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In Europe and the United States malt has traditionally been used for
saocharification of starches for grain fermentation. Malt, made by kilning
partially germinated barley, conteins ensymes which act upon stareh to
yield sugars such as maltose as well as the nonfermentsble dextrins. These
nonfermentable dextrins are materials which are resistant to further
hydrolysis and are fermented with diffieulty, if at all.

In Ezstern Asia, particularly Japan and Chins, an alternative method
of aaeaharifyitxg starches has been davelapm. This mathod involves the use
of amylolytic molds which have the ability to convert starches into fer-
mentable ‘aiagmrm, This method was introduced into the Western world largely
through the pioneering effort and skill of Mr. J. Tekamine, the founder of
the company that bears his name.

Recent developments in the alcohol fermentation industry have been to
utilize the amylolytio mold preparations for preparation of neutral
spirits, while retaining the malting process for the preoducts in which the
public has learned te expect the incidental flavors and aromas imparted by
the malt. The mold preparations have several advantages when compared
with malt.

Grain treated with mold preparations produces a higher yield of
alcohol upon fermentation than does grain treated with malt.

The mold may be grown on very cheap, often waste, materials. Bran
from the milling of grains is an excellent substrate for mold growth and
the dry material after mold growth is known as mold bran. Stillage, &
waste material from alcohol distillaﬁion,‘ has been used for cultivating
molds, as have other materials. Malt is made from barley, the supply of
which is limited for any given year and which is difficult to expand when



‘necessary upon short notice. Also, barley is guite expensive when cwpgrgc}
to the waste products mentioned before which have litile or no economic
value.

Other factors enter in, such as equipment investment, speed of action,
ease of handling, the conservative nature of industry, and off-flavors and
odors, but the general consensus of opinion is that the use of mold prepara-
tions for producing neutral spirits is the preferable method.

The production of ethyl alechol from grain is highly competitive and
it is of great intérest to the industry to determine the specific factors
responsible for variations in aleohol yields, Despite the fact that the
yields are gensrally higher with molds than with malt, there is still
considerable variation from batch to batch despite rigid control of physi-
cal conditions. Considerable attention has been focused on the possibility
that the variation in alcohol yield may be due to the differences in enzyme
concentrations in the saccharifying agent, although the results of work’
based on this hypothesls have failed to demonstrate any definite correla~
tion between alecohol yleld and any ensyme concentration.

One phenomenon observed with the use of malt which may explain the
incomplete conversion of carbohydrate to alcohol in the fermentation is the
accumulation of 1imit dextrins. These dextrins are short chain molecules
that are resistant to further hydrolysis and thus are not fermented. The
‘axiatame of an enzyme named *limit dextrinase® has been postulated which
is able to hydrolyze the alpha~l,b-glucosidic bonds known to exist in
starch at the points of branching. After hydrolysis of this branched
structure at the end of the limit dextrin moleculs, the maltase and alpha-

amylase could act on the residue to preduce fermentable sugars and thus
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5
II. REVIEW OF LITERATURE
A, Structure and Composition of Starch

Recent literature contains several excellent reviews of the current
concepte of astarch structure and composition, The substances known as
starches are composed of two main components called amylose and amylopectin.
Amylose molecules are composed of a large number of repeating glucose units
in helical spirals connected by alpha-l,l-glucosidic linkages, while amylo-
pectin is comsidered to be an irregular network of glucose units connected
largely by alpha-l,l-glucosidic linkages but with a large number of branched
_positions at irregular intervals, The branched positions are points at
which & glucose unit in a chain is attached to another chain through an
alpha-l,é~glucosidic link,

B. Alpha-amylases

Alpha-amylases are elaaéified as dextrinizing enzymes due to their
hydrolytie action in breaking the alpha-l,h-glucosidic linkage in starch
to create smaller dextrin units. These links are attacked apparently at
random throughout the molecule of amylose or amylopectin, with the possible
exception of the two or three alpha-l,li-glucosidic linkages at either end
of the amylose chain., The action of this ensyme causes a rapid decrease in
the average chaln length and complexity of the molecule, and thus causes &
decrease in the viscosity of the sclution with little increase in detect-
able reducing sugar, The dexirin fragments formed from amylose are hydro-
lyzed to still smaller fragments which impart no color to an iodine



golution. A sscond, much slower, action of alpha-amylase then occurs upon
the fragments to produce a mixture of maliose and maliotriose, The malto-
triose is eventually hydrolyzed to form glucose and maltose.

Alpha-amylages are of frequent occurrence in vature. They are present
in many aMl organs and fluids, higher plants, and particularly germinated
cereals such &8s wheat or barley, and many bacteria and molds such as
Aspergillus oryzae and 4spergillus niger. A number of crystalline alpha
amylases bave been prepared recently, émong them human and swine pan-
creatic alpha~amylases (63), Bacillus subtilis amylase (6!;} » malt alpha-

amylase (068}, and Aspergillus orysae alpha-amylase (21), (103).

An excellent summary of the literature concerning alpha-amylase is
already available (9).

C. Beta-amylases

The beta amylases attack only the second alpha-l,l-glucosidic linkage
from the non-reducing end of the carbohydrate molecule, liberating betaw
maltose and the residue of the carbohydrate molecule (67), (71), (86).

The conversioen from the alpha~glucosidie link occurring in starch into the
beta configuration of the free hydroxyl group at the reducing end of the
beta-maltose molecule apparently occurs simultaneously with the hydrolysis
(56) This suggests that the hydrolysis proceeds by means of a Walden
inversion (95). Maltose is split from the molecule of amylopectin about
20 times as rapidiy as from the molecule of amylose (37), although
amylose is hydrolyzed virtunlly completely to such simple saccharides as
maltose, and traces of higher saccharides (68), (69), while a dextrin
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There are numsrous references in the literature concerning the
diversity of substrates that may be acted upon by enszymes, but unless the
enzyme is homogenous the possibllity cannot be discounted that the diverse
activity is due to several enzymes. An mxm_%wm;em a controversy of this
pature is the possible identity of fungal sucrase and %wga?

By definitlon, a mﬁﬁ&% is an enzyme that acts upon sucrose to yleld
glucose and fructose. ﬁ«w enzyme miy act primarily upon either the fructo=-
furenoside moiety or upon the @wgegﬁﬁeuw% moiety. Yeast saccharase is
an enzyme possessing the former type of sag.,g. for it noagu, an unsub-
stituted beta-D-fructofuranosyl ué_ﬁwg gmeww it will aet (57), (10).

The enzyme is inactive toward melesitose and »a,,mﬁwﬁgﬂ% not an alpha-

glucosidase (58). However, a glucosaccharase exists in Aspergillus oryszse

(55), (102}, which evidently combines with the glucose portion of the
sucrose molecule and results in the hydrolysis of a molecule of sucrose to
yield a molecule of glucose and fructose.

Weidenhagen (106) has hypothesized that all alpha-glucosidic linkages
are split by enzymes that are essentially alpha-D-glucosidases. He
observed that yeast maltase, purified by the method of Willstatter and
Bamsnn (112) and freed from beta-fructofuranosidase aotivity, is able to
hydrolyze maltose, sucrose, and a&.@ﬁ,«om? Regardless of whether
Willstatter's method for the purification of yeast ﬁﬁﬁ% results in a
homogenetically pure ensyme, it certainly cannot be claimed vga such &

. wide adaptability is typical of all alpha~D-glucosidases. For example,
mltase v«a%g,ggu from sources such as Escherichia coli (38) are without

effect upon sucrose. 4s the alpha-D-glucosidases from different sources
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3. Specific examples of slpha-D-glucosidases

The term alphe-l,l-glucosidase is actually & very general term which
could be used to designate any ensyme capable of hydrolyzing an alpha-l,h-
glucosidic link. The size of the substrate molecule could vary from mal-
tose to the original starch molecules. However, we propose to use the term
alpha-l,li~-glucosidase to designate those enzymes which are primarily active
upon the shorter molecules. We shall first consider the groups of enzymes
which hmra historically been designated as maltases.

(a) Maltase: The first mention of the activity of an alpha~D-
glucosidase in the literature was that made by Dubrunfaut (19), who
observed that a distinct entity was formed as the result of the interaction
of starch and kiln dried malt. Dubrunfaut did not charscterize his product
further and it remained for a later worker (71) to characterize this com-
pound as a disaccharide and give it the name "maltose®. Musculus and von
Mering (66) found that glucose, maltase, and dextrins are produced by the
action upen potato starch of such crude amylolytic preparations as malt
diastase, saliva, and pancreatic extract. The first workers to observe the
engymic hydrolyeis of maltose itself were Brown and Heron (11) who used
preparations of pancreatic extract and intestinal cell wall. The hydrolyt-
ic¢ cleavage of maltose by saliva and malt diastase was observed independ-
ently by von Mering (62), who called the active ingredient responsible for
the cleavage *glucase®. The presence of materials in Aspergillus niger
filtrate and koji (L45) with similar activity upon maltose was observed by
later workers.
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That the hydrolytic action of Aspergillus niger upon maltase was due
to the action of an enzyme and not to the action of the living cells of
the mold was proved by sitopping the growth, and presumably the metabolic
activity, by adding chloroform. The hydrolytic activity was followed by
observing the optical rotation (8).

The literature contains & number of methods which have been used at
different times to determine the concentration of maltase or alpha-
glucosidase activity,

The change in optical rotation resulting from the disappearance of
maltose and the appearance of glucose has been used both as a gqualitative
and quantitative method of analysis for maltase activity, It was the
obgervation of the change in optical activity of a solution of starch and
melt extract that led Dubrunfaut to discover the sugar that he called
"le glucose de malt®, and which we now call maltose,.

The specific rotation of msltose is 4 137°, while that of glucose is
+ 52.5%. Thus, the rotatory powsr of a solution of maltose will pro-
gressively diminish if a maltase is present. Quantitative methods for the
determination of maltase by polarimetric methods are given by Waksman (105),
and Gottschalk (27), as well as in other sources. |

Another method commonly used for the guantitative determination of
maliase activity is that of measuring the inecrease in reducing power.
¥hen & molecule of maltose is hydrolyzed, two molecules of glucose are
produced, and the total gaﬁ?m value is increased. The reducing value
of the resulting solution may be analyzed by using either a buffered cupric
salt solution (92), (102), or a phosphomolybdate solution (5h).
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Other methods which have not been exploited utilize a photcbacterium
which phosphoresces in the presence of maltose but not starch or dextrins
(106) or employ organisms that selectively utilize various sugars (3). A
review of the methods for the determination of malt amylases has been
published recently (93).

Both filter paper chromstography and the filter paper electrophoresis
technique (25), indicate & greater complexity of the ensyme systems of

Aspergillus oryzae than has been suspscted, A spot of the filtrate of an
Aspergillus oryzae culture was placed upon filter paper and subjected to a

voltage differential of six volts per centimeter for six hours. At the end
of the time the protein spots were stained with bvromthymol blue dye. The
spots possessing ensyme activity were determined from 2 companion strip of
filter paper. This strip was either cut into smaller strips vertical to
the direction of the current flow, and any active enzyme eluted and deter-
mined, or the sntire strip was sprayed with a chromogenic substrate, and
after allowing the enzyme to &ol, the spots where ensyme activity had
ococurred were determined by sultable means. The results indicated that
crude Aspergilius oryzae filirate contained at least two components with

protease activity, etc. A later paper by the same group (L3) disclosed the
presence of at least eight components in Aspergillus oryzae filtrate
capsble of breaking beta-glucosidic linkages in various substrates, which
confirmed the genersl nature of the previous work. The components were
not only active in splitting simple glucosides but were also capable of
depolymerizing sodium carboxymethyloellulose. The experimental evidence
admitted neither the postulate for a single beta-glucosidase nor of a
specific enzyme for each substrate. The postulate of an enzyme specific
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for polymeric beta-glucosidoses which is inactive upon other beta-gluco-
sidoses was inadmisgible from this evidence. Presumably, the enzyme
fraction called "maltase®™ has & similar multiple nature.

An jinveatigation of the relative quantities of ensyme fractions called
alpha-amylase, beta~smylase, and maltase in wheat bran cultures of Asper-
gillus orysae, Aspergillus awamori, Rhizopus Javanicus, and an &lbine

variant of Aspergillus awamori disclosed (50) that the diastase of
Aspergillius oryzae was composed chiefly of alpha~ and beta-amylase, those

of Aspergillus awamori and Rhizopus javanicus chiefly beta-amylase and

mltase, and the white variety of Aspergillus awamori contained large

quantities of all three ensymes. As most workers in the field feel that
molds do not produce bets-amylase (12), it is probable that thess workers

used a definition of beta-amylase activity other than the commonly accepted

on@.

It was significant that the alpha-amylase of Aspergillus orysae,
Rhigopus javanicus, and a white Aspergillus could be separated from beta-

amylase and maltase, but that beta-amylase and maltase could not be
separated because, according to these workers, their physical properties
were lidentical.

Beta~amylase obtained from Aspergillus awamori (50) displayed practi-

cally no maltase activity. ﬁaﬁvw, it produced large amounts of glucose
in addition to maltose (& Lil ratio) bﬁr its action upon soluble starch.
These workers considered this enzyme to be a diatinccbly new enszyme which
they called gamma-amylase.

The characteristics of the diastase of Aspergillus awamori led the

asuthors to the hypothesis that the enzyme carriers of alpha- and
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beta-amylase could be interchanged.

In ordinary mold: alpha-amylase = coenzyme alpha <4 carrier A,
beta«amylase » coenzyme beta 4 carrier B.

In Aspergillus
t

awanori

L

alpha amylase = coenszyme alpha 4 carrier B or A,
beta-amylase = coenzyme beta 4 carrier B or A,

An article in the Russian literature (51) concerned a series of tests
conducted on the composition and activity of the amylelytic activity of a
number of Aspergillus species including Aspergillus niger and Aspergillus
oryras. Tﬁa results indicated wide variation in the composition and
activity of the ensymes, The amylase type was said to characterize
Aspergillus oryzae while the phosphorylase type characterizes Aspergillus

nd ger.
The results of a number of workers have indicated that the preduction

of enazymes by molds is definitely influenced by the substrate as well as
by the variety of mold used. For example, Goodman (26) reported that
amylase prudﬁction by Aspergillus flavus was dependent upon the substrate
used,

Workers at the Northern Regional Re#aamh Laboratory, Peoria, Illinois
have investigated the factors influencing the production of alphs-amylase
and maltase by certsin Aspergilli (95). Low yields of alpha-amylase of
Aspergillus niger NRRL 337 in media which have a low pH at the termination
of the culture appeared to be due to inactivation of alpha-amylase at low
pH. This enzyme became increasingly instable at pH values below L.5, but
was stable over the pH range from L.5 to 7.25., Maltase from the same
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source was stable over a range from L.2 to 7.25, the highest pH tested,
The enzymes were held at 30°C, for 18 hours.

The use of different medis affected the yields of alpha-amylase and
maltase, but as various media produced varying amounts of acid when
metabolized, it was difficult to separate the effects of the media itselfl
from the attendant effects of the acid produced, Thus an increase in the
carbon source lowered the pH while an incrsage in the nitrogen source
raised t,ha pHe An attempt to determine the compensation necessary from
this source was made by adjusting the pH of the media to various levels
prior to inoculation, Alpha-amylase production was shown to be quite
sensitive to changes in the pH level of the medium, while maliase produc-
tion was substantially the same between pH L.25 and 7.25. Increased use
of thin stillage solids (a nitrogen source) raised the terminal pH with an
attendant increase in alpha-amylase., Increased use of corn meal (a carbon
source) lowered the pH, and thus the yield of alpha-amylase., However, the
increased use of corn meal increased the yleld ca;‘ mliase, and this sffect
would seem to be indapandani of the change in acidity.

The use of calcium carbonate, previously incorporated into the media
to control the pH level (59), was found to be detrimental to the highest
yields of maltase. As caloium chloride does not have this deleterious
effect, Tsuchiya, Corman and Koepsell (99) recommended that calecium
chloride be used to replace the mleiuﬁ carbonate and that the pH level of
the media be controlled by variation in the concentration of thin stillage.
The influence of the variation in media upon the yield was the most pro-
nounced with Aspergillus niger NRRL 330 and Aspergillus oryzae NRRL LS8,
but less pronounced with Aspergillus niger NRRL 337. The optimum yield of
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maltase reported was 21 units per milliliter which was given by 5 per cent
thin stillage solids and 5 per cent ground corn, The organism was Asper-
gillus niger NRRL 330.

A mold designated as Aspergillus niger PRL 558 was used by Shu and
Blackwood (91) to etﬁdy the effect of carbon and nitrogen sources upon the
production of amylolytic enzymes by submerged culture, Variations in the
specific type of carbon source affected the yield of alpha-amylase to a )
marked degree, while the yield of maltase was affected to a smaller ax‘aent‘,
and the yleld of limit dextrinase was affected least of all. Variations
in the source of nitrogen were quite influential in determining the
amounts of the three enzymes produced. Highest ylelds of the enszymes
were obtained with hydrolyzed casein as the nitrogen source, However,
g#till higher ylelds of maltase and amylase were obtained by adding in-
organic nitrogen compounds such as ammonium nitrate and sodium nitrate as
supplementary nitrogen,

In a later paper (90), it was found that proteins or amino acids ware
not necessary. Almost any nitrogen source which was & potential alkali
donor served as well., Thus ammonium acetate was a suitable nitrogen
source,

A procedure for the purification of fungal maltase was developed in
1951 by Roy and Underkoflar (85). These workers purified maltase of
Aspergillus niger grown on a substrate of yellow corn, Difco yeast ex~

tract, CaCO,, and tap water. The procedure involved adsorption upon
freshly precipitated calcium oxalate and Fuller's earth. No nitrogen
determinations were reported so that no idea of the specific enzyme activi-

ty could be obtained. The final yield was estimated as less than 10 per
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cent of the original ensyme activity present.

Miller (65) investigated the carbohydrass systems of 12 molds in
regard to their production of alpha-amylase, maltase, and limit dextrinase.
The alpha-amylase activity among the different molds ranged from less than
0.1 unit per milliliter to 37.7 units per milliliter. The ac¢tivity of
maltase varied from 0.3 to $.6 units per milliliter, and the limit
dextrinase activity varied from 0.8 to 10.8 units per milliliter. The
highest maltase and limit dextrinase activiiies were found in Aspergillus
niger NRRL 330. Miller found no correlstion between alpha-amylase activity
and the maltase or limit dextrinase activity. There was a sglight correla-
tion between maltase and limit dextrinase activity.

(b) Amylo-glucosidases: A great deal of attention has been directed

recently to & group of ensymes for which the name “amylo-glucosidase™ (L7)
has been suggested. This group of enzymes is postulated to attack mole-
cules of varying sizes up to the starch molecules themselves, liberating
glucose directly. In other words, this group of enzymes would be comprised
of alpha~D-glucosidases capable of acting on the end alpha-l,l-glucosidic
linkages of a molecule regardless of the size of the remainder of the
malmuie.

It has long been known that the starch-splitting enzyme system of
Clostridium acetobutylicum is capable of converting starch almost quanti-

tatively to glucose with neither starch nor limit dextrins ocourring in
the comeﬁion products to any significant degree. Early workers (3k)
considered the hydrolysis of starch to be due to two distinet enzymes, an
alpha-amylase capable of dextrinizing the starch and breaking it down into
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dextrins to liberate glucose units in a piecemeal fashion (L9). It was
stated that the enzyme responsible for the hydrolysis of the dextrins
attacked only the terminal glucose units of the dextrins (L8).

