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SUMMARY 

Strains 6I 9 and 961, derived from Escherichia coli KI2,  show growth inhibition 
by 0. 4 M Mg 2+. The inhibition is overcome by L-aspartate. The related strain 977 
exhibits Mg 2+ resistance, which arose concurrently with a mutat ion to argR . Trans- 
duction experiments indicated that  the genetic determinant for Mg ~+ sensitivity is 
closely linked to, but not identical with, argR. 

Since aspartate reverses the inhibition, aspartate aminotransferase (L-aspar- 
tare :2-oxoglutarate aminotransferase, EC 2.6.I.I), an enzyme of aspartate synthesis, 
was examined. Incubation of 961 in a growth medium containing Mg 2+ leads to a 
sharp decrease in the specific activity of aspartate aminotransferase in 2 h, followed 
by a gradual increase. In similar experiments with 977, a greatly reduced drop and 
a much sharper rise occur. Extracted aspartate aminotransferase is virtually insensi- 
tive to Mg ~+. Extracts  of Mg2+-treated 961, on incubation at 37 °C, show nearly full 
restoration of aspartate aminotransferase activity within several hours. The reversible 
inactivation appears to affect the finished enzyme, in the absence of protein synthe- 
sis, as demonstrated in cell suspension experiments. Under these conditions, the in- 
activating effect of Mg 2+ is enhanced by aspartate.  Tests with growing cells suggest 
that  aspartate may  repress aspartate aminotransferase formation. 

Growth of 961 in the presence of o. 4 M Mg 2+ plus aspartate leads to relatively 
elevated levels of aspartate aminotransferase activity. In this case, on extraction, no 
appreciable restoration occurs, and in cell suspension experiments, the aspartate 
aminotransferase shows no Mg 2+ sensitivity. The aminotransferase from Mg 2+ plus 
aspartate-grown cells and the normal enzyme are similar in affinity for aspartate,  
sedimentation behavior, and inactivation at 60 °C, but differ in their response to 
heat t reatment  at 5 ° °C. I t  is thought that  the two enzymes may  be specified by the 
same gene, but may differ structurally, as a function of availability of Mg 2+ during 
their formation. 
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I N T R O D U C T I O N  

Magnesium ions at relatively high concentration (o.4 M) have two effects on 
strain 961, a derivative of Escherichia coli KI2  : (a) a pronounced lowering of growth 
rate and (b) a reduction in the activities of the arginine biosynthetic enzymes, acetyl- 
ornithine aminotransferase (a-N-acetyl-L-ornithine :2-oxoglutarate aminotransferase, 
EC 2.6.1.11) and argininosuecinase (L-argininosuccinate arginine-lyase, EC 4.3.2.1) 1 . 
Strain 961 is an arginine-requiring mutant  carrying a wild-type regulatory gene 
(argR +) for the arginine system. The effects of Mg 2+ are not observed in the argR- 
strain 977, which produces the enzymes of arginine biosynthesis at derepressed levels 1. 
The Mg 2+ effect on the acetylornithine aminotransferase activity represents a revers- 
ible alteration of the aminotransferase thought to arise while the enzyme, arginine 
(or an arginine derivative), and the protein product of the argR + gene are in contact 2. 
The present communication reports an analysis of the Mg 2+ effect on growth rate. 
Although tile Mg 2+ resistance of strain 977 is associated with the introduction of the 
argR- mutat ion 3, the effect on the growth rate of the sensitive strain 961 is not 
directly related to arginine metabolism but rather to aspartate aminotransferase (I~- 
aspartate:2-oxoglutarate aminotransferase, EC 2.6.I.I), an enzyme of aspartatc 
synthesis. 

M A T E R I A L S  A N D  M E T H O D S  

Organisms 
The organisms used were the F -  strain 619, argR +, his , ile , met- (ref. 4); 

strain 961, an arginine auxotroph derived from 619 (refs 5 and 6); and strain 977 
(ref. 6), a his + recombinant of 961, which has received the argR- gene from tile Hfr  
strain 3134 (ref. 4)- Phage Plkc (ref. 7) was kindly furnished by Dr V. Bryson. 

