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the hydrolysis fragments of the above dextran
polyalcohol revealed also 2-2.59, glucose as deter-
mined by the phenol-sulfuric acid method. This
is believed to be derived from glucose residues
which are immurne to periodate oxidation as a con-
sequerice of being linked through positions 1 and
3,o0r1,2 and 4.

In an analogous marmmer it has beent shown that
glycogen and amylopectin contain about 1.0 and
0.59, glucose, respectively, which is immune to
prolonged treatment with sodium periodate. This
glucose, which still remains intact even when the
derived polyalcohols themselves are treated with
sodium periodate, could arise because of incomplete
oxidation or because of fixed rans OH groups arising
from stereochemical strain® but the present evi-
dence suggests that it arises from glucose residues
in the polysaccharides linked by 1, 3 bonds. While
it is probable that these same glucose residues
correspond to those which give rise to the 2,6-
dimethyl-p-glucose fragment produced from the
methylated polysaccharides by hydrolysis, the
possibility exists that they correspond to glucose
residues joined through positions 2 and 4.

In similar experiments on amylose and cellulose
the indications are that these two polysaccharides
contain approgimately 0.2 to 0.5 and 0.1 to 0.29
glucose, respectively, which is immune to periodate
oxidation. It is believed, therefore, that the pos-
sibility of a hitherto unrecognized linkage in these
polysaccharides is worthy of some consideratiomn.
The details and constitutional significance of these
and similar experiments on other polysaccharides
such as fructosans, hemicelluloses, fungus glucosans,
plant gums and degraded plant gums will be pub-

- lished later.

(3) M. Dubois, K. Gilles, J. K. Hamilton, P. A. Rebers and F. Smith,
- Nature, 168 167 (1951).

(6) B. H. Alexander, R. J. Dimler and C. L. Mehltretter, THIS
- JOURNAL, T8. 4658 (1951).
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X-RAY EXAMINATION OF IRON
BISCYCLOPENTADIENYL

Sirs:

Crystdlsof iron biscyclopentadienyl, prepared by
Dr. . O. Brimm of Linde Air Products Co., and
forwarded te us by Professor W. C. Fernelius, were
examined by X-ray methods at the suggestion of
the latter. Rotation and Weissenberg photographs,
using MoKe radiation, revealed a omonoclinic ceoll,
space group P2;/n, witha = 9.00 A; b = 7.52 A,,
¢ =594 A, 8 = 92.5°. The measured density of
1.516 g./cc. showed 2 molecules per cell, and thus
required the two iron atoms to be at the cell corner
and body center. The cell symmetry requires that
the molecule is centrosymmetric, with the iron
atom at its center.

The molecular structure was determined auto-
matically on X-RAC, the electronic computer for
X-ray analysis,! by use of the non-negativity cri-

(1) R. Pepinsky, J. Apsl. Phys., 18, 601 (1947).
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terion, as previously utilized by us ou the structure
of fructose? and in several other analyses.® The iron
atoms contribute positive phases to (4,k,0) termis
with & + kB = 2u. All such structure factors were
inserted into X-RAC with positive phases, and
the strongest term with %2 4 % odd was also entered
as positive. The effects of phase permutation of the
remaining odd terms were examined consecutively
and in order of decreasing amplitude, and phases
were assigned so as to minimize negative excursions
of the density function. A projection on the (wx,y)
plane concomitant with the ‘“‘sandwich” structures
proposed by Wilkinson, Rosenblum, Whiting and
Woodward® and Woodward, Rosenblum and Whit-
ing® immediately appeared. The density projec-
tion did not indicate that the cyclopentadiene
groups were rotating, and the center of symmetry
then demanded the anti-prismatic structure of
Wilkinson, et al.*

A correct form factor for iron as it occurs here is
not known, and thus a refinement of carbon posi-
tions has not yet been possible. Using an empirical
Fe** curve with an approximate temperature fac-
tor, an R-factor of 0.17 was found for a planar car-
bon ring with C-C distances of 1.41 A. and Fe-C
distance of 2.0 A. A three-dimensional analysis is
in progress, to establish the nature of the bonding
and the electronic configuration of the iron atom.

We are grateful to Dr. Brimm and Prof. Fernelius
for suggesting the problem and supplying the
crystalline material.

(2) P. F. Eiland and R. Pepinsky, Adcta Cryst., 8, 160 (1850).

(8) X-RAC Computations supported by Office of Naval Research.

(4) G. Wilkinson, M. Rosenblum, M. C. Whiting and R, B. Wood-
ward, THIS JOURNAL, 74, 2126 (1852).

(5) R. B. Woodward, M. Rosenblum and M. C. Whiting, ibid., T4,
3458 (1952).
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REecEIVED AUcusT 12, 1952

CHROMATQOGRAPHIC SEPARATION OF THE
ADRENOCORTICOTROPIC HORMONE ON
PARTITION COLUMNS!
Sir:

Fractionation of pig and sheep pituitary extracts
on oxycellulose columns? has yielded materials with
ascorbic acid depleting activities up to 100 u./mg.?
After peptic digestion of such fractions of porcine
origin, Brink, et al.,* applied the countercurrent
distribution technique in the isolation of an appar-
ently homogeneous material with an activity of
300 u./mg.

(1) This work was aided in part by grants to Professor C. H. Li from
the National Institutes of Health, the United States Public Health
Service, the Armour Laboratories, Merck and Company, Inc., and
the Eli Lilly Laboratories.

(2) (a) E. B, Astwood, M. S. Raben, R. W. Payne and A. B, Grady,
Tuis JoUrRNAL, 78. 2969 (1951); (b) C. H. Li, sbid., T4, 2124 (1952).

