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ABSTRACT

The reaction of eweet potato P-smylase with a number of proteclytic
euynes ws investigated with the hops of producing sctive gregamts.
Isclation and clarecterisation of the active fragments shoild provide
valneble taformtion cancersiing the nabure of the anino seids at or nesr
mmnuu;mmmamummumm
hydrelysis of acetal linimges.

Nevertbaloss, wnder ordinary conditions, sweet potatoc p-amylase is
resistant to peoteciysis catalysed by trypein, chymotrypsin, pepsin and
 mbiilisin, a8 indicated by total retenticn of f-axylase activity and
1dentisal electrophoretic patterns before and after incubation with thase
mrotenses.

Papadn appears to oatalyse repid hydrolysis of sweet potato Peaxylase,
btut no active fxagnents conld be detected in these mixtures Yy paper
WMM. The actim of carboxypeptidase o sweed
potatc fraxylase increases the activity of the latter.

Experinente were also conducted in urea selutions whish oonld
concedvably unfold the f-anmylase molecule and render it more musceptible
to proteclysis. No digestion occurred with trypsin or olymotrypsin vnder
sach omditionss however, pepsin degreded the swest potato Bremylase quite
mpdly in 6 or 8 H wrea sclutims. The yresence of actiive fragnents in
these mixtures conld not be detected by papsr electrophoresis axpsriments
either.
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Although active in 8 M ures sclutims, sweet potato f-axmylase wms
mpidly and irreversibly demtured, as shown by loss of sctivity and
precipitation upm removal of the ures. |

A coaplete amino acid amalysis of sweet potato f-emylase indicated
the presance of 10 t0 11 cystine residues and 20 histidine residues per
misoule. Aspartic end gintamic scids were present in the largest amamis.
Ko tryptopban is rresent in sweet potato feamylase.

The inhibition of eweet potato f-umylase was investigated with
peebloromerouribenscate, icdcacetanide snd Nesthylmleinide, The Zastest
ete of tnbibition was cbiained with pechloromercuribeuscete, and the
lowest with iodcacetomide. The rete of inhiditim by Neetlhylmaleduids-
ws intarnediate. The inhibitim of swest potato feexylase with Nestdyl~
mleinide vas followed spectropbotcmetrionlly at 300 m. After resctim
of cne umole of N-etlylmleinide with ms sulfhydryl grouy of the ensyms
the inaotivation was camplete. Howsver N-etlylmleinide still rescted
with other mifiydryl groups of the molesuls.
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I. HISTIORICAL INTRODUCTION

Very little is known about the intimate structure of ensymes, the
natare of active fragments of minimal size, or the amino acids sequences
in the neighborhood of active sites. Much valuable information about
the mechanimm of ansyme action can be obtained by experiments carried
out with native proteins; however it seemed reasmmable to assume that
informtion concerning active sites and the mechanism of enzyme action
cmld be cbtained more readily in an investigation of enzyme fregments
still possessing some catalytic activity. Using specific endopeptidases
cne shauld be able to split an engyme under mild, controlled ccnditicms
allowing the formation of fragmemts which ocanceivably could retain some
activity. A crystalline P-amylase bas been chosen for such a study.

Amylases are ensymes which catalyze the hydrolysis of starches and
glycogens. In nature they act with other carbohydrases in carrying out
the rapid breakdown of starches to sugars which can be utiliged by the
living cell. They ocour in higher plants, molds, yeasts, bacteria and
are also present in many secretions and tissues of the animal body.
Moreover, they have been used as tools for elucidation of the structure
of the substrates upon which they act. Mich of the early informstion
cancerning the actian of the amylases is contradictory, mainly because
of impure mremarations. However, as these ensymes have been crystallised,
1% bas been possible to study their properties mich more quantitatively.



The amylases of malted barley and wheat have been extensively
studied by many of the early investigators. One of the first reports
is that of Payen and Persos (1) who noted that the actim of an infusion
of mlted barley grain upon starch is attributable to the presence of a
particular transforming agent which they named diastase (from its supposed
property of separating the meafmmrehmmumméuw
envelop and producing dextring and sugars). The investigations of
0'8ullivan (2, 3) gave informatim regarding the formatiam of glucose,
mitose and dextrins whan malt extracts reacted with starch. O!'Sullivant's
results and thoss of Marker (L), and Brown and Heren (5) showed that
posaidbly two diastic ferments were rresent in extracts of malted barley:
e producing meltose, and little dexirin, destroyable at low temperature,
the other producing more deaxtrin and less mltose and destroyable at a
higher temperature. Subseguently, thase twe ferments were called
saccharogenic or p-amylase, and dextrinogenic or ¢-amylase. The saccharo-
gemic amylases are characterised by their ability to liberate maltose
rapidly without disrupting the remainder of the starch molecule. This
maltose, in the P form exhibits a high dextrorotatory rotation, hance
the nanme P-amylase (6, 7, 8).

