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ABST RAC T The development of activity of
methionine-activating enzyme was studied in four
organs of the rat. Three different patterns were
observed: (a) in the liver, specific activity began
to increase in late fetal life and reached a maxi-
mum2 days after birth; (b) in the small intestine,
specific activity began to rise in the 2nd wk after
birth and reached a maximum at age 18 days; and
(c) in the brain and kidney, specific activity did
not change markedly from the earliest stage of
fetal development studied to adult life. Hydro-
cortisone increased hepatic methionine-activating
enzyme activity as much as 55% in the young rat.
However, adrenalectomy in the newborn rat did
not prevent the postnatal rise in hepatic methio-
nine-activating enzyme activity, nor did adrenalec-
tomy at age 10 days prevent the developmental
rise of intestinal activity at age 18 days. Conju-
gated estrogens partially inhibited both the neo-
natal rise in hepatic methionine-activating enzyme
activity and the rise in activity after adrenal steroid
injection. Injection of L-methionine did not in-
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crease hepatic methionine-activating enzyme activ-
ity in the developing or adult rat.

INTRODUCTION

Methionine-activating enzyme (S-adenosylmethio-
nine synthase; methionine adenosyltransferase;
adenosine triphosphate: L-methionine S-adenosyl-
transferase, EC 2.5.1.6.) catalyzes reaction 1.

Methionine + ATP -+ S-adenosyl-
methionine + PPi + Pi (1)

The reaction, which generates S-adenosylmethi-
onine, a major donor of methyl groups for trans-
methylation, is the first step in the transsulfuration
pathway through which methionine gives rise to
cysteine. The essential irreversibility of the reac-
tion suggests the possibility that it might be an
important site of action for regulatory factors
related to this pathway. In the present study, we
examined the fetal and neonatal development of
activity of methionine-activating enzyme in rat
liver, intestine, kidney, and brain. Hormonal and
nutritional influences on the development of the
enzyme activity were also investigated.

Results from two other laboratories bear on the
present investigations. In a limited study of the
development of hepatic methionine-activating en-
zyme in the mouse, Hancock (1) found a rapid
rise after birth from trace activities in the near-
term fetus to a peak value at age 21 days. Recently
Finkelstein (2) reported significantly higher he-
patic methionine-activating enzyme activity in the

The Journal of Clinical Investigation Volume 47 1968 2099



suckling and weanling rat than in the adult. He
did not, however, delineate the developmental pat-
tern in the fetus or in the animal during the 1st
wk of life.

Other studies of postnatal changes in activity of
enzymes associated with amino acid metabolism
were concerned with hepatic enzymes involved in
degradation of phenylalanine (3-5) and trypto-
phan (6) in the rat. Phenylalanine hydroxylase
activity increases between the 2nd and 4th days
after birth (3), tyrosine transaminase activity in-
creases during the first 12 hr (4) and p-hydroxy-
phenylpyruvic acid oxidase activity does not in-
crease until after the 1st wk (5). Tryptophan
pyrrolase activity begins to rise at 16 days after
birth and reaches a peak at 24 days in the rat (6);
the rise starts at an earlier age in the guinea pig
and rabbit (6). In the rat, the rise in tyrosine
transaminase activity depends on the presence of
an intact adrenal gland (4), but the rise in
tryptophan pyrrolase activity does not (7).

We found that the specific activity of methio-
nine-activating enzyme in liver and intestine in-
creases after birth, whereas in kidney and brain
it does not. Adrenalectomy did not prevent the
postnatal rise in liver and intestine, although injec-
tion of adrenal corticosteroid increased hepatic
activity of methionine-activating enzyme in the
young rat.