Bernfeld and Studer-Pecha (2) made an exhaustive study of the action
of several crystalline alpha-amylases and found that the final limit of
the hydrolysis of amylose by these snzymes was attained in a prolonged
second phase of the reaction with complete conversion of amylose to 13 per
cont glucose and 87 per cent maltose.

Workers at the Corn Products Refining Company (L47) have proposed that
all of these starch-splitting, glucose~producing enzymes be given the
genaric name of amylo-glucosidases, following the suggestion by Cori and
Larner (15). These workers (L7) reported the émmma of an amylo=
glucosidage in an ensyme preparation mutant of Aspergillus niger NRRL 330.

The extent of hydrolysis of corn amylose by an ensyme preparation of
the Aspergillus niger was determined by the total reducing material formed,
the glucese formed, and by the change in the wavelsngith for maximum light
adsorption by the iodine~hydrolysate complex. The two types of action
apparent were an endwise attack on some amylose molecules to produce
relatively large percentages of glucose early in the reaction, and the .
random hydrolysis gf the others., As the alpha-amylase is deactivated by
acid to a greater degree than amylo-glucosidase, alpha-amylase activity
was eliminated by lowering the pH level to 2.2. The ensyme amylo-glucosi-
dass produced glucose at the same rate from equimolar solutions of amyloses
of widely varying sizes. During the hydrolysis of large polymers such as
corn amylose or amylopectin the adsorption spectra of the complex of iodine
with the remainder of the molecule did not vary appreciably. Glucose was
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Cormsn and langlykke (17) during an investigation upon the correlation
between the ultimate alcohol ym,;i.d upon fermentation and the enzyme activi-
ties of various molds found that the amylase system contained both an
alpha-amylase fraction and a gluc¢ogenic fraction.

The fungal alpha-amylass converted starch into dextrins and maltose,
whereas the glucogenic¢ ensyme syai;eni was capable of converting maltose,
dextrins, and even starch into glugose., The efficiency of the saccharifi-
cation of thé starch was more highly correlated with glucogenic activity
than with alpha-amylase. High glucogenic activity caused rapid and almost
quantitative formation of glucose from starch. The specles sxamined were
a number of organisms of the Aspergillus and Rhizopus groups including
various strains of Aspergillus niger, Aspergillus oryzae, Rhizopus delemar,

and others. Two Rhizopus species, Rhizopus delemar NBRL 1705 and Rhizopus
8p. *Boulard® NRRL 1891 (the strain used in the Amylo process for alcohol

p;-oduat.ion) were interesting in that they were still fairly efficient for
the produetion of aleohol, but produced only traces of alpha-amylase., The |
culture filtrate from Rhizopus sp. "Boulard®™ NRRL 1891 contained inter-
mediate glucogenic activity bul almost no alpha-amylase activity. Glucose
was produced fairly rapidly but there were no detectable trsces of maltose.
The blue starch-iodine color persisted for more than 2L hours, indicating
that the dextrin fraction still contained starch that was essentially un-
altered. After 2 hours the hydrolysate contained 70 per cent glucose,

30 per cent dextrin and starch, &nd no detectable maltose. The filtrates |
of the Aspergillus cultures gave comparable results, although there were
appreciable amounts of maltose found after the hydrolysis. Evidently the
glucogenic enzyme system attacked the starch directly to produce glucose.



Corman and Langlykke suggested that the term "glucogenic activity" would
probably be more accurate than *maltase activity®, due to the fact that the
glucogenic enzymes systems examined hydrolyzed higher glucose polymers as
well as maltose,

These results were confirmed, at least in the case of Rhiwmopus
delemdr, by the subsequent investigations of Phillips and Caldwell (B1),
(82). These workers isclated a glucose~producing amylase which they called
*gluc amylase®.

| Phillipe and Caldwell (81) purified their giuaesu—-faming amylase,
“gluc amylase®, from the mold Rhizopus delemar, which was free of all

detectable traces of alpha~amylase sctivity., The purified gluc amylase
possessed maltase as well as amylase activity. All attempts to fractionate
the preparation into portions containing varying proportions of WIMBY
activity and maltase activity were unsuccessful, and any treatment that
caused a destruction or loss of maltase activity caused a proportional
loss in amylase activity,

At relatively low temperatures of 5% to 10°, the gluc amylase was
less sensitive than the alpha-amylase to exposure to relatively acid
conditions. The traces of alpha-amylase were removed in this manner,
(lucose was responsible for practically all of the reducing value of the
 hydrolysates formed from starch by gluc amylase until approximately 90 per
cent of the possible glucose had been formed.

Gluc amylsse apparently was capsble of splitting glucose from the non-
reducing end of the glucosidic chain (81) somewhat after the manner of the
formation of maltose from its substrates through the action of beta-amylase.

However, with gluc amylase there was no evidence of the formation of limit
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molecules of glucose to one of maltose) by its action upon soluble starch
and thus should be classified as an amylo-glucosidase,

(¢) Amylo-l,6-glucosideses: In this section, the term "amylo-1,6-

glucosidase® is used to indicate an ensyme capable of attacking the alpha-
1,6~glucasidic linkage between two glucose units either in sterch or in a
product obtained from the hydrolysis of starch., The size of the substrate
molscules may vary from the disaccharide isomaltose to starch itself,

Kerr, Meisel, and Schink (L8), (L9) mpoﬁed the presence of an alpha~
glucosidase in certain fungal enzyme preparations in addition to the
ensymés usuvally considersed to be present. This enzyme wasz capable of
hydrolyszing a fairly high proportion of the more resistant linkages of
the starch or the limit dextrins while the other factors of the fungal
enzyme preparation were engaged in hydrolyszing m less resistant linkages,
The more resistant linkages are, of course, the alphi-l,bé-glucosidie
linkages.

Kneen (52) also found evidence of glucose~producing enzymes in
cergal malt and fnngallaxxd bacterial preparations that are active upon
cortain limit dextrins. Back, Stark, and Scalf (1) devised an analytical
procedure for this enzymic agent, for which they provided the name *limit
dextrinase”. The activity was quantitatively expressed in terms of
milligrams of fermentable sugar produced from a standard limit dextrin
solution by one gram of ensymic preparation in one hour at 30°C.

Lipps and co-workers (61) developed a method based upon ammonium
sulfate fractionation and bentonite adsorption for the separation and
purification of the alpha-amylase, limit dextrinase, and maltase produced
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by submerged cultures of Aspergillus niger NRRL 337. The activity of the
purified alpha-amylase was LO times greater and the purified limit
dextrinase was § times greater than that of the original filtrate. The
limit dextrinase was more stable than the alpha-amylase, but both enzymes
lost activity upon storage. |
Limit dextrinase of Aspergillus oryzae was orystallized by Underkofler

and Roy (103) by a procedure involving amnmﬁ sulfate precipitation,
bentonite adsorption, denatwration and precipitation of impurities by
mercuric chloride, and ammoniws sulfate-sodium chloride precipitation. The
final yield of limit dextrinase was not given but was stated to be quits
low.

The investigations of Shu and Blackwood (90), (91) concerning the
effect of the carbon and nitrogen scurces upon the production of limit
dextrinase, maltase and alpha-amylase has been discussed earlier under the
*daltase® section.

A mer of enzymes from different sources are knm to be sffective
in faming or hydrolysing the alpha-l,b-glucosidic bond,

Pigman (83) found that certain enzyme praparatisﬁa, including those
of Aspergillus orysae and Aspergillus niger, were capable of reacting upon

maltose to form unfermentable products. This synthesizing action was
advanced as an explanation for the incomplete conversion of starches to
fermentable materials. Pan, Andreasen, and Kolachov (7L) used an ensyme
preparation of Aspergillus g&m NRRL 337 and suggested that the unferment-
able carbohydrate might consist partly or entirely of iscmaltose, 6~/@lpha-
D~glucopyranosyl/~D-glucose.,
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Coll-free ‘mam systems capable of dextran synthesis, named dextran-
sucrase, were first isolated by Hehre (32). The émm responsible for
the formation of dextran was postulated to be a transferase capsble of
transfering one half of a unit of a disaccharide (sucrose) into a larger
molecular unit (dextran) while liberating the other half as a hexose
(fructose).

Hestrin (33) in 2 provocative review discussed the conventional
bellef that all disaccharide fermentation involves first a hydrolysis and
second a céndena&tim of one of the hexose species with attendant removal
of water, and arrived at the belief that dexiran production procesded on
sucrose directly. This would be analogous to the growth of a polymer
chain of starch by interaction with glucose-l-phosphate.

Hehre and Hamilton (32) cbtained an enzyme or enzyme system which they
called "dextran-dexirinase™ from a culture of Agetobacter capsulatum.

This enzyme was capable of transferring an alpha-D-glucopyranosyl radical
from a terminal position in a suitable dextrin molecule to a terminal
position in 8 growing dextran molecule, thus causing the simmltaneous
degradation of a dextrin molecule and growth of a dextran molecule. The
net effect was the conversion of dextrin into &&xﬁf&n. The enzyme was
unable to act on the unaltered naturally occurring starches or on glucose
or maltoase.

Ingelman (LO) observed that enzymic extracts from the bacterium
Cellvibrio fulva were capable of breaking dextran down into comparatively

large fragments, with little if any production of glucose or disaccharides

from the ends of the molecules as shown by viscometric measurements.
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Concentrated minerals solution:
8.5 mi1liliters concentrated HCL
0,007} grams ZnS0},.TH,0
0,007k grams FeS0y.TH,0
0.0009 grams CuS0).5H,0
tap water to 1.0 liter.

Stock acid solution (0.2 normal HC1):
8.5 milliliters concentrated HCL
tap water to 1.0 liter.

Five milliliters of the concentrated minerals solution were diluted
to 60.0 millilitém with the stock acid solution. The wheat bran, corn
meal, and acidic minerals solution were mixed, the preparation divided
into ten equil portions and pl#aa& in as many 250 milliliter wide-mouthed
Erlenmeyer i‘laakn. The flasks were plugged with cotton and sterilized in
a stean autéalava at 15 pounds pmaauré (apprmi.matwly 250° Qentigrade) for
15 mimtes. They were then inoculated from agar slant cultures of Asper-
gillus niger NRRL 330, and placed on %*.I;wir éidsa in & 309 Centigrade
incubator, Afbter about nine days the flasks of mold bran were dry and
were turned upright. The mold growbth had sporulated and in this dry
sondition the spores were viable for six to nine months. The mold bran
flasks then were stored in the incubstor and served as a convenient source

of inoculum whenaver nseded.
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cagein, or some other natural material was essential for sufficient growth
10 occur in the case of the Shu and Blackwood formula,

Eagle Grove formula Shu and Blackwood formula

mAterial per cent material per cent
starch 3.00 soluble starch 2.00
KNOy 1.00 NHy,OL 0.78
Ca004 0.50 Cac03 0.50
KC1 0.02 KHpPO), 0.0
HCL 0.16 (to pH 6.0) Hg80),. THO 0.05
NaHy POy, 0.04 soybean oil 0.30
Mgs0), 0,02 naturel miterial  0.10
doybean oll  0.02 ﬂa&@h} 13.2 ppm.#
Bnntunibe 0.2k FeS0), 13.2 ppm.*
ZnS0y, 13.2 ppm.» Cu30y, 6.6 ppm.s
Fe30), 13.2 ppm.*%
CuS0}, 6.6 Ppm.#

The inorganic salts, with the exception of the CaCl3, were added to
tap water and the solution stirred until the solids had dissolved. The
solution was then heated to boiling and the starch added with constant
stirring. It was necessary to add the soybean oil with the starch when
large quantities of material were being steriliszed in the large cooker.

#These materials were added in a single concentrated stock solution,
Corn starch was used in the case of the 50 gallon fermentation mentioned
later where the Shu and Blackwood formula was used.
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was itself steriliszed prior to use by both a steam jacket and the passage
of live steam through the carbon.

The media were tested for contamination both by visual microscopic
examination and by collecting samples into sbterile tubes, and making agar
plates of portions of the samples, The plates were examined after 2
hours., Neither of these methods disclosed the presence of any distinguish-

able contaminants in any of the fermentations conducted.
Bs Methods of Enzyme Analysis

1, ILimit dextrinase

The method used for determination of limit dextrinase activity was
that developed by Back, Stark and Sealf (1), The unit of activity was the
number of milligrams of fermentable sugar produced from a standard limit
dextrin solution by one gram (or one milliliter) of the enzymic material

in one hour at 30° Centigrade.

(a) Reagents:

(1) Limit dextrin: The limit dextrin employed was a commercial

product of the Wahl-Henius Institute, Chiecago, Illinois, produced by the

method described by Kneen, Beckord, Spoerl, and Foster (53).

(2) Buffer solution pH L.8: This was made by dissolving 35.32

grams of mgﬂPﬁh.lzﬂaﬂ and 9.73 grams of citric scid in distilled water and
diluting to one liter. The pH of the buffer was adjusted to 4.8 by adding

more of the s#alt or acid, the buffer placed in a series of 100 milliliter
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volumetric flasks (approximately 75 to 80 milliliters per flask), and the
flasks sterilized after plugging with cotton.

(3) Buffered limit dextrin solution: A soluticn of 0.90 gram of

1imit dextrin was mixed with 20.0 milliliters of buffer solution in a
volumetric flask and diluted té 100.0 milliliters. The solution was always

made on the day of use.

(4) Washed yeast: Either Fleisohmann or Red Star cake yeast was

used for the determination, Active dried yeast contains an alpha-l,6~
glucosidase (69). In our experience it was capable of acting upon limit
dextrin, thus causing erratic results. The cakes of yeast used were
crumbled and divided into approximately equal quantities which were placed
in two 250-milliliter glass centrifuge bottles. The bottles were almost
filled with distilled water and the mixture stirred until the yeast was
completely suspended. The suspensions were centrifuged at 1800 revolutions
per minute for 10 minutes. At the end of this time the supernatant solu~-
tion was discarded and a fresh portion of distilled water added. The yeast
was stirred until the solution was a uniform suspension, and then the solu~
tion was centrifuged again., This process was repeated five times to remove
all traces of reducing sugars and extracellular enzymes of the yeast. The

- yeast was then removed and excess molsture removed by blotting with

absorbent paper.

(5) gulfuric acid: 1.5 normal.

(6) Sodium hydroxide: 1.5 normal.

(7) Methyl red and phenolphthalein indicators: 0.5 per cent.
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(8) Reagents for reducing sugar snalysis: The method developed
by Underkofler, Guymon, Raymin and Fulmer (112) was used.

~(9) Unknown enazyme solutions The sample to bs analyzed was

centrifuged and a sample withdrawn, Whenever possibls, the concentration
was estimated before the determination and the ’aampla diluted to an approe-
priate concentration of limit dextrinase so that the activity fell within
the range of linearity.

(b) Procedure: The prosedure consisted of three main steps. These
were (1), the action of the ensymic preparation wpon limit dextrin, (2),
the action of washed yeast cells to remove the fermentable sugars produced
by the limit dextrinase and (3), the acid hydrolysis of the remaining limit
dextrin and analysis of the reducing sugars formed. A blank determination
(L) was conducted simultaneously.

(1) Enzymic action upon limit dextrin: Exactly 20.0 milli-

liters of the limit dextrin solution were transferred by pipette to a 50.0
milliliter volumetric flask. The flask and contents were placed in a
water bath maintained at 30° Centigrade for 5 minutes to allow the tempera-
ture to become eéquilibrated. Five milliliters of the enzyme extract or the
appropriaste dilution were added to the volumetric flask and the contents
mixed thoroughly. After 60 minutes the enzymic activity was destroyed by
adding 5.0 milliliters of 1.5 normal sodium hydroxide. After 30 minutes
the solution was neutralized with 1.5 normal sulfuric acid using methyl red
indieator. For reproducible action of the yeust cells it was essential
that the final titration with sulfuric acid not be carried past pH L.8.
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The solution was then diluted to 50.0 milliliters and mixed thoroughly.

At this peint 20,0 milliliters were withdrawn from each flask and added to
a 0-milliliter plastic centrifuge tubew in the constant temperature water
bath. In addition, from the flask used as & blank (see section (k) below),
10.0 milliliters of solution were withdrawn and added to 10.0 milliliters
of 1.k normal hydrochloric acid in 8~inch test tubes. This solution was
treated by the procedure in section (3).

(2) Elimination of the fermentable sugar: Three grams (moist

weight) of freshly washed yeast were added to each of the 20.0 milliliter
portions of solution in the centrifuge tubes, The contents were atirred
thoroughly and kept in the 30° bath for 150 minutes, with occasional
stirring or swirling of the contents to insure complete removal of the

fermentable sugars.

(3) Acid hydrolysis and analysis for reducing sugars: After

150 minutes the tubes were centrifuged at 1800 revolutions per minute for
10 minutes and 10.0 milliliters me‘ pipetted into an 8~inoh test tube
containing 10,0 milliliters of 1.k normal hydrochloric acid.

All samples which had been added to the hydrochloric acid were
placed in & bath of boiling water for 150 minutes and then cooled and
neutralized to a phenolphthalein end-point with 1.5 normal sodium hydroxide,
The contents of each tube were trensforred with seversl rinses to & 100.0

milliliter volumetric flask and diluted to the indicated volume. The

#The plastic tubes referred to in this work are made of Lusteroid, a
trade name for a8 pyroxylin plastic material.
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milliliter sample of the blank before yesast sorption? "Ba* was the milli-
grams of glucose in a 5.0 milliliter sample after the yeast fermentation,
| ug,% was the milligrams of glucose in & 5.0 milliliter sample of the blank
after yeast sorption, and *E" was the milliliters of enzyme extract or |
dilution added, The quantity "E" always had the value of g in our calcula«

tions,
By - Gy .
B, ¥ 100 = per cent conversion,
(Bz - Ga) 100 |
= limit dextranase units.
g (Bp) ‘ ‘
B

The factor (%) was introduced to correct for the dilution due to the

addition of the yeast.

2, Naltase activity

The method of determining maltase activity used was developed by
Tsuchiya, Cormén, and Koepsell (99). The wnit of maltase activity was
defined as the quantity of enzyme capable of hydrolysing one milligram of
maltose menohydrate in 60 minutes at 30° Centigrade.

(a) Reagentss

(1) Stock acetate buffer, 6 molar, pH L.kt Anhydrous sodium

acetate (183 grams) was dissolved in distilled water and to this was added
217 milliliters of glacial scetic acid. The sclution was diluted to one

liter, and if necessary additional salt or acid solution was added to



adjust the final pH to L.L.

(2) Maltose substrate: The buffered maltose sclution that was

used &8s the substrate for maltase determination was prepared by dissolving
2.35 grams of maltose monohydrate (commercial C. P. grade, specific rota-
tion 4 1019, pwduaad by Pfanstiehl Chemical Co., Waukegan, Illinois) in 50
to 60 milliliters of distilled water and 5 milliliters of the stock acatate
buffer, and then diluting to 100,0 milliliters in & volumetric flask.

(3) Sulfuric acid: 1 normal.

(L) Sodium hydroxides 1 normal.

(5) FPhenolphthalein indicator: 0.1 per cent.