An investigation (9) for the rresence of amylases in a number of
systens indicated that c-amylases are abundant in animals, plants,
bacteria, fungi, but no f-amylases could be found in tissues of animal
origin. Gore and Jossa (10) tested a mumber of plants for the presence
of "liquifying® and "saccharifying® diastases. They found &~amylase in
soybean, peas, beans, lemtils, corn, rice, rye, barley, wheat, potatoes,



twrnips, and ei.rrota, vhereas P-amylase was only present in socybeens,
Iye, barley, potatees, and cats (11). At ths present time it is recog-
nised that P-amylases predominate in seeds (both germinating and

ungerminated) .

The increase in amylase activity which ocours during germination
was attributed by early investigators to an actual synthesis of the
wgymo. Baker (12) found two different diastases in ungerminated barley,
and their action was different bafore and after germimation. Ugmmow (13)
cbserved that both G-amylase and P-amylase were present in the early
stages of develomment of wheat kernels, and £s mturation progressed
a~axylase disappeared wharess f-amylase decreased. Upon germinatien,

-the reverse was noted, G~amylase developed nrly? and P-amylase increased

to & maximn later an. Blish and Sandstedt (14) thought that amylases
were not proteins, but associated with the lather, and liberated through
she actimm of proteclytic ensymes. Myrback and Ortenblad (15) found that
the anylase of grain is present under two different formast ome f-amylase
active, and ancther inactive. The latter can be activated by the actim
of proteclytic anzymes, such ag papain which doubles the activity. Kills
and Bailey (16) ocnfirmed the cbservaticn that papain increased the
activity of ungemrminated barley by 100 percent. This increase in
Pramylase aotivity was due to woteclytic losses associated with a water
inscoluble material. Chreasscy and Janicki (17) postulated the presence
of an amylase inhibitor "sito-emylase.” On germination of barley, the
protein degradation products countersct the effect of f'aito*aawhac,"



and restors the full astivity of the amylase. Several other attempts
have been made (18) in order to explain this increase in anylase activity
upon germination. Fram the more reliable information, it would appmr
that framylase exists in seeds and grains and is activated by the action
of proteases, moaoh in the mamner of chymotrypsin and trypain.

The f-~amylases from different sources lave deen purified by many
procedures. Firet of thess was alcohol precipitsticm saggested by Oshorne
(19) in 1895, and also carried cut by Sherman and Schlesinger (20), van
Klingsnburg (21) and Naylor (22). By repsated alcohol fracticmations of
axtrects of barley malt, and fractimations with ammonium sulfate followed
by dialysis, Sherman g% al. (23) and Caldwell and Dosbbeling (2l) were
able to obtain a prepmration which had ressemable P-sxylase activity.
However, no G-amylase was present. Kneen and Hollenbeck (25) studied the
differential stability of malt amylasss, and cbserved that the c-amylase
emld be precipitated with a 56-68 percent alcehol concentratiany never-
theless, an overlapping of solubllity mrevented a clear-cut separatien of
the ensymes. More useful nithn technique of Waldemschmidi~Leits and
Parr (26) who found that the malt P-emylase could be sslectively adsorbed
on an aluming cclumn at pl 3.8. One of the easiest methods to sepammte
malt e=and Pesmylases was noted by Ohlssen (27) who found that the
a-axylase is completely destroyed by trestment of an acidified extrect
of malt, at pH 3.3 and 0° for fifteen mimtes. Ohlssen also cbsexved



