves ted  the 
next  morning.  By this t ime 
growth had  ceased because of 
exhaus t ion  of the energy source, 
glucose, and it m a y  be presumed 
tha t  also in te rmedia te  metabol i tes  
arising from glucose were more or 
less exhausted.  The bac te r ia  m a y  
thus be considered in a s ta te  of 
semi-s ta rva t ion  The enzyme syn- 
thesis in these cells has been com- 
pared  with synthesis  in cells t aken  
from a cul ture  in the logar i thmic  
growth phase. 

The bac te r ia  in a " semi - s t a rved"  cul ture  were harves ted ,  washed in saline and 
suspended in N-free medium.  One th i rd  of the  bac te r ia  were t ransfer red  to comple te  
medium + g l u c o s e  and allowed to grow for two hours. After  harvest ing,  half  of 
these bacter ia ,  and another  th i rd  of the original  ones were suspended in dist i l led 
water  and  left at  room t empera tu re  for one hour. The suspensions were shaken 
occasionally.  All  four port ions were now suspended in N-free med ium with lactose 
(I mg x m1-1) and incuba ted  at  37 ° C. 

The results  shown in Fig. 3 demons t ra te  t ha t  in " semi - s t a rved"  cells bo th  the 
ini t ia l  ra te  and  the ex ten t  of synthesis  is lower than  in the log phase cells. The maxi-  
mum ac t iv i ty  of enzyme in the l a t t e r  case was about  o.32, in the  former  about  
o.19 F M  x min -1 per mg DW. This l a t t e r  value is about  the one usual ly  found in 
" semi - s t a rved"  cells. I t  is seen t ha t  the  surplus  enzyme content ,  as well as the higher 
ini t ia l  ra te  of synthesis  d isappears  when the cells are ex t r ac t ed  with  dist i l led water.  
This t r e a tmen t  thus  removes factors influencing both  ra te  and  ex ten t  of synthesis ,  
bu t  it  is a p p a r e n t l y  not  possible to pass beyond  the capac i ty  possessed by  the 

Re/erences p. 255. 
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"semi-s tarved" cells. This m a y  be incidental as far as the factors responsible for the 
initial rate of synthesis are concerned; at least, the extraction of the "semi-s tarved" 
cells leads to a further delay in enzyme synthesis. The results seem to allow a clear 
distinction between two sets of factors, each responsible for one of the two aspects 
of enzyme synthesis discussed above. 

I t  should be noted that  the rates of synthesis, once the different initial periods 
are over, are constant  and equal (c/. PORTER, HOLMES AND CROCKER1°). The 
endogenous factors determining the apparent  max imum rate under the given exper- 
imental conditmns are thus very little influenced by  external factors. 

The influence on enzyme synthesis o/adding various substances 

I t  was shown in the preceding section tha t  s tarvat ion and extraction of the bacteria 
lead to loss of two kinds of substances, some of which influence the initial rate, and 
some the extent  of synthesis. From what  is already known about  induced enzyme 
synthesis, it is reasonable to expect tha t  the latter substances are the nitrogen reserves 
from the amino acid pool, and the former substances taking part  in the energy supply. 

' 0 Control 

,.,~c~ 0.10 

.- . D °  0.05 

0 50 120 180 Time (minate~) 240 

Fig. 4. Effect of addition of various substances on the induced enzyme synthesis in nitrogen-free 
medium. 

To test this, various substances were added to bacteria which had been severely 
starved by keeping a "semi-s tarved" culture in the refrigerator for 24 hours. These 
bacteria were suspended in N-medium, and divided into for equal portions. To the 
first was added glucose (7/xg :4 ml-t),  to  the second alanine (7/*g x ml-1), to the 
third ATP (35/xg x ml 1), while the last served as control. In  all four cases were 
added 1.33 mg lactose per ml. The results of enzyme determinations after various 
time intervals are shown in Fig. 4. The high degree of s tarvat ion is demonst ra ted  
by the enzyme synthesis in the controls, which proceeded considerably slower than 
in the preceding experiments. The final act ivi ty  (unfortunately no level was reached) 
was only o.Io ~M × min 1 per mg DW, i.e. about  half the normal value. All three 
added substances were able to increase the rate of synthesis above that  in the control, 
and to the same degree during the first 9 ° minutes. The rate of synthesis is, however, 
much lower than in "semi-starved" bacteria. Only in the suspension with alanine 
was a further  increase in rate observed, but  even this rate is only about  1/3 of the 
normal. 

