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Summary. The utilisation of acetylhistidine by histidine auxotrophs of E. coli K-12 was 
found to require a functioning acetylornithinase. The growth, on acetylhistidine-containing 
media, of his mutants possessing this enzyme was inhibited by arginine or its precursors 
acetylornithine, ornithine and citrulline. Mutants able to overcome this inhibition belonged 
to two classes: those (selected on acetylhistidine~-acetylornithine or arginine) in which 
the arginine biosynthetic enzymes were repressible, as in the parent strains; and those 
(selected on acetylhistidine ~-acetylornithine, ornithine, citrulline or arginine) in which these 
enzymes were formed at high, non-repressible levels. The altered properties of the first 
class were shown genetically not to result from mutation in the argR or argECBH 
regions; the data are consistent with the second class carrying mutations at the argR 
lOCUS. 

I t  is supposed that arginine, ornithine or citrulline, by repressing the formation of 
acetylornithinase, diminish the rate at which acetylhistidine can be utilised (although an 
aeetylhistidine uptake system under arginine control would equally explain the results); 
non-repressible mutants would escape this effect. The kinetic properties, in crfide extracts, 
of acetylornithinase from the parent strains and from members of each mutant class, 
with acetylornithine and aeetylhistidine as substrates, were investigated. I t  was tentatively 
concluded that, in accord with the genetic results, the first class do not possess an 
acetylornithinase altered to make it function better with acetylhistidine as substrate. I t  is 
suggested that arginine may affect acetylhistidine utilisation by affecting its uptake in a 
manner not shared with olmithine or citrulline, as well as by repressing proteins of the 
arginine system, and that this arginine-specific effect is inoperative in the first class of 
mutants. The nature of the changes leading to ability to grow on acetylhistidine-~ acetyl- 
ornithine remains unknown. Possible applications of these findings to the selection of 
hitherto undiscovered but potentially informative mutant types are discussed. 

Introduction 

The funct ional  organisat ion of the argECBH cluster in  E. coli K-12 is still 
uncer ta in ,  especially the relat ionship of argE to the other three genes. Evidence 
has been obta ined  (Elseviers, Cunin and  Glansdorff, 1969; Cunin, Elseviers, 
Sand,  Freundl ich  and  Glansdorff, in  press; Baumberg  and  Ashcroft, unpubl ished 
results) suggesting t h a t  argE const i tutes  a single-gene opcron unconnec ted  to 
the argCBH operon with which, however, i t  is probably  contiguous (Glansdorff, 

1965). 

I have invest igated the subst ra te  specificity in vivo of acetylornithinase,  
the enzyme coded for by  argE, in  the hope of f inding methods for selecting 
m u t a n t s  altered in  the regulat ion solely or pr imari ly  of argE. These studies 
also relate to others aimed at  dist inguishing between acetylorni thinase and  
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o t h e r  E.  coli e n z y m e s  i n v o l v e d  in  t h e  h y d r o l y s i s  of N ~'- f o r m y l -  a n d  -aee ty l -  

a m i n o - a c i d s  a n d  - p e p t i d e s  ( W e i s s b a c h  a n d  R e d f i e l d ,  1967; F r y  a n d  L a m b o r g ,  

1967 ; A d a m s ,  1968). 

Mate r i a l s  a n d  M e t h o d s  

Strains. The bacterial strains used are listed in Table 1. Genotype symbols are taken 
from Taylor and Trotter (1967). 

Table 1. Partial description o /E .  cell K.12 strains used 

Strain Nutritional markers a 

his ile metF pro thi ppc asp argC argE argG argH 

61 ) . . . .  ÷ ÷ + ÷ + ÷ ÷ 
34X --  -t- + -~- - -  -[- - -  + + -~- -~- 
6G --  - -  - -  -~- -]- - -  -~- + + -~- -~- 
6E69 --  - -  - -  + + + + + --  + + 
6PC56 . . . .  zc + + --  + + + 
6H50 - -  - -  - -  + + + + + + + --  
HfrH + + + + + + + + + + + 
34XH14 - -  + -~ + --  -~ - -  + + + --  
34G7 --  + + + - -  + - -  + + --  -t- 

