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It is not easy to anticipate whether the balance 
between quantum-mechanical delocalization energy 
and the compression energy necessary to force 
classical structures (like the "Kekule" structures of 
type X) into the same geometry will indeed place 
species VI-VIII in the category of homo-aromatic 
mesomeric compounds. While quantum-mechan
ical delocalization energies in cases VI-VIII will 
be much less than in cases IH-V, we probably can 
expect compression energies to be less also. The 
balance between compression energy and quantum-
mechanical delocalization energy in cases VI-VIII 
appears to be sufficiently analogous to the one for I, 
that the observed results with I warrant experi
ments to test for the occurrence of homo-aromatic 
structures VI-VIII. These are being undertaken. 

Examples of homoconjugation have been dis
cussed previously, such as the homoallylic3a cation, 
the a»ta'-7-norbomenyl cation3b (termed a bis-
homocyclopropenyl cation by Roberts30) and the 
"planar pseudo-aromatic structure" for tropilidene 
visualized by Doering.4 The latter example could 
be called monohomobenzene. Cases VI-VIII dis
cussed above differ from these by having complete 
equivalence of the classical contributing structures. 
Perhaps "perhomo-aromatic" is a useful term for 
VI-VIII. 

(3) (a) E.g., M. Simonetta and S. Winstein, T H I S JOURNAL, 76, 18 
(1954): (b) S. Winstein, M. Shatavsky, C. Norton and R. B. Wood
ward, ibid., 77, 4183 (1955); (c) W. G. Woods, R. A. Carboni and J. D. 
Roberts, ibid., 78, 5653 (1956). 

(4) W. E. Doering, et al., ibid., 78, 5448 (1956). 
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REQUIREMENT FOR FLAVIN COENZYME IN THE 
ENZYMATIC SYNTHESIS OF METHIONINE IN VITRO1 

Sir: 
Several investigators have studied the biosynthe

sis of the methyl group of methionine in cell-free 
systems with serine or formaldehyde as donors and 
homocysteine as acceptor of the one-carbon frag
ment.2-6 In extracts of certain mutants of Es
cherichia coli, cofactor requirements were shown 
previously for pyridoxal phosphate, tetrahydro-
folic acid, adenosine triphosphate, DPNH7 and 
vitamin Bi2.2,3'8 Recently in this laboratory a 
requirement for FAD or FAIN has been demon
strated. 

The effect of the flavin coenzymes has been shown 
with a system consisting of these three purified 
enzyme fractions obtained from E. coli mutant 
113—3,9 which requires vitamin B12 or methionine 

(1) This work was supported in part by grants from the National 
Science Foundation and the Greater Boston Chapter of the Massachu
setts Heart Association. 

(2) C. W. Helleiner and D. D. Woods, Biochem. J., 63, 26P (1956). 
(3) F. T. Hatch, S. Takeyama and J. M. Buchanan, Federation 

Proc, 18, 243 (1959). 
(4) V. M. Doctor, T. L. Patton and J. Awapara, Arch. Biochem. 

Biophys., 67, 404 (1957). 
(5) A. Nakao and D. M. Greenberg, J. Biol. Chem., 230, 603 (1958). 
((>) A. Stevens and W. Sakami, ibid., 234, 2063 (1959). 
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for growth: (1) serine hydroxymethylase, (2) a 
vitamin Bl2-containing enzyme3'8 and (3) a fraction 
partially purified by ammonium sulfate precipita
tion and chromatography on adsorbents. The 
vitamin B12-containing enzyme was purified about 
60-fold by means of ammonium sulfate fractiona
tion and then by adsorption and elution from 
calcium phosphate gel and by chromatography on 
diethylaminoethyl cellulose and hydroxylapatite. 

The enzymatic system carried out methionine 
synthesis in the presence of the protein fractions 
and all of the indicated cofactors (Table I). The 
addition of reduced flavin compounds to incubation 
mixtures obviated the requirement for DPNH when 
incubation was carried out under hydrogen. 

