column was washed by passing
through 25 ml of 0.4M saline phos-
phate buffer (0.4M NaCl, 0.05M so-
dium phosphate buffer, pH 6.7) and
then through 25 ml of 0.55M saline

A. TESTIS REF
MAIN
DNA
“dAT“
B. LIVER
C. MUSCLE

Mo
M

1.683 1.705

D.EGG

1.746

Fig. 1. Distribution of Cancer borealis
DNA from various tissues in CsCl buoy-
ant-density gradient. DNA samples (2 to
3 wg) were centrifuged with 1 ug N*-
Pseudomonas aeruginosa DNA as a refer-
ence at 44,770 rev/min in 7.7 molal
CsCl solution at 25°C for 20 hours.
Ultraviolet absorption photographs of
equilibrated DNA were traced by a micro-
densitometer. Densities of the peaks were
calculated (I). The density values were
calculated relative to the density of
Escherichia coli B DNA (1.713). A, DNA
from testes; B, DNA from liver; C, DNA
from claw muscle; D, DNA from eggs.
The horizontal axis indicates buoyant
density.
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phosphate buffer. The DNA was elut-
ed in steps with 2-ml portions of 1.1M
saline phosphate buffer. A large
amount of the ultraviolet absorbing
materials (unidentified) came out in
a 0.4M fraction. The fraction with
the highest absorbance (at 260 mpy)
eluted with 1.1M saline buffer was
used for density gradient centrifuga-
tion.

The isolation procedure for liver
DNA was somewhat different, from
the method described for muscle, The
frozen liver (5 g) was dipped in
heated EDTA-saline (50 ml) and kept
at 70°C for 15 minutes. After heat-
ing, the fragments of liver were col-
lected by centrifugation, frozen in
liquid nitrogen, and then ground in a
mortar with a continuous supply of
liquid nitrogen. The frozen powder
was resuspended in 20 ml of the
EDTA-saline buffer and 2 ml of du-
ponol solution (25 percent), and
ground in a teflon-pestle tissue grind-
er. The homogenate was treated with the
mixture of isoamyl alcohol, chloro-
form, and phenol and with ribonu-
clease in the manner described for
muscle. Apparently, a large amount
of material other than DNA was pre-
cipitated by ethanol which could not
be separated from the DNA by shak-
ing with the organic solvents. The pre-
cipitates were dissolved in 3 ml of
standard saline citrate, and a portion
(1 ml) equivalent to 80 absorbance
units at 260 mu was diluted to 20
ml with standard saline citrate and ap-
plied to a 10-ml MAK column. The
DNA was eluted as before. The
column fractionation removed nonnu-
cleic acid material and about 270
ug of DNA was obtained. The method
used for isolation of DNA from eggs is
similar to the method described for
muscle DNA. From 15 g of eggs, ap-
proximately 1 mg of DNA was ob+
tained.

The DNA samples from testes, mus-
cle, liver, and eggs of Cancer borealis
were centrifuged in 7.7 molal CsCl
solution (8) at 25°C, 44,770 rev/min
for 20 hours. The tracings of the ul-
traviolet absorption pictures are shown
in Fig. 1, and relative amounts of the
main DNA and light DNA (“dAT”)
in Table 1. The results show that
muscle, liver, and egg samples as well
as that of testes have a light DNA
band whose density is identical with
the light DNA previously described
in testes.

In conclusion, the natural “dAT”
first found in the testes and vas de-
ferens of Cancer borealis exists in
muscle, liver, and eggs as well, in ap-
proximately the same relative amount
(30 percent). Consequently, it exists
also in both male and female.

Ts’A1-YING CHENG*

NOBORU SUEOKA
Department of Biology, Princeton
University, Princeton, New Jersey
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Homocystinuria:
An Enzymatic Defect

Abstract. A deficiency, or absence,
of cystathionine synthetase activity has
been demonstrated in liver obtained
from a mentally retarded child with
homocystinuria.

