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-methanol. After the product had reacted, the liquid 
was cooled and left in the ice-box for  several hours. 
A thick precipitate appeared. This was filtered, washed 
with methanol, and dried. The white-yellowish product 
,obtained had [a],20 =+ 22'; i t  was redissolved in 
methanol a t  50-60' C and put into the ice-box again 
for  several hours. The precipitate formed was then 
quite white and had [aIDzo=+31.2'. After a third re- 
crystallization from diluted methanol, 10.2 g of white 
leaflets was obtained, with the following constants: 
[a]D m=+ 35.9' ; m.p. = 110-120' (with decomposi- 
tion) ; N calc.: 3.87 (as bitartrate), found 3.78. 

The free base D isopropyl nor-adrenaline, prepared 
from the bitartrate, gave : m.p. = 164-165' (with de- 
camp.) ; N calc.: 6.66 found 7.07; [aIDz0-t 48.8' 
(as chlorohydrate) . 

The nlethanolic solutions containing the levoisomer 
were dried, the residue dissolved in H,O, and the free 
base liberated with NH,OH. After standing, the crys- 
tals were filtered and washed to obtain a white product 
that showed [aIDz0=-42'. They were dissolved in 

,diluted HC1 and precipitated again with NH,OEI; 
3.6 g of white microcrystalline powder was obtained 
with the following constants : 1n.p.= 162-164' (with 
decomp.) ; N calc.: 6.66 found 7.07; 50' 
(as  chlorohydrate) . 

For  the pharmacological assays the D isoiner as 
bitartrate, the L isomer as  chlorohydrate, and the race- 
mate as sulfate were employed. Equinlolecular solu- 
tions were prepared and injected iiltravenously into 
tracheotoinized dogs under light cbloralose anesthesia. 
T h e  vagi were cut and the arterial blood pressure was 
recorded with mercury manometers. 

No tachyphylactic phenomena have been observed; 
a slight degree of racemization occurs for  the solu- 
tions of L isomer: 7-12% after 3-5 months. F o r  this 
reason only fresh solutions were used for  the compari- 
.son of potency. 

The percentage decrease in  the blood pressure as 
.a function of the amount administered in micrograms 
of free base per kilogram body weight has been taken 
into account fo r  this comparison; furthermore, the 
,duration of the effects observed, i.e., the time required 
for  the blood pressure to revert t o  its initial. value, 
has also been considered for  a better evaluation of 
potency. This time, in seconds, multiplied by the per- 
centage variation in  the blood pressure, yields a quand 
tity A (=amount of action) whose log is linearly re- 
lated to the log dose, as clearly shown by the following 
regressions : 
L isomer : y = 3.35187 t 0.46124%; r =+ 0.934 ; P < 0.01 
Racemate: y = 3.26252 t 0.382482; r = + 0.952; P = 0.01 

-n isomer: y = 0.79125 f1.16049s; r =t 0.999 ; P = 0.001 

where y =log A and x =log dose. 
Deviation from parallelisn~ (shown by the nurneri-

acal value of the regression coefficient) prevents any 
.comparison of potency, unless the "amount of action," 
f o r  which the comparison is made, has not been previ- 
-ously fixed. Taking for  this amount arbitrary values 
-we obtain: 

Poteilcy - log d 

ratio 3.0 3.5 

Since racernates usually are pharmacologically half 
as potent as one of the optically active isomers (the 
latter being almost inactive or displaying different 
properties), the figures of the second row in the table 
seem to be more reliable. 

The optical and pharmacological behaviors of iso- 
propyl nor-adrenaline, as regards the differences be- 
tween racemate and L isomer, also run quite parallel 
to those of epinephrine and nor-adrenaline, although 
the former are uressure-decreasing and the latter are  -
pressure-increasing compounds. The D isomer, on the 
contrary, appears to be about 90 times less potent 
than the L isomer, whereas the values which have been 
put forward for  the L/D potency ratio (as regards the 
hlood pressure effects) are  12-15 ( 5 )  and 15-30 ( G )  
for  epinephrine; 25-33 (7)  and 40 (8) for  nor-adrena- 
line. These differences probably may be accounted for  
by differences in the racemization rates of these com- 
pounds in body fluids. 
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Accumulation o f  Phenylalanine by a 
Phenylalanineless Mutant of  
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Osaka, and Department of Chemistry, Faculty of Science, 
Kanazawa Uniuevsity, Kanazawa, Japan 

While studying aroinatic hiosynthesis with nutrl-
tionally deficient inutants of Escherichia coli (coin-
niunior) iiolated in our laboratories by the penicillin 
method of D a n s  ( I ) ,  i t  was found that a mutant 
strain requiring phenylala~line for  growth (31-Ph601) 
accuinlates a conbiderable an~ount  of that very sub- 
stance, when cultivated in Davis' minimal medium 
(2) suppleniented with a limited amount of the aniino 
acid. I t  therefore resembles the similar mutant re-
ported by Simnlonds ( 3 ) .  

> T h e  authors  wish to  thank Prof. Y. Kuwajima for his 
continnoni ~ n c o ~ ~ r a g e m e n t s  fo r  th is  study. 