Media and cultivation 
Unless otherwise indicated, the organisms were grown, at 37 °C with aeration, 

in glucose-salts medium supplemented with g-arginine hydrochloride, L-histidine 
hydrochloride, z-isoleucine, and L-methionine, each at o.I mg per ml (ref. 2). The 
magnesium treatment  medium contained 0.03 M potassium phosphate (pH 7.o), 
0.004 M (NH4)2SO 4, o.ooi M trisodium citrate, 0.5% glucose, and 0. 4 M MgSO4. For 
autoclaving, the glucose and MgSO4 were omitted; glucose was autoclaved separately, 
and solid M g S Q . 7 H 2 0  (unsterilized) was added immediately before use. When the 
magnesium treatment  medium was used as a growth medium, it was supplemented 
with arginine, histidine, isoleucine, and methionine, as given above. For transduction 
experiments, the media of Lennox 7 and Dempsey s were used. Arginine-free Difco 
arginine assay medium was prepared from the solid commercial mixture, at a con- 
centration of 25 g per l. 

Chemicals and reagents 
L-Aspartic acid, a-ketoglutaric acid, and pyridoxal 5-phosphate were obtained 

from Calbiochcm; malate dehydrogenase, flom Worthington Biochemical Corpo- 
ration, and NADH, from C. F. Boehringer & Soehne G.m.b.H. 
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Preparation of extracts for enzyme assays 
For the preparation of extracts, cells were cultivated, washed, and collected, 

as indicated, and suspended in o.I M phosphate (pH 7.o), and were disrupted, with 
chilling, in a MSE ioo W Ultrasonic Disintegrator. The resulting extracts were 
clarified at 3 °C by centrifugation at 20 ooo × g for 30 min. 

A spartate aminotransferase assay and unit 
The enzyme mediates the pyridoxal 5-phosphate-dependent conversion of L- 

glutamate and oxaloacetate to a-ketoglutarate and L-aspartate. The assay of Amador 
and Wacker ~ depends on the transamination (in the reverse of the aspartate-yielding 
direction) of aspartate to oxaloacetate, which gives rise to malate in the presence of 
malate dehydrogenase and NADH, which in turn is monitored by following the 
decrease in absorbance at 34 ° n m .  

The assay is carried out at 25 °C with the aid of I-ml quartz cuvettes (light 
path, I cm). The following reagents are used: o.15 M L-aspartic acid in o.o4M 
K 2 H P Q ,  adjusted to pH 7.4 with NaOH; malate dehydrogenase in 0.04 M potassium 
phosphate, pH 7.4 (i.o Worthington unit per ml); 6.6 mM a-ketoglutaric acid in 
water, adjusted to pH 7-4 with NaOH; i.o mM pyridoxal 5-phosphate in water; and 
0.22 mM NADH in 5 mM Tris-HC1, pH 7.4. The reaction mixture contains 0.5 ml of 
the aspartic acid reagent and o.I ml of each of the remaining reagents plus o.I ml of 
aminotransferase preparation (total volume I.O ml). The reactions are started by 
the addition of NADH and rapid mixing. The absorbance at 340 nm is measured 
repeatedly over a 5-rain interval, and the decrease in absorbance per min is computed. 
For blank determinations, a-ketoglutarate is omitted from the reaction mixture. 
One unit of aspartate aminotransferase is defined as the amount of enzyme that  will 
bring about a decrease in absorbance of I.OO per min, under the conditions described. 

Protein determination 
Protein was determined by the method of Lowry et al. 1°. Bovine albumin 

powder (Fraction V) was used as the protein standard. 

EXPERIMENTAL 

Growth tests on Mg2+-sensitive and Mg~+-resistant strains and reversal of Mg 2+ inhibition 
by aspartate 