METHODS

Procedures. Rats of the Sprague-Dawley strain were
used in all experiments except one in which white Swiss
mice were used. The term "adults" refers to 200-300 g
male animals. In all studies other than those in which
the developmental patterns were determined, single litters
were used with litter mates serving as control animals.
Adrenalectomies were performed with animals under
ether anesthesia. A longitudinal 2-3-cm dorsal skin in-
cision was made over the vertebral column, and the
adrenal glands were removed through bilateral 1-2-cm
intraperitoneal incisions at the costovertebral angles.
Control litter mates were subjected to similar surgery
without removal of the adrenal glands. In experiments
involving administration of compounds to fetal animals,
intraperitoneal incisions were performed with the mother
under ether anesthesia. Injections were made through the
uterine wall into fetal subcutaneous tissue, and the ani-
mals were delivered by cesarian section 6 or 24 hr after
injection. Injections of hormones and methionine to post-
natal animals were subcutaneous (unless otherwise
stated) and control litter mates were similarly injected
with 0.15 M NaCl solution. Animals were killed by de-

capitation and tissues were removed for immediate
analysis.

Tissues were homogenized in ice cold 0.03 M potas-
sium phosphate buffer (pH 6.9). Ratios of buffer to
tissue were 13 ml/g for liver, 6 ml/g for kidney and in-
testine, and 1.5 ml/g for brain. Homogenization was per-
formed at 3'C with a Potter-Elvehjem homogenizer fitted
with a Teflon pestle. Whole homogenate was used in the
studies of liver methionine-activating enzyme activity
and the supernatant solution obtained by centrifugation
at 10,000 g for 30 min was used to study activity in the
brain, kidney, and intestine. With each of these tissues,
methionine-activating enzyme was recovered completely
in the supernatant solution. The entire small intestine
was used in the experiments that established the de-
velopmental pattern; in other experiments only the
proximal third of the small intestine was used. In all
experiments, the intestinal lumen was washed with ice
cold 0.03 M potassium phosphate buffer (pH 6.9) be-
fore homogenization. All layers of the intestinal wall
were used, except in one experiment in which activities
of mucosal scrapings and remaining layers of intestinal
wall were studied individually.

The standard assay mixture (8, 9) contained, in
umoles: Tris-HCl buffer (pH 7.6), 69.5; KCl, 490;
MgCl2, 120; ATP, 7.2; neutralized glutathione, 1.6; (-)-
S-adenosyl-L-methionine, 0.12; L-methionine-14CHs, 0.061,
containing 200-220 X 10' cpm; and tissue extract, all in
a total volume of 0.5 ml. For the studies of liver ex-
tracts the amount of L-methionine was increased to 0.176
,umole. Incubations were carried out at 37'C, in air, for
30 min. Reactions were stopped and radioactive S-aden-
osylmethionine was isolated as previously described (8).
It was dissolved in 0.5 ml of water, the standard count-
ing solution (8) was added, and radioactivity was de-
termined with a Packard Tri-Carb liquid scintillation
spectrometer. A blank value for an incubation with heat-
inactivated enzyme was determined routinely and sub-
tracted from the experimental value. For each tissue
studied it was shown that S-adenosylmethionine forma-
tion was a linear function of incubation time and of the
amount of tissue added under conditions of the standard
assay.

A unit of activity is defined as that amount of enzyme
needed to catalyze the formation of 1 mAmole of S-aden-
osylmethionine in 30 min under the standard assay con-
ditions. Specific activity is defined as the units per mil-
ligram of nitrogen. Nitrogen was determined by the
Kjeldahl method (10). In a limited number of experi-
ments, methionine-activating enzyme activity was also
determined by a spectrophotometric assay (11) to verify
results obtained with the radioactive assay. Alkaline
phosphatase was assayed according to King and Arm-
strong (12), except that liberated inorganic phosphate
was measured by the method of Chen, Toribara, and
Warner (13).

Materials. L-Methionine-"CHs,1 L-methionine,2

1 Nuclear-Chicago Corp., Des Plaines, Ill.
2 Mann Research Laboratories, Inc., N. Y.
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FIGURE 1 Activity of methionine-activating enzyme in fetal, newborn, and
adult rat liver, expressed as specific activity, *- *, and as total activity/
liver, A/ A. Vertical bars represent 1 SD, and number of animals studied
at each age is shown in parentheses. Because accurate gestational ages of
fetuses were not known, the fetus from each mother was weighed at delivery,
and the age in days for each fetal weight was extrapolated from published tables
(14).

