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primarily e-L-directed enzymes, an L-configuration
in the B-asymmetric center is more conducive to en-
zymic action than the B-p-configuration, whereas
the opposite situation obtains for primarily a-D-
directed enzymes. A recent study of the enzymatic
decarboxylation of the stereoisomeric phenylserines
is consistent with this viewpoint.?

Experimental

pL-a-Methylbutyryl-L-norleucine.—A mixture of 200 g.
of pL-e-methylbutyric acid with 155 ml. of thiony! chloride
and 2 ml. of phosphorus trichloride was allowed to stand at
25° for 2 hours until the reaction diminished, and was then
refluxed for 3—4 hours on the steam-bath. The clear liquid
was first distilled at 43° under reduced pressure, and subse-
quently at 115-115.5° at ordinary pressure. Rupe re-
ported a boiling point of 115-116° for this acid chloride.?’
A solution of 20 g. of L-norleucine! in 150 ml. of chilled 1 N
KOH was shaken at 0° with alternate portions totalling
12.1 g. of pL-a-methylbutyryl chloride and 100 ml. 1 N
KOH. At the end of the reaction the clear solution was
treated with coned. HCl to pH 1.7. The mixture was twice
extracted with ether, the extracts combined and dried over
anhydrous sodium sulfate, and the solvent evaporated leav-
ing a colorless oily residue. This was rubbed with petro-
leum ether, the supernatant liquid discarded, and the re-
sidual oil taken up several times in ether and precipitated
each time with an excess of petroleum ether. The oil was
finally converted to a mass of crystals which weighed 12 g.
when dried. The material was not recrystallized in order
to avoid the possibility of fractionation of the diastereomers.
It melted over the range of 80-90°; [«]%*D —9.8° (¢ 2 in abs.
ethanol).

Amnal. Caled. for C;;H,O;N: C, 61.4; H, 9.8; N, 6.5.
Found: C, 60.9; H, 10.0; N, 6.6.

Action of Acylase I on pL-a-Methylbutyryl-r.-norleucine.—
A solution of 54 g. (0.25 mole) of DL-a-methylbutyryl-L-
norleucine was treated with lithium hydroxide to pH 7.2
and then diluted to a volume of 10 1. After the addition
of 1.5 g. of acylase I powder,'8 the mixture was incubated at
37°. Aliquots, withdrawn periodically over a period of
about 14 hours, were analyzed for free amino acid by the
manometric ninhydrin-CO; method. Termination of the
reaction at 409, of complete hydrolysis was effected by the
addition of 2 N hydrochloric acid to pH 5. After the addi-
tion of Norit A, the digest was filtered to remove the major

(26) W.J. Hartman, R. S, Pogrund, W. Drell and W. G. Clark,
THis JoURNAL, T7, 816 (1853).
(27) H. Rupe, Ann., 369, 338 (1909).
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portion of the protein. Readjustment to pH 8.5 was fol-
lowed by concentration iz wvacuo to a volume of approxi-
mately 500 ml.

Optical Characteristics of Methylbutyric Acid after En-
zymic (Acylase I) Hydrolysis and after Acid Hydrolysis of
the Substrate.—The enzymic digest concentrate of DL-a-
methylbutyryl-L-norleucine, as described above, was acidi-
fied to pH 1.7 with coned. HCI, twice extracted with ether
and the combined extracts dried over anhydrous sodium sul-
fate. Removal of the sclvent left a thick oily residue which
was a mixture of the free a-methylbutyric acid and residual
a-methylbutyryl-L-norleucine. These were separated by
dissolving the residue in a small amount of dry ether and
adding a large excess of petroleum ether. The free acid
remained in solution, whereas the acylated amino acid sepa-
rated as a white, oily mass. The residue was again dis-
solved in ether and precipitated again with excess petroleum
ether. Both supernatant solutions were combined and the
solvent removed by a stream of air. The residual oil was
twice fractionated by distillation at 10 mm., the final prod-
uct which amounted to 4.3 g. boiling at 69°.22 The ab at
25° was ~+11.25° for a 2-dem. tube, and using a ds; value
of 0.94, the calculated [«]%®D was +6.0°.