The final act ivi ty reached by the bacteria supplied with glucose was the same 
as in the controls, but  in the two others cases a higher enzyme content was found, 
corresponding to about  o . 15 / ,M / min -1 per mg DW. 

The results are thus consistent with the suggestions above. 

Re/erences p. 255. 
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The effect of ATP does not necessarily suggest that  adenine-N is directh- used 
for protein synthesis, but  may mean that  adenine saves amino acids for building 
up enzyme. This suggestion conforms with the fact tha t  a certain nucleic acid 
synthesis does occur under these circumstances (c/. L O V T R u p l l ) .  

The very low rate of synthesis shows that  during starvat ion substances are lost 
which are not quickly replaced, even after addition of glucose, alanine and ATP. 

The diauxie experiments showed that  presence of glucose prevents the induction 
of ~-galactosidase synthesis bv lactose. The above results demonstrate  tha t  when 
the ratio glucose/lactose is sufficiently small, here about 1/20o, the presence of 
glucose may  have an enhancing effect on the enzyme synthesis. 

The effect o~ preceding treatmc~zt ",,ith glucose or lactose 

The antagonism between glucose and lactose as far as enzyme synthesis is concerned, 
was further investigated in the following experiments. Bacteria from a normal 
"semi-s tarved" culture were suspended in N-free medium and divided into four 
equal portions. To the first two lactose was added, and to the third glucose to give 
a final concentrat ion 2.4 mg x m1-1 while the last served as control. The bacteria 

were left in the refrigerator overnight. In the 
a2c 

z~ 
i~ ~ OJO o Lactose lactose 

~ • Lactose glucose 

~ 0.05 / t / / I  zsGlucoselactose.. Lactose, • 

0 50 120 
Time (minutes) 

Fig. 5. Effect  of preceding t r e a t m e n t  wi th  
c a r b o h y d r a t e s  on the  induced  e n z y m e  

synthesis in nitrogen-free medium, in the preceding experiment,  which had avail- 
able a nitrogen, but  no energy source. The 

control cells shows the normal course of synthesis, i.e. a gradually increasing rate of 
synthesis during the first short part  of incubation, after which synthesis proceeds 
linearly. 

In  the suspensions incubated overnight with lactose, a certain increase in 
enzyme had occurred, from about  o.oo5 to o.o25/~M >,~ min ~ per mg DW. When 
incubated with glucose, no further enzyme synthesis occurs, but  the enzyme activi ty 
remains at the high level. With lactose, synthesis starts immediately at the highest 
rate, but  the final level is the same as in the controls (o.z 9/~M x min -~ per mg DW). 
The cells incubated with glucose also w-ere able to begin the enzyme synthesis at 
maximum speed, indicating tha t  energy supply is not  a limiting factor. The final 
level of enzyme act ivi ty  was lower, however, showing that  during incubation with 
glucose a certain utilization of reserves had occurred. 

morning they were harvested, washed and 
resuspended in N-free medium. To one of 
the first two portions glucose was added, to 
the others lactose (z mg × ml-1), and the sus- 
pensions incubated. The results of enzyme 
determinations after various time intervals 
are shown in Fig. 5- 

The first thing to notice is tha t  these 
bacteria, which were kept  in the cold supplied 
with energy sources, but  no nitrogen, show 
no signs of severe starvat ion contrary  to those 

DISCUSSION 

In  their paper on the kinetics of the induced synthesis of/3-galactosidase in E.coli, 

Re/cre~ces lb. 255. 
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MONOD, PAPPENHEIMER AND COHEN-BAZIRE 12 discuss three possible corlelations 
between enzyme synthesis and growth (increase in cellular mass). In all three cases 
it is assumed that after an initial adaptive period linearity is obtained between these 
two quantities, i.e. that the amount of enzyme protein constitutes a constant fraction 
of the total protein synthesized. The suggested differences are supposed to exist 
only during the initial phase of induced synthesis. In the simplest case, linearity 
will obtain throughout, and this was found by MONOD, PAPPENHEIMER .\ND COHEN- 
13:\ZIRE to hold under their experimental conditions. This case corresponds to that 
where all new, and no old cells, contain the normal amount of enzyme, although 
such a distinction is purely "imaginaire ''12. 