The inhibition of the growth of strain 961 by 0.4 M Mg 2+ is shown as follows. 
The organism is cultivated in a 25o-ml sidearm flask in 4 ° ml of supplemented glucose- 
salts medium (see Media and cultivation). This culture (approx. 2 ml) is used to 
inoculate a fresh portion of the same medium, and growth is allowed to proceed in 
the same general manner, to a turbidi ty corresponding to a reading of approx. 4 ° in 
the Klet t-Summerson colorimeter (No. 66 filter). The resulting culture is divided into 
two equal portions, which are centrifuged. One pellet, for control purposes, is sus- 
pended in the same growth medium as before (I ml, Inoculum A). The other pellet 
is suspended in magnesium treatment  medium (i ml, Inoculum B). For the control 
culture, Inoculum A is added to supplemented glucose-salts medium (4 ° ml), con- 
tained in a 25o-ml sidearm flask. For the experimental culture, Inoculum B is intro- 
duced into supplemented magnesium treatment  medium, also contained in a 25o-ml 
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Fig. i. Growth behavior of Mg2~-sensitive (619 961) and Mg2+-resistant (977) strains in the 
presence of o. 4 M Mg 2~. 

Fig. 2. Effect of aspartate on the growth inhibition of strain 96~ by Mg 2~. Asp: L-aspartate. 

s idearm flask. Incuba t ion  is carr ied out  a t  37 °C with  shaking,  and  the t u r b i d i t y  of 
the  cul tures  is followed. 

The Mg 2+ inhibi t ion  of the  growth  of s t ra in  961 is i l lus t ra ted  in l:ig. I.  Also 
shown is a s imi lar  effect of Mg 2+ on s t ra in  619, the a rg in ine- independent  paren t  of 
s t ra in  961. The effect thus  d id  not  arise with the in t roduc t ion  of the m u t a t i o n  leading 
to the arginine requi rement .  Fig. I fur thermore  shows the growth  behavior  of the 
Mg2+-resistant s t ra in  977, which is an argR der iva t ive  of s t ra in  961. I t  was soon 
found, however ,  t ha t  the argR- charac te r  i tself  does not  confer resistance to Mg 2+ 
since, for example ,  i ndependen t ly  isola ted argR- der iva t ives  proved  Mg2+-sensitive. 
As descr ibed  below, the Mg 2+ sens i t iv i ty  seems to be de te rmined  by a genetic factor  
t ha t  is closely l inked to the  argR locus. 

E x p e r i m e n t s  were then  per formed in an effort to p inpoin t  the biochemical  
lesion t ha t  seems to occur in s t ra ins  961 and 619 bu t  not  in s t ra in  977, when these 
organisms are t r e a t ed  with  Mg 2+. In growth  tests ,  first with amino acid mix tures  and 
then  with ind iv idua l  amino acids, it  was found tha t  L-aspar ta te  (o.I nag per ml, as 
monopo tas s ium salt) is able to reverse the  Mg 2+ effect, as shown in Fig. 2. L-Glutamate  
(o.I mg per  ml, as monosodium salt) coun te rac ted  the Mg ~+ inhibi t ion  to an extent .  
These resul ts  suggest  t ha t  Mg 2+ affects a s tep in the synthesis  of aspar ta te .  

Genetic determinant of Mg 2+ sensitivity 
Since it was found t ha t  s t ra in  977, in con t ras t  to s t ra in  961, is both  argR and 

Mg2+-resistant, it seemed possible t ha t  t i le genet ic  de t e rminan t  for Mg 2+ sens i t iv i ty  
is closely l inked to argR. Evidence  tha t  this  is indeed the case was p rov ided  by  
t r ansduc t ion  expe r imen t s  per formed  according to the general  me thod  of Lennox 7, 
as modified by  Dempsey  s. The t r ansduc ing  phage Plkc was grown on the Mg 2+- 
res i s tan t  argR- arginine auxo t roph  977, and  the lysate  ob ta ined  was used for tim 
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t r ansduc t ion  of  the  Mg2÷-sensitive argR ÷ s t ra in  619. Select ion for argR- t rans-  
duc t an t s  was made  on arginine-free Difeo assay  m e d i u m  conta in ing  L-canavanine 
sulfate  (0.05 mg per  ml) and  these t r a n s d u c t a n t s  were t e s ted  for Mg z+ sensi t iv i ty .  
Some were found to be Mg2+-resistant, and  some were Mg2+-sensitive, which is 
indica t ive  of a fa i r ly  close l inkage be tween the genetic d e t e r m i n a n t  of Mg 2÷ sens i t iv i ty  
and  argR. 

