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EFFECT OF PENICILLIN ON THE UPTAKE OF AMINO ACIDS 

IN BACTERIA 

Werner K. Maas* 

Department of Microbiology 

New York University College of Medicine 

New York 16, New York 

In the course of investigations on the mechanism of feed-back 

inhibition of enzyme formation (repression) in the biosynthesis of 

arginine (Gorini and Maas, 1957) a study of enzyme formation was 

begun using osmotically sensitive spheres (O&S) (Sistrom, 1958) 

prepared with penicillin in the presence of 20 percent sucrose 

(Lederberg, 1956). It was noted that the addition of penicillin to 

an exponentially growing culture abolished the repression ordinarily 

exerted by arginine on the synthesis of ornithine transcarbamylase, 

which converts ornithine to citrulline. About 60 minutes after the 

addition of penicillin to cells growing in a yeast extract-casein 

hydrolysate medium the level of the enzyme began to rise and 

increased ZO-fold within 30 minutes. 

A possible explanation for the release of repression is a 

defect in the concentrating mechanism for arginine (Schwartz, Maas 

and Simon, 1959) so that the cell cannot maintain a large enough 

concentration gradient. A similar effect of penicillin on the uptake 

of glutamic acid had been noted previously by Gale and Taylor 

(Gale and Taylor, 1947). The uptake of radioactive arginine was 

therefore measured in cultures growing in 20 percent sucrose in 

the presence of penicillin. Chloramphenicol was added before 

arginine to prevent incorporation of the amino acid into protein, 
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As shown in Table I, penicillin markedly inhibits the ability of the 

cell to concentrate arginine. The inhibition is maximal when 

penicillin is added concomitantly with chloramphenicol and decreases 

with increasing time intervals between the addition of chloramphenicol 

and penicillin. When penicillin is added 30 minutes after chloramphenicol 

the action of penicillin is slow, the effect being slight at 60 minutes 

after addition of arginine, but pronounced after 240 minutes 

(Table I). Under these conditions (20 percent sucrose and 

chloramphenicol) the cells are protected from the lytic action 

of penicillin. 

The effect of penicillin on the concentrating mechanisms 

for a number of other amino acids (lysine, glycine and D-serine, 

see Schwartz, Maas and Simon, 1959) was found to result in a 

similar decrease in uptake. Furthermore, penicillin inhibited 

the uptake of arginine in the gram-positive organism Bacillus 

megaterium strain KM (Table I). 

Experiments with OSS have indicated that an intact cell 

wall is necessary for penicillin to inhibit uptake of amino acids. 

These forms were prepared either with lysozyme(Sistrom, 1950) 

or penicillin (Lederberg, 1956) or by omitting diaminopimelic 

acid (DAP) from the medium of a DAP-requiring auxotroph 

(Meadow, Hoare and Work, 1957). Even in the absence of 

penicillin, in each type of OSS arginine is concentrated only 

to l/4 to l/3 the level reached in whole cells. This is one of 

a few instances in which OSS behave differently from intact cells. 

The lowered level of arginine uptake is not depressed further 

in the presence of penicillin (tested up to 10,000 units per ml). 

Thus, altering the integrity of the cell wall has resulted in an 

impairment of the concentrating mechanism for amino acids as 

well as a loss of penicillin’s capacity to interfere with this 

concentrating mechanism. 

Apparently protein synthesis is also required for the 

inhibition of uptake by penicillin. In various amino acid auxotrophs 

14 



TA
BL

E 
I 

Or
ga

nis
m

 
In

te
rv

al 
be

tw
ee

n 
ad

dit
ion

 
Up

tak
e 

I 
pg

/g
 

we
t 

we
igh

t 
ba

cte
ria

 

of
 

ch
lor

am
ph

en
ico

l 
an

d 
t 

pe
ni

cil
lin

 
no

 
pe

ni
cil

lin
 

pe
ni

cil
lin

, 
m

inu
te

s 

E.
 

co
li, 

str
ain

 
W

 
0 

40
3 

21
00

 

II 
10

 
93

5 
32

60
 

,I 
30

 
14

00
 

(c
a5

)* 
18

00
 

(1
79

0)
* 

B.
 

m
eg

at
er

ium
, 

str
ain

 
KM

 
0 

48
8 

98
5 

Ch
lor

am
ph

en
ico

l 
(fi

na
l 

co
nc

en
tra

tio
n 

20
0 

pg
/m

l) 

at
 

37
’ 

in
 

an
 

ar
gin

ine
-fr

ee
, 

wa
s 

ad
de

d 
to

 
ce

lls
 

gr
ow

ing
 

ex
po

ne
nt

ial
ly 

en
ric

he
d 

m
ed

ium
 

(A
F)

 
(G

or
ini

 
an

d 
M

aa
s, 

19
58

) 
wi

th
 

0.
5 

pe
rc

en
t 

lac
ta

te
 

as
 

ca
rb

on
 

so
ur

ce
. 

Pe
ni

cil
lin

 
(fi

na
l 

co
nc

en
tra

tio
n 

10
00

 
un

its
/m

l) 
wa

s 
ad

de
d 

at
 

tim
es

 

ind
ica

te
d,

 
Fiv

e 
m

inu
te

s 
lat

er
, 

C’
 

4-
 

ar
gin

ine
, 

ra
nd

om
ly 

la
be

lle
d,

 
wa

s 
ad

de
d 

(fi
na

l 
co

nc
en

tra
tio

n 

20
pg

/m
l) 

an
d 

inc
ub

at
ion

 
co

nt
inu

ed
 

for
 

60
 

m
inu

te
s. 

Al
iq

uo
ts

 
of

 
th

e 
cu

ltu
re

s 
we

re
 

th
en

 
co

lle
ct

ed
 

on
 

m
em

br
an

e 
filt

er
s 

an
d 

th
eir

 
ra

dio
ac

tiv
itie

s 
de

te
rm

ine
d 

(A
tki

ns
on

 
an

d 
M

cF
ad

de
n, 

19
56

). 
Th

e 

int
ra

ce
llu

lar
 

co
nc

en
tra

tio
ns

 
of

 
ar

gin
ine

 
we

re
 

ca
lcu

la
te

d 
fro

m
 

th
e 

sp
ec

ific
 

ac
tiv

ity
 

of
 

th
e 

pr
ep

ar
at

ion
. 

* 
Up

tak
e 

of
 

C’
 

’ 
ar

gin
ine

 
m

ea
su

re
d 

24
0 

m
inu

te
s 

af
te

r 
its

 
ad

dit
ion

. 



Vol. 1, No. 1 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS July 1959 

IlysineJ isoleucine, arginine) penicillin does not prevent the 

concentration of radioactive arginine after exhaustion of the required 

growth factor. However, the addition after exhaustion of a small 

amount of the required amino acid in the presence of penicillin 

will restore the inhibition of arginine uptake. Under these 

conditions a small increase in mass occurs, but there is no lysis, 

even in the absence of sucrose or chloramphenicol. Thus the 

effect of penicillin described here is one of the early manifestations 

of the antibiotic. It miy be the trigger action which sets off further 

changes, such as inhibition of cell wall synthesis (Park and Strominger, 

1957)the observed unbalance in the formation of repressible enzymes, 

and finally cell lysis. 
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