TABLI I 

All vessels contained per ml.: potassium phosphate 
buffer, pH 7.2, 50-100 u-moles; L-serine, 5-10 ,unioles; L-
homocysteine, 10 Mmoles; pyridoxal phosphate, 0.25 ^mole; 
adenosine triphosphate, 5 jraioles; Mg + + , 10 /rnioles; tetra-
hydrofolic acid, 0.5 jumole; serine hydroxymethylase; Bi2-
containing enzyme; and third enzyme fraction. To this 
basic system these additions were made when indicated: 
DPNH, 2 jumoles; oxidized FAD, 0.16 Mtnole; reduced 
FAD or FMN (catalytic hydrogenation with 30% palladium 
on charcoal), 0.2 ^mole. Incubation was for 2 or 3 hours at 
37°. Methionine was assayed microbiologically with Leuco-
nostoc mesenteroides P 60. 

Methionine 
Gas synthesized 

Expt. Additions phase m^moles 
A DPNH, oxidized FAD N2 71 

DPNH N2 11 
None N2 7 

B Reduced FMN H2 592 
Reduced FAD H2 388 
Filtered catalyst suspension 

(without flavin compounds) H2 42 
C Reduced FMN H2 236 

Reduced FMN He 34 

It is believed that the high values for methionine 
synthesis obtained were due to regeneration of 
reduced flavin by hydrogen gas catalyzed by traces 
of palladium which escaped filtration. Incubation 
under helium resulted in very little methionine 
formation. These preliminary results suggest that 
the requirement for pyridine dinucleotide in me
thionine biosynthesis can be explained by its role in 
reducing the flavin component of the system. 
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IDENTIFICATION OF A STEROL WITH ACRASIN 
ACTIVITY IN A SLlME MOLD 

Sir: 
Acrasin is a chemotactic hormone produced by 

individual amoeboid cells of the slime mold, 
Dictyostelium discoideum.^'2^ In response to a 

(1) E. H. Runyan, Collecting Xet. Woods Hole, 17, 88 (1942). 
(2) J. T. Bonner, J. Exptl. Zool., 106, 1 (1947). 
(3) B. M. ShaSer, Nature, 171, 957 (1953). 



652G COMMUNICATIONS TO THE EDITOR Vol. 81 

diffusion gradient of this hormone, the cells stream 
together to form a multicellular unit, which then 
undergoes further differentiation. Earlier work 
has indicated t ha t acrasin is stable toward acid and 
alkali4 '6 and tha t certain steroids could simulate 
the hormone to some extent.6 

We have isolated a sterol with weak acrasin 
activity in the Shaffer test3 from Dictyostelium dis-
coideum, grown on a complex agar medium in the 
presence of E. coli.2 At early aggregation, the cells 
were harvested with cold water, then boiled for 
15 minutes to stop enzymatic activity. To each 
1-1 liter portion of cell suspension 150 ml. of con
centrated hydrochloric acid was added and the 
material was boiled for 10 minutes. After cooling, 
the hydrolysate was extracted with CH2CI2. The 
extract was fractionated according to the pro
cedure previously used for the isolation of fecal 
steroids.7 The alcohol fraction, isolated via the 
hemiphthalates, was chromatographed on alumina 
grade I I I , and crystalline material was eluted by 
petroleum ether-benzene (1:1). 

No biological activity was detected in the 
acidic, ketonic, and non-alcoholic fractions and 
apparent ly all of the activity was recovered in 
the crystalline alcohol eluted from alumina. 

Since the infrared spectrum of the recrystallized 
sterol (I) suggested its identity with A22-stigmasten-
3/3-ol (II) , an authentic sample of this sterol was 
synthesized8 by reduction of A4>22-stigmastadien-3-
one to A22-stigmasten-3-one (III) with li thium in 
liquid ammonia9 and further reduction of I I I to 
I I with LiAlH4.10 The synthetic I I showed the 
same biological activity and infrared spectrum as 
I. Oxidation of I with chromic acid11 gave a prod
uct with the same infrared spectrum as I I I and the 
acetates of the synthetic I I and of the isolated I 
showed identical infrared spectra. Confirmatory 
evidence for the identi ty of I, its oxidation product 

I 
II 
Literature14 

Deliydro I 
III 
Literature14 

Acetate of I 
Acetate of I I 
Literature14 

TABLE I 

M.p.,'* 0C. 