S-adenosylmethionine,8 and ATP4 were obtained com-
mercially, as were most of the hormones: hydrocortisone
sodium succinate (Solu-Cortef) ; 5 corticosterone, es-
trone-3-sulfate;4 conjugated estrogens (Premarin) ; 6
testosterone (Oreton) ; 7 deoxycorticosterone acetate,8
and progesterone.9 Triiodothyronine and growth hor-
mone were gifts from Dr: Hans J. Cahnmann and the
National Institutes of Health Endocrinology Study Sec-
tion, respectively.

RESULTS

Development of methionine-activating enzyme
activity in the liver, small intestine, kidney, and
brain. The patterns of development of methio-
nine-activating enzyme activity in the liver, small
intestine, kidney, and brain are shown in Figs. 1
and 2. In the fetus, the specific activity of hepatic
methionine-activating enzyme is low, but it in-
creases progressively until birth. After birth, the
rate of increase rises sharply so that there is a

3 CalBiochem, Los Angeles, Calif.
4 Sigma Chemical Co., St. Louis, Mo.
5 Upjohn Company, Kalamazoo, Mich.
6 Ayerst Laboratories, N. Y.
7 Schering Corp., Bloomfield, N. J.
8 Nutritional Biochemicals Corp., Cleveland, Ohio.
9 Eli Lilly and Company, Indianapolis, Ind.

3- to 4-fold change during the first 48 hr of post-
natal life. The specific activity then remains con-
stant at least until age 30 days, but by adulthood
it decreases slightly. In contrast to specific activity,
the total activity in the liver continues to increase
with liver growth until adult life. Studies in which
the spectrophotometric assay for methionine-acti-
vating enzyme was used confirmed the postnatal
rise in hepatic activity as demonstrated by the
radioactive assay.

The specific activity of intestinal methionine-
activating enzyme (Fig. 2) is low in the fetus
and neonatal animal, but it begins to rise at age
7 days and by 18 days it increases 4- to 5-fold.
The specific activity in the adult small intestine
is reduced to one-half that of the 18-20 day old
animal. The reduction is probably not attributable
to differences in intestinal protein concentration
between the young and adult animals, since the
determined values for milligrams of nitrogen per
unit wet weight of intestine were similar. The
total enzyme activity in the small intestine is very
low in the newborn animal and increases 100-fold
during the first 3 wk of postnatal life. The increase
continues into adult life, but at a slower rate.

Development of Methionine-Activating Enzyme Activity 2101
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FIGURE 2 Activity of methionine-activating enzyme in
fetal, newborn, and adult rat intestine, kidney and brain,
expressed as specific activity, *-*, and as total ac-
tivity/organ, A- A. Each point represents the mean of
values obtained from studies of two to seven animals.
Fetal age was determined as described in the legend to
Fig. 1. Since the enzyme preparation (10,000 g super-
natant of tissue homogenate) and the conditions of the
enzyme assay (0.061 /Amole of L-methionine) we used for
these three tissues differed from those used for liver
(whole homogenate; 0.174 /Amole of L-methionine), the
results cannot be strictly compared with those in Fig. 1.

In the fetus, at the earliest time studied, the
specific activity of methionine-activating enzyme in
kidney and brain was about four times higher than
that of intestine. No marked postnatal changes in
specific activity were detected in either organ, but
total activity increased postnatally in both due to
growth of these organs. Total activity in kidney
increased 60-fold from neonatal to adult life.
Total activity in the brain increased 4-fold between
birth and age 18 days, the period of rapid brain
growth in the rat, but then it remained constant
into adult life.

The gastrointestinal tract and brain were selected
for more detailed comparisons of methionine-acti-
vating enzyme activity in young and adult animals
(Table I). The specific activity throughout the

gastrointestinal tract is uniformly lower in the
adult than in the 20 day old rat. At both ages,
the large intestine has the highest activity. In the
small intestine, the activity in the mucosa is
lower than in the remaining layers of the bowel
wall. In the brain of the 20 day old animal, the
cerebellum has greater activity than other regions,
but this is not true of the adult. Other brain
regions have similar levels of activity at the two
ages.

