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and a higher than normal precipitin reaction
(G.V.) with concanavalin-A.

Treatment of various liver and muscle glycogens
with salivary a-amylase resulted in the rapid dis-
appearance of any precipitating ability with con-
canavalin-A solution.

The B-limit dextrin of waxy corn starch produced
no turbidity when treated with concanavalin-A
solution. This observation is significant in the
light of the wvarious reports that glycogen and
amylopectin are very similar, the main distinction
being in their chain lengths !417-19353¢  Varia-
tion of the exterior chain length is of little or no
consequence in the concanavalin-A:glycogen reac-
tion for the data in Table III show that removal of
the outer branches by B-amylolysis leaves a §-
dextrin showing an increase in G.V. approximately
proportional to the degree of hydrolysis.

TasLE IIT

THE “GLYCOGEN VALUEs” (G.V.) or g-Lmir DEXTRINS
PREPARED FROM VARIOUS SAMPLES OF (GLYCOGEN

G.V. G.V.
Un- After Hydrolysis, ¢
Source of glycogen hydrolyzed amylolysis o

Human liver 1.00 1.30 35

Rabbit liver 1.00 1.35 41
Rabbit hair 1.45 2.25 48
Northern pike liver 1.15 1.45 33.5
Sweet corn (Zea mays) 1.05 1.45 49
Baker’s yeast® 3.0 4.5 45

Waxy corn starch 0.00 0.00

* Reducing sugars (as maltose) determined with 3,5-
dinitrosalicylic acid?® after maximum hydrolysis with 8-
amylase. (Incubation time, 24 hr.). ¢ Purified by elution
from carbon-celite column,®

Additional information bearing on the structural
requirements for the glycogen concanavalin-A

(35) J. A. Cifonelli and F. Smith, THuis JoUrNar, 77, 5682 (1955).
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reaction is provided by the fact that -nethylated
glycogen {(from mussels, Mytilus edulis) had no
precipitating ability, while periodate oxidation of
rabbit liver and Northern pike liver glycogens, a
reaction known to attack the outer before the inner
branches of the molecule,® caused a progressive
decrease in their precipitating ability,

It would appear, therefore, that the concanavalin-
A complex involves not only the intact inner
branches of the glycogen molecule but also the
hydroxyl groups of the molecule. Further in-
vestigations into the structural requirements of
the polysaccharide concanavalin-A reaction and its
use in the study of the fine structure of polysac-
charides is in progress.37

Acknowledgment.—The authors thank Dr. D. J.
Manners and Professor E. L. Hirst, F.R.S., Uni-
versity of Edinburgh, Scotland, for the samples of
protozoan glvcogen and the “18 umnit” glycogen;
Dr. N. M. Carter, Fisheries Research Board of
Canada, Vancouver, for salmon livers; Dr. I.
McQuarrie and Dr. R. Ulstrom of the University
of Minnesota for the von Gierke liver specimens;
Dr. Allene Jeanes and Dr. F. Senti, Northern
Regional Research Service, Peoria, Illinois, for the
dextran and various samples of amylopectin; Dr.
E. J. Bourne, University of Birmingham, England,
for the polyglucosans synthesized from bp-glucose
1-phosphate by the action of P-enzyme and by the
combined action of P- and Q-enzyme; Dr. J.
Larner, University of Illinois, Urbana, for the
polyglucosan made from bD-glucose 1-phosphate
with rabbit muscle phosphorylase.

They also wish to thank the Corn Industries Re-
search Foundation for the support of this work.

(36) M. Abdel-Akher and F. Smith, unpublished work.
(37) Cf. M. Heidelberger, Z. Dische, W. B, Neely and M. I.. Wol-
from, THIs JoUrxaLr, 77, 3511 (1335).

St. PAUL, MINNESOTA

The Reaction of Concanavalin-A with Mucopolysaccharides!

By J. A. CrroNELLI, R. MONTGOMERY AND F. SMITH
RECEIVED JANUARY 31, 1955

It is known that concanavalin-A, a globulin
protein of jack bean meal, forms an insoluble
complex with yeast mannan?3 and glycogen® in
aqueous solution. By the use of this reaction
it is possible to analyze quantitatively for these
two materials® and also to differentiate the glycogen
polyglucosans from the amylopectins,® a division
which has been variously suggested to be chemically
unsound.87

A study of the reaction has now been extended
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(3) J. A. Cifonelli and F. Smith, Anal. Chem., in press.

(4) J. B. Sumner and S. F. Howell, J. Biol, Chem., 115, 383 (1936).
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78, 2485 (1956).

(6) S. A. Barker, E. ]J. Bourne and M. Stacey, J. Chem. Sor., 2884
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(7) D. J. Bell and D. J. Manners, ibid., 3641 (1952).

to the hexosaminehexuronic acid polymers, which
include heparin, mucoitinsulfuric acid, chondroitin-
sulfuric acid and hyaluronic acid. The presence of
such carbohydrate polvmers in cartilage, connec-
tive tissue and blood group substances among prod-
ucts of animal origin suggested that an applica-
tion of the concanavalin reaction to the qualitative
and quantitative study of these compounds would
be desirable.® Heparin has been found to give a
precipitation reaction with concanavalin-A. Upon
quantitative analysis® it was found that sodium
heparinate? had 509, more precipitating ability
than normal human liver glycogen, which through-
out these investigations® has been taken as a

(8) Cf. R. H. Pearce, Biochem. J., 65, 472 (1933).

(9) The anthors wish to express their thanks to Dr. M. L. Wolfrom ,
for providing samples of sodiiim lieparinate!? and beef lung galactogen.

