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Further Studies of the Action of Pancreatic Amylase: A Differentiation of the Products
of the Hydrolysis of Potato Starch and of a Linear Fraction from Corn Starch!

By RosLyN B. Avrint'® anp M. L. CALDWELL

Considerable information concerning the mech-
anism of the enzymic hydrolysis of starch may he
obtained from investigations of the action of puri-
fied amylases upon different substrates. The
work reported briefly here deals with studies of the
action of highly purified maltase-free pancreatic
amylase!? upon unfractionated potato starch,
Lintner soluble potato starch, and upon a linear
fraction from corn starch. The linear substrate
was kindly supplied by Dr. T. J. Schoch. It was
hydrolyzed completely to fermentable sugar by
beta amylase and corresponded to 949, “amyl-
ose’’? by potentiometric titration.* The studies
included comparisons of the rates of the hydroly-
sis of the different substrates as well as of the
products formed from them.

Experimental

The hydrolyses were carried out at 40° as previously de-
scribed.?  Portions of the reaction mixtures were removed
at intervals during the hydrolyses and examined for total
reducing value by iodometric titration.* The reducing
values wete converted into their equivalents of maltose or
of glucose and are reported in terms of the percentage yield
of maltose or of glucose that could be obtained theoreti-
cally from the substrate. ~Because they give stoichiometric
values, iodometric titrations give a measure of the number
of glucosidic linkages of the substrate that have been rup-
tured. Portions of the reaction mixtures were also ex-
amined at intervals during the hydrolyses for maltose and
for glucose by a modification of the method of Somogyié”
for the selective fermentationt of these sugars by washed
bakers yeast. Examination of mixtures of known concen-
trations of glucose and of maltose in1 the presence of starch
showed that these sugars could be accounted for under the
conditions of these experiments to within 2%,. The re-
ducing value of the reaction mixtures in excess of that due
to glucose and maltose was attributed to unfermented re-
ducing dextrins. According to Myrbick,5? conditions
which permit the fermentation of maltose also permit some
fermentation of any straight-chain trisaccliaride which may
be present. No attempt was made in this work to dis-
tinguish between maltose and such a trisaccharide.

Average degrees of polymerization have been culcu-
lated for the reducing dextrins from their weights and re-
ducing values. In the early stages of the hydrolyses, the
values for the average degrees of polymerization of the dex-
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trins cannot be taken as absolute values, Iodometric
methods are stoichiometric for reducing sugars of low mo-
lecular weights. The application of the method to dextrins
formed in the earlier stages of the hydrolyses may intro-
duce certain errors. However, this method seems to be
the most satisfactory of those at present available by which
to obtain an indication of the breakdown of the substrates.

No evidence of maltase activity was found in composite
mixtures-of the preparations of purified pancreatic amylase
even when the highest concentrations used here reacted for
twenty-four hours at 40° with 1%, maltose under the con-
ditions used for the hydrolysis of starch.!® Similarly, at-
tempts to cause the selective inactivation of amylase and
of glucosidase (dextrinase) activities failed to give evidence
of the presence of traces of carbohydrases other than amy-
lase in the preparations of purified pancreatic amylase.?
Therefore, the results reported here do not appear to be in-
fluenced to any significant extent by the action of contami-
nating carbohydrases.

Results

Rates of Hydrolysis.—The typical data sum-
marized in Table I show that Lintner soluble

TanLe I
A COMPARISON OF THE ACTION OF PANCREATIC AMYLASE
ON POTATO STARCH AND ON LINTNER SOLUBLE POTATO
STARCH
Relative concentrations of amylase?

Reducing values as per cent, theoretical
maltose, %

Lint- Lint- Lint.
Reac- ner ner ner
tion? soluble soluble soluble
time, Potato potato Potato potato Potato potato
min, starch  starch  starch  starch starch starch
15 67 69 74 77 83 84
30 71 71 75 79 86 86
60 73 71 79 80 89 91
180 76 73 85 84 99 100
300 77 74 89 86 105 107

@ Starch, 1%; 0.01 M phosphate; 0.02 M chloride;
pH 7.2; 40°.1" ¥ Amylase preparation 1, 8 or 32 mg. per
1000 mg. starch.