Implication of aspartate aminotransferase in Mg 2+ sensitivity 
In  view of the  ind ica t ion  t ha t  Mg 2÷ affects a s tep in the  synthes is  of a spa r t a t e ,  

a spa r t a t e  aminot ransferase ,  which media tes  a spa r t a t e  product ion ,  was examined  in 
th is  connect ion.  Fo r  this  purpose,  the Mg2+-sensitive s t ra in  961 and  the Mg 2+- 
res i s tan t  s t ra in  977 were cu l t iva ted ,  in the  presence of 0. 4 M magnes ium,  in supple-  
men ted  magnes ium t r e a t m e n t  medium,  and  the ac t i v i t y  levels of a spa r t a t e  amino-  
t ransferase  were followed (see Mater ia ls  and  Methods).  The results  ob ta ined  are l is ted 
in Table  I. I t  can be seen tha t ,  in the  case of  the  sensi t ive s t ra in ,  the re la t ive  specific 

TABI.E I 

ASPARTATE AMINOTRANSFERASE LEVELS OF STRAINS 9 6 1  AND 977 ON INCUBATION IN MAGNESIUM 

TREATMENT MEDIUM (AS RELATIVE SPECIFIC ACTIVITY)* 

Strain Response Incubation Relative specific 
to Mg 2+ (h) activity 

961 Sensitive I 43 
961 2 13 
96I 3 32 
961 4 57 
977 Resistant I 58 
977 2 4 ° 
977 3 Io2 
977 4 lo5 

" See the text for details. The relative specific activity of the inocula is taken as ioo. 

a c t i v i t y  drops  to a level of 13 % within  2 h. Thereaf ter ,  the re la t ive  ac t iv i ty  g radua l ly  
increases. In  the  case of the  res is tan t  s t ra in ,  the  m i n i m u m  re la t ive  specific ac t i v i t y  is 
higher b y  a fac tor  of three  and  the in i t ia l  a c t i v i t y  level is exceeded wi thin  3 h. These 
results,  therefore,  suppor t  the  inference t ha t  the  Mg 2+ sens i t iv i ty  of the  no rma l  
a spa r t a t e  aminot ransfe rase  is responsible for the  inhib i t ion  of the growth  of  the  
sensi t ive s t ra in  b y  Mg ~+. The lesser sens i t iv i ty  of the  amino t rans fe rase  of the  res i s tan t  
s t ra in  is in h a r m o n y  with  this  inference. 

Insensitivity of extracted aspartate aminotransferase to Mg 2+ 
To tes t  whether  the  Mg2+-dependent reduc t ion  in aminot ransfe rase  ac t iv i ty ,  

which was observed  in growing cells, is demons t rab le  under  cell-free condi t ions,  the  
following expe r imen t  was carr ied  out.  The sensi t ive s t ra in  961 was cu l t iva ted  in 
glucose-sal ts  med ium supp lemen ted  with  the  requi red  amino acids. The organisms 
were col lected by  eent r i fuga t ion  and  suspended in magnes ium t r e a t m e n t  med ium 
minus MgSO4 and  glucose. A cell-free ex t r ac t  was p repared  (see Mater ia ls  and 
Methods)  and  was d iv ided  into four port ions.  To one por t ion,  no Mg 2+ was added,  and 
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the remaining three portions were made o.o2 M, o.I M and o. 4 M in Mg 2+. The four 
portions were incubated at 37 °C for 2 h and were individually dialyzed at 3 °C, first 
against Mg2+-free and glucose-flee magnesium treatment medium for 2 h, and 
subsequently against o.I M phosphate buffer (pH 7.0) for 16 h. Aminotransferase 
assays of the four dialyzed preparations showed that Mg 2+ up to a concentration of 
0.4 M does not produce a lowering of the activity of the extracted enzyme. It there- 
fore appears that the intracellular environment of the aminotransferase offers 
structural features that are required for the diminution of enzyme activity in the 
presence of Mg 2+. 

