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sensitive to ouabain requires the in- 
ternal presence of its substrate (3). Also, 
reconstituted ghosts (4), even when red 
cells are hemolyzed in 500 volumes of 
hypotonic solution, retain enough of 
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Fig. 1. Ouabain-sensitive hydrolysis (dif- 
ference between rate of hydrolysis in ab- 
sence and presence of 1 0-3M ouabain) 
of p-nitrophenyl phosphate in reconsti- 
tuted ghosts of red cells and in ghosts frag- 
mented by freezing and thawing. The 
composition of the "K+-ghosts" before 
sealing was (mmole/liter): KCI, 50; 
MgCl2, 5; NaCl, 10; and tris(hydroxy- 
methyl)aminomethane (tris) hydrochloride, 
85 (pH 7.8). The composition of the "Na+- 
ghosts" was, before sealing (mmole/ 
liter): NaCl, 110; MgCl2, 5; and tris- 

IC1, 40 (pH 7.8). The "K+-medium" 
contained: in the "K+-ghosts" experiments 
(mmole/liter), KC1, 100; NaCI, 30; 
MgC12, 10; and tris-HCl, 20 (pH 7.8); 
and in the "Na+-ghosts" experiments 
(mmole/liter), KC1, 50; choline-Cl, 90; 
MgClI, 10; and tris-HCI, 10 (pH 7.8). 
The "K+-free medium" was similar to the 
"K+-medium" except that Na+ replaced 
all the K+. The p-nitrophenyl phosphate 
(6.3 mmole/liter) was present as sub- 
strate. The ghosts suspensions were in- 
cubated at 37?C for 30 minutes, and the 
reaction was then stopped by cooling and 
addition of trichloroacetic acid (TCA) 
(final concentration, 5 percent, weight to 
volume). Hydrolysis of p-nitrophenyl 
phosphate was estimated by measuring 
the concentration of nitrophenol (ab- 
sorption at 410 nm after removal of 
TCA-insoluble fraction and adjustment 
of pH to 10 with NaOH). The number 
of ghosts in the final incubation media 
was adjusted to give a hematocrit reading 
of about 5 percent in terms of original 
cells. In all experiments, not less than 
60 percent of the ghosts recovered their 
low permeability to cations. The vertical 
lines represent the range of three experi- 
ments. 
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the intracellular phosphatase to mask 
any contribution from the membrane 
phosphatase (3). We prepared reconsti- 
tuted ghosts containing very low 
amounts of the intracellular phospha- 
tase by hemolyzing the cells at 0?C 
in 300 volumes of hypotonic solution 
and allowing the hemolyzate to stand 
at this temperature for 10 minutes (5). 
This procedure allows the intracellular 
phosphatase activity to almost reach 
equilibrium with the hemolyzing solu- 
tion. 

Ghosts were prepared (Fig. 1, com- 
position shown in the legend) and, after 
"sealing" (6) and washing, were incu- 
bated in isotonic Na+ or K+ media 
with and without 10-3M ouabaih. The 
ouabain-sensitive phosphatase activity 
(7) of ghosts rich in K+ is largely 
abolished when the ghosts are trans- 
ferred from a medium containing K+ 
to a medium almost free of K+. Al- 
though this result shows that external 
K+ is necessary for full activation, it 
does not rule out the possibility that 
K+ is required at both sides of the 
membrane. To test this point, reconsti- 
tuted ghosts with no K+ inside ("Na+- 
ghosts") were assayed for ouabain- 
sensitive phosphatase activity. A large 
ouabain-sensitive activity can ibe de- 
tected when K+-free ghosts are sus- 
pended in a K+-containing medium 
for a length of time that would not 
lead to a significant intracellular K+ 
accumulation (Fig. 1). The lack of 
effect of intracellular K+ is further 
shown by the fact that the activity of 
the same ghosts remains unchanged 
after freezing and thawing, although 
K+ should now have access to both 
sides of the membrane because of dis- 
ruption of the permeability barrier. 