TaBLE 1]
A COMPARISON OF THE ACTION OF PANCREATIC AMYLASE
oN LINTNER SOLUBLE POTATO STARCH AND ON A LINEAR

FracTioN PROM CORN STARCH

Reducing value as per cent.
theoretical maltose
Linear fractiou

Reaction® time, Lintner soluble

min. potato starch from corn starch
15 74 95
30 77 - 96
60 79 99

120 85 100

180 90 108

360 94 111

@ Starch or linear substrate, 0.5%; 0.01 M phosphate;
0.02 M chloride, pH 7.2; 40°.1® Amylase preparation 8
mg. per 1000 mg. of carbohydrate.

(10) H. C. Sherman, M, L. Caldwell and M. Adams, Tz JoUr-
wavL, 50, 2529, 2535, 2538 (1928).
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TasLE III

A CoMPARISON OF THE HYDROLYSIS OF POTATO STARCH AND OF A LINEAR FrAcTION FROM CORN STARCH BY PURIFIED
MALTASE-FREE PANCREATIC AMYLASE

Dextrins

Glucoseb as Per cent.
Reducing values as per cent. per cent. of of total Average degree
theoretical maltose theoretical products of
Reaction® Total Maltosed glucose by weight polymerization, DFP¢
time, Potato Linear Potato Linear Potato Linear Potato Linear Potato Linear
min. starch substrate starch substrate starch substrate starch substrate starch substrate
5 2.94 1.55 1.57 1.32 98 .4 98.7 144 860
10 4.08 3.34 1.92 2.29 98.1 97.7 89 464
15 5.36 5.27 2.12 3.56 97.9 96.4 60 113
20 6.40 6.64 2.53 3.83 97.5 96.2 51 68
25 7.49 8.19 2.94 4.09 97.1 95.9 43 47
30 8.58 9.97 3.46 5.27 . 96.5 94.7 38 40
45 12.8 14.8 4.50 6.42 0.24 95.3 93.6 24 22
60 16.6 19.3 6.00 8.00 .55 0.15 93.5 91.9 20 17
90 23.2 27.9 7.92 10.5 .89 .65 91.2 88.9 13 11

@ Potato starch, 1%, or linear substrate, 0.25%; 0.01 M phosphate; 0.02 M chloride; pH 7.2; 40°!0 Amylase
preparation, 0.01 mg. per 1000 mg. carbohydrate. ® Glucose or maltose by selective fermentation with washed bakers
yeast; dextrins by difference.®” ¢ Average degrees of polymerization of dextrins, calculated from their reducing values
(maltose equivalents) as follows:
weight of dextrins (mg.)

bp = reducing value as maltose (mg.)

X 2

potato starch and unfractionated potato starch the glucosidic linkages of the substrates had been
were hydrolyzed at practically the same rates broken, the linear substrate was hydrolyzed more
when treated with the same concentrations of rapidly than the unfractionated starch (Tables II
pancreatic amylase under comparable conditions. and III). These results suggest that there are
On the other hand, the data given in Tables II more points for attack by pancreatic amylase in
and III show significant differences in the rates the branched chain than in the straight-chain
of the hydrolysis of the linear substrate and of components of starch, but that the reducing dex-
unfractionated potato starch. trins formed from the branched chain components
In the very early stages of the hydrolyses, in are hydrolyzed less rapidly by the amylase than
the presence of relatively low concentrations of are the reducing dextrins formed from the straight
amylase (Table III), unfractionated potato starch  chain components.
was hydrolyzed more rapidly than the linear sub- Further study of the data given in Table III
strate. However, after approximately 3% of showsnot only that pancreatic amylase hydrolyzes