Restoration of aspartate aminotransferase activity 
Since it seemed possible that the loss of activity of the aminotransferase reflects 

a structural alteration of the enzyme in response to Mg 2+, in the context of the 
appropriate intracellular environment, it was endeavored to obtain a restoration of 
aminotransferase activity in cell extracts. Strain 961 was subiected to Mg 2+ treatment 
for 2 h, in 4o-ml batches, as described above. The organisms from four such batches 
were harvested, washed with distilled water by centrifugation, suspended in 4 ml ot 
o.I M phosphate (pH 7.o), and disrupted sonically. The extract obtained was tested 
for in vitro restoration of enzyme activity, as follows. The extract was maintained at 
37 °C, without any other treatment, and samples for assay of the aminotransferase 
activity were taken at intervals from o to 6 h. As can be seen in Fig. 3, over a period 
of 4 to 6 h, a recovery of enzyme activity from an initial 12% level to a 97~J level 
was noted. The aminotransferase activity of control extracts from organisms not 
subjected to Mg z+ treatment remains virtually constant during maintenance of tile 
extracts at 37 °C for 6 h. It  is inferred that, as a result of the Mg 2+ treatment, tile 
aminotransferase undergoes a structural alteration that appears to be reversible on 
keeping the enzyme in cell-free extract. 

Cell suspension experiments 
Since the inferred alteration of aspartate aminotransferase in response to Mg 2+ 

IOC 

75 

50 

tla 

25 

I I I I t I 
J 2 3 4 5 6 

HOURS 

F i g .  3. R e s t o r a t i o n  o f  a s p a r t a t e  a m i n o t r a n s f e r a s e  a c t i v i t y  a t  37 °C. T h e  s o u r c e  o f  t h e  e n z y m e  w a s  
s t r a i n  961 c u l t i v a t e d  in  t h e  p r e s e n c e  o f  o. 4 M M g  2+. 
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was indicated to occur in cells present in a growth medium, but not in cell extracts, 
cell suspension experiments were performed under conditions where protein synthesis 
does not occur as a result of amino acid deprivation. Washed cells of strain 961 were 
suspended in magnesium treatment medium from which the Mg 2+ had been omitted, 
so as to give a Klett-Summerson reading of approximately IOO. The amino acids 
required for the growth of the strain were withheld. Six 4o-ml portions of the sus- 
pension, with additions as indicated below, were incubated at 37 °C with shaking. 
The additions were (a) potassium L-aspartate, (b) sodium L-glutamate, (c) MgSQ, 
(d) MgSO 4 and potassium L-aspartate, and (e) MgSO 4 and sodium L-glutamate; a 
flask with no addition was included. Aspartate and glutamate were provided at 
I mg/ml, and Mg 2÷ at 0. 4 M. Incubation was carried out for 2 h, and Io-ml samples 
of the suspension were taken for assays. The cells from each sample were harvested 
by centrifugation, washed with distilled water, suspended in 2 ml of o.I M phosphate 
(pH 7.o), and disrupted sonically. The extracts were clarified by centrifugation at 
3 °C, and were assayed for aspartate aminotransferase activity and protein content. 
The results are given in Table II. The treatment with Mg 2+ is seen to lower the relative 

TABLE II 

E F F E C T  O F  M A G N E S I U M ,  A S P A R T A T E ,  A N D  G L U T A M A T E  O N  T H E  A S P A R T A T E  A M I N O T R A N S F E R A S E  

A C T I V I T Y  O F  C E L L  S U S P E N S I O N S  O F  S T R A I N  9 6 1  

The cells were incubated in the absence of the amino acids required for growth, with additions as 
indicated. The results are expressed relative to the specific activity of the inoculum (0.250 unit/rag 
protein) taken as ioo. See the text for details. 

Addition to medivtm 

None ioo 
L-Aspartate 97 
L-Glutamate 96 
Mg ~+ 46 
Mg 2+ ~ L-aspartate 18 
Mg 2+ + L-glutamate 25 

Relative specific activity 

specific activity to 46%, and this lowering is considerably enhanced when aspartate 
is present in addition to Mg 2+. Glutamate in the place of aspartate gives a similar, 
although less pronounced, effect. Incubation with aspartate or glutamate as sole 
additions has virtually no effect on the activity. The table also shows that the activity 
is completely stable when the cells are incubated without any additions. These results 
with cell suspensions, taken together with the results on the restoration on the 
activity of extracts, support the view that the Mg 2+ effect reflects a reversible 
alteration of finished enzyme. 