Homocystinuria was added recently
to the list of biochemical abnormalities
known to be associated with mental
deficiency in man (I, 2). Carson et al.
(2) studied two homocystinuric sisters
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Fig. 1. Known pathways of mammalian
metabolism of methionine and homocys-
teine. Abbreviations: ATP, adenosine tri-
phosphate; PP;, inorganic pyrophosphate;
P,, inorganic phosphate; FH,, tetrahydro-
folic acid; m°FH., N°-methyltetrahydro-
folic acid.
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and concluded that the disorder prob-
ably reflects an inborn error of metab-
olism. The finding of an elevated con-
centration of homocystine in the plasma
suggested that the aminoaciduria is at-
tributable to an “overflow” into the
urine rather than to a primary defect
in renal tubular reabsorption. In addi-
tion, these authors observed an ele-
vated concentration of methionine in
the plasma without an associated in-
crease in urinary methionine excretion.
In their - initial hypothesis they consid-
ered the possibility that the inborn error
might involve the reaction catalyzed by

zyme 4), but they interpreted the re-
sults of their studies as failing to con-
firm this suggestion and turned their
attention to an alternative hypothesis,
a generalized defect in methionine
transport systems. A consideration of
the known routes of mammalian me-
tabolism of methionine and homocys-
teine (Fig. 1) suggested to us that the
accumulation of both methionine and
homocyst(e)ine might be best and most
simply explained by a defect in cys-
tathionine synthetase. To test this
possibility directly, specimens of liver
were obtained from a homocystinuric

cystathionine synthetase (Fig. 1, en- child and from several control subjects

Table 1. Activities of methionine activating enzyme and cystathionine synthetase in extracts
of human liver. To assay methionine activating enzyme, the following, in micromoles, were
incubated for 45 minutes at 37°C in 0.45 ml with enzyme extracts containing 0.1 to 0.6 mg
of protein: Tris-HC1 buffer, pH 7.6, 60; KCl, 80; MgCl,, 120; adenosine triphosphate (ATP),
7.2; neutralized, reduced glutathione, 1.6; (—)-S-adenosyl-L-methionine, 0.12; L-methionine-
C“H,, 0.059, containing 150 X 10® count/min. After incubation the reaction was stopped by
dilution with ice-cold water; methionine-C*H, and S-adenosylmethionine-C** were separated
by column chromatography, and the enzyme activity was measured by appearance of radio-
activity in the S-adenosylmethionine fraction. Values from controls incubated with boiled
enzyme were subtracted from the experimental values. Methionine activating activity in all
cases was completely dependent upon addition of ATP. To assay cystathionine synthetase, the
following, in micromoles, were incubated for 135 minutes at 37°C in 0.40 ml with enzyme
extracts containing 0.1 to 0.5 mg of protein: Tris-HCl buffer, pH 8.3, 60; ethylenediamine-
tetraacetate, 1; pyridoxal phosphate, 0.015; L-cystathionine, 0.07; L-homocysteine, 5; L-serine-
3-C*, 1, containing 74.7 X 10® count/min. Portions of the deproteinized reaction mixture were
taken, serine-3-C* and cystathionine-C* were separated by column chromatography, and the
enzyme activity measured by appearance of radioactivity in the cystathionine fraction. Values
from control mixtures incubated with boiled enzyme or with enzyme added after trichloroacetic
acid were comparable and were subtracted from the experimental values. In all instances
cystathionine synthetase activity was completely dependent on the addition of L-homocysteine.
The values for neither enzyme are maximal since, under the conditions used, the enzymes
were unsaturated with regard to L-methionine and L-serine, respectively. Protein was deter-
mined by the Lowry method (8). The cystathionine synthetase activity of the extract in
study F was assayed three times, once without added ethylenediaminetetraacetate. The methi-
onine activating activity of this extract was determined three times. All other values are the
average of at least two determinations.