Effect of adrenal corticoids on methionine-
activating enzyme. Since adrenal corticoids have
been shown to exert significant influences on the
development of other enzymes involved in amino
acid metabolism, we investigated possible relations
between adrenal gland function and patterns of
development of methionine-activating enzyme ac-
tivity. The normal rise in hepatic methionine-

TABLE I
Methionine-Activating Enzyme Activity in Regions of

Gastrointestinal Tract and Brain of Young and
Adult Rats

Methionine-activat-
ing enzyme

20-day
Organ and region* animal adult

units/mg nitrogen
Gastrointestinal tract

Esophagus (full thickness, entire length) 7.7 3.2
Stomach (full thickness, entire length) 16.6 8.1
Small intestine (entire length)

Mucosal scrapings 10.0 4.3
Remainder of bowel wall 14.0 9.4

Small intestine (full thickness)
Proximal third 20.0 8.8
Middle third 17.8 8.1
Distal third 16.2 8.3

Large intestine (full thickness, entire 33.0 16.4
length)

Cecal contents none
detected

Brain
Entire organ 12.5 11.0
Cerebral gray matter 12.5 10.0
Cerebral white matter 8.9 8.2
Cerebellum 19.7 11.6
Brain stem 10.0 10.8

* Assays were performed on tissues from the same animal
except for small intestine, entire length, and brain, entire
organ, for which tissues from a different animal were used.
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activating enzyme activity during the first day
after birth was unaffected by adrenalectomy
in the 1st hr. or by administration of an in-
hibitor of adrenal gland steroid biosynthesis
(15), amphenone (0.5 mg/animal per injection in
single or repeated injections), in utero and during
the first day of life. The rise in methionine-
activating enzyme activity in the small intestine
between 7 and 18 days was unaffected by adrenal-
ectomy at age 10 days.

The effect of adrenalectomy was studied in adult
rats to learn whether adrenal secretions contribute
to maintenance of activity of methionine-activating
enzyme in the fully developed animal. 2 days after
adrenalectomy, hepatic methionine-activating en-
zyme activity was slightly lower in the experi-
mental animals than in sham-operated control
animals, but by 3 days hepatic activity increased
toward control values. Intestinal activity was not
affected.

The parenteral administration of hydrocortisone
did not alter fetal or adult hepatic methionine-
activating enzyme activity, but it did produce a
significant stimulation in animals between 1 and
12 days of age (Table II). Preliminary experi-
ments revealed that in the developing rat the maxi-
mum response to hydrocortisone occurs 24 hr
after injection and decreases by 48 hr. Wedid not

TABLE I I

Hepatic Methionine-Activating Enzyme Activity after
Hydrocortisone Administration*

Hepatic methionine-activating enzymet

Experi- Signifi- Stimulation
Age of rat Control mental cance of (b - (a) X 100

at sacrifice (a) (b) difference (a)

days units/mg nitrogen P %
Fetus (5 g) 27 ± 2 (4) 25 41 3 (4) none

1 6746 5 (4) 89 1 10 (4) <0.01 33
2 164 :1 5 (4) 206 4 12 (4) <0.005 26
4 115 1 7 (3) 178 1 2 (3) <0.001 55
8 122 46 (4) 176 ±5 (3) <0.001 44

12 99 ± 8 (3) 132 46 (3) <0.02 33
Adult 96 4 15 (5) 108 ± 3 (3) none
Adult 103 4 12 (3) 106 4 4 (3) none

* Hydrocortisone sodium succinate was injected subcutaneously 24 hr
before sacrifice in a dose of 0.5 mg/animal in young animals and 30 mg/
kg (approximately 6 mg/animal) in adult animals. The second set of
data for adult animals was obtained after intraperitoneal injection of
the hydrocortisone.
* Values represent the mean A 1 SD. The number of animals studied is
shown in parentheses. Significance was determined by Student's S test
(16).

determine when this responsiveness of the young
animal to hydrocortisone disappears.

