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energy end of the spectrum in the 
tritium source. The difference in hard- 
ening of the spectra can be further 
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colon with the detector over the ventral 
surface. Curve 2, 100-ic source diffused 
throughout body; detector over ventral 
surface. 

78 

Fig. 3. Selected "C bremsstrahlung spectra 
from rats. Curve 1, 100-tc source in 
colon with the detector over the ventral 
surface. Curve 2, 100-ic source diffused 
throughout body; detector over ventral 
surface. 

78 

count rate followed by a more gradual 
decline as the absorber thickness is in- 
creased owing to removal of the low- 
energy components of the spectra with 
increasing absorber thickness. The car- 
bon source count rate shows a further 
reduction of 64 percent before becom- 
ing exponential in form, while the tri- 
tium source rate is reduced only 33 
percent and then becomes linear on a 
semilogarithmic scale. 

Based on the low value of the half- 
value layer for tritium, studies with 
tritium appear to be limited to the 
study of surface phenomena or to the 
first few millimeters of tissue. Absorp- 
tion of tritiated substances applied to 
skin could be studied in this way. 

With the greater penetration of car- 
bon-14-produced bremsstrahltung, mea- 
surements in vivo become feasible 
in small experimental animals. With 
suitable collimation, single organs can 
be counted. Hence, the detectability 
of carbon-14-produced bremsstrahlung 
may help to eliminate the need for 
serial sacrifice of large groups of ani- 
mals in some biological experiments, 
and in other cases eliminate lengthy 
sample preparations. 

JERRY C. ROSEN 
GERARD R. LAURER 
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New York University Medical Center. 
550 First Avenue, New York 10016 
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4. These minimum counting rates were obtained 
as follows: 

minimum count rate = 1.96(2 X B)/t, 
where t is the total counting time and B is 
the total background count for this counting 
time. 
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Genetic Mapping of Phenylalanyl- 
sRNA Synthetase in Escherichia colil 

Abstract. Genetic mapping of the 
structural gene for a phenylalcanyl- 
sRNA. synthetase in Escherichia coli 
was accomplished by the use of mu- 
tants with temperature-sensitive or p- 
fluorophenylalanine-resistant enzymes. 
The structutral gene is located at min- 
uite 33 of the Taylor-Thoman map of 
the E. coli chromosome, closely linked 
to a structural gene (aroD) for one o] 
the enzymes involved in the biosynthesis 
of the aromatic amino acids, and dis- 
tant from the known locations of other 
aminoacyl-sRNA synthetase genes. 

During the search for mutants of 
Escherichia coli with conditionally ex- 
pressed lesions in indispensable en- 
zymes, a number of mutants were ob- 
tained with alterations in phenylalanyl- 
sRNA synthetase. One class of mutants 
was isolated by selection for the ability 
to grow in the presence of the phenyl- 
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Fig. 1. Appearance of several kinds of 
recombinants in an interrupted mating 
experiment between Hfr AT2572a and 
either (top) NP37021, or (bottom) 
NP37022. Donor cells were counter- 
selected by streptomycin. Recombinants 
for nutritional markers were selected on 
appropriate mediums at 30?C. Recombi- 
nants for temperature-resistant growth 
were selected on plates incubated at 30?C 
for 6 hours before shifting them to 40?C. 
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Table 1. Description of strains used. Strain designations have recently been changed to 
conform with the suggestions of Demerec et al. (9). Strain numbers in parenthesis give 
former designations. Abbreviations: (S) sensitive; (R) resistant; (Sm) streptomycin; (Hist) 
histidine; (Tryp) trytophan; (Thr) threonine; (pheS) phenylalanyl-RNA synthetase locus; 
(ts) temperature-sensitivity; (pFP) p-fluorophenylalanine; (aroD) locus governing shikimic 
acid biosynthesis. 

Genotype Phenotype Strain . . . _ ,_ . .... . . . ... 
pheS aroD ts pFP Sm Hist Tryp Thr 

NP37021 (IV-4 deriv.) 5 + .- S R .- 3 

NP37022 (IV-4 deriv.) 5 1 -, S R + + ;-; 
NP21 (PFP-10) 1 + + R S + + + 
AT2572a + + + S + + 

alanine analog, p-fluorophenylalanine; 
the phenylalanyl-sRNA synthetase of 
these strains was damaged in such a 
manner that the natural amino acid 
could still serve as substrate, but the 
analog was: only poorly activated (1). 
The second class of mutants consists 
of strains that are able to grow almost 
normally at temperatures up to 30?C, 
but cannot grow at all above 37?C. 
Examination of some of these strains 
revealed that they possess an altered 
phenylalanyl-sRNA synthetase that is 
rapidly inactivated upon preparation of 
cell-free extracts (2, 3). Because of the 
diverse regulatory functions of amino 
acid activating enzymes (3, 4), their 
possible function as suppressor mole- 
cules, and the numerous unsolved prob- 
lems regarding their function, we have 
mapped the structural gene for the 
phenylalanyl-sRNA synthetase, using at 
first one of the temperature-sensitive 
mutants. The several strains used in 
this study are described in Table 1. 