Effect of aspartate on the aspartate aminotransferase activity of growing cells 
In view of the enhancement of the Mg 2+ effect by aspartate (and to a smaller 

degree, by glutamate) in cell suspension, the effect of aspartate and glutamate on the 
aspartate aminotransferase activity of growing cells was examined. For this purpose, 
strain 961 was cultivated in the usual manner, at 37 °C, with shaking, in glucose-salts 
medium, supplemented with L-arginine hydrochloride, L-histidine hydrochloride, L- 
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"I'ABLE 11 I 

E F F E C T  O F  A S P A R T A T E  A N D  G L U T A M A T E  O N  T I l E  A S P A R T A T E  A M I N O T R A N S F E R A S E  A C T I V I T Y  O F  

G R O X V I N G  C E L L S  O F  S T R A I N  9 6 I  

See the text for details. The results are expressed relative to the aminotransferase activity of the 
inoculum (o.3oo unit/mg protein) taken as ioo. 

Addition to Relative 
medium specific activity 

N O I l e  l OO 

L-Aspartate 25 
L-Glutamate 45 

isoleucine, and  L-methionine (o.I mg/ml ,  each). Addi t iona l ly ,  po tass ium c -aspa r t a t e  
or sodium L-glu tamate  (1.5 mg/ml) was added  to the  med ium as indicated.  The cells 
were al lowed to grow from a read ing  of 8 to a read ing  of  4 ° in the  K le t t -Summe rson  
color imeter  and  were ha rves t ed  b y  centr i fugat ion.  E x t r a c t s  were then  p repared  and 
were assayed  for aminot ransfe rase  ac t i v i t y  and  pro te in  (see Mater ia ls  and  Methods).  
The resul ts  ob ta ined  are l is ted in Table I I I .  The d a t a  show tha t  cu l t iva t ion  in the  
presence of  a spa r t a t e  leads to a sharp decrease in specific ac t iv i ty .  G lu tama te ,  
poss ib ly  af ter  conversion to aspar ta te ,  also gives a decrease which, however ,  is 
smal ler  t han  t ha t  ob ta ined  with aspar ta te .  The act ion of a spa r t a t e  m a y  include a 
repression phenomenon,  a l though con t inued  cu l t iva t ion  in the  presence of a spa r t a t e  
does not lead to a commensura te  drop  in specific ac t iv i ty .  I t  is no t ewor thy  tha t ,  in 
cell suspension expe r imen t s  descr ibed above,  a spa r t a t e  had no apprec iable  effect on 
the ac t i v i t y  of the  aminot ransferase .  

Effect of  aspartate and Mg 2+ on the aspartate aminotranfferase activity of  growing cells 
The combined  effect of a spa r t a t e  and  Mg ~+ on the aminot ransfe rase  a c t i v i t y  

of growing cells was examined  as follows. Cells of s t ra in  961 were grown as usual  in 
magnes ium t r e a t m e n t  medium,  supp lemen ted  with arginine,  hist idine,  isoleucine, 
and  methionine ,  e i ther  in the  absence or the  presence of po tass ium L-aspar ta te  
(i mg/ml) .  I ncuba t ion  was carr ied out  for the per iod indicated,  and  samples  of the 
cells were collected,  d i s rup ted  sonically,  and  assayed  for aminot ransfe rase  ac t i v i t y  
and pro te in  content .  As shown in Table IV, when a spa r t a t e  is omi t ted ,  the low 
rela t ive  specific a c t i v i t y  charac te r i s t ic  of  the  magnes ium effect is obta ined.  On 

TABI.E IV 

1'21~'FECT O F  A S P A R T A T E  Plus 2 d A G N E S I U M  O N  THI~2 A S P A R T A T E  A M I N O T R A N S F I ~ 2 R A S J ~  A C T I V I T Y  O l  c 

G R O W I N G  C E L L S  O F  S T R A I N  9 6 I  

See the text for details. The results are expressed relative to the specific activity of the inoculunl 
(o.3oo unit/rag protein) taken as ioo. 