To compare the effects of two different adrenal
corticoids, and of different routes of administra-
tion, and to evaluate the responsiveness of tissues
other than the liver, we injected 10-day old ani-
mals as shown in Table III. A higher dose of

TABLE III
Methionine-Activating Enzyme Activity in Liver, Intestine, Kidney, and Brain after Injection of

Different Preparations of Adrenal Steroids in Rats and Mice

Time Methionine-activating enzyme
Ani- after
mal, Adrenal steroid* steroid Liver Intestine Kidney Brain

age 10 and route of injec-
days injection tion Experi- Experi- Experi-

Control Experiment Control ment Control ment Control ment

hr units/mg nitrogen
Rat Hydrocortisone 24 158, 162 292, 296 7. 7 7, 7 20, 20 20, 20 11, 11 10, 11

sodium succinate,
subcutaneous

Rat Hydrocortisone 24 150, 156, 162 200, 235, 237 9, 10, 10 11, 11, 12 18, 19, 19 19, 20, 20 10, 10. 11 10, 10, 10
sodium succinate,
intraperitoneal

Rat Corticosterone, 24 126, 142, 146 190, 204, 230 6, 9, 13 10, 10, 12 21, 24, 25 24, 26, 32 10, 11, 14 8, 10, 11
subcutaneous

Mouse Hydrocortisone 24 212, 223 384, 388 8, 10, 10 7, 8 16, 19. 26 34, 41 9, 10, 10 10, 10
acetate, 48 236 449, 473 8, 9 30, 32 8, 10
intraperitoneal

* Experimental animals were injected with 0.5 mgadrenal steroid/5 g body weight (approximately 2.5 mg/animal), and control litter mates were

injected witn a similar volume of 0.15 MNaCl solution.

Development of Methionine-Activating Enzyme Activity 2103



adrenal corticoids was used in these experiments
than in those referred to in Table II. It was
possible to stimulate hepatic methionine-activating
enzyme activity by as much as 95o% (see mouse,
48 hr, Table III). The stimulation by hydrocorti-
sone of rat hepatic methionine-activating enzyme
activity appeared to be somewhat greater when the
steroid was administered subcutaneously rather
than intraperitoneally. The stimulation by corti-
costerone was somewhat less than that by hydro-
cortisone. The other rat tissues studied did not
respond to hydrocortisone, regardless of the route
of injection, or to corticosterone.

Since it is known that administration of 0.5
mg/5 g of body weight of hydrocortisone acetate to
the 10 day old mouse can induce a premature rise
in the alkaline phosphatase activity of the duo-
denum (17), we studied this animal (Table III).
After hydrocortisone acetate injection, methionine-
activating enzyme activity in the small intestine
did not increase, even though intestinal phospha-
tase activity increased approximately 50%o by 2
days after the steroid injection. Methionine-acti-
vating enzyme activity was stimulated in mouse
liver and kidney, but not in brain.

Studies of other hormones. In investigations of
the effects of growth hormone, progesterone, tri-
iodothyronine, and testosterone on fetal and young
rats, we found no significant change in hepatic
methionine-activating enzyme activity. Growth
hormone (1.0 mg/animal) was administered to the
3 g fetus, and the newborn and 4-day old animals,
and the livers were studied 5 and 24 hr later.
When the same dose was given daily for the first
3 days of life, there was still no effect. Single doses
of triiodothyronine (0.05 mg to the 4 g fetus and
5- and 7-day old animals), of testosterone (1.0 mg
to the 5 g fetus and newborn and 5-day old ani-
mals), or of progesterone (0.5 mg to the 4 g fetus
and 5-day old animal) were found to have pro-
duced no significant effect 24, 48, or 72 hr after
injection.