that malt P-amylase could be destroyed in the presence of the c-emylase
by heating the neutral malt extract for fifteen mimates at 70°. Blum,
Bak and Brae (28) used less drestic conditins for inactivaticn by heat
and low pH and low temperuture. These workers found that acidification
of & malt amylase preparetimm at 20° and pH 4.2 resulted in an almost
camplete destruction of the a~-amylase in four hours. Heating the neutml
engyme suspension at 60° for ocne hour destroyed the Pamylase activity
of the preparetion. Olson, Burkart and Dicksm (29) completely inacti-
vated the G-smylass of an aquecus mlt extract at pH 3.3 and 0% heating
the same extract at 70° for fifteen mimutes completely removed the
peamylase activity,
Using & cambination of these techniques, Meyer, Fischer and Pignet
(30) were able to crystallive malt P-amylase. As a starting material,
these workers used a commercial malt extract, which was first treated at 0°
and pH 3.6 to remove the ac-amylase. This operation was followed by
amaonium sulfate precipitation and acetone fractiomation which finally
gave a crystalline material having a constant activity, and possessing
all the characteristics of a pure protein. However, prior to Meyerta
crystallisation of mlt P-amylase, Balls, Walden, and Thompson (31, 32)
had already cbtained a crystalline preparstion of a P-amylase from sweet
potatoes. These workers frecticnated an extraot of sweet potatoes with
amaonium sulfate and obtained a crystalline protein exhibiting a high
activity.
8ince c-amylases appear during germination, use of a nongerminated

' seed seemed %0 be more reascnable for the premration of f-amylases.



Mayer, Spar and Fischer (33) prepared a crystalline f-amylase from freshly
ground wheat flour by esssutislly the same procedure as that used for
the preparation of mlt f-emylase.

A sompariscn of the propsrties of the crystalline P-amylases from
three different scurces shows interesting relationships (33) (Table I).

TABLE I
PROPERTIES OF CRYSTALLINE P-AMYLASES
e e — e ————————
Wheat Malt Sweet Potato

Percent Nitrogen 4.3 1.1 15.1
Sulfhydryl Groups + + xS
OPtmm Iﬁ 503 502 hos
Stability (pH Range) L .59 .2 4.5+8.0

Isclectric Point 6.0 6.0 L.8
Absorptian Max. (m ) 280 280 280
Inactivation by Metals + + o+

Soybeans have also been investigated for the presence of P-amylase.
Martin and Newton (3L) obtained a crude preparation from this source
which, after precipitation with alcohol, gmve a powder having ths caim-
lytdc activity of a P-amylase. The same group further purified this
preparetion (35), and, recently, other workers cbtained & crystalline
p-emylase from soybeen (36).

The methods for the determinstion of P-amylases, are based upon
the increass in reducing power of & solution of starch. Widely used is



the nethod devised by Sandstedt (37) and modified by Xneen and Sandstedt
(38) and later by Sclwimmer (39). Basically, this method imvclves the
reduction of ferricyanide dy maltose, followed by trestment with
potassinm iodide and titratiom of the liberatad iodins with thiocsulfate.
More recently, Neelting and Bernfeld (LO) assayed the P-amylase astividy
by measuring colorimetrically the extent of reductiom of 3,5~dinitres
mlicylic acid by maltose. FPolarimetric methods (41) and copper oo
duction {42) bave also been proposed, but they do not appear to have
come into wide use.

Much of the early work with Peanylases wae done to elucidate the
structure of the starches. Crude preparaticns were used before the
advant of crystalline emgymes. Such crude ensyme mreparations contained
varying traces of o-amylases end maltases. The results end canolusions
from early investigations of the mechanism of framylase Aetim are opsn
to qestion. In the following discussin, no atbempt will be wade to
distinguiah between the specific P-amylases; since they 81l operats in
essentially the same fashion. The mode of action of P-amylass can be
sumarized as follows: Only ¢ 1l,Li-glucosidic linkages are attacked.
Beta maltose is the only low molecular weight product of the actiom of
Braxylases (6, 7, h3). Several lines of evidence indicate that the
attack by P-axylases starts at the nonreducing end of the starch molecule.
Maltodextrins cxidised by hypoiodite (Lk, L5) or by mercuric axide (L6)



can be hydrolysed by P-amylases, to give mltose, and a dextrinic acid
of lower complexity. Methylation studies (L47) show that f-amylase limit
dextrin of amylopsctin cantains all of the end groups and all bdbranching
points found in the originsl amylopsctin molecule.

Pertinent to this is the work of French and Summer (48) who wtudied
the action of P-amylase as it approaches a 1,6~linkage. Brunched aligo-
saccharides of low molecular welght were premred and subjscted to the
action of f-amylase. The gualitative study of the actim of P-amylase
in varicus oligossceharides analogous to the branch points in samylopectin
led to the conclusion that the P-amylase action stops before the glucose
it next to a 1,6 branch. These results are summriged in Table II.

