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would be unusually high. This indi- 
cates that the formation of the inositol 
ring may be a limiting step at least in 
many cases in the formation of strepto- 
mycin. 

Further support for the theory that 
myoinositol is a direct precursor for 
streptomycin is that myoinositol, to 
some extent, is capable of overcoming 
the depressing effect of high concen- 
trations of phosphate. This is shown 
to be true for the organic substrate 

already described and for a simple 
medium of glucose and ammonium ni- 
trate (8). The total activity in the 

high phosphate cultures did not reach 
that of the controls, but the percentage 
of stimulation was much higher in the 

presence of large amounts of phosphate 
(Table 2). The optimal proportion be- 
tween inositol and phosphate was not 
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determined. There is still the question 
of whether myoinositol is the natural 
precursor for the streptidine, although 
the indications are that it is the pre- 
cursor. An interesting fact which some 
authors seem to have overlooked is that 
the myoinositol has a steric configura- 
tion other than that of the streptidine 
which has a scyllo configuration. This 
means that if the myoinositol before 
or after the attachment of the two 

guanido groups does not undergo any 
rearrangements, the glucosidic band 

connecting it with streptobiosamine 
must be established; at carbon atom 2 
simultaneous inversion of the steric 

configuration at this atom takes place. 
Only one author (9) has tested scyllo- 
inositol which has the same steric con- 
figuration as streptidine. He found that 

scylloinositol did not increase the pro- 
duction of streptomycin; the compound 
was, however, capable of reversing the 

inhibitory effect shown by its oxida- 
tion product myoinosose. 
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colorless precursor of oenidin (cyani- 
din) in grape leaves, which was con- 
verted into the colored oenidin during 
boiling with 20 percent hydrochloric 
acid, the existence and widespread dis- 
tribution of leucoanthocyanins in plant 

colorless precursor of oenidin (cyani- 
din) in grape leaves, which was con- 
verted into the colored oenidin during 
boiling with 20 percent hydrochloric 
acid, the existence and widespread dis- 
tribution of leucoanthocyanins in plant 

tissue has been demonstrated qualita- 
tively (4-9). While the Robinsons (4) 
used solubility and color reactions for 
qualitative identification, Bate-Smith 
(6) first introduced paper chromatog- 
raphy for the identification of anthocy- 
anidins formed from leucoanthocyani- 
dins, and this technique was extended 
by Roux (8, 9). Cyanidin is the chief 
anthocyanidin pigment obtained from 
plant leucoanthocyanins, although del- 
phinidin and others have been reported 
in some cases. The conversion was 
obtained by heating aqueous extracts 
with hydrochloric or sulfuric acid (the 
Robinsons (4) used boiling 10 percent 
HC1, Bate-Smith (6, 7) used hot 2N 
HC1, heating the reaction in a boiling 
water bath). Quantitative methods for 
their determination were introduced by 
Pigman et al. (10) and modified by 
others (11-13). More empirical modi- 
fications were reported by Luh et al. 
and by Nakayama and Chichester 
(14). Pigman et al. (10) introduced 
the use of n-propanol solutions of hy- 
drochloric acid instead of aqueous or 
methanol solutions and reported some 
observations on the kinetics of conver- 
sion of spruce leucoanthocyanins to 
cyanidin. Swain and Hillis (11) intro- 
duced the use of n-butanol in place of 
the more volatile n-propanol, and re- 
ported that the conversion was not 
quantitative even over the range of 50 
to 400 jag of leucoanthocyanin. While 
it is known that the conversion of an- 
thocyanogen into the corresponding 
anthocyanidin, on heating with alcohol 
containing HC1, is not complete, yields 
of 10 percent or less being obtained, 
the kinetics of the reaction and its 
mechanism have not been investigated. 
Pigman et al. (10) reported that the 
conversion in n-propanol containing 
HC1 was reduced in rate and extent by 
the presence of water. They obtained 
a higher yield of anthocyanin in 0.03N 
HC1 in the absence of water than in 
1.8N HC1 in the presence of 20 percent 
of water, by volume. This result was 
confirmed and extended by Roux and 
Bill (15) who reported yields of about 
40 percent with anhydrous 0.03 to 
0.02N HC1 in n-propanol in compari- 
son with 3 percent yields in aqueous 
3N HC1 and 20 percent yield with 3N 
HC1 in n-propanol under the condi- 
tions of Pigman et al. (10). They pro- 
posed that the conversion of flavan-3, 
4-diols into anthocyanidin occurs by 
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by oxidation or disproportionation. 
Molecular size limited the extent of 
conversion (13, 16). The yield of fise- 
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Conversion of Leucoanthocyanins into the 

Corresponding Anthocyanidins 

Abstract. Purified preparations of leucoanthocyanins from several sources were 
heated in butanol-hydrochloric acid solutions from 50? to 90?C and the rate of 
production of cyanidin was measured. From the temperature dependence of this 

rate, the calculated energy of activation was of the order of magnitude of 20,000 
calories. The rate-limiting step in this reaction was similar for two preparations 
tested, and of lower energy for a third, presumably of lower degree of poly- 
merization. 
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Table 1. The percentage conversion of three 
leucoanthocyanin preparations into cyanidin 
on heating with a solution of n-butanol in 
HC1. 