Investigations of possible inhibitors of hepatic
methionine-activating enzyme activity in fetal and
newborn rats. The failure of adrenalectomy to
influence the early neonatal rise in hepatic methio-
nine-activating enzyme activity suggested that fac-
tors other than adrenal gland secretions contrib-
uted to this developmental change. To determine

whether fetal liver contains a dissociable inhibitor
of methionine-activating enzyme activity account-
ing for the low activity, homogenates of fetal and
adult liver were assayed separately and in combi-
nation. The results were additive, and no inhibition
by fetal liver homogenate was detected. Similar
studies were performed with homogenates of liver
from fetal and 2-day old animals, and no evidence
was found to suggest the presence of a dissociable
factor in the 2 day postpartum liver that stimulated
methionine-activating enzyme activity.

The rapidity of the rise in hepatic methionine-
activating enzyme activity immediately after birth
raises the question whether fetal liver is exposed
in utero to an inhibitory factor. Several observa-
tions tend to implicate estrogens as a possible
inhibitory factor. The hepatic methionine-activating
enzyme activity of the adult female rat 48 hr
postpartum (Table IV, experiment 1, control col-
umn) is about twice that of other adult animals.
When mothers were injected with conjugated
estrogens immediately after delivery and again 24
hr later, hepatic methionine-activating enzyme ac-
tivity was reduced 50% by 48 hr after delivery
(Table IV, experiment 1).

Fetal liver is constantly perfused by placental
estrogens which are immediately conjugated by
the liver (18). With delivery, the exposure to

placental estrogens and their conjugates subsides,
and because of the possibility that this abrupt
change could account for the rise in hepatic
methionine-activating enzyme activity, we studied
the effect of large doses of conjugated estrogens on

the newborn rat (Table IV). Both conjugated
estrogens as a group (experiments 2 and 3) and
the higher dose (experiment 5) of estrone sulfate,
the major constituent of the preparation of mixed
conjugated estrogens, partially inhibited. How-
ever, the effect of conjugated estrogens was not
of such magnitude as to suggest a major role in
the regulation of fetal hepatic methionine-activat-
ing enzyme activity. Daily administration of con-

jugated estrogens for 5 days exerted no maj or
effect on the newborn's hepatic methionine-activat-
ing enzyme activity (experiment 6). A more
marked action of conjugated estrogens was seen
when we examined the effect of a large dose on
the stimulation of hepatic methionine-activating
enzyme activity induced by hydrocortisone (ex-

2104 H. P. Chase, J. J. Volpe, and L. Laster



TABLE IV
Methionine-Activ.ting Enzyme Activity after Subcutaneous Injection

of Conjugated Estrogens

Methionine-activating enzyme*
Experi- Age of rat at Interval between in- Significance
ment sacrifice Hormone and dose jections and sacrifice Control Experimental of difference

mg/animal hr units/mg nitrogen P

1 Adult female: Conjugated estrogens 0.8 24 and 48 267426 (5) 123±35 (6) <0.005
2 10 hr Conjugated estrogens 0.2 10 and 16§ 87±10 (3) 60±9 (5) <0.02
3 10 hr Conjugated estrogens 0.4 10 and 16 116±7 (3) 97+2 (4) <0.005
4 10 hr Estrone sulfate 0.5 10 and 16 70±5 (4) 72±8 (5)
5 10 hr Estrone sulfate 1.0 10 and 16 102416 (4) 8545 (4) >0.05
6 5 days Conjugated estrogens 0.5 24, 48, 72, 96, 120 174±10 (3) 159±14 (3) >0.05
7 4 daysjj Conjugated estrogens 0.5 24 116, 119 82, 97, 107

Hydrocortisone 0.5 24 145, 173
Conjugated estrogen 0.5

plus hydrocortisone 0.5 24 103, 116, 117

* Values represent the mean 4 1 SD. The number of animals studied is shown in parentheses.
t Adult female rats were 48 hr postpartum, and were injected immediately after delivery and 24 hr later. Control mothers
were pair-fed and injected with 0.15 M NaCl.
§ Because of the late fetal rise in activity, animals were injected 6 hr before and immediately after delivery by cesarian
section.

1] Litter mate animals were used in this study. When both hydrocortisone and conjugated estrogens were given to the
same animal, separate injection sites were used.

periment 7). The stimulation by hydrocortisone
was diminished.