156,0-157.0 
163.0-163.5 
159.0 
173.0-174.0 
170.0-171.0 
166.0-167.0 
156.0 
146.0-146.5 
144.0-144.5 

(a)D'* 

+ 5.2 
+ 5.1 
+ 2 
+ 20 
+ 22 
+ 2 0 
- 4.9 
- 5.0 
- 6 

c, % 
83.98 

84.00 
83.94 

84.39 
81.29 

81.52 

H, 

12. 

12 
11. 

11. 
11. 

11 

% 
.09 

.15 
40 

74 
65 

48 
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(12) Kofler block, corrected, but literature values uncorrected. 
(13) CHCh solution, at 20°, but literature values at 15-25°. 
(14) D. H. R. Barton and C. J. W. Brooks, T H I S JOURNAL, 72, lti33 

(1950). The C and H are calculated values. 

(dehydro I) and its acetate with II , I I I and the 
acetate of I, respectively, is summarized in Table 
I. Whereas the melting points of the isolated I 
and its derivatives differed from those of the cor
responding authentic samples, presumably owing 
to polymorphism, they showed no depression upon 
admixture. The possible relationship of I to the 
in vivo form of acrasin is under investigation. I is 
not as active as certain crude unhydrolyzed prepa
rations; it may exist natural ly as a conjugate, or 
act synergistically.15 Details of the isolation pro
cedure and identification will be presented else
where. 

(15) R. R. Sussman, M. Sussman, and F. Lee Fu, Bacterid. Proc., 
p. 32 (1958). 
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THE ENZYMATIC CARBOXYLATION OF BUTYRYL 
COENZYME A 

Sir: 
The enzymatic ATP-dependent carboxylation 

of acetyl CoA,1 '2 propionyl CoA, 3 - 7 and /3-methyl-
crotonyl CoA8 has been investigated. The present 
report describes the identification of the product of 
butyryl CoA carboxylation catalyzed by purified 
propionyl carboxylase.6 '7 

The carboxylase was prepared from dilute Tris9 

(0.002 M, pH 7.3) extracts of bovine liver mito
chondrial acetone powder. After aging the extract 
for 20 hours a t 30°, the protein precipitating be
tween 45 and 5 5 % saturated ammonium sulfate was 
dissolved in and dialyzed for 12 hours against 0.002 
M Tris, pH 7.3. Enzyme prepared in this manner 
had a specific activity of 22 carboxylase units 
(Flavin, et a/.4) per mg. of protein. 

The relative rates of carboxylation of acetyl 
CoA, propionyl CoA and butyryl CoA catalyzed 
by ammonium sulfate-purified propionyl carboxyl
ase are summarized in Table I. I t is apparent 
tha t butyryl CoA and acetyl CoA are carboxylated 
a t significant rates although the ra te is much 
greater with propionyl CoA. 

The reaction product of butyryl CoA carboxyla
tion was investigated. Eight units of the purified 
carboxylase were incubated for 45 minutes a t 37° 
with 200 Mmoles of Tris, pH 8.5, 8 /tmoles of ATP , 
8 ,urnoles of MgCIg, 10 pinoles of glutathione, 2 
,umoles of butyryl CoA and 2.5 ,urnoles (5 juc.) 
of KHC1 4O3 in a total volume of 3.0 ml. Following 
a 45-minute incubation a t 37 1.0 ml. of 4.V 
sodium hydroxide was added; 30 minutes later the 
mixture was acidified with hydrochloric acid and 
continuously extracted with diethyl ether for 24 
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