a Mutant phenotypes corresponding to " - - "  alleles in this table are: his, ile, metF, pro, 
thi, asp - -  requirement for histidine, isoleucine, methionine, proline, thiamine and aspartate, 
respectively; ppc - -  absence of phosphoenolpyruvate carboxylase and requirement for 
glutamate, aspartatc or succinate; argC, E, G and H - -  absence of N-acetylglutamic 
y-semialdehyde dehydrogenase, acetylornithinase, argininosuccinate synthetase, and arginino- 
succinase respectively, and requirement for arginine (argC strains also respond to acetyl- 
ornithine, ornithine or citrulline, and argE strains to ornithine or citrulline). 

6P  is a proA or B mutant  isolated from strain 619 (Baumberg, Bacon and Vogel, 
1965); 6PC56 is an argC mutant  of 6P. 34X is a T6-resistant mutant  of strain PA3402, 
kindly provided by N. Glansdorff; 34XH14 and 34XG7 arc respectively argH and argG 
mutants  of 34X. 6 G was isolated among argE+ transductants of strain 6196 (Baumberg 
et al., 1965) with Plkc grown on PA214 (Glansdorff, 1965). 6E69 and 6H50 were isolated 
among ppc + t ransductants of 6G with Plkc grown respectively on AB1469 (Pittard, 
Loutit  and Adelberg, 1963) and a met+ t ransductant  of AB 1450 (Pittard et al., 1963). Hfr H 
was kindly provided by W. Hayes. 

Media. The minimal salts medium used was medium A of Davis and Mingioli (1950). The 
carbon source was glucose at a concentration of 0.5%, except for ppc strains, where 
sodium succinate at 0.5% was used. The final concentration of amino-acids, arginine 
precursors, and acetylhistidine was 100 ~g/ml (of the L-form), of thiamine 10 tzg/ml, and 
of aspartate (added as aspartie acid adjusted to pH 7 with NaOH) 200 ~zg/ml. Required 
supplements other than histidinc may be assumed to have been always present unless 
otherwise noted. Media contained either histidinc or acetylhistidine, as indicated. 

L-broth (Lermox, ].955) was used in transduction experiments. 
Maintenance and Growth o/ Cultures. Colonies from platings of the parent strains 6P  

and 34X on acetylhistidine media, and mutant  colonies from platings of these strains on 
acetylhistidine + arginime or a precursor, were purified by streaking twice on non-selective 
media. Single colonies were then streaked on various media to test  growth responses, and 
were also transferred to L-broth and to liquid histidine media. A loop from an L-broth 
culture served as inoculum for growth of cultures (usually 10 ml) for enzyme assays; the 
liquid histidine media, cultures were centrifuged, washed with and finally resuspended in 
medium A, and these suspensions inoculated into liquid media for determination of growth 
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curves. Bacterial growth was  followed as optical density (OD) at 660 m~ in a Unicam 
SP500 spectrophotometer, a correction being applied for the non-linear relation between 
OD and bacterial mass for OD's above about 0.3. 

Enzyme Assays. In  general, assays were performed on cells made permeable with toluene. 
The harvested cells were suspended in 1 ml potassium phosphate buffer, pH 7, containing 
reduced glutathione at 10 -3 M and EDTA at 10 -a )/[ (KPGE buffer); 0.1 ml toluene was 
added, and the mixture incubated at 37 ° for 30 min with occasional agitation. I t  was 
then centrifuged and the bacterial pellet resuspended in 1 ml K P G E  buffer. This, or suitable 
dilutions, was used in the enzyme assays; the OD at 660 m~z of a suitable dilution (reading 
less than 0.2) was taken as a measure of bacterial mass. 

In  certain experiments, cells were broken by means of an MSE 100 watt  ultrasonic 
disintegrator operating at maximum amplitude for 15 see. The extracts were centrifuged 
at 38,000 g for 15 rain, and the supernatants dialysed overnight against a 50-fold excess of 
K P G E  buffer. 

