
ments in which fragments of R17 RNA 
are subjected to ribonuclease V action. 
Large fragments are customarily found 
in R17 RNA preparations. Such frag- 
ments were isolated by sucrose gradient 
centrifugation of a preparation of total 
R17 RNA (7) (peaks II and III in 
Fig. 2), and were found susceptible to 
degradation (Table 1). Furthermore, 
as had been observed for ribosomal 
RNA, heating increased the fraction of 
the RNA that could be rendered solu- 
ble in alcohol by ribonuclease V (Table 
1). 

Even more striking, intact chains of 
R17 RNA were sensitive to attack by 
ribonuclease V when they were repuri- 
fled after heat treatment (Table 1). 
Fragmentation and heating probably 
increase the accessibility of the 5' end 
to ribosomes. However, this view, if 
correct, raises an interesting question 
regarding multicistronic messenger 
RNA molecules that, like R17 RNA, 
contain an untranslated portion of in- 
formational RNA at the 5' end. [As 
another example, the o site in the lac 
operon, which is adjacent to the struc- 
tural genes of the operon (8) is be- 
lieved to be transcribed (9) but not 
translated (10).] Either these initial 
sequences, when exposed, can some- 
how be traversed by ribosomes and 
thus degraded, or they are degraded by 
a mechanism that does not involve ribo- 
some movement. 

Whatever the reason for its resist- 
ance to degradation, the stability of 
intact, unheated R17 RNA suggests 
that many of the conditions required 
for protein synthesis are necessary for 
ribonuclease V action but are not suf- 
ficient for it. At least one further re- 
quirement seems to be that the mRNA 
be susceptible to ribonuclease V. 

An obvious implication of these re- 
sults is that individual species of 
mRNA, even when active in protein 
synthesis in vivo and in vitro, can 
probably still escape degradation. Per- 
haps addition of an appropriate nu- 
cleotide or polynucleotide structure at 
the 5' end of the molecule can prevent 
degradation. In phage RNA, in which 
this might be the case, the resultant 
stability would help to insure successful' 
infection, and might have offered the 
selective advantage for the development 
of the initial, untranslated segment. 
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mature phage. 

After inhibition of protein synthesis, 
for example with chloramphenicol 
(CAP), DNA synthesis in Escherichia 
coli proceeds until completion of the 
current cycle of duplication and then 
stops (1). When protein synthesis is 
resumed, DNA replication begins again, 
after a delay presumably representing 
the synthesis of the protein or proteins 
necessary for initiation. In E. coli cells 
infected with T5 or X bacteriophage, 
DNA synthesis is sensitive to inhibition 
by CAP (2). Infection with T-even 
phages seemed to be an exception be- 
cause inhibition of DNA synthesis was 
observed only if the drug was added to 
the infected complexes during the first 
period after infection (3, 4). After the 
addition of CAP to E. coli cells in- 
fected with phage X, T4, T5, or T7, the 
rate of DNA synthesis declines ex- 
ponentially and in a manner inversely 
proportional to the molecular weight 
of the DNA of the phage. 

The phages were wild-type T4, T5, 
and T7 and E. coli B and its photore- 
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activation deficient mutant pht- and 
E. coli K12 C600 (X c857). All ex- 
periments were performed in M9 me- 
dium (0.022M KH2PO4, 0.042M 
Na2HPO4, 0.018MNH4C1, 8.5X10-3M 
NaCl, 0.001M MgSO4, and 0.4 percent 
glucose) supplemented with 1 percent 
Difco vitamin-free casamino acids de- 
colorized by filtration through activated 
charcoal. 

For phage infection experiments, 
bacteria concentrated from growing 
cultures were mixed with phage. After 
2 minutes at 37?C the mixture was di- 
luted into warmed medium to a con- 
centration of 5 to 10X 107 cells per 
milliliter. Pulse labeling was performed 
by transferring 1-ml aliquots of the 
cells to warmed tubes containing 0.2 
/tc of [14C]thymidine (New England 
Nuclear; 30 utc/tmole). After 1 min- 
ute 1 ml of cold 10 percent trichloro- 
acetic acid (TCA) and 1 percent thy- 
midine were added. Precipitates were 
collected on Millipore filters, washed 
twice with 5 ml of 5 percent TCA, and 
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Table 1. Direct and indirect measurement of total DNA synthesized in T4 infected cells. 