Asymmetrical activation of the mem- 
brane phosphatase by exterfal K+, to- 
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gether with the finding (3) that the 
substrate has to be present internally, 
suggests that the enzyme system re- 
sponsible for the K+-activated hydrol- 
ysis of p-nitrophenyl phosphate has a 
definite orientation within the mem- 
brane. Presumably as a result of this 
orientation, the substrate can only reach 
the active site from the internal sur- 
face of the cell membrane, whereas the 
activator can only have access to its 
specific site from the external surface 
of the cell memfbrane. The similitude 
of these asymmetrical requirements 
with those of the (Na+ + K+)-adeno- 
sine triphosphatase system (2) is con- 
sistent with the proposed relation be- 
tween both enzymic activities. 
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is unusual in being located on the chro- 
mosome at a distance from the known 
cluster of 30S loci in the streptomycin 
(str)-spectinomycin (spc) region (1, 2). 

Kasugamycin, an antibiotic formed by 
Streptomyces kasugiensis, is widely used 
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Kasugamycin Resistance: 30S Ribosomal Mutation with an 

Unusual Location on the Escherichia coli Chromosome 

Abstract. A mutation in Escherichia coli to resistance to the aminoglycoside 
antibiotic kasugamycin alters the 30S ribosomal subunit. Though all other known 
30S ribosomal mutations are located in a cluster in the streptomycin region, 
kasugamycin resistance is located at a distance from this region, near the leucine 
region. 
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Fig. 1. Structure of kasugamycin. 
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Fig. 2. Inhibition by kasugamycin of 14C- 
phenylalanine incorporation directed by 
polyuridylic acid, or "1C-valine incorpora- 
tion directed by phage MS2-RNA. S is 
the S30 extract prepared from a Ksgs strain 
(JS12), R is the S30 extract prepared from 
a Ksg' strain (FS54). Final Mg++ concen- 
tration was 10 mM (for polyU) or 8 mM 
(MS2-RNA). Other conditions as described 
(14). 

in Japan to inhibit Piricularia oryzae, 
the fungus which causes rice blast 
disease (3). This antibiotic consists of 
D-inositol linked to kasugamine (4) 
(Fig. 1); it is classified as an amino- 

glycoside, though it lacks the strepta- 
mine moiety common to all other 
aminoglycosides except spectinomycin 
(5). Also, like spectomycin (6), kasuga- 
mycin fails to cause misreading of the 

genetic code in vitro (7), and it is bac- 
teristatic rather than bactericidal (8). 
Kasugamycin inhibits protein synthesis 
in vitro, requiring considerably higher 
concentrations with E. coli ribosomes 
than with P. oryzae ribosomes (9). The 

drug apparently acts by inhibiting bind- 
ing of aminoacyl-tRNA to ribosomes 
(10). 

The kasugamycin-resistant (Ksgr) 
mutants of E. coli K-12 strain JC12 
were readily obtained by nitrosoguani- 
dine mutagenesis (11). Seven mutants 
were selected on plates containing 1000 

utg of kasugamycin per milliliter. They 
were resistant at concentrations of 1000 

,ug/ml to > 5000 /ug/ml Ksg, whereas 
the parent strain is inhibited by 100 jg/ 
ml (12). A mutant resistant to 5000 

ug/ml (FS50 ksg-3), and a spontaneous 
streptomycin-resistant (StrR) derivative 
(FS54), were used for most of the ex- 

periments; they and the other strains 
employed are listed in Table 1. All 
KsgR strains were fully sensitive to 

streptomycin and spectomycin, and 
Str't and spectomycin resistant (Spc't) 
strains were sensitive to kasugamycin. 
Among seven strains selected for kasu- 
gamycin resistance none were depend- 
ent. 