(6) Reagents for reducing sugar analysis: The method developed

by Somogyi (92) was used.

(b) Procedure: The general method of procedure involved allowing
the enzyme solution to act on the buffered maltose solution for a definite
interval and then dematuring the enzyme by sulfuric acid. The sulfuric
acid was neutralized with sodium hydroxide to a phenolphmlain end-point.
The solution was then diluted to a definite volume and analyzed for reduc-
ing sugar content.

Five milliliters of enzyme solution and 10.0 milliliters of buffered
maltose solution were attempered to 30° Centigrade. The solutions were
then combined and held in & constant temperature water bath at 30° Centi-
grade, After 15 minutes 3.0 milliliters were withdrawn by a volumstric
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pipette and added to 3 milliliters of one normal sulfuric acid in & 100.0
milliliter volumetric flask. Again, 120 minutes after the start of the
reaction another 3.0 milliliters were added by pipette to 3 milliliters of
one normal sulfurie acid in a 100,0 milliliter volumetric flask.

After the acid deactivation of the ensyme had proceded for 10 minutes,
the acidified reaction mixture ﬂs neutralised to the phenolphthalein end-
point with one normal sodium hydroxide and diluted to 100.0 milliliters with
distilled water. Five milliliter aliquots were analyzed for total reducing
sugar by the method of Somogyl (92) using the 20~minute heating period.

(¢) Caloulation of waltase activity: The units of maltase activity

of a solution were expressed in terms of milligrams of maltose hydrolyszed
per milliliter of enzyme preparation per hour. The following expression
gave the units of maltase activity; @a® was the reduscing value (in terms of
milliliters of thiosulfate solution) of the 15 minute reaction mixture and

*b* was the corresponding value for the 120 minmute reaction mixture,

‘S'."“ x (glucose equivalent of Nap8503 solution x 1.78) x 20 x Igg

= milligrams maltose hydrolyzed per milliliter of enzyme

preparation per howr

= units of maltase activity.
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(1) Preparation of alpha-amylodextrin solution: A slurry of 5.0

grams of soluble starch in 20.0 milliliters of water was added to approxi-
mately 120.,0 milliliters of vigorously beoiling water with rinsing to insure
complete transferral. The solution was cooled in rumning tap water until
it could be handled with comfort and 12.5 milliliters of buffer solution
were added, The solution was transferred with rinsing into a 250.,0-
milliliter volumetric flask. The sclution was coolsd to room temperature
and 125.,0 milligrams of beta-amylase preparation slurried in a small volume
of distilled water was then added with rinsing. The contents of the
volumetric flask were diluted to the mark with distilled water and & small
amount of toluene was added to prevent hagterial contamination., The
solution was mixed thoroughly and used in not less than 24 hours nor more

than L8 hours,

(2) Dextrinizing activitys Twenty milliliters of the buffered

alpha~smylodextrin solution and 5.0 milliliters of water were transferred
by pipette to a 50,0-milliliter Erlemmsyer flask and the flask placed in
the 30° Centigrade water bath. After the flask temperature had attained
equilibrium, 5.0 milliliters of alpha-amylase solution were added by
pipette. The volumes of water and alpha-amylase solution were altered to
compensate for low or high activities, bubt the total volume of the two
solutions had to be 10,0 milliliters. After 10 minutes, one milliliter
portions were withdrawn by pipette at ai)pmpriate intervals and added to &
series of plain 12.,0-milliliter Pyrex centrifuge tubes, each of which con-
tained 5.0 milliliters of the dilute iodine solution. The tubes were
inverted at least twice to insure thorngh mixing.
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The tube was then placed in the color comparitor between two
simlar centrifuge tubes, each containing 6.0 milliliters of the cobaltous
chloride color standard, and the solutions were compared. If the color of
the sample from the enszyme solution was darker than the standards, one
milliliter aliquots of the sampls were taken at appropriate intervals
until the color approached that of the standard, At that point aliquots
were taken every half minute until the colors matched and the time
required for the matching recorded.

If the color of the solution from the sample was too light after
10 mimites the concentration of the alpha~amylase was too great and another
determination was made, using either a smaller volume of enzyme solution

{and more distilled water) or a dilution of the enzyme solution,

(c¢) Caloulation of alpha-amylase activity: The unit of alpha-amylase

aoctivity was the quantity of enszyme required to dextrinise one gram of
“beta-amylase treated® starch in one hour at 30° Centigrade to the point
where the dextrin-iodine color matched that of the cobaltous chloride color
standard.

The concentration of the ensyme solution was caleulated by the follow-
ing formula:

Units of ﬂlph&*ﬁmymﬁﬂ per milliliter = Wg'hxx 60

where V represented the original volume of mold filtrate in milliliters or
fraction thersof, and T was the dextrinisation time in minutes,
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C, Determination of Reducing Sugars

Two methods were used for the determination of the concentrations of
reducing sugars. The method of Underkofler, Guymon, Rayman and Fulmer (102)
was used in the reducing sugar analyses involved in the determination of
limit dextrinase asctivity. This reagent has a high capacity (up to 10.0
milligrams of glucese or glucose equivalent per 5.0 milliliters) and thus
the solutions te be analysed for limit dextrinase activity required no
prior dilution. The method of Somogyli (92) was used for the work involving
dextran, panose, isomaltose, and the purification of maltase, This was a
versatile reagent having a capacity of 0.01 to 3.0 milligrams of mwsamme or
glucose equivalent per 5.0 milliliters of solution. The accuracy of this
determination was 1 0.0l milligrams of glucose. Both of these methods
were based upon the reduction of cupric ion in buffered alkaline copper

solutions,

1. MNethod of Underkofler, Guymon, Rayman and Fulwer

(a) Rea aﬂ#aﬁ

(1) Potassium iodide-potassium oxalate: 4 solution containing

12.5 per cent KI and 25.0 per cent KCy0),.H,0.

(2) Dilute sulfuric acid: 4 7.5 normal solution of HpSOL. To

prevent the acld from extracting oxidizable compounds from rubber, the

solution was not allowed to come into contact with rubber connections.

(3) Standard thiosulfate: A 0.05 normal NazS;0; solution was

made slightly alkaline by adding traces of sodium carbonate.
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(4) Starch indicator solution: One per cent by weight of

soluble starch was dissolved in a saturated sodium chloride solution. The

purpose of the salt was to discourage bacterial growth.

(5) Sugar reagent ™G": Omne llter of this solution contained the

following ingredients:

BuSGh.SHE,Q 37.5 grans |

m?gggﬁ 0 ;"ﬁzfﬂ | 125.0 "
Na,CO; (snhyd.) 53.0 "
K1 | 1.0 "
Na,SOy (anhyd.) 50.0 "
K10, 3.5665 " (exactly)

NaOH . . . @approximately saturated solution added to
adjust to pH of 9.48.

These solutions were made up in large quantities. The potassium
iodide-potassium oxalate solution, and reagent "G* were delivered by in-
verted pipettes wit.h two-way stopcocks at the bottom of the pipettes and
drainage outlets at the top of the pipette. The volumes thus delivered
were reproducible. The thiosulfate solution was dellivered from & micro-
burette and was stabilized by the addition of 0.5 milliliters of 0.1
normal sodium hydroxide per liter of solution to discourage the growth of
the thiosulfate discomposing baumm (107). The exact method of prepar-
ing reagent "(® was important and the details are given in the next
paragraph.
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Three hundred milliliters of distilled water were placed in a large
beaker and the sodium carbonate and Rochelle salt were added and dinaalvad.‘
The copper sulfate was dissolved in 500.0 milliliters of distilled water
and added slowly to the former solution with continuous stirring to mini-
mize evolution of carbon dioxide. The potassium iodide and sodium sulfate
were added and the solution stirred until these salts were dissolved., The
- solution was then diluted to approximately 960.0 milliliters with distilled
water and the pH adjusted to 9.48. The resulting sclution was heated to
boiling and boiled gently for 10 minutes in a covered container, and then
cooled to 20° Centigrade. A small portion of the soluﬁion was used to
dissolve the precise amount of potassium iodate. The potassium iodate
solution was returned, with rinsing, to the main solution and the volume
made to exactly one liter in a volumetric flask by dilution with boiled
distilled va"bar,

The solution was stored in a pyrex container for a week to allow
suspended material (mainly cﬁgmma oxide) to settle out. The solution
was then carefully decanted from the precipitate and stored in a Pyrex
bottle,

(b) Procedure: Five milliliters of the sugar reagent "G” were
transferred to & 25 x 145 millinster Pyrex test tube by an automatic level
refilling inverted pipette ss previously described. Five milliliters of
the solution containing the reducing sugsr were added by volumetric pipette
and the two solutions intimately mixed by shaking. A short pisce of
capillary tubing was inserted in a one-hole rubber stopper, and the stopper
used to close the test tube. ‘The tube was then immersed at least two~-thirds
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subtracted from the volume required for the blank, and the concentration
of reducing sugar per 5.0 milliliters read directly from the graph.

_The sugar reagents were calibrated once every month or six weeks.

2, Method of Somogyi

(2) Reagents:

(1) Potassium iedide solutions A solution containing 2.5 per

cent potassium iodide and 3.3 per cent potassium oxalate monohydrate was

made alkaline with sodium carbonate,

{2) Dilute sulfurie acid: A 2.0 normal solution of sulfuric

acid.

(3) Standard thiosulfate: A sodium thiosulfate solution was

made alkaline by adding 2.0 milliliters of 10.0 per cent sodium hydroxide
solution per, liter,

(L4) Sterch indicater sclution: One per cent by weight of

gsoluble starch was dissolved in & saturated sodium chloride solution.

(5) rHew" copper reagent: One liter of this reagent contained
the following ingredients:

NaoHPO), (anhyd.) 28 gramus

1 N sodium hydroxide 100 milliliters

KaKC) H, 0, .4H,0 4O grams
(R@%hg ¢ sflt)

Cusoy, g =

Naps0), (anhyd.) G
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allowing it to flow down the sides of the inclined test tube, The follow-

ing quantities of potassium lodide solutlon were used:

0.5 milliliters s:;f 2,5 per cent potassium iodide solution for 5.0
milliliters of normal iodate per liter,

1.0 milliliters of 2.5 per cent potassium jodide solution for 10.0
mi1111iters normal iodate per liter.

2,0 milliliters of 2.5 per cent potassium iodide solution for larger
quantities of normel iodate per liter,

The solution was acidified with approximately 2,0 milliliters of the
two normal sulfuric acid solution. The acid solution was added rapidly by
drops with simultaneous agitation of the solution so that the entire con~
tents of the tube were mixed and acidified at once. In practice, it was
found to be best to add about half of the acid and agitate the solution
until it was a clear color, and then add the remsinder of the acid. The
solution was then titrated with the 0,005 normal sodium thiosulfate solu-
tion. Two drops eﬁ‘ the starch indicator sclution were added toward the
end of the titratioen.

We found it advisable to &dd the potassium oxalate to the potassium
iodide solution to prevent the following reaction during the course of the
titration:

20at? 4 21" = ¥ 4

Somogyi minimiged this reaction through the use of the minimum amount
of potassium iodide, but the undesirable drift in the end-point during the
titration was still cbservable. The oxalate ions elimimated the drift by
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forming & stable complex with the cupric ions, thus effectively removing

them from the solution and the equilibrium reaction,

(¢) Calculation of reducing sugar concentrations The method of

caloulating the reducing sugar concentration used in the procedure given

" before was used here also., The reagent solutions were calibrated by using
a series of solutions containing known quantities of reducing sugar. A
graph was prepared by plotting the volume of thiosulfate solution required
to reduce the blank minus the volume required to reduce the unknown versus
the reducing sugar concentration. The volume of thiosulfate solutian re-
quired for the unknown sugar sclution was subtracted from the volume
required vfor the blank, and the results were read directly from the graph.

3. kethod of Tauber and Kleiner

The alkaline copper reagent of Tauber and Kleiner (96) was used Lo
deteact reducing carbyhydrates upm filter paper. It was prepared by
dissolving 7.5 grams of copper sulfate in 100.0 milliliters of distilled
water. This solution was then added, with stirring, to a solution con-
taining 25.0 grams of Rochelle salt and 40.0 grams of anhydrous sodium
carbonite in 300.0 milliliters of water. Five hundred milliliters of
methyl alecohol were added and the resulting solution diluted to one liter
with distilled water. This solution was sprayed on the chromatogram using
a DeVilbiss »*31'* atomizer and & continuous &ir stream. The chromatogram
was heated in an oven at 110° for 5 minutes, It was then removed and
sprayed with a phosphomolybdic aecid reagent.,

The phosphomolybdic acid solution was prepared by mixing 150.0 grams
of molybdic acid anhydride (Baker Jo0y; 99.5 per cent) with 75.6 grams of
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anhydrous sodium carbonate. The mixture was dissolved in 500.0 milliliters
of distilled water and boiled until all of the molybdic acid had been
dissolved. The solution was cooled and filtered and 300.0 milliliters of
85 per cent orthophosphoric acid was added. The solution was cooled to

room temperature and diluted to one liter with distilled water.
D. Electrophoresis

Proteins, due to their amphoteric nature, are capable of assuming a
net negative or positive charge on the basic or ’acidic sides of their
isoelectric points, and thus are capasble of movement in an electrical
field. Due to theilr differing composition and molecular sizes the dirfarf
ent proteins and enzymes will move at different rates and thus a mixture of
a number of components will give a corresponding number of peaks. The
two procedures used in the course of this investigation utiliszed both

solution electrophoresis and filter paper elecirophoresis.

l. Solution electrophoresis

The apparatus used in this investigation was the Klett Electro-
phoresis Apparatus, manufsctured by the Iilétt Manufacturing Co., NHew York.
The standard cell in this instrument contained approximately 11 milliliters
and had a cross sectional area of 0.725 square centimeters, while the
optical system had a magnification of 0.3ld.

The solutions that were to be andlyzed were dial&zad against distilled
water for at least & day and then against a‘vemrml buffer. This buffer
was 0.02L molar sodium diethyl barbiturate (veronal), 0.00L molar hydro-
chloric acid, and 0,080 molar sodiun chloride. The solutions were diluted
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to approximately 0.5 per cent protein content before dialysis.

2. Filter paper electrophorssis

The apparatus used was essentially that of Cremer and Tiselius (18),

but several modifications were found to be desirable.

(a) Apparatuss

(1) Electrodes: The "labyrinth® system of glass tubing
surrounding the graphite electrodes was adopted without change from the
design of Cremer and Tiselius. The purpose of this labyrinth was to pre-~
vent the changes in composition of the buffer that occur in the course of
the lengthy procedure from affecting the pH of the buffer solution in

direct contact with the filter paper.

(2) Filter paper: The Munktell "Filtrerpapper Nr. 20/150%

manufactured especially for electrophoresis was cut into strips L x 50
gentimeters which during the electrophoresis are enclosed between 5 x 33

centimeter strips of heavy plate glass.

(3) Cooling liquid: The procedure was altered from that of
Cremer and Tiééliﬁa. The chlorobenszene was dispensable for owr purposes,
for better results were obtained when the chlorobenzene was actually
omitted and the filter paper strips and their plate glass covars were left
open to the air. The elimination of the chlorcbensene solution mide it
necessary to conduct the ends of the filter-paper bridges into 2 small
beaker containing the buffer solution. The ends of the filter paper strips
were dipped into the solution to establish contact,
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(L) Current source: The direct current source was an electronic
tube rectifying aystem delivering 148 volts. This was fed from the 110
vél% alternating current line.

(5) Colorations The protein on the strips of filter paper after
the electrophoresis wag dyed by immersing the paper for 10 minutes in one
per cent bromphenol blue in 96 per cent alcohol saturated with mercuric
chloride. The excess stain was washed off by treating the strips succes-
sively with methanol containing one per cent mercuric chloride, ethancl
containing one per cent mercuric chloride, and finally ether. The original
procedure of Cremer and Tiselius called for a methanol rinse between the
rinses with ethanol-mercuric chloride and the ether. We found that such a
rinse removed too much of the color and hence eliminated this step. Per-
haps if & more anhydrous methanol were used, the solvent property would be
destroyed. | |

(b) Procedure: The filter paper strip was moistened with the buffer
solution and the excess blotted off with filter paper. The strip was
placed on one of the glass plates at a point previocusly marked with a lead
pencil. At a point 5.0 centimeters from the cathode end of the plate was
placed 0.03 to 0.0k milliliters of the enzyme solution. The second glass
plate was placed on the strip and clamps applied to minimize the amount of
air between the two glass plates. The ends of the paper strip were dipped
into beakers of the buffer solution in contact with the filter paper bridges
and the cwrrent source connected,

After the desired time had elapsed, the current was disconnected and

the plates with the filter paper strip removed. The paper strip was
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carefully removed and dried at 100° Centigrade in the drying oven for 10
minutes, The strip was placed in the dye solution for 5 minutes, then in
each of the dilute mercuric chloride-alcoholic solutions for 15 to 30
minutes, A dip in the methanol (if used) and 8 dip in the ether removed
traces of mercuric chloride and the alcohol.

The strips were examined superficially by eye or were cut into small
vertical strips 5.0 millimeters wide. The dye was quantitatively extracted
with a methanol soda solution, and the intensity of the blue color deter-

mined in & Beckman spectrophotometer at 595 .
E. Filter Paper Chromatography

Protein molecules often show a reversible tendency to be adsorbed upon
the surface of various types of substances. This phenomenon is utilized
in paper chromsatography of protein solution where there 18 an advancing
front of liquid. The protein molecule tends to be sparingly soluble in a
solution (on acoount of its very size among other factors) and thus may be
removed from solution by the relatively weak attractive forces between the
protein maléaula and the cellulose surface., However, this adsorption is
reversible, and as the solution front advances, the protein molecules are
carried along at a rate inversely proportional to the attractive forces,
The protein fractions move at various rates and thus will be found at
various distances behind the advancing solution front.

The materials and procedures used for the filter paper chromstography
are described below, |



1., Filter paper

The paper used was Whatmsn No, 1, which was purchased in large sheetis
16.5 centimeters by 57 centimeters, Smaller sheets 22,5 x 23,25 centimeters
ware cut from the larger sheets in such & manner that two 23,25 centimeter
edges were cut from the L6.5 centimeter adgé of the large sheet. It was
quite critical that the paper be cut in meh & manneyr that the developing
solution flowed in the direction of the grain of the paper for otherwise

exoessive streaking was encountered,
2, Procedure

A line was drawn 2.5 centimeters from the 23.25 centimeter edge of
the filter paper, and 3 to L microliters of the solution to be chromato-
graphed were placed on the line on spots about 3 centimeters apart by means
of a wire loop., In order to obtain enough material, three or four successive
loopfuls of material were applied to the same spot with intervening drying.
The 22,5 centimeter edges of the paper wers stapled together loosely 80
that the edges did not touch,

Approximately 75 to 80 milliliters of the appropriate solvent were
placed in the jar and the paper cylinder placed in the solution, taking
care that the cylinder rested firmly on the bottom of the jar and was per-
pendicular to the surface of the solution.