Time of addition of CAP 
DNA measured by Time No CAP (minutes after infection) 

6 12 14 16 24 

Pulse label* 30 min 100t 55 62 69 71 94 
60 min 254 111 120 131 165 

Diphenylamine reactiont 30 min 100t 52 62 69 69 89 
60 min 164? 83 110 121 149 

* Measured by integrating the area determined by the curves of [14C]thymidine label plotted on linear 
scale. t All values are normalized to this control taken as 100. $See (6). ? In the absence 
of CAP, partial lysis of bacteria during centrifugation results in the loss of diphenylamine reacting 
material. No loss of optical density was observed in CAP treated or untreated cultures in the course of 
the experiment. 
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Chloramphenicol: Effect on DNA Synthesis during 
Phage Development in Escherichia coli 

Abstract. Chloramphenicol added at various times during intracellular develop- 
ment of various bacteriophages causes a reduction in the rate of synthesis of phage 
DNA. The reduction is faster the smaller the size of the DNA molecule in the 

Chloramphenicol: Effect on DNA Synthesis during 
Phage Development in Escherichia coli 

Abstract. Chloramphenicol added at various times during intracellular develop- 
ment of various bacteriophages causes a reduction in the rate of synthesis of phage 
DNA. The reduction is faster the smaller the size of the DNA molecule in the 



counted in a gas-flow counter. Chlor- 
amphenicol (Lepetit S.p.A., Milan, 
Italy) was added at appropriate times 
to a final concentration of 250 tgg/ml. 

For induction of X phage E. coli 
K12-C600 (X c857) was grown to ap- 

6 12 18 '24 30 40 50 
Time (minutes) 

Fig. 1. Rate of DNA synthesis in E. coli 
B cells infected with T4 (multiplicity of 
infection =4) treated at different times 
with CAP. 0 - , no CAP (control); 
0 - 0, CAP added 15 seconds before in- 
fection; * -*, CAP at 2 minutes after in- 
fection; 0 - 0, CAP at 4 minutes; * - *, 
CAP at 6 minutes; Fl - l1, CAP at 10 
minutes; A - A, CAP at 12 minutes; 
A - A, CAP at 16 minutes; (- O, CAP 
at 20 minutes; and 0 - 0, CAP at 25 
minutes. The control cells were superin- 
fected at 8 minutes (multiplicity of infec- 
tion = 10). The production of phage per 
bacteria, measured by lysing at 80 minutes, 
was less than 0.01 when CAP was added 
before 10 minutes after infection, and 
increased from 1.2 to 200 for later CAP 
addition. 
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Fig. 2. Rate of DNA synthesis in E. coli 
K12 C600 (X c857) after thermoinduction. 
* - *, no CAP; 0 - 0, CAP at 0 
minutes; A - A, CAP at 12 minutes; and 
A - A, CAP at 22 minutes. 
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proximately 8 X 107 cell/ml at 32?C, 
and at time 0 the cells were transferred 
to 38.5?C, causing synchronized induc- 
tion of the thermoinducible prophage 
(5). 

In experiments with T4, when lysis 
inhibition was desired, superinfection 
was performed at 8 minutes with a 
multiplicity of infection of 10. For ex- 
periments at a low multiplicity of in- 
fection, E. coli B pht- was used after 
ultraviolet irradiation at a dose that 
gave 5 X 10-7 cell survivals. 

Pulse-labeling, experiments With cells 
infected with phage T4 at a multiplicity 
of infection of 4 showed that there was 
a decrease in the rate of DNA synthesis 
after addition of CAP at any time after 
infection (Fig. 1). The total amounts 
of DNA synthesized were assessed by 
integrating the areas under the curves 
of Fig. 1 and are in agreement with 
those reported previously (3). An ex- 
periment in which the rate of DNA 
synthesis was followed and the total 
amount of DNA synthesized was mea- 
sured by the diphenylamine reaction is 
reported in Table 1. Similar experi- 
ments with bacteria killed by ultraviolet 
radiation infected at multiplicities be- 
tween 0.1 and 10 showed that the rates 
of DNA synthesis after addition of 
CAP declined in the same manner as 
had been observed with normal host 
bacteria. 