In polypeptide synthesis in vitro, 
with either polyuridylic acid (polyU) or 
bacteriophage MS2-RNA as messenger, 
the inhibition of ribosomes from a sen- 
sitive strain increased with the concen- 
tration over a broad range, and maxi- 
mum inhibition (75 to 85 percent) re- 
quired over 100 jg/ml (Fig. 2). This 
behavior contrasts with that of specto- 
mycin and streptomycin, which reach 
their full effect at 2 to 5 ,ug/ml with 
either messenger (6). Moreover, the in- 
hibition was less complete with poly- 
uridylic acid than with phage RNA, 
though the difference was less than that 
observed with spectomycin or with 
streptomycin (6). Figure 2 further shows 
that with MS2-RNA as messenger the 
ribosomes from KsgR strain were es- 
sentially completely resistant to inhibi- 
tion by kasugamycin, up to at least 
500 jug/ml; with polyU, resistance was 
less complete. 

The site of action of kasugamycin 
was further localized by tests with hy- 
brid ribosomes constructed by exchang- 
ing 30S and 50S subunits from KsgS 
and KsgR strains (Table 2). Sensitivity 
or resistance to kasugamycin is a prop- 
erty of the 30S subunit, just as previ- 
ously demonstrated for streptomycin 
(13) and spectromycin (5). Similar re- 
sults were obtained with a second 
preparation of ribosomal subunits. 

Mapping iboth by conjugation and 
transduction (14) was used to test the 
linkage of ksg to the str-spc cluster of 
genes, which affect the 30S ribosomal 
subunit and lie between argG and malA 
(1). The Hfr strain FS54 (str ksg-3 purC 
argG+ mnalA +) was mated with F- 
strain FS32 (str+ ksg+ purC+ argG 
malA), and Str'1 Pur+ recombinants 
were selected. Of these recombinants 
40 out of 100 had the donor alleles of 
both argG + and malA+, but none 
(0/100) had also received the donor 
ksg-3 allele. Moreover, no cotransduc- 
tion of str and ksg could be demon- 
strated with phage P1Kc. It was con- 
cluded that ksg is not close to the str- 
spc gene cluster. 

The location of ksg-3 was then sought 
by analysis of linkage to known mark- 
ers. A more direct approach would be 
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Table 1. Strains of E. coli K-12 used. 

Strains Source Description 

HfrH D. H. Fraenkel Hfr; lac+ 
JC12 P. Anderson Hfr; met lac purC 
FS50 Nitrosoguanidine As JC12, but ksg-3 

mutagenesis 
of JC12 

FS54 Spontaneous As FS50, but str-25 
mutant 
of FS50 

JC411 W. K. Maas F-; argG nalA met 
leu lac his str 

FS32 Reference (14) As JC411, but leu+ 
stP7+ spc 

FS40 FS54 X JC411 As JC411, but his+ 
ksg-3 

selection of KsgR recombinants, but 
there were unexplained difficulties with 
this selection. A ksg+ argG malA leu 
his purC+ recipient (JC411) was mated 
with ksg-3 donor FS54, which injects 
markers clockwise in the order argG+ 
. .. malA+ ... leu+ .. . his+ . . . purC. 
Arg+ Pur+, Leu+ Pur+, and His+ 
Pur+ recombinants were selected and 
were scored for KsgR (Table 3). Very 
few recombinants selected for Arg+ 
were Ksg1, in harmony with the results 
of the previous cross. However, 43 per- 
cent of those selected for His- were 

Table 2. Effect of kasugamycin (Ksg) (100 
Ag/ml) on polyuridylic acid-directed incor- 
poration of 14C-phenylalanine by hybrid 
ribosomes. Ribosomes were dissociated into 
subunits by dialyzing an S30 extract for 4 
hours against buffer containing 0.1 mM Mg++, 
10 mM tris-HCl, 60 mM KC1, and 6 mM 
mercaptoethanol; subunits were separated by 
centrifugation in a Spinco SW41 rotor 
through 14-ml linear sucrose gradients (5 to 
20 percent) containing the same buffer with- 
out mercaptoethanol. Subunits were brought 
to 10mM Mg++ and were concentrated by 
ultrafiltration. In order to promote recombi- 
nation of subunits into hybrid ribosomes, 
they were incubated at 0?C overnight in 
10 mM Mg++, 60 mM KC1, 10 mM tris-HCl, 
6mM mercaptoethanol. and 1.0 mM sperm- 
idine. Each 0.5 ml of reaction mixture con- 
tained 0.9 optical density units (260 nm) of 
ribosomes and 0.15 jul of S100 supernatant 
from a Ksgs strain. Final concentrations were 
Mg++, 15 mM; spermidine, 0.2 mM; polyuri- 
dylic acid, 100 15g/ml; other conditions as de- 
scribed (14). S, sensitive ribosomes or their 
subunits from KsgS strain JC411; R, resistant 
ribosomes or their subunits from Ksg" strain 
FS54; S70, undissociated ribosomes from 
strain JC411; R70, undissociated ribosomes 
from strain FS54. 