After the solution had ascended to the top of the paper cylinder,
which required from 90 minutes to 6 hours, depending upon the solvent, the
eylinder was withdrawn and dried in the air,

Three methods were used to ascertain the location of the protein
material on the chromatograms after development.
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The first method wae a modification of that of Papastamatis (77)
which was based upon bromthymol blue., The dried chromatogram was sprayed
first with a 0,2 normal solution ef sodium hydroxide and 0.1 per cent
solution of the sodium salt of bromthymol blue (13). The paper was dried
in the air using an electric fan and the strip was passed quickly through
0.2 normal acetic scid. The areas occupied by protein stood out as blue~
violet to green spots against a general background of pale yellow. The
areas had a tendency to fade rapidly within 5 to 10 seconds and it was
necessary 1o encircle immeﬁiately the colored areas observed,

The second method was a modification of that of Geshwind (2L),

‘which was based upon bromphenol blue. The indicator solution was prepared
by adding 0.5 grams of bromphenol blue to a solution of 95 per cent
ethancl saturated with mercuric chloride. The strip to be developed was
dipped into the solution and the excess dye removed by rinsing the strip
with a8 gentle siream of running water without any prior fixation being
necessary. The protein areas stood out as blue spots against a white
background, Although the spws were fairly stable, excessive washing
must be avolded. It might be desirable to use an even stronger solution
of dye (i.e., one per cent) in order to obtain an even stronger color.

The third method involved the use of ninhydrin. The cylinder was
removed from the bottle and air-dried, after which it was sprayed with a
0.5 per cent solution of ninhydrin in butancl. The colored complex was
dovalapsd by placing the chromatograms in an oven at 110° Centigrade for

25 to 30 minutes., The arsas of protein were pink against a white back-
ground.
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Por the preliminary work indicated below the protein solution used
was a 1.0 per cent solution of taksdiastase,

The various developing solutions were buffered to & pH of 5.0 by
adding 5,0 milliliters of McIlvain's standard buffer per 100.0 milliliters
of solution.

Chromatograms developed by buffered ammonium sulfate solutions of
various saturations (0.0, 20.0, L0.0, 60.0, 80.0 and 100.0 per cent)
produced no resolution of the protein material of the takadiastase., The
use of bromphenol blue to develop the chromatogram obtained from distilled
water indicated an oblong streak of protein material having no noticeable
resolution with &n Ry value frm 0.5 1o 0.8. With increasing concentration
of ammonium sulfate the wmobility was decreased, but there was still no
noticeable resclution. It was impossible to develop these solutions with
ninhydrin due to the coleoration produced by the interaction of the ammonium
radical with the ninhydrin,

Better results were obtained with &queous acetone solutions. One
hundred milliliters of the buffered acetons solutions were placed in each
of the Jars. The acetons concentrations were increased by increments of
10 per cent from 0.0 to 100.0 per cent., After the solutions had risen to
the top of the papers, the cylinders were removed and d:i-iad in air by an
electric fan. The chromatograms were sprayed with & butanol solution con~-
taining 0,5 grams ninhydrin per 100,0 milliliters and developed in a 110°
oven for 25 minutes, |

With concentrations of 0.0 to 30.0 per cent acetone by volume, the
protein material had migrated to the top of the filter paper. With L0.0

per cent acetons there was & single elongated spot between the Ry values
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0.7k and 0.893. With 50.0 per cent acetone there were two elongated
spots, one between the Ry values 0.097 and 0,215 and the other between the
R, values 0.657 and 0.810. This latter spot showed some tendency to be
divided into two spots. With 60.0 per cent acetone there were three
distinot spots., The first was on the spot where the ensyme preparation
had first been applied. The second had an Ry value between 0.05 and
0.013, and the third had an Ry value between 0.503 and 0.663, With 70.0
per cent acetone the separation was much less distinet, and the movement
was much less, bub apparently there were still the same spote bearing
essentially the same relstion to each other as before. Above 80.0 per
cent acetone there was slipght sbreaking, but the majority of protein
material remained at the spot where it was applied.

The determinations between 30.0 per émfa and 70,0 per cent acetone
were repeated, using increments of 5.0 per cent acetone., The best separa-
tions occurred at 55.0 per cent aﬁd 60,0 per cent, with the latier seeming
to give the better #aparahian. At 65,0 per cent and 70.0 per cent acetone

the separations were not as clear.
F. Preparation of Haltitol

Maltitol was prepared by the reduction of maltose using Raney nickel
catalyst. An alternative method, involving reduction of maltose with
sodium borohydride, acahylatioﬁ with acetic acid to destroy the boron
complex with the two cis hydroxyl groups, deacetylation, and purification
by adsorption on & carbon column, was developed by Subadolnik (9h). A
small amount of maltitol prepared by this method was made available for the
preliminary investigations by Dr. French of these laboratories.



1. Materials

(a) Hydrogenation apparatuss The hydrogenation apparatus was the low

pregsure shaker type manufactured by the Parr Hydrogenation Co., Moline,
Illinois. The power supply was a quarter horse power motor which was
utilized to agitate the shaker 200 times per minute. Any high pressure

bottle could be used for the reduction,

A}

(b) Raney nickel: The nickel alloy was purchased from the Raney

Catalyst Co., Chattanooga 2, Tennessee, The procedurs of Vogel (100) was
used to prepare the Raney nickel catalyst.

Procedure: A solution of 190.0 grams of sodium hydroxide in
750.0 milliliters of water was placed in a 2-liter beaker equipped with
an efficient air ypewarad glass stirrer (to minimize the danger of igniting
the hydrogen). The solution was cooled in an ice bath to 10°, and 150.0
grams of the nickel-aluminum alloy were added in small portions over a
period of about 2 hours with constant stirring. The temperature was not
allowed to rise above 25°. The stirrer was stopped and the besker removed
from the ice bath and allowed to come to room tempsrature. The reaction
mixture was slowly heated on the steam bath after the evolution of
hydrogen had slowed, for about 10 hours--until the evolution of hydrogen
again slowed. Distilled water was added to restore the volume, the mixture
was stirred, allowed to settle, and the supernatant liquid decanted. The
nickel was transferred using distilled water rinses to a stoppered gradu-
ated cylinder and the water decanted. A solution of 25.0 @m of sodium
hydroxide in 250.0 milliliters of distilled water was added and the mixture

thoroughly shaken to suspend the catalyst. The solution wés allowed to
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setile an& the alcohol decanted. The nickel was washed by suspension in
distilled water and decantation until the washings were neutral to litmus.
The nickel was then washed three times with 95 per cent ethanol and three
times with absolute alcohol. The catalyst was stored under absoclute
ethanol in tightly stoppered bottles completely filled with absolute
abthanol.

The material when used was never weighed, but & level teaspoonful

was estimated to be aboubt three grams of nickel.

(¢) Maltose: The maltose was the C. P. grade purchased from the
Pfanstiehl Chemival Co., Chicago, Illinois.

2e Pra;zeﬁure

Fifteen grams of C. P. maltose wers plsced in a high pressurse botile
containing 100.0 milliliters of distillsd water and 3.0 grams of Raney
nickel. The bottle was then placed in the Parr hydrogenation apparatus
and the system flushed several times with hydrogen to remove the air. The
pressure was adjusted to 55 pounds and the shaker started.

The hydrogenation was allowed to proceed overnight, after which the
Raney nickel was removed by centrifuging and the solution analyszed for
reducing sugar. This hydrogenatien procedure was repsated several times
until the maltitol solution showed virtually no reducing sugar left. The
filtrate was evaporated under vacuum to & thick syrup and stored in this
form in 'the refrigerator. It was diluted to approximately a one per cent
solution for use as a chromogenic substrate for the paper chromatography.

Analysis by paper chromatography showed only a trace of maltose to be

present,
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G. Datermination of Protein Nitrogen

The samples were analyzed for protein after extensive dialysie by the
micro~Kjeldahl technigue using & solid copper sulfate-potassium sulfate
catalyst.

One milliliter of the solution containing an unknown amount of
nitregszi was fafluxed, with one milliliter of nitrogen-free sulfuric acid
for one-half hour or until the brown color disappesred. A small amount of
satalyst was used to speed the decomposition of organic matter, and for
extremsly resistant materials, a few drops of hydrogen peroxide were added.

The Kjeldahl tube was placed in an &ll-glass micro-Kjeldahl distilling
apparatus with steam being actively generated., The heat source was momen~
tarily removed from the steam generator unit, and 7.0 milliliters of two
normal sodium hydroxide were added. The heat was restored to the steam
generator, and an aclidie solution buffered by borate brought up around the
outlat so that the end of the glass tube was below the surface of the
liquid. The steam distillation was continued three minutes after the
indicator had changed color. The solution was then titrated with Q.02
normal hydrochloric acid.
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IV, EXPERIMENTAL RESULIS
A, Attempted Isolation of ILimit Dextrinase

Due to the vagueness of the current ideas concerning limit dextrinese
it was considered deairable at the inception of this problem to concentrate
upon the purification of limit dextrinase in order to cbtain an appreciable
quantity of the pure ensyme for further study.

Previous workers (103) had published & method for the purification of

the limit dextrinase of Aspergillus oryzse. The application of this pro-

cedure had led to a product high in limit dextrinase activity but with
only traces of maltase and alpha-amylase sctivity remaining in the prepara-
tion. A later worker (65) made aavarai attempté to apply this procedurs
to a cemréially available product of Aspergillus oryzae but these

attempts were unsuccessful.
The filtrate of Aspergillus niger NRRL 330 had been shown by this same
worker (65) to have a higher limit dextrinase content than the filtrate of

any variety of Aapargill;:a oryzae and thus the former mold would produce
the more desirable starting material.

In the present work several attemplis were made to adapt this procedure
for isolation of limit dexirinase to the filtrate of Aspergillus niger NERL
330. The first attempt was made with 1,450 milliliters of filtrate and the
second attempt was made vd.th’ 42.0 liters. The basiec procadure used was

that of Underkofler and Roy (103) wiich is given below in diagrammatic form.
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Procedure for the purification of fungal limit dextrinase (103)

S01id ammonium sulfate added to 50.0
liters of chilled filitrate to three-
fourths saeturation. Xept overnight
in refrigerator and decanted.

Precipitate Supernatant
Dissolved in 5.0 liters distilled (Discarded)
water. The pH adjusted to L.2 using
2 normal acetlic acid, Fifty grams
Pentonite added, shaken one hour, and
centrifuged.

Supernatant (5.0 liters) Precipitate
Solid ammonium sulfate added to (Discarded)
three~fourths saturation. Chilled
overnight and centrifuged.

Precipltate Supernatant
Dissolved in 500.0 milliliters dis- (Discarded)
tilled water. Solid ammonium sul-
fate added Yo three-~fourths satura-
tion, the sclution chilled overnight
and centrifuged.

Precipitate Supernatant
Dissolved in 50.0 milliliters dis- (Discarded)

tilled water, dialysed in cellophans
bag for 3 days against running tap
water and then for 2 days against
distilled water in the cold room at
109 Centigrade. Centrifuged and
80.0 milliliters clear solution de-
canted. Elghty milligrams of solid
mercurie chloride added to the solu-
tion, held at 30° Centigrade for L
hours, and centrifuged.



B. Supernatant Precipitate

Dlalyzed in cellophanse bag for L days (Discarded)
against running tap water and then for

2 days against distilled water in the

¢0ld chapber and centrifuged. Solid

ammonium sulfate added to clear solu~

tion to three-fourths saturation.

Chilled overnight and centrifuged.

F. Precipitate | Supernatant

Dissolved in minimum volume of dis- (Discarded)
tilled water and equal volume of

saturated ammonium sulfate solution

added, Solid sodium chloride added

to saturation, held for 6 hours at

309 Centigrade and centrifuged.

G. Crystalline precipitate ~ Supermatant

Dissolved in minimum volume of dis~ (Discarded)
tilled water and recrystallized by

adding an equal volume of saturated

ammoniws sulfate solution. Chilled

overnight in refrigerator and

centrifuged.
H. Crystalline precipitate Supernatant
(Limit dextrinase) (Discarded)

The Bentonite adsorption in the article cited was given in a flow
chart as ocourring after the third ammonium sulfate precipitation, but one
of the authors in a private communication indicated that it was actually
after the first ammonium sulfate precipitation, as mentioned in the bedy of
the article,
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2, First attempt

The following section is an account of the first attempt on a small
scale to adapt the procedure of Roy and Underkofler (103) to a filtrate of
Aspergillus niger NRRL 330.

Nine l~liter wide-mouth Erlenmeyer flasks, each containing 200.0
milliliters of the sterilized medium, were inoculated with aparala'eéd mold
bran culture of Aspergillus niger NRRL 330 bjr the following method. Ome
hundred milliliters of sterile water were added to one of the sporulated
méld bran cultures and the mixture was vigorously swirled until the mold
bran was well suspended throughout the solubtion. Portions of several
milliliters were withdrawn into sterilized glass tubes and transferred to
the sterile fermentation flasks, The flasks were placed in the reciprocal
shaker in the 30° Centigrade incubator cabinet and the mold allowed to
grow for 9 days, At the end of this time, the {lasks were removed from the
incubator and the contents filtered through cheese cloth and then through
filter paper to remove the mycelia. The filtrate, which had & volume of
approximately 1,450 milliliters and a limit dextrinase activiiy of 8.0
units per milliliter (22.5 per cent conversion) was chilled in the refriger-
ator and for the first precipitation 793 grams of solid ammonium sulfate
were added slowly with constant stirring u,ntil the salt was dissolved,

The solubility of ammonium sulfate at 0° Centigrade is 70.6 grams per
100.0 milliliters of water and at 100° Centigrade is 103'.8 grams per 100.0
milliliters (35). The temperature of the refrigerator was measured to be
10° Centigrade. By interpolation the solubility of ammonium sulfate was
caloulated to be 73.0 grams per 100,0 mi:mmueré at 10° Centigrade which
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was the value used throughout the course of this work.

The supsrnatant solution was decanted and the excess liquid removed by
centrifuging and decanting the expressed solution. One hundred and forty-
five milliliters of distilled water were added to the precipitate and the
solution was stirred until & uniform suspension was obtained,

Five milliliters were withdrawn for limit dextrinase analysis and
diluted to S0.0 milliliters in a volumetric flask. Portions of 2.0, L.0,
6.0 and 8.0 milliliters of the enzyme solution were added to 10,0 milli-
liter volumetric flasks and then diluted to volume with distilled water.
The resulting solutions had concentrations with respect to the original
solution of one to ten (i.e., the original 5.0 ;ﬁillilimra diluted to
50.0 milliliters), two to twenty-five, thres to fifty, one to twenty~five
and one to fifty. The results of the analysis are given in Table 1. The
1limit dextrinase concentration was acoepted as 55 units per milliliter.

Table 1

Results of Limit Dextrinase Analysis upon Solution Containing
the First Prgoipitata in the First Purification Attempt

Pilution Per cent Units per Units per
factor converaion milliliter in williliter in
solution analyszed original solution
1. 115 2.9 1.0 50
2, 2150 6.2 2.2 55
3. 335@ 10.1 306 70
,-h h 350 13 .S ho 8 &0

5e 5150 13.5 L.8 L8




72

For the second precipitation 77.0 grams of ammonium sulfate were added
to the 140.0 milliliter solution containing the precipitate from the first
precipitation and the solution was chilled in the refrigerator overnight,.

The solids did not settle to the bottom of the flask spontanecusly but
did settle upon centrifugation of the solution. The supernatant liquid was
decanted and 145 milliliters of distilled water added to the precipitate.
The precipitate was not entirely soluble, for a slimy black material was
not dissolved, This material was removed by cenitrifugation and saved for
possible future analysis. Six-tenths of a milliliter of this solution
containing the second precipitate was diluted to 50.0 milliliters in a
volumetric flask and analysed. The per eent hydrolysis was 8.5; the limit
dextrinase concentration in the solution actually used for the analysis
was l.8 units per milliliter, which indicated a concentration of L00.0
1imit dextrinase units per milliliter in the solution containing the second
precipitate, or a total of 5,800 units. The protein material in the re-
maining solution was precipitated for the third time by adding 7.3 grams
of ammonium sulfate and chilling in the refrigerator overnight. When the
solution was centrifuged, & gelatinous black mass settled out quite
readily, but there were several very fine crystals which could not be
separated by centrifuging. The fine crystals appeared to be an insoluble
inorganic salt.

The third precipitate was dissolved in 1L.0 milliliters of distilled
water and the pH adjusted to L.5 with 2.0 normal acetic acid.

During this adjusiment a precipitate was formed, which was insoluble
even when the solution was diluted to 26.0 milliliters. After 1.3 grams of
Bentonite were added, the container was tightly stoppered and placed in a
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reciprocal shaker in the 30° incubator for 2 hours, The suspension was
then centrifuged and the clear, colorless liquid decanted. Three milli~
liters of the solution were withdrawn for experimentation, 10.h grams of.
ammonivm sulfate were added to the 23.0 milliliter solution remaining after
tha Bentonite adsorption and filtration, and the solution chilled overnight
in the refrigerator, When the solution was centrifuged & very smsll amount
of apparently crystalline material was collected at the bottom of the tube
which did not dissolve even when the solution was diluted to 60.0 mi.lli—-
liters with distilled water. 4 5,0 milliliter portion of this 60.0 milli-
liter solution was withdrawn for analysis an@i diluted to 25,0 milliliters
in & volumetric flask. One milliliter of this dilubted solution contained
2.8 1imit dextrinase units and caused 8,5 per cent hydrolysis. Each
milliliter of the 60.0 milliliters therefore contained 1k units of 1limit
dextrinase activity, or the entire solution contsinsd 840 units of limit
dextrinase activity.

Work on this solution was abandoned because of the excessive loss of
activity that had occurred. It was decided to repeat the work on a larger
scale due to the possibility that on the small scale of this work small
incidental losses ocourring during transfer of precipitates, etc., may
have assumed 8 disproportionately great influence on the per cent of
engyme recovery.

The samples from the second and third ammonium sulfate precipitations

were not analyzed,
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3. Second attempt

After the previous small-scale purification attempt had failed,
attempts were made to grow larger quantities of the culture in 3- and 5~
gallon carboys with copper tubing aeraters by using the medium of Shu
and Blackwood (91) with ammonium chloride and urea as the nitrogen sources,
A flask of the dry mold-bran material previously mentioned was used to
inoculate each carboy. As the contents of the carboys showed no evidence
of mold growth after 72 hours, another attempt was made using the Eagle
Orove formula. In this aaaé also, no appreciable growth occurred.

After unsuccessful attempts to grow the mold in carbuyé, 25 gallons of
medium using the Zagle Grove formuls were mads and sterilized in a 50-
gallon stainless steel evaporator which had been equipped with an &erating
ngit. Due to the lack of reinforcement, it was not considered safe to
use the usual pressure of 15 pounds of steam pressure for sterilization,
and so the tank and contents were sterilized at a steam pressure of §
pounds for 2 hours., The sclution was inoculated with three l10-gram portions
of sporulated mold-bran culture of Aspergillus niger NRRL 330. After 6
days the fermentation was halted and a sample examined visually by micro-
scople observation and by plating & sample upon sterile agar. Microscopic
examination revealed heavy mycelial growth with no visible evidence of
contamination and after LB hours of incubation at 30° the agar plate dis-
played numerous colonies of Aspergillus niger but no foreign colonies.

The aoluticm‘was filtered through cheese cloth to remove the mycelial
growth and returned to the vacuum evaporator to concentrate the solution.

However, the vacuum pump failed before any apprecisble concentration took
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place and so this step was eliminated. The dextrinase activity of the
golution was determined at this stage, two determinations belng made.