After addition of CAP, there is a 
significant decrease in the rate of DNA 
synthesis in bacteria infected with T5 
or T7 or in induced X lysogens (Figs. 
2, 3, and 4). In the case of X phage, 
after the initial steep decline in the rate 
of DNA synthesis, the decline becomes 
parallel to that observed in the control 
cells in which induction was prevented 
by the addition of CAP before heating. 
This suggests that X phage induction 
does not shut off DNA synthesis. 

Comparison of the results with X, 
T4, T5, and T7 phages reveals a cor- 
relation between the molecular weight 
of the phage DNA and the rate at 
which DNA synthesis declines follow- 
ing CAP addition. Table 2 shows the 
relation between the rate of the decline 
of DNA synthesis (assumed to be ex- 
ponential) and the molecular weight of 
the DNA of the respective mature 
phages. Phage P22 is included for com- 
parison. 

The initiation of a round of replica- 
tion may require protein synthesis for 
phage DNA as well as for the bacterial 
DNA. Inhibition of T4 synthesis by 
CAP occurred at a rate similar to the 

Table 2. The rate of decline of DNA syn- 
thesis after addition of CAP to E. coli in- 
fected cells; T is the time required for the 
rate to fall to e-~ times initital rate measured 
in the linear portion of the curves. Numbers 
of independent experiments from which the 
mean values were calculated are in parenthe- 
ses. 

DNA molecular 
Phage r weight (mmin) (X 106 daltons) 

T4 36.3 3.1 (14) 120 
T5 22 ?3.4 ( 5) 77 
X 7 ?+0.5 (2) 33 
T7 1.5 0.3 ( 3) 24 
P22* 5 ?0.4 ( 4) 27 

* From data of Favre et al. (7). 
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Fig. 3. Rate of DNA synthesis in E. coli 
B infected with T5 (multiplicity of infec- 
tion=8). - 0, no CAP; - 0, CAP 
added at 0 minutes; A - A, CAP at 10 
minutes; and - A, CAP at 18 minutes. 
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Fig. 4. Rate of DNA synthesis in E. coli 
B infected with T7 (multiplicity of infec- 
tion = 10). - O, no CAP; O-0, 
CAP at 0 minutes to uninfected cells; 
A - A, CAP at 7.5 minutes; and A - A, 
CAP at 9 minutes. 
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inhibition of E. coli DNA (1) despite 
the fact that the E. coli chromosome is 
about 20 times longer than the T4 
DNA molecule. Whether the similarity 
is the accidental result of two different 
mechanisms or is due to similarity be- 
tween the molecular structure of the 
replicating phage DNA and the bac- 
terial chromosome, as the synthesis of 
DNA molecules with a higher molecu- 
lar weight of the mature phages, re- 
mains undecided. 

PAOLO AMATI 
International Laboratory of Genetics 
and Biophysics, Naples, Italy 
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Al-Tetrahydrocannabinol (A1-THC; 
1) is the major psychotomimetically 
active cannabinoid of Cannabis. Re- 
cently we described the rapid metabo- 
lism of AT-THC in the rabbit (1) and 
found that at least three major metab- 
olites are excreted in the urine. Using 
an in vitro technique we have now iso- 
lated and identified 7-hydroxy-A'-THC 
(2) as a major metabolite of 1. 
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We used the in vitro system de- 
scribed by Tagg et al. (2) with some 
modifications. Four female rabbits 
given prior treatment with sodium 
phenobarbital were killed. The livers 
were homogenized with an equal vol- 
ume of 1.15 percent KC1 solution, and 
the homogenates were centrifuged for 
10 minutes at 10,000g. The superna- 
tant (500 ml) was incubated for 1 
hour with Al-[14C]THC (3) (120 mg; 
188 /uc/mmole), nicotinamide (772 
mg), nicotinamide-adenine dinucleotide 
phosphate (42 mg), glucose-6-phos- 
phate (2864 mg), MgC12 * 6H20 
(1640 mg), and 0.06M phosphate buf- 
fer (200 ml, pH 7.0). 