Aeetylornithinase was assayed by the method of Vogel and Bonner (1956), with slight 
modifications. Acetylornithine 6-transaminase was assayed by the method of Albrecht and 
Vogel (1964). The ability of cell extracts to hydrolyze acetylhistidine to histidine was 
measured in an assay mixture identical to that  for acetylornithinase assay except in that  
acetylornithine was replaced by acetylhistidine (in amounts indicated, adjusted to pH 7). The 
reaction was stopped by placing the tubes (4 in. by 1/2 in. medium-walled) in a boiling- 
water bath. The ensuing colorimetry followed the method of Satake, Okuyama, Ohashi 
and Shinoda (1960): 1 ml 4% NaHCO3 solution and 1 ml 0.1% aqueous picryl sulphonie 
acid (2,4,6-trinitrobenzene-l-sulphonie acid) were added to each tube, and the tubes were 
incubated in the dark at 37 ° for 2hrs.  1 ml I N  I-IC1 was then added, the solutions 
clarified by centrifugation if necessary, and their OD's at 400 miz read. 

Enzyme activities of toluenised suspensions were calculated as Bmo]e product formed/m] 
cell suspension/hr. This was divided by the OD of the cell suspension to give a value (referred 
to as 'specific activity') measuring activity per unit cell mass. 

Transduction. This was carried out with phage Plkc according to Siegel and Bryson 
(1967). Transduetants were streaked on the same medium as used for their selection, and 
unselected markers scored by replica plating. 

Chemicals. Aeetylornithine (N~-acetyl-L-ornithine) was obtained from Cyc]o Chemical 
Corp., Los Angeles, or was prepared by the technique of Thompson and Gering (1962). 
Acetylhistidine (N ~- acetyl-L-histine monohydrate) was obtained from Cyclo Chemical Corp. 
Picryl sulphonie acid was obtained from Sigma London Chemical Co. Ltd. 

Results 

I. Growth o] Histidine Auxotrophs by Use o/Acetylhistidine 

T h e  g r o w t h  of t h e  h i s t id ine  a u x o t r o p h  6 P  in  l i qu id  m e d i u m  c o n t a i n i n g  

h i s t id ine  or  a c e t y l h i s t i d i n e  is d e m o n s t r a t e d  in  Fig .  1. I t  is seen t h a t  61 ) g r e w  

as wel l  on  ace ty ]h i s t i d ine  m e d i a  as on  h i s t i d ine  m e d i a  in  t h e  absence  of a rg in ine  

or  one  of i ts  p recur so r s  a c e t y l o r n i t h i n e ,  o rn i t h ine  a n d  c i t ru l l ine ,  b u t  t h a t  

a rg in ine  (mos t  p r o n o u n c e d l y )  a n d  o rn i th ine  a n d  e i t ru l l ine  (s l ight ly  less so) caused  

a t  f i r s t  s lowing-down,  t h e n  cessa t ion ,  of g rowth .  T h e  e f fec t  of a c e t y l o r n i t h i n e  

is v a r i a b l e ;  in  t h e  e x p e r i m e n t  shown,  i t  a c t e d  c o m p a r a b l y  to  o r n i t h i n e  or  

c i t ru l l ine ,  b u t  in  s o m e  o t h e r  e x p e r i m e n t s ,  i nh ib i t i on  was  s l igh t  or  absen t .  

T h e  i n h i b i t i n g  ef fec t  cou ld  be  dec reased  or  i nc rea sed  b y  ra is ing  or  lower ing  

r e s p e c t i v e l y  t h e  c o n c e n t r a t i o n  of a ce thy lh i s t i d ine .  