TABLE IV
Propucts FORMED FROM POTATO STARCH AND FROM THE LINEAR SUBSTRATE BY PURIFIED MALTASE-FREE PANCREATIC
AMyLASE®
Dextrinsb
Reducing values as per cent. Glucose? as Per cent. Average degrees
theoretical maltose per cent. of of total of polymeriza-
Reducing theoretical products tion¢
dextrinsd Maltosed glucose by weight Potato Linear
Potato Linear Potato Linear Potato Linear Potato Linear starch substrate
Total starch substrate starch substrate starch substrate starch substrate DP DP
2.9 1.33 0.5 1.57 2.0 98.4 98.0 148 392
5 2.8 2.3 2.2 2.7 97.8 97.3 70 85
10 6.5 5.5 3.5 4.5 96.5 95.5 30 35
15 9.5 8.5 4.7 6.5 0.40 94.9 93.5 20 22
20 12.3 11.3 6.5 8.3 0.60 0.2 92.9 91.5 15 16
25 15.0 13.5 8.0 10.5 1.0 0.5 91.0 89.0 12 13
30 18.4 15.9 9.0 12.5 1.3 0.8 89.7 86.7 9.8 11
35 21.3 18.1 10.5 14.5 1.6 1.2 87.9 84.3 8.3 9.3
40 23.9 19.3 12.5 17.5 1.8 1.6 85.7 80.9 7.2 8.4
50 28.7 22.4 16.5 23.0 2.4 2.3 81.1 74.7 5.7 6.7
60 31.0 24.1 21.0 29.5 4.0 3.2 75.0 67.3 4.8 5.6
70 31.3 23.5 25.5 38.5 6.6 4.0 67.9 57.5 4.3 4.9
80 30.2 31.0 9.4 59.6 3.9
90 22.5 41.5 13.0 45.5 4.0
100 15.5 50.5 17.0 32.5 4.2
110 15.2 52.0 21.4 26.6 3.5

@ Potato starch, 19 or linear substrate 0.25%; 0.01 M phosphate; 0.02 M chloride; pH 7.2; 40°.2 ° Glucose or
maltose, by selective fermentation with washed bakers yeast; dextrins by difference.®” ¢ Please see Table I1I, footnote c.
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the unfractionated starch and the linear substrate
at different rates, but also that, for the same time
intervals with the same concentration of amylase,
the relative concentrations of the products formed
from the two substrates differ.

A comparison of the products formed from the
two substrates when equivalent numbers of gluco-
sidic linkages had been ruptured is given in Table
v,

Examination of the data summarized in Tables
ITI and IV shows that maltose was present in
measurable concentrations from the very early
stages of the hydrolysis. It was present in con-
siderably larger concentrations in the hydrolyzates
from the linear substrates than in those from po-
tato starch whether the comparisons are made at
the same time intervals with equal concentrations
of amylase (after the first five minutes, Table I1T)
or at equivalent stages in the hydrolyses of the
two substrates (Table IV).

Glucose, also, was liberated by maltase-free
pancreatic amylase from potato starch and from
the linear components of corn starch although
this sugar did not appear in the very early stages
of the hydrolyses of these substrates. The data
given in Table 1V show that even after 159, of the
glucosidic linkages of the substrates had been
broken, only about 19, of glucose was present.
Comparisons at the same time intervals with equal
concentrations of amylase (Table IIT) and also at
equivalent stages in the hydrolyses of the two sub-
strates (Table IV) show that glucose appeared
somewhat earlier and at equivalent hydrolysis was
present in slightly larger concentrations in the hy-
drolyzates of potato starch than in those of the
linear substrate. These differences in the con-
centrations of maltose and of glucose obtained
from the two substrates suggest that the presence
of 1,6-a-pD-glucosidic linkages in the branched
chain components of starch interferes with the
formation of maltose and favors the production of
glucose by pancreatic amylase. This suggestion has
received confirmation in subsequent studies with
waxy maize starch, a branched chain substrate.!!

