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IRTRODUCTION

3 Hogt studies of the starch-amylase problem are complie-
cated by the absence of adequate knowledge of the nature of
the subsirate and the nature of the enzyme. The responsibility
for this laok of knowledge probably lies in the fact that the
invsstigators are elther carbohydrate chemists interested in
the starch angle with subgeguent scoeptance of the enzyme as
an entlity, or are biologlsts interested primarily in the
enzyne with subsequent acceptance of the sterch as a chemical
entity. Beocauge few investigators have been interested in the
gtarch-amylase problem as s whole, there are available few
comprehenslve studles ineluding purification, characteriza-
tion and propertlies of the engyme, rabte and degree of the
amylese action on various starch gubstrates, and isolation
of the starch degradation products, followed by an examina-
tion of the physical and chemical properties of these products.
In this investigation an attempt has been made to study the
problem from both the sgtarch viewpoint and the enzyme view-
point. Because the literature survey and the experimental
work in each oase assumes dlfferent polnts of attack, this
thesis is dlvided into two sections:

1. The concentration, charascterization and properties

of soybean amylase.



2. Investigations of the degradation products formed
from starch by the action of u~ and B-smylase.



PART I

THE CONCENTRATION, CHARACTERIZATION AND PROPERTIES
OF BOYBEAN AMYLASE

Review of literature

The uae of soybsans ag s source of anylage is limited.
Orestanc and 2ummo (1) in a study of the amylase in goybesns
report after hest-treatment studles, that thelr results do
net indiocate the existence of two different amylases, one
sausing liguefaction and the other sacehgrificstion of the
starch substrate. Gore and Jogsa (2) record marked saccharw
ifying metion in soybeans., In further substantiation of the
saccharifying aotion of soybeans, Orestano (3) reports that
only one couponent, probably f-amylase, 1s present. Teller
{4) reports the presence and relative activity of various
plant amylases. Soybean amylase proved to be a stronger
saccharifying agent than any of the enzymes tested except
for the amylape from dry sweet potato. The work of Newton
and Naylor (5), based on mutarotation, m»wumuwamn »amnnu
color and degree of hydrolysis studies, has definitely
established that the starch hydrolyzing enzyme present in
soybeans 1s B-amylsase.

- Some information as %o the rate of reactlon of the

gsoybean smylase is given by Artom and Orestanc (6). These



authorg present the eguatilons for the rate of liquefaction
and saccharification of starch by soybean amylase. That
the rate of reaction of soybean amylase can be effected by
the presence of maltose, which 1g one of the end-products,
is shown by the data of Sohultz and Landis (7). These
anthors show that removal of the fermentable sugars by a
Yeast fermentation inoreased the produetion of fermentable
materisl by about 15% at the end of a six hour digestion.
In cases where the maltose was removed, the diastatic ae-
tivity of soybeans wae found to be a linear function of
time and enzyme eonceniratlion throughout large wvariations
in substrate concentration. 1If the maltose is not removed,
it acts asg an inhibiting agent casusging s marked reduction in
the rate of hydrolysis of the starch.

The p~amylase preparstions from sgoybeans prepared ac-
sording to Hewton and Naylor (5) have been utilized in studles
of the chemical and physiesl nature of starches. The action
of the snzyme on starch from different specles of plants 1s
reported by Martin and Newton (8). Thelr digestions of rice,
tapiooca, wheat, potato and corn starch by soybean amylase
show marked variations in the rate of digestion of the starches,
eapemiallé in the earlier phases of the reaction. For example,
after & 60 mimute dlgeestion of gelatinized samples, 38% of
the theoretical maltoee was produced from potato starch while

ocorn starch gave 45% of the theoretlcal maltose. Howsver, 1F
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instead of gelatinizing the starch the substrate was prepared
by heating the agueous suspension of the raw gtarch at a lower
temperature, the dilfference in the rate of digestion was muoh
greater. A sample of potato starch heated in agusous suspshe-
slon at 70%* €. and then subjected to the action of soybean
p-amylase gave 46% maltose after 60 minutes, while a sample
of corn starch prepared under identical conditions gave only
zﬂ%fihaﬁrwtiaal maltogse. Thelr subsequent studles of the
effect of teuperature of preparation of starch pastes on the
extent of hydrolysis by soybean auylase suggest the use of
this enzyme ag a tool for differentisting starches and for
following starch modification. The use of the soybean
Bwgmylase to follow the modification of starch was investi-
gated by Newton, Farley and Nayler (9)}. In addition to the
starches studied by Martin and Newton, these guthors have
extended the linvestigations %o include waxy malze, waxy
sorghum gnd sweet potato starch, several varletles of corn
gtarch, mechanloally modified starches, oxidized corn starches,
corn flour, brewer's flakes, dextrins and acid-hydrolyzed
sorn starches. Characteristio digeatlion curves of these
starches show the variance in susceptibllity to enzyme ao~-
tion. Some of the starches tested have but slight variations
in phyeical and chemleal properties, yet the sction of
feamylase emphasizes the marked dlifferences which actually

aoour.
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Martin (10) used soybean Be~amylsse in the preparation
of the products of starch-guylase digestion. The dextrins
produced by the action of B~-amylase on various starches were
isolated and purified. They were then studled as to further
hydrolysia by B-amylase, reducing value, fat eontent, phos-
phorus content and the starch content according to the ad-
sorbed iodine method of Denny (11)}. The prineipal results
of these studies were published by Martin, Naylor and Hixon
{13). The dextrins were isolated by alechol precipitation,
collected by sentrifugetlon and purified by electrodialysis.
The dextrins were observed to‘be qulte different from the
original stareh, the reducing power and phosphorus and fatty
seld content in general Dbeling somewhat higher than in the
original starches. This leg in accord with the theory that
the dextrine are fragments of the original staroh molecule .
and should contaln a higher concentration of the phosphorus
and fatty-aocld groups. However, the residual dextrin formed
by the action of f-smylase is obtalined in about the same
yield in digestions of different starches irrespective of
the phosphorus and fatty-acid content of the etarch. This
faot caste considerable doubt on the theory that therhos-
phorus or fatty-acld groups aet to bloek the aotion of the
amylasge at a certain stage of hydrolysie. The only direct
ecorrelation between the fatty-acld or phosphorus content and

the properties of the starch was obtalined between the optimum
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temperature for preparing the substirates and the fatty-acid
content. A stareh with s high fatty-acld content apparently
has & lower slublility, thus requlring a higher optimum tem
perature for preparing the substrate. Caldwell (12), 1n a
study of the frasctionation of starch, has utilized soybean
B-amylase in the preparation of the limit dextrins for char-
acterization by chemical means. It is from these studles
that further evidence for the heterogenity of the B~amylase
1imit dextrin is obtained. The heterogeneous nature of the
resldual dextrin was previocusly demonstrated by Beckmann
and Landie (14) in their etudies based on ultracentrifugation
of dextrins produced from potato starch by the aotlon of the
feamylase of soft-wheat flour.

Another uge of goybean anylazse ls guggested by the work
of Schoene, Pulmer and Underkofler (15). In studies of the
saccharification of starchy graln mashea for the alecholic
fermentatlon industry they have found that the addition of
small amounts of soybean meal %o some of thelr fermentstions
gave a oonsiderable increase in the aleochol yield.

‘fhe concentration of amylases haeg been accomplished by
nunerous procedures. One of the earliecat efforts toward
congentration of an amylase was reported by Payen and Persoz
{16) in whioh alochol was used as tha»praaiyitating agent.
Dubprunfaut (17) found that heztervresuléa were abtéinaa.hy
rbreeipi%atiag the amylase from agueous extracts of malt with
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The following iz a sumnary of the fundamental methods
uged, individuslly or in ocombinstions, in sttempts to concen-
trate the amylase from various sources:

1. Extraotion of the amylage with water.

2. Extraotion of the amylase with glycercl-wster solutions.

3. Preoipitation by organic solvents (alecohol, ether,

acetone, etoe.).

4. Precipitation by organic precipitants (tannin, ete.).

5. Precipitation by heavy metals (Hg, Pb, ete.).

8. Preecipitation by salting out {(ammonium sulphate).

7. Preecipitation by ohange in pH (dlalysis and sleotro-

Atalysis).

8. Adsorption of the enzynme.

9. Adsorption of the impuritles.

From the foragoling dlscussion 1t iz evident that the
atudies involving the use of soybean B-amylape are very
limited. However, the invegtigations Indleste some of the
valuable uses of a pure PB-anylase. Such a oconvenlent source
of p~anylase concentrates in appreclable quantities 1s un-
available from any other source with the possible exception
of the sweel potato. This uuggaéts the utilization of the
aayﬁﬁaa a8 & primary sourgce of the enzyme, the pPrimary oeone
sentrates then being further purified by any of the above
methods.



Haterials Used

A, Amylase |

Ail soybean amylase prepsrations used in this investiga-
tion were prepared by the author in this laboratory. The soy~-
beans were furnished through the courtesy of the Agronomy
Departuent of Iowa State College gnd the Agronemy Sestion
of the lowa Agricultural Experiment Station.

B. Starches

The starch used in all quantitative enzyme nmeasurements
was a commercisl soluble starch prepared by the J. T. Baker
Company. A large quantity of this starch was obtained at
the beginning of the investigatlon and utilized throughout
the work., The starches used ln rate studles were regular

commerelal starches.
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Btatenent of Problems

The purpoge of this etudy was to investigate:
1. %The concentration and characterization of the
smylolytic enzyme in soybeana.
4. A study of the properties of the amylase in

goybeans.
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Varietal Differences in the Amylase Content of Soybeans

Before any attempt was made to concentrate the amylase,
a study of the amylase content of different varietlies of
goybeans was underteken. Samples of three varieties of soy-
beans, Mukden, Variety Ko. 65424 and Variety No. 54818, were
obtained. The beans were carefully hand-sorted to remove
all broken or discelored beans and then ground in a Wiley
mlll to pass a 40 mesh soreen. The procedure for extraotion
0of the enzyme, preparation of the subgtrate and determination
of the redueing equivslent, expressed se maltose, has been
previously published (8). Expressed ss milligrams of maltosge
produced per milligram of bean extracted, the average values
for these three varieties of soybeans were 19.7, 33.3 and 21.3,
respectively. The experimental error in individusl determins-
tie&é of the Sama variety was as great ss the difference
between the varietieg. However, Varlety No. 654234 was con-
gistently higher in saccharcgenie power than elther of the
other varietiea. A supply of this sample was therefore ob-
talned and used asz the gource of amylase for all of the prelim-
inary etudies.

At a later date fifteen varletles of soybeans were
ebtalned through the cooperation of the Agronomy BSection
of the Iowa Agricultural Experiment Statlon. The beans were
grown in Iows in the summer of 1938. These samples were

tested for saccharogenic power. The amylase content of the



soybeans, as shown in Table I, varied from 7.14 to 15.80.

TABLE X
Variation in the amylase content of soybeans.
Yariety No. Ssccharogenie Varisty No. Saecharogenic

Power Power
101 11.233 328 9.89
107 11.72 409 7.88
114 . 12.75 411 7.39
211 7.39 412 7.14
213 11.73 508 11.47
3185 15.80 518 ' 9.89
301 11.73 5256 11.233
314 14.80

Three samples grown in a different section of the state

in the previcus growing season had saccharogenic powers of
about 20. Thus 1t 1g evident that there 1g a marked differ-
gnce in the amylase ocontent from varlety to variety and

from year to year. The number of varieties tested was not
sufficient to draw any definite oconcluaions. However, marked
variletal differences in the amylase content of other plant
a&e@svhave been obgerved by numerous investigators (33, 34,
35, 36). Therefore, even %haggh a large number of soybean
aamplas were not investigated, these data,ln collgboration

with data pertaining to other seeds, indicate a marked



variation in the amylagse eontent of different strains of

soybeans and in the ssme stirain from sesgon to season.
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Effect of Germination

Bray and Naylor {37) have suggested that the amount of
extractable amylasge in soybeans doeg not appear to increase
during g&rminaiien. Germination of Mukden and Variety No.
65424 was carried out under lsboratory conditions. Prelim-
&naé& germination of one sample indlicated that off-colored
and broken beans have s marked tendency %o mold in the
early stages of germination, even when fumigated with carbon
disulphide according to the method of Naylor and Dawson (38).
Huch of thie molding was eliminated by careful hand-sorting
before germinsgtion, all broken or dlscolored beans belng
digoarded. 1In addition, any beans which began $o mold during
the germination were rambvsﬁ, After sorting, the beans were
fumigated with carbon disulphide (38). They were spread in
a gingle layer on molstened blotting paper in ensmeled pans
and placed in s small glass.hgaa to prevent exoess dust-
contamination and sharp changee in temperature. The tempera=~
ture of the hood varied from 230-25° C. The samples were
removed at 24 hour intervals, orushed on a glasge plate, dried
for 12 hours in a stream of air maintained at 40-45° C. and
stored in tightly stoppered bottles. Crushing the beans was
essential to rapid and adequate drying. The crushed samples
were ground in a Wiley mill to pass a 40-mesh soreen and the
saccharogenic power determined by the method deacribed in



the previous secotion.

Three individual germinations of Variety No. 65434 were
run for a elx day periocd. For comparative purposes the sac-
charogenic power {milligrars of maltose produced per milligram
of bean uged 1n the extrsotion) has been ealculated. Figure I

Presents the results of these determinations.

power
na
™~

N
@

¢-—=% Germingtion I
O---0 Germingtion I

M\ X=X Germination I S
1 \.:\.N\QWm 1 : L 1 1
/ 2 3 f J &

Jaccharogenic
»
o

Days Germingted

Pigure 1. Variation in saccharogenic power of soybeans during
germination.

In every case the saccharogenic power of the sample after six

days gernination was slightly less than that of the ungermin-

ated beans. The average of the samples shows a slight but

definite decrease as the germination proceeds. This decrease

is in sharp contrast to the marked inorease in the saccharo-

genic power shown Quring the germination of other gralns.
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In Table II, dsata on a mumber of typical amylase ooneen-
trates are presented. All of these concentrates Wwere prepared
from beans extracted by diethyl ether and in most cages the

concentrates were precipitated by 70% aloohol.

TABLE IZ
Data on amylage concentrstes prepared from soybeans.

Date of Gms.coxtd. Gms.cone. Alec.conen. Saanh:ia. Amylasg Y%%lé

brepn. bean usged Obtained for pptn. powe units )3
12-31-36 500 0.72 85% 745 536 5.4
1-20-37 320 1.05 85 990 1040  23.6
4-23-37 480 2.45 70 1000 2450  24.5
8- 7-37 500 2.28 70 1209 2750  27.5
8-10-37 500 2.60 70 653 1700  17.0
8-11-37 500 3,91 70 512 2000  20.0
8-14-37 500 12.45 72 219 2730 27.3
11-10-38 600 2.13 70 1073 Data
11-11-38 800 4,24 70 528 not
11-17-38 600 3.74 70 455 available
11-18-38 600 4.25 70 399
11-22-38 600 1.20 58 753

(1) Sacoharogenis power is defined as the milligrams of maltose
produced per milligram of amylase concentrate under the condl-~

- %ilons gpecified for the detemminatlion of amylase activity.

(2) Amylase units are obtained by multiplying the eaccharogenie
activity of the concentrate by the yleld in grams.

(3) The saccharogenic power of the extracted beans was 30.
Yield (%) = JSR.extd. bean used) (20)

gus.oona. obtained, 00

) ’ "
{saccharogenic power of cone.}



~ All concentrates were dried in a vacuum deglocator over
ealolum chloride and were astored in an loe~box at 5° C. Three
general statements apply to these amylase concenirates:

1. With inereased alcohol concentration the yleld of
Precipitate incresses.

2. The saosharogenic power of the amylase concentrate
ugually varies inversely with the yleld of the enzyme material.

3. Those ooncentrates precipitated in greater ylelds
and at higher sloohol concentrstions were more soluble in
water than the concentrates obtalned in lower ylelds and at
lower aleohol concentrations.

After removal of the sotive concentrate the residual
solutlons were evaporated under reduced preassure to a light
syrup te recover the sleohol for other extractions. Upon
further slow evaporation of this residual syrup at room tem-
perature s small quantity of white orystalline materlal was
obagerved in the thiek gyrup. After numerous attempts 1t was
found that by mechanleally removing the larger orystals from
the syrup, repeatedly washing the crystals with anhydrous
ether, then with absolute EtOH and agaln with ether, the
erystalline material was freed of all coloring matter and
residual syrup. The orystals were then recryetallized from
hot 99% EtOH. The yleld was 0.684 grame from 250 gme. of
extracted beans. The materisl possessed s swest taste, was

non-reducing %o Fehling'e solution, melted at 185-187° C. and
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S ,
with /@73 = #65.5°. Treatment with hot @ilute HCL gave a
gtrongly reducing esolution. With sucrose melting at 185

PO
¥ 5 = +66.5% and pogseasing the o ther properties

given above, 1t is evident that the white orysizlline solid
isolated from soybeans is suerose. This substantiates the
isolation of sucrose from soybeans ss reported by Iwasa (39).

From preliminary experiments on the purification ef the
erude amylsee concentrates 1% wes evident that dllute sleohol
at room temperature and higher sloohol cencentrations at
lower teuperatures osused a marked desrease in the aotivity
of the smylsse concentrates. This isg in sgreement with the
guantlitative measurements of the effect of aleochol and teme
persture on the amylases of wheat as reporied by Bligh, Sandstedsd
and Hecham (40). This suggeste two poselbilities for the im-
provement of the concentration procedure, namely, working at
as low s temperature as possible and the substitution of
some other organic solvent for the aleohol. After nuserous
experiments with varicous orgeniec solvents the most satisfaoetory
resulte were obtalned by using acetone in place of ethyl alco-
hol for the precipitstlon of the enzyme. However, alcohol gave
better results in the preparation of the crude amylase concen—
trates.

