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and analysed on a Dowex-I-borate column as shown in Fig. I. Radioactivity was 
concentrated in the first orcinol-positive peak. Experiments with non-labeled 
gluconate (IOO/,moles in an otherwise identical experiment) gave rise to an orcinol- 
positive peak in the same position. These peaks were concentrated after being passed 
through a Dowex-5o-hydrogen column, and boric acid was removed as the methanol 
complex. The resulting syrup showed a violet color by  spot test with anthrone, and  
its orcinol reaction showed a ratio of absorbancy at 670 m~ to that  at 540 m115, 
which suggested the presence of keto-pentose. The autoradiograph of the syrup 
thus obtained showed the same RF value as that  of ribulose. The product was also 
subjected to reaction with o-nitrophenylhydrazine according to GLATTHAAR'S proce- 
dure 4. The resu]ting hydrazone was fractionated on an alumina column and its 
radioactivity was counted. The first yellow band eluted with ethyl acetate was 
o-nitrophenylhydrazine. Following that,  elution by  acetone, n-propanol, ethanol, 
and methanol produced peaks but  no radioactivity was detected in them. Radio- 
activity was eluted with methanol-water  (I : I), and this orange peak appeared in the 
same position as authentic ribulose o-nitrophenylhydrazone (m.p. 168°). IO mg of 
ribulose o-nitrophenylhydrazone was added to the eluate and the specific activity 
of the crystal was determined during 5 recrystallizations. The weight of the hydrazone 
was estimated from the molar extinction coefficient (6.0. IO 3) at 432 rot*, and the 
samples were counted in the state of infinite thinness. The specific radioactivity was 
found to be almost constant during the recrystallization as follows, i, 17o.1 zk 17.4; 
2, 138. 5 :k 9.1; 3, 166.o ± 11.9; 4, 158.3 ± lO.2; 5, 18o.9 • 13.4 counts/min/mg. 
This enzyme also dehydrogenated 6-phosphgluconate s slowly, but slight alkaline 
phosphatase activity was also detected in the preparations used. Further purification 
of this enzyme is now going on. 

We express our thanks to Dr. I. YANAGISAWA of Toho Medical College for the 
gift of authentic ribulose o-nitrophenylhydrazone. 
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Selective formation of a-amylase by non-growing 
cells of Pseudomonas saccharophila 

Several years ago, RICKENBERG AND LESTER 1 reported that  a mutant  of Escherichia 
coli produced 5 ~o as much fl-galactosidase when induced under certain non-growing 
conditions as was produced during logarithmic growth. They suggested that  the 

Biochim. Biophys. Acta, 44 (196o) 2o6-2o8 



PRELIMINARY NOTES 207 

enzyme formed in non-growing cells indicated preferential synthesis of 3-galactosidase 
in relation to other cellular proteins, Subsequent investigations by MANDELSTAM 2 
and others 3 have demonstrated that  a significant fraction (5-6 %/h) of the proteins 
of non-growing cells of E. coli undergoes turnover, and as a result of these studies, 
it was presumed that  the observations of RICKENBERG AND LESTER could still be 
explained on the basis of a constant "differential rate of synthesis" of fl-galactosidase 4. 
Similar assumptions could be made on analogous inducible systems in resting yeast 
cells 5, 6. 

Recently we reported that  Pseudomonas saccharophila forms an extraceUular 
**-amylase in phosphate buffer when incubated with starch under conditions where 
there is no detectable increase in protein. Furthermore, in periods of up to 4 h, such 
cells produce as much enzyme as do comparable quantities of growing cellsL I t  was 
also found that  this enzyme is formed at a differential rate of I : 12oo in cells growing 
with starch as the carbon source s, i.e., ~-amylase represents 0.08 % of the total 
proteins synthesized. 