{ne was upon the original undilubed solution and the analysis indi-
cated 22 per cent hydrolysis which would correspend to 6.75 limit
dextrinase units per milliliter. The other determination was upon a 50
per cent dilution of the mother liquor. The per cent hydrolysis of this
diluted solution was 14.5 which would correspond to L.33 units per milli-
liter. This indicated a limit ﬂaxtrihasa content of 8.66 units per
milliliter in the original solution. As the per cent of conversion in
the first éetvem}natim was out of the range of accuracy, the second
determination of 8.7 units per milliliter was accepted as the limit
dextrinase content of the solution. .

For the first ammonium sulfate precipitation about 7.k kilograms of
the solid salt were added slowly to the contents of three carboys with
continual stirring until the salt was dissolved. Each carboy contained
1L liters of solution., The solution was allowed to stand overnight in a
refrigerated room at 10° Centigrade and the supernatant liquid was
siphoned off. The semi-solid remainder was centrifuged to expel the
remaining liquid, This first precipitate was dissolved in L.2 liters of
distilled water and samples withdrawn for analysis, the results of which

are given in Table 2.



76

Table 2

Results of Iimit Dextrinase Analysis upon Solution Contalning the
Second Precipitate in the Second Purification Attempt

Solution Per cent Apparent limit Actual
gonversion dextrinase limit dextrinase
concentration concentration in

original solution

1. Undiluted 91.6 30.k 30.k
2, 1tol0 7465 , 2.52 25.2

The limit dextrinsse concentration was taken as 27 units per milliliter,
When ammonium sulfate was added to the solution of the first pre-
cipitate to three~fourths saturation the pﬁeeipiubo was so flocoulent
that centrifugation was not poesible. In order to remove the inactive
gludge the solution was diluted to 3.0 liters and centrifuged. The semi-
solid sludge was then extracted twice with successive washes of 500.0
williliters of distilled water, which were added to the 3-liter solution
to mike 2 total volume of L.0 liters,
 Ammonium sulfate, (1.59 kilograms), was added to the L-liter solution
containing the first precipitate to three-fourths saturation. The solution
was chilled overnight and centrifuged twice, the precipitates being com-
bined. Four hundred and twenty milliliters of distilled water were added,
and the water and precipitate thoroughly stirred to make a uniform
suspension of the second precipitate. A 1O-milliliter sample of the

suspension containing the second precipitate was removed for possible
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analysis, and the solution was centrifuged. The semi-solid sludge was
discarded, a 10~-milliliter sample of the clear supernatant solution was
withdrawn and @ portion used for the analysis reported under "A® in Table
3. These two samples were later combined, centrifuged, and the resulting
solution used for the experiments described later upon dextran, isomaltose,
and panose,

Two hundred and twelve grams of ammonium sulfate were added to the
heo.o milliliter solution containing the second precipitate and the solu-
tion chilled overnight. The solution was centrifuged, the solid was
suspended in 50,0 milliliters of distilled water and 8 sample of 10.0
milliliters withdrawn for possible analysis. The pH of the remaining 47.0
milliliters of solution containing the third precipitate was adjusted to
Le15 by adding 2.0 normsl acetic acid. Then 2.5 grams of Bentonite were
added and the solution was agitated in the reciprocal shaker for 2 hours
and centrifuged. The supernatant solution was decanted and the precipitate
discarded. A 3-milliliter sample withdrawn for analysis gave t.ha’ resulis
given under *B™ in Table 3.

Solid ammonium sulfate (2L.4 grams) was added to the solution result~-
ing from the Bentonite adsorption and filtration and the mixture chilled
overnight. The‘ solution waa centrifuged and the precipitate suspended in
50.0 milliliters of distilled water. The result was a thick grey suspen-
sion from which the solid material could not be removed by the high-speed
Servall centrifuge. The material was transferred to the plastic centrifuge
tubes with rinsing, and so the volume was 53.0 milliliters. A 3.0 milli-
liter portion withdrawn for analysis gave the results indicated under *C*
in Table 3.
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The remaining 50.0 milliliters of solution were dialyzed: against
ruming tap water for 3 days and then sgainst distilled water for 2 days.
A leak developed in the dialysis bag and thus the protein sclution was
inadvertently diluted to one liter. A 10 milliliter sample was withdrawn
for possible analysis and 529,0 grams of ammonium sulfate were added and
dissolved. The solution was chilled overnight in the icebox and centri-
fuged, Fifty milliliters of distilled water were added to the brwipitmte
and the mixture was dialyzed agaiast running tap water at room temperature
for L days and against distilled water in the cold room. After one day
in the cold room a leak was again found in the dialysis bag. As none of
the }aany dialyses made subsequently with the same c¢ellophane tubing and
under approximately the same conditiong showed any ’hendenay to break,
this was interpreted as being a strong 1ndieutiaa of the presence of an
active cellulase in the preparation being dialysed. The volume of the
solution remaining was 35.0 milliliters, of which 5.0 milliliters were
withdrawn for analysis, leaving 30.0 milliliters. The results of this
analysis are @,ven‘ under ®D* in Table 3.

Thirty milligrems of mercuric chloride were added. The solution was
centrifuged after 4.0 hours and the supernatsnt liquid dialysed against
ruming tap water at room temperature for L days and against distilled
water in the ice box for 2 days, with the water being changed periodically.
The final volums was 27.0 milliliters, of vrhmh 2.0 milliliters were with-

drawn for analysis. The results are given under ®"E® in Table 3.

#Visking Cellulose Sausage Casings, 6733 West 651*»11 Street, O”h:i.aago 38,
Illinoise.
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The protein meterial was precipitated by adding 13.3 grams of ammonium
sulfate and chilling overnight. The selgtion was centrifuged and the
precipitate dissolved in 30.0 milliliters. & 3.0 milliliter sample with-
drawn for analysis gave the results listed under *F® in Table 3.

To the remaining solution, 27.0 milliliters of saturated ammonium
sulfate solution were added as well as 17.8 grams of sodium chloride. The
solution was placed in the 30° water bath for 6 hours, The only crystalline
material observed at this stage were a few undissolved crystals of sodium
chloride although there was a considerable quantity of amorphous material,
| The solution was centrifuged and the precipitate dissolved in 28,0
milliliters of distilled water. Three milliliters of solution were with~
drawn for possible analysis, 25.0 milliliters of saturated ammonium
sulfate solution added and the mixture chilled overnight.

After about 12 hours, fine particles of a grey precipitate were
observed floating in the solution., The solution was centrifuged to separate
the material. The supernatant solution was decanted, and a portion of the
material observed under the microscope. There were observed large, massive
erystals (evidently sodium chloride), smaller, almost spherical crystals
(evidently ammonium sulfate), and small, isolated feathery clusters of
apparently orystalline material which resembled the photographs of Asper-
gillus orysae limit dextrinase published by Underkefler and Roy.

One milliliter of distilled water was added to this precipitate and
one~quarter of this taken for analysis. The quantity of limit dextrinase
found was negligible within the limits of experimental error.

Maltase determinations were also conducted upon several of the solu-
tions., Table L gives tpn quantities of maltase activities in the solutions

analyzed.
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There was a8 linear relationship between the extent of hydrolysis and
the limit dextrinase content as demonstrated in Table 5, when the two

values for all of the determinations were compiled.
mék, Stark, and Scalf (1) found the material from Aspergilius oryzae

to be very high in limit dextrinase activity at the step corresponding to
our 1ast step. Due to the virtually complete loss of ensyme activity with
the filtrate from Aspergillus niger, the latter steps of the procedure at
least would need to be eliminated and be replaced with another procedure.
The threes preliminary ammonium sulfate precipitations could be retained as
a cancaﬁtratim procedure suitable for much of the inactive material, but
even these precipitations resulited in excessive loss of limit dextrinase
activity.

Prior to the development of another purit'mation procedure, howsver, a
shorter analytical method would be desirable to avoid the excessively
lengthy analysis for limit dextrinase sctivity. With this end in mind, the
&ction of & concentrated limit dextrinase preparation upon bacterial dex-
tran, panose, and ilsomaltose was studied. If the ensyme fraction responsi-
ble for the limit dextrinase activity could hydrolyze the alpha~-l,6-
glucosidic linkage, a measurement of the increase of reducing sugsr content
would afford a convenient index to the limit déxtrimse activity of the
solution. This was the purpose of the work described in the immediately
following sections. '
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B. Action of Concentrated Enzyme Preparation
upon Bacterial Dextran

Four runs wers conducted under varying conditions to ascertain the
effect of a concentrated solution of limit dextrinase upon dextran. The
procedure was ;argaly patterned after the procedures of Tsuchiya,
Montgomery and Corman (101), and Back, Stark and Scalf (1),

1. First run on clinieal dextran

(a) Materials: |

Buffer solutiont 4 0.3 molar acetate buffer solution, pH L.7,

wag prepared by diluting & solution containing 24.6 grams of sodium
acetate and 17.1 milliliters of glacial acetle acid to one liter in &
volumetric flask using distilled water.

Dextran: The dextran used was the type produced by Strepto-
bacterium dextranicum MRRL B-125L which contained alpha-1l,6~ and alpba~l,l~
glucosidic linkages in a ratio of about 12 to 1. ".ﬂm material used was
obtained from the Northern Regional Research Iaboratory, at Peoria,

Illinois, and was labeled *Clinical Dextran Solid, Preperation NERL -35%,

Buffered dextran solution: Six-tenths of a gram of dextran was

dissolved in 50.0 milliliters of the buffer solution in a volumetric flask.

Ensyme: The ensyme preparation used was from the second attempt
to purify limit dextrinase. Twenty milliliters were witl;dram from the
420.0 milliliter solution containing the second ammonium sulfate precipitate.
After centrifuging, this solution was used for the work as well a&s the
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hydrolysis of panose and isomalicse. The solution contained approximately
190 units of limit dextrinase activity and 16.2 units of maltase activity

per milliliter.

(b) Procedures Two 20,0 milliliter portions of buffered dextran
solution were transferred by volumetric pipette to sach of two LO-milliliter
plastic centrifuge tubes. The tubes were placed in water baths maintained
at 30° and 35°.

Seven milliliters of distilled water and 3.0 milliliters of the
enzyme solution were added by pipette to each of the tubes and well shaken,.
The time of addition was recorded. |

The tubes were maintained in the constant temperature water baths and
5.0 milliliter aliquots withdrawn at definite intervals by pipette for
analysis.

(¢) Analytical methods The 5.0 milliliter aliquots were added to 5.0
milliliters of 1.5 normal sodium hydroxide in 100.0 milliliter volumetric

flasks and allowed to stand at room tempersture for 30 mimates.

The solutions were nentralized to a methyl red end-point with 1.5
normal hydrochloric acid,

The flasks were diluted to volume with distilled water and analyzed
for reducing sugars by Somogyi's method.

(d) galculation of the per cent dextran hydrolysis: The information

accompanying the dextran indicated that the average chain length (as
estimated by Somogyi's sugar determination) was approximately 295 glucose
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units. The equation for hydrolysis was assumed to be

(Cehyg0s)y, + niz0 1 Cgity206.

Each 5,0 milliliter portion withdrawn for analysis contained origi-
nally 2.0 milligrams of dextran, which would be eguivalent to 2.22 milli-
grams of glucose if it were fully hydrolysed. The per cent of hydrolysis
was gi#an by the follmhg exprassion. In this expression the intermediate
hydrolysis products were assumed te have reducing power squivalent fm.
glucose and the reducing value of the dextran itself to be negligible.

Per cent hydrolysis = milligrams %1%?” equivalent x 100.

(e) Experimental results: The results obtained at 30° and 35°

Centigrade are given in Table 6 under 14 and 1B respsctively.



Analytical Results of Hydrolysis of Dextran
with Concentrated Enzyme Solutions
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Table 6

Per Cent Hydrolysis

Reference | (Time in Minutes)
to Text 0 30 60 120 180 2o 300 1320
A 9;9 - lo35 l‘BQ 1.89 - - - 5.87
1
Bl 0,0 -~ 0.9 1l 180 - «- 7.67
2 0.0 0.1 1.57 3.51 3.15 - - L.87 -
A 0.0 - - - - 2.20 - - - 3060 - -
3 B 0.0 - - - }.079 .- - 3.6@ -
¢l 0.0 - - - - 1.90 - - - 2,20 -

2. Second run on clinical dextran

(a) uMaterials:

Buffer solutions

Dextran: Ssme as in first run.

Same as in first run.

#fith the exception of 3C, which used the origimal filtrate from the
second attempt to purify limit dextripass, the enzyme solution used in all
of these experiments was the 20.0 milliliter sample withdrawn from the 420.0
milliliter solution containing the second ammonium sulfate precipitate of

the second atbtempt at purification.

nee .

The solution wes centrifuged prior to
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Buffered dextran solution: Six-tenths of a gram of dextran was

placed in a 50.0 milliliter volumetric flask. Ten milliliters of the 0.3
molar acetate buffer (pH L.7) were added and the sclution diluted to 50.0
rilliliters.

Enzyme: Same ag in first run,

(b) Procedure: Twenty milliliters of the buffered dextran sclution
were added by pipette to a L0.0 milliliter plastic centrifuge tube.
Seven milliliters of distilled water wﬁm added by pipette and the tube
and its contents were equilibrated in & constant temperature water bath
maintained at L9°, Three milliliters of the sample withdrawn from the
420,0 milliliter solution were added and mixed, the time noted, and
&liquots withdrawn periodically for reducing sugar analysis with the

Somogyl reagents,

(¢) Analysis and calculations: Same a8 in first run.

(d) Experimental regultss The results obtained in this run are
given in Table 6, under 2,

3. Third run on clinical dextran, varyi

The third experiment conducted upon clinical dextran used the temper«
ature of 49° to speed the reaction.

(a) Materials:

Buffer solutions: Two buffer solutions were used. One was the

0.3 molar acetate buffer (pH L.7) prepsred by diluting 2L.6 grams of
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had reported the hydrolysis of isomsltose by filtrates of cultures of
dspergillus niger HRRL 330.

G, Action of Concentrated Enzyme Solutions upon Fanose
1. Materials

Panose: The necessary amount of anhydrous chromatographically pure
panose prapared by Dr. Pan was supplied by Dr. Dexter French.

Buffer solution: The 0.3 molar acetate buffer at pH L.7 describved

under the procedure for the hydrolysis of ﬂaxﬁran using fungal enzyme
concentrate was used for this experiment.

Buffered panose sclution: Twenty milliliters of the acetate buffer

solution and 0.1168 grams of panose were diluted to 100.0 milliliters in a
volumetric flask with distilled water.

Constant temperature bath:s The constant temperature bath described

under the section on the hydrolysis of dextran was used for this determina—
tion. The temperature was adjusted to 39.5°.

Reducing sugar determinations The alkaline copper reagent of Somogyi

(92) having a maximum capacity of 0.5 milligrams of glucose or glucose
equivalent per 5.0 milliliters was used for this work.

A series of determinations made to determine the optimm reduction
time for solutions containing panose indicated that the solutions should be
immersed in the boiling water bath for 25 to 30 minutes.
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2, Experimental procedure

Two 20,0 milliliter pérﬁiena of the buffered panose solution were
transferred to each of two 40.0 milliliter plastic centrifuge tubes
immersed in the constant temperature bath., To one tube was added 7.0
milliliters of distilled water (molution A) and to the other was added
10,0 milliliters of distilled water (solution B)., The tubes wers well
mixed and replaced in the constant temperature bath for 10 minutes.

Solution A: In the saagmi attempt to purify limit daxtrimse, a 20,0
milliliter sample was withdrawn from the 420.0 milliliter solution con-
taining the second ammonium sulfate precipitate. This solution was centri-
fuged and the supernatant sclution was used for this experiment., Three
milliliters of this solution were added to the plastic centrifuge tube
containing 20.0 milliliters of the buffered panose solution and 7.0
milliliters of water. The solution was well mixed, replaced in the
constant temperature bath, and 3.0 milliliter aliquots withdrawn periodi-
c¢ally for analysis.

Solution B: To the plastic centrifuge tube containing 20.0 milli-
liters of the buffered panose solution and 10.0 milliliters of water was
added 0,30 grams of Takamine Clarase#, The solution was well mixed,
replaced in the constant taxaparatuﬁa bath, and 3.0 milliliter aliquots

withdrawn periodically for analysis.

#Takamine Iaboratory, Ins., Cliften, New Jersey
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acid hydrolysis (111), the first postulate was more probable.

The formula used to calculate the per cent of panocse hydrolysis was
derived by the following method.

- Per cent milli panose hydrolyued
hydrolysis = nilligrams panose in arigznal solution X 100

- milligrams panose hydrolysed . .
= , a.a&?“w x 100,

Let g milligrams reducing sugar equivalent calculated as glucose in

u

&ﬁeh 5.0 milliliters of solution &mlyzad.
let m = milligrems panose hydrolysed in each 5.0 milliliters of solution
analyzed.

180 mg. glucose equiv.
504 mg. panose residus

éa x_ 180 mg. glucose equiv,
X 50k mg. panose hyd. .

(0k67 -~ m) x %gﬁ. 4+ mf3 x 180)

g = gg-g (0.L67 + 2m),

0
1]

)
]

ox

101‘40 g~ 6023&:

H
#H

Per cent hydrolysls = Lo

= {300@8 - Qogﬁa) x 100,

The preceding equation was derived upon the assumpiion that panose as
well as any other disaccharide present (i.e., maltose or isomaltose) would
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give the stoichiometrically correct value for glucose equivalent under the
conditions of @nalysis. However, the use of this equation led to the
obviously erroneous conclusion that 27 per cent hydrolysis had occurred
jmmediately upon combination of the enzyme and panose solutions. This was
the result obtained by substituting 0,258, the number of milligrams of

- glucose found at 0 time, into the equation.

The explanation lies in the fact that sugsr determinations are quite
empirical and that different monosaccharides give different reducing values,
while di- and tri-fsaccmtidsa may diverge quite widely. A correction
factor was obtained by the following method. |

The agsumption was made that no hydrolysis had occurred at 0 time, and

that m was equal to O, The basic squation

gﬂ(ﬁnhﬁ?“ﬂ)x%%%&mxéyxlaﬂ

then became, with a correction factor included,
g = 0.b67 x %%% x correction factor.
Substituting the values found,

0,258 = 0,167 x ecorrection factor

'1.54 = ocorrection factor.

When this factor was inserted, the equation then became

g = (0467 - m 0.553) 4+ m{3_x 180) ,
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The final equation for per cent of hydrolysis becanme
Per cent hydrolysis = (kol}@ - 1-97) x 100,

This last equation was used to calculate the values reported in Table 7.
Due to the absence of any data concerning the accummlation of disaccharide
in the reaction, it was not possible to attempt to make any correction for
the error introduced from this source. However, the relative extent of
copper reagent reduction within a series was a fairly good reflection of
the extent of hydrolysis.

(¢) Experimental results: Solutions A and B gave the analytical

results listed in Table 7 under LA and 4B respectively.

Although the results were not clear-cut, it was evident that the con-
centrated and partially purified limit dextrinase solution was capable of
hydrolyszing the alpha-l,b-glucosidic bond in small molecules.