On  sol id  med ia ,  6 P  cells f o r m e d  colonies  w i t h  100% ef f ic iency  on  ace ty l -  

h i s t id ine  m e d i u m  in  t h e  absence  of a rg in ine  or  a precursor .  I n  t h e  p resence  of 
o rn i t h ine  or  e i t ru l i ine ,  one  cell in  5 × 105--1 × 10 s g a v e  rise to  a colony,  wh ich  
u sua l l y  g r e w  a t  t h e  s a m e  r a t e  as on  h i s t i d ine ;  in  t h e  p resence  of a rg in ine ,  one  
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Fig. 1. Growth curves of strain 6P in various histidine and acetylhistidine media. (i) 
Histidine medium - -  curves obtained for media with or without arginine or a precursor are 
almost superimposable; (ii) acetylhistidine without arginine or a precursor; (iii), (iv), (v), 

(vi) acetylhistidine-~acetylornithine, ornithine, citrulline, and arginine respectively 

cell in 2 X 10~--1 X 10 9 gave rise to a colony, b u t  this  took  one or two days  
longer t h a n  on ace ty lh is t id ine  + orni th ine  to reach a comparab le  size. I n  the  
presence of ace ty lorn i th ine ,  the  f rac t ion  of cells giving rise to  colonies was one 
in l0  s or more,  and  was h ighly  var iab le  b u t  seemed to increase wi th  inoculum 
size; the  colonies grew a t  widely  differing rates ,  some of t hem a t  the  same ra t e  
as on his t idine.  

Similar  results ,  bo th  in l iquid and  on solid media ,  were ob ta ined  with  
s t ra in  34X. 

II .  Regulation Characteristics o/Mutants Able to Use Acetylhistidine 
in the Presence o/Arginine or its Precursors 

A number  of i ndependen t  spontaneous  isolates f rom pla t ings  of 6 P  and  
34X on ace ty lh i s t id ine  ~-a rg in ine  or a precursor ,  were examined  for regula t ion  
of synthes is  of two of the  arginine b iosyn the t i c  enzymes,  ace ty lorn i th inase  
(coded for b y  argE) and  ace ty lorn i th ine  ~- t ransaminase  (coded for b y  argD, 
which is no t  l inked to the  argECBH cluster).  The  isolates were grown up in 
his t id ine  med ia  wi th  and  wi thou t  arginine,  and  to luenised  suspensions of the  
cells were assayed  for these  two enzymes (see Mater ia ls  and  Methods).  Table  2 
shows specific ac t iv i t ies  and  ra t ios  of these be tween  cul tures  grown wi thou t  
and  wi th  arginine f rom a pa r t i cu la r  isolate,  for the  var ious  isolate  classes 
found (isolates are d iv ided  in to  these classes on the  basis f i rs t ly  of the  
selecting m e d i u m  and  secondly - -  where two types  wi th  different  regula t ion  
character is t ics  could be i so la ted  on the  same med ium - -  on the  basis of these  
character is t ics) .  
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I t  is seen tha t  there are two groups of classes : those in which acetylornithinase 
and aeetyloruithine ~-transaminase activities are reduced by  a factor of more 
than two when the isolate was grown in histidine medium with arginine (class A, 
parental  type, and mutan t  classes B and F); and those in which the reduction 
in these activities is always less than two-fold - -  they are then almost the same 
whether the cultures were grown with argiuine or without it (mutant  classes 
C, D, E and G). The latter behaviour closely resembles tha t  of non-repressible 
mutants,  with mutations mapping at  the argR Locus, found among canavanine- 
resistant mutants  (Maas, 1961) and among isolates growing without proline in 
the presence of arginine, from argD proA or B strains (Bacon and Vogel, 
1963; I t ikawa, Baumberg and Vogel, 1968). In  two cases, the regulation pat tern  
may  possibly be intermediate. Class B isolates derived from strain 34X (but 
not from 6P) show reprodueibly higher levels of acetylornithinase and acetylor- 
nithine ($-transaminase in arginine-grown cultures than  do class A or F isolates; 
and class G isolates show a slight reduction in acetyloruithinase level in arginine- 
grown cultures. In  addition, no class C isolates were obtained from 6P, nor class 
G isolates from 34X. In  view of the variation in enzyme activities found in 
different experiments with the same isolate, and of the small numbers of isolates 
tested, the significance of these deviations is uncertain. 

I t  may  be noted tha t  the results shown in Table 2 make it  unlikely tha t  any 
of the mutants  are defective in the uptake of arginine, ornithine or citrulline; 
such mutations would lead to enzyme levels in cultures grown without arginine 
being of the order of those in class A (parental type) isolates, and in cultures 
grown with arginine, lying between those in class A isolates grown with arginine 
and those in class A isolates grown without arginine. Such a pat tern  is nowhere 
apparent.  