For the mating experiments about 
2 X 108 Hfr cells in the log phase of 
growth and 5 X 109 cells of the recip- 
ient (F- phenocopies) were mixed on 
a sterile membrane filter (5); the filter 
was immediately placed on plates con- 
taining warmed nutrient soft agar, incu- 
bated for 5 minutes at 30?C, and then 
put into 250-ml erlenmeyer flasks con- 
taining 20 ml of warmed L-broth (6). 
After the cells were suspended by gen- 
tle agitation, 1-ml samples were re- 
moved at intervals and pipetted into 1 
ml of ice-cold L-broth containing 500 
jtg of streptomycin. The chilled samples 
were mixed vigorously for 1 minute 
with the aid of a Vortex mixer, and 
0.1-ml portions were spread on appro- 
priate selective plates. 

The results of a cross between Hfr 
AT2572a and NP37021 are shown in 
Fig. 1, top. In this cross, the gene con- 
ferring ability to grow at high tempera- 
ture entered the recipients between the 
histidine and the tryptophan biosynthet- 
ic markers, permitting its localization 
at approximately minute 33 on the E. 
7 JULY 1967 

coli chromosome map presented by Tay- 
lor and Thoman (7). 

To sharpen the location, use was 
made of one of the few loci known in 
this area of the linkage map, the aroD 
locus governing formation of shikimic 
acid (7). A derivative of NP37 with a 
shikimic acid requirement was isolated 
and mated with Hfr AT2572a. The re- 
sults (Fig. 1, bottom) indicate that the 
temperature-sensitive marker entered 
the recipient slightly before, but closely 
linked to,, the aroD locus. In all the 
matings the speed of chromosome trans- 
fer by Hfr AT2572a at 30?C was ap- 
proximately one-third the rate at 37?C. 

Since the results with matings sug- 
gested a location of the temperature- 
sensitive marker about 0.5 minute re- 
moved from the aroD locus, cotrans- 
duction of these genes was attempted. 
For this purpose the ability to grow 
at high temperature was transduced in- 
to NP37022 by way of phage Plkc 
that had been grown in strain NP21. 
The use of NP21 was designed to ex- 
plore the genetic relation between the 
mutational sites pheSI which confers 
analog resistance and pheS5 which con- 
fers temperature sensitivity (Table 2). 
All transductants selected for growth 

Table 2. Three-factor cross between NP21 
and NP37022 mediated by P1 transduction. 
Plkc was grown over two passages on strain 
NP21 and used at a multiplicity of infection 
of about 1:1 to transduce temperature-resist- 
ant growth into mutant NP37022. A possible 
phenotypic lag of 6 hours was allowed by 
incubating the plates at 30?C before shifting 
them to 40?C. All transductants were still 
Thr- Sm-R. Crude extracts of the purified 
recombinants were assayed for their ability 
to attach 4C-phenylalanine and '4C-p-fluoro- 
phenylalanine to E. coli KB sRNA. Abbrevia- 
tions: pFP-S and pFP-R, recombinants with 
a phenylalanyl-RNA synthetase able and un- 
able, respectively, to attach p-fluorophenylala- 
nine to sRNA; ts, temperature-sensitivity. 

ts+ 
recombi- pFP-R pFP-R pFP-S pFP-S 

nants 
scored aroD+ aroDl aroD+ aroDl 
(No.) 

64 21 41 0 2 

at 40?C had an active phenylalanyl- 
sRNA synthetase in vitro. (The original 
temperature-sensitive enzyme in the re- 
cipients, is denatured in vitro.) In addi- 
tion, approximately 97 percent of these 
transductants had received an enzyme 
which, like that in the donor strain, has 
a greatly reduced ability to activate p- 
fluorophenylalanine and attach it to 
sRNA. Cotransduction of the tempera- 
ture-sensitive marker and aroD also oc- 
curred; approximately 33 percent of the 
transductants received the aroD marker 
of the donor strain. 

Thus, our results (i) confirm the no- 
tion that the temperature-sensitive 
growth behavior of strain NP37 and its 
derivatives is a result of the same ge- 
netic change that has modified the ac- 
tivity of the phenylalanyl-sRNA syn- 
thetase in vitro; (ii) indicate that single 
mutations in E. coli can render its 
phenylalanyl-sRNA synthetase either 
temperature-sensitive or analog-resistant 
and that these mutational sites are 
closely linked; (iii) permit the desig- 
nation of a structural gene for this en- 
zyme at minute 33 on the E. coli chro- 
mosome map, unlinked to other known 
loci of aminoacyl-sRNA synthestases 
(8); and (iv) provide the first example 
of a structural gene for an amino acid- 
activating enzyme located on a trans- 
ducible fragment with one of the genes 
governing a biosynthetic enzyme for 
that amino acid. 
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