Enzyme activities

Age (mumole/mg protein)
(years), Acquisiti
; : cquisition and .
Study r:rffl’ Diagnosis storage of tissue Ml‘?itll;léo Cystathi-
. * o onine
sex activating synthetase
enzyme
Control patients
A 7/NF  Traumatic death, nor- 3 hours postmortem, 1.9 231
mal child frozen 5 months
12/WF  Cystic fibrosis of pan- 2 hours postmortem, 4.1 163
creas frozen 2 weeks
C 64/WM Adenocarcinoma of During laparotomy, Not 610
pancreas with liver assayed immediately tested
metastases—biopsy
grossly free of tumor
D 55/WM Psoriasis, alcoholism, Biopsyt, assayed imme- 3.8 204
mild fatty infiltration diately
of liver
E 43/WF  Hypoalbuminemia, Biopsyt, assayed imme- 35 240
BSP% retention, nor- diately
mal liver histology
Homocystinuric patient
F 8/WF  Homocystinuria Biopsyt, assayed imme- 1.7 0
diately
Recombination experiment
G Extract of liver A 258
Extracts A + F 283

*# N, Negro; W, white; F, female; M, male.
4+ Bromsulphalein.

+ Liver biopsies performed with Menghini needle.

1444

‘healthy tissue.

and assayed for cystathionine synthe-
tase activity and for the activity of
another enzyme which participates in
methionine metabolism, methionine ac-
tivating enzyme (3) (Fig. 1, enzyme
1). The results suggest that homocys-
tinuria can, indeed, be attributed to a
deficiency, or absence, of cystathionine
synthetase activity.

Our homocystinuric patient is an
8-year-old white girl with clinical fea-
tures similar to those of the other re-
ported cases—mental retardation; bi-
lateral. posterior dislocation of the
lenses; fine, blond hair; blue-gray eyes
and genu valgum. Her aminoaciduria
was first detected by Spaeth and Barber
who are preparing a detailed descrip-
tion of the case (4). We have con-
firmed their observation that she ex-
cretes 40 to 50 mg of homocystine in
her urine daily. Her liver is not pal-
pable and tests of liver function pro-
duced normal results.

Sensitive methods were developed to
assay enzymes 1 and 4 (Fig. 1). By
these methods, no cystathionine syn-
thetase activity could be detected in
human skin (stratum corneum from
fingertips), erythrocytes, or leukocytes
from control patients, but activity could
be demonstrated in liver obtained post-
mortem. The sensitivity of the assays
permitted replicate determinations of
both enzymes in extracts of the rela-
tively small amount (20 to 30 mg) of
tissue obtainable by needle biopsy of
the liver.

The pertinent properties of human
hepatic cystathionine synthetase and
methionine activating enzyme were de-
termined and will be described in a
separate communication together with
details of the assay methods (5). The
results of assays of a number of liver
specimens are summarized in Table 1.
The data from control patients do not
establish a range of normal values since
some of them may be lower than those
that would be expected for fresh,
Nevertheless, it is ap-
parent that our methods allow ready
detection of the two enzymes and that
they are both present in the liver of
children comparable in age to the
homocystinuric patient. In marked con-
trast to the control specimens, the
extract of the liver from the homo-
cystinuric patient had no detectable
cystathionine synthetase activity. This
activity would have been demonstrable
had it been 10 percent or more of the
lowest control value. The extract of
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homocystinuric liver did not inhibit
the cystathionine synthetase activity of
control liver (Table 1). Radioactivity

from authentic L-cystathionine-C* in-’

cubated with the extract of homocys-
tinuric liver under the standard assay
conditions was recovered entirely with
cystathionine. It was demonstrated by
means of paper chromatography that
the substrates for the assay of cysta-
thionine synthetase, serine-3-C* and
homocysteine were still present after
incubation with the extract of homo-
cystinuric liver. The specificity of the
deficiency of cystathionine synthetase
activity is suggested by the adequate
activity of methionine activating en-
zyme. Since the reaction mixture for
assay of cystathionine synthetase con-
tained added pyridoxal phosphate, the
failure to detect cystathionine synthe-
tase activity cannot be attributed to a
deficiency of this cofactor.