I I I .  Growth Characteristics o/Mutants Utilising Acetylhistidine in the Presence 
o/Arginine or its Precursors 

The growth responses shown by the various isolate classes when streaked on 
acetylhistidine media are shown in Table 3. Growth in corresponding liquid 
media was in good agreement with these data. As might be expected, the 
isolates were better  able than wild-type to grow on the medium on which they 
had been selected; additional interesting features are the increased ability of 
class F (and, very occasionally, class B) mutants  to utilise acetylhistidine in the 
presence of ornithine or citrulline, and of class C, D, E and G mutants  to 
utilise it  in the presence of arginine; I shall discuss these points later. 

I V. Requirement o[ Functioning Acetylornithinase/or Growth on Acetylhistidine 

The above results suggest tha t  the utihsation of acetylhistidine by a histidine 
auxotroph involves some component whose effectiveness is lessened by arginine 
and its precursors. The growth of argD proA or B strains in the absence of prolhle 
depends on a functioning acetylornithinase, and is also inhibited by arginine if 
the strain is argR+:, but not if it is argR (Itikawa et al., 1968); the similarity to 
the observations on acetylhistidine utilisation suggests tha t  acetylhistidine may  
be de-acetylated by  acetylornithinase. 
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Table 3. Growth o/mutants utilising acetylhistidine in the presence o/arginine 
or its precursors, when streaked on solid acetylhistidine media 

Isolate Acetylhistidine medium supplemented with 
cl&ss 

Nothing Acetyl- Ornithine or Arginine 
ornithine citrulline 

A (control) + + a + ± to very --  
slight, not 
increasing 
after 1 day b 

B + +  + ±  ± to -- --  
C + +  + +  + +  t.o ± ~: to --  
D + +  + ±  + +  to d= ± to - -  
E + +  + +  + +  to ± ± t o  - -  

F ++ ++ to + + to ± ± to ± 
G ++ ++ ++ to zE ± to -- 

a + +  =indicates good growth in 1 day; + =indicates good growth in 2 days; ± =  
indicates good growth in 3 days or more. 

b In all cases where the growth response was variable, considerable dependence on 
inoculum size was noted. 

To tes t  th is  hypothes is ,  s t ra ins  were cons t ruc ted  t h a t  carr ied argE, argC or 
argH muta t i ons  (the l a t t e r  two as controls  to ensure t h a t  a n y  effect observed was 
specific to  an  argE m u t a t i o n  and  no t  dependen t  on a general  b lock in  arginine  
synthesis) ,  in  a background  pe rmi t t i ng  u t i l i sa t ion  of ace ty lh i s t id ine  in the  pres- 
ence of orn i th ine  or, to a lesser ex tent ,  arginine.  F r o m  the  p la t ing  of s t ra in  
6 G on ace ty lh i s t id ine  + oru i th ine  medium,  a t yp i ca l  class D isolate  (as regards  
regu la t ion  and  growth  character is t ics)  was obta ined.  This s t ra in  was t hen  
t r an sduced  to  succinate  independence  wi th  P lkc  grown on 6 E  69 (argE), 6PC56 
(argC), or 6 H 5 0  (argH), and  ppe + argE, C or H recombinan t s  isolated.  The  
argC r ecombinan t  grew well on ace ty lh i s t id ine  + orni thinc,  and  i t  and  the  argH 
r ecombinan t  grew on ace ty lh i s t id ine  + arginine wi th  the  typ ica l  slow growth  of a 
class D isola te ;  whereas the  argE r ecombinan t  showed no growth  on ei ther  
med ium (the resul ts  were the  same for l iquid  and  solid media) .  