During drying a portion of the tobal astivity 1s destroyed,
this destruotion perhaps being due to denaturation of the pro-
teins in the drying process. By slimlination of this process
vhenever possible better yields of more actlve concentrates
were obtalined.
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Eleotrodlialysis was introduced into the purification
Procedure only after its effect on the enzyme was determined.
The apparatus used was similar to that described by Hixon and
Maprtin (41), except that the center cell had a ocapacity of
about 300 ce. and both electrodes were of platimum. The
eleotrodes were ovasl-ghaped sheets of platinum foll measuring
about 14.3 x 16.3 x 0.0025 em. Long dlalysis (34 hours) at
10~15 volts with a current of 1230 milliamperes resulted in
the formation of s heavy precipitate and an appreclable lose
in the total amylaee content. Observations during dialysis
indicated that the precipitation oocurred after about one
hour of dislysls, but that no marked decresse 1n the amylase
content of the liguid oeccurred until after several hours
dialysis. Therefore, by eleatra&ialyzingyfar a short perlod
of time (less than 3 hours) considerable purlfication was
obtained by the precipitation of an inactive material and by
the removal of inorganie lons without any appreecisble destruo~
tion of the enzyme.

The originsl procedure for the preparation of soybean
B~amylase concentrates wae therefore revised. Acetone was
gubstituted for aleohel whenever posslble, temperatures were
malntained at ps low a temperature as oonvenient, preclvitates
were not dried until purification was completed and electro-
dislysis was used as a means of removing inactive organic

material and inorganic ions. The flow sheet for a typloal



preparation is shown in Flgure IXI. The yields of amylasge
by the concentration procedure given in Pigure II are pre~
gented in Table III. The heading of the last column Amylage
unite ie defined as the grams of maltose produced per gram
of the enzyme soneentrate under the standardized experimental
conditiong. It 1s only on this basis thst any idea of the
percentage recovery of the enzyme can be obtained.

As ghown in Table III the total yleld of amylase for
this particulsr experiment is 10.7%. This is somewhat lowey
than the percentage ylelds of 17-34.5% given in Table II

amylage preparstions. The lower

fﬁﬁ”a geries of goybean
yial&‘in the experiment presented in Figure II is due to
geversl ocsuses, the exact contribution of each being unde-
termineble. Some of the contributing causes are! mechanieal
lose in the manipulation of snall quantities of the highly
active concentrates; loss due %o slight linactivation during
electrodialysis, fractional golution and fractional preciplta-
tion; insectivation by the organic solvents; the genersl
inactivation o0f snmylasse golutions which oecurred during the
long concentration procedure. .

From Table III 1t is also evident thet a large portion
of the total asmylase recovered remains in Ppt. IV which has
an activity of only 232. An attempt waes therefore made %o
further concentrate this material and to follow the ylelds

of the enzyme. Three different procedures were uged in the
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Haw ground beans

Extracted with

petroleun wether > Extraect discarded
1000 g. bean ext.

with 4 1. 50% EtOH > Resldue discarded
EtOH to 70% by wolume » Solution discarded

A
Crude aﬁ%&ane concentrale

ﬁxtraeﬁgé with three
portions Hy0 > S01id residue, Ppt. I, 0.42305 g.
Inactive

4
Amylase solution-250 co.

ﬁlaatm&é&alyzﬁﬂpﬁl.a hrs. ——Ppt. II, 0.7580 g.
' aiightiy sctive

Amylaase solutlon
(Water clear)

. ﬁa@lad o ~5° C. > Ppt. formed. Separsated by centg.
¥as not dried.
: {Procedure for concentration of
Solution ecocoled to ~5° C. #hia roduot continued on next

Asetone to 60%
| \ b, z:tz 0.1883 g.

Solution cooled to ~5° 0. 1ght aotivity
Aoetons to 75% — = Ppt. IV, 7,3390 g.

Solution evapd. to dryness
at room temperature —>Ppt. ¥, 3.3085 g.
Ingetive.
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Ppt. formed. Separated by centg.
Wag not dried.
{Continued from preceding page)

Extracted & times with —> Residue, Ppt. VI, 0.3021 g.
30 oc. portions 40% acetone 8. A.--351

180 eo. ext. evapd. at
25°0. %o 20.5 co.

Stored at 5°* €. for 5 days.—5-Ppt. VII, 0.0085 g,
$light ppt.2 Aotivity not determined.

Centrifugate cooled to ~5* C.—>Ppt. VIII, 0.1066 g.
Agstone to 50% 8. A,~~3280

Centrifugate cooled ¢ -5° C.—>Ppt. IX, 0.0661 g.
Asetone to 80% 8. A.~~4580

Centrifugate cooled to ~5® C.—>Ppt. X, 0.0815 g.
Acetone to 80% 8. A.--3158

Evapd. to dryness at ————>Ppt. XI, 0.0837
room temperature. Slight aotivity

(1) Sesccharogenic activity or milligrams of maltose Droduced
per milligram of enzyme eoncentrate.

{2} This storage period ie not necessary in preparstion of
f-snylase concentrates. It was allowed %to stand in this casge
. to determine whether any materisl would crystallize from the
conoentrated solution.

Figure II. Flow gheet for the preparation of p-amylase
concentrates from goybeans.
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TABRLE IIX

Total yield of amylase as amylase concentrate
by the procedure given in Figure II1

Prooipitete Yield of Saccharogenic Amylase
mmber anylase (gms.) astivity units
Original bean 1000 33.1 23,100
1 0.4305 Ingotive e
I 0.7580 Inactive ————
ixi v 0,1883
v 7.3380 232 1,702
v 3.3068 Inactive s
vl ©.3031 351 50.9
viz 0.0095 Not tested NS
YIiil 0.1066 2380 240.8
X 0.0881 4580 303.0
X 0.0815 31586 - 175.9
X1 9,@&3? Inactive -
Total 12.5618 3,472.5
Total yield (ae %) 10.7

goncentratlon studies. They were as follows:

Experiment I. Two grams of Ppt. IV (Jee Table III} wers
pPlaced in solution by shaking with 240 ce. of 40% acetone.
This solution wse then cooled to -5° (. in an lee~salt bath
and scold absolule acetone added untlil the acetone eoneenfra~

tion was 55% by wolume. The white preecipitate so obtained



mﬁ@m

wag settled by centrifugation, dried st room temperature in
a vacuum deslooator over UsCl, and preserved as Ppt. A, The
centrifugate was agalin cooled to -B° €. and eold absolute
acetone zdded to a final concentration of 80% acetone by
volume, the preeipitate settled by centrifugation, dried as
above and preserved as Ppt. B. Centrifugate B was again

cooled, asetone added to 80%, the precipitate removed, dried
and designated as Ppt. C. The residusl solution was then
evaporated to dryness at room temperature to give Ppt. D.
Experiment II. Two grams of Ppt, IV {Table III) were
dissolved in the least possible amount of 40% mcetone.
Given sufflelient time, the entire sample of the enzyme oon~
centrate dlssolved in 11.0 oec. of the 40% aocetone, giving a
thick gyrupy solution. The solution was cooled %o -15° (.
and oold sbegolute ncetone added until s definite precipitate
formed. This required 2.00 ec. of acetone. The precipitate
was ocollected by ecentrifugstion, dried and preserved as Ppt.
A. To the centrifugste at -15% €., 1.40 ec, of acstone was
added to give Ppt. B which was ocollested and drled. The
centrifugate from B wae then cvoled %o ~15° C. and 1.65 es.
scetone added to give s further precipitate. This material
was collected, dried and preserved as Ppt. C. Final pre-
sipitetion was accomplliched by the addition of 9.95 ce. of
acetone to centrifugate ¢ giving Ppt. D. Evaporation of the
centrifugate from Ppt. D gave only a trace of solid material.



The setivity of thie residue was not determined.

Experiment III. One gram of Ppt. IV {Table IIX) was
diesolved in 50 ce. of B0% mcetons at room tempersture.

Upon cooling in an fce bath a small smount of solid material
precipitated. This material was collected by centrifugation,
dried and preserved as Ppt. A. The acetone concentration was
then ralged to 55.5% to give Ppt. B, to 65.6% to give Ppt. C
and then to 75% to give Ppt. D, The centrifugate from D was
then eveporated to dryness at room temperature to give Ppt, E.
All precipltations were run at 0° C.

?@b&@ i? preaents the results of the three purifleation
Procedures Just given. _mzyarﬁmentAI and II gave alightly
lower yieldes of the amylase than Experiment III, with I
¥ielding a concentrate of high eotivity and a2ll of the other
aanaentr&teg in Experiments I and II showing little improve-
ment over the originasl conecentrate. With Experiment I the
concentration of the amylase in Ppts. A and B was 5~ and
10=fold, respectively, with 68% recovery of the total amylase.
This method thus gives greater concentration of the amylase
as well as more efTiclent recovery of the total amylase.

The method employed in Experiment III was also applled
to a commercial tekadiastase preparation. All preeipitates
@ht&iﬁ&& were inactive.

The yields of thils method are much better than other
data in the litersture. For exsmple, Shermen and Neun (42)



u 28 -

TABLE IV

Regults of attempts to further purify an amylasge
concentrate with saccharogenic activity of 333.

* Precipitate Yield {(gms.) Saccharogenio Amylase

- LO0Eivity . updfg

2.0000 233 464.0

A 0.1610 1304 310.0

B  0.3289 351 82.7

¢ 0.9599 Inactive S

D 0.0578 Inactive ——

Total 1.5082 293.7

Yiela 75.4% 63.3%
Experiment II

Original 2.0000 333 464,0

A 0.3090 403 134.0

B 0.0676 334 23.6

e 0.4084 334 95.0

D 0.8446 67 43.0

Total 1.3276 384.6

YTield 86.3% 80.8%

Original 1.0000 332 232.0

A 0.0184 12348 25.0

B 0.0383 2310 88.5

¢ 0.2987 148  44.3

D 0.2635 Inactive et

E 0.2188 Inactive s v

Yield 83.77% 68.0%



in studies on the purification of amylase were sble %o recover
13.5, 19.78, 34.63, 24.95 and 37.81 per cent of the amylase
in five separate experiments. Thie compares to 60.8, 63.3
and €8.0 per eent in the three experiments presented in

Table IV,



Charasoterization of the 8Starech Hydrolysing Enzyme in Soybeans

'  ’$&3¥1@;§1@3,§§,§§2 starch degradation

The enzyme concentrate prepared from soybesns was known

to rapidly hydrolyze gelatinized starch with the formstion

of products having s high reduscing value, In order to char-
acterize the enzyme, a atudy of these products and of the
rate at whieh they were forued was made. The digestion

rate was followed by determinstion of the redusing pover,
relative vigeosity and lodine color as the resctlon proceeded.
Figure IIIlmresente the redueing value-time ocurves and the
relative viscogity-time ourves for two typleal digestions.

b — - e e e e e e s+ e S
.§ g I | T | I
[T
3 b { * Mg. ma/tose
2 E T S X Re/atire viscosity
Q" S\ —— e Qorn Jstarch
90 80! L 1 ———— Potgto starek
20
Jo
- o
i B S - :
Ao * R :::::JL:::'_;—JE::~: l:‘t.,‘:::... ...r--——.\L:.—.:-J
&0 120 180 30

Time in minvfes
Figure III. Reducing value-time curves and relative viscosity-
time curves for the dlgestion of ocorn and potato
starch with goybean amylase.



A 1&?@@ exocess of enzyme Wag present at all timesg during the
reactions. These curves are typleal for the digestion of
starches by p-amylase (for similar curves for the digestion
of varlous starches by p-amylase preparations sée Knnkénberg
{43), Hanes (44) and Freeman and Hopkins (45).

‘ ?he isolation of the products was accomplished by alechol
fractionation of the digestion mixture. The dextrin igolated
from cornstareh by precipitstion with 60% aloohol was obtailned
in ylelds of about 30%, was soluble in bolling water to give
a ocloudy solution, and with small amounts of lodline gave a
desp blue oolor which changed to a reddish-purple on increas-
ing the iodine concentration. The value rar,zgzas‘ in 2% NaCH
varied slightly with the average value being about 156°. The
aleohol solution from the precipltation of the dextrin wae
evaporatsd to a thick syrup and poured into sufficlent abso-
lute aloohol %o make the final aloohol oconcentration about
35%. The preecipitate which formed wag dehydrated with abgo-
lute slechol to give a fine white gramlar mass (Frastion A).
The alocholle filtrate was placed in an ice-box at 5° C. for
Ywo days. The small amount of precipitate which had formed
was collected by centrifugation and the centrifugste returned
to the loe-box. After standing 22 days at 5° C. considerable
precipitate had formed ag a thin, hard layer on the hottom
and sides of the flask. This material was collected, washed
twioe with sbsolute alochol, twice with anhydrous ether and
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by the sotion of soybean amylese, even though the osszones

from thess ssme fractions melt at a tempersture below that

of pure maltosazone.

into the &= and f-types acoording to the negative or positive
mutarotation of the degradation products formed in the early
stages of the hydrolysis. Ohlsson (51) then obgerved that
the 1solated components of mall amylage gave starch degrada-
tion products of opposite mitarotation, the dextrinogenie
amylase giving products vwhich mutarotate downward snd the
saecharogenie amylase glving products whiech mutarotate upward,
The substrate for the mutarotation studles of soybean
amylaee was prepared according to tha directlons given by
Kuhn (50). A 2% solution of the substrate was Prepared by
adding the required amount of the solld material to boiling
water, stlrring until dissolved, flltering %o remove any in-
goluble material, ocvoling to room tenmperaturs and making to
the required volume., The solution so prepared was quite clear,
offering no special 4ifficulties in the rotation meagurements.
The ﬁigﬁeﬁién mixture was maintained at 26-38° {. during the |
digestion. DBefore adding the amylase the rotation of the
gubstrate was cshecked by removing twe 30 ce. portions, one
portion being added to exactly 5.0 co. of 2 N NagC0z. The

gamples were placed in two decimeter polarimeter tubes, the
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rotation of the untresated sample belng run immediaiely while
the other sample was allowed to mutarotate for exactly 30
mimatees before reading. The solid enzyme wae then added

(80 mg. of a 4ry concentrate with saccharogenic power of
318), this smount being slightly greater than the theoretiocal
smount necesaary to completely hydrolyze the substrate, ss-
suning that the substrate is dlgested at as rapid a rate

as the same quantity of gtarch under identiosl conditions.
The digestion was allowed to proceed at room femperature
(25-28° 0.). Immediately after the addition of the enzyme

a polarvimebter tube was filled with the dlgestlon mixture snd
vwag then used as the control throughout the entire digestion
period. The rotation of the control was observed se rapidly
as pogsible and immedlately after, a sample of 30 oc. of

the digestion mixture was sdded to 5.0 cc. of 2 N NagCO,.

The latter sample was allowed %o mutarotate for 30 minutes
and the rotation then observed. By comparing the rotation
of the sontrol and the rotation of the sample to whioch HagCO,
had been added the mutarotation wes obtalned. The rotation
of the gamples mutarotated by the use of Napally were corrected
for the dilution. Table V presents the comparative values
obtained by Ohlsson {51} for the dextrinogenic and saccharo-
genic anylase of wheat as well as that obtalned for soybean
amylase. Theee dsta characterize the soybean amylase as the

gaccharogenic or pB-type.
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extended over a large srea radisting from the point of appli-
eation of the engyme eolution. No colorless area was cobtalned
on the f-smylase plate. This reaction toward lodine colora-

tion 1g typlioal of B-amylase.



Peterninstion of the dextrinogenic or amyloclaatic asctivity.
Runerous methods based on the color resction of the starch
&agwa&atien»prmﬁneﬁs with lodine have been utilized in the
quantitative messurement of Q-amylase activity. Sameo's
investigetions {55) indicate that the quantitative value of
the starch-iodine color resction may be questioned. Hany
other investigators have also gquestioned the socuracy of the
verious modifications of the original Wohlgemuth method (56)
for the quantitative measurement of amylolytic activity. Ve
have, however, %pylieé a modification of the Wohlegemuth
method {57) to %ﬁmar@ﬁs preparations formed at various stages
in the igolation of the soybean amylase concentrates. These
samples 1ne1uaefa§uaeas extracts of germinated and ungermine-
ated soybeans, samples precipitated Ifrom aqueous extracts
by 50% aleoohol, coneentrates of high f-amylase activity
precipitated from aqueous extracts by 65% aleohol and samples
of material precipitated nt higher alecohel econcentrations.
The lodine method showed that all of these samples had an
amyloclastic power muoch below that reported by Creighton and
Naylor (567) for their preparations contalining the least amount
of the amyloclastic enzyme. The amyloclastic power ls ex-
pressed as the milligrams of starch in a 1% solution which
are hydrolyzed by one milligram of the enzyme to Products
glving no blue color with iodine. On this basls no soybean
preparation had an amylooclastic power greater than 10. This



san be mmpm"m to the wheat amylase concentrate of Creighton
and Naylor {57) with an asyloclastic power of 830, the ost
‘amylase Dreparation of Haylor and Daweon (38) with a power
of 833, and the purified mslt amylase ooncentrates of Sherman
and Samf&smger {58) with amﬂ%lmtm powers varyving from
500 to 1870. Theee data are further indlcatlions that the
amylage of soybeans lg entirely of the f-type.
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Viscosity changes during digestion.

The digestion of various starches by soybean amylase
also has been followed by viscometrie methods. The gtarch
subgtrates were prepared by suspending sufficlent starch to
make a 3% solution in cold water and pouring this suspenslon
into bolling water. Boiling was contimued for ten minutes,
the solution was cooled, then buffered at pH 5.0 with phog-
phate buffers, nixed thoroughly and placed in the water bath

maintaiﬁa& at 40®* C. After reaching the exact temperature
of the water bath two 350 ece. portions were transferred to
Erlenmeyer flaeke. To one of the flasks 30 ce. of the en~
zyme golution, ocontaining 40 mg. of a concentrate with sac-
sharogenic activity of 1000 in 100 ce. of solution, was added
and thoroughly mixed. An equal guantlty of distilled water
wag added to the other flask to serve as a control on the
action of the buffer. A% regular intervals the viscosity
- was measured in a water-jacketed pipette maintained at the.
same temperature as the digestion mixture. The time of
cutflow required by the dlgestion mixture was then compared
to the outflow time of an equal volume of water at the same
temperature. The values obtained for corn, potato and trested
potate starch are presented in Figure IV. The eurves so ob-
tained show that the liguefaction of the various starches
proceeds at a rapid rate for the first 30 minutes of the
digestion; at the same time the typleal starch-lodine color
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porsgists for 1% hours in the corn starch and up to 48 hours
for the potate starch. The marked liguefaction as mesgured
by the viecosity tends to indleante that a specifie liqueflying
enzyme was present in the enzyme concentrates used in the
digestions. On the other hand, the persistenge of the starche
jodine color in the degradation products shows thet the starch
hag not been broken down inte the gmeller non-goloring molew

cules which are typlcal of the action of the liquefylng smylase.