Anal. Caled. for C;HyO:: C, 58.8; H, 9.8.
C, 58.2; H,9.8.

The residual a-methylbutyryl-L-norleucine which had
been precipitated from ether solution by excess petroleum
ether was refluxed with 200 ml. of 2 N HCI for 2.5 hours.
After cooling to 25°, the solution was extracted with ether
as above and the residual oil subjected to fractional distilla-
tion at 10 mm. pressure. The clear liquid boiled at 69-
69.5°, and after the second distillation amounted to 6.2 g.
The ap at 25° was —5.5° for a 2-dem. tube and using a ds;
value of 0.94, the calculated [a] %D was —3.0°.

Anal. Caled. for C:HypO2: C, 58.8; H, 9.8.
C, 58.5; H, 9.9.

Twenty grams of DL-a-methylbutvryl-L-norleucine was
refluxed for 3 hours with 400 ml. of 2 N HCl. The solution
was cooled, extracted twice with ether, and the combined
extracts dried over anhydrous sodium sulfate. Removal of
the solvent left a yellowish residual oil amounting to about
5.5 g. The oil was twice fractionated i# vacuo at 10 mm.,
boiling at 68.5~70° the first time, and rather sharply at 70°
the second time. The yield of colorless liquid was 4 g.
Measured in a 2-dem. tube it showed no measurable optical
rotation.

Anal. Caled. for CsHipOs:
C, 58.6; H, 10.0.

(28) The fractiopations were kindly performed by Dr. S-C. J. Fu.
BETHESDA, MARYLAND
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O-Methylthreoniie but not O-methylallothreonine is a competitive inhibitor of the incorporation of radioactive isoleucine

into proteins of the Ehrlich ascites carcinoma.
tively, and this inhibition is relieved by isoleucine.

The incorporation of radioactive leucine is also inhibited, but non-competi-
The steric requirement for isoleucine antagonism is one which may be

expected from the configuration of isoleucine as determined by chemical and X-ray evidence.

Isoleucine, an amino acid which is a constituent
of proteins, may exist in two possible diastereo-
isomeric forms. One of these structures represents
isoleucine, the other alloisoleucine, an amino acid
which is not a constituent of proteins. It has,
moreover, been established recently by both chemi-

(1) Presented at the Autumn, 1954, meeting of the Division of Bio-
logical Chemistry, American Chemical Society, New Vork. Aided by

grants from the Damon Runyon Memorial Fund for Cancer Research
and the Cancer Researcli Funds of the University of California.

cal?® and X-ray techniques?® that the e-amino and
B-methyl carbons of isoleucine have the erythro
configuration. The configurations of threonine
and allothreonine have been established?® earlier
and the methyl ethers of these compounds assume

(2a) S.Stallberg-Stenhagenand F. Stenhagen, Arkiv. Kemi, Mineral.
Geol., 24B, No. 9, 1 (1947).

(2b) J. Trommel, Proc. Konikl. Nederl. Akad. van Wetenschappen,
BS6, 272 (1953); bid., B, 364 (1954).

(3) C. Ii. Meyer and W. C. Rose, .J. Biol. Chen: , 118, 721 (1034).
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structures analogous to isoleucine and alloisoleucine,
respectively, with an ether oxygen replacing the
methylene group. Since the substitution of an
oxygen atom for a methylene group in another
amino acid, arginine, has been shown to produce
an antagonist, canavanine,* it appeared that this
relationship should also hold for isoleucine. How-
ever, the methyl ether only of threonine would
correspond in configuration to isoleucine. It was
therefore of interest to ascertain whether the com-
pound possessing the closer structural similarity to
1soleucine would be the more potent antagonist.

Experimental

O-Methylthreonine and O-methylallothreonine were pre-
pared by amination of the corresponding bromo acids.®
These acids were a gift of Dr. Max Tishler, Merck and Co.,
Inc., Rahway, N. J. and had been prepared according to
the method of Pfister, et ¢l.6! The crude O-methylthreonine
and O-methylallothreonine were purified by two recrystalli-
zations from aqueous acetone.