The action of the enzyme solution upon isomaltose was next investigated.
D. Action of Concentrated Enzyme Solution upon Isomsltose
1. Materials

Isomaltose: Isomaliose was prepared from dextran by a modification of

the procedure of Wolfrom, Georges and Miller (115).
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Table 7
Analytical Results of Hydrolysis of Panose and Isomaltose
with Concentrated Enzyme Solutions

Per Cent Hydrolysis

Reference {Time in Minutes)
to Text | 0 15 30 60 120 180 2ko 1320
h A : 900 - 3&?06 EQGQ 6806 7007 62.!4. l[B 05
B 3.3 - - T27 T2.0 790 79.0 96.8 - -
5 0.0 13.0 20.5  38.5 55.0 57.5 68.0

Seventy-two grams of dextran were added to 2,180 milliliters of 30 per
cent hydrochloric acid at room temperature. The initial specific optical
rotation was 4 180°., The solution was maintained at 30° for 8 hours until
the specific optical rotation was 4 105°. Lead carbonate was added to
neutralize the acid. The lead cbloride was removed by filtration, rinsed
with 500.0 milliliters of distilled water and the rinses combined with the
main solution. Hy&gogan sulfide was passed through the solution to remove
the excess lead, and the solution was filtered. The solution was concen-

trated under partial vacuum distillation at 509 Centigrade to 500.0

#The enzyme solution used for the first experiment with panose, LA,
and the experiment with isomaltose, 5, was the same solution &s that
described in Table 6. That is, during the second attempt to purify limit
dextrinase, & 20.0 milliliter sample was withdrawn from the 420.0 milli~
liter solution containing the second ammonium sulfate precipitate. This
20.0 milliliter sample was centrifuged and used for these riments, The
enzyme solution used for the second experiment with panose, LB, was Takamine
Clarase, a commercial product of the Takamine laboratoery, Inc., Clifton,
New Jersey.
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minutes. The solutions were neutralized with 1.9 normal sulfuric acid to
methyl red end-points, and the solutions diluted to 25.0 milliliters. Five
milliliter samples were withdrawn by pipette for reducing sugar analysis.

3. Anpalytical results

(a) Calculation of resultss The formula used to caleculate the per
cent of isomaltose hydrolysis was derived by the following method.

=i

Per cent . Billigrams isomaltose hydr ed.
hydrolyeis — mil ‘g-:m Tsomitose in original solubion

g

x 100,

= milligrams isomaltose hydrolyszed
~£2 B.523 2 ﬁdxim.

Let g = milligrams reducing squivalent calculated as glucose in each 5.0
milliliters of solution analyszed.

Let m = milligrams isomaltose hydrolyzed in sach 5.0 milliliters of
aelutim analyzed.

= £0.523 - m) mg. isomaltose residue 180 mg. %1 ucose equiv.
& 7.0 mL. solution * 3 “mg, isomalboSe residue

4 BEE. isomaltose hyd. x 2 x 180 mg. glucose eqniv.'
E.a mi. S0in. 312 mg. iam%wae hyd. *

. - 180 n(2 x 180)
(0.523 - m) x 1§ + B2ZEI00)

= 180
4 32 (0.523 '}m)g

o
H

or

m = 1.90g - 0,523,
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Caldwell (81).

Accordingly it was decided to investigate the properties of the alpba-
1,h~glucosidase system of Aspergillus niger NRRL 330. The analytiocal
method to be used to indicate alpha-glucosidase activity was the standard
method for maltase determination.

1. First purification procedure

Fifty gallons of the semi~synthetic medium of Shu and Blackwood (91)
in the large fermenter tank were incculated with a vegetative culture of

Aspergillus niger NRRL 330.
Preparation of the inoculum. One liter of the medium, the ingredients

of which are given below, was added to each of three wideemouth Fernbach
fermentation flasks and the flasks and contents sterilized after plugging
with cotton.

HYaterial Per cent
Corn starch 2.0
Catoy 0.5
KH POy 0l
¥gS0), . THy0 0.05
(HH), )280), 0.2
Molasses 0.
Stock minerals solution 0.1

The mineral materials with the exception of the caleium carbonate were
dissolved in one liter of tap water. The solution was heated to boiling
and the corn starch was added slowly with stirring. The calcium carbonate
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of the suspended material, The pH was L.8

(a) Preliminary ammonium sulfate precipitation: Before the addition

of solid ammonium sulfate to 16.0 liters of ensyme solution, two experi-
mental ammonium sulfate precipitations were conducted in order to determine
the optimal degree of saturation for the first concentration of the protein
fraction containing the enzymlic astivity.

First experimental ammonium sulfate precipitation: Eleven 25.0 milli-

liter portions of the mold filtrate were added by pipette to a series of
50.0 milliliter Erlenmeyer flasks. Sufficient solid ammonium sulfate was
added to each flas’k with s’g.ii'ring to inerease the saturation to the desired
degree. For example, the first flask contained no ammonium sulfate, while
the second flask was 10.0 per cent saturated, the third flask 20.0 per cent
saturated, etc.

The solutions wers }atemd in the cold room for L8 hours, and ithe
contents were then transferred to 0.0 milliliter plastic centrifuge tubes
and centrifuged at approximately 3,000 revolutions per minuﬁa for 20
minutes. The supernatant liquids were decanted and 25.0 milliliters of
distilled water were added by pipetie to each precipitate. The contents of
the plastic centrifuge tubes were mixed thoroughly and 5.0 milliliters were
taken for analysis. However, even at complete ammonium sulfate saturation
only & small fraction of the maltase activity known to be present was found
in the precipitate.

Due to the physical abmwatién that the large basket centrifuge was

not capable of exerting enough force to completely settle the material
forced out of solution by salting out, the experiment was repeated with &
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Servall conical head centrifuge capable of approximately 12,000 revolutions
per minute.

Second experimental ammonium sulfate precipitation: 4 150.0 milliliter

portion of the original mold filtrate was used for the second experiment.
The ammonium sulfate saturation was increased in increments of 10 per cent.
The solution was centrifuged 20 minutes after each addition of ammonium
sulfate. i‘ha precipitates wers dissolved in 15,0 milliliter portions of
distilled water so that the first solution contained the material suspended
in the original solution, the second solution contained the precipitate
formed between O and 10 per cent ammonium sulfate saturation, the third
solution contained the precipitate formed between 10 and 20 per cent
ammonium sulfate saturation, etc. The process was repeated until the solu-
tion was completely saturated with ammonium sulfate.

Five milliliter portions were withdrawn by pipette determination of
maltase activity. These results are given in Table 8 and Figure 1.

Preliminary ammonium sulfate precipitation of 16.0 liters: Sixteen

liters of the original mold filirate were used to obtain & more concen~
trated enzyme solution for further work. Solid ammonium sulfate to 50 per
cent saturation was added elowly with constant stirring to the 16.0 liters
of original mold filtrate and the solution chilled overnight in the cold
room.

The resulting solution was centrifuged using the Sharples supercentri-
fuge at L5 pounds pressure. The precipitate was discarded and the super-
natant liquid, which was still opalescent, was preserved. Solid ammonium
sulfate was slowly added up to 90 per cent satwration and the suspension
stirred until solution was complete. After the solution was chilled
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overnight a flocculent precipitate rose to the top. The underlying solu-
tion was removed by siphoning and the upper layer of precipitate was
centrifuged in small portions in the Servall centrifuge for 15 minutes,
The clear supernatant liquids were decanted and the precipitates combined
and dissclved in 1.6 liters of distilled water.

The maltase activity after the purification was 12,3 units per milli-
liter. The pH of the solution was L.7. This solution was labeled "enzyme

concentrate B® for fature reference.

(b) Determination of iscelectric point: The sclubility of the pro-

tein fraction possessing maltase activity was determined at var:i.mgg jo): ]
levels and concentrations of ammonium sulfate in order to determine :i:; T
isvelectric point.

Pipettes were used to withdraw seven 20.0 milliliter portions of
enzyme concentrate B. FPrior to the addition of ammonium sulfate, the pH
levels of the solutions were adjusted using the Beckman pH meter using
approximately 0.05 normal sodium hydroxide or sulfuric acid. Each solu-
tion was transferred to a hQ.G milliliter plastic centrifuge tube. The
desired quantity of solid ammonium sulfate was added with constant stirring
until the salt was completely dissolved and the solution was allowed to
stand 20 minutes in the cold room. It was then centrifuged at 12,000
revolutions per minute for 20 minutes and the supernatant solution poured
into another plastic centrifupge tube. The solution was saved for the
détemimtion of the solubility of the enzyme at the same pH but & higher
ammonium sulfate concentration. The pH of the solution was readjusted if

necessary.
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The precipitate was dissolved in 10.0 milliliters of distilled
water, the solution thoroughly stirred, and 5.0 milliliters withdrawn for
the maltase activity determinations reported in Table 9 and Figures 2 and
3.

Despite the most vigorous attempts, it was impessible to get any more
than about thres-fourths of the eighth addition of ammonium sulfate to
dissolve. Assuming then that the 1.6 liters of solution was already about
13 per cent saturated (from the liguid adhering to the precipitate when
centiifuged), this would mean that the first solution was approximately 12
per cent saturated, the second 22 per cent saturated, and so on for the
entire series. This would not influence the iscelectric point but would
merely mean that the proteins are salted out of solution sooner than
otherwise,

From Table 9 it was apparent that the pH optima for precipitation was
near 5,0, and that the collection of a fraction between 30 and 70 per cent
saturation would contain the bulk of the ensyme activity.

(¢) Second ammonium sulfate precipitation: The pH of the enzyme

concentrate B remaining after the wmtmé samples had been withdrawn
(about 1,380 milliliters) wad adjusted to 5.0. Solid ammonium sulfate was
slowly added with constant stirring to 30 per cent saturation. The solu~
tions were centrifuged twlice a4t 12,000 revolutions per minute for a total
time of approximately 50 minutes. The preeipitate was discarded and to

the supernatant liquid was added, with constant stirring until dissolved,
solid amman;,um sulfate to 70 per cent saturation. The pH was readjusted to
approximately 5.0 using pH-Hydrion paper to gauge the pH level and the
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solution was allowed to stand overnight in the cold room. The solution was
then centrifuged at 12,000 revolutions per minute. The supernatant solu~
tion was decanted and the precipitate was dissolved in 300.0 milliliters of
distilled water. This solution was labeled “enzyme concentrate C® for

future reference.

(d) Precipitation of fractions having maltase activity by organic

solventa:

Procedure: Precipitation of protein material by organic solvents has
been & standard method of protein, and enayme, purification. Accordingly,
an investigation was made in this work of the precipitation of protein
fractions having maltase activity by the organic solvents acetone, ethanol
and dioxane, For these precipitations it was found necessary to use the
Servall "316® stainless steel 50.0 milliliter centrifuge tubes and covers
to avold the solvent action of the organic liquids upon the plastic centri-
fuge tubes.

Ten milliliters of enzyme concentrate C were added to each of four
stainless steel centrifuge tubes and the pH adjusted to 5.0. The tubes
were centrifuged &t 12,000 revolutions per minute for 15 minutes and the
precipitate dissolved in 10,0 milliliters of distilled water. The appro-
priate amount of organic solvent necessary to properly increase the‘
percentage composition of the solvent was added to the solution, by a fine
capillary tube below the surface, slowly and with stirring to avoid local
concentrations of the organic solvent.

The tubes were centrifuged for 25 minutes at 12,000 revolutions per
minute. The supernatant liquids were transferred to other centrifuge
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tubes and the precipitates dissolved in 10.0 milliliters of distilled water,
The next increment of solvent was added and the process repeated,
The amounts of organic solvents added to 10.0 milliliter portions of

engyme solution were those given below,

0 per cent No organic solvent added;
10 » » 1.1 milliliters of organic solvent added;
20 * " 1,h milliliters of organic solvent added to preceding solutionj

30 ° % 1.8 " n ® " LI n "oy
o » w 2.4 ] » " " L n LI
50 * f® 3.3 " L L] f n o= L n 3
6 * = 5.0 " " " a U " LI
7 * = 8.3 " n " " LI n n

Higher concentrations of organic solvents were not used due to fear of

inactivation of enzymic activity.

Analytical results: The results are tabulated in Table 10 and Figure
L. |

Another 10.0 milliliter portion was withdrawn for possible future
analysis, and the remaining solution of 235.0 milliliters was adjusted to a
pH of L.9.

A thin capillary tube below the surface of the solution was used to
introduce 192.3 milliliters of acetone {or L5 per cent by volume) while a
stirring motor was constantly agitating the soluticn., The acetone was
added over a ten minute period, and as soon 88 it was added the solution
was transferred to the stainless stesl centrifuge tubes centrifuged at
13,000 revolutions per minute for 20 minutes. The supernatant liquids were




Table 10

Precipitation of Maltase Activity from Partially Purified Filtrate
&t Various Concentrations of Acetone, Dioxane and Ethanol#

Acetons

Volume Dioxane Ethanol
per cent of '
organic
solvend In In tobal of In In total of in In total of
increment increments increment mmt: inerement increments

0 2.82 2.82 2,35 2.35 2.88 2.88

10 - 20 2.35 7.00 2,61 7.83 2,61  8.10

20 - 30 (3.22) 10,22 2.09 9.92 2.88 10.98

30 - Lo 7.05 17.27 6.25 16.17 2,61 13.59

ko ~ 50 11.0 28.3 - 15.h 31.57 14.2 27.8

50 - 60 16.7 k5.0 11.3 2.9 12.8 Lo.6

60 ~ 70 10.4 55.h 7.84 50.7 k.18 lilso8

#The values given are units of maltase activity per milliliter of solution containing the

precipitate,

STt
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combined and an additional 2hkL.l milliliters of acetone were added to
increase the concentration to 65 per cent.

The precipitate of the fraction between LS per cent and 65 per cent
was dissolved in 100.0 milliliters of water and the solution labeled
"enzyme concentrate D* for future referaence.

Enzyme concenirate D was dialymci against occasional changes of
distilled water in the cold room for L8 hours, until the test with barium
chloride was negative. This solution was analyzed for alpha-amylase and
total nitrogen. The alpha-amylase content was 34.3 units per milliliter,
compared to the original concentration of approximately 10 to 12 units
per milliliter. The Kjeldahl nitrogen determination was conducted after
centrifuging the opalescent solution. The resulting clear solution had &
nitrogen content of 1.16 milligrams of nitrogen per milliliter.

A paper chromatogram developed with a 60 per cent acetone solution
indicated & spot of protein material remaining at the point where the
enzyme was applied with a slight streak extending upward for about 5.0
millimeters. Strips cut from & portion that had not been developed with
the dyestuff were sprayed with a 1.0 per cent solution of maltitol and
incubated at 30° for 30 minutes in 8 moist atmosphers. When these strips
were then dried and sprayed with the Tauber and Kleiner reagent for re-
ducing sugars, heavy spots of blue appeared at the origin, indicating
the presence of a substance capable of hydrolyzing maltitol (i.e., a
maltase) at that spot.

The solution electrophoresis conducted upon 10.0 milliliters of the
solution withdrawn at this stage indicated the presence of at least three
distinct peaks corresponding to protein fractions.
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(e) Bffect of pH level upon stebility: A series of buffer solutions

were made by the procedure of McIlvain (35) which involved combining
certain volumes of 0.1 molar citric acld solution and 0.2 molar disodium
phosphate solution.

The final pH of each buffer sclution was adjusted by adding the
required citric acid or phosphate solution until the pH value as indicated
by the Beckman pH meter was correct.

The solutions of the precipitates from the solvent precipitations
were combined and the resulting solution, with an activity of approximately
5.5 to 6.0 units per milliliter and a total volume of 50.0 milliliters,
‘was used for an experiment to determine the effect of pH upon stability.

Five milliliters of the enzyme solution ai:c; 10,0 milliliters of the
appropriate buffer were withdrawn by pipette and separately egquilibrated
to 30° Centigrade in the constant temperature water bath. The solutions
were mixed and returned to the constant temperature bath. Three milli~
liters were withdrawn periodically from the solution for analysis. The
results are given in '.{;ahla 11.
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Table 11
Stability of Maltese Activity at Various pH lLevels

¥altase units per milliliter

pH 2L hour 96 hour

exposure | exposure
L0 5.6 5.87
LS 5.8 S.l8
5.0 6.55 6.13
5.5 - 5.87 5.8
6.0 5.48 5.73
6.5 5.7h 5.70
7.0 6.00 5.20 (obvious contamination)

(£) Precipitation of fractions having maltase activity by sodium

chlorides An attempt to precipitate the protein fraction possessing the
maltase activity by means of sodium chloride was made. Three milliliters
of enzyme concentrate D were withdrawn by éipet.ta for this experiment.
Solid sodium chloride was added slowly with constant stirring, and the
solution was centrifuged. Portions of sodium chloride sufficient to in-
crease the saturation by 20 per cent were added each time, but with the

exception of inazctive sludge obtained by centrifuging the original solu-
tion, no precipitate was obtained,

(g) Precipitation of fractions having maltase activity by potassium

dihydrogen phosphate: Solid potassium dihydrogen phosphate was added to
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the saturated sodium chloride solution without producing any precipitate,
either of ensymically active material or any other material.

An additional 3.0 milliliters of ensyms concentrate I were withdrawn
by pipette. Potassium dihydrogen phosphate was added to the sclution to
the saturation point, but with the exception of an inactive sludge present
in the original solution, there were no detectabls quantities of material
precipitated. The results of this and the preceding section indicated
that neither sodium chloride nor potassium dihydrogen phosphate was a
suitable material for precipitating this protein fraction.

2. Second purification procedure

Although the preceding method resulted in a solution that had high
maltase activity, there remained considerable quantities of alpha-amylase
activity. Also the electrophoretic pattern displayed, in addition to a
large peak, several small humps. For these reasons, it was decided to
mike & more detailed study of the properties and behavior of the proteins
having maltase and alpha-amylase activity.

The supernatant solution from the 50.0 gallon fermentation remaining
after the firat attempt to precipitate the maltase had been stored for 3
months under toluene in the cold room., When the solution was analysed for
maltase activity it was found to contain L.52 units per milliliter. This
filtrate was therefore concluded to be satisfactory for the ensuing study.

(a) Prelimivary ammonium sulfate precipitation: It was desirable

firat to make a more precise determination of the behavior of maltase
activity during ammonium sulfate precipitetion. This was carried out in
the following manner,
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Experimental ammonium sulfate precipitation: Thirty milliliters of

the crude enzyms filtrate were placed in each of eleven 40.0 milliliter
plastic centrifuge tubes, Solid ammonium sulfate was slowly added to each
tube with constant stirring until dissolved. The resulting sclutions were
saturated with ammonium sulfate to concentrations between 5.0 and 95.0 per
cent in 5.0 per cent increments,

The solutions were chilled for several hours, and then centrifuged at
the rﬁn spead of the Servall centrifuge (aimu‘é 12,000 revolutions per
minute for 25 minutes).

The supernatant solutions were decanted and the precipitates dissolved
in 10,0 milliliters of distilled water and dialyszed in the cold room
against distilled water. The distilled water was changed every § hours.
The dialysis was continued until & drop withdrawn from the solution
containing the precipitate produced no precipitate when added to a dilute
solution of barium chloride. The dialyzed solutions were then transferred,
using several rinses of distilled water, to 25.0 milliliter volumetric
flasks and the solutions diluted to volume with distilled water.