Extraction of the incubation mix- 
tures with light petroleum removed 
most of the unchanged A1-THC. The 
remaining radioactive material was ex- 
tracted into diethylether. Thin-layer 
chromatography (1) of these extracts 
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showed that 40 percent of the added 
Al-THC had been converted to more 
polar compounds. In a control experi- 
ment with boiled supernatant Al-[14C]- 
THC was recovered unchanged. 

The radioactive ether extract was 
chromatographed on a Florosil column 
(1.5 by 100 cm) and eluted first with 
mixtures of diethylether and light 
petroleum of increasing polarity and 
finally with pure ether. The remaining 
A1-THC was found in the ether: light 
petroleum (1:5) fraction, and the 
metabolite was obtained from the pure 
ether fraction. Thin-layer chromatog- 
raphy (4) of the ether fraction showed 
a phenolic compound with an Rp of 
0.5 containing 95 percent of the total 
radioactivity on the plate. This metab- 
olite was further purified by prepara- 
tive thin-layer chromatography (4) to 
yield 20 mg of a semicrystalline sub- 
stance, which according to the specific 
activity was over 95 percent pure. 

The nuclear magnetic resonance 
(NMR) spectrum (5) of the metabo- 
lite 2 was largely in agreement with 
that of Al-THC with the following dif- 
ferences. The signal at 8 =1.69 from 
the methyl group in position 1 of 1l- 
THC (6) was absent, and instead a two- 
proton signal at 8 = 4.02 (--CH2OH) 
was recorded. Three one-proton sig- 
nals of 8=6.70, 6.25, and 6.11 repre- 
sented one vinylic and two aromatic 
protons. 

The mass spectrum (7) showed a 
molecular ion at m/e (mass to charge) 
330 (35 percent; Ai-THC + 16) and 
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prominent peaks at m/e 315 (6 per- 
cent;-CH3), m/e 312 (16 percent; 
- H20), ml e 300 (24 percent; 
--CH2O), and m/e 299 (100 percent; 
--CHO3). These data together with 
the information from the NMR spec- 
trum indicated a hydroxylation only on 
the vinylic methyl group in position 1 
of A1-THC and no change in the aro- 
matic moiety. This was further con- 
firmed by the infrared (increased hy- 
droxyl absorption) and ultraviolet spec- 
tra (maximum absorbance at 279 nm 
in ethanol) which were almost identical 
to the corresponding spectra of A1- 
THC. These spectral data are consistent 
with the formulation of the metabolite 
as 7-hydroxy-Al-THC (2). 

Burstein et al. (8) reported the iso- 
lation in vivo and structure of a metab- 
olite of the isomer A'(6)-THC in the 
rabbit. The metabolite was either 5- 
hydroxy, or more likely, 7-hydroxy- 
AI(6)-THC. In the latter case, the bio- 
chemical oxidation of A1-THC and 
Al(6)-THC would be similar. Also this 
metabolite was dehydrated to can- 
nabinol (3) with the use of p-toluene- 
sulfonic acid (TSA) in refluxing ben- 
zene. With their procedure (8) we 
converted the in vitro metabolite 2 to 
the same compound 3; the product was 
confirmed by thin-layer (1) and gas- 
liquid chromatography (5 percent XE- 
60; 5 percent SE-30 on Gas Chrom 
P). 

Al-Tetrahydrocannabinol seems to be 
excreted in completely metabolized 
form (1, 8, 9). The demonstration of 
7-hydroxy-A1-THC (2) as the first 
structurally known metabolite of A1- 
THC (1) and the chemical conversion 
of the metabolite to the previously 
known cannabinol (3) could form the 
basis for an identification of Cannabis 
smokers. Experiments in mice have 
shown the metabolite to be pharma- 
cologically strongly active. 
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a'-Tetrahydrocannabinol: Structure of a Major Metabolite 

Abstract. Al-Tetrahydrocannabinol, the major psychotomimetically active com- 
pound of Cannabis, was metabolized in vitro by the 10,000g supernatant from 
rabbit liver. By mass and nuclear magnetic resonance spectrometry, the major 
metabolite was identified as 7-hydroxy-Al-tetrahydrocannabinol. The latter com- 
pound of Cannabis, was metabolized in vitro by the 10,00Og supernatant from 
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