A major metabolic pathway for
methionine is thought to be conversion
to cyst(e)ine and its end products
(6). The homocystine (and methio-
nine) excreted in the urine of homo-
cystinuric patients accounts for only a
small portion of the total intake of
methionine. If the block in cystathi-
onine synthetase is complete in these
patients, they must metabolize the
major portion of the ingested methio-
nine by alternate pathways.

Because cystathionine formation is a
necessary step in the major mammalian
pathway for cysteine biosynthesis, there
is a strong likelihood that a homo-
cystinuric child will suffer from cysteine
deficiency during the neonatal period
when dietary intake of protein is much
lower relative to the body’s anabolic
needs than it is in later years. It is con-
ceivable that a homocystinuric infant
fed human milk may receive adequate
cystine whereas such a child fed cow’s
milk, known to be much poorer in this

Erythromycin: Mode of Action

amino acid (2), would not receive ade-
quate amounts. In either case, early
dietary cyst(e)ine supplementation may
prevent irreparable damage. Another
possibility which should be considered
is that cystathionine, reported to be
present in high concentration in human
brain (7), serves some necessary func-
tion in addition to that of precursor of
cysteine. If this is so, dietary cystathi-
onine supplementation might be help-
ful. Whether abnormal accumulation
of homocyst(e)ine, methionine, or one
of their metabolites contributes to the
pathological manifestations of homo-
cystinuria and would thus warrant
methionine restriction also remains to
be determined.
S. HarvEY MuDpD

National Institute of Mental Health,
Bethesda 14, Maryland

JaMES D. FINKELSTEIN

FILADELFO IRREVERRE

LEONARD LASTER

National Institute of Arthritis and
Metabolic Diseases, Bethesda 14
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Abstract. Erythromycin, a specific inhibitor of protein biosynthesis, inhibited
the incorporation of phenylalanine by a cell-free ribosomal system prepared from

Escherichia coli.

The antibiotic, erythromycin, inhibits
the biosynthesis of protein in susceptible
bacteria but permits continued synthesis
of nucleic acids (7); this mode of ac-
tion has been compared by Brock and
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Brock (2) to that of chloramphenicol.
Antibiotics which are specific inhibitors
of protein synthesis in vivo have been
shown to inhibit the incorporation of
radioactive amino acids into trichlor-
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Fig. 1. Erythromycin.

acetic acid—insoluble polymers by cell-
free ribosomal systems prepared from
antibiotic-sensitive bacteria; this has
been demonstrated for chloramphenicol
(3), puromycin (4), tetracyclines (5),
and streptomycin (6). Inhibition of
amino acid incorporation in a cell-free
system by chloramphenicol is generally
regarded as circumstantial evidence
that such a system represents a valid
model of protein biosynthesis.

We wish to report that erythromycin
also inhibits the formation of poly-
phenylalanine in a cell-free ribosomal
system prepared from Escherichia coli
after the method of Matthaei and Ni-
renberg (7). Experimental details and
results are given in Table 1.

Erythromycin is a member of the
macrolide group of antibiotics. Its
chemical structure (Fig. 1) offers no
ready clue to its mechanism of action
at the molecular level with the possible
exception that there is a general struc-
tural relationship to other antibiotics
containing amino sugar, such as strep-
tomycin.

Two observations, however, may of-
fer leads to the elucidation of the mech-
anism of action of erythromycin: (i)
erythromycin has been found by Vas-
quez (8) to inhibit the interaction be-
tween radioactive chloramphenicol and
sedimented ribosomal fractions of bac-
teria; we have readily confirmed this
observation and have also shown that
this inhibition is competitive in nature
(9); and (ii) we have also recently
observed that erythromycin is capable
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