¥ Rel viscosity
% My. maltose

- + X—X Fotqto starsh —i
s Treated potate starehr
O0—O0 Corn starch
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Figure IV, Viscoslty-time curves for the digestlion of var-
$ous starches by soybean amylase.



Deteriorsztion of Soybean B-Amylage

~ Beveral amylase preparations wers combined to give 186
grams of a standard concentrate for thia series of studies.
On the date of comblnatlon the saccharogenic activity of the
compoglte was 586. The material was stored at 5° C. in
small gorew top vials each contalning about two grams of the
enzyme concentrate. The small vials were then placed in a
larger sealed container to reduce the possiblility of breakage.
After stending for five months the saccharogenioc activity was
600, After two yesrs'storage the saccharogenic activity of
this concentrate remained at 600. These values show that the
amylase in the dry crude concentrates is relatively stable
at low temperatures.

Even at higher temperatures the enzyme lg quite gtable.
Heating the ground whole goybeans for 10 days at 100° €. did
not completely inactlvate the amylase. However, soybeans
which were roasted commerclally for sale as a confection
pontalned no traces of an sctive amylaee. In another experi-
ment a portion of the soybean amylase composlte was heated
for 30 minutes at 300° C. This treatmﬁn@ completely destroyed
the amylase. Thig insctivation at higher temperaltures appears
to be due to coagulation of the accompanyling proteins. A
$imilar~exglaaa§ian has been suggested by Oparin and Manskala
{59) and Oparin, Manskala and Magaran (80) for the inactiva-



tion of malt amylese when heated in solution

The comblned effeoct of organic solvent and heat was
- «aleo investigated in two cases. A sample of soybeans which
ﬁéﬁ.%aea extracted in a aontiﬁuaus extractor on a pllot plant
scale uging trichloroethylene as a solvent and the excess
golvent removed by heating at 100-130° C. for 60 mimutes
was tested for amylolytie activity. About 70% of the activity
was destroyed. Another gample of soybeans, extracted commer-
eially with hexane, had been heated at 95° C. for 20 minutes
to remove most 0f the solvent and then with superheated asteam
to remove the last traces of the hexane. Tests on thieg materw
1al ghowed that the amylase was completely destroyed.

In the Ohlgson method (6l) for the prepsration of G-
amylage the P-amylase ig degtroyed Dy heating an aqueous
golution at pR 6-7 for 10 minmutes at 70° €. That the 8-
anylage of goybeans lg not degtroyed at thls temperature ln
the presence of starch ig shown by the following experiment.
Ten grang of corn starch and 100 oc. of water was heated to
78° €, in a water bath. A warm-water extract of the desired
quantity of ground soybeans was then added to the heavy starch
paste, mizxed thoroughly and the digestion allowed to proceed
for thirty minutes at 78-78° €. A% the end of the digestion
the mixture was diluted with water, made to wvolume and an alliquot
used for the reducing equivalent determination. Table VI
showg the repults of three experiments uslng different
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quantities of soybeans in the extraction.
TABLE VI

The maltose equivalent of the products obtained by the
digestion of corn starch with soybean amylase at 76.78° (.

Sample Starch Soybeans Maltose % Theoretioal
¥o. uged (gme.) vuveed (gms.) equiv. {gms.) maltoge
4 10 0.160 2.28 22.8
1I 10 0.33 3.33 33.3
111 10 0.48 3.40 34.0

It is evident that the f-amylase of soybeans, when exposed
to tenperature generally regarded as destructive to f-amylase,
retaing a major portion of ite activity. For example, in
aamﬁia I the 22.8% maltose equlvalent represents over 70%
of the maltose aquivalent obiainsble 1f the welght of beans
uged in the extraction were extracted with g large excess
of water and allowed to act on a gelatinized starch under
1deal oconditions. It should be explained that this experiw
ment was designed for purposes other than a study of the
effect of temperature, but gince 1% so definitely ehows the
registance of the enzyme to heat-inactivation the data have
been presented.

Humerous reports in the literature show the marked in-
sctivation of aqueous golutions of amylase held at or slightly
above room temperature. For example, Sherman and Tanberg (63)
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Present dats which show that solutions of the amylase of
Asp 1llu

preparstion of low aetivity, is not markedly inactivated

arg § oryrae, obtalned as a commerelal takadlastase

when kept at 22° C. for gseveral dsys. A laboratory prepara-
tion which was several times as active lost less than 10% of
its activity in 17 days at lce temperature. Sherman and
Schlesinger (63) report that in all cases aqueous solutions
of pancreatic amylase lost all of its sctivity within 24
houre. Ons preparation with ssocharogenio power of 8700

lost 45.5% of its activity by etending in pure water for

20 minutes. In further studies (64), the game authors sub-
stantlated the rapld deterloration of panecreatlic amylase in
aqueous solutions. However, concentrates of very low activity
retained sbout 50% of their aotivity after 73 hours. In an
extenslion of the estudles to malt amylase little or no
deterioration was observed in squeocus solutions maeintalned
&t room temperature for 13 days. One squeous solution of

a malt amylase preparation had as great an activity after 37
dsys at room temperature ss at the beglinning, while two other
samples loet 33% and 53% of thelr sctivity in 27 days. Fur-
thermore, the graaﬁar th$ dilution of the amylase solution
the more rapidly the enszyme deterlorated. Exposure to 50%
alechol aslso increased the rate of deterioration. The increase
in rate of deterioration with inereased d@lution 1s also
reported by Ono (85) in studies of yeast amylase. In aqueouas



solution yeast auylase lost approximately 50% of its activity
when heated at 37-38° 0. for one hour. In similar studies,
Yamagishl (66) reports that the detrinizing amylase of rice
loses one~half of 1ts activity when kept at 71.5° C. for one
hour, while the saccharogenic amylase lost 50% of 1ts activity
when kept at 66.5%° C. for one hour. This indicates the greater
éanaitiviﬁy of the saccharogenic enzyme to temperature. In

& study of malze smylase, Patwardhan (67) found that the
enzyme is not completely deatroyed by heating at 70° C, as

is the amylase of barley end cholam. This observation of
Patwardhen is in agreement with the oconclusions of Bulbrook
(88) that ocorn amylase is of the a~type and is more thermo-
stablle than the f-amylase. The é&z%ruetianvof‘a—amylasc

at 70®% €. is substantiated and utilized in the method of
Ohlgson {8l) for the preparstion of a~-gmylase concentrates

by differentlial inactivation of the P-amylage. Blisgh, Sand-
stedt and Mecham (40) discuss the combined effect of aleohol
~and temperature on wheat amylase. Their studles show that
deterioration of emylase in aleohol solution cccurs at a

much grester rate at 40® C. than et 0° C. For example, one
preparstion which was allowed to stand in contact with
sloohol at 0° €. for 24 hours converted 51% of a starch while
an identloal semple standing at 40° C. under the same ocondle |
tions converted only 8% of the same gtarch.

From our previous work there is a definite indlestion
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that asoybean PB-amylase ls more reslstant to deterioration and
heat insctivation than ls usually the ocase with amylase con-
sentrates. To determline the rate of deterioration of soybean
Bezmylase concentrates slx samples were dlissolved in dlstilled
water and allowed to stand at room temperature in loosely
stoppered volumetric flasks. No effort was made to prevent

contanmination from the air. PFigure V presente results of

this study. ] T g 1 T «
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Figure V. Deterioration of soybean f-amylase 1n aqueous solu-
tions at room temperature (23-38° C.). Concentration
of solutions was: I and III - 40 mg. in 50 oc.;
Vil ~ 9.2 mg. in 10 ec.; VIII ~ 16.4 mg. in 50 co.;




The results vary markedly from sanple to ssmple. DBagyne
‘ﬁalutian I waa completely inective after 29 days, solution III
was slightly active at thls time, while VII still retalned
19.58% of the originsl activity. Ssmple VII had only slight
activity after 32 deye. This merked deterioration was not
observed in mamples VIII, IX and X. These latter concentrates
were sone of the most highly nurified concentrates and were
in greater dllution then the other three solutions vhich
Eaeama inactive. From observations of other investigators
the most highly puriflied samples and the sam?lea in greatest
dllution deterlorate most rapidly. This faot wae not ob-
served with the soybean f-asmylsse concentrates. For example,
samples VIII, IX and X retained 76%, 87% snd 63% of their
regpective actlvitles after standing 34 days st room tempera-
ture. The reason for the greater rate of deterloration of
gamples I, IX and VII gg compared to VIII, IX and X ie not
definitely known. It ghould be mentioned, however, that

the first three samples were preépared sboutl two weeks
yreﬁlans to the other preparations and had been stored in

an iéafhax a8 dry concentrstes. This storapge hes no observed
effect on the enzymic activity ol freshly prepared solutions
of these concentrates. Whether this storsge could effect the
enzyme complex in gome manner to mske 1t more susceptible to
deteriorstion 1s highly problematiesl. A more satisfactory
explanation probably lies in variatlions of the preparatlive



technigue, the more highly purified concentrates being freed
of substances which are more subjest to bacterial decomposi-
tion, this beeterial action producing substances which in-
activate the enzyme. An interesting cbsgervetion in this
regpect lg that after 8-10 days a marked putrefactive odor
exigted in all soclutionas except Sample IX. At no stage was
any marked odor obgerved in this solution. Furthermore,
consliderable growth of organisms was obgerved in golutions
I, IIX and VII. A slight but dlstinct ecloudiness wag ob-
gerved in solutions VIII snd X, while golution IX remained
water clear throughout the experiment. There are thus aome
indiocations that the removal of certaln impurities may reduce
bacterisl growth and thus reduce the rate of dJdeterioration.
The argument may be presented at this stage that the
enzyme golutions should be protected from bacterlal action
by the addition of some preservative, such ag thymol or
toluene, The Senability of such an argument was realized
at the time the sxperiment was undertaken. However, because
preservatives may in themgelves have & marked motion on the
enzyme 1t was deemed more expeditious to eliminate the pre-
gervatives and subjeot the enzyme to the actlon of pure
water. Since the amylase concentrates were known to oontaln
various mioro-organisme no exact effort was made to prevent

contamination from the alr.
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Disoussion

The determination of the verietal @ifferences of the
amylaae aan%eﬁt of soybeans suggeste that such a determina-
tion might be of some value to the plant breeder. Whether
the amylase ocontent can be correlated with a deaireﬁ char-
acterlistic in the soybean lies beyond the scope of this
investigation. However, if the amylase content can be cor-
related with the speclific sharacteristic desired by the
plant breeder, then the determination of the amylase content
could serve as a quantitstive measurement of that character-
igtle. With this possibility in mind, it 1s necessary to
note that the method utilized for the determination of anmylase
content in seeds is sublect to large errors. The major
difficulty lles in Inadequate means for the quantitative
extraction of the enzyme from the bean. This obstacle nusat
be removed from the method before emall variations in the
snylese content can be accurately measured.

The lack of increase 1in total amylase content by ger-
minatlon of the soybeans is very unusual. All other sseds
ghow & nmarked inoresse in the to%al avallable samylase during
goermination. The ungerminated seeds have a larger proportion
of B-amylase than c-amylage. After germination the G-gmylase
is predominant. Thus the inerease in total amylase activity
must be due to the formation or to the liberation of U=

amylase during germination, the t-smylasze acting in conjuncw
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tion with the original g-amylase. For gome resson the soybean
lacks this ability to produce or liberate Ge-amylase during
the proceas of germination.

The preparation of highly active B-amylase concentrates
was greatly asai&téﬂ by the fact that soybeans sontaln only
p~amylase. Hethods for the differential inasctivation or
gelectlive adsorption of a-anylase were unnecessary. The
problem was thus resclved inte the separation of the active
p-amylase from the accompanying impurities. The final pro-
cedure a8 presented, sasroely resembles the original attempts
made to concentrate the enzyme. In the first sttempts at
concentration mush trouble resulted from the oll-water
- emuleions which formed when the soybeans were shaken with
water to extract the enzyme. These emulslions were elimingted
by first extracting the beesns with diethyl ether or hexane,
preferably the latter. A study of the effect of these sol-
vents on the enzyme showed that they caused 1ittle or no
decrease in enzyme content of the beans elther by extraction
or by inactivatlon.

Substitution of 50% alcohol for water in the extraction
eliminated one precipitation and caused an lnorease in the
yield of enzyme. The enzynme ﬁag then precipitated from the
aleoholic extract by the addition of sbsolute alcohol. The
precipitates so obtalined were gelatinous materials. Collec-

tion of these preciplitates by filtration was e tedlous, nearly
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genie power of 181,000.

The application of the concentration procedure to f-
amylase concentrates of low activity gave amylase concentrates
df‘eanﬂiﬁgrabiy'highar activity. The recovery of the anylase
in three experiments was 83.23%, 60.8% and 68.0%. By reworking
such low-actlvity concentrates the amylase concentration hae
been inereased as much as ten~fold in one operation. Since
a large percentage of the totzl amylase extracted from the
gsoybeans remainsg in the low-activily concentrates a method
for their further concentration is of much value.

The requirements for claseification of an amylase as
being of the &= or f~type are not rigldly deflined. As a result
tha’alassificationkaf soybean amylase ss of the P-type resta
on a serles of measurements and cbservations which are con-
sidered indloative of the amylase type. Characterization of
the enzyme by the diffusion method of Wijsman, determination
of the amyloclastic power of the concenirates, the mutarots-
tion of the starch degradation products, the isclatlon of
maltose and s residual dextrin as the starch degradstion
products, the viscosity changee of the starch substrate
during digeetion and the lodine-starch reaction of the degrada-
tion products ocharacterize the atarch-hydrolyzing enzyme of
soybeans as B-amylase. The only evidenoce which polnte toward
the presence of t-amylase in the soybean concentrates 1s the

marked ability of the enzyme to reduce the relative viscoslty



of the atarch pastes in the early stagee of the hydrolysis.
However, sgince soybean amylsse 1g one of the most powerful
sugar-forming enzymes, thils sugsr coming from the hydrolysis
of the starch subsirate, 1t 1s not disturbing to observe a
marked deoreage in the relative viscogity of the substrate
during digestion with soybean B-amylase.

A quantitative method for the determination of B-amylase
in the presence of u~amylase would have alded and glmplifled
the characterization problem. Such a method has been a vital
need of the chemist studying the anylases. Very recently a
method has been devised far‘the scourate determination of
the relative rolees of ¢~ and P-~amylase in saccharification
{68). The author regrete tlat time prevented the application
of this guantitative procedure to the amylase of soybeans.

From the experiments on rates of deteriorstlon of soybesan
anylase there is a definite indieation that the more highly
purified B-smylsse concentrates have a marked stabillity, even
in the presence of bacterial action. Thlsg leads to the cone-
cluslon that the chemlical nature of the soybean f-emylase
moleocule 1is such as to resist the action of the mlcro-corganlisms
from the air and in the amylase oconoentrates. Since putre-
faction was observed in five of the six solutions studied,
yet did not destroy the amylase in the two most highly puri-
fied concentrates, and since the solution in which no

putrefsction was observed contained the greatest concentra-
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tion of amylase and was expoged to identlesl possibllities

of contsmination by the micro-organisms which brought sbout
putrefaction of protein materials in the other solutions,
there existes some questlion as to whether this most highly
purifisd snylaese amﬁaensr&ta econtaling any large proportion

of protein materigl. The 1limit of time and materisl prevented
further investigstion of the mogt highly purified concentrates.
Thie prelinminary work, howvever, suggests most interesting
rossiblilities for future studles.
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Sunmary

The amylase oontent of goybeans differs from variety to
variety. A difference in the amylase content of the same
variely from year to year le also indlecated.

The total amylase in soybeans deoresases slightly during
germlnation.

A method 1s given for the preparatlon of amylase concen-
tﬁaﬁeﬁ from soybeang. A maximum concentration of approx-
imately 335-fold has been obtained. The most highly
purified aanaantrateAwas cepable of producing 4580 times
its welght of maltose in 30 minutes at 40° C.

Isolation and characterization of the starch degradation
products, mutarvitatlon of thegse products, chsracteriza-
tion of the enzyme by the diffusion method of Wijsman,
determination of the dextrinogenic or amyloclastie
activity, viscosity changes during digestion and the
lodine~oclor resction of the products charscoterlze the
gtarch-hydrolyzing enzyme of soybeans as B-amylase.

The purified soybean B-amylase concentrates were remark-
ably stable in agueoue golutions st room temperature.
Inoreasing the purity inereased the gtabllity of the
aquecus solution. A concentrate with a saccharogenioc
activity of 4580 retained 87% of its activity after 34
days in an squeous solution maintained at 24-38° C.



- , - 61 -

PART 1I

%EE DEGRADATIOR PRODUCTS FORMED FROM STARCH BY
THE ACTION OF ALPHA- AND BETA-AMYLASE

Reviev of Literature

?hg-thraa most lmportant achlevements of starch-amylasge
studles in the last half-sentury sre:

1. The general substantiation of the fact that dia-
statio ferments consist of mixtures of separate enzymes.
which induce dletinot types of starch breakdown.

2. The igolation and oharacterization of the Schardinger
dextring.

3. The isolation of the phosphorylase systems which
catalyze the breakdown of starch %o glucose~l-phosphate
and the synthesls of gtarch from the sgame compound.

/ The following literature survey 1s conecerned only with
the first of these three important achievements. The earliest
demonstration of the separation of malt amylase into two come
ponents is given in the work of Wijeman (70). The obscure
publication of these studles prevented general recognition
until they were reviewed and confirmed by Klinkenberg (62).

In the meantime OChlgson's demonstration of the differential
insotivation of the two component amylases (61) definitely
established the existence of the two types of amylage. How-
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ever, even as late as 1939 certalin investigatore (71, 72)
have regarded the existence of two dlstinot amylases as un-
proven or even doubtful. The objsctions of these authors
ars'basad on the possibility that the relatively drastic
%rwatg#ata enployed in salsétive inactivation might substan=~
tislly alter a aimg;a enzyme to give the results observed.