Anal.® Caled. for C;H;;O:N: XN, 10.52. Found for O-
methvlthreonine: N, 10.40; for O-methylallothreonine:
N, 10.48. The non-radioactive isoleucine and alloisoleu-
cine® were gifts of Dr. J. P. Greenstein, National Cancer
Institute, National Institutes of Health, Bethesda, Md.
Racemic mixtures of these compounds were prepared by
mixing equal amounts of the L-and p-enantiomorphs. The
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1/Incorporation.

1073 /Isoleucine molarity.

Iig. 1.~--The effect of O-methylthreonine and O-methyl-
allothreonine upon the incorporation of radioactive iso-
lcucine into the protein of the Ehrlich ascites carcinoma:
1, inhibition by 0.02 1 O-methylthreonine; 2, O, unin-
hibited incorporation of isoleucine, @ as O but with 0.02 M
O-methyvlallothreouine.  Incorporation is expressed as
pmoles amino acid hiucorporated per g. protein during the
15 min. imcubation period.

(4) (a) H. N. Horowitz and A. M. Srb, J. Binl. Chen . 174, 371
11918): (b) R. IE. Volcani and E. I£. Snell, sbid., 174, 8983 (1948).

(7) H. E. Carter and H. D. West, Org. Syntheses, 20, 101 (1840}

(6) K. Pfister, 3rd, K. E. Howe, C. A, Robinson, A. C. Shabica,
1. W. Pietrusza and M. Tishler, THis JoUurNaL, 71, 1096 (1848).

(7) Micro-analyses performed by Mr. V. H, Tashinian, Micro-
chemical Specialties Co.. Berkeley.

(81 ]. P. Greenstein, 3. V. Birpbamm and L. Levintow, Biochem
Freparations, 3, 84 {14331
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radioactive isoleucine, g-methyl-Cl1, 1.2 uc./nig., was pre-
pared by a micromodification of the synthesis by Gagnon,
et al.® It consisted of equimolar quantities of racemic iso-
leucine and alloisoleucine. Radioactive pL-leucine, 3-Cl¢,
hydrochloride, 5.1 uc./mg. was also used for incorporation
experiments.!® All amino acids were used in their racemic
form.

The antagonism was followed by measuring the inhibi-
tion of incorporation of radioactive isoleucine or leucine into
the proteins of the Ehrlich ascites carcinoma. In brief,
washed tumor cells were tipped from a Warburg flask side-
arm into a Krebs—Ringer phosphate buffer containing one
or the other analog together with various concentrations of
the radioactive amino acid. After an incubation period of
15 min., the incorporation was stopped by tipping in tri-
chloroacetic acid from a secoud side-arm. The precipitate
was washed as previouslv described, plated on aluminum
disks, and assayed for radioactivity. Details of the experi-
mental procedure have been reported.l0

Results and Discussion

Incorporation of Isoleucine.—It was ascertained
that only the isoleucine fraction of the radioactive
mixture of isoleucine and alloisoleucine was incor-
porated into protein by means of a dilution experi-
ment with the corresponding non-radioactive com-
ponents. When non-radioactive DL-isoleucine was
added to the incubation mixture containing radio-
active isoleucine and alloisoleucine, it produced a
marked drop in the specific activity of the protein
(Table I, Expt. 1 vs. 4 and 5). The addition of
pL-alloisoleucine had a much smaller effect (Table
I, Expt. 1 9s. 6 and 7). Upon correcting for dilu-
tion by non-radioactive DL-isoleucine, the resulting
value for incorporation corresponded closely with

3 l I I I I
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Fig. 2.—The effect of O-inethylthreonine and O-methyl-
allothreonine upon the incorporation of radioactive lencine
ito the protein of the Ehrlich ascites carcinoma: 1, inhibi-
tion by 0.02 M O-methylthreonine; 2, O uninhibited in-
corporation of leucine, ® as O but with 0.02 3/ O-methyl-
Incorporation is expressed as in Fig. 1.

allothreonine.

191 P. K. Gagnon, K. Savard, R. Gaudry and E. M. Richardson.
(‘an. J. Res., 35B, 28 (1947). The radioactive compound was syn-
thesized by Dr. A. T, Shulgin in this department. The procedure [or
preparation of methvl labeled sec-butyl bromide has bheen reported
AT, Shulgin, THIS JovrNa. T7, 2338 (1055).

