either is responsible for very rare spe-
cies of RNA or is never transcribed. In
regions where no polyribosomes are at-
tached, numerous small granules the
size of the putative RNA polymerase
molecules are associated with the chro-
mosome.

The kinetics of ribosomal RNA
(rRNA) synthesis in E. coli indicate
that the 16S and 238§ cistrons are tran-
scribed simultaneously by a relatively
large number of RNA polymerase mol-
ecules as compared to the transcription
of structural genes (I3). In addition,
ribosomal proteins, rather than ribo-
somes, become associated with the
rRNA’s as they are synthesized (14).
Chromosomal segments with 60 to 70
attached fibrils have been observed
(Fig. 4). Since the length of such seg-
ments is close to the length of DNA
necessary to code for one 165 and one
23S rRNA (I5), we suggest that these
segments are TRNA genes. Studies with
Bacillus subtilis (16) and Proteus mira-
bilis (17) have shown that the 16S and
238 cistrons are contiguous in those
species.

Experiments on RNA-DNA hybrid-
ization (I8) have shown that approxi-
mately 0.4 percent of the E. coli chro-
mosome contains cistrons coding for
rRNA. Taking into consideration the
length of the chromosome and the
amount of DNA necessary to code for
the 165 and 23S rRNA molecules, this
value indicates that the E. coli chro-
mosome contains no more than six
segments with tandem 16§ and 23S
cistrons (19). Our observations sug-
gest that these sites are quite widely
spaced on the chromosome. This con-
clusion is supported by biochemical
data in another study using E. coli
(20).

We believe that refinement of the
techniques used in this study should
provide a powerful tool for direct ob-
servation of specific active genetic loci
in microbial systems, and that the pro-
cedures will prove generally useful for
cytogenetic analysis at the molecular
level.

O. L. MILLER, JRr.
Biology Division, Oak Ridge National
Laboratory, Oak Ridge, Tennessee
BArRBARA A, HAMKALO*
C. A. THoOMaAS, JR.
Department of Biological Chemistry,
Harvard Medical School,
Boston, Massachusetts 02115
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L-Dihydroxyphenylalanine: Effect on

S-Adenosylmethionine in Brain

Abstract. Forty-five minutes after intraperitoneal injection of a single dose (100
milligrams per kilogram) of L-dihydroxyphenylalanine, the concentration of S-
adenosylmethionine in rat brain was lowered by 76 percent. As little as 10 milli-
grams of L-dihydroxyphenylalanine per kilogram decreased content of S-adenosyl-
methionine in the adrenal medulla by 51 percent, whereas 100 milligrams per
kilogram did not significantly depress concentration of S-adenosylmethionine in
the liver in this time interval. Concentration of S-adenosylmethionine in the brain
varied diurnally; 1-dihydroxyphenylalanine lowered this concentration whether
administered at the daily peak or at the nadir.

The efficacy of wr-dihydoxyphenyl-
alanine (r-dopa) in the treatment of
Parkinson’s disease has been correlated
with the fact that this catechol amino
acid is the physiological precursor for
brain dopamine. Its administration to
experimental animals causes an increase
in content of dopamine in the brain
(1). Moreover, brains of parkinsonian
patients often contain subnormal
amounts of dopamine (2), and the
concentration of its chief metabolite,
homovanillic acid (HVA), in their
cerebrospinal fluid is depressed (3).
Finally, the administration of rL-dopa
to human subjects elevates the HVA
content of the urine and cerebrospinal
fluid (3, 4), which indicates that sig-

nificant quantities of the exogenous
amino acid are converted to dopamine,
as occurs with endogenous dopa.

After intraperitoneal administration,
L-dopa is largely methylated to 3-O-
methyl-dopa, which is then decarbox-
ylated and converted to HVA. A sur-
prisingly high percentage (more than
half) of a dose of r-dopa is O-meth-
ylated within the first 20 minutes after
administration (5). Conversion to cen-
tral catecholamines is actually a very
minor metabolic route of exogenous
L-dopa. Since S-adenosylmethionine
(SAMe) is the methyl donor in the
O-methylation of 1-dopa and dopa-
mine (6), it seemed likely that large
amounts of SAMe must be utilized in
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Table 1. Relation between dose of L-dopa and extent of depletion of SAMe content in
tissue. Groups of five rats received L-dopa intraperitoneally and were killed 45 minutes later.
Data are presented as mean concentration of SAMe (micrograms per gram of wet tissue) =+

standard error of the mean.