The second possibility is that the rate of enzyme synthesis gradually increases, 
showing an "autocatalytic" course. Adaptive growth, or enzyme synthesis has 
often been found to exhibit such "au toca ta lys i s" ,  and various hypotheses have been 
advanced, trying to explain the mechanism of adaptation oi1 this basis. However, 
it seems certain by now that induced enzyme synthesis is not autocatalytic, i.e. the 
enzyme proper does not in any way influence the synthesis of more enzyme of its 
own kind 12. The gradual increase in enzyme synthesis is caused by' lack of various 
limiting factors, when these are supplied enzyme synthesis proceeds at maximum 
rate almost instantaneously (PORTER, HOLMES AND CROCKER 1°, el. also below). 
According to the third possibility enzyme synthesis begins at a very high initial 
rate, which gradually decreases until linearity between growth and enzyme synthesis 
is reached. This mechanism should obtain, if the enzyme is formed by conversion 
of a specific precursor. The precursor hypothesis seems to be ruled out also. Both 
the experiments of HALVORSON AND SPIEGELMAN la on yeast, and those of MONOD, 
PAPPENHEIMER AND COHEN-BAZIRE 12 on E.coli seem to demonstrate that the induced 
enzyme synthesis is a de novo protein synthesis. However, as shown in the present 
paper, a rather extensive synthesis may occur even when no growth occurs, and 
when growth is allowed, a considerable surplus enzyme synthesis occurs (el. also the 
diauxie experiment). These results thus correspond to the third possibility mentioned 
above, without therefore, of course, constituting a proof of the precursor theory. 

The results are on the whole compatible with the assumption that during induc- 
tion both old and new cells acquire the enzyme. In order to explain the difference 
between these results and those obtained by MONOD, PAPPENHEIMER AND COHEN- 
B.XZIRE the attention should be directed towards one important difference in the 
experimental conditions. In the latter case there was always an energy source 
(maltose or succinate) present in the medium besides the inductor (e.g. lactose, 
melibiose or some fi-galactoside) which in most cases could not he used for energy 
supply. In the present experiments the inductor, lactose, was the only available 
energy source. This fact seems to be the most reasonable explanatmn of the observed 
difference. It might also be mentioned that no synthesis occurred under the 
experimental conditions employed by MONOD, P.\PPENHEIMER AND COHEN-BAz1RE, 

when the cells were starved, either with respect to the energy, nitrogen or sulfur 
source. Whatever the explanation of the differences may be, the fact remains that 
induced enzyme synthesis may occur at a rate above that indicated by the "normal" 
linear relation between enzyme formation and growth (c/. the following paper n, in 
which isotopes have been used to analyze this phase of synthetic activity in more 
detail). 

Re/erences p. 2,5.5. 



254 s. LOVTRUP VOI.. 19 (I956)  

As  m e n t i o n e d  a b o v e ,  i t  was  f o u n d  b y  PORTER, HOL~ES AN1) CROCKER 1° t h a t  

t h e  r a t e  of i n d u c e d  s y n t h e s i s  of f i -ga l ac tos idase  is l i nea r  wheI1 al l  l i m i t i n g  f ac to r s  

h a v e  b e e n  r e m o v e d ,  a n d  t h e  s a m e  h a s  b e e n  f o u n d  in o t h e r  cases  of i n d u c t i o n  (@10). 