Since the  m u t a t i o n  associa ted  wi th  class D isolates t h a t  permi t s  g rowth  on 
ace ty lh i s t id ine  + orni th ine  is loca ted  in the  asp-argG region, far  f rom the  ppc- 
argECBH region (see nex t  section), the  i nab i l i t y  of the  argE r ecombinan t  to  
ut i l ise ace ty lh is t id ine  in the  presence of orni th ine  cannot  be due to the  re- int ro-  
duct ion  th rough  t r ansduc t ion  of sens i t iv i ty  to  orni thine,  bu t  mus t  resul t  f rom 
the  loss of ace ty lorn i th inase  ac t iv i ty .  The l a t t e r  is therefore  p r o b a b l y  invo lved  
in  the  hydro lys i s  of ace ty lh i s t id ine ;  d i rec t  evidence for th is  will be given la ter .  

V. Location o/Mutations Con/erring Ability to Utilise Acetylhistidine 
in the Presence o/ Arginine or its Precursors 

Transduc t ions  wi th  phage  P lkc  have  been carr ied out  wi th  members  of the  
var ious  i sola te  classes to  ascer ta in  whether  the  mu ta t ions  invo lved  m a p  in the  
argR or argECBH regions. These loci are  imp l i ca t ed  because of the  physiological  
resemblance  of isola te  classes C, D, E and  G to known argR mutan t s ,  and  
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Table 4. Plkc transductions used to lind approximate positions o/ mutations con/erring ability 
to utilise acetylhistidine in the presence o/arginine or its precursors 

Donor Recipient No. of Trans- Unselected donor ~requency of 
isolates ductant marker scored unselected donor 
tested class marker among 

selected transductants 

3--6% HfrI-I C(34X) a 2 asp + Inability to utihse 
I-IfrI-I D(34X) 3 asp + 1--9 % 
I-IfrH E(34X) 2 asp + acetylhistidine in the 2--10% 
~ r H  • F(34X) 5 asp + presence of ornitbJne None 

F(34X) 34XIt14 5 argH + Ability to utilise acetyl- None 
histidine in the 
presence of arginine 

D(6P) 34XG7 3 argG +b 
E(6P) 34XG7 2 argG +b 
F(6P) 34XG7 5 argG +b 
F(6P) 34XI-I14 5 argH + 
G(6P) 34XG7 3 argG +b 

2--9% 
Ability to ntilise acetyl- 6--8 % 
histidine in the None 
presence of ornithine None 

3--12 % 

Transductants were selected for a nutritional marker, and were scored (see materials and 
Methods) for ability to utilise acetylhistidine in the presence of ornithine or arginine, as 
indicated. The final column shows the lowest and highest proportions, among the isolates 
tested, of transductants inheriting the acetylhistidine-utflisation characteristics of the donor. 
At least 100 transductants from each cross were tested. 

a This denotes: class C isolates obtained from strain 34X, and similarly in other cases. 
b It  was noted that only a very small proportion of asp + recombinants were recovered 

among the argG + recombinants in these crosses. This would be consistent with strain 61 ) 
itself carrying a mutation at the asp locus, together with a suppressor at some other site, 
as suggested by Reiner (1969) for certain of his K-12 strains. It  is possible that the asp 
allele present in 6P is in part responsible for the 1V~g 2+ sensitivity described by Urm, 
Leisinger, Vogel and Vogel (1969) for strain 619, from which it is derived. 

because some m u t a n t  phenotypes  might  result  from an  altered acetylorni thinase 
due to m u t a t i o n  in  argE. A r g R  is no t  l inked to argECBH, bu t  is known to be 
co-transducible with asp and  argG by phage Plkc (Taylor and  Trotter ,  1967). 

The crosses em]~loyed are shown in Table 4. Location in  the argR region was 
tested by  looking for l inkage to asp or argG, and  in  the argECBH region by  
looking for l inkage to argH. I t  is seen t ha t  the muta t ions  carried by  isolate classes 
C, D, E and  G are l inked to asp or argG, this being consistent with their  lying 
a t  the argR locus. Mutat ions  carried by  isolate class F are no t  l inked to asp or 
argG, nor to argH, this la t ter  suggesting t ha t  the properties of isolates in  this class 
do not  derive from an  al tered aeetylorni thinase.  Their  positions remain  unknown.  

I t  has no t  been possible to devise a procedure capable of dist inguishing 
unambiguous ly  between the class B and  class A (parent  strain) phenotypes.  
Nothing  has been discovered, ~herefore, about  the location of muta t ions  carried 
by  class B isolates. 