Ribosomes 14C-Phenylalanine In 
incorporation hii- 

30S 50S (count/min) tion 
sub- sub- 
unit unit -Ksg +Ksg (%) 

S S 2534 1479 42 
S R 1578 964 39 
R S 1289 1187 8 
R R 733 654 11 

S70 2632 1320 50 
R70 1862 1731 7 
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Table 3. Linkage of ksg in conjugation. The donor and recipient strains are listed separately 
to aid in interpretation of the data. Matings were interrupted at 60 minutes in the selections 
for ArgG+ PurC+ and Leu+ PurC+, and at 120 minutes for His+ PurC+. Recombinants 
were purified once before being placed on appropriate mediums for scoring the phenotype. 

Donor FS54 argG+ str malA+ leu+ (ksg-3) his+ purC 

Recipient JC411 argG str malA leu (ksg+) his purC+ 

Experimental results 

Phenotype Scored KsgR KsgR Comment 
selected (No.) (No.) (%) 

Comment 

ArgG+ PurC+ 120 6 5 4 Leu+; 4 KsgR; 0 Ksgs 
Leu+ PurC+ 120 86 72 
His+ PurC+ 178 78 43 60 Leu+; 50 KsgR; 10 Ksgs 

118 Leu-; 28 KsgR; 90 Ksgs 

Table 3. Linkage of ksg in conjugation. The donor and recipient strains are listed separately 
to aid in interpretation of the data. Matings were interrupted at 60 minutes in the selections 
for ArgG+ PurC+ and Leu+ PurC+, and at 120 minutes for His+ PurC+. Recombinants 
were purified once before being placed on appropriate mediums for scoring the phenotype. 

Donor FS54 argG+ str malA+ leu+ (ksg-3) his+ purC 

Recipient JC411 argG str malA leu (ksg+) his purC+ 

Experimental results 

Phenotype Scored KsgR KsgR Comment 
selected (No.) (No.) (%) 

Comment 

ArgG+ PurC+ 120 6 5 4 Leu+; 4 KsgR; 0 Ksgs 
Leu+ PurC+ 120 86 72 
His+ PurC+ 178 78 43 60 Leu+; 50 KsgR; 10 Ksgs 

118 Leu-; 28 KsgR; 90 Ksgs 

KsgR, compared with 72 percent of 
those selected for Leu+. Since his is 
distal to leu, these data show that ksg is 
closer to leu than to his. Moreover, the 
recombinants selected for His+ were 
more often KsgR (78/178) than Leu+ 
(60/178); hence ksg appears to lie be- 
tween leu and his (that is, clockwise to 
leu). Finally, in this cross the proposed 
sequence leu-ksg-his would require two 
recombinational exchanges to produce 
Leu- KsgR His+ and four exchanges 
to produce Leu+ Ksgs His+; whereas 
the crossover requirements would be re- 
versed if the sequence were ksg-leu-his. 
The proposed sequence is therefore fur- 
ther supported by the finding that the 
178 His+ recombinants included 28 
Leu- KsgR but only 10 Leu+ Ksgs 
(Table 3). 

The location of ksg-3 was confirmed 
by a cross with HfrH, which donates 
clockwise with leu as its earliest marker 
and lac 10 minutes later. This leu+ 
ksg+ lac+ str+ strain was mated for 
30 minutes with a leu ksg-3 lac str re- 
cipient (FS40). Of 60 Leu+ StrE re- 
combinants, 40 had received the donor 
Ksgs marker, but only 2 had also re- 
ceived the donor Lac+ marker. Thus, 
ksg-3 lies closer to leu than to lac. 