L-.4sparlale Incubation Relative 
( h ) specific activity 

Omitted 2 t I 
Added 2 7 8 
Added 4 214 
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addition of aspartate much higher activities are noted, which can exceed the specific 
activity of the inoculum by a considerable margin. These findings are in sharp con- 
trast  to the results obtained with cell suspensions, in which case it was observed that  
aspartate further lowers the specific activity compared to the value obtained with 
Mg 2+ alone. 

Attempted restoration of aminotransferase activity from aspartate plus Mg2+-grown cells 
and lack of Mg 2+ sensitivity of the enzyme from such cells 

In restoration experiments like those described above, no appreciable resto- 
ration of aminotransferase activity was demonstrable in extracts of cells of strain 961 
grown in the presence of potassium L-aspartate (I mg/ml) plus o. 4 M Mg 2+. In cell 
suspension experiments, the aminotransferase from such cells of strain 961 grown 
in this manner is not susceptible to the Mg 2+ effect, whether aspartate is added to 
the suspension or not. I t  would thus appear that  cells grown in the presence of Mg ~+ 
and aspartate,  under the conditions described, produce a species of aspartate amino- 
transferase that  is Mg2+-insensitive. 

Some properties of amiuotransferase from cells grown with or without aspartate plus 3Ig ~+ 
For a comparison of some properties of aminotransferase corresponding to 

different growth conditions, batches of cells of strain 961 were cultivated (a) in the 
presence of and (b) in the absence of potassium L-aspartate (i mg/ml) plus 0.4 M 
MgSO 4. The cells from each of these batches were collected, and extracts were pre- 
pared, clarified by centrifugation at IO ooo X g for 20 rain, and dialyzed against 
o.I M potassium phosphate buffer (pH 7.0) at 3 °C for 18 h. 

Centrifugation n in linear gradients of 5-25% sucrose did not show any detect- 
able difference in sedimentation behavior for aminotransferase from the two sources. 

For additional experiments, the dialyzed aminotransferase preparations (8 ml 
each, approx. IO mg protein per ml) were partially purified at 0-3 °C, as follows. Each 
preparation received 1.73 g powdered (NH4)2SO4, and the precipates obtained were 
removed by centrifugation. To each supernatant liquid, 1.73 g (NH4)2SO 4 were added. 
The resulting precipitates were separately collected, dissolved in o.I M phosphate 
(pH 7.o), and dialyzed against the same buffer to give solutions (5 ml each) con- 
taining approximately 3.5 mg protein per ml and having a specific aminotransferase 
activity of approx. 2 units per mg protein. 

In experiments on the effect of substrate concentration on reaction velocity, 
the partially purified aminotransferase preparations from the two sources behaved 
fairly similarly; half-maximal velocity occurred at approx. 1.5 or 2 /~moles of L- 
aspartate per ml for the preparation from organisms without or with aspartate plus 
MgSO 4, respectively. 

Heat  t reatment  experiments were performed with the two partially purified 
enzyme preparations as follows. The preparations (in pH 7.0 phosphate buffer, at 
3.5 mg protein per ml) were heated in test tubes, in water baths at the desired temper- 
ature, and samples were taken at the intervals indicated, chilled, and assayed for 
aminotransferase activity. For t reatment  at 60 and 5 ° °C, samples were taken at 
2-min and 2o-min intervals, respectively. The results obtained are illustrated in 
Figs 4 A and 4 B. At 60 °C, the activity of aminotransferase from the two sources 
decreases by over 8 o 0 ,  within 8 min, in virtually the same manner (A). At 5 ° °C, 
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Fig. 4. Activity of aminotransferase from strain 961 grown without ( × - -  × ) or with (Q-- ©) ar 
aspartate plus Mg ~+ supplement, as a function of time of heat treatment of the enzyme prepara- 
tions at 6o °C (A) or 5 ° °C (B). 

the aminotransferase activity from Mg 2+ plus aspartate-grown cells diminishes 
steadily by nearly 9 ° % within 12o rain ; in contrast, aminotransferase from cells grown 
without the Mg 2+ plus aspartate supplement shows a heat activation effect, with 
maximal activity occurring at approximately 60 rain (B). 

