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COMMUNICATIONS TO T H E EDITOR 

ISOLEUCINE BIOSYNTHESIS FROM THREONINE1 

Sir: 
Recent studies with microorganisms2 indicate 

tha t isoleucine is formed from the corresponding 
a,)3-dihydroxy acid (DHI ) by enzymatic dehydra­
tion and transamination. Pa r t of the carbon 
skeleton of D H I is known to be derivable from 
certain C4 compounds, including threonine.3 ,4 

In order to determine which of the iso­
leucine carbons are so derived, isotopic com­
petition experiments4 were carried out using 
Neurospora crassa and C14-acetate as the 
source of labeled carbon. A washed myce­
lial pad of mutan t No. 16117, which ac­
cumulates D H I , was incubated in minimal 
medium supplemented with C14-l,2-ace-
ta te . A second pad was incubated in the 

at t ract ive to postulate an aldol condensation be­
tween acetaldehyde and a-ketobutyrate followed 
by enolization and hydration. The resulting 
trihydroxy acid (I) would then be susceptible to a 
pinacol rearrangement, forming a keto-hydroxy 
acid (II) . Hydrat ion of I I would yield a trihy­
droxy acid (III) which on reduction would become 
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identical medium except tha t 100 ^ M . of unlabeled 
L-threonine was added. At 48 hours, the pads 
were removed and the accumulated D H I isolated 
from each filtrate by ether extraction and paper 
chromatography. Both samples were then chem­
ically degraded and the radioactivities of the various 
carbons compared. The results are shown below; 
the numbers indicate the radioactivity incorporated 
in the presence of unlabeled threonine, expressed as 
per cent, of the control (no threonine added) 
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The results show tha t threonine suppressed the 
incorporation of radioactivity into carbons 1, 2, 4 
and 5 of isoleucine. In a separate experiment, 
C1 4-l,2-threonine was found to be converted to 
C1 4-1,2-DHI; thus isoleucine carbons 4 and 5 
probably come from threonine carbons 3 and 4. 
The remaining two carbons of isoleucine may be 
derived from "active acetaldehyde," since Ehrens-
vard8 has shown them to have the same derivation 
from acetate as the alpha and beta carbons of 
pyruvate . 

Since threonine is probably deaminated to a-keto-
butyra te prior to incorporation into isoleucine, it is 
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of California and the office of Naval Research. 

(2) J. W. Myers and E. A. Adelberg, Proc. Nat. Acad. Sci., 40, 493 
(1954). 

(3) H. E. Umbarger and E. A. Adelberg, J. Biol. Chem., 192, 883 
(1951). 

(4) P. H. Abelson, ibid., 206, 335 (1954). 
(5) G. Ehrensvard, private communication. 

If, in the above scheme, pyruvate is substi tuted 
for a-ketobutyrate, the result would be synthesis 
of the dihydroxy acid precursor of valine.2 Strass-
man, et al.,6-7 have proposed similar mechanisms of 
valine and isoleucine biosynthesis involving ketol 
condensations. Final decision must await isola­
tion of the actual intermediates and appropriate 
enzyme studies, since either type of condensation 
would be consistent with the available data . 

(6) M. Strassman, A. J. Thomas and S. Weinhouse, T H I S JOURNAL, 
73, 5135 (1953). 

(7) M. Strassman, J. J. Thomas, L. A. Locke and S. Weinhouse, 
ibid., 76, 4241 (1954). 
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INTRAMOLECULAR MIGRATION AND ISOLEUCINE 
BIOSYNTHESIS1 

Sir: 
In a previous s tudy2 the distribution of C14 

in valines isolated from Torulopsis utilis grown on 
glucose in the presence of a variety of labeled 
substrates led to the suggestion tha t the carbon 
skeleton of this amino acid arises via a mechanism 
involving a ketol condensation of pyruvate and 
acetaldehyde to yield acetolactate, followed by an 
intramolecular migration of carbon 3 of the pyru­
vate moiety to carbon 1 of the acetaldehyde moiety. 
In the present communication evidence is presented 
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that a similar intramolecular migration occurs in 
the biosynthesis of isoleucine isolated from the 
same experiments. The postulated sequence of 
events, shown in the figure, is a condensation of 
acetaldehyde with a-ketobutyric acid to yield a-
aceto-a-hydroxybutyrate, followed by migration 
of the ethyl group from carbon 2 of the butyrate 
moiety to carbon 1' of the acetaldehyde moiety. 
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Postulated mechanism of isoleucine biosynthesis from 
acetaldehyde and a-ketobutyrate 