T h e  p r e s e n t  r e su l t s  e x t e n d  t h e  p r e v i o u s  ones  b y  s h o w i n g  t h e  s a m e  to h o l d  e v e n  w h e .  

s y n t h e s i s  occu r s  in t h e  a b s e n c e  of a n y  e x o g e n o u s  n i t r o g e n  source .  I t  was  f o u n d  

t h a t  t h e  r a t e - l i m i t i n g  f a c t o r s  in  N- f ree  m e d i u m  a p p a r e n t l y  a re  i n v o l v e d  in t h e  s u p p l y  

of ene rgy ,  as in  cells in t h e  l o g a r i t h m i c  g r o w t h  phase ,  or  p r e - i n c u b a t e d  in e i t h e r  

g lucose  or  l ac tose ,  t h e  i n d u c e d  s y n t h e s i s  p r o c e e d s  l i n e a r l y  f r o m  t h e  b e g i n n i n g .  

E x t r a c t i o n  w i t h  d i s t i l l ed  w a t e r ,  or s t a r v a t i o n  w i t h  r e s p e c t  to  e n e r g y  sources ,  l ead  

to losses  in t h e s e  fac to rs ,  as  r e f l ec t ed  b y  a dec rea se  in t h e  i n i t i a l  r a t e  of e n z y m e  

s y n t h e s i s ,  t h e  k i n e t i c s  of w h i c h  t h u s  e x h i b i t s  a n  " a u t o c a t a l y t i c "  course .  A f t e r  

p r o l o n g e d  s t a r v a t i o n  a c o n d i t i o n  is r e a c h e d  w h e r e  t h e  a d d i t i o n  of s m a l l  a m o u n t s  of 

e n e r g y  sources  l ike  g lucose ,  a l a n i n e  a n d  A T P  are  u n a b l e  to  r e s t o r e  t h e  r a t e  of s y n t h e s i s ,  

a l t h o u g h  a c e r t a i n  i m p r o v e m e n t  occurs .  

C o n c e r n i n g  t h e  e n d o g e n o u s  n i t r o g e n  r e s e r v e s  a v a i l a b l e  for  e n z y m e  s y n t h e s i s ,  

cells in  t h e  l o g a r i t h m i c  g r o w t h  p h a s e  we re  f o u n d  to  c o n t a i n  m o r e  t h a n  o t h e r  cells,  

j u d g i n g  f r o m  t h e  e x t e n t  of e n z y m e  s y n t h e s i s .  H o w e v e r ,  t h e  s u r p l u s  m i g h t  be  e x t r a c t e d  

w i t h  w a t e r ,  w h e r e a s  t h e  f ina l  e n z y m e  c o n t e n t  in  " s e m i - s t a r v e d "  cells w a s  u n i n -  

f l u e n c e d  b y  e x t r a c t i o n .  I n c u b a t i o n  w i t h  glucose ,  as  wel l  as p r o l o n g e d  s t a r v a t i o n  

l ead  to  p a r t i a l  e x h a u s t i o n  of t h e  n i t r o g e n  rese rves ,  as i n d i c a t e d  b y  a r e d u c e d  level  

of s y n t h e s i s .  T h e  a d d i t i o n  of n i t r o g e n  sources ,  s u c h  as a l a n i n e  a n d  e v e n  A T P ,  t o  

s eve re ly  s t a r v e d  cells i nc r ea se s  t h e  f ina l  level  of e n z y m e  s y n t h e s i s ,  a l t h o u g h  no  

c o m p l e t e  r e s t o r a t i o n  was  f o u n d .  

SUMMARY 

In E. coli the content  of fl-galactosidase in already adapted cells corresponds to a hydrolysis of 
about  2 #M ONPG × min -1 per mg dry weight. In adapt ing cells the enzyme is synthesized 
during the lag phase, and during the early growth phase the amount  of enzyme synthesized 
per mg dry weight of new cells considerably exceeds the value mentioned above. 

By growing the bacteria in the presence of both glucose and lactose (diauxie), it was shown 
tha t  the t ime of growth initiation is not solely a function of the amount  of enzyme present in 
the cells. 

Induction of/5-galactosidase synthesis occurs even in the absence of any exogenous nitrogen 
source, at  least when lactose is the only energy source. Under these conditions the extent  of 
enzyme synthesis may be decreased by starvation, by extraction with water and by pre t rea tment  
with glucose. However, the synthetic capacity may be recovered, part ly at  least, by addition 
of nitrogen-containing substances such as alanine and ATP. 