TABLE II
ACTION OF P-AMYLASE O BRANCHED OLIGOSACCHARIDES

- = . - e - - e —

Non-Resistant Arrangements Resistant Arrangements
0=0 0«0~
Q=00 0~0
OO~ 0«0~
0=0 0~«0=20
OmOe : 0=0~=0~
0*Q»0=0 0=-0
0=0=0=~ Q=0w( =
0
O~ {Auccse with its yreducing group 0=0-0

0=0= 2 glucoses linked 1,l.

' om
- 0 2 gincoses linked 1,6.




This investigation confirms the earlier ocbservation that mltotricae ias
not attacked by p-smylase (L9, 50). However, as Fremch pointed mut,
model substrates of low molecular weight do net necessarily resct in
the same way as the naturally occurring products of high molsoular weight.
Ancther aspect of the mode of astion of f~amylase has been in dis~
mte. OConsidered for the amylose kind of starch, the mechanism may de
of & "single~chain® type, wheare the enzyme attacks one amylose molecule
and degrades it completely before attacidng ancther. On the other hand,
1t may be a "miltiple-chain” type in which all the amylose molecules ave
shortened in a rendom attack. After careful review of the evidence
available, it appears that ia cases where crystalline P-amylases are |
used the actd_.cn my be intermediate between these two mechanisms.
Prench gt al. (51) observed that the cemplete hydrolysis of amylcheptacse
1iberates two noioculcu of maltose and anie of maltotricse. No amylo-
pmtacse found during the course of the hydrolysis. Kerr and Clsveland
(52) also obtained data which they comsider as favoring the "single-chain"
mechanism. No dextrins of intermediate sise conld be found in kydroly-
sates of amylosej the partislly hydrclysed samples had the same degree
of polymerisation as the original amylose. GOreerwood and co-workers (53)
also preseted good evidence of a "single-chain® action. No intermediate
fragoents could be identified in the reaction mixtures on examimation of
the iodine affinity of the amylose and its sedimentation comstant. This
action is constant with the remmriably high turn-over mumber (250,000)
reported for this ensyme (54). However, Bailey and Whelan (55) investi-
gated the action pattern of P-amylase under a variety of conditions using



1o

as subatrates two mltodextrins and a synthetic anylose of aversgs chain
length of |9 units. With all the substretes and under all conditiems
the action pattern was always intermediate between single and milti-
chain. Thair results ahow that the enzsyme removes several mlioss units
during each encounter with a substyate molecule. These authors suggest
eodther that the ensyme molecule contains several active cemters or that
miltiples reestion can occur at a single active center. A polyucwt
baving an average chain length of Ll glucose units was synthesized by
Bailey and French (56), and they labelled the nomreducing end with C3%,
Brief action by P-amylase an the synthetic polyseccharide gave rmdio-
aotive maltose, and their results indicate that the enzyme removes L.3
mltoss units per effective ensyme-substrate emcounter. The possibility
of miltiple active centers asting simitanecusly on & single substyste
nelecnle was eliminated by use of an interiorly labelled glucan of the
amylose type. Frem this work it follows that the action pattemn of
Paxylase dopaﬁn upn the relative values of the kinstic cemstants which
govern the formatign, disscciation snd resctim of the intermediate ensyme~
substrete coaplex., Therefore cempletely "mltichain® or completely
fgingle~chain® action are extreme cases of a common action mttemn.
Ancther aspect of the action of f-amylase is the stersospesificity.
Using 0% as a trecer, it ks been possible (57, 58) to demenstrate that
both o~ gnd P-exylase clesve & ¢ 1, Li~glucosidic band of starch or glycogen
o the C1 side., The 038 content of the product, mltcss, corresponded
to appreximately 90 percent of the theorical incorpomtim from the
medium. In order to account for the inversion of configuration of the



products with f-amylase, Koshland (59) proposes that fwamylase facilitetes
a direst displacement at the potential aldehyde carbon with a SNy type
reaction. An altermate mechanism could be as followst the initial step
in hydrolysis is protcmation of the bridge oxygen, forming an axoniunm

ion which is cleaved at the Cl eide, and the remulting carboninm im is
sterecspecifically hydrated. This mechaniss is in agresment with acetsl
hydrolysis (60).