V[.  Acetylornithinase-dependent De-acetylation o/ Acetylhist idine 
by Crude Extracts 

The paren t  strains 34X and  6P,  one class D and  one class F isolate derived 
h°om each of them (referred to as 34XAI tD1 ,  34XAHF2 ,  6 P A H D 1 ,  and  
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Table 5. Kinetic characteristics o/ extracts with acetylornithinase activity in acetylornithinase 
and acetylhistidine de-acetylating reactions 

Extract 

34X 
6P 
34XAHD1 
34XAHF1 
6PAI-ID1 
6PAHF1 

Substrate 

acetylornithine 

~ax  K/ix 
(~mole/hr) (mM) 

21 10 
37 14 

159 19 
11 11 

148 17 
77 13 

acetylhistidine 

Vnllt,x K m 
(~mole/hr) (raM) 

1.2 210 
1.6 150 
5.1 540 
0.6 86 
4.0 450 
2.5 290 

Ratio of (Vmax) 
acetylornithine 
to (Vmax) 
acetylhistidine 

17 
24 
31 
20 
37 
31 

Assays were carried out as described in Materials and Methods. Amounts of protein 
in the assay mixtures varied from 0.5 to 4 rag; concentrations of acctylornithine and 
acetylhistidine were 2 to 100 raM, and 70 to 400 mM, respectively. 

6PAHF1 respectively) were grown up in histidine medium without arginine or 
its precursors, and the 6P-derived class D isolate carrying an argE mutation, 
whose preparation is described in section IV above (referred to as 6PAt{DE69) 
in histidine-4-ornithine; extracts of the cultures were prepared by ultrasonic 
disintegration and assayed for acetylornithinase and ability to hydrolyze 
acetylhistidine, as described in Materials and Methods. In  preliminary tests, with 
assay mixtures containing 0.5 4 mg protein and acetylornithine or acetylhistidine 
at 6 and 80 mM respectively, the 6PAHDE69 extract showed no detectable 
acetylornithinase activity nor any ability to de-acetylate acetylhistidine, while 
the other extracts showed both activities, suggesting that  acetylornithinase is 
primarily responsible for acetylhistidine hydrolysis. 

Further experiments permitted the calculation, for each extract, of a K m for 
acetylornithine and acetylhistidine, and the ratio of Vma x for acetylornithine 
to Vma x for acetylhistidine. The results are given in Table 5. 

I t  is seen that the Km's for acetylornithine and acetylhistidine vary from 
10 to 19 and 90 to 540 mM respectively, while the V ~  x ratios vary from 
17 to 37. These variations are probably not significant, particularly in view 
of the low rates of acetylhistidine hydrolysis being measured. I t  would appear, 
then, that  acetylhistidine is hydrolyzed to histidine by acetylornithinase in crude 
extracts, that  the K m's of acetylornithinase for acetylornithine and acetylhistidine 
are about 14 and 290 mM respectively, and that  the ratio of Vm~x for acetylornithi- 
ne to V~xfo r  acetylhistidine is about 30. I t  also seems that  class D and class F 
mutants do not contain an acetylornithinase with kinetic properties different 
(in being, for instance, more favourable for hydrolysis of acetylhistidine) from 
that  of the parent strain. 

The kinetic characteristics of acetylornithinase from class B mutants are still 
being studied. 

Discussion 

The results presented above are consistent with the supposition that  histi- 
dine auxotrophs of E. coli K-12 can use acetylhistidinc only by splitting off its 
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acetyl group through the agency of acetylornithinase. If this enzyme is lacking, as 
in an argE mutant,  acetylhistidine cannot be utilised. In addition, the presence of 
arginine or a precursor interferes with this utilisation, and I shall now consider 
how this inhibition comes about. 

Arginine and its precursors can act at the level of acetylhistidine uptake, 
or of its hydrolysis within the cell, or both. I t  may be pointed out that  an effect 
on the synthesis or function of an acetylhistidine uptake system would be not 
unexpected if this were the same as (or shared components with) the arginine- 
repressible acetylornithine uptake system described by Vogel (1960). At either 
level, the action may be to inhibit the function, or to repress synthesis of the 
protein(s) required for it (exogenous ornithine and citrulline here being effective 
by increasing the intracellular arginine concentration). The properties of the mu- 
tant  classes can ther. be explained as follows. 