These solutions were analyszed for maltase, alpha-amylase, and nitrogen

content, and the resulis are given in Table 8 and Figures 5, 6 and 7.
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Table 12

Haltase Activity, Alpha-Amylase Activity and
Nitrogen~Containing Material Precipitated from
the Crude Solution by Ammonium Sulfate

Per cent of Alpha-amylase, Maltase, unite ¥i1ligrams

mme amo et pmer

saturation '
L5 0.040 0.26 - 0,070
50 0,073 0.21 0,085
55 0.18 0.11 0,11k
60 0.40 0.53 0.105
65 1.00 0.79 0,205
70 1.00, 1.33 1.16 0.154
75 | 1.8, 1.11 _ 307 0.163
80 1.48, 1.48 2.29 0.230
85 1.33, 1.38 3.90 0.185
90 1.33, 1.18 3.48 0.260
95 1.60, L.5k4  ke32 0.185
orig. 1.60 k.55 0.258

-Ammonium sulfate precipitation of 20.0 liters of mold filtrate: The

results of the experimental ammonium sulfate brscipitahiam showed that
most of the maltase was precipitated between 65 and 95 per cent saturation.
To obtain larger quantities of enzyme concentrate for further work, solid
ammonium sulfate was added slowly with constant stirring to ten 2.0 liter



PER

UNITS

MILLILITER

ALPHA —-AMYLASE

O ORIGINAL ANALYSES

X CHECK ANALYSES

45 50 55 60 65 70 75 80 85 90 95 ORIG.
PER CENT (NH4), S04  SATURATION

Fig. 6 Previpitation of Alpha-
‘Grude Filtrate by Amse

mylase Aotivity from
dus Sulfate



PER

UNITS

MALTASE

MILLILITER

481

O i i L 1 i _ 1 . 1 | . |

|

45 50 55 60 65 70 75 80 85 90

PER CENT (NHg2S04 SATURATION

3&. T gﬁ.&gﬁg of Mltase Aotivity frem Crude
gﬁmﬁ vw, Anwonium a&.ﬁtﬁ

95 ORIG.



PER

MILLIGRAM

MILLILITER

0.20}
o.18

0.16

NITROGEN

125

0271

oha» 

0.24¢

-0.22f

1 A | l | | | | | l

50 55 60 65 70 75 80 85 90 95 ORIG.

PER CENT AZIAVN SO, m.ﬁ.cmb._._oz




126

portions of original mold filtrate until the solutions were 65 per cent
saturated. The solutions were combined and chilled overnight in the cold
room. The solutions benea%hxhe floating masses of precipitate were
removed by siphaning.  The sémi«soud slurries were combined and the
volume measured before they were discarded. ‘ﬁm combined slurries had a
volume of 350.0 milliliters, which meant that the Vmamapmdmg volume of
approximately 254.0 milliliters of original solution was discarded.

Solid ammonium sulfate was added until the solution was 95 per cent
saturated with ammonium sulfate. Centrifuging the solution at 1,800
revolutions per minute in 250,0 milliliter bottles failed to bring down
the precipitate particles. 7The solution was therefore vacuum filtered
with a water aspirator, using Eton and Dikeman 613 filter paper, 18.5
centimeters in diameter. The filtrate came through the filter paper as a
cleary; yellow solution, whereas the flocculent materisl was retained by
the paper. Due to the tendency of the paper to become clogged, several
different sheets of filter paper had to be used. The mataria.:!.a wore ra-
moved from the filter papers and dissolved in about 500.0 milliliters of
distilled water. The filter papers were rinsed with several portions of
distilled water and the solutions combined and diluted to 2.0 liters,

This solution was labeled "enzyme concentrate E¥ for future reference,
After removal of the precipitates, the filter papers were soaked in two
250.0 milliliter portions of distilled water, but dus to disintegration of
the cellulose these solutions were discarded.

The solution of enzyme concentrate E had & volume of 2,050 milliliters
and a concentration of 15.5 units of maltase activity per milliliter, or a
total of 31,800 units. The first 250.0 milliliter portion of distilled
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water used for soaking the filter papers had a concentration of 24.5 units
per milliliter, or a total of 5,380 units. The second sclution of 250.0
milliliters contained L.L42 units per milliliter, or a total of 1,100 units.
Thus the total sum recovered by this method was 38,390 units of maltase
acbivity. ‘

The analysis of the mother ligquor showed no trace of maltase activity.

(b) Second ammonium sulfate precipitation: The protein material of

enzyme concentrate E was again precipitated with ammonium sulfate as before,
collecting the fraction between 67.5 per cent and 85 per cent saturation.
The material was dissolved in 200.0 milliliters of distilled water, placed
in dialyaia bags and dialyzed against distilled water in the cold room,
changing the charges of distilled water once every 8 hours. The final
volume of the solution was 3368.0 milliliters. This solution was labeled
%engyme concentrate F* for future reference. The solution contained
approximately 106.0 units of maltase per milliliter, 8.56 units of alpha-
amylase per milliliter, and 1.50 milligrams of nitrogen per milliliter.,

The filter paper electrophoresis conducted upon this last solution
for 13 hours indicated a streak of protein material, possibly divided into
two portions, extending 2.6 to 6,1 centimeters from the point of origin.
The apparent centers of the spots were 3.9 and 5.6 centimeters from the
point of origin. A very faint spot was observed at 1l.5 to 11.8 centimeters
from the origin, but this may have been an artifact. The solution electro-

phoresis diagram of this solution displayed three peaks corresponding to
protein material.
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(s) Acetone precipitation of purified enzyme solution: In an effort

to further concentrate and purify the ensymes, precipitation by aqueous
acetone was employed. Five milliliters of enzyme concentrate F were
transferred by pipette to each of seven stainless steel L0.0 milliliter
éan‘briruga tubes, Twenty milliliters of an acetone-water solution were
slowly added with stirring to each solution. The relative quantities of
acetone and water in the solutions added were varied so that the acetone
content of the resuliting solutions varied between LO and 70 per cent in
5.0 per cent increments.

The solutions aftér addition and mixing were allowed to stand for 15
minutes, and were then centrifuged in the Servall centrifuge for 20 minutes
at 13,000 revolutions per minute.

The mother liquors were decanted and saved for analysis, 2.0 milli-
liters being used for the maltase analysis. The precipitates were each
digsolved in 10,0 milliliters of distilled water and analyzed for maltase
activity (1.0 milliliter being used for the analysis), and nitrogen. The
experimental results are given in Table 13. The analytical values were
weighted to refer to quantity of substance per milliliter of original

solution.
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Table 13

Precipitation of Maltase Activity, and Nitrogen-Containing
Material from Enzyme Concentrate F by Acetone

Per cent Material in Material in solution

of acetone mother liquors containing precipitates
by volume
Maltase Milligrams Maltase Milligrams
activity nitrogen acbivity nitrogen
0 106 1.11 0.38
Lo 106
No activity
L5 10L
within
50 91
limits of
55 87 0477 0.58
experimsental
[54) 89
error
65 73.6 0.53 0.77
70 -

(d) Adsorption upen starch from agueous acetone solution: Several

attempts were made to establish the conditions necessary for adsorption of
the maltase-active fraction upon atarch.

First experimental adscrption: The first experiment was an attempt to

adsorb the enzyme upon soluble starch, The soluble starch was washed with
acetone and dried. One~tenth of a gram of this material was placed in each

#The units were calculated on the basis of a milliliter of enzyme
concentrate F.
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V. DISCUSSION

It was apparent from the Review of Literature that the enzyme fraction
known as "limit dextrinase® was in all probability an amylo-l,6-glucosidase,
an enzyme capable of hydrolyzing the alpha-l,beglucosidic linkages found
either in starch molecules or fraguents occurring from starch hydrolysis.
It was by no means certain, however, that the enzyme possessing this
action was specifically limited to this type of linksge. In addition,
~ although it was probable that this enzyme uis 8 hydrolase, it was not at
all certain that it was not a transferase, capable of transferring the
glucose units which were at the ends of the limit dextrin molecule and
which were resistant to hydrolysis, to some obher linear fraction in which
they would be more susceptible to hydrolysis by the other enzymes lmown to
be present.

To study these possibilities it was desirable to purify and study the
action of both limit dextrinase and the alpha~l,h~glu¢asidaa§ enzyme
systems. The course of the investigation of the liﬁit dextrinase purifica-
tion was followed by the analytical procedure of Back, Stark and Scalf (1),
although in the latter stages of the work a msthod was investigated which
could probably be developed into & much more convenient procedure. The
investigation of the alpha-l,li~glucosidase purification was followed by
the standard maltase determination (99), although,of course,this indicated
the presence of only alpha-l,l~glucosidase whereas a number of other

glucosidic enzymes could be present.
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A, Purification of Limit Dexirinase

Underkofler and Roy (103) had published a procedure for purification
and concentration of limit dextrinase from the enzyme preparation of Asper-
gillus oryzae formerly produced by Enzymes Incorporated, of Eagle Grove,

Iowa, Unfortunately this plant was no longer in operation and the crude
starting material for which this procedure had been developed was no longer
available,

Miller (65) used several commercial preparations of Aspergillus oryzae

filtrates in attempts to apply Roy's purification scheme. His results
indicated that another method would have to be developed for the commercial

preparations available.

1. Concentration and purification of fungal limit dextrinase

Attempts were made in the present work to modify the procedure of Roy
and .Undarlmiflar 8o that it could be applied to filtrates of cultures of
Aspergillus niger NRRL 330, the organism found by Miller to be the best
producer of limit dextrinase.

An exploratory attempt was made using & small quantity of filtrate
from cultures grown in one-liter wide-mouthed Erlenmeyer flasks, The
experimental procedure and resulits have been described on pages 70 through
73. The first two ammonium sulfate precipitations in the procedure gave
yields of 68.8 per cent Hazzd 50.3 per cent respectively of the original
limit dextrinase present. Due to lack of time the subsequent solutions
were not analyzad, but the enzyme activity by the time the step calling
for the dialysis had been reached had decreased to approximately 7.9 per



135

cent of the original content. This yield was too small for the procedure
to be of practical use.

Another attempt to apply the procedure was made on & larger scale, as
described on pages 7L through 83. Twenty-five gallons of medium were
inoculated with sporulated Aspergillus niger 3&&& 330 mold bran. The
aeration was stopped after 6 days when the limit dextrinase content was 8.7
units per milliliter. Two ammonium sulfate precipitations were made but a
modification was necessary after the first precipitation., When the ammoni-
um sulfate was added to the solution of the first precipitate, the mixture
was so viscous that all attempts at centrifugation failed, It proved to be
necessary to dilute the solution and remove the suspended material by
centrifugation before prooeeding.

The second precipitate was dissolved and the suspended material re-
moved by centrifuging. The limit dextrinase activity of the solution
containing the second precipitate was approximately 190 units per milli-
liter. This loss was approximately 78 per cent of the original enzyme
activity. The third ammonium sulfate precipitation was made with a con-
siderably higher preservation of limit dextrinase activity than the
preceding precipitations.

When the directions in the precedure concerning the dialysis were
carried out, the nitrocellulose bags had a very decided tendency to
rupture, indiecating the probable presence of a cellulase,

The treatment with mercuric chloride resulted in a drastic reduction
in the limit dextrinase &ctivity of the solution.

The rest of the procedure was conducted as given in the article by

Underkofler and Roy (103). Only at the last step was any material obtained
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which had erystalline properties, and this material when analyzed had very
‘1ittle, if any, limit dextrinase activity.

The maltase activities of a number of the solutions were also deter-
mined and the results are given in Table 15, together with the corresponding
limit dextrinase activities.

From these results it was apparent that, although the method of
Underkofler and Roy developed for Aspergillus oryzae could be used as the

basis for concentration of limit dextrinese of Aspergillus niger NRRL 330,
the yields were very low, particularly in the last stages., The early three
ammonium sulfate precipitations may be used for the concentration of limit
dextrinase and its partial separation from maltase, but the loss of activity
was 80 great in the latter portion of the procedure that an alternative
methed would be desirable.

As the relative ratios of limit dextrinase and maltase varied during
the purification procedure, it was concluded that different protein com-
ponents were responsible for the limit dextrinase and maltase activity.

These values are given in Table 15,

2. Alternative methods of limit dexirinase analysis

The lengthiness of the analytical procedure for limit dextrinase
developed by Back, Stark and Scalf (1) severely delimited the possibilities
of research and accordingly several possible alternative methods of
analysis were inveatigatad, The detailed experimental procedure and re-
sults have been described on pages 8L to 100.

If limit dextrinase were an alpha-l,6-glucosidase, it would be ex-
pected to attack bacterial dextran, composed predominantly of
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alpha=l,6-glucosidic linkages, panose, a trisaccharide possessing an alpha-
1;1;- and an alpha~l,6-linkdge, and particularly isomaltose, a disaccharide
with 8 1,6~glucosidic bond. Dextran, panose, and an impure preparation of
isomaltoss were available for experimental purposes, and these materials

were used for this investigation.

(a) BHydrolysis of dextran: 4 detailed account of the experimental

procedure and results has been given on pages 8l.to 9.

The dextran usﬁd was of the type produced by Streptobacterium

dextranicum NRRL B~125l, and contained alpha-l,6~ and alpha-l,l~glucosidie
linkages in & ratio of about 12 to 1. The hydrolysis did not appear to be
appreciably affected by the pH at which the experiments were conducted,
and was not appreciably affected Ey the type of buffer used. However, the
rate of hydrolysis was influenced by the temperature emp}.oyed. The great~
est degree of hydrolysis, L.9 per cent of the theoretical maximum, was
obtained after 5 hours at L9° Centigrade.

The extent of hydrolysis was so slight that the possibility could not
be axcluded that the alpha-l,h-glucosidic linkages were the ones being
hydrolyzed.

Chromatography indicated the presence of no sugars capable of move-
ment. However, the posaﬂ.bility was not eliminated that the ac¢tion of the
enzyme was to split the dextran molecule into comparatively large fragments
having little reducing power.

A possibility for further research ;s;_uggaated by these results was the

study of the effect of the enzyme prepsration upon the viscosity of dextran
solutions. If the method of ensyme action were similar to that of
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alpha-amylase, the hydrolysis should produce comparatively large fragments
having little reducing power and cause a drastic decrease in the viscosity
of the solution. A method of analysis could be dévelaped which would be
pimilar to the method of alpha-amylase determination which involves
measurement of the viscosity change in amylose solutions under standardized
conditions.

On the other hand, if limit dextrinase does attack the alpha~l,6-
glucosidic linkages in the short chain limit dextrins, it does not follow
that the enayme would also act upon such linkeages in the high molecular
dextrans, at least very rapidly. The "maltase® of Aspergillus oryzae (21)

would serve as an analogy. This enzyme does act upon starch slowly, but
very much more slowly than upon maltose and other relatively low molecular
weight compounds with alpha-l,h-glucosidic linkages.

(b) Hydrolysis of panose: A detailed account of the experimental
procedure and results obitained with panose has been given on pages 91 to
96.

Panose is a trisaccharide composed of three glucose residues, joined
by one alpha-l,h~ and one alpha-l,6-glucosidic linkage, The effects of

crude, concentrated Aspergillus oryzae filtrate (Clarase), as well as that

of a concentrated, but impure, solution of high limit dextrinase activity,
upon & sclution containing panose were investigated.

The exparimantal results were summarized in Table 7 on page 97. The
maximum hydrolysie obtained with the first solution was after 180 minutes
with 70.7 per cent hydrolysis, after which the apparent extent of hydroly-

sis began to decrease, reaching a value of L8.5 per cent hydrolysis after
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23 hours. The solution containing the erude preparation of Aspergillus
orysae extract reached 96,8 per cent of the possible hydrolysis after L
hours.

These results could be explained by the presence of an ensyms, present

in the Aspergillus niger NRRL 330 preparation but absent in the Aspergillus
oryzae preparation, which was capable of converting reducing sugars into

non-reducing sugars,

(¢) Hydrolysis of isomalteose: The ability of the ensymic preparation

to hydrolyze isomaltose, the disaccharide composed of two glucose units
connected by an alpha-l,6-glucosidic linkage, was also investigated with
the results indicated on pages 96 to 100. Chromastographically pure iso-
maltose was not avalilable b;rb experiments were conduchted on a8 solution of
isomaltose which contained glucose as well as higher éérbqhydmtas.

The experimental results reported in Table 7 under reference 5
indicated that isomaltose was definitely susceptible to hydrolysis by a
golution quite low in maltase activity but containing moderate amounts of
limit dextrinase activity. After L howrs, the isomaltose had undergone
68.0 per cent hydrolysis, although the maltase activity of the solution
was quite low(0.65 units per milliliter), while the limit dextrinase
activity was only moderate (7.6 units per milliliter). The extent of
hydrolysis was of the same order of magnitude as that found by Tsuchiya,
Montgomery and Corman (101), who worked with the crude filtrate of Asper-
gillus niger NRRL 330.

The results indicated the presence in the culture filtrate of Asper-
gillus niger NERL 330 of an enzyme capable of hydrolyszing the alpha-l,6-
glucosidic linkage of isomaltose that was quite distinct from the enzyme
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associated with maltase activity. At this stage the work on limit

dextrinase was halted, and the behavior of the fraction possessing the

maltase activity was studied.
For future wark;, the author would definitely recommend that the

hydrolysis of isomaltose with subsequent determination of reducing sugar

be developed as an analytical procedure. Our experiments along this line,

limited as they were, were definitely encouraging.
B. Purification of Maltase

1. Production of mold filirate

Aspergillus niger NRRL 330 was grown in submerged culture upon 50,0
gallons of the medium of Shu and Blackwood (91). Three liters of a 2L~hour
old vegetative culture were ué»ad to inoculate the medium, and the culture
was grown for 6 days before the growth was halted, Twenty-three gallms
of the unfiltered culture were placed in the cold room and allowed to stand
overnight after which the clear solution was removed by siphoning and
preserved under toluene., The portion of the solution containing the
mycelia was discarded and the remaining portion used for all of the work
summarized below and reported in detail on pages 100 through 132,

2. Paper chromatography and electrophoresis

Both buffered aquecus solutions of ammonium sulfate and of acetone
were used for the developing solutions in paper chromatography upon Whatman
No. 1 filter paper. The buffered aqueous-acetons solution proved to give
the better separations. Various techniques for staining the apots contain-

ing proteinaceous material ware tried.
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A modification of the method of Geshwind and Li (24) which utilized
bromphenol blue was developed for the paper chromatography of these protein
solutions. This method is both sensitive and specific for proteins,

according to the reference, Either the bromphenol blue or the ninhydrin
method could be used, and either was preferable to the bromthymol blue
method., The best separation of protein material ocourred at 55 to 60 per

cent acetons.

3. First purification procedure

The first purification procedure was discussed in detail on pages 100
to 120. The original mold filtrate contained L.7 units of maltase activity
per milliliter,

(a) Precipitation with ammonium sulfatet An experiment was conducted

to determine the desirable concentrations of ammonium sulfate to use for a
preliminary precipitation and separation from the remaining mold mycelium
and other gummy material. I} was found necessary to use the small Servall
centrifuge at its full speed (about 12,000 revolutions per minute) in order
to effect complete separation of the material possessing the enszyme activity.
The resulte were given in Table B and Figure 1.