Estrone sulfate and the mixture of conjugated
estrogens were tested in vitro at final concentra-
tions of 10-' and 10-4 mole/liter, and were not
found to inhibit hepatic methionine-activating en-
zyme.

Nutrition and development of methionine-acti-
vating enzyme activity. When rats were fasted
from birth, no effect on hepatic methionine-
activating enzyme activity was seen at 24 hr, but
by 48 hr the activity in the fasted animals was
markedly lower than that of the control animals.

The parenteral injection of L-methionine (1.5
mg/g body weight 24 hr before sacrifice) failed
to exert a consistent marked influence on hepatic
methionine-activating enzyme activity in fetuses,
neonatal animals, or adults. Animals fed cow's
milk between 7 and 9 days had the same methio-
nine-activating enzyme activity in liver and small
intestine as did animals allowed to nurse with their
own mother; supplementation of the cow's milk
with L-methionine (5 mg/g body weight per day)
did not change these results.

To examine the possibility that the rise in
intestinal methionine-activating enzyme activity

did not begin immediately after birth because
mother's milk contains an inhibitory factor during
the postpartum period, we transferred half of a

litter of 10-day old animals to a mother who was
24 hr postpartum and left the remaining animals
with the original mother. At age 18 days, the litter
mates nursed by the two different mothers had
the same activity of methionine-activating enzyme
in the small intestine.

DISCUSSION

The specific activity of methionine-activating en-

zyme in the rat exhibits three different develop-
mental patterns in the four organs studied. In
liver, specific activity begins to increase late in
fetal life and reaches a peak 2 days after birth; in

small intestine, activity does not begin to climb
until the 2nd wk after birth, and reaches a peak at
age 18 days; whereas in brain and kidney, activity
does not change markedly from the earliest fetal
age studied to adult life. Finkelstein's (2) studies
of brain and kidney from suckling to adult rats
also revealed no marked change in specific activity
of methionine-activating enzyme. Specific activity
in liver increases just before the period of the
animal's most rapid rate of growth. Since methio-

Development of Methionine-Activating Enzyme Activity 2105



nine activation results in the formation of S-ade-
nosylmethionine, a major substrate for the body's
methylation reactions, and since the transsulfura-
tion pathway generates cysteine for protein syn-
thesis, the rise in liver specific activity would
appear to be occurring at an appropriate time in
postnatal development. This rise occurs slightly
earlier than the developmental rise of hepatic
phenylalanine hydroxylase activity (1), which
takes place 2-4 days after birth, and much earlier
than the rise in hepatic tryptophan pyrrolase ac-
tivity (4), which occurs 15 to 24 days after birth
in the rat. In the mouse, hepatic methionine-acti-
vating enzyme activity rises rapidly after birth
from trace amounts in the near-term fetus to a
peak at 21 days (1).

The increase of methionine-activating enzyme
activity in small intestine during the 2nd and 3rd
wk after birth, parallels the rise of intestinal activi-
ties for alkaline phosphatase (17) and a-disac-
charidases (19, 20). The increase in intestinal
methionine-activating enzyme activity occurs just
before the time of weaning, after which there is a
great increase in methionine intake.

Although specific activity in kidney and brain
does not change significantly from the fetal to the
adult animal, total brain activity increases 4-fold
from birth to age 18 days, and total kidney activity
increases 60-fold from fetal life to adulthood, thus
greatly altering the capacity of these organs to
metabolize methionine.

The mechanism of regulation of the develop-
mental increase in specific activity of methionine-
activating enzyme in the liver and small intestine
remains uncertain. It has been shown (4) that the
adrenal gland is important in the neonatal develop-
ment of hepatic tyrosine transaminase activity but
is not necessary for the development of hepatic
tryptophan pyrrolase activity (7). Our studies did
not demonstrate a need for an intact adrenal gland
for the developmental rise of methionine-activating
enzyme activity in either liver or intestine.