- Accordingly, by a varlety of such treatments, there might
be derlived several forms of a single enzyme'exh&bitihg dig-
tinctive properties. ’ \

In general two types of amylase are accepted. They
are maaf gommonly referred %o as'&extrinngeniq‘ar U-gmylage
and aawaharngﬁnia-er.§~amylaaa.

 The three major products formed by the action of B~
amylage on starch are as follows:

1. mwmx soluble sugars {primarily maltaaa)

3;7 &,watarm&&aeluble materisl which flocculates from
thg digestion mixture and which, after complete ﬁigestion:
can be :eeavarud by centrifugation of the resulting liquors.

3. A water-soluble dextrin which is precipitated from
the di@aaﬁien mixture by the addltion of alcohol to s cone
eentration of B50-80% by volume.

The identity of maltose as the major product of low molecu-
lar welght haa been substantisted by numerous investigstors.
Baker (73) found that the redusing products scluble in €0%
aleohol agreed in refucing power and optisal rotation with
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maltose and that erystalline maltose could be obtained in goed
¥leld from these liquors, These obgervations have been con-
 firmed by Synlewski (74), Hanes {44}, Preeman and Hopkins (45),
and Blom, Bak and Brase (75), Baker and Day (78) and Harding
(77} have suggested using B-amylase for the preparstion of
pure maltose free of dextrins. Hanes {44), using a differen~
tlal yeast fermentation method, concludes that, oxoept 1in
cages of iang hyﬁrel?sia, maltose 1s the sole produoct of low
moleoulsr weight., In the long digestions traces of glucose
were found. Freeman and Hopkins (45) examined starch diges=
tions in the early stages of converslon and found that the
reducing power/rotation ratlio of the alecohol-soluble fraction
agreed with that of maltose, and that the rates of fermenta-
tion by brewer's yeast and the total CO, evolved were not
gignificantly different from the vslues found for pure maltose.
The method of attsck by the enzyme la indicated by s
munmber of lines of evidence which point to the conclusion that
beta~anylase causes successive terminal dlssocharide frag-
ments (maltose) %o be split off from one end of the moleoular
chain structure of the starch substrate. The mogt important
- evidence in support of this ig the fact that maltose congtl-
tutes almost the sole product of low molecular weight pro-
duced by the action of B-~amylase on gtarch. Gnly on the basls
of an orderly end-wise atitack ie 1t possible to explain the

production of maltose as the one low moleoular welght product;



on any alternative basla, the production of other short
chaln reducing fragments would seem inevitable.

Ohlsson {61), on the bassls of hie observations on the
osmotle behavior of the products formed when goluble estarch
was degraded by P-smylase, advanced the view that by the ao-
tion of the enzyme, successlve maltose molecules are detached
from each starch molesule in guch & manner as to leave at
each stage a single residual molecule of dextrin. At no
stage in the partiocular experiment was thers observed any
inerease in the total mumber of undialyzable particles. Thig
can be explalned only by the assumption that small dislyzsble
fragments were being split from the end of the starch molecule.

‘The question then arises as to which end of the moleculs
the B-amylase attacks. The exleting evidence suggests that
the degradation by B~suwylase must proceed from the non~aldehydic
end of the starch chain. The fact that the action of f-
amylase on slarch produces normally non-reducing dextrins
suggests thet the liberation of maltose proeeedes without
disturbing the eonfigurational features which render none
resctive the aldehydie end-group of starch 1tself. Further
evidence is given by the work of Brown and Millar (78). They
were sble to Drepare a malbodextrinic acid by the oxidation
of a mpltodextrin with merouric oxide and barium hydroxide.
The meltodextrin had been isolated from a kiln-dried-malt
dlgestion of potato starch. Purther digestion of this malto-
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dextrinic amcld with malt amylase gave a 40% yleld of maltose
and 60% of a smaller maltodextriniec acid. This digestion by
the amylass indicates that the reducing group has no effect
on the action of the enzyme. Therefore, it is evident that
the action of the amylase must ocour at the other end of the
starch and dextrin molecules, %that ls the non-aldehydio end.
Experimente were also conducted by Myrbiek (79) to dstermine
the effect of oxldiging the reducing ené»groupa %o carboxyl
groups on tha-aglitting‘af starches by o~ and f-amylase.
The dsta indicate that the reducing groups are of no signifi-
cance for the hydrolysis of the starch. Hore recently,
Ortenblad ana Myrblek (80) have found that all amylases
studied by them are independent of the existence of reducing
groups in the substrate, since starch and dextrins when
oxidized with hypolodite remain ungltered in thelr behavior
towards the amylasges.

The production of glua@sé as & primary produet from
the digestion of starch by amylase only recently has been
reaffirmed by the work of Somogyi (81). He concluded from
his experimental evidence that, besides non-fermenting reduo-
ing dextring and maltose, glucose 1a one of the normsl products
of dilastatic digestions. By using a yeast fermentation method
desoribed earlier by the same author (82), the quantities of
the three constiiuent groups were determined separately.
In one portion of the reasction mixture the total reducing
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power wes determined {a); another portion was fermented with
waghed br@ﬁaw*s yeast at an alkaline reaction (pH 8.0 to 8.4)
for 30 minutes before determination of the reducing power (b);
& third portion was farm&aﬁ#d at unmedified reaction for 2
hours and the resldual reduction (o) was then determined.

%ha following caloulations were made: a - b = copper reduced
by gluccge; b - ¢ = gopper reduced by maltose; ¢ = gopper
reduced by non-fermentable dextrins. Using this technique

on the degradation products formed by the dimstase of human
ugineacziag on an acid-washed corn staroch, Somogyi (81)
conoludes that glucose 1s a normal product of Alastatio
reactions, That the pr@aaatimﬁkaf glueose wae not caused

by the action of maltase on the maltose formed in the dlasta~-
tic reactlion was ghown by the observation that the urine
amylase preparation acting on pure maltose csused no increase
in reducing power. This produetion of glucose as a primary
product of amylolytic actlion ls in accord with the earller
wﬁntanﬁians of Sherman and “alker {83}, Pringsheim and Schapire
(84), Gottschalk (85) and Lohmann (86).

Somogyl'e data indleate that the same dlastase prepara=-
tion, depending upon experimental condltlons, may react with
the same substrate to form (1) no other sugar than none
fermentable polysaccharides, or {3) non~fermentable reducing
dextrins plus msliose, where the latler appears as the end-

produet of the reaction, or (3), in addition to reducing dex=
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tring and maltose, appreciable amounts of glucose. The experi-
mental conditions which are varied to give these results are
soncentration of the ensyme, concentration of the substrate
and the reaction time. The effect of the increased dilution
" seems to be a deoreased rate of enzyme-gubstrate combination
wlth a resulting deerease 1n raste of hydrolysis. The fact
that dlastase preferertlally combines with polysaccharides
of colloidal structure has been reported by Blitz (87).

This serves to explain the fact that gluccse is not produced
by diastase so long as substantial amounts of starch and
erythrodextring are present in the reaction mixture. The
enzyme molecules become avallgble for reactions with dextrine
of smagller moleoular slze only sfter far-reaching degradstion
of the eolloldal particles has been effected. This ig in
accord with the observation that the formstlon of appreciasble
quantities of glucose occours only after long digestlion or in
gsolutions having a relatively high concentration of the
enzyme.

The appearance of a flocoulent, water-ingoluble precipi-
tate in the early stages of the digestion of starch by B-amyl-
ase was first reported by Baker (73). The flocculent material
was removed from the digestion liquors by filtration and
discarded, the investigstor belleving that this materigl
¥as a "reversal® product of the original starch. Fernbach

and wﬂirr~{ae} bb&arvea this early formation of a precipitate
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and aseribed 1t to the actlon of a specific enzyme which they
called “amyloooagulase®. They state that the liquefying
amylage must be present for this cosgulation to take place.
aalliager-(egi suggeeted that the phenomenon might be due

to the digestion of the smaller starch granules while the
larger ones were precipitated. Ling and Nanji (90) also have
desoribed the sppearance of a water Insoluble precipitate
early in the enzymie digestion of starch. That this floe-
oulstion interferes with the malt method for the determina-
tion of starch has been reported by Chrzaszoz (91).

The first attempt to igolate and characterize this
material was reported by fherman and Punnet (93). They
found no significant differences using commersial takedlastase
or mélﬁrextra@t, the ylield of material varylng only from 1.153-
1.44%. Olayson and Schruyver (93) and Schruyver and Thomas
{94) ssparated the floooulent material from takadlasstasge
digestions and measured 1ts optical activity. They referred
to the ingoluble materisl ss "hemicellulose". Malloch (95)
and Hermano and Rask (96) al&é noted the apge&ranee of the
go-called “hemiaellulnsa” in enzyme digestions of different
starches.

Taylor and co-workere (97, 98, 29) present data which
show that the fatty-seld content of the flocculent material
is higher than in the original starch, thus suggesting thst
the fstty-acid may be responsible for the floeculation.
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However, this same flocoulation occurs when potato starch,
which has a very smsll fatty-acid content, is used as a
substrate (100, 101). It thus seems that the fatty-acid
content falls to explain the reseson for the formatlon of this
water-ineoluble preeipitate. The formation of this materisl
wmugt in some way be dependent on the nature of the starch
moleoule.

A more complete study of this flocculent precipitate
hae baen reported by Hartin (10} and Martin, Naylor snd
Hixon (12). Different species of starch were digested
under standardlized conditions by a soybean f-amylase prepara-
tion. The flocculent materlal was collected from the
digeastion mixture by centrifugstion, resusgpended in water,
diglyzed until reprecipitated, and the wash water decanted.
This process was repeated two or three times until the liquid
from the anode chamber gave no test for phosvhate. The
material was then dahydfaéea by trituration with absolute
alcohol, collected by filtration, washed with ether o facili-
tate drying and placed in s vacuum desioccator for two or three
days. When completely dry the materisl was ground to a
white powder in an agate mortar. The prescipitates obtained
from corn, rice, wheat, potato and taploca starch were charao-
terized as to further hydrolysis by p-amylase, by phosgphorus
and fatty-acid ocontent and by reducing power. Table VII

presents s sapmary of the ﬁata of these charascterizations.



TABLE VII

Properties of the water insoluble dext iin formed
by the action of p~amylase on gtarches

Enzymatio
» Per ocent digsestion Reﬁaging paweg~?sr aent Per cent
Sabstance yleld % maltose fat

Corn ataveh  weww- 58.5 1.88
Dextrin 1.84 14.1 2.73

Bice gtarch  wewew 85.7 3.78

5 0.015 0.66
9
7
4.83 1l.:z
0
1

0,031 1.31
0.038 0.63

5

&

8
Wheat starch ~www 80.0 2.52 10.4 0.081 0.57
Dextrin 0.84 9.65 €.30 36.5 0.112 0.17
Dextrin 0.05 6.3 5.25 19. 0 0.020 0.5

1. Data from Martin, Naylor and Hixon {12).

2. On Bm agcale maltose equals 100.

3. On Reu soale maltose equals 2000,

It 1s interesting to note that in every case the fatty-acld
eontent of the precipitate is higher than the fatty-acid
content of the original stareh. With the exceptlon of the
precipitate from whest starch the phogphorus content af the
dextrin is always higher than the phosphoras content of the
originsl starch. In the case of the wheat starch there lg a
glight decrease. However, there is no correlation between the
fatty-acld and the phosphorus content of the original starches
and the yleld of dextrinous produots derived therefrom. From
these studles Martin, Naylor and Hizon coneclude that the
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Phogphorus and fatty-sclid groups 4o not appear to be the
agents which block the action of the f-amylase at 80-70%
sonversion of atarch to maltose.

At all times during the hydrolysis of atarch by B~
amylase, residual starch-like gubstances can be precipitated
by the action of 50-80% alechol. If the B-amylase is allowed
to act for s long pverlod of time (34-48 hours) and the re~
sldual dextrin precipltated by 50-60% aloohol the starch-like
materisl can be isolated in ylelds of 30-40%. At the same
time the remaining 60-70% of the original starch can be
socounted for as alecholwgoluble reduclng sugars, nearly mwv
of which ls maltogse.

Probably the earliest report of the lsclation of the
water-goluble dextrin by preeivitstion was made by ¥Wijsman
in 18980 (70). He named the Gextrinous material "erythrogranw
ulose®™. Baker (73) prepared a fraotion in mwoﬁw‘awa same
manner and named it "aeamylodextrin®. Tils material had a
specific rotation slightly lower than that of starch and a
reducing power slightly higher. Ling and Nanji (102} Lsolated
a siniler G-pmylodextrin from «wa action of alechol~procipi-
tated barley diasstase on amylopectin., These authors emphasized
that the preliminary trestument of the P-smylsse preparation
has a marked influence on the properties of the residual
material left after the sotlon on amylopeetin is completed.
An smylase preparatlon thoroughly dehydrated in strong



alochol yields a highly mlm#rizea form of a~amylodextrin
(/8 5 +221°), while an untrested or freshly prepared prepara~
tion yields a dlsaggregated form of G-amylodextrin which
exhibite a lower specifies rotation (fa/ ar +193°). The
dextrin of lower rotatlon ig considered by Ling and Nanji %o
represent a depolymerized derivative of the first product.
Another residusl dextrin is reported by Klinkenberg (43)

to have a specific rotation of /&/,, + 194°. The residual
dextrin wae prepared by using s p~smylase ooncentrate from
ungerminated barley. PFreeman and Hopkins(45) prepared
residusl dextrins with s speoific rotation of [87 3, +188°
from the digestion of starch by fenalt-amylsge or ungernin.
ated barley amylase. All of these residual dextiring are
reported as heving low reducing power (less than 2% maltose
eegtiﬁamml as measured against copper.

A verlsnce in the reducing power of the residual dex~
tring is indicated by the work of Samec (103). The dextrin
deseribed in this report had a specifio rotation [&/,, +193%
but instead of the nsusl low reduocing power this residual
dextrin had a maltose equivalent of 16%,

Haworth, Hirst and ¥aine {104) were able to isolate
from the digestion of soluble potate amylose with barley
ﬁwwlaaa a residusl dextrin with a specific rotation of
87 3, +200° 1n HgO and {873, +144° in 5f NaOH, and a reduec-
ing equivalent of 3% msltose as measured agalnst hypolodite,
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Haworth, Hirst, Kitchen and Peat (105), using the p-smylase
‘of wheat, report that the residual dexirin obtalined from po-
tato starch has a specific rotation of fG/,, + 167° in Hg0
 &ﬂ&H£§7ﬁ? +133° in 5% aqueous NaOH. The residual dextrin
of the last two investigations was identical in respect to
polublillity, ocolor with lodine, redueing power, phosrhorus
content and to the further sction of f-anylase. Heverthe-
less, the marked difference in optical activity ls observed.
Meoreover, this difference persists in the methylsied dextrina.
Haworth, Hirst and Walne record for thelr methylated dextrin
[8&7 3, +322°, whereas Haworth, Hirst, Kitchen and Peat record
/375, +197.2° (maximum value) for their methylated dextrins.

The production of residugl dextrins of lower speeific
rotation 1# also indicated by the work of Hartin (10). A
dextrin preeipitated by 55% alcohol from an oat f-suylase
digestion of solublilized potato starch hss a specific rota-
tion of only /874, + 162°.

Haworth, Hirst, Kitchen and Peat (108), Haworth, Hirst
and Waine {104) and moet of the early investigators report
thet the residusl dexirines which they have obtained from the
action of P-amylase are soluble in cold water. On the other
hand, Caldwell (13} has used alcohol precipitation to frac-
tionate the resldusl dextrins from soybean ﬁuagylaso action
on corn sgtarch into hot-water-soluble and hot-water-insolubdble
fractions. Even the hot-water-soluble dextrins d4id not give

solutions suffiolently clesr to allow negsurement of the
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optical setivity. In 3.5% NaOH the hot-water-insoludble frac-
tion had a specific rotation of /a/4, +126.8° and the hot-
water-soluble fraction /a/g, + 154.6%. In addition to these
two fractions a cold-water-amoluble fraoction was obtalned with
a specific rotation of [6/s, +144° (in 2.5% NaOH). Thus
Oaldwell &emasﬁatea by direct fractionstion that the limit
dextrin from the setlion of soybean f~amylsse on corn siarch
415 no% 2 homogeneous product, but thet such a dextrin oan

be fractionated. Thls investigator was unable %o obtain

a similer fractionation of the limit dextrin from the action
of the same gmylase on waxy maize starch.

Caldwell {13) also has demongtrated that these various
dextrine are further degraded by soybean f-amylase. After
isolation the residusl dextrins weres resuspended in boiling
water, cooled to 40° ¢. and redigested by eoybean B-amylaege.
The observed increase in reducing power ocorresponded to
from 11.9-15.0% of the theoretical maltose producible
from the quantity of ocorn dextrin used. The waxy malze
dextring were dissolved in water by warming to 80° C.

After cooling to 40° €. the soybean amylase was added and the
as:gwt&ex; allowed to proceed for 24 hours. The increase in
redueing power corresponded to from 10.5-18.0% of the theoret-
ical maltose. Thus, dextrins from goybean Pf-amylase digestions
of corn and waxy maize starch are definltely susceptible to
further degradation by B-amylase. This susceptibllity was



previougly demonstrated by Hopkins, Cope and Green {108)
in cases where autoelaving was uaed to r@éisperae the limit
dextrin (107, p. 198).

The demongtration by Caldwell (13) that these limit
dextring are non-homogeneous and that they are further de-
graded by the action of fresh soybean B-smylase is contrary
to the reports of Haworth, Hiret and Weine (104}, Haworth,
Eirst, Kitchen and Peat (105) and Hanes (44). The last three
papers report that the G-amylodextirin ls homogeneous and 1s
not degraded by p-amylase.

Support of Caldwell's (13) contentlion that the residual
dextrins from B-amylase action are heterogensous is given
by the work of Beokmann and Landls (14). By use af‘the B~
anylage fron goft wheat they prepared limit dextrins from
gelatinized potato stareh, soluble potato starsch (Lintner)
and from dry-ground potato gtarch and investigated them by
means of the ultracentrifuge. The gelatinized potato starch
and the solublilized potato starch were found to be gqulte
heterogenecus in nature and with both gtarches limit dextrine
were found whiech could be resoclved into two dlstinet com-
ponenta. The dry-ground stserch, on the other hand, was
hetsrogeneous and go was 1ts limit dextrin.