The data given in Table IV also show that pan-
creatic amylase causes the rapid breakdown of
both substrates to reducing dextrins of low aver-
age molecular weights and of relatively high re-
ducing values. When the total reducing values of
the hydrolyzates were equivalent to 509, theo-
retical maltose, reducing dextrins accounted for 57
and 459, of the total reducing value and for 81 and
75%, by weight of the total products present in the
hydrolyzates from the unfractionated starch and
from the linear substrate, respectively. These
findings are in accord with the observations of
many investigators that pancreatic amylase
causes a rapid decrease in the viscosities of its sub-
strates and the rapid disappearance of products
which give color with iodine. In the present stud-

(11) F. M, Mindell, A, L Agnew and M. I. Caldwell, Tars
JOURNAL, in press,
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ies, a clear red color with iodine was obtained
when the reducing values of the reaction mixtures
were equivalent to approximately 259, theoretical
maltose. The achromic stage was reached at ap-
proximately 559, theoretical maltose.

Further study of the reducing dextrins (Tables
IIT and IV) is of interest. During the early stages
of the hydrolyses, the average molecular weights
of the reducing dextrins liberated from the lin-
ear substrate were relatively high as compared to
the average molecular weights of the dextrins
from unfractionated potato starch, These find-
ings again suggest that the branched chain compo-
nents of starch offer more points of attack for
pancreatic amylase than do the linear components.
However, reducing dextrins were present in con-
sistently lower concentrations in the hydrolyzates
from the linear substrate than in those from the
unfractionated starch. Therefore, the dextrins
from the linear substrate appear to be hydrolyzed
more readily than those from the branched chain
components of starch.

Taken all together, the data lead to the conclu-
sion that pancreatic amylase causes the random
hydrolysis of both the branched and the linear
components of starch.

Comparisons of the data obtained with unfrac-
tionated potato starch and with Lintner soluble
potato starch, showed that a preliminary acid
treatment of potato starch influences appreciably
the course of the hydrolysis of starch by pancrea-
tic amylase. As would be expected, the average
molecular weights of the reducing dextrins were
lower in the earlier stages of the hydrolysis of the
acid treated, partially degraded starch. In the
later stages of the hydrolyses, more maltose and
smaller concentrations of residual dextrins of the
same or of slightly higher average molecular
weights were present in the hydrolyzates of Lint-
ner soluble potato starch than in those of un-
treated potato starch.

Summary and Conclusions

A study has been made of the action of purified
maltase-free pancreatic amylase upon unfrac-
tionated potato starch, Lintner soluble potato
starch and upon a linear fraction from corn starch.

No marked differences were observed in the
rates of the hydrolysis of unfractionated potato
starch, or of Lintner soluble potato starch when
comparisons were based upon the total reducing
values of the hydrolyzates obtained with the same
concentrations of amylase reacting under compar-
able conditions.

On the other hand, marked differences were ob-
served in the rates of hydrolysis of unfractionated
potato starch and of the linear substrate.

The evidence indicates that there are more
points for attack by pancreatic amylase in the
branched chain components than in the linear
components of starch but that the reducing dex-
trins formed from the branched chain components
are hydrolyzed less readily by pancreatic amylase
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than are the reducing dextrins formed from the
linear components. Marked differences were also
found in the relative concentrations of the products
formed by pancreatic amylase from unfractionated
potato starch and from the linear substrate. These

differences were observed whether the comparisons-

were made for the same time intervals with the
same concentrations of amylase or at equivalent
stages in the hydrolysis of the two substrates.

Maltose was present in measurable concentra-
tions from the very early stages of the hydrolysis
of unfractionated potato starch and of the linear
substrate. However, this sugar was present in
considerably higher concentrations in the hydroly-
zates from the linear substrate than in those from
potato starch whether comparisons are made at
the same time intervals with equal concentrations
of amylase or at equivalent stages in the hydroly-
sis of the two substrates.