(10) M. I.. Wolfrom and R. Montgomery, Tiis JourNarn, 72, 2859
(1950),
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standard. However, chondroitinsulfuric acid and
hyaluronic acid did not exhibit a precipitation re-
action with concanavalin-A.

Upon desulfation and concomitant acetylation of
sodium heparinate!® a desulfated heparin acetate is
obtained which gives a precipitation reaction with
concanavalin-A. This positive reaction persists
when the above material is deacetylated with ba-
rium methoxide to give the N-acetyl desulfated
heparin.!! It would appear therefore that, asin the
case of glycogen, the precipitation reaction reflects
the over-all molecular architecture of the whole
heparin molecule or part of it rather than the pres-
ence of sulfate ester groups. It is interesting to
note that desulfated mucoitin acetate!® also gives a
precipitation reaction with concanavalin-A which
lends support to the postulation of Jorpes!? that
heparin is a polysulfuric ester of mucoitin.

The galactogen!® which is obtained together with

(11) M. L. Wolfrom, R. Montgomery, J. V. Karabinos and P.
Rathgeb, THIs JOURNAL, 72, 5796 (1950).

(12) E. Jorpes, '‘Heparin,”” Oxford University Press,
1939; E. Jorpes, Biochem. J., 36, 203 (1942).

(13) M. L. Wolfrom, G. Sutherland and M. Schlamowitz, THIS
JourNaL, T4, 4883 (1952).
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heparin from beef lung does not give a precipita-
tion reaction with concanavalin-A, It is suggested
that the purity of a heparin preparation may be
determined by the concanavalin-A precipitation
reaction.

Experimental

Concanavalin-A Solution.—The concanavalin-A solution
was prepared by extracting jack bean meal with 2%, saline
as described previously.?

Concanavalin-A-Polysaccharide Precipitation Reaction.—
To an aqueous solution of the polysaccharide (1 ml. contain-
ing about 1 mg. of material) is added the concanavalin
solution (9 ml.). The two solutions are well mixed and
then allowed:to stand for 10 minutes after which time the
absorbance of the turbidity -produced is determined iu an
Evelyn colorimeter using a No. 420 filter. A blank is pre-
pared by using water in place of the polysaccharide solution.
By interpolating the absorbance produced by the precipita-~
tion reaction on a standard curve prepared in the same way
using purified human liver glycogen as a standard, the ratio
of the absorbancies produced by equal weights of poly-
saccharide and the standard glycogen is calculated.

(14) A product of the Arlington Chemical Co., Yonkers, N. Y.
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Periodate Oxidation of Cyclic 1,3-Diketones!

By M. L. WoLFrROM AND J. M. BoBBITT?
RecEIVED NOVEMBER 2, 1955

The selective oxidizing ability of aqueous periodate ion is shown to encompass cyclic 1,3-diketones.

Five- or six-membered

cyclic 1,3-diketones, unsubstituted on carbon-2, reduce four molar equivalents of oxidant to yield one equivalent of carbon
dioxide and one molar equivalent of a dibasic acid. Carbon-2 substituted, cyclic, six-membered 1,3-diketones reduce three
molar equivalents of oxidant to yield one molar equivalent of a monobasic acid and a like amount of a dibasic acid. Postu-

lated reaction intermediates oxidize more rapidly than the initial diketone and give the same products.

Satisfactory reac-

tion occurs between pH 3 and 8 with a rate maximum between pH 5 and 6. The kinetics were second order at low con-

centrations.

Oxidations of carbon compounds with aqueous
periodate ion at room temperature or below can con-
veniently be divided into two types: (1) those pro-
ducing carbon—carbon bond cleavage and (2) those
where no such cleavage takes place. The second
reaction type occurs when a hydrogen attached to a
carbon flanked by carbonyl groups is transformed
into an hydroxyl function. This gives rise to an hy-
droxy ketone, thus making the compound suscepti-
ble to the first type of oxidation.

The first type of periodate oxidation is the well
known a-glycol cleavage reaction discovered by
Malaprade?® and initially developed by Fleury* and
by Hudson,® and their associates. The same type of
oxidation probably prevails in the oxidation of a-
hydroxyketones, a-diketones,® 2-aminoalcohols’

(1) Reported in part in Abstracts Papers Am. Chem. Soc., 127, 31N
(1955).

(2) Allied Chemical and Dye Fellow, 1954-1953.

(3) L. Malaprade, Compl. vend., 186, 382 (1928); Bull. soc. chim.,
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(7) B. H. Nicolet and L. A. Shinn, THIs JOURNAL, 61, 1615 (1939);
L. H. Shinn and B. H. Nicolet, J. Biol. Chem., 188, 91 (1941),

and a-keto-acids,? since in each case the reduction
of one equivalent of oxidant is accompanied by the
cleavage of one carbon-carbon bond. The theory
of this type of oxidation has been extensively stud-
ied.?

The second type of periodate oxidation was noted
to take place in malic,!® malonic®1%!! and acetoace-
tic acids!! and their derivatives, and, indirectly, in
malonaldehyde.!* Other examples of this type of
oxidation have appeared in the sugar series.!? Ab-
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121, No. 9, 35 (1945); F. R. Duke, THis JoURNAL, 69, 3054 (1947);
J. E. Taylor, tbid., 76, 3912 (1953); F. R, Duke and V. C. Bulgrin,
tbid., 76, 3803 (1934): G. J. Buist, C. A. Bunton and V. J. Shiner,
Research, 6, 4S (1953); G. J. Buist and C. A. Bunton, J. Chem. Soc.,
1406 (1954).
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