L-Dopa dose (mg/kg)

Tissue

0 10 30 100
Brain 16.8 = 0.6 16.0 = 1.1 10.7 = 0.3% 5.5 = 0.4*
Adrenal 394+ 1.8 19.4 = 3.9¢ 15.1 = 4.9% 14.1 = 3.6*
Liver 56.8 = 3.5 659 2.0 712+53 61454

* P < .001 differs from control group.

the process. We now present evidence
that the administration of L-dopa to
rats in a single dose equivalent to that
generally used in treating Parkinson’s
disease causes a marked reduction of
SAMe content in the brain.

All experiments utilized adult male
Sprague-Dawley rats housed in individ-
ual cages under alternating 12-hour
periods of light (Vita-Lite, 40 to 60
pw/cm2) and darkness; the animals
had free access to Purina chow and to
water. The r-dopa (Nutritional Bio-
chemicals) was dissolved in 0.05M HCI
(10 mg/ml) and administered intra-
peritoneally; control animals received
only the diluent. Concentrations of
SAMe in tissue were assayed by the
double label, isotope dilution, isotope
derivative method of Baldessarini and
Kopin (7).

The concentrations of norepinephrine
and dopamine in several regions of rat
brain exhibit significant diurnal fluctu-
ations (8). Since these catecholamines
are methyl acceptors (6, 9), a study
was performed to determine whether
concentrations of SAMe in the brain
also varied diurnally. Such variations,
if present, could influence the amount
of the cofactor utilized after a given
dose of 1-dopa. Concentrations of
SAMe in the brain were lowest at the
middle of the daily light period and
rose by 50 percent to a maximum in
the middle of the dark period 12 hours
later; the concentrations at the ends of
both the light and the dark periods
were similar, 25 percent above those
present at the nadir. The SAMe con-
tent in the adrenal medulla also varied:
diurnally (P <.01); however, the
amplitude of the daily rise was slightly
less than that seen in the brain (31
percent), and the nadir and peak oc-
curred at the ends of the light and
dark periods, respectively.

To examine the effects of exogenous
L-dopa on concentration of SAMe in
the brain, groups of five rats received
0, 10, 30, or 100 mg of the catechol
amino acid per kilogram in the middle
of the daily dark period and were killed
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1 P < .01 differs from control group.

45 minutes later, Treatment with 30 mg
of 1L-dopa per kilogram was associ-
ated with a 36 percent reduction (P <
.001) of SAMe in the brain (Table
1); treatment with 100 mg/kg caused
a 67 percent reduction (P <.001).
As little as 10 mg of r-dopa per kilo-
gram caused a 51 percent decrease in
concentration of SAMe in the adrenal
medulla (P <.01); in contrast, the
content of SAMe in the liver was not
significantly altered 45 minutes after
the injection of as much as 100 mg of
L-dopa per kilogram. In another ex-
periment, we observed that the de-
crease in SAMe concentration in brains
of rats receiving 100 mg of L-dopa
per kilogram was at least as pro-
nounced in the middle of the daily light
period (that is, when these contents
were normally lowest) as at their daily
peak in the middle of the dark period.
The decrease in concentration of SAMe
in the brain after administration of
L-dopa was observed in four separate
experiments.

The time course of the effect of L-
dopa on SAMe in the brain was next
examined among groups of four rats
that received 100 mg of L-dopa per
kilogram and were killed at various
intervals thereafter. Untreated rats
were also killed with each experimental
group to control for changes due to the
daily rhythm in SAMe concentration
in the brain. Forty-five minutes after
administration of 1-dopa, there was
a 76 percent reduction in concentration
of SAMe in the brain (Table 2). By
the 6th hour after treatment with L-

Table 2. Time course of effect of L-dopa
on concentration of SAMe in the brain.
Groups of four rats received L-dopa (100
mg/kg) intraperitoneally. Data are presented
as mean =+ standard error of the mean.

Time after Control " L-Dopa
injection (ug/g brain) (ug/g brain)
45 minutes 17.5 1.7 4.2 +0.3%
6 hours 182+ 1.1 219+ 1.5
24 hours 184+ 1.7 24.6 =4.4

* P < .01 differs from control group.

dopa, SAMe concentration was no
longer depressed in the brain.