Classes C, D, E and G: these non-repressible mutants are insensitive to 
interference with acetylhistidine utilisation arising via repression, whether this 
affects primarily synthesis of acetylornithinase or of the uptake system. How- 
ever, these mutants, though not affected by ornithine or citrulline, retain some 
sensitivity to arginine. The levels of arginine enzymes in arginine-grown cultures 
are about half those in ornithine- or citrulline-grown cultures, and this difference, 
considered with respect to acetylornithinase, seems insufficient to explain the 
residual arginine sensitivity. Therefore (since arginine does not inhibit acetyl- 
ornithinase) the specific effect of arginine most probably involves acetylhisti- 
dine uptake, by either its inhibition or its repression. If repression is involved, 
the synthesis of uptake protein(s) must be repressed by arginine far more than 
by ornithine, i.e. its synthesis is highly non-co-ordinate with that  of the 
biosynthetic enzymes in the region of complete to near-complete repression. The 
suggestion of an inhibition of acetylhistidine uptake by arginine, on the other 
hand, requires no such assumptions. 

Class F:  these mutants may possess an altered uptake mechanism lacking 
the specific arginine sensitivity. They therefore remain slow-growing on acetyl- 
histidine ~-arginine, ornithine or citrulhne due to repression of synthesis of 
aeetylornithinase and/or the acetylhistichne uptake system. 

Class B: as aeetylornithine (under the conditions used) does not repress, 
these mutants might be characterised by, for instance (i) a deficient permeation 
system for aeetylornithine; (ii) an altered uptake mechanism for acetylhistidine 
that  is no longer inhibited by acetylornithine; or (iii) an acetylornithinase with 
altered kinetic properties, so that  acetylornithine no longer acts as an inhibitor 
of acetylhistidine hydrolysis. 

The explanations put  forward above suggest that  the release of non-repressible 
mutants from inhibition of acetylhistidine utilisation by arginine (partial release 
only), ornithine or eitrulline, may be due to non-repressibility primarily either of 
acetylornithinase or of the acetylhistidine uptake system. If the former applies 
(but not the latter, unless the gene(s) controlling uptake are part  of the same 
operon as argE), it should be possible to isolate mutants, among classes C, D, E 
and G, with operator mutations affecting argE expression. The regulation character- 
istics, in such mutants, of the enzymes coded for by argECBH should help to 
clarify the nature of the functional organization of this cluster. 
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The acetylornithinase of E. coli has now been shown to hydrolyze,  apar t  
f rom its "na tura l  substra te"  acetylornithine : aeetyl-DL-methionine in  vitro (Vogel 
and Bonnet ,  1956); formyl-L-methionine in  vitro (Fry and Lamborg,  1967; 
Adams, 1968); aeetylglutamic y-semialdehyde in  vitro and in  vivo (I t ikawa et al., 
1968); and aecty]arginine in  vivo (Bollon, Leisinger and Vogel, 1969). Inhibi t ion 
by  arginine of aeetylglutamic 7-semialdehyde utilisation, and by  aeetylornithine 
of aeetylarginine utilisation - -  comparable to phenomena discussed in this 
paper  - -  arc described in the relevant references. Evidence has also been 
obtained for hydrolysis by  acetylornithinase in  vivo of acetyl-DL-methionine 
and in  vitro of acetyl-L-alanine, acetyl-L-arginine, acetyl-L-glutamine,  acetyl- 
DL-norleueine, acetyl-DL-norvaline,  and possibly aectyl-DL-serine (Baumberg,  
unpublished work). I t  is possible t h a t  this wide specificity of acctylornithinase 
is advantageous to E. coli, and tha t  i t  explains (teleologically) why  this enzyme 
is less repressible, in the K-12 strain, than  the other biosynthetic enzymes 
(Baumberg et al., 1965; Glansdorff and Sand, 1965). 
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