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steric activator AMP on the activity of glycogen phosphorylase. The intersection of the 
curves on the I/V axis demonstrates the competitive inhibition between AMP and 5- 
hydroxytryptamine in connection with the phosphorylase b. The inhibition of phos- 
phorylase a proved to be of a mixed type. 

The results suggest that  phosphorylase b is inhibited by the stabilization of an 
inactive conformation, according to allosteric theory. The effect of 5-hydroxytrypt-  
amine on phosphorylase a seems to be a little more complicated. This form of the gly- 
cogen phosphorylase has no absolute requirement for AMP and inhibition was not 
competitive with AMP. We suggest an indirect interaction, very likely due to a 
conformational change in the enzyme structure. The strong electronic field of the 
5-hydroxytryptamine molecule makes this suggestion plausible. 

Comparing the above findings to the data of other authors, we concluded that 
it is impossible to increase the glycogen mobilisation by 5-hydroxytryptamine directly, 
because of the inhibiting effect of 5-hydroxytryptamine on the key enzyme of glyco- 
genolysis. The following scheme is proposed for the indirect effect of 5-hydroxy- 
tryptamine : 

5 - H y d r o x y t r y p t a m i n e  ---> adrena l  g land  --> adeny l  cyclase ---> 3 ' ,5 ' -AMP - +  act ive kinase  ---> 
--> ac t ive  phosphory l a se  ~'- increased glycogenolysis  

The experimental data which support this scheme will be presented elsewhere. 
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Enzymic basis for a genetic suppression: Accumulation and deacylation of 
N-acetylglutamic y-semialdehyde in enterobacterial mutants 

Double mutants z of Escherichia coli W, blocked in the path of proline synthesis 
(before glutamic ?-semialdehyde) and in the path of arginine synthesis at acetyl- 
ornithine b-transaminase 2 (a-N-acetyl-L-ornithine:2-oxoglutarate alninotransferase, 
EC 2.6.1.I1) grow slowly on minimal medium. It was suggested 1 that growth without 
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added proline occurs because N-acetylglutamic ~-semialdehyde, an intermediate of 
arginine synthesis, accumulates and yields glutamic y-semialdehyde, a precursor of 
proline; growth without added arginine presumably is due to a low-level activity of 
some transaminase other than acetylornithine b-transminase, which allows the for- 
mation of arginine, although in growth-rate-limiting amounts. The remaining enzymes 
of the arginine path 3-n are, therefore, derepressed. Acetylornithine ~-transaminase- 
deficient mutantsT, s (argD- mutants) have been found among (phenotypic) revertants 
of suitable pro- auxotrophs. An argD- mutation thus can be regarded as a suppressor 
for pro-. On minimal medium supplemented with repressive amounts of arginine, the 
accumulation of N-acetylglutamic },-semialdehyde appears to be curtailed, and pro- 
argD- mutants show a growth requirement for proline 1. From such double mutants, 
we have isolated triple mutants that do not require proline in the presence of arginine ; 
the third mutation (argR-) affects the regulatory gene 7 of the arginine system and 
leads to derepressed levels of the (nonmutant) arginine enzymes. Similar results have 
been obtained with E. coli KI2 (E. URM, S. BAUMBERG AND H. J. VOGEL, unpublished). 
It  is now shown that suppression of pro- by argD- can occur in Salmonella typhimurium 
as well as in E. coli, and the enzymic mechanism for the "internal cross-feeding" by 
N-acetylglutamic y-semialdehyde has been analyzed in both species. 

Strain LI, isolated as a revertant of a proB mutant ° (proB25) derived from 
S. typhimurium LT2, grows slowly on minimal medium. On minimal agar supple- 
mented with arginine (but not proline), LI  yields rare colonies ; strain AR is an isolate 
from one of them. Levels of acetylornithine b-transaminase 2 and of acetylornithin- 
ase3,1° (a-N-acetyl-L-ornithine amidohydrolase) in extracts of the mutants grown 
under various conditions of supplementation were measured, and genotypes were 
inferred (Table I). 

It  appeared possible that the conversion of N-acetylglutamic y-semialdehyde 
to glutamic ~-semialdehyde, thought to be involved in the suppression of pro- by 
argD-, is catalyzed by acetylornithinase, because this enzyme deacylates such com- 
pounds as N-acetyl-L-methionine 1° which, like N-acetylglutamic y-semialdehyde, 
can be considered related to Na-acetyl-L-ornithine, with a modification in the region 
of the 6 carbon. In vitro experiments with extracts of the S. typhimurium mutants 
(Table I) and of analogous mutants derived from E. coli W, grown under various 
conditions of repression-derepression, indeed demonstrated an N-acetylglutamic Y- 
semialdehyde deacylase activity that is directly proportional to acetylornithinase 
activity; extracts of auxotrophic mutants devoid of acetylornithinase activity are 
also devoid of N-acetylglutamic 7-semialdehyde deacylase activity. Assays for N- 
acetylglutamic v-semialdehyde deacylase were performed like those for acetylor- 
nithinase 10, except that N-acetylglutamic y-semialdehyde was used as substrate and 
the glutamic y-semialdehyde formed was determined through its color reaction with 
o-aminobenzaldehyde 2. The results obtained with the E. coli mutants are given in 
Fig. I. It  is seen that IOO units (ref. IO) of acetylornithinase correspond to approx. 
0.33 unit (see the legend of Fig. i) of N-acetylglutamic y-semialdehyde deacylase. 
Direct proportionality of the two activities was also observed with extracts of the 
S. typhimurium mutants;  in this case, IOO units of acetylornithinase correspond to 
0.28 unit of N-acetylglutamic y-semialdehyde deacylase. In vivo experiments con- 
firmed the role of acetylornithinase in the suppression of pro : pro-argD-argR- strains, 
on arginine-containing medium, were shown to display a growth requirement for 
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T A B L E  I 

L E V E L S  O F  A C E T Y L O R N I T H I N E  ( ~ - T R A N S A M I N A S E  A N D  A C E T Y L O R N I T H I N A S E  I N  E X T R A C T S  O F  S .  