Though further experiments are re- 
quired to map the location of ksg-3 
precisely, it is clear that mutations 
which affect the 30S subunit do not all 
map in a single cluster. This finding 
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clockwise with leu as its earliest marker 
and lac 10 minutes later. This leu+ 
ksg+ lac+ str+ strain was mated for 
30 minutes with a leu ksg-3 lac str re- 
cipient (FS40). Of 60 Leu+ StrE re- 
combinants, 40 had received the donor 
Ksgs marker, but only 2 had also re- 
ceived the donor Lac+ marker. Thus, 
ksg-3 lies closer to leu than to lac. 

Though further experiments are re- 
quired to map the location of ksg-3 
precisely, it is clear that mutations 
which affect the 30S subunit do not all 
map in a single cluster. This finding 

may be important for our understand- 

ing of the control of the synthesis of 
30S ribosomal components. 
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Regenerative Calcium Release within Muscle Cells 
Abstract. Free calcium appears to trigger the release of stored calcium from 

the sarcoplasmic reticulum of skinned skeletal muscle fibers immersed in solutions 
with a low concentration of magnesium ion. 
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sarcoplasmic reticulum (2). The proc- 
ess is initiated physiologically by a de- 
crease in the electrical potential across 
the surface membrane (3), but the 
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mechanism of this release is poorly 
understood. The .experiments reported 
here indicate that the release process 
has the capacity to be regenerative. 
This conclusion is based on an analysis 
of the contractions induced when fibers 
without their outer membranes are im- 
mersed in solutions of varied composi- 
tion. 

Single fibers from the semitendinosus 
muscle of the frog Rana pipiens were iso- 
lated in silicone oil (4), and the surface 
membrane was removed (5) to allow 
externally applied solutions free access 
to the myofilament space. Segments of 
these "skinned" fibers (1 to 3 mm 
long) were mounted in a force-measur- 
ing apparatus (6) before they were im- 
mersed in aqueous solutions (7). Low 
concentrations of calcium ion in the 
medium were controlled with ethylene 
glycol bis(aminoethylether)-N,N'-tetra- 
acetic acid (EGTA), a calcium chelator 
with relatively little affinity for mag- 
nesium (8). Low concentrations of mag- 
nesium ion were established when the 
concentration of the metal was less than 
that of adenosine triphosphate (ATP) 
with which it forms a complex (8). 

Skinned fibers imtmersed in solutions 
containing calcium buffered with EGTA 
slowly accumulate calcium for many 
seconds before developing force (9), 
and they retain this calcium when 
transferred to solutions of low concen- 
trations of EGTA. Segments could 
therefore be loaded with calcium by 
immersion in a buffered calcium solu- 
tion and then rinsed free of buffer in 
EGTA solutions. After this prepara- 
tion, fibers that were exposed to un- 
buffered, "free" calcium solutions pro- 
duced a quick contraction which was 
superimposed on a much slower con- 
traction (Fig. 1A). The quick contrac- 
tion could be interrupted by transfer- 
ring the fiber to a solution containing 
a high concentration of EGTA (Fig. 
1B); it did not depend on the major 
anion of the bathing medium, as it oc- 
curred equally well in solutions of 
potassium propionate and potassium 
chloride. The respones required that 
the fibers be loaded in a buffered cal- 
cium solution and that the concentra- 
tion of free magnesium be relatively 
low. When fibers were immersed di- 
rectly in the free calcium without ex- 
posure to the buffered calcium (Fig. 
1C), or when the concentration of 
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low. When fibers were immersed di- 
rectly in the free calcium without ex- 
posure to the buffered calcium (Fig. 
1C), or when the concentration of 
magnesium in solution exceeded that of 
ATP by 1 mM, quick contractions did 
not occur. 

A quick contraction was also in- 
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