Investipations ﬁeﬁling with the producte formed by the
action of cwamylase on starch show great differences in the

experisental date presented as well as considerable varianoce
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in the interpretation of this experimental evidence. The
modern 1deas on the manner of c-amylase action have been
summarized by Hanes (107) and Semec (108). Thls enzyme pre~
sumably 1g able to split the starch molecule at any pointg,
the nature of the products being dependent primarily upon
experimental econditions. When proper amounts of enzyme are
present, the curve given by pvlotting the reducing equivalent
agalnst the time elapsed exhibits two dlistinct stages: an
initiel phage in which the reducing value of the digestion
mixture rises rapldly to s value equivalent to 30-40% maltoae,
Tfollowed by a segond prolonged stage of extremely slow ine
erease in reducing power.

The expression of the degree of conversion as per cent
waltose iz confusing in that 1t assumes the reducing power
to be due entirely %o maltose. Thils assumption 1s erroneous
because Freeman and Hopkins (109) have shown that the major
part of the reducing materisl produced by a-amylase dlges-
tione has a higher specific rotation than pure maltose and
thus must contain larger carbohydrate molecules. Only a
emall amount of maltose was isolated from such digestions.
Stamberg and Balley {110) have prepared purified G~amylase
congentrates #hieh they have uged to dlgest starches. Data
obtained from a yeast-magnometric method indleate that a-
amylase produced non~fermentable reducing dextrins together

with gome fermentable redueing sugars. Previously Ohlsason
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(81, €1) had demonstrated, from osmotlc behavior of the
dagéa&aﬁimn products of a-gnylase action on starch, that
there wae a large increase in the number of non-dislyzable
(or slowly Alalyzable) particles and that these relatively
complex products accounted for the bulk of the reducing power,
Blom, Bsk and Braae (111) present evidence, bassd on optical
activity and Bertrand reduction methods before and after
fermentation, which shows that true maltose acoounts for 23%
of the totsl digestion produocts. Thig value for true maltosge
must be scoepted ss a maximum value aiﬁae mmerous investigs~
tors (112, 113, 114, 115} have demonstrated thet some of the
lower molecular welght dextring are algo fermentable.

The most typical feature of the reasctlon of a-amylase
is the more or lesas sbrupt terminatlon of the inlitisl hydroly-
sis stage at a reducing velue equlvalent $o 30-40% of the
thecretical maltose value {see Hanes {(107), p. 205, for several
typloal rate ecurves). The maximum limit of degr&&ation by
o~-amylese sppears to be dependent on numerous faetors such
aa gource of the ¢-amylass, concentration of the enzyme wlth
regpect to the starch, removsl of degradation products, ete.
Kumerous Investigators report various values for the meximum
hydrolysie. Usging salive end panoreatic amylase in 18 hour
digestions, Vonk and Brask (116) found 80% and 54% maltose
equivalent, respectlively. Hanes (44) reports maximum hydroly-
sis es ranglnug from 50-53% maltose equivalent. Using en a-
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anylase soncentrate prepared from malt by selective inasotiva-
tion of the S-amylase, PFreeman and Hopkina (109) obgerved
values corresponding to 77-84% conversion. Stamberg and Bailey
(110} have prepared o~amylase concentrates from germinated
wheat by a combinstion of Ohlsson’s (61) snd Klinkenberg's
(117) methods. These carefully prepared G-amylass concentrates
hydrolyze starch to only asbout 40% after 13-28 hours digestion.
Btanberg and Balley (110) also prepared B-amylase concentrates
from normal wheat. The combined asction of these two carefully
purified amylases acting together gave a coublined converslon
of about 78% after 34 hours digestion. This is in agreement
with the value for the comblined a-agmylase and P-smylase
reported by Blom, Bak and Brase (75). Host values for maxi-
mum reducing value atitalneble in a~-amylase dlgestions of
gtarch vary from 50 to 80% msltose equivalent, thus they
approach or equal the value for the combined action of G-
Plug Peamylase. Binoce mozgt of the d-amylase preparations
have nct been carefully purified 1t i1s possible that these
preparations are more or less contaminated by P-anmylase.
Therefore, the more highly purified c-amylase concenirates
of 8tamberg and Balley‘give resulte which more nearly ap-
~ proach the true vaslue for pure G-amylase.

Hanes states (107, p. 208): "a consideration of the
avaeilable information suggests thaﬁ with pure «a-malt-
amylase the termination of the initial rapld phase would ocour
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at gbout 28-30 per cent apparent conversion, and that the
1imlt of hydrolysle would not exeeed a value of approximstely
50 per cent maltose. That this degree of purification is
obtainable by the Holmberg method, and for eertain malt ex-
tracts, by the Chlsson method, 1s indlcasted by unpublighed
cbgervations of the writer." 7This statement is alsc aube
stentiated by the work of Stamberg and Balley (110) in which
gernlinated-wheat a-amylage was puriflied by a combination of
the methods of Klinkenberg and Chlsson.

Igolation of the products from the action of G~amylase
on starches can bPe accomplished by fractional preeipitstion
of the digestion products by organic solvents. Many investiga-
tors have utllized a yeast fermentation to remove the ferment-
able sugers previous to preeipitation of the dextrins. Be-
canse there are many indieations (112, 113, 114, 115) that
the small dextrin molecules are fermentable by yeast, the
uge of fermentation methods may involve partial loss of the
smaller degradatlion products.

Anlborg and Myrbdek (118) have isolated the dextrins
from the hydrolyels 0f‘eﬁrn‘a§arah by takadlastase a-amylase.
A major portion of the dexirins could be dlalyzed through
ordinary membranes, thus indicating that they are relatively
gmall molecules. The original dxtrin was lsolated in 20%
yizlds. Sixty per cent of the dextrin had a melesculsr welght
of 950; the remaining 40% had a molecular weight of 650.
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Studles of optical rotatory power under various conditions
corroborates the assumption that the dextring are noct homo-
geneous. These dextrins are slsc ausaapﬁible to further
hydrolysis by a-amylase, but at a rate of about 1/1000 that
of the original starch. MNyrbldck (119) reports several iso-
lations of dextrins with melecular weight of less than 680.
One dextrin fractlon from a takadlastase digestion of corn
starch appeared to conitain a pure trisaccharide. 5rtenb1a&
and Myrblck (120) have found that seversl fractions of the
dextrins from a smalt-amylase digestlon of corn starch give
practically the same molecular weight of gbout 500 and con-
sist prinelipally of trissccharides. It ls of particular
interest to note that the molecular welghts deternined from
the reduecing value and from diffusion meagurements are in
good agreement. On the basig of these data they conclude
that each dexbtrin molevule containsg a free aldehyde group.

The 1solation of a crystalline hexaoee from pancreatic
amylase digestlon of erythrogranulose 1s reported by Waldschmidte
Leitz and Relchel (121). The dextrin has the formula CgeHgaOsi,
1§?@,+1a3*, m. 258-63° (decomposition) and gives no color with
iodine. It ig hydrolyzed by amylase but not by maltase. The
anylaee splits the dextrin into 3 molecules of maltoge which
are then hydrolyzed by mgltase into 6 glucose molecules.
Hutarotation of the maltose formed is in opposite directions
according to whether the cleavage 1s affeoted by a- or P~
amylase.



- 81 -
Haterialg Used

A, g~amylase

The s—-amylage preparation used in this investigation
was a2 oconcentrate high in a-amylase activity and resistant
to insctivstion at elevated temperatures. The enzyme was

furnished through the courtesy of the Wallerstein Laboratories.

B, S8tarches
The corn gtarch was & commercisl pearl starch. The

waxy malze ssgrﬂh was furnished by H. D. Kaslow.



Statement of Problem

It s evident from the literature survey that the major
portion of the publleations on soybean B-amylase has origin-
ated from these laboratories. The preliminary studies were
undertaken by Bray and Naylor (37). This was followed by
various publications dealing with the enzyme (5, 8, 9, 10,
12, 13). The investigations have included studies on methods
of preparation of soybean B-amylsse, utlilization of the
enzyme in following the modificstiona of starches and investi~-
gations of the degradatlon products formed by the action of
the enzyme on starch.

In order to compare the asction of the B-amylase with
the sction of a-amylase, 1%t was necesgary to have some idea
of the products formed by the action of the latter enzyme
on starch. With this oblective in nmind, the fractionation
of the degradation products formed by the sction of G-amylase
on piarch and the oharsoterization of the products hy

physical and chemleal methods were carried out.
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Procedure for the Isolation of the Degradation Products
Formed from 3tarch by the Action of a-amylase

Lorn starch degradation products. Experiment I.

Primay
atarch were sugpended in a small amount of celd water asnd
slowly added %o 3 liters of bolling water., Thig gelstiniza-

/ prog¢edure. One hundred grams of commercisl pearl

tion wag carried out in a 4 liter beaker, the golution being
gtirred vigorously during addition of the cold-water-suspen-
gion of the starch and during the following period of bolling.
Bolling wag contimied for five minutes. The starch paste
¥ag very viscous even when hot. 7The paste wae cooled rapidly
to 55° C., 0.1 gram a-amylase added, the solution stirred
thoroughly to dissolve the enzyme, the whole transferred to

a 4 liter Exrlenmeyer flask, stoppered with a cotton plug and
placed in a wa?er bath maintained at 40° C,

Yigoosity neagurements were made in a water-Jacketed
pipette maintained at 40° C. After 8 minutes the relative
viscosity had fallen from an unmeasureable level to 2.08,
in 69 minutes 1t had fallen to 1.52 and after 93 minutes
the relative viscosity was 1.38. At thig stage the digee~
tion mixture was removed from the water bath and heated to
boiling. Another 100-gram portion of pearl starsh suspended
in oold water was then added. =oiling was continued for 5 A
mimutes, the starch suspension then pooled to 70° C., 0.13

gram of a-amylase added, the digestion mixture placed in the
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water bath at 40° C. and the digeation allowed to procsed
for 26 hours. The relative viscosity of the mixture then
stood at 1.83.
At the completion of the digestion period a congiderable

guantity of floococulent materisl had begun to settle out.
This material was collected by centrifugation in the Sharples
supercentrifuge at 21,000 r.p.m. The gelatinocus mass so
oollected was resuspended in sbout 300 ce. of water, 0.1
gram of a~amylase sdded, placed in the water bath at 40° C.
and asllewed to digest for 19 hours. The heavy, visoouse
sugpensgion was then tranaferred %o glass centrifuge tubes
and centrifuged at 3000 r.p.m. for twenty minutes. After
centrifugation about 50% of the ﬁc#al volume wag removed by
decantation of the clear supernatant liamid. Further centrifu-
gation for 10 minutes produced no appreciable sedimentatlion.

The few drope of supernatant liguor 8o obtained were decanted
| and the reslidue treated with an equal quantity of absolute
sleohol. After 15 minutes centrifugling st 3000 r.p.m. no
visible settling had occurred. The suspension was then
tranaferred to a Whatman Ho. 40 filter paper in a Buchner
funnel snd filtration accompllighed with suction. The process
was slow and tedlous, each filtration reqairing several hours.
The aamiugalié go obtalned was delydrated by rerveated suspenw
slon in absolute ethyl aloohol. This materlal 4id not de-

hydrate to a granular mass, but remalned ms a gelatlinous
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material which would not settle out of absolute alcohol.

Upon removing the final traces of aleohol by evaporation at
room temperature, the material remsined as a gray horny

solid., The 50114 was very hard but could be ground in an
agate mortar, the finely pewéersd;material being only slightly
‘soluble in bail;ng water. Yield of Ppt. I -~ 12.91 grams.

| The aenté&f&g&te from the ariginal separation of Ppt. 1
w&s}eva?orateﬁ to & volume of 815 co. under reduced pressure
in a wateér bath maintalned at 50® C. 4 trace of haze was
present at thig stage. Centrifugetion did not olarify the
gsolution. An equal quanti%y of absolute aleohol wae then
added. The water-clear syrup so obtained was colleoted by
gentrifugation, redissolved in a,bmall amount of water, re-
precipitated dby gha eddition of aleohol and finglly dehydrated
by trituration with sbeolute aloohol. This ylelded a white
amorphous material ﬁhieh digsolved in cold water to give a
alightly turbid solution. The lodlne ealar’was a reddigh-
purple. Yield of Ppt. II -~ 60.72 granms.

The aleohol concentration ef the eentfirugate'from the
firet precipitation of II was ineoreased to 75%. Tﬁa cleér,
viscous syrup so obtained was redissolved in a slight excess
af‘wéaer, repreaip&#ate&,‘and dehydrated with sbsolute al-
cohol. Yield of Ppt. III —- 22.53 grams.

The centrifugate from the first precipitation of III

wasg evsporated under reduced y}eaaure to a volume of 1532 oc.



Abgolute sloohol was added until a definite prscipitate formed
{243 ce, alechol nscessary). After stending at room tempera-
ture for 48 hours the precipitate had settled inte a thick
gyrup. The supernatant liquor was decanted, the residual
syrup redissolved in a small amount of water, repreéipitated
by the addition of abassclute alcohol and dehydrated in the
upual manner with absolute aleohol., Yleld of Ppt. IV ~w

- 17.99 gErame.

The supernatent liguild decanted from Ppt. IV had &
volume of 345 cec. Four hundred cubic centimeters of absoclute
alochol wes added to give 2 heavy syrup. This wae redissolved,
reprecipitated and dehydreted in the usual menner. Yield of
Ppt., V == 33,09 graus.

Centrifugete V was evaporated under reduced pressure Lo
a volume of 16 eo., giving a thick yellow syrup. This syrup
wags added to 300 ce. of absolute aleohol dropwise and with
vigorous gtlrring to insure rapld dlstribution of the syrup.
ﬁﬁa precipitate so formed was dehydrated in the usual manner
and preserved as Ppt. VI. This material wae a light, fluffy
solid having a slight tan tinge., Yleld of Ppt, VI ~- 9.63
grang.

The original pearl starch used in this preparation cone-
tained 10.2%% moisture. On thie basis, 179.5 grame of starch
was uged. From the yields of umsterlals givaa in the above

prosedure the overall yleld as sclids was 87.4%.
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300 g. eorn gtarch
in spuspension

0.22 g. a~amylage
Digested 386 hours

Centrifuged —Realdue plus ——>Residuse — > Ppt. I
0.1 g. a~anylage dehydrated 13.91 g.
Digested 19 hours

Eveporsted |
EtOH to pp‘!;ian.—»—%eipitﬂé——»Pur.zrma———»ggt% I1
80.72 g.

, ( .
EtOH to pption.———»Preeipuate———»mMﬁeé—»?pté IIx
| | 22.52 g.

Evaporated , ,
EtOH to pption.—Precipitate ﬁwrified—ﬁgtéglv
7.99 g.

Et0H to pptiﬁn.—*Pmaipiﬁam—*?urifieﬁ——»Pgtégv
33. £

Evaporated %o heavy syrup
Dehydrated with abs. E%H—>§pgé VI
.83 g.

Figure VI. Flow gheet for the fractlonation of the degrada-
tion products formed by the aection of a-amylase
on corn starch. Experiment I.



- 88 -

Fragtiongtion of Ppt. II. Five grame of Ppt. II was
dissolved in BO cec. of water, 10 cc, of 0.051 K I, in KI
added and the solutlon allowed to stand for 18 hours {later

work indiested that this standing was not nacessary); The
lodine~starch solution was exiracted with dlethyl ether until
the ethereal layer was only slightly colored. The solution
was then extrscted with a small amount of chloroform to
remove the lagt traces of ilodine. The extracted agqueous
layer was then aerated to remove the major portion of the
realdual ether and chloroform, the volume of the golution
after aeration being €3 ge. Absolute alechol was added slowly
from a pipette and with continuous stirring until a deflinite
black precipitate formed (50 oc. alcohol required). Further
addlition of a few drops of alcohol csused a white flocoulent
precipitate to form. The preciplitate settled almost instan-
taneously leaving a light yellow-colored solution. After
ecentrifugetion at 1000 r.p.m. for a feow minutes the solution
wag a clear cenary~yellow while the precipltate had collected
a8 a gelatinous black mass. After decantation of the super-
natant liquid the precipitate was digsolved in a small amount
of HgO, reprecipitated with sleohol, ecolleoted by centrifuge-
tion and dehydrated by comminution with sbsolute aloochol.
Yield of Ppt. 11b <~ 1.9€5 grams.

To the centrifugate from the first precipitation of Ppt,
Iib 50 cec. of absolute aleohol was added. A white gummy
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material, which collected as a mass in the bottom of the beaker,
wag obtained. The yellow color of the supern&tant solutlion

was destroyed by the addition of one drop of 0.096 N HagS,0,.
The precipitate was colleoted by centrifugation and treated
with sufflclient water to give a turbild gugpension. The mater-
ial caueing the turbidity was aall#et@d by scentrifuging at

1000 r.p.m. for 30 minutes. The gelatinous mass was dshydrated
with abgolute aloochol and preserved as Ppt. IIa;. Yield =~
0.211 grams. ‘

&1gahal‘was added to the centrifugate from the first
preeipitation of Ppﬁ. ITI a, until the precipitate which formed
coagulated. The material was collected by centrifugstion and
dehydrated with absolute aleohiol. Yield of Ppt. Ilbg <=
0.820 graus.

The color-preaction of these fractiong with lodine are
as followst II =~ purple; Ila; -- a dirty purple; IIay =
iight orange~yellow; IIb =~ agrystal-clear deep-blue. Thege
lodine~color reasctions indicate that a definite fractiona-

tion of Ppt. II has been obtained.

Fractionstion of Ppt., III. Five grame of Ppt. III wase

and allowed to stand overnight. The excess lodine wae ex-
tracted with dlethyl ether. The extracted lodine required
 2.56 ec. of 0.0957 N Nay8,05 for titration, which is exactly
equivalent to the lodine added. The absence of lodine con-



sumption indieatee that the lodine treatment is not essential
and may be eliminsted.