Tem- Number of minutes 
perature 

(?C) 5 10 15 20 30 60 

Grape phlobatannin 
50 0.10 0.56 0.42 0.56 0.63 1.15 
60 0.90 0.90 1.90 2.84 
70 0.94 1.70 2.07 2.59 3.59 5.27 
80 2.09 3.45 4.48 4.96 5.93 7.32 
90 4.23 6.05 7.09 7.80 8.70 9.92 

Cacao 
70 2.00 2.92 3.87 6.04 8.24 
90 4.79 5.85* 

Melacacidin 
50 0.25 0.46 0.61 0.82 1.14 1.32 
80 0.39 1.08 1.90 2.33 3.24 5.84 
90 1.83 2.89 3.88 4.50 5.63 7.04 

* After 8 minutes. 

Table 2. First order reaction rate constants 
(K) of conversion of three leucoanthocyanin 
preparations into cyanidin after heating with 
a solution of n-butanol in HC1. 

K X 104 E 

50?C 60?C 700C 800C 90?C Cal 

Grape leucoanthocyanin 
5.74 6.30 16.0 29.5 84.0 21,000 

Cocao leucoanthocyanin 
17.1 35.1 23,000 

Melacacidin leucoanthocyanin 
9.83 21.4 12,000 
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tinidin was reported (16) to be about 
24 percent from the monomeric leuco- 
fisetinidin and to decrease to about 7 
percent for the trimeric tannin and to 
5 percent for pentameric or decameric 
tannins. Pigman et al. (10), on the 
basis of qualitative observations, indi- 
cated that the reaction occurred in 
stages but did not specify them. 

To obtain additional information on 
the mechanism of the conversion, the 
rate of conversion of several leucoan- 
thocyanin preparations in a solution of 
n-butanol in HC1 at several tempera- 
tures was determined. The reaction 
was followed by heating 5 ml of eth- 
anol solution of leucoanthocyanin con- 
taining 5 to 50 mg of leucoanthocyanin 
preparation (17) with 50 ml of n-bu- 
tanol containing 5 percent by volume 
of concentrated hydrochloric acid at 
various temperatures. Portions were 
removed and cooled in an ice bath and 
their absorbance was determined at 550 
m,A in a 1-cm quartz cell in a Beck- 
mann Model DU spectrophotometer. 
The concentration of cyanidin pro- 
duced was obtained from the absorb- 
ance of a pure preparation of cyanidin 
in n-butanol-HCl in the range of 0 to 
10 /Ag/ml. The concentration of leu- 
coanthocyanin preparation usually was 
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0.091 mg/ml and the hydrochloric 
acid was approximately 0.66N. 

The conversion into cyanidin varied 
with the heating conditions from 0.10 
percent to almost 10 percent (Table 
1). Assuming that the equivalent 
weight of the leucoanthocyanin equaled 
the molecular weight of cyanidin, we 
found that when the logarithm of the 
concentration of unconverted leucoan- 
thocyanin was plotted against time, the 
graph was linear for the first 10 min- 
utes at higher temperatures (above 
60?C) and for the first 60 minutes at 
lower temperatures (60?C and below). 
The first-order specific reaction rate 
constants calculated from these graphs 
are shown in Table 2. The Arrhenius 
constant corresponding to these rate 
constants, calculated from the slope of 
the curve of log K versus 1/T varies 
from 23,000 calories for cacao leuco- 
anthocyanin to 12,000 for melacacidin. 
A preparation of leucocyanidin ob- 
tained by reducing taxifolin with boro- 
hydride in ethanol according to the 
procedure of Brown (18) yielded a 
compound which formed cyanidin in 
the cold on addition to acidified bu- 
tanol. These observations indicate that 
the energy required for the rate-limit- 
ing step is smaller the lower the degree 
of polymerization of the compound 
tested. 

M. A. JOSLYN 
J. L. GOLDSTEIN 

Department of Nutritional Sciences, 
University of California, Berkeley 
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Phospholipid-Sugar Complexes 
in Relation to Cell Membrane 
Monosaccharide Transport 

Abstract. Phospholipids extracted 
from "ghosts" of human erythrocytes 
or from other sources carry substantial 
quantities of glucose or other mono- 
saccharides from the dry state into 
highly nonpolar solvents. Various 
characteristics of this weak association 
phenomenon show suggestive parallels 
with known properties of the mediated 
sugar-transfer system in the membrane 
of the intact red cell. 

Much evidence has accumulated in 
support of the thesis that the penetra- 
tion of simple sugars into various types 
of cells in the vertebrate body involves 
a transient physicochemical association 
of the translocated sugar molecules 
with some special component of the 
barrier (presumably the plasma mem- 
brane) at the cell surface. We have 
therefore tried to extract such compo- 
nents from the stromata of human red 
blood cells, in the hope of duplicating 
in an inanimate system some of the 
sugar-transport properties which have 
been defined for these cells. The mole- 
cules bearing the apparent reactive sites 
have been pictured as acting either as 
carriers traversing the membrane in 
combination with the sugar (1, 2), as 
relayers transferring the sugar along a 
path of relatively fixed adjacent sites 
(3), or as modifiers rendering the 
sugar capable of penetrating the mem- 
brane on its own, as by inducing the 
formation of less hydrophilic dimers 
(4). In all of these concepts a special- 
ized monosaccharide-accepting site of 
considerable sterospecificity, sensitive to 
a variety of defined pharmacological 
agents, is presumed. 

Since the critical structural compo- 
nent of the membrane is generally con- 
sidered to be the lipid layer, and since 
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