On the assumption that aspartic acid, derived 
from 4-carbon acids of the citric acid cycle, pro­
vides the carbon chain of a-ketobutyrate (presum­
ably via homoserine and threonine3), it is possible 
to calculate from previously outlined considera­
tions4 that isoleucine synthesized in the presence 
of labeled acetates by the reaction sequence shown 
in the figure would have the distribution of ace­
tate methyl and carboxyl carbon shown in the table. 

DISTRIBUTION OF ACETATE CARBONS IN ISOLEUCINE 

Values are in per cent, of total radioactivity present 
Isoleucine carbon number 
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Pure isoleucine, isolated from the yeast hydroly-
sates by chromatography on Dowex-50, was de­
graded chemically and the activities of each in­
dividual carbon were determined. The remarkable 
similarity between the observed and calculated 
distribution patterns shown in the table is regarded 
as strong evidence of the essential correctness of 
the mechanism shown in the figure. Distributions 
of lactate carboxyl, a and /3 carbons in isoleucine 
were also in accord with this postulation, based on 
known mechanisms of conversion of lactate to 
acetate, acetaldehyde and oxalacetate. These 
findings are in complete accord with those of Adel-
berg published in an accompanying report.6 

Though intramolecular migrations of the type 
required by this formulation have not hitherto 
been observed in biological systems, this reaction 
is plausible from an organic chemical standpoint, 

(3) P. H. Abelson, E. Bolton, R. Britten, D. B. Cowie and R. B. 
Roberts, Proc. Nail. Acad. Sciences, 39, 1020 (1953). 

(4) K. F . Lewis and S. Weinhouse, T H I S JOURNAL, 73, 2500 (1951). 
(8) E. A. Adelberg, ibid., 7«, 4241 (19S4). 

being similar to the pinacol rearrangement. It is 
conceivable that alkyl group migration may play 
an important role generally in the biosynthesis of 
branched carbon chains. 
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EFFECTS OF RING SIZE ON ELECTRON 
DISTRIBUTION IN SATURATED HETEROCYCLIC 

COMPOUNDS1 

Sir: 
Measurements of the basicities of cyclic imines 

toward trimethylboron,2 of cyclic ethers toward 
chloroform and methanol-^,3'4 and of cyclic sulfides 
toward boron trifluoride,5 have shown that the 
basicity changes with ring size in the order: 4 > 
5 > 6 > 3-membered rings. Two differing inter­
pretations of these observations have been sug­
gested. 

An interpretation based on steric factors was 
proposed by Brown and Gerstein2 to account for the 
dissociation of the addition compounds of the cyclic 
imines with trimethylboron. According to this 
view the observed order of basicity results from a 
combination of F-strain which is more pronounced 
for the larger rings, and I-strain which is most 
important in the 3-membered ring. These strains 
are considered to be steric interactions which occur 
because of the association between donor and 
acceptor molecules. 

On the other hand, steric factors alone do not 
account adequately for the results of the hydrogen 
bonding studies with cyclic ethers3'4 nor are they a 
likely explanation for the interaction of cyclic 
sulfides with boron trifluoride.5 It was suggested 
that the basicity differences were due rather to 
differences in electron availability caused inherently 
by the different sizes of the rings—that is, the elec­
tron distribution is altered by ring size. 

Direct physical evidence that the electron dis­
tribution does depend significantly on ring size has 
now been obtained by observing the chemical 
shifts in the proton magnetic resonance6 of the 
cyclic imines, ethers and sulfides. These shifts 
are a sensitive measure of differences in the elec­
tronic environment of nuclei. The 5-values6 ob­
served for the cyclic compounds are given in Table 
I, and it is seen that there are relatively large 
variations with ring size for the hydrogens in both 
the a and /3 CH2 groups. 

In each series of cyclic compounds, the 5-values 
of the 3-membered rings are consistently among 
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