The ether was then removed from the agueous solution by
aeration giving a final volume of 28 cc. Absolute slochol
was added slowly and with stirring until a definite precipitate
formed. The preciplitation ocourred sharply after the addi~k
tion of 25 ee. of alecohol, the total volume added being 38 cc.
or exactly 50% alcohol by volume. The precipitate collected
ag a heavy, slightly yellow gyrup. It was placed in an ice
box at 5° C. for 20 hours. Because no precipltation had
occurred the eyrup was therefore dehydrated with absolute
aloohol. Yield of Ppt. 1Ila «- 1,805 granms.

The centrifugate from thevpreaipitatian of Ppt. IIXI g
had a volume of 43 cc. The addition of 25 cc. sbsolube alco-
hol gave a further precipitsate which was collected by centri-
fugation. After dehydration the s0lid sppeared to consist
of fine, sparkling crystals. HMicroscoplc examination showed
this naterial toc be made up of irregular, transpsrent, non-
crystalline platelets. Many of the platelets wers so large
88 to be readily picked from the mass of the sample with a
small gpatula. Yield Ppt. IIIb - 1.434 grams.

One hundred fifty cc. of absolute alecohol was added to
58 ce. of the centrifugste from the precipltation of IIXb.

A milky solutlion regulted. After standing 48 hours the super-
natant 1igquid was decanted from the semi~granular solid whieh
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had collected on the sides and the bottom of the vessal.
Grinding with 35 ce. absolute alcohol for several minutes
completed the dehydration. Yield of Ppt. 1Ilg —w- 0,287

gransg.,

Fractionation of Ppt. V. Five grams of Ppt. V was
dissolved in 26 co. HyO and the resulting solution filtered

to remove the few gtrands of fllter paper prepent. Absgolute
aleohol was added untll a definite precipitate formed. Thisg
required 75 ce. aleohol. After standing overnight the clear
supernatant liquor was decanted, the precipltate dehydrated
with absolute aleohol and preserved as Ppt. Va. Yield ==
1.385 grans.

The solution decented from Va was stirred continuously
during the addition of 25 ecec. absolute sleohol. The precipi-
tate wag settled by centrifugation and dehydrated with alcohol.
Yield of Ppt. Vb «« 0,787 grans.

The centrifugste from Vb was increased in alechol concen=
tration by the addition of 100 ea. of absolute aleohol. The
preciplitate was collected and dehydrated. Yleld of Ppt. Vo «-
0.636 grans.

The centrifugate from Ppt. Ve was evaporated in a stream
of &1r gt room temperature to give Ppt. V4. Yield == 0.320

groms.
The specific rotation snd the reducing power of these Jex~

. trinous products were determined. The data from these determina-

tions are presgsented in Table VIII.



TABLE VIII

Summary of the properties of the products obtained from the
digestion of corn starch by a-amylase. Experiment I.

Primary Products Frgotions of Primary Products

No. in Hg0 HaOH wmaltose, No. in Hy0 maltoge)

II'  +171.2° +147.5°  6.00 Ila,' +168.7° 3.20
IIb!t +167.5° 3.70

I11 +178.5% +150.0° 15,6 1Ila +169.58° 7.5
I1le +169.0° wee-

v +157.3° +133.8° 43.2

Y +155.0% +131.3° 46.3 Ya +158.0° 37.1
b +159,.5° 40.9
Yo +1856,5° 41.3
va +160.8° 44.2

v s v +167.5% 54.3

VIT  4146.3% —eemee 84.4

VIiI e o +122.5%% 72.1

1. Praction II gave &

g dirty purple color-reaction with lodine.

Fracotionation geve IIa which had a clear deep-blue color re-

action with lodine and Ezb which gave a conary yellow.

The

color-reactlon of gombined IIsy and IIb was ldentlcal to the
original Fraction II.
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Lorn mterch depmradation products. Experiment II.

Nine hundred and forty grams of corn starch was suspended
in 3 liters of ocold water and heated in a water bath uhtil
the paste became so thick as o make stirring impossible. The
Buspengion was then cocled to 70°® C. and 0.4 gram of a=-
amylage added in an agueous sclution. The enzyme solution
was stirred into the heavy paste, the mixture placed in the
40° C, water bath and digestion allowed to proceed for two
hours. At the end of this time another 0.5 gram portion of
a~amylase was added, the heavy paste transferred to an Erlenw
neyer flisek, 25 cc. of toluene added as & prés@rvatiwe and
the digestion allowed to continue at 40° C. for 16 hours.

At the end of the first 18 hours of digestion the paste
was ligueflied to the extent that it would pour. Some un-
digested lumps were Dresent, To ingure complete dligestion
of the substrate the suspension waeg heated to 85°% C, and
maintained at that temperature for 30 minutes. The heavy
sugpension go fcrméﬁ was cooled to 65% C., passed through
a homogenizer, 0.6 gras of a-amylase added in an aqueous
sugpension, snough toluene added to form a layer over the
surface of the dligestion mixture and the whole plaeedxin a
40° C. water bath.

After 26 hours the suspension was 80 heavy ae to pre~
vent centrifugetion. Dilution %o 6 liters with dlstilled

water rave s suspenslon which could be eentrifuged. Repesated
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centrifugation at 21,000 r.p.m. gave a oclear centrifugste
and about 1000 eo. of a sgemli-golid product. The semi-

golld material was transferred to a large Buchner funnel in
8 suctlon flask and allowed to filter overnight. The clear
filtrate obtained wag added %o the original eentrifugste,

50 eco. of toluene added and the mixture placed in an lce box
in a stoppered flask,

The semi-g0lid material remaining in the funnel was
resuspended in 2 liters of water, run through the homogenizer,
heated to bolling, cooled to 40° ¢., 0.5 gran of a-amylage
and enough %toluene to form a thin layer over the surfsoe
added, and the dlgestion gontinued for 98 hours. The large
quantity of undigested materisl was collected by centrifuga-
tion, susgpended in 3 liters of absolute aloohol by passing
through the homogenizer and allowed to stand for saveral hours.
The heavy alcohollic suspension was placed in a large funnel
and allowed to filter by gravity for twelve hours. The molst
gum~like product was then transferred to a large glass plate
and allowed to dry under atmospherlc conditlons. Stirring
and erumbling as the drying proceeded helped reduce the sizq
of the particles. After drving for 48 hours the hard, horny
naterinl was ground to pass a 100 megh sereen, allowed to dry
at 50° ¢, for two days and preserved ae Ppt. I. Yield -=
55.5 grams.

The combined eantéifagate and flltrate from the first
digestion showed g\slight smount of sediment after standing



overnight in the ice box. This was removed by centrifugation.
The clear cemtrifugaté was evaporated under reduced pressure
(15-20 mm.) in & water bath maintained at 50-55° C. until a
heavy syrup was obtained. The gyrup was transferred to a
large beaker, warmed to 60° €. gnd sbgolute alcohol added
until the precipitate settled out as s heavy eyrup. Upon
first preclipitating, the materisl appears %o be made up of
fine particles of solld, but in the werm solution this formed
a syrup which did not solidify upon cooling. After cooling
for several hours st 0° C. the olear supernatant liquor was
ﬁaaaﬁte&,‘ﬁha residual syrup redlssolved in a small amount

of water, repreciplitated at 60° C., cooled, allowed to settle,
the gupernatant liquid decanted, the gyrup dehydrated by
comminution with absolute aleohol, sollected by filtration
and dried in the air. Yield of Ppt. I -~ 334.7 granms.

The 1liquid decanted from the fi&st precipitation of II
was warmed to 80%° C. agnd absolute salcohol added until a layer
of heavy syrup formed. The solution was cooled to 0° C.,
the supernatant liguor decanted and the syrup redlssolved in
a amall amount of water. The materlial was then reprecipltated
at 60° C. by the addition of glcohol, dehydrated with abso~-
lute 2leohol, ocollected by flltration and dried in the air.
"Eie}.d of Ppt: III -= 89.4 grane.

The supernatant solution from the flrst precipitation

of III (total volume about 3500 cc.) was evaporated to a
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gyrup, absolute alcohol sdded at 60° C. until a definite
separation of materisl was evident, cocled to 0% C. and allowed
te stand for a short time. The supernatant liguor was then
decanted, the syrup redissolved in water, reprecipitated at

60° ¢., dehydrsted wilth absolute alcohol, collected and dried
‘at room temperature. Yield of Ppt. IV == 32.6 grama.

The 1iquld decanted from the first precipitation of IV
was evaporated under reducved Pressure to a thick syrup, transg-
ferred to a emall besker and the evaporation contlnued in a |
sireanm of alr until a gusny masgs formed. Thig gum was then de-
hydrated by traatmeﬁt with abeolute slechol., Yield of Ppt., V «-
34.0 grang.,

The liquors from the reprecipltation and dehydration
of Ppt. III alsc were combined. The resulting precipitate
was dehydrated with absolute aleohol, dried and preserved
as Ppt. IlIa. Yield ~- 39.1 granm.

| The combined centrifugate and filtrate from the re-
digestion of Ppt. I possessed s dull gray appearance. Only
a trace of material was removed by centrifugation. The sug-
pension was then evaporated under reduced pressure at about
850° €. The syrup obtained is brownecolored but haes none of
the murky-grey color typical of the original solution. How-
ever, if a small amomnt of the syrup is dlluted with HpO 1t
ageln acquires the dull gray color typleal of the original

golution. The gyrup wes then warmed to 80° C., alechol



ﬁé@ﬁﬁ untll a precipitate formed, the mixiture cocled to 0° C.
aﬁﬁ &1le%& o stand for a short time. The supernatant liquid
wag decanted, the residual ayrup redissolved in water, then
repreciplteted at 60° €. and the resulting syrup dehydrated
with absolute aleoohol. ¥Yield of Pyt.lia -— 47 .45 grams.

The solution from the first precipltation of Ia was
inoreaged in aloohol concentration until a precipitate formed.
This was allowed to settle, the supernatant solution decanted
and the residusl syrup dehydrsted to give Ppt. Ib. Yield ==
17.1 grams.

The sclution from Ib was evaporated to a volume of
about 30 ce. and sbsolute aloohol added untll precipitation
oscurred. The gyrup was dehydrated with absolute slecohol to
give Ppt. To. Yield -~ 9.85 grams.

The solution from the precipitation of Ic was evapor-
ated in & stream of alr o giv% a nearly eoclid gum. This was
dehydrated with abgolute slcohol to give Ppt. Id. ¥Yield -
13.0 grans.

The solution from the reprecipitstion of Ppt. Ia and
the dehydration liquors from the same product were combined
to glve a further preoipitate. This was redissolved in water,
reprecipitated and finally dehydrated wlth sbsolute mleohol.
Yield of Ppt. Ia (1) -- 14.80 grans.

The liquers from th& reprecipitation and dehydration
of Ppt. I1 were combined. The resulting precipitate was
collected, dehydrated with abeolute amlechol and dried at
room temperature. Yield of Ppt. Ils -~ 30.9 grans.
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840 g. corn starch
in sugpensgion
Experiment II

0.9 g. a~amylase
Digeated 16 hours

Heated to bolling
Homogenized and cooled

0.6 g. a~anylane
Digested 26 hours

Diluted —Begldue plusg
Centrifuged 0.5 g. w—anylage
Digested 96 hours

Solubles —Ppts. Ia,

fractionated Iay, Ib,
Is, Ia

Evaporsted — > Pracipitate > Purified—s Ppt. II

Et0H to pption.—Precipitete— Purified—— Ppt. III

89.4 g.
Evaporated
EtOH %o pption.,—>Preciplitate —Purified —Ppt. IV
32.6 g.
‘?xs}‘ﬂ'@am%s& to a gum —> Ppt. V

Dehydrated with abs. EtOH 24.0 g.

Figure VII. Flow gheet for the fractionation of the degrada-
zion products formed by the action of a-sgmylsage
on corn starch. Hxperiment 1. .
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TABLE IX

immary of ﬁha properiiss of the fractions obtsined from
the digestion of corn 3%&?@& by c-amylasge. Lxperiment IX.

Primary pra&aata | Prastions from primary products
Ppt. [8:  Ra (ae . Ppt. [8a Ba (as
No. in Hz0 % maltose) Ho. in H0 % maltose)
I —— 15.2 Ia +159,3° 42.8
Ia{l)  +157.5° 58,3
v +148.7° _  87.3
Ie  +116.2° 96,6
14 +138.3° 80.8
iI +163.2° 35,2  1Ia +159.2° 56. 6
IIT  +153.2° 50.0 IITa®  +142.0° 91.0
Iv +142.8° 76,0
v +123.1° 98.6

The specific rotation and reducing equivalent of the
various subfractlone are given in Table IX. |

The original starch used in the preparation agﬁtained
10.28% méistnrv. On this basis the overall recovery of
solids was 84%. |
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Haxy malze gta roh dogradation produsts.

Prim

starch was made to = paste in cold water and poured into 3.5

7 Procedure. One hundred grams of waxy malze

liters of boiling water. The suspension so formed was bolled
for five minutes, eooled %o about 70° C. and 0.1 gram a-smylase
added. In less than one mimite the paste was liguefied to
an easy flowing llquid. The dlgestlon was allewea.ta»proasad
for 30 minutes at 40° G, The digestion mixture was then
heated to Polling and 100 grams of waxy malze starch in eold
watler was added. Bolling was continued for five minutes.
v&fter"aeeliag to 70* €., 0.3 gram of a~-amylsge wase added,
the digestion mixture was placed in a water bath at 40° .
and the dlgestion sllowed %o proceed for 18 hours. At this
time the mixture was centrifuged at 21,000 r.p.m. while still
wvarsi. The small amount of sediment removed was allowed to
stand under absolute aleohol for 24 hours. The dehydrated
material was then collected by filtration. Yield of Ppt. I --
0.6808 grames.

After the centrifuged solution was allowed %o oool
to room temperature a amalilama&nt of floceulent materiel
| had settled out. This wae removed by centrifugation. The
amount was so small as to magke recovery from the large oentri-
- fuge bowl impossible. The four liters of clear solution were

" then evaporated to s volume of 350 cc. under reduced presgsure
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in a water bath maintalned at 50° C. This concentration
period must be considered as part of the digestion time
because the amylase continues to act at the temperature of
the vecuum dlstillation (about 40° C.). Thus, the total
digestion time was 47 hours.

The hsavy syrup left arﬁar«vaaunm distillation of the
water and aleohol was oloudy and had considerable color. The
syrup was olarified by the addlition of 10 grams of animal
Ghaéaaal, heated to 40° G; for s few minutes and then filtered.
This treastment yielded a corystal clear, light yellow syrup.
@heﬂr&ai&ual chai@cal was Washed with two fifty cuble centi-~
meter portionsg of dlstilled water to remove the occluded
syrap. The combined washings end syrup had s total volume
of 50O ee.l Seven hundred and fifty cuble centimeters of
absolute aleohol was then added to glve a heavy preclipitate.
The mixture was allowed to stand at 5° C. for five hours and
the syrupy praaipiﬁata collected by centrifugation. This
gyrup was dissolved in a slight excesg of water, flltered
through ﬁh&tmaﬁ Ho. BO filter paper to remove s smsll amount
- of sediment and then reprecipitated by the addition of abso-
lute aleohol. The syrup was again dissolved in water. Upon
addition of aleohol, slowly and with constant stirring, a
primary precipitate separated as a brownish syrup, followed
at a definite stage by a white milky precipitate. The addl-
tion of alcohol was stopped at the first appeasrance of this
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white precipitate, traces of the precipitate redissolving
upon gtirring. The solution was then cooled 1n an iéa bath,
the heavy syrup collected by centrifugstion and dehydrated
with absolute alcohol to give Ppt. Ila., Yield -~ 7.545 grams.

Addition of alcohol to the centrifugate of Ila at 0° G:
gave:a white milky suspension which coagulated upon the addi-
tion of & further amount of sleohol. The preeipltate was
collected as a)syruy by oentrifugation and dehydrated in
the usual manner. Yield of Ppt. 1Ib -~ 39.81 grams.

The centrifugate from the ariginal precipitation of
‘II was stirred continuocusly during the adﬁitiaé of 500 ece.
of sbsolute aleochol. After atanding overnight &t 5° C. the
preeipitate was removed by centrifugation, redissolved in
a small execegs of water, filtered to remove a feWw insoluble
particles, reprecipltated by the &ﬁﬁi%&mn of alﬁahﬁl, again
redissolved in water, repreciplitated by the‘adﬁitién of
&1@0h@1,&ad finally dehydrated by %rituratiqn wiﬁh ahso}ate
aloohol. Yield of Ppt., III -~ 34.10 grams.

The centrifugate from the initial precipitation of III
"waa ev&perataﬁ aﬂdar reduced Ddressure to g voiuma of 140 ce.
Four hundred oubie centimeters af sbsolute alcohol was then
added. The precipitate wasg collected by centrlifugatlion,
redigsolved in water, ra@raaiyitaﬁéa ana f&ﬂaily dohydrated
with sloohol. Yield of Ppt. IV —- 16.98 grams.
| The centrifugate from the firet precipitation of IV
wa# evaporated to a thlek gyrup. Additlion of absolute slcohol
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did not cause granulation of this syrup. Upon boil;ng with
absolute aloohol a amall amount of the material diseolved.

The hot gloohol solution was decanted from the syrupy resldue,
eooled and the granular precipitate collected on a filter.

The material was dried in s vacuum desloostor over CaCl,.,
Yield of Ppt. V — 1.3407 grams.

Upon further extrsction with boiling absolute alcohol
another small quantity of material was dissolved. The solu-
tion was decanted and cooled to yleld Ppt. VI. This was
also dried in a vacuum desiccator over CaCl,. Yield of Ppt. VI
~= .252 grams.

The alcohol ax%raataé.mazsrial became hard and brittle
upon cooling. It wses ground ;& a Fine whilte powder in an
agate mortar and preserved as Ppt. VII. Yield -- 23.17 grams.