I t  seemed obvious that  ~-amylase, if it is formed de novo, is not being made at 
the same differential rate with respect to other proteins in resting cell suspensions as 
in growing cultures. Evidence has already been presented s in this connection, sup- 
porting the view that  this enzyme is not formed from high-molecular-weight pre- 
cursors, but rather de novo. On the basis of these observations, it seemed certain 
that  the formation of ~-amylase in resting cells represents a selective (preferential) 
synthesis of this protein. 

I t  is the purpose of this communication to give details regarding this contention 
and to measure the extent of this selectivity. The objective was to introduce a radio- 
active amino acid into the free amino acid pool 9 of P. saccharophila simultaneous 
with induction and, after a suitable period of time, to compare the radioactivity 
of the cellular proteins with that  of the isolated, purified enzyme. 

Growth conditions, requirements for induction, and methods for isolation and 
purification of the enzyme have been reported elsewhere 1°,11. Labeled aspartate or 
glutamine were introduced into cells by first subjecting them to a period of starvation 
(aeration for 4 h at 3 °0 in complete medium, containing 0.2 % sucrose but without a 
nitrogen source), and then suspending the cells with o.oi ~o (final concn.) of the 
labeled compound in phosphate buffer (0.033 M, pH 6.8) plus starch (0.2 ~o final 
concn.). Under these conditions, these particular compounds were taken up into the 
pool more effectively than without prior starvation. When labeled methionine was 
used, it was simply added (0.03 ~o final concn.) during induction in buffer. In all cases, 
cells were harvested and their proteins extracted and counted for radioactivity. 
The supernatants were treated to obtain purified ~-amylase, which was similarly 
counted. 

The results (Table I) reveal that  the ratio of labeled amino acid incorporated 
into enzyme to that  into cellular protein is approximately 1:4o. An experiment in 
which cells were grown on starch in the presence of radioactive aspartate is also 
included and it is evident that  the incorporation ratio thus obtained is compatible 
with the finding that  ~-amylase represents 0.08 % of the total protein in such cultures. 

The results substantiate the contention that  ~-amylase is selectively formed in 
non-growing cells of P. saccharophila. In contrast to other cases in which preferential 
synthesis of specific enzymes has been shown 12,18, this case is not accountable for on 
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T A B L E  I 

INCORPORATION O1¢ LABELED AMINO ACIDS INTO CELLULAR AND d(-AMYLASE PROTEINS 

Total radioactivity 
Incubation Incorporation 

Amino acid used Medium period* Amylase Cell protein ratio* * 
(rain) counlslmin× :co -~ counts/minX xo -~ 

114C~-L-aspartic Buffer 90 300 10400 35 
[x4C~-L-glutamine Buffer 90 35.7 17IO 48 
[asS]-methionine Buffer 180 13-o 569 44 

[14C~-L-aspartic Complete  18 h 30.3 31400 1040 

* Cells induced  in buffer showed no increase in t o t a l  p ro te ins  dur ing  the  per iods of incuba t ion .  
Cells grown in the  presence of labe led  a spa r t i c  acid were der ived  from a smal l  inocu lum and  
a l lowed to reach  a t u r b i d i t y  which  measured  400 in the  K l e t t  co lor imeter  a t  54 ° m#.  At  th is  t ime,  
t he  cells were in the  l a te  loga r i thmic  phase.  

** Inco rpo ra t i on  ra t io  = coun t s /min  in cel lular  p r o t e i n s : c o u n t s / m i n  in a -amylase .  

the basis of a relief from repression 14. In this system, the absolute amounts of amylase 
protein formed by growing and non-growing cells in short-term experiments are 
comparable. Thus, the selectivity here concerns not the increased rate of formation 
of one enzyme against the background of a constant synthesis of other cellular 
proteins, but rather the decreased rate of formation of all cellular proteins against 
the constant synthesis of a-amylase. These bacteria therefore appear to possess a 
control mechanism of a more generalized nature than others that  have been described 15. 

This work has been supported, in part,  by  a grant (G-6442) form the National 
Science Foundation. 
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