Under the conditions of the present study, ad-
ministration of hydrocortisone to the young rat
significantly increases activity of hepatic methio-
nine-activating enzyme, but has no effect in the
fetal or adult rat. No change in activity of methio-
nine-activating enzyme in intestine, kidney, or
brain was seen after injection of hydrocortisone

into young rats. The use of different routes of
injection, or of different preparations of adrenal
corticoids, including corticosterone, the major ad-
renal steroid produced in the rat (21), all failed
to induce a rise in these three organs, but did
stimulate hepatic methionine-activating enzyme
activity. The explanation for the differences in
hepatic responsiveness to hydrocortisone at differ-
ent stages of development, or for the differences
in responsiveness of the several tissues studied is
not known. Possibly isoenzymes for methionine-
activating enzyme exist and are in some way
related to the different responses. Intestinal alka-
line phosphatase has been shown to be present in
a form in the young mouse different from that of
older mice (22), and mouse kidney alkaline phos-
phatase has different properties from mouse intes-
tine phosphatase (23).

Wealso observed species differences in respon-
siveness to hydrocortisone. In contrast to the rat
where no change occurred, mouse kidney methio-
nine-activating enzyme activity doubled after hy-
drocortisone injection. Liver and intestine in the
mouse responded in the same way they did in
the rat.

In considering factors responsible for the in-
crease in hepatic methionine-activating enzyme
activity in the newborn rat, conjugated estrogens
were studied as possible intrauterine inhibitors of
methionine-activating enzyme activity. The pla-
centa produces large quantities of estrogens, these
are immediately converted by fetal liver to conju-
gated derivatives (18), and the disappearance of
estrogens near the time of delivery coincides with
the period of rise of hepatic methionine-activating
enzyme activity in late fetal and early neonatal life.
When large doses of conjugated estrogens were
injected into fetal and newborn rats, partial, but
not complete, inhibition of the neonatal develop-
ment of hepatic activity consistently resulted. A
high dose of conjugated estrogens also prevented
the increase in hepatic methionine-activating en-
zyme activity produced by hydrocortisone in the
4 day old rat. Apparently conjugated estrogens
could contribute to the regulation of hepatic methi-
onine-activating enzyme activity in the fetal and
newborn rat but other factors are certainly involved.

The mechanism through which conjugated estro-
gens might act has not been elucidated. They have
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been shown to inhibit in vitro the activity of adult
rat kidney kynurenine transaminase (24). The
mechanism of inhibition has been suggested to
involve competition for apoenzyme between the
estrogens and the coenzyme, pyridoxal phosphate.
Pyridoxal phosphate is not a cofactor for methio-
nine-activating enzyme, and we could not demon-
state inhibition in vitro by conjugated estrogens.

In the present study, a single injection of
L-methionine into rats of various ages did not
induce a rise in hepatic methionine-activating en-
zyme activity. In a previous study (9) of young
adult rats fed a low sulfur diet, 3 days of L-methio-
nine injections were followed by only small in-
creases in hepatic methionine-activating enzyme
activity, back up to levels observed before institu-
tion of the diet. The failure of hepatic methionine-
activating enzyme activity to increase after an
injection of L-methionine contrasts with results of
studies of the effects of substrate on tyrosine trans-
aminase (25) and tryptophan pyrrolase (26) ac-
tivities. The feeding of L-methionine to rats before
they were weaned failed to induce a premature rise
in intestinal activity of methionine-activating en-
zyme. Moreover, it is doubtful that the neonatal
pattern of development of methionine-activating
enzyme activity in rat liver is related to methionine
intake, since the rise still occurred in animals
fasted from birth to age 24 hr. The fall in activity
after the animal was fasted for 48 hr from birth
probably is attributable to a lack of adequate pre-
cursors for protein synthesis. Thus, methionine-
activating enzyme appears to respond to hormone
induction, but not to substrate induction. Studies
of tryptophan pyrrolase activity (7) have sug-
gested that the mechanism of response of that
enzyme to adrenal corticoids is dependent on ribo-
nucleic acid synthesis, whereas its response to
excess substrate may involve a reaction closer to
protein synthesis than formation of messenger
ribonucleic acid. Perhaps similar considerations
apply to the hormonal stimulation of methionine-
activating enzyme.
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