In an effort to make the recovery of solids as quantita~
t;ve as possible all mother 11@&9#& and dehydration liguors
were reworked. The’fallawing is a2 sumnary of these manipulsg-
tions: _

1. A1l mother liguors from the reprecipitation of Ila
and IIb were combined and evaporated to a volume of 50 cec.

The addition of 2850 ce. of sbsolute aleohol gave a precipitate
which was collected by centrifugation and dehydrated by abso-
1ute'aicﬁhal. Yield of IIab; ~- 23.10 grams. ‘

l}E. The mother and dehydration liguors from Ilsb, were

combined and evaporated to dryness at room temperature.
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Yleld of Ppt. Ilaby =~ 1.006 grams.

3. The mother liguors from the reprecipitation of IV
were evaporated to a thick syrup. These were further allowed
to evaporate at 40° . for six éaés, Ho solids had formed.
The material was then dehydrated with absolute aleohol. Yield
of Ppt. IVa ~- 11.63 grame. |

4. The aahydraﬁi@n‘liqﬁera of Ila were evaporated %o
drynesa.,  Yleld Ilay =~ 0.0303 graus.

8. The dehydration llguors of IIb were evaporated to
aryness. ' Yield of IIby ~- 0.3354 grams.

6. The mother lliguors from the reprecipitation of III
were combined and evaporated to a volume of about 50 cge.

Two bundred oubic centimeters of ahéelata aloochol was added
to give Ppt. IIlg. Yield «= 13.51 grams.

7. The dehydration liguors of III were evaporated to
dryness. Yield of III, = 0.5000 grams.

8. The dehydratlion liguors of IV were evaporated to
drynegg. Yield of IVy -- 0.0791 grams.

8. The mother liguor of V was evaporated to dryness.
Yield of V, N not recorded,

10, The mother liquor of VI wag evaporated to dryneas.
Yield hf VI »= 1.012 gransg.

The originsl waxy msize starch contalned 6.7% molasture.
Gn.this baaia'?i.e% éf the total sollds were recovered..
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200 g. waxy maize starch
in suspension

Digested 19 hours

ﬁantrirugeér——>ﬁes&ﬁue——a—ﬂehyératad——4»?93. 1
9'608 £g.

1 : Ppt. Ila
Evaporated Redissolved 545 g.
EtCH to gptian.——*»?reaiyiﬁate-—e»?raati@nal
precipitation = Ppt. IIb

39.81 g.

Et0H %o pptimn.——%»?reeigitate——+>Puririaﬁ——a~?pt. IXI
. 24,10 g.

Evaporateﬁ
BEt0H to yption.——%»?raaipitatﬁ——ﬁ>ﬂurdfieﬁ——*—fptéaxv
6 g.

9
Evaporated to heavy esyrup

Extracted with boiling Et0OH—s Solution cooled—>Ppt. V
1.341 g.

Regldue agein extracted —Solution sooled —Ppt. VI
0.252 g.

&ammy regldue oooled
Ground to a powder Ppt. VII

- 23.17 g.

Filgure VIII. Flow gheet for fractionstion of the degradation
products formed by the actlon of a-amylase on
waxy malze starch.
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TABLE X

Summery of the properties of the fractions obtained
from the digestlon of waxy malze starch by a-amylase,

Primary Products Fractlons from Primary Produocts

Ppt. I8/ Bm {as % Ppt, Fa (as
No. éé%ﬁhe - maltose) No. 'é%zkgs % maltoas)

I o 29.4

Ila +174.3° 13.1

IIb  +172.9°  22.5 IIb, +163.4° ° 61.5

Ilab; +153.3° 54.3°

IIabg +108.9° 93.0

111 +165.4°  36.6 IITa  +147.4° 53.0

III, +133.0 *  86.3

v +160.5¢ 48.5 IVa  +151.9° 76.0

' | IV,  +141.7° 59.1

vI +148, 2° 86.0 VI, + 94.1° 197.5
VIl +133.2° 76.0

ctionstion of Ppt, IIb. Five grsms of Ppt. IIb was
‘dlssolved in 1& ce. of water. The a@é&%&on‘ﬁf 12 eco. absolute

aloochol at room Lempersture caused g sllight precipitation.

Cooling in an lce bath for a short time gave a brown-colored

4
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precipitate. Centrifugation ylelded a water clear centrifugete
gna 8 heavy syrup. The eyrup was redissclved in 10 cc. water
and reprecipitated by the addition of 30 co. absolute alcohol
at®® O, 7The preeipitate wse a glightly colored, viscous guﬁ.
Dehydration with absolute slcohol gave s white; amorphous
powder. Yield of Ppt. II, -- 3.55 grams.

To the clear centrifugate from the first precipitation
of II, 20 cc. of absolute sleohol wag added and the mixture
cooled. The near-solid material was redissolved, reprecipitated
and dehydrated. Yleld of Ppt. II; -~ 1.53 granms.

- One hundred ocuble centimeters of absclute alochol was
added Bo the centrifugate from the firsﬁ preciplitation of
11, to give a white floceulent preoipltate. After cooling
to 0° C. the precipitate was removed by centrifugstion and
dehydrated by repeated suspensions in sbsolute aloohol.
Yield of Ppt. Ilg -~ 0.197 grams.

The addition of 100 co. absolute asloohol toc the mother
liguors from the repreclpitation of 1I, gave a2 fine white
precipitate which was collected by centrifugation, dehydrated
and @rE3sr§aﬁ ag Ppt. II,. Yield -« 0.230 grauns.

- g;ggmma%wm of waxy malze dextrineg with /G/;,+184-173°

and Bm 33-37. A composite was made of three dexirin fractions
with /a/,, 164-173° and Rm 22-27. The 55 gram eample so
obtained was ﬁiasal?&ﬁ'in water, £1ltered and made to a

volume of 350 ee. The addition of 250 ec. aloochel at 0° C.
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gave s permanent precipitate. The material was collected

by eentrifugation, twice redismlved and reprecipitated, and
finglly dehydrated with absolute aloohol. Yield of Ppt. vI:Ii
~w 15.84 grans.

The addition of 160 oc. of sloohol to the centrifugate
from the first precipitation of VIII; gave a further precipile
tatlon. The materiasl was collected, twiee redissolved and
?ayraﬁiyit&tsﬁ, and then dehydrated wilth alcohol., Yield of
Fpt., VIII; == 14.53 granms.

Four hundre@ ecuble eentimetors of sbsolute aleohol was
addsd to the ﬂam%rixag&%e from the first precipitation of
VIII,; to give o maﬁ%rial which was treated in exaoctly the
gane manner ag VIIXZ,. Yield of Ppt. VIII; == 4.94 grams.

The centrifugate fyom the precipitation of VIII, as
evapornted to & heavy gum. Dehydration with szbsolute gloo-
hol pave Ppt. VIIX,. Yield ~= 7.00 grams. -

Heasurement of the greeific rotatlon and reducing equive
alent indicated that Ppt. VIII, conslated of a mixture of
¥XXI; and VIIIz. An 11.0 gram ssuple of Ppt. VIII, was
%h@?éf@?ﬁ fractionated in @zaét&y the same Banner as glven
above for fractionstion of the composite. The four fractions
obtained were numbered VIIIze, VIII,b, VIIIje and VIII.4.

The ylelds obtalned from the 11.0 gram ssmple were 6.069, 3.1386,
0.988 gnd 0.418 grams, respsctively.
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PABLE X1

Propertieg of the dextrins obtalned by further fractionae~
tlon of the primary degradstion producte from waxy maize.
starch by the action of a-amylase.

Ppt.

Iib +173.9%
vIII +169.5°
{compogite)

VXIX; *16&;3“

Primary products

Bm (as

% maltose)

32.8

23.4

17.3

- Ppt.

Yo.
11,
IX,
I,
IIs

VIIT,

VIII,
VIII,
VIII,

. VIIXQB'

VIIIb
Viilzoe
VIII g

in Hy 0
+167.1°
+165.0°
+171.0°
+1686.3°

+168.8°
+168.8°

#170.5%

+181.2°

+166.0°

+168,3°

*1686.3%°
+170.0°

Fractions from primary products

Rm (as
% maltose)

12.3
20.0
20.1
32.5

11.4
17.3
33.6
80.0

12.8
~15.8

20.7
129.8
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Discuselon of the Corn and Waxy Halze Dextrins.

The procedures used for the leclation of the degradation
products from the actlion of a~amylase on corn siarch vary
in three @a&@r elementsg!

1. Concentration of starch.

3. Concentration of enzyme.

3. Time of ﬁigﬁﬁtiﬁn,‘

In Experiment I the final digestion was run on a gelati-
nized etarch sugpension contalning 200 gramsg of starch in a
total volume of approximately 4 liters. The total quantity
of o~amylase added was 0.22 grams. The total time during
uﬁ&ah the enzyme acted waﬁvﬁa hmafs,

| In Experiment II %he digestion was run on s very heavy
(y&sts econtalning 940 grams of corn starch in a total volume
of 2.5 liters. The paste was firet digested by 0.9 gram o~
snylase for 34 hours. The paste was then ha&ﬁed to bolilling
to ingure complete gelatinization, 0.6 gram a-anylesae added
 &&& digestion continued for 26 hours. The digest was then
diluted to 6 liters and the water-insoluble precipitate re-
moved. During theevaporstion of the centrifugate, which
contained the water-goluble dextring and éhe enzyme, the
temperature of the solutlion was maintained at 35-40° C. for
about 20 h@aré‘ Thus the enzyme continued to sct during
the entire evaporation. The overall digestion tlme was

approximately BC hours and the total a-auylasse added was



1.5 grans.

Un the basls of tataquuaatity used the ratio of fhe
enzyme to sterch was 1/910 in Experiment I and 1/625 in
Experiment II. The effect of the greater concentration of
- enzyme 1n Experiment II was augmented by the additionsl di-
géatian time of 38 hours. The combined result 6f‘the higher
engyme concentration and longer digestlon time was the produce
tion of dextring wlth lower specifie rotations and higher
redueing equlivalents. This is beﬁt‘sheﬁm by the fact that
58% of ﬁhé water«-goluble dextring lesolated in Expgrimenﬁ I
had higher speoiflc rotsations snd lower reducing powers
than any of the fractions obtained in Experiment II.

The most dlsconcerting factor in the studlies of the
‘sorn dextring was their fallure to glve fractions With come
rarable and somewhat constant properties at any stage during
the many frectionstion attemple. In order to continue with
the ztudy of the chemical and physleal properties of the
dextring four frsctlons were seleoted from the porn dextrins.
Selectlon was based on constancy of specifie rotstion and
redueing equivalent, relabtive poslitlon in the range of these
properties and the cuantity of the material availaﬁle- The .
four frections chosen were Fpt. I, Ppt. 1I, Ppt. V and Ppt. VI
of Experiment I. Further situdlies of the propvertieg of these
dextrine will be reported later.

In contrast to the dextring from corn starsh the dexirins



'fanmaﬁ by the mction of a-amylase on waxy ualze starch ghow
conglderable fractionability. The properties of seversl
dextring which have been lsolsted by comparable procedures
are given in Table XII., The members of easch of the three
typea of dextrine have simller specific rotations and re-
ducing equivalents. The fact that a representative of each
type of dextrin exists in all fractionations and that further
fractionation has little effect on the physical properties
of each type indicates that definite limlt dextrins may be
present. |

Three dextrin samples, ons of each type, were chosen
on the basis of their properties and the quanti#ies of
materisl aveilable. The agmglas were Ppt. VIII,, Ppt. VIII;
and Ppt. VIII4. They were then used in all physleal and
chemical studies. |
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TABLE XII

Tyres of waxy maize dextring.

Type | Sample No. §§1§§§e%'
A Ila +174,.3° 13.1
11 +187.1° 13.2
VIII +168.8° 11.4
VIII,a +166.0° 12.8
B I, +171.0° 20.1
VIii, +170.5° 23.6
VIIIgze +166.3° 20.7
xt +168.7° 23.0
¢ iv +160,5° 48.5
VIIL, +161.2° 50,0
o +157.,5° 52.9
1. Saumples X and Y were ilsolated from s digestion

whish iz not degeribed in the procedure.
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Chemlcal and Physical Properties of the Dextrins.

Holegular welght from freezing-point depressionsg.
The apparatus used was similar to that devised by

Beokmann {122). The concentration of solutions, the depresw
glon obesrved and ;he ealeculated molecular welghts for the

dextrine are presented in Table XIII.

TABLE XIIX

Holecular welghts of dextring caloulated from
freeging-point depreseionsg.

Dextrin Welght ec. Hy0 Caletd.
no. - sample uged ATL mol. wt.
Corn
I - 0.40852 15 0.070 718
ab 0.030 1003
v 0.4030 15 0.154 324
2B 0.090 333
VI 0.4006 15 0.343 145
25 0.198 249
YIII, 0.4122 15 0.099 515
’ 25 0.080 €12
VIil, 0.4007 15 0.070 707
a8 0.060 824
VIII, 0.4044 15 0.091 548

25 0.080 500
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Dextrin scetates.

One to 2.5 grams of the dextrins were welghed into 250
cc. dedine flasks, 80 co. of pyridine and €0 cec. of scetio
anhydride added, shaken at intervals to ald solution and
finally ?1&@&&.1n s 55%* €. alr bath. The sclution of VI and
VIII4 was completed within %wo hours, V and VIIIg within
5 hours and VIII, within 80 hours. At the end of 90 hours
part of I remained undissolved.

After 19 hours at 55° C. gamples V, VI, VIII3 and VIII,
were flltered into 400 eé. of ice-water an&»allewea to stand
for one hour. The precipitates which formed were all white
floceulent materiale except VI, which was somewhat gummy.

By grinding under dlsgtlilled water in gz mortar this precipi-
tate became granular. The ascetates were collected on a
filter, washed with water and sucked dry. The dry product
wae dlssolved in a swall amount {about 15 ecc.) of CHClg
and reprecipitated by pouring into 100 cc¢. of petroleun
ether {(b. p. 68-70% C.). The granular precipitate was
collected by filtration, washed with petroleum ether and
dried at 50° C.

The acetylation of I and VIII, was allowed to run for
20 hours. They were then lsoclated by the same procedure as
used for the other ssmples.

The freezing-point depresslons as measured in a benzene
solution were determined. Table XIV presents these data

and the moleculsr welghts cslculated from them.
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TABLE XIV

Holeeular weights of dextrin acetates as caleulated from
the freezing point depresaslons.

Dextrin  Welght . cc. CgHg | Calo'd
acetate pample uged Tr mol, wt,
Corn
Ix 0,3259 15 0,017 7430
25 0,010 7580
v 0.3031 15 0,075 1563
25 0,054 1302
25 0.098 732
Haxy maize
Viii, 0.3039 15 0.082 2370
35 0.038 2530
0.3373 15 0.080 2180
at 0.031 2810
VIiIg 0.3111 15 0,068 1775
25 0.048 | 1515
0, 3098 15 0.070 1718
25 0.042 1718
VIII,  0.3133 18 - 0,085 1280
a5 0,058 1255

In addition to the corn dextring of Experiment I, the
five major fractions of the corn dextrins from Experiment II
were also acetylated, The acetylation was carried out im
pyridine as previously described except that the reaction
wae allowed to run for 32 hours. At the end of this time
only a small portion of Ppt. I was scetylated. The unacetyl-
‘ated residue from I was returned to the flask, 100 cc.



- 17 -

Pyridine and 75 ce. acetloc anhydride added and aeatylatwn
allowed to contimie for 8 week,s.} The scetylated products
Weﬂ purified by the method as previously given. Table XV
reports the results of tmas determinations as well as the

 other properties of thede dextrins.

TABLE XV

Properties of the dextrins of corn starch prepared in Ex-
periment II and of the acetates derived from these dextrins.

No. Rm of % CHg00 in /B/5 of (lucose units caleulated
Dextrin dextrin acetate aocetate From Rm From CH;00

I 153 ———m 1275 13.1 e

11 35.2 47.6  138.9 5.7 4.5

I 59.0 47,6 120.8 = 3.4 4.5

iv 76.0 52.6 118.1 2.6 1.6

v 98.6 4.5 101.0 2.0 1.3
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Oxidation of dextrins

Procedurs. In an effort to obtain chemical evidence
ag to the constitution and molecular gize of these dextrins
the method of Kline and Acree (123) for the estimation of
aldose sugars by titration with standard i1cdine and alksll
was applied to these dextrins. The dextrin was diseolved
in 50 or 100 cc. water and the standard lodine or alkall
added alternately in three to five cubie centimeter portions.
When the ratlo of cuble centimeters of 0.1 N KOH to ocuble
centimeters of 0.1 K I, changed from 1.5/1 to 1/1 the aed-
dition of KOH and I, was stopped. The oxidation was sllowed
'tm stand #t room tempersture for one hour. An excess of
0.1 N HOl was added, the excess I liberated was titrated
withdstanﬁard Nag8ga0s, and the surplus HCl1 then neutralized
with 0.1 N KOH using phenolphthalein as the indloator. k

Table XVI presents the results of these oxidation
stidies. The molecular welght of the déxtrins froﬁ the
consunptlon of I and KOH was made on the basis of one and
only one alﬁahy&s,graup per dextrin molecule. From the
| ‘equation for the oxidstion, RCHO + I, + 3KOH RCOOK +
- 2KI + pH,0, one mole of Iy 18 equlvalent to one mole of
dextrin. | | |

Isolation of the potassium salt of the dextrinlc acid

formed by the oxidation of corn dextrin ¥V of Experiment II.

Ten gramg of corn dextrin V was dlssolved in 35 cc. of
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water. This quantity of dextrin required a total of 11.347 co.
of ¥ I or 0.011347 moles. Thus the ten grams of dextrin
usged in the oxidation was egquivalent to 0.011347 moles end

the corresponding molecular welght for the dextrin was 880.

TABLE XVI
Oxidation of dextrins I ~KOH method.