(3) Assays reported here were performed by the adrenal ascorbic
acid depletion method of M. A. Sayers, G. Sayers and L. A. Woodbury,
Endocrinology, 42, 379 (1948). Results are expressed in U. S. P. units
per milligram.

(4) N. G. Brink, F, A, Kuehl, J. W. Richter, A. W. Bazemore,
M. A. P. Meisinger, D. E. Ayer and K. Folkers, THIS JOURNAL, T4,
2120 (1952).
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We wisli to report the use of partition columns®
in tlie isolation of sheep hormone preparations of
high biological activities (200 to 400 u./mg.) without
prior peptic digestion.

Three to seven mg. of material purified by the
oxycellulose method®® and containing 30 to 40
u./mg. were placed on a column 1.2 c¢m. in diameter
containing 12 g. of kieselguhr® and 10 ml. of 0.2 V
HCI saturated with isobutyric acid’ as the station-
ary phase. The moving phase was composed of iso-
butyric acid saturated with 0.2 V HCL. The col-
umn was run at a constant temperature of 24° and
at a flow rate not greater than 6 ml. per hour.
After the fraction containing the biological activity
had emerged, the remainder of the material was
eluted with 6 V HCl.

The results of a typical experinent in which mia-
terial containing 0.820 mg. of nitrogen was placed
on the column are shown in Fig. 1 (open circles).
The amount of substance in cach tube was deter-
mined by the method of Lowry, e/ al® As judged
by this colorimetric procedure, the starting material
was recovered completely from the column. Frac-
tion I (119, of the nitrogen and 5%, of the activity)
started to emerge from the column after the first
17 ml. and was contained in the following 14 ml.
The material in the next 17 ml., Fraction 11, con-
tained 109, of the nitrogen and 959 of the activity.
The material eluted by 6 N HC], Fraction 111, con-
tained 749, of the nitrogen and no activity.
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Fig. 1.—Chromatogram of oxycellulose purified sheep
ACTH preparation (open circles); rechromatogram of
Fraction II (closed circles).

In many experiments on different preparations
of starting material similar results were obtained.
The material in Fraction II had approximately
the same R value’® (0.60 to 0.70) from experiment
to experiment and represented on a nitrogen basis
an 8- to 12-fold purification of the starting material.
This purification was also reflected in the biological

(5) (a) A.J. P. Martin and R. L. M. Synge, Biochem. J.. 35, 1358
(1941): (b) A. J. P. Martin and R. R, Porter. ibid., 49, 215 (1952).

(8) Hyflo Super-cel, Johns-Manville Company.

(7) F, H. Carpenter, G. T. Hess and C. H. Li, J. Biol. Chem., 187, 7
1952).

‘ (8))0. H. Lowry, N. J. Roescbrough, A. L. Farr and R. S. Randall,
ihid.. 198, 265 (1951).
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assays in which starting materials with assay values
of 30 to 40 u./mg. gave Fractions II with 200 to
400u./1ng.! When 1.1 mg. of the solids of Fraction
II were rechromatogramed, Fig. 1 (solid circles),
a symmetrical peak containing virtually all of the
material (969,) emerged close to the expected posi-
tion (R value of 0.72). Thus the material compris-
ing Fraction II showed no gross inhomogeneity by
the criterion of partition chromatography which
was applied.

The authors are greatly indebted to Professor
C. H. Li for the starting materials and for furmsh-
ing the facilities for the biological assays reported
int this paper.

(9) Based on weight as determined by the colorimetric procedure.?
DEPARTMENT OF BIOCHEMISTRY

UNIVERSITY OF CALIFORNIA GEORGE P. HEss
BERKELEY 4. CALIFORNIA FREDERICK FH. CARPENTER

RECEIVED SEPTEMBER 2, 1932

INCORPORATION OF LABELED CARBON DIOXIDE
INTO PYRUVATE AND «-KETOGLUTARATE!
Sir:

The pyruvic oxidase of pigeon breast muscle’
catalyzes the incorporation of C*Q, into pyruvate
(Table I). No addition of cofactors is required for
this reaction but with added cocarboxylase the rate
of incorporation is increased 3 to 4 fold. However,
without added Mg*+ or cocarboxylase there is no
detectable decarboxylation of pyruvate to acetoin.
Similarly the enzymatic oxidation of pyruvate by
ferricyanide requires Mg*++ and cocarboxylase.®
Thus the only activity exhibited by pyruvic oxidase
without any additions is the incorporation of CO,
presumably by an exchange reaction as follows

Pyruvate (_; (acetaldchyde-cnzyme) + CO,

Tlic ouly kuown cofactor present in pyruvic oxidase
is protogen or tlioctic acid® which according to
Gunsalus, e al.,* is part of a niore complex coen-
zyme teutatively identified by Reed, ef al,® as
lipoicyl-thiainine pyrophosphate.

TABLE I

INCORPORATION OF LABELED CARBON DIOXIDE INTO
PYRUVATE
The components of the system were pyruvate (35 umoles),
KHCUO; (2.1 X 105 cts./min.) and pyruvic oxidase (250
units) in a total volume of 1.3 ml. at pH 7.0; incubated in
nitrogen at 37°.

Time of
incubation, Cts./min./
minutes 4 mole
0 0
30 20
60 63
120 150

A similar equilibration of C!"Q, with «-keto-
glutarate is catalyzed by the a-ketoglutaric oxidase

(1) Supported by a grant from the American Heart Association.

(2) V. Jagannathan and R. 8. Schweet, J. Biol. Chem., 196, 551
(1952).

(3) R. 8. Schweet and K. Cheslock, #bid., in press.

(4) 1. C. Gunsalus, T,. Stuglia and D. J. O'Kane, sbid., 194, 839
(1952).

(3) L.J. Reed and B. G. DeBusk, THIS JOURNAL, T4, 3964 (1352).