Doses of 1L-dopa proportional on
the basis of milligrams per kilogram of
body weight to those administered to
parkinsonian patients (/0) produce a
marked and rapid decline in SAMe
concentration in the brain. The de-
crease after a single dose is of relatively
short duration. Moreover, no significant
decrease is observed in the liver, an
organ that contains large amounts of
the methionine-activating enzyme and
can synthesize SAMe rapidly (7).
Thus, it seems most likely that this ef-
fect of L-dopa reflects the transient
inability of SAMe synthesis to keep
pace with the amounts of the com-
pound needed for O-methylation after
administration of 1r-dopa. There are
now a considerable number of patients
who have been receiving as much as
40 to 50 mmole (8 to 10 g) of -
dopa per day for many months (10).
Inasmuch as dietary methionine, the
main source of methyl groups available
to humans, is generally consumed in
much smaller daily quantities [approx-
imately 10 to 15 mmole (71)], it
seems possible that long-term adminis-
tration of L-dopa might cause a rela-
tive depletion of methionine in the
body. Unless this depletion were cor-
rected (for example, by increasing the
consumption of the methyl donor cho-
line or of proteins rich in methionine,
or by decreasing the fraction of in-
gested L-dopa that is metabolized by
O-methylation), a variety of metabolic
consequences might follow. One such
consequence might be decreased con-
centration of SAMe in tissues and de-
creased availability of this methyl
donor for transmethylation reactions.

A significant fraction of endogen-
ously synthesized dopamine and nore-
pinephrine in the brain is normally
metabolized by O-methylation (9). If
the reduction in concentration of
SAMe in the brain that follows admin-
istration of 1-dopa is sufficient to
limit the rate of O-methylation of
catecholamines, it seems possible that
one additional mechanism by which
L-dopa might produce its neurological
effects would be to potentiate the ac-
tions of endogenous dopamine and
norepinephrine, that is, by slowing the
rate at which they are metabolized.
This mechanism would allow admin-
istered 1-dopa to influence central
noradrenergic transmission in spite of
the fact that very little of the amino
acid is converted to norepinephrine
(5). It is also possible that 3-O-methyl-
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dopamine, formed by the decarboxyla-
tion of 3-O-methyl-dopa, may play a
role in the actions of rL-dopa. For
example, O-methylated metabolites in-
c'uding 3-O-methyl-dopamine, enhance
the uptake of norepinephrine into
adrenergic nerve endings (I2).
Methods of potentiating the effect of
a dose of L-dopa have been under

consideration for some time. Thus, in--

hibitors of the peripheral decarboxyla-
tion of L-dopa enhance the conver-
sion of the precursor to catecholamines
in the brain (/3). Methyl-group ac-
ceptors or inhibitors of methyl transfer
might similarly be of use in potentiat-
ing the clinical efficacy of L-dopa.
R. J. WURTMAN
C. M. RosE
Department of Nutrition and Food
Science, Massachusetts Institute of
Technology, Cambridge 02139
S. MATTHYSSE, J. STEPHENSON
R. BALDESSARINI
Laboratory of
Neuropsychopharmacology,
Massachusetts General Hospital,
Boston

References and Notes

1. A. Carlsson, M. Lindqvist, T. Magnusson, B.
Waldeck, Science 127, 471 (1958); G. F.
Murphy and T. L. Sourkes, Arch. Biochem.
Biophys. 93, 338 (1961); R. J. Wurtman,
Catecholamines (Little, Brown, Boston, 1966).

2. H. Ehringer and O. Hornykiewicz, Klin.
Wochenschr. 38, 1236 (1960); O. Horny-
kiewicz, Pharmacol. Rev. 18, 925 (1966).

3. W. Wiener, W. Harrison, H. Klawans, Life
Sci. 8, 971 (1969).

4. D. B. Calne, F. Karoum, C. R. J. Ruthven,
M. Sandler, Brit. J. Pharmacol. 37, 57 (1969).

5. C. M. Rose, C. Chou, R. J. Wurtman, Fed.
Proc. 29, 511 (1970).

6. J. Axelrod and R. Tomchick, J. Biol. Chem.
233, 702 (1958).

7. R. J. Baldessarini and I. J. Kopin, J. Neuro-
chem. 13, 769 (1966). o

8. D. Reis and R. J. Wurtman, Life Sci. 7, 91
(1968); R. W. Piepho and A. H. Friedman,
Pharmacologist 11, 255 (1969); M., J. Zigmond
and R. J. Wurtman, J. Pharmacol. Exp. Ther.
172, 416 (1970).

9. J. Glowinski, I. J. Kopin, J. Axelrod, J.
Neurochem. 12, 25 (1965); J. Glowinski and
R. Baldessarini, Pharmacol. Rev. 18, 1201
(1966).

10. G. C. Cotzias, P. S. Papavasiliou, R. Gellene,
N. Engl. J. Med. 280, 337 (1969).

11, W. C. Rose, M. J. Coon, H. B. Lockhart,
G. F. Lambert, J. Biol. Chem. 215, 101 (1955).