Dextrin  VWelght ce. ee. = Hol. wt. Hol. wt.
Corn
I 0.5 3.37 ——— 4220 -
{} » 5 3 ] 34: o o 4&6{} Rasinahanied
b § 1 1.0 3.87 5.08 5730 5810
1.0 3.38 5.69 5920 5380
1.0 3.63 4.83 5503 6220 .
1.0 3.49 4.59 5730 6530
v 0.3 8.18 8.88 970 1001
0.3 5‘95 8.73 1915 1032
Vi 0.3 7.80 11.52 768 782
0.3 7.76 11.38 773 790
Waxy malze
VIII, 0.6 3.48 4,69 3450 3840
0.6 3.53 4.868 3400 3843
Viii, 0.3 5.25 - 4.47 1144 2007
0.3 5.40 4.80 1110 © 1988
0.3 5.18 4.50 1155 2000
VIII, 0.2 4.63 6.78 gee 885
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The solutlon from the oxidatlon was evaporated to a
volume of 200 ce., filtered and enough alechol added to ralse

the concentratilon to 80% by volume. The precipitate was
collected by centrifugation, dlesolved in 25 oc. of water,
treated twice with sbeorbent chareosl at boilling temperature
and filtered. The filtrate retained a slight yellow color.
The volume of the filtrate wes reduced to 10 ce. by evapora-
tion, 90 cec. abseolute slochol added and the resulting brown
precipitate collected. The material was redlssolved, re-
precipitated and dehydrated by trituration with absolute
- aleohol to give a granular grayish-white precipitate. To
ingure dehydration the ealt was resuspended in absolute al»'
cohol and sllowed to stand for 48 hours. The sgalt was then
collected by filtrstion and washed with anhydrous ether.
Y1eld of salt I == 1.9405 grams.

The further sddition of sleohol gave salts II and III.
Kaoh was twice redissclved and repreclplitated, and finally
’dehyéra%aé with absclute alecohol. Yields: I ~- 2.118 grams;
IIT <= 0,407 granms.

Evaporation of the residusl sgolution to dryness gave
several grams of o mixture of KI, KIO, and organic matter.

The salts were tested for the presence of lodlde, lodate
and organic matter. All salts contained organic material.
Balt I #as free of iodlide and lodate, salt II gave weak‘tﬁata
for both, while salt III gave good tests for 1odide and lodate.
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The potesslum content of salt I was determined by oxida=
tion with sulfurle acld, volatilization of the excess aeld and
weighing of the residusl K,80. Table XVII presents the reaults
of the analysis and in a&ﬁiﬁi@a,tha data for thé anglysls
of two EKnown salte by the same pProcedure. €Galeulation of
the molecular welight of the original dextrin from the potan~‘
sium content of the potssgsium salt of the corresponding dex-

trinie zold gives values of 875 and 863.

TABLE XVII
Determination of K in salt of dextrinle acld.
Balt Welght  Weight % %K
identity sample a0, K {theor.)
I 0.3033 0.0303 4.47
0.3097 0.0213 4.53
Potassium 0.1293  0.0823 £1.6 32.18
salicylate  0.1178  0.0573 21.8
Potassium 0.1480  0.1380 43.4 42.45

oxalate 0.1415 0.1334 438.3



- In order to obtaln an additional physical messurement
of the properties of the dextrine and dextrin acetates the
melting polinte were determined by the g»aaamnow»a method.
Messurements were not exact but xmwa;ammwamna»ww@ within a
range smaller than the varisnce between the different dextrins
and dextrin acetates. Table XVIII presents the data obtained
from deterningtion of the temperature at which the materisls
soften slightly and the renge of temperature at whieh they
melt.

TABLE XVIII

Temperatures at whiech the corn dextrins of Experiment II1
snd the corresponding acetates goften and melt.

Sample Original dextrins Original acetates
mamber Softens Helts Softens Helts
11 220° 235-40° 132°  138-40°
111 170° 200=-25% 110° 130-23°
115° 118-23°
Iy 150° 195-215° 4 g5¢@ 103-08°
v 140°  185-305°  80° 87-89°
f-glucose
Pentaacetate ~w-e s ——— 130-131°
femaltose o . deconposes s ——————
B-maltose

octaacetate  we-- ————— - 159-80°
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‘That the acetates can be frzetionated by a simple process
of fractional pfea&piz&%ien ig easily demonstrated by follow-
ing the melting points of the resulting productes. For exsmple,
the acetate of corn ﬁéxtrin II of Experiment II was dissolved
in bolling benzere snd diethyl ether added untll precipltatlon
began &t the bolling temperature of the solution. The solu-
tion wae then cooled, thé resulting precipltate reumoved by
filtration, washed with dlethyl ether, dried and preserved
ag IIRy. The addition of petroleum ether to the filirate
gave a seocond precipitate whioh was treated in the same
mgnner. This wae designated as Ilig., Table XIX pregents the
data which show thet the acetate was fraotionated by the |

process of fractlonsl precipitatlon. ,

TABLE XIX

Properties of the frsctions obitained from the
acetate of corn dextrin II, Experiment II.

Banmple
namber Softens Helts
Original o
dextrin 2z0° 235-40°
. Acetate II 1339 138-40°
Aeetate IIR, 145° 150«55°

Acetate IIRg 120° 125-30°



The preparation of phenylhydrazine derivatives of the
acetylated cellulose dextrins (124) suggested that the highly
reducing dextrins from starches should give a similar reac-
tion. If chemlcal resction occurs on the reducing group
such s method should ald materially in the separation of
reduclng and non~reducing dextrins. |

Pive grans 63 waxy malize dextrin III wag heated with 25
- oe¢. phenylhydrazine at 125-130° (. for two hours. Solution
of the dextrin wae complete after two or three minutea., The
raaéti@nmixtara_waa’ﬁeélaa and then poured into 300 ce.
snhydrous sther. ?ﬁerbright'yallaw presipitate was collected
on a filter, washed repeatedly with ether snd then washed

by suspension in boiling ethylscetate. The reaulting'ﬁre&net

wag dlssolved in bolling 90% acetic aold and reprecipitated
by the addition of ether. The bright yellow solilid was gol-
lected on a filter and washed several times with ether. After
drying at room t@ﬁpergtura for 13 hours the material possessed
a sharp acetlo-acid odor. The sample was then transferred to
a Soxhlet extrsetor and extracted with diethyl ether for 723
hours. The acetlic acld extracted required 7.33 ce. of 0.1 X
KCH for neutralization. The axﬁraateé golid was then dried
at 100® C. for one hour.

In & specond preparation, five grams of corn dextirin II
(Experiment ¥} was treated in a similar manner. The reasction
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time at 130° O. was extended to ten hours. The product was
treated in exactly the same manner, the g0lid obtained having
& bright yellow color. |

The rather drastiec trestment of the phenylhydrszine
producte in the purifiecation process, without perceptibly
altering their color or general physical properties, indicated
that the materials were of a definite composition. However,
1% was observed that all of the color could be removed from
the phenylhydrazine derivativee of similar dextrins by
treatment with absorbent chareoal. Samples of the two phenyl-
hydrezine derivatives described sbove were therefores treated
with absorbent ohareosl. In both cases charcoal remcved
all of the color from aqueocus solutions of the sample.

Reecovery of the resldue after treatment with charcosl
givesg a product containing only a trace of nitrogen. The
physiecal properties and the specific rotation of the recovered
matari&l are in good agreement with those of the original
dextrin, ‘ . |

The removal of the color, the sbsence of nitrogen in the
products recovered after treatment with charcoal, and the
gimilarity between the properties of the dextrin-like
material recovered and the eriginal dextrin indicate that the
phenylhydrazine is only sdeorbed in the dextrin, Thus the ‘
phenylh?&razine reaction does not offer any means for the
geparation of reénaing and non-reducing dextring from amyléo
lytia'&igeatianﬁ.
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Piscussion

The physical and chemlicel properties of the various frao-
tions of the degradstion products isolated from the digestion
of corn starch by a-amylase indlcate that the materials range
from highly polymerized insoluble pelysascharides to very
eoluble dl- and trisacoharides. Attempts to separate these
digestlon products into definlte chemical antitiae have not
besn successful. In the various purificatlon procedures
fraections with elmlilar properties are éﬁtaine&'but further
fractionation giﬁeﬁ a serlies of dextrine with a wide range
of properties. In gome cases, for example in the fractiona-
tion of Ppt. ¥V of Experiment I, the products vafy but slightly
from the originsl material, Usging epvecific rotation and
reducing equivelent as the eriterion of purity it would be
possible to conclude that Ppt. V oconsists principslly of one
shemical entity. However, in the purification of Ppt. II
of %hé game experiment, the gpeecific rotation and redueing
equivalent of the two products are in excellent agresment;
yet, one product gives a blue lodine-color~reaction while
the other gi#@s 8 vellow color-reaction. This example serves
to indlecate the unrellisbility of using speeclflice rotations
‘aéé rgﬁuaiﬁgxaquiValénts of dextrinous producis as the eriter-
ion of purity. In most cases the rotation and reduclng equiv-

alent are the only properties of the dextrins which ean be



conveniently measured. It i1s thus necessary to base many
preliminary conclusions on the determination of these two
yrapartiag of the dextrins, taking cognizance of tha passible
unral&abil&ty of the measurements. ,

The ygﬁéﬁ@ﬁian of g considerable quantity of a highly
ingoluble polysaccharide as one of the prnén&té of dlgestion
of corn starch by G-amylase was not expected. However, in
2ll corn starch digestions this materisl w&é obtained in
about flve per cent ylelds. The isolatlon aﬁd dehydration
was difficult, the materi&l,éaaﬁiﬁg to r@tainxlarge quanti-
ties of the sﬁapen&ingumeﬁiu&.' For example, in Experiment
II the water~ingoluble residue (55.5 grams) formed a heavy
paate with two 1iﬁers af absolute sleohol. After filtering
for 13 h@ﬁrs the ré&iﬁua remalned ag a gammy‘masa. At no
stage dld the material fall to retain a lgrge qaantity of
solvent. ?hig ability*%m retain the 11Q31§_was no longer
evident after the material was dried under atmaspherie condl-
tions. The fingly ground product appeafs to be ingoluble in
cold and hot water, and only slightly soluble in boiling 3%
NaCH. In one e#yerimﬂﬂ% 0.8 gram of the materlal was béiled
for 30 minutes in 24 KaOH. No perceptible amount of the
golid was éiaéakvaé by this treastment. After cooling, the
suspension ﬁaﬁ filtered and the optlcal rotation of the solu-
tion meagured. A slight pasitiva rotation was chserved.

Beeausa of the erratic bahaviar of individuel solutlons
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;gna the entire lack of reproducibility of the solutions no
calculatlong of specifie rotation are recorded for the\waterb
insoluble materisl.

| The reducling equivalent of the water~insoluble fractions
varied from preparation to preparation, but gaaa’ehecks were
obtained in the é@tﬁrwinatiﬂns from any one preparation. The
major portlon of the reducing power in these insoluble mater-
iale probably was &ﬂé to smell amounts of the water-soluble
dextrins which contaminated the preparstions. |

The water-insoluble fractlon iaalaﬁeﬁ from the G-amylase
digestions of corn starch resembles the insoluble materisl
which forms in B~amylase digestions. However, the G-amylase
product does not floceulate, is more insoluble and is obtalned
in higher yields than 1s the B~smylase product. The water-
ingsoluble product isolated from f~amylase digestions of
V&rxéﬂﬁ starches has been investigsated by Martin {10},
Martin, Naylor and Hixen (13) and Calawell (13). Similar
investigations of the a~amylase product are needed to polint
out the simllarities and differences between the two water~
insoluble wmaterisls.

The dlgestion of waxy msize starch by t-amylasge ylelds
only & very small quantity of water~insoluble material. The
quantity of the masterial and lte physleal appearance are
such se to indicste 3&&# it is entirely extranecus materlal

which wae present in the original starch. Thls sbsence of a
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water-ingoluble product in waxy meize digestions indloates
s constitutional 4ifference between the waxy maize and the
corn starch. A further difference between the two starches
is indleasted by the greater fractionability of the waxy
malze dextrins. vﬁhe faet that a representative of each of
the three types of wexy maize dextrins was isclated from all
digestionz and that further fractionation had little effect
on the physlcal properties of each type indicates that definite
limit dextring may be present. This suggests that waxy msize
starch should be utilized as a substrate for G-anylase digesg~
tions in further studies of the amyinkﬁtie cleavage products.

The four corn and the three waxy malze dextrins seleoted
ag typliosl freotions were subjected to physical and chemioanl
measurenents. Table XX pregents a summary of the molecular
welghts and chaln lengths of the dextrins as caloulated from
the reducing equivalent, the lodine and potasglium hydroxide
congumed in oxidation by the Kline and Acree method for aldose
gugars, freezing point depressions of the dextrins and freez~
ing point depressions of the dextrin acetstes.

¥ith the exception of waxy malize dextrin VIII; rather
good agreement was obtained between the molecular welghts
caloulated from the reducing eguivalent, and lodline and
potagesium hydroxide conaumptlon. ’Althaagh the two methods
are gulte dipsimilar they both invelve a reaction of the
reducing groups present in the dextrin moleocule. The reducing
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-equivalent method measures sll reducing groups present while
the Iy-KOH titration is specific for the sldehyde radical.

The method specific for aldose sugars slways glves molecular
welghts equal to or slightly greater than the moleocular weighte
ealculated from the method which measures the total redueing
groups present. Even though the accuraoy of the method may

be questioned on theoretical grounds, this faot 1§éieatee

that at‘lsasﬁ & portion of the groups sensitive to oxidation
by the alkaline-ferricyanide method are not oxidized by the
I,~KOE method which 1s specific for aldose sugars.

The low molecular welight caleulated for dextrin VIIX,
from the lodine consumption in the oxlidation procedure indl-
cates that the dextrin has some anomalous characteristis.

Thig 1s further indicated by the ratios between the molecular
welights ealoulated from the iodine consumption and the reduocing
sgquivalent, the potassiuva lydroxide consumption and the reduc-
ing equivalent, and the potassium hydroxide and lodine consump-
tion which are given in‘§ab§e XX. These caloulations indicate
‘the r@l&t&&ﬁahip.hatﬁaen the methods and show that the variance
in the molesular welght of dextrin VIII, is due to an abnormal
congumption of 1&&&#&. For thie dextrin the potassium hydrox-
ide/reducing equivalent ratio is in order while the two ratlos
involving lodine consumption sre out of line. The three
values reported in Table XVI for this oxidation were obtained
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at different times to determine whether the variance was due
Lo errors in manipulstive technique or to some charaoteristic
of the dextrin, The excellent agreeument of the results ghows
that the variance is due o some property of the dextrin and
no% to manipulative errors. | |

The potassium salt of the dextrinle acld isolated from
the oxidstion of corn dextrin V was asnalyzed for potassium
content, From the potassium snalysis ﬁhe caloulated values
for the molecular welght of the salt were 913 and 801, which
give .a&?rcapanaing values of 875 and 883 for the moleculsr
weights of ¥h$ original dextrin. This is in agreement with
the value of 880 caloulated from the lodine consumed in the
oxidatlion. This indloates that the aldehyde groups in the
dextrin were oxidized to the ecorresponding acid, the aeld then
being neutralized by the potassium hydroxide to give the
potassium salt. |

?hé moleculsar welghts of the dextring as ealoulated from
the freezing-point depression of the &extrin# in aqueous

solution are much below the values obtained from the other

| data. The sbnormal freezlng-point depression of dextrins
and similar polyhydroxy compounds are the rule rather than
the exception. An adequate explanation of this abnormality
jhas not been promulgeted. However, the values have been de~
. fermined for the corn and waxy malze dextrins and are presented

An Table XX.
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To give further evidence as to the molecular size of the
dextring the varlous samples were acetylated and the freezing-
point depression of the acetates in benzene determined. The
molecular welghtes of the acetates caloulated from these data
are presented in Table XX. The corresponding chain lengths
are intermediate between the chain lengths oalculated from
the freezing-polnt ﬁe@rﬁsaiams @f the dextrins, and from the
reduecing aq&ivaiant and I4;~-KOH oxidatlion of the dextrins.

The corn dextring from Experiment II were also acetylated
and the molecular welght caloulated from the acetyl content.
fable XV). This method of esleulation is applicsble only
with molecules containing six or lese gluecose units. With
longer chains the experimental error in the determination of
scetyl sontent corresponds to such g large change in the
theoretioal chain length that the method becomes worthless.
¥ith the shorter-chaln dextrins of thls experiment good
sgreement is obtained between the chain length caloulated
from the reducing equivalent and from the acetyl content.

In conjunction with the speoclifio rotations of these fraoc-
tions (Table IX), these data show that the corn dextrins
obtained in Experiment II c¢onasist of smaller molecules than
the corn dextrins of Experiment I.

The yleld of corn dextrin V of Experiment II was about
2.5%. The optical rotation and reducing pover of the dextrin

are very similar to those recorded for maltose. In addltion,
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%ke acetyl content of the scetate corresponds to & molecule
between a mono~ and disaecharide. However, attempts to
erystallize the dextrin and the dextrin scetates were unsuce
sessful. The melting point of the crude scetate ls recorded
in Table XVIII gs 87-89® C. Reprecipitation of the a&e?ate
from dlethyl ether by the addition of hexane gave & final
product melting st 94-56° €. This melting point corresponds
to 159«160° C. as the melting polnt of maltose-octsacetate.
These obpervations ghow that although some of the properties
of this dextrin fraction indleate that it is similar to maltose
other properties definitely eetablisgh that 1t 1s not maltose,



- 135 -
Summary

1. ?ﬁa procedures for the isclation of the degradation
products formed from corn starch by the action of c-amylase
are described. The combined effect of the higher enzyme ocon-
ecentration ana longer dlgestion time used in the sscond pro-
gedure was the production of dextrine with lower specific
rotation and higher reducing equivalents. The yleld, speeifia
rotation and reducing power of all fractions are glven.

2. The procedure for the lgolation of the degradation
Products of waxy maize gtarch is given. The ylelds and |
properties of all fractlons are recorded. |

3. The waxy malize dextring were found to be more easlly
fraotionated than the corn dextrines.

4., The polecular welighisof the dextring were caloulated
from the freezing-point depressions of the dextrins, the
freezing-point depressions of the acetates, the reducing
equivalent of the dextring and the Kline and Acree method
for the determination of aldoge sugars as applled to the
dextrins.

5. The potassium sslt of the acld formed by the I;~KOH
oxidstion of one of the dextrins was lsolated and analyzed.

6. The melting-points of the dextrins and the dextrin
soetates were determined. Such ﬁﬁﬁ%?ﬁiﬁ&tiﬁﬁa were found to

be of value in ideniifieation of the acetates.
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7. The reaction of phenylhydrazine with the reducing-
group of the dextrin moleoules was investigated. Chemical

gombination was not obtained.
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