The initial rate of enzyme synthesis in N-free medium is also reduced by s tarvat ion and 
by extraction with water. Addition of small amounts  of glucose, alanine or ATP, as well as 
pre- t reatment  with glucose or lactose increases this rate. 

RI~SUMI~ 

Chez E. coli B, la teneur en fl-galactosidase des cellules d6j~ adapt6es correspond ~ l 'hydrolyse 
d 'environ 2 ~ M  ONPG × rain -1 par  mg de poids sec. Dans les cellules en voie d 'adapta t ion  
l 'enzyme est synthetis6 pendant  la phase de latence. Pendant  la phase initiale de la croissance 
la quanti t6 d 'enzyme synth6tis6 par mg de poids sec de cellules nouvelles surpasse consid6rable- 
ment  le taux mentionn6 ci-dessus. 

En cul t ivant  les cellules sur glucose et sur lactose ~ la fois (diauxie), nous avons constat6 
que le d6but de la croissance n 'est  pas simplement une fonction de la quanti t4 d 'enzyme induit  
pr6sent dans les bact6ries. 

L ' induction de la synth6se de /5-galactosidase peut  avoir lieu m6me en l 'absence compl6te 
d 'une source exog6ne d'azote, du moins si le lactose est la seule source d'6nergie. Sous ces con- 

Re/ere~ces p. 255. 
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ditions, on peut  diminuer  la concentrat ion de l 'enzyme induit  par  carence, par  extract ion aqueuse 
et par  t ra i tement  pr61iminaire au glucose. La capacit6 de synth~se peut  ~tre r6g6ner~e, partielle- 
ment  au moins, par  l 'addit ion de substances  con tenant  de l 'azote comme p. ex. l 'alanine et I 'ATP. 

La vitesse initiale de la synth~se de l 'enzyme dans le milieu exempt  d 'azote peut  ~tre 
diminu6e elle aussi par  carence ou par  extract ion aqueuse. L 'addi t ion de petites quanti tds  de 
glucose, d 'alanine ou d 'ATP, ainsi qu ' un  t ra i tement  pr61inlinaire au glucose ou au lactose aug- 
men ten t  cette vitesse. 

ZUSAMMENFASSUNG 

Bei E. coli B entspr icht  der fl-Galaktosidase-Gehalt in den bereits adapt ier ten Zellen der Hydrolyse 
von ca. 2 I~M ONPG × rain -1 pro mg Trockengewicht.  In den sich adaptierenden Zellen wird 
das Enzym w~thrend der Latenzphase  synthetisiert ,  und w/thrend der friihen Wachs tumsphase  
iiberschreitet die pro mg  Trockengewicht  neuer Zellen synthetisierte Enzymmenge  diesen VV'ert 
betr~tchtlich. 

Beim Ztichten der t3akterien sowohl auf Glukose wie auf Laktose (Diauxie) wurde fest- 
gestellt, dass der Zei tpunkt  des Wachs tumsbeginns  nicht einfach eine Funkt ion  der in den 
Zellen vorhandenen Enzymmenge  darstellt .  Die Indukt ion  der Synthese yon fl-Galaktosidase 
findet ebenfalls in N-freiem Medium stat t ,  wenigstens wenn Laktose die einzige Energiequelle 
ist. Unter  diesen Bedingungen kann die Konzentra t ion  des induzierten Enzyms  durch Aus- 
hungern,  durch Wasserext rakt ion  und durch Vorbehandlung mit  Glukose verminder t  werden. 
Die Synthesekapazit~it wird aber wenigstens teilweise durch Zugabe von stickstoffhaltigen Sub- 
s tanzen wie Alanin und ATP regeneriert. 

Die Anfangsgeschwindigkeit  der Enzynlsynthese  in N-freiem Medium wird ebenfalls durch 
Aushungern  und durch Wasserext rak t ion  vermindert .  Die Zugabe von kleinen Mengen Glukose, 
Alanin oder ATP, sowie die Vorbehandlung mi t  Glukose oder Laktose vergr6ssern diese Ge- 
schwindigkeit. 
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