12. L. Iversen, J. Fisher, J. Axelrod, J. Phar-
macol. Exp. Ther. 154, 56 (1966).

13. G. Bartholini and A. Pletscher, ibid. 161, 14
(1968).

14. Supported in part by grants from NASA
(NGR-22-009-272), NIH (MH-16674-02), and
the Scottish Rite Program of Research in
Schizophrenia. We thank C. Chou for techni-
cal assistance.

11 May 1970 ™

Height and Weight at Menarche and a Hypothesis of
Critical Body Weights and Adolescent Events

Abstract. Height and weight at menarche were found for each subject in three
longitudinal growth studies. Early and late maturing girls have menarche at the
same mean weight, but late maturers are taller at menarche. Two other major
events of adolescence, initiation of the weight growth spurt and maximum rate
of weight gain, also occur at an invariant ‘mean weight. The hypothesis is pro-
posed that a critical body weight may trigger each of these adolescent events.
Such an interaction would explain the secular trend to an earlier menarche.

We analyzed the adolescent growth
spurt by determining the height and
weight for each child at the age of
initiation of the spurt in growth ([),
and at the time of maximum rate of
growth (2), using the data from three
longitudinal (each child is measured at
each successive age) growth studies
(see 3).

The mean weight of girls at the time
of initiation of the spurt in weight
growth, about 31 kg (68 Ib), did not
differ for early and late maturing girls
(4), whereas the mean height at the
time of the initiation of the spurt in
height growth increased significantly
(about 10 cm) with age of initiation
(1). [The height and weight spurts be-
gin practically simultaneously (7).]
Similarly, at the time of maximum rate
of weight gain, the mean weight of
early and late maturing girls was the

24 JULY 1970

same, about 39 kg (86 1b), whereas the
mean height increased significantly
with age of maximum rate of height
gain (2).

These results account for the many
observations (5) that early maturers
have more weight for height than late
maturers before and throughout the
adolescent growth spurt. What was un-
expected, however, was that two of the
major events of adolescence were re-
lated to an unchanging mean weight.
We have now found that a third adoles-
cent event, menarche, also occurs at an
unchanging mean weight.

Menarche occurs after the adolescent
maximum rates of growth in height and
weight are attained (2). As far as we
know there are no data on actual height
or weight at menarche, although there
are many general observations that girls
at menarche are taller and heavier than

those of the same age who have not
achieved menarche (5).

We estimated weight and height at
menarche for 181 girls of the three
growth studies by interpolation of their
height and growth data (6). The mean
age of menarche of all girls is 12.9 =
.09 years; their mean weight at men-
arche is 47.8 = .51 kg (106 1b); their
mean height at menarche is 158.5 = .50
cm. The mean height increases sig-
nificantly (P < .02) from 156.4 = .97
cm to 160.9 == 1.4 cm as the mean age
of menarche increases from 11.4 to
14.5 years. [If HSPH girls, who we
know from (2) include unusually short
latest maturers, are excluded, the means
are 156.7+1.2 cm and 162.1 = 1.6
cm (P <.01).] The mean weight at
menarche, 48 kg, does not change with
increasing age of menarche (Table 1).

Early maturers grow more rapidly in
height and weight than late maturers
during the adolescent spurt (7, 8). We
find they continue to do so during the
year of menarche: the increments in
height and weight in that year are 7.0
*+.24 cm and 6.8 = .46 kg, respec-
tively, for girls with a mean age of
menarche of 11.4 years; they decrease
gradually to 3.8 =.21 cm and 4.2 =
.35 kg for girls with a mean age of
menarche of 14.5 years (difference sig-
nificant at P < .01).

We observed, as did Shuttleworth
(7), that late maturers take longer to
attain menarche ‘after initiation of the
growth spurt; as the mean age of
menarche increased from 11.4 to 14.4
years, the time increased from 2.9 +
.19 to 3.6 = .18 years (/). Late matur-
ers also take longer to attain menarche
after attainment of maximum rate of
growth (2, 7, 8). It has been suggested
that these time differences are possibly
not real, but are statistical artifacts (9).
Our data show that the observed longer
intervals must be real; since late ma-
turers attain all the critical events at
the same weight as early maturers and
grow more slowly, they necessarily take
a longer time between events and from
initiation to menarche. )

At age 18, when growth in height has
ceased for all girls (2), early and late
maturers are the same height (Table 1)
(1, 2, 10), but late maturers are lighter
in weight (Table 1) (I, 2, 7), and re-
main so into adulthood (2; 5, p. 97).
These results at age 18 are expected
from the findings previous to and at
menarche: early and late maturers can
achieve the same height at age 18 since
the early maturers, though shorter,
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