A BI1oLoGICALLY ACTIVE CONJUGATE OF PANTOTHENIC ACID
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Glucose was liberated by maltase-free pancre-
atic amylase from unfractionated potato starch
and from the linear substrate although this sugar
did not appear in the very early stages of the hy-
drolyses of these substrates. Comparisons made
at the same time intervals with equal concentra-
tions of amylase and also at equivalent stages in
the hydrolyses of the two substrates show that
glucose was liberated somewhat earlier and at
equivalent hydrolysis was present in slightly
larger concentrations in the hydrolyzates of potato
starch than in those of the linear substrate,

A study of the results as a whole indicates that
purified pancreatic amylase causes the random hy-
drolysis of both the straight and the branched

chain components of starch.
NEw Yorg, N. V. REeCEIVEDY JULY 2, 1948

(12) Original manuscript received May 7, 1947,
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Pantothenic Acid Studies. VI. A Biologically Active Conjugate of Pantothenic Acid!

By Tsoo E. KiNG, I. GorpoN FeLs AND VERNON H, CHELDELIN

In a previous paper from this Laboratory? glu-
tamic acid was reported to enhance the growth
promoting property of pantothenic acid in certain
strains of yeast. A related observation was made
by Woolley,® who found that glutamic acid was
very active in reversing the inhibitory effect of
ketone analogs of pantothenic acid in organisms
which require the preformed vitamin in the me-
dium. Although the mechanism of these actions is
at present obscure, it appeared possible that glu-
tamic acid might conjugate with pantothenic acid
or B-alanine (and possibly with pantoic acid in the
proper linkage) to produce a substance which is
more active for the growth of microdrganisms.
Since numerous possibilities exist for combina-
tions of pantothenic acid, glutamic acid and g-
alanine, their direct preparation was deferred in
favor of biosynthesis of active materials by
resting cells.

Glutamic acid was incubated in buffered saline
with B-alanine or with pantothenic acid in the
presence of resting yeast cells (S. cerevisiae L. M.
strain, A.T.C.C. No. 9371). The resulting mix-

(1) This Investigation was supported by research grants from the
Division of Research Grants and Fellowships of the Natlonal In-
stitute of Health, U. S. Public Health Service, the Nutritlon Founda-
tion, Inc., and Swift and Company. Published with the Approval
of the Monographs Publications Committee, Oregon State College,
Research Paper No. 131, School of Science, Department of Chemis-
try. Presented before the Division of Biological Chemistry. Ameri-
can Chemlcal Society, 114th meeting, Portland, Oregon, September,
1948. A preliminary report was given at the sixth meeting of the
Oregon Academy of Science, Salem, Oregon, February, 1948. For
the previous paper in this series, see T. E. King, R, L. Stearman
and V. H. Cheldelin, TH1s JournaL, 70, 3969 (1948).

(2) T. E. King and V. H. Cheldelin, Arch. Biochem., 16, 231
(1948).

(3) D. W. Woelley, J, Biol. Chem., 168, 481 (1946).

ture showed extremely great activity, occasionally
over a thousand times that of the B-alanjne or
pantothenic acid present, as measured in a panto-
thenic acid-free medium using L.M. yeast. The
incubated product from @-alanine was always
more active than that from pantothenic acid.
However, the results were not consistent; in six
of eighteen experiments no increase in activity was
obtained, and the trend among the later experi-
ments was toward increases of twofold or less. It
was not possible to tell whether this was due to in-
consistencies in synthesis of active material or to
variable requirements by the assay organisms.
It was therefore decided to seek another assay or-
ganism for the active principle, as well as new
sources from which it might be isolated.

Stimulation of Growth in S. cerevisiae 2190

Strain 2190 (National Collection of Cultures,
London) was observed previously* to grow very
feebly in a pantothenic acid containing medium
which was satisfactory for the growth of sixteen
other yeasts. The addition of glutamic acid im-
proved the growth considerably, although further
enhancement was obtained with yeast extract.
The effects are summarized in Table I. The glu-
tamic acid effect recalls the similar observation in
strains L.M. and 2504.2 However, strain 2190
was not stimulated by the mixture resulting from
incubation with resting L.M. yeast cells. The
extra stimulatory effect of yeast extract upon 2190
was also manifested by acid-hydrolyzed casein, as
well as by amino acid mixtures containing no addi-
tional glutamic acid.

(4) H. P. Sarett and V, H. Cheldalin, J. Bact,, 49, 81 (1945).