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

Cultures were grown in Medium E (ref. IO) containing 0.5 % glucose and supplemented,  as in- 
dicated, with L-proline (15 #g/ml) and L-arginine hydrochloride (5o/~g/ml). Incuba t ion  was at  
37 ° for 15 h, wi th  shaking. Organisms were collected, suspended in o.I M potass ium phosphate  
(pi t  7.o) containing I.O mM glutathione,  and subjected to ultrasonic disruption. Acetylornithine 
b- t ransaminase 2 and acetylorni thinase 1° in the resul t ing extracts  were assayed as described in 
te rms of the units  given. Protein  was determined according to LowRY et al. 11. Results  are expressed 
as uni ts / rag protein;  a value of o indicates no detectable act ivi ty.  

Strain Inferred Supplement Trans- Acetylor- 
genotype aminase nithinase 

(units/rag) (units~rag) 

proB25 pro-argD+argR + Pro i . io  39 
proB25 Pro + Arg 0.06 21 
LI  pro-argD-argR + None o 119 
LI  Pro + Arg o 16 
AR pro-argD-argR- None o 144 
AR Pro + Arg o 121 

Abbreviat ions:  Pro, proline; Arg, arginine. 

proline if a mutat ion (argE-) causing loss of acetylornithinase activity was also present*. 
Thus, the suppression of pro- reflects an "abnormal"  action of a biosynthetic 

enzyme (acetylornithinase) on a metabolite (N-acetylglutamic 7-semialdehyde) whose 
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Fig. I. Relation between N-acetylglutamic  y-semialdehyde deacylase and acetylornithinase 
activities of extracts  of E. eoli x,V mutan t s .  The strains used and their genotypes are: W2, pro-; 2 I, 
pro-argD-;  215, pro-argD-argR-;  i6o-37-i2 , argE-argR-.  See the legend of Table I for cultiva- 
tion, p repara t ion  of extracts ,  assays of acetylornithinase and protein,  and abbreviat ions.  The 
points  plot ted correspond to s trains and to supplements ,  as follows: A, ~V2, Pro; I3, W2, Pro + 
Arg; C, 21, none;  D, 21, Pro + Arg; E, 215, none; F, 215, Pro + Arg; G, 16o-37-12, Arg. For  N- 
acetylglutamic ;~-semialdehyde deacylase assays, the enzymic reaction mixture  is as for acetyl- 
orni thinase assays 1°, the  substra te ,  however, being i . i  mM N-acetylglutamic  7-semialdehyde 
(L isomer, prepared by enzymic t r ansamina t ion  of Na-acetyt-L-ornithine and purified by  ion- 
exchange ch roma tography  (S. BAUMBERG AND H. J .  V O G E L ,  unpubl ished) .  After incubat ion at 
37 °, reaction mixtures  and suitable blanks receive a mixture  of 0.3 ml 6 M HC1 and i .o ml 3.6 M 
sodium acetate, followed by 0.2 ml 0.033 M aq. o-aminobenzMdehyde% and the absorbance 
(light path ,  I cm) at 44 ° m/~ is measured. One uni t  of N-acetylglutamic 7-semiMdehyde deacylase 
is defined as tha t  a m o u n t  of enzyme which wi]l yield an absorbance of o. IOO per IO rain of incu- 
bat ion of the enzymic reaction mixture,  under  the conditions given. 
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accumulation is occasioned by a mutation (argD-) and aided by regulatory conditions 
(derepression). From the standpoint of evolution, it is noteworthy that, although 
N-acetylglutamic y-semialdehyde is a common precursor of arginine and proline in 
the suppressed mutants, the corresponding wild-type organisms (el. ref. 3) have 
maintained separate and individually controllable paths to these two amino acids 
from glutamate. 
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The strains required for these tests were constructed as follows. F rom an E. coli W Hfr  
donor strain (kindly provided by  Dr. D. F. BACON), which carries phe- and try- muta t ions  and 
transfers markers  with the orientation leu-met-ilva, a phe-trypro-argD-argR- derivative having 
the Hfr  character  was prepared by  the successive introduction of pro-, argD-, and argR-, as 
indicated in the opening paragraph.  This derivative was mated with an E. coli W recipient strain, 
his pro-argE-argR (the pro- mutation corresponding to a block before glutamic y-semialdehyde), 
and phe+try+his + recombinants  were selected, 4 ° % of which proved to have the desired argE-- 
pro argD-argR- const i tut ion verified by  relevant enzyme assays. 

~* T. K u o  ANn B. A. D. STOCKER (personal communication) have encountered similar 
"arginine-inhibitahle" (phenotypic) rever tan ts  of proA and proA B deletion m u t a n t s  of S. typhimu- 
rium, strain LT2, and infer from their  growth responses and f rom genetic analysis t ha t  they are 
m u t a n t s  deficient in acetylornithine ~-transaminase.  
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