(1) N Rabinovitz, M. 10 6laon aed DM
e 210, 837 (1434,

Cireenbery, J. Bisf
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that of the radioactive amino acid alone (Table I,
Expt. 2 and 3 with 4 and 5, respectively). Similar
experiments indicated that only the L-enantio-
morph of isoleucine was incorporated into protein.

TABLE I
THE EFFECT OF ISOLEUCINE AND ALLOISOLEUCINE UPON THE
INCORPORATION OF A RADIOACTIVE MIXTURE OF BOTH INTO
PROTEINS OF THE EHRLICH ASCITES CARCINOMA

Incor-
poration
Radio- Specific of amino
active activity acid,
amino Non-radioactive of pro- umoles/g.
Expt. acid, amino acid, tein, e./ protein/
no. pmoles® upmoles min./mg. 15 min.
1 0.0348  .............. 55 = 2° 0.50
2 0696 ... .. 8 +1 0.74
3 348 L 140 £3 1.3
4  .0348 pL-Isoleucine 0.0348 400 0.74
5 .0348 bpL-Isoleucine 0.313 151 1.4
6  .0348 bpr-Alloisoleucine0.0348 49 =1
7  .0348 bpL-Alloisoleucine 0,313 43 £ 0

e Expressed as micromoles each of DL-isoleucine and pL-
alloisoleucine. ? Deviation from the mean of duplicate in-
cubations.

Inhibition of Isoleucine Incorporation.—A Line-
weaver and Burk plot (Fig. 1) shows that O-

TaBLE 11

THE EFFECT OF ISOLEUCINE UPON O-METHYLTHREONINE
INHIBITION OF RADIOACTIVE LEUCINE INCORPORATION INTO
PrOTEIN OF THE EHRLICH AsCITES CARCINOMA

Leucine incorporation

umoles/ Inhi-
Expt. g. protein/ bition,
no. Additions 15 min. 73
1 Radioactive leucine 9.0 X 107¢ M/ 0.197 + 0.003% .
with isoleucine 9.0 X 10~¢ M 0.197 = .001 0.0
with O-methylthreonine 0,02 M 0.134 = .00¢ 32.0
with O-methylthreonine 0.02 M
and isoleucine 8.0 X 10-4 M 0.164 = .006 16.5
2 Radioactive leucine 1.0 X 1073 M/ 2.75 = 0.00 ..
with isoleucine 1.0 X 10-23 A/ 2.38 = .00 6.3
with O-methylthreonine 0.02 A/ 1.92 = .07 30.2
with O-methylthreonine 0.02 M
and isoleucine 1.0 X 10-% M 2.60 + .00 3.5

¢ Deviation from mean of duplicate incubations.
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methylthreonine is a competitive inhibitor of iso-
leucine incorporation, but O-methylallothreonine is
not.

Inhibition of Leucine Incorporation.—The incor-
poration of radioactive leucine into protein was also
inhibited by O-methylthreonine but not by O-
methylallothreonine. This inhibition was non-com-
petitive with leucine (Fig. 2) but could be relieved by
the addition of isoleucine (Table II).

This type of inhibition of incorporation of one
amino acid by the antagonist of another was not
observed in our previous study with other amino
acid antagonists.!® This phenomenon is currently
being further investigated in this Laboratory.

Conclusion,—The reason for the specific inhibi-
tion of isoleucine by O-methylthreonine but not by
O-methylallothreonine can be formulated as

CH; CH;
HO—(“;—H H—(ll—OH
H—é—\H, H—(E—NHQ
COOH éOOH
L-threonine L-allothreonine
CH, CH; CH,;
CHg_O_é—H O (lle
H—(!)—I\'Hz H—(II—CHg H—(‘I—CHs
COOH  H—C—NH.  H—C—XH
(i:OOH (IIOOH
1-O-methylthreonine L-isoleucine
CH; CH, CH;
H—C—0—CH, 0 &u,
Hé—NHQ CH,—C—H CH;—(;Z—H
COOH H—C—NH,; H—C—NH,
COOH (lIOOH

L-O-methylallothreonine L-alloisoleucine
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