D I S C U S S I O N  

Experiments with strain KI2 have shown that aspartate aminotransferase, an 
enzyme of aspartate synthesis, is Mg2+-sensitive in that the finished enzyme mole- 
cules seem to undergo a reversible (presumably conformational) alteration on expo- 
sure of the intact cells to Mg 2+ at relatively elevated concentration (0. 4 M). This case 
exhibits some interesting parallels to that of acetylornithine aminotransferasO & Bottl 
aspartate aminotransferase and acetylornithine aminotransferase are pyridoxal 5- 
phosphate-dependent alninotransferases. Both enzymes are Mg2+-sensitive in whole 
cells but not in extracts. For acetylornithine aminotransferase, a particularly pro- 
nounced effect is observed in cell suspension experiments under repressive conditions, 
in the presence of arginine. Analogously, for aspartate aminotransferase, the Mg 2~ 
effect in cell suspension is enhanced by aspartate and, although repression of this 
aminotransferase by aspartate has not been definitely established, the data on 
enzyme levels of cells grown with added aspartate are consistent with repressibility 
of the enzyme. The present experiments on cell suspensions, carried out in the ab- 
sence of certain amino acids required for protein synthesis, seem to show convincingly 
that it is indeed the finished enzyme that is effected. The results of tile restoration 
experiments with enzyme extracts indicate that the modification of the aspartate 
aminotransferase, like that of the other aminotransferase is reversible. Thus, an 
intriguing situation emerges where two functionally related enzymes, under very 
comparable physiological conditions, seem to undergo very similar changes in 
response to elevated Mg 2+ concentrations. In both cases, the enzyme level is lowered 
without being completely abolished, and the original activity is virtually completely 
restored by maintaining the extracted enzymes at 37 °C for several h. It  is temptin~ 
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to speculate that  the affected regions of the two enzymes represent functionally (and 
perhaps evolutionarily) related parts or subunits, such as those involved in the binding 
of pyridoxal 5-phosphate or glutamate.  For acetylornithine aminotransferase, it was 
inferred that  the Mg ~+ exerts its effect while the finished enzyme is in contact with 
functional repressor 2. 

Support for the idea that  the Mg 2+ sensitivity of the normal aspartate amino- 
transferase underlies the growth inhibition of such strains as 619 and 961 by Mg 2+ 
comes from the finding that  aspartate reverses the growth inhibition and from tile 
observation that  the aspartate aminotransferase activity of strain 977 (which is 
resistant to the growth inhibition) shows a much less pronounced drop and a faster 
rise in response to Mg 2+, compared to the aminotransferase activity of the sensitive 
strains. 

The transduction experiments with strain 977 as the donor indicate that  the 
gene responsible for Mg ~+ sensitivity is closely linked to argR. In view of the results 
with aspartate aminotransferase, it might tentat ively be inferred that  the genetic 
determinant for Mg 2+ sensitivity is the structural gene for this enzyme; however, no 
direct evidence is available. Deficiency mutants  for the aminotransferase apparently 
are unknown. 

The experiments on the aspartate aminotransferase from strain 961 grown in 
the presence of relatively high concentrations of Mg 2+ and aspartate seem of particular 
interest. The findings are that  (a) the aminotransferase activity of cells grown in this 
manner can be considerably greater than usual, (b) incubation of the extracted 
aminotransferase does not give a restoration effect, (c) in cell suspension experiments, 
the enzyme appears to be insensitive to o. 4 M Mg 2+, even in the presence of aspartate, 
(d) compared to the normal aminotransferase, the Mg2+-insensitive enzyme shows 
similar substrate affinity, sedimentation, and 6o °C heat inactivation behavior, and 
(e) there is a differential response to heat t reatment  at 5o °C. As for the origin of the 
Mg2+-insensitive aminotransferase, we suggest the hypothesis that  the normal and 
the insensitive enzymes are specified by the same gene and that,  in cells grown with 
o. 4 M Mg 2+ plus aspartate, the nascent enzyme undergoes a modification that  pre- 
serves the aminotransferase activity but renders the enzyme insensitive to subsequent 
modification by Mg 2+ (such as occurs in the normal case). Thus, two species of amino- 
transferase are postulated which could account for the similarities as well as the 
differences between the sensitive and insensitive enzymes. 
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