Following confirmation of the discovery that il 

subssauce that accumulates in the filtrates is respon- 
sible fo r  the growth of the mutant, it was still uncer- 
tain whether that substance is phenylalanine or  its 
precursor. Ilecisive evidence that the substance in- 
volved is actually phenylalanine was, however, ob-
tained by paper chromatographic analysis of the fil- 
trates toqether with four other unidentified amino 
acids (by ninhydrin test). The paper chromatograrn 
showed the presence of phenylalanine. Furtherrqore, 
it was confirmed that M-Ph601 responds only to the 
eluate from the paper bearing the phrnylalanine spot. 

The conclusion that the phenylalanineless mutant 
accumulates phenylalanine itself may seem rather 
atrange, since, according to current theory, the mu-
tant  exacting f o r  a substance has a genetic block a t  n 
certain reaction in the biosynthesis of that substance. 
We could, however, find a possible explanation for  
this phenomenon by the following observations. 
31-Ph601 grown on the minimal medium-agar con-
taining phenylalanine (10 ug/nil) was harvested and 
thoroughly washed with physiological saline. The 
washed cells were then suspended in the minimal me- 
dium ( l o 9  cells/ml) and shaken a t  37' C. After 1hr  
of shaking, the suspension was filtered with a Seitz 
filter. This filtrate (reinforced with the minimal 
mcdium) failed to support the growth of M-Ph6Ol. 
But the same filtrate, if autoclavcd (120' C, 10 min), 
acquired the ability to support the growth of the 
nuta ant.^ i t  is obvious that this emergence of the 

growth-supporting activity is not due to the destruc- 
tion of an inhibitor by heat, since If-Ph601 was found 
to be able to gron7 vigorously in the nonautoclaved 
Seitz filtrate if phenylalanine was added. Typical re- 
sults of these shaking experiments are presented in 
Table 1. 

Thew findings strongly suggcst the following pos- 
sihilitg. Shaking of the cells of the mutant with the 
nlinimnl medium results in the arcumulation of com-
pounrl S,which is so unqtable that it is readily con- 
vertihlr to compound Y, the prodact of the blocked 
r~nct ion,  by heat or other factor%. Thns the filtrate, 
if not autoclaved, contrinq only compound X, sub-

TABLE 1 

Filtrate Growthshaken with 

1 M-Ph601 Autoclaved 	 0.31 
l a  M-PhBO1 Not autoclaved 0.05 
l h  34-PhGO1 Not autorlaved plus 

phenylalanine* 0.14 
3 Wild type Antocl?ved 	 0.04 
21 Ti7ild type Not autocluvr~l 0.05 

:'All media were used after reinforcement with 1.5 vol-
rixnrs of minimal medium. Growth %as measured after 24 hr 
of cultivation and expressed in the optical density units a t  
460 mp. 

t Phenylalanine ( 3  pg/mf) is added. 

5 IVith the cell^ of hf-PhBO1 harvested from the pepton-
bouillon media, no such phenomena were observed. 
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strate of the blocked reaction, and therefore is iliac- 
tive. After autoclaving, however, compound Y is pro- 
duced and thus the filtrate acquires the activity. 
Conipound Y may not be phenylalanine itself but is 
considered to be its precursor, since paper chromatog- 
raphy of the autoclaved filtrate gave no spot corre- 
sponding to phenylalanine. These relations can be 
readily understood from the following scheme: 

---t X I -+ Y --+Phenylalanine
I 

Site of block 
in M-Ph6OI 

From these shaking experiments it  may be possible 
to explain the results of the culture experiments as 
follows. I n  the culture experiments, too, the accumu- 
latlon of compound X does take place as  the first 
sequence. But, due to its instability, it is gradually 
converted to compound Y during the prolonged incu-- 
bation. Phenylalanine thus produced may then be ex-- 
creted into medium f o r  reasons unknown as  yet. 
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Autocatalytic Growth of a Mutant Due 
to Accumulation of an Unstable 
Phenylalanine Precursor1 

Bernard D. Davis 
U.S. Public Health Service, 
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Cornell University Medical College, New  York  Ci ty  


Simmonds (1)observed that a phenylalanine auxo- 
troph of E. coli accuinulates a growth factor fo r  it- 
self. I n  the course of searching for  intermediates be- 
tween shikimic acid ( 2 )  and phenylalanine we encoun- 
tered the same phenomenon and concluded, on the basis 
of paper chromatography with several solvents (using 
the ninhydrin reaction and bioautography for  detec- 
tion), that a t  least par t  of the accumulated active 
material is phenylalanine. This accumulation was sur- 
prising, since mutation-induced growth requirements 
are  generally attributed to loss of activity of a single 
enzyme, and hence would not be expected to be ac-
companied by excessive synthesis and excretion of a 
product of the blocked reaction. 

The phenylalanine accumulation became under-
standable when it  was found ( 3 )  to be preceded by 
accumulation of an unstable substance, provisionally 
called prephenylalanine (PPA). The same explana- 
tion has been independently arrived a t  by Katagiri 
and Sato ( 4 ) , whose manuscript I was privileged to- 

'Sided by a grant from the Rockefeller Foundation. 