Sixteen liters of the clear supernatant solution were used for this
first precipitation. The fraction precipitated between 50 per cent and 90
per cent ammonium sulfate saturation was dissoclved in 1.6 liters of dis-
tilled water, The maltase activity of this solution was 12,3 units per
milliliter. The recovery of this step was L7.9 per cent of the possible
recovery indicated by ths preliminary precipitation, or 26,1 per.cent of
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the enzymic activity in the original mold filtrate. This low yield was
probably due in part to the procedure used for handling the large volume,
When the concentration of ammonium sulfate had been increased to 90 per
cent of naturatio:i the solution was allowed to stand overnight. A
flocculant precipitate rose to the top and the under-lying solution was
removed by siphoning. Although this procedure served to concentrate most
of the precipitate, there were numerous particles observed floating in the
golution removed from the precipitate. The suction filtration used in the
second purification procedure was preferabls.

Another probable cause for low yleld was un&voidable and consisted of
the pH chosen for the precipitation. The iscelactric point of the protein
fraction having the maltase activity was determined upon the 1.6 liter
solution containing the first precipitate by determining the quantity of
maltase activity in the precipitate at various pH levels and concentrations
of ammonium sulfate., It was apparent from the results given in Table 9
that there was one protein fraction possessing maltase activity that had
an isocelectric point of 5.0 and another that had an isoelsctric point of
7.0 or above, As our precipitation was conducted at a pH of 5,0, the
other protein fraction would tend to be eliminated., However, it was
possible that there was present in thaéolu’aion an unknown substance with
an iscelectric point of 7.0 or above, which, when precipitated, acted as
an adsorbent for the protein fraction with maltase activity., The first
possibility, that there were at least two fractions possessing maltase
activity, was supgarted by the discovery by Gillisple, Jermyn and Woods
(25) that there were numerous protein fractions in the filtrate of Asper-
gillus oryzas possessing cellulase and proteinase activity.
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4 second ammonium sulfate precipitation was conducted upon the re-
maining solution of 1.38 liters without dialysis. The solution contained
an unknown quantity of ammonium sulfate, and thus the absolute ammonium
sulfate content was wnknown. The fraction precipitated between 30 and 70
per cent apparent ammonium sulfate saturm;ion was dissolved in 300.0

milliliters of distilled water,

(b) Precipitation with organic solvents: A portion of the solution

containing the second ammonium sulfate precipitate was used to conduct the
preliminary investigation of the precipitation maltase activity using
organic solvents as described on pages 113 through 117. The analytical
results were reported in Table 10 and Figure 3.

The three organic solvents investigated were acetone, dioxane, and
ebthanol. The precipitation with the three solvents gave similar results
but acetone gave almost quantitative recovery of enzyme. Either incomplete
‘precipitation or partial demsturation occurred with dioxane and ethanol.
With all thres solvents very little precipitation of enszymic material
occurred below 35 per cent solvent by volume, but thereafter the rate of
enzyme precipitation rose sharply.

The remainder of the solution containing the second precipitate was
then precipitated with acetone, the fraction between LS and 64 per cent
acetone concentration by volume being saved and &izsalvea in 100.0 milli-
liters of water. The only area revealed by paper chromatography to contain
protein alse displayed maltase activity, The maltase activity was detected
by spraying strips of the paper chrométogram with a8 solution of maltitol,
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‘tiw polyhydroxy aleohol produced by reducing maltoese, and incubating the
strips in a warm atmosphere. The strips were then dried, and sprayed with
the Tauber and Klemér (96) reagent. Blue spots occurred at the origin,
indicating the presence of the ensyme at that location. However, the solu~
tion electrophoresis conducted upon this same solution indicated several
peaks corresponding to protein components, as would be expected, the
electrophoresis analyeis being more sensitive than paper chromatography.
Analysis of this solution indicated considerable alpha-amylase activity
remaining after these precipitations although the paper chromatography had
indicated only one component.

A more detalled study of the purification of enzyme by acetone pre~

cipitation was made during the second purification procedure,

{¢) Precipitation using other salts: The attempts made to utilize

sodium chloride or potassium dihydrogen phosphate to precipitate the enzm
possessing maltase activity, either alone, or in combination with acetone
were described on pages 119 and 120. The results of these attempts
indicated that these salts were ineffestive since either ammonium sulfate
or acetone alone gave bebtler precipitations.

(d) Stebility of maltase activity at various pH levels: An experi-

ment to determine the stability of maltase activity at various pH levels
has been described on page 118, and the results given in Table 11 on page
119.

4 geries of seven buffers were made up varying by increments of 0.5
between the pH levels of L,0 and 7.0. A solution containing a definite
amount of maltase activity was added, the tubes incubated at 30° Centigrade,



146

and samples were withdrawn periodically for analysis. After 96 hours there
was only & slight decrsase in enszyme activity in & few of the tubes Vi.n the
vieinity of the isoelectric point. There was a 6.4 per cent loss of
activity at the pH of 5.0, and a 6.7 per cent loss of activity at the pH
of 5.5. There was obvious bacterial contamination at pH 7.0, with 7.5

per cent loss of engymlec activity.

k. BSecond Eﬁrificaﬁim progedure

The usual procedure followed in purifying an enzyme is to follow the
results of the work by analyszing for the desired enszyms alone for n least
the first few steps, trusting that the preliminary purification procedure
will eliminate the other enzymes not having a similar nature. However, the
final product of the preceding method still contained considerable quanti~
ties of alpha-amylase activity. As the electrophoretic pattern still con-
tained several small peaks corresponding to protein material, another, more
exact, procedure was developed for purification,

The mold filtrate stored in the cold room under toluene still con-
tained L.52 units of maltase activity per milliliter after 3 months of
gtorage. This was used for the purification attempt summarized below and

described in detail on pages 121 through 132.

(a) Precipitation with ammonium sulfate: A more precise determina-

tion of the solubility of the maltase-active fraction in ammonium sulfate
solutions was conducted on the origlinal mold filtrate. The smmonium sul~
fate concentration in 11 portions of the crude mold filtrate was varied in

5 per cent increments from L5.0 to 95.0 per cent saturation. The
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precipitates removed from the solutions by centrifuging were redissolved
and analyzed for maltage and alpha-amylase activity as well as for nitrogen
content. The procedure has been described in detail on pages 121 through
132. The experimental results have been compiled in Table 12 and Figures
Ly 5 and 6.
It was found that by collecting the fraction between 67 per cent and
95 per cent ammonium sulfate saturation that 65 per cent of the alpha-
amylase activity and 69.9 per cent of the nitrogen content would be
eliminated while 66.5 per cent of the maltase activity would be retained.
If the specific activity of an enszyme is defined as units of enzyme
activity per one milligram of protein nitrogen, the following terms may be
defined (89) as indicated:
Enrichment: the ratio of the specific activity after a step to the
specific activity before a step.
Yield: +the ratio of the total ensyms activity after a step to the
total enzyme activity before the step.
These definitions of the terms were used by the authors of the reference
to derive the following equation which may be used to choose the more
desirable of several possible procedures for senzyme purification.
log B = (log e)(log Y)/(log y), = where

B ovarall enrichment

#

e = enrichment of step
) 4

"

overall yleld
¥y = yield of step.
Tables 16, 17, 18 and 19 were prepared from the results given in
Table 12 and Figures k, 5 and 6 by assuming an overall yleld of 10.0 per
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Table 16
Enrichment of Maltase Activity, gssunﬁng Ten Per Cent Recovery

Per cent Specific Enrichment Yield of Overall

Ny, ) 50, activity of step (e) step (y) enrichment (E)
mtnm%mn

80 - 95 37.2 21 0.296 ho22

75 <~ 95 L3.7 _ 2.50 0.468 1642
70 - 95 L2y 2.k 0,680 204

65 « 95 39.1 2,25 0. Thk 1,480

6 - 95 35.2 2,02 0.818 3,160

Table 17

Enrichment of Alpha-Amylase Activity,
Assuming Ten Per Cent Recovery

Per cent Specific | Enrichment Yield of Overall
(mxh}gsoh activity of step (e) step (y) enrichment (E)
saturatio
80 - 95 6.95 1.13 0.156 1.16
75 - 95 6.60 1,07 0.206 1.10
70 - 9% 6.63 1.07 | 0.281 1.13
65 - 95 7.56 1.23 0.407 1.70
60 - 95 11:1 1079 00725 6&06

55 « 95 13.8 1.79 0.862 17,000
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Table 18

Enrichment of Maltase Aativity, Assuming Ten Per Cent Recovery

Per eent Specific Enrichment Yield of Overall
(NH), ), activity of step (e) step (¥) enrichment (&)

satu t. ,
72.5 - 77.5 50.6 2,91 179 3.93
7900 - BGoO h&q? 2068 ’ eBhl 8028
67.5 - 92.5 hz.6 2.4k 52 14.3
65.0 ~ 85,0 3L 2,00 576 17.8

Table 19
Enrichment of Alpha-Amylase Activity
Assuming Ten Per Cent Recovery

Per cent Snecifiec Enrichment Yield of Overall
(NH), )280), activity of step (e) step (y) enrichment (E)
aa’cura’sion
T2.5 = 715 6425 1.02 0.0625 - -
70.& - 30.6 6o06 00932 90125 -
67-5 - 82.5 6018 1008 0-20 1012
6500 - 8506 6:1‘2 110}1 6039 1008
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cent. The specific activity of the original solution was 17.0 units of
maltase activity per milligram of nitrogen and 6.2 units of alphs-amylase
activity per milligram of nitrogen.

This method of calcoulating the over-all enrichment may be used to
select the method of procedure that will achieve the maximum purification
for a given recovery of material. However, the expectations of the ex-
tremely high degree of enrichment ware not to be taken literally, for as
the purification proceeded, the precipitation properties of the enzyme
fractions would probably vary, and of course, the extremely high enrichment
values could be a physical impossibility due to the very size of the pro-
tein molecules possessing the desired enszymic properties,

The ammonium sulfate precipitation describved on pages 122 to 127 was
conducted npon 20,0 1liters of the crude enzyme solution, with the fraction
precipitated between 65.0 per cent and 95.0 per cent ammonium sulfate
saturation being dissolved in 2.0 liters of distilled water. The total
quantity of enzyme recovered in this first precipitation was 65,890 units,
of which 59,400 units or 90.2 per cent of the activity #as in the main
solution of the precipitate in 2,050 milliliters of solution and the
- ‘remainder in two sclutions of distilled water used to rinse the filter
paper used to collect the precipitate. The main solution was referred to
on page 126 &8 enzyme concentrate E..

For the first precipitation the expected yield of alpha-amylase was
LO.7 per cent, or 14,000 units, the yield of maltase was 73.L per cent, or
69,300 units, and the yield of nitrogen was 33.1 per cent, or 1.72 grams of
nitrogen. The total actual yield of 65,900 units of maltase activity



151

represented a yleld of 95.2 per cent of the expected yleld. No analysis
was made for alpha-amylase or nitrogen. |

After dialysis to remove the entrained ammonium sulfate, the main
solution containing the first precipitate was again precipitated with
ammonium sulfate, collecting the fraction between 67.5 and 95.0 per cent
ammonium sulfate saturation, The second precipitate was dissolved in 200.0
milliliters of distilled water and dialyszed to remove the entrained &ammoni-
um sulfate. The volume of the solution containing the ammonium sulfate
after dialysis was 338.0 milliliters and was referred to in the experimental
section on page 13l a8 enzyme éme&nﬁmta Fe

It was assumed ’%hat. the ylelds of alpha-smylase and nitrogen were in
the same percentage of the expected ﬁald (i.¢ey 95.2 per cent) as the
yield of maltase. On this basis, the 2,050 milliliter solution containing
the first precipitate would ve expected to contain 12,000 units of alpha-
amylase (= 14,000 x .952 x .902) mﬁd 1.48 grams of nitrogen.

For the precipitation performed upon the solution containing the first
precipitate the expected yield of alpha-amylase was 33.2 per cent or a total
of 3,980 units, the yleld of maltase was 6L.l per cent or a total of 38,200
units, and the yield of nitrogen was 29.2 per cent or 0.432 grams.

The 338.0 milliliter solution containing the second precipitate was
actually found to contain 108.9 units of maltase per milliliter, or a total
of 36,500 units, 8.56 units of alpha-amylase per milliliter, or & total of
2,890 units, and 1.49 milligrams of nitfagan per milliliter, or a total of
0.50L grams. The specific activities of the solution were 73.1 and 5.7L
for maltase and alpha_-arqylaw respactively. |
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It is a general custom in enzyme purification to employ a given pro-
cedure for no more than two steps (89). Accordingly, other methods

applicable for this procedure were sought.

(b) Purification with acetecne: The precipitation using acetone which

has been reported on pages 128 and 129 was not effective in precipitating
the enzyme from the partially purified solution, although the euncentr#tion
of proteihacaous material was actually higher than in the crude and par-
tially purified solution upon which it was effective., This led to the

hypothesis that the material with maliase activity in the organic-solvent

fractionation of crude sclutions was actually adsorbed upon certain im-
purities which were precipitated from the solution by the acetone.

The maltase fraction was apparently stable at cold room temperatures
up to acetone concentrations of L5 per cent by volume, but with higher
concentrations the inactivation was quite rapid. As the nitrogen content
of the solution decreased at approximately the same rate as the maltase
activity, it could be assumed from these results that either the protein
fraction possessing the maltase activity was precipitated completely and
a portion inactivated in the interval that the precipitate was in contact
with the acetone solution (as no detectable traces of maltase activity
were found in the solution containing the precipitate), or that the enzyme
was unstable in aqueous asclutions containing more than L5 per cent acetone,
The wark of Bovard (9) upon the precipitation of alpha-amylase with acetone
at room temperatures suggested that fungal alpha-amylase, at any rate, was

unstable in acetone solutions at concentrations above LO per cent.
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Unfortunately, no experiments were conducted to determine the stability of
the maltase in acetone solutions.

Due to ineffectiveness of precipitation and the probable inactivation
by acetons this procedure was regarded as being unsuitable for a purifica-
t.icm step at this point. |

The quantities of nitrogen found by the Kjehldahl analysis were in
slight disagreement with each other, but this may have been due to in-

complete digestion.

(e) Starch adsorption: It was logical to attempt to supply a sub-

stitute for the unknown substance that presumably absorbed the enszyme
fraction and thus removed it from the solution. After preliminary trisls
with silica gel had been unsuccessful, starch ms‘used as an adsorbent.
The raaui’as of these investigations have been described on pages 129
through 132 and sumarized in Table 1.

It was apparent from the preliminary attempt at adsorption that,
firat, no starch was capable of adsorbing the active protein from an
aqueous solution, and second, that a comparatively large amount of starch
would be desirable when aqueous acetone solutions were used. Accordingly,
an experiment was made to determine the adsorption of the ensyme from a
solution containing 40.0 per cent acetone by volume and 20.0 grams of solid
amylaceous material per 100.,0 milliliters. After separation from the
supernatant solution by centrifugation the material adsorbed was eluted by
a dilute phosphate buffer at & pH of 7.0. Both the mother liquors and
eluates were analyzed for maltase activity, alpba-amylase activity, and

nitrogen content and the results have been presented in Table 1l.
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The four materials used as adsorbents, soluble starch, rice starch,
potato starch and corn starch, gave variable resulis. Soluble starch, it
would appear, should be excellent to use as an adsorbent to remove extrane-
ous protein and also alpha-amylase activity. It could even be used in a
procedure for the isclation of alpha-amylase. Rice starch could be used
as an adsorbent for maltase activity, but apparently made no differentia-
tion between maltase and alpha-amylase aétivit»y, and the elution under
these conditions was not complete. Patatcg starch was similar, but here,
the particles being larger, the tendency for adsorption was less and the
elution was complete. Corn starch removed alpha-amylase almost quanti-
tatively from solution, but also eliminated about two~thirds of the
maltase activity. Its use would be less desirable than the use of scluble
starch. |

Adsorption could be used either to remove the impurities, or to adsorb
the enszyme selectively and lsave the impurities in the solution. Although
2 thorough investigation of the possible conditions was not made, the re-
sults obtained indicated that probably the best use of the adsorption
procedure would be to remove the foreign protein material rather than to

attempt to adsorb the ensyme itself.
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VI. SUMMARY

1. The procedure developed by Underkofler and Roy for the concentra-
tion and purification of limit dextrinase from submerged culture filtrate

of Aspergillus oryzae was applied to the filtrate of a culture of Asper-

gillus niger NRRL 330, The first steps involving ammonium sulfate pre-
eipitations were suitable for concentration of the enzyme fraction,
elimination of extraneous material, and much of the maltase activity, How-
ever, even with the ammaniam sulfate precipitations 1t was found to be
advisable to investigate the optimum concentrations and temperatures for
optimum purifioatiun and yields, The subsequent steps involved too much

- loss of material for practical use.

2. The enzyme fraction possessing the limit dextrimase activity is
distinct from that possessing at least the bulk of the maltase activity.

3. Partially purified solutions possessing moderate limit dextrinase
activities but rather low maltase acgtivities had only slight hydrolytic
activity upon clinical dextran, as indicated by the amount of reducing
sugar equivalent produced.

L. These same solutions, however, were quite effective in the
hydrolysis of panose and isomaltose. The low maltase activity of the solu-
tion and the hydreolysis of isomaltose and panose indicated that the limit
dextrinase was actuklly an alpha-glucosidase with & preference for the
alpha-l,6«glucosidic linkage, but capable also of hydrolyzing the alpha-
1;4~glucosidic linkage.

5. The rapid and virtually complete hydrolysis of isomaltose suggest-
ed the possibility of developing this procedure into a method of analysie
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for the enzyme capable of hydrolyszing the alpha»l,éﬂglncqaidic linkages in
place of the lengbthy procedure now in use for limit dextrinase analysis.

6, The evidence indicated that there were probably at least two pro-
tein fractions possessing maltase activity. The isoelectric point of one
fra§tion was near pH 5.0 and the other was near pH 7.0

7.' Acetone was capable of precipitating the engyme from orude or
only partially purified filtrates, but not from the solutions from which
most of the protein material had been removed. The precipitation of the
enzymes in the impure solutions may have been due to their being adsorbed
upon some impurity which was insoluble under those conditions. |

8. The protein fraction possessing the maltase activity was stable
at room temperature between the pH levels of L0 and 7.0 for at least 96
hours, with a maximum loss of activity of 7.5 per cent.

9+ The solubilities of sodium chloride and ﬁa%aaaium dihydrogen
phosphate were too slight for these substances to be effective agents for
precipitation of materials from these enzyme solutions.

10. The conditions for preecipitating maltase and alpha-amylase with
ammonium sulfate were determined. Alpha-amylase was precipitated at
slightly lower concentrations of emmonium sulfate than maltase. This may
have been due to a lower meoleculsr weight. The nitrogen contents of the
solutions were also measured, and the specific activities determined.

11, Four materials, corn starch, potato starch, rice starch, and
soluble starch, uaré tested as adsorbents. The conditions included ice-
bath temperature, & 4O per cent acetone solution, and 20,0 grams of solid
material per 100.0 milliliters of solution. The solutions were agitated
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for 20 minutes, Soluble starch and corn starch both removed almost all of
the alpha~amylase activity from the solution. One desirable plan of pro-
cedure would be first to use soluble starch to remove most of the alpha-
amylase activity since it leaves most of the maltase activity :l.ny the soluw
tion., Then potato starch could be used (with subsequent elution) to remove
the maltase activity from the solution and to concentrate the active

material.,
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