L. Active Cores of Enzvmes

The integrity of protein structure for biologlosl activity of
enzynes kas beem a pussling questicm for many years. However, at the
[resent time, there appsars to be seme evidence which indicates that
proteins oan be modifisd in several ways and still retain scmw of their
biclogical activity. So far, the best toels to modify probtains have
besn ths proteolytic engymes. Acting under mild and scntrolled comditioms,
ais should be able to split specifically certain bounds in ths protein
molecule with these resgents and be able to isolate frugments possessing
at least part of the activity of the originel protein.

That active engymes fraguents can be isclated was first claimed by
Bresler gt gl. (61). These workers autolyred a crystalline trypein soln-
tiem and separnted the peptides produced by ultrscentrifugation. These
fragnents, possessing a molecular weight between 2000 and 3000, retained
five to ten percent of the original prodeclybic activity. The same
group of workers was also able to demastrate that active fregaenta can



be cbiainad upm trypein digestion of aldclase. Perlmamn (62) reparted
the formticn of ensymstically active, dialysable fraguents during the
antodipsﬁon of pepsin. However, Willlamson (43) in attempting to
repeat this work found the active fragments in the nmdialysable frection.
Chernikov (6li) also reported finding dialysable sctive peptides from the
autolysis of trypein, chymotrypein and pepsin. Recently, Hess and Whinfan
(65) found scme ensymatically active companents in trypuin autolyuﬁe,
showing that there wae produced in small guantities e yroteclytic engyae
smller than trypsin.

The digestion of cytochrome ¢ with pepsin bas been studied (66).
From this a product of relatively low molecular weight was obtained.
The "pepain modified" cytochrome c contains the prosthetic group of the
engyme linked 4o & peptide which represents part of the original protein
molety of cytochrome c. The hemopeptide exhibits interesting emsymatic
properties, different from those of native cytochrome c. The fragment
iz ingctive in both the succinic axidase and the cytochrome oxidase
systems. But it strongly catalyzes the axidation of ascorblc acid.
Catalase (67) has also been digested with pepsin. This treatment restlts
in a progressive inactivation of the catalytic activity of catalasej
however, the percxidatic activity towerd pyrogellol increases. The
frepsin-modified” catalase was isolated and further identified as & pro-
toin of fairly high moleculsr welght. It is interesting to note that
aven though the specificity toward hydrogen peraxide is lost thraugh
digesticn, some of the more gameral axidative properties appeer.



As a remilt of proteclysis with subtilisin, Richards (68) hms been
able to remove a peptide from the N-terminal end of the ribamiclesse
molecile. The peptide and the reduced protein separstely have less than
five parcent of the original activity of the enzyme. Under certain
canditions, recombination of the two fragments results in full restora-
tim of ribonuclease activity. A distinction is usually mede betweem
enzynss composed solely of amino acids and those containing a nonamino
acid prosthetic group. The seraration of the ribomuclease-gubtiliein
system intoc an inactive protein and a dialyzable highly specific "cofector”
suggests that this distinction mey not be so sharp as supposed. It should
be of interest to examine the posaibility theat the peptide fragment of
ribamclesse contains the active site and the remainder of the protein
serves as an “apoengyme."

Although not as striking as enzyme modifications by endopeptidases,
agynss mey be modified thrcugh the use of exopeptidases. This firther
11lustrates that the integral protein is not always necessary for bio-
logloal activity. Carboxypeptidese (69) liberates three amino acids
from the chymotrypsin molecule without altering its activity. However,
nore significant is the work of Smith with leucine aminopeptidase (70)
on pepain. The N-terminal portion of mercuripspain is extensively
degraded by leucine sminopeptidase, and, although about ane~half to two-
thirds of the 180 amino acids can be removed, there is no loss in
proteolytic activity after reaction with cysteine and versene. The
| substrate specificity does not change, and the sum of the amino acids
removed and those in the residual, degraded emzyme is in essential



agreement with the composition of the native protein. Further experi-
nants indicate that seme of the fregmemts roduced during sutolysis of
rapain are active (71).

The above axperiments indicate the posaibility of degreding ensymes
while comnsarving part of their activity in freagaemts of minimml] size.
Isclation and charecterisation of the active fragments should provide
valwable information omcerning the mature of the amine acids at the -
active gite and lead to the synthesis of model ensymes. With these ideas
in mind, sweet potato P-amylase was digested with ssveral endopeptidsrzos
of imown and varied specificity with the hopes that it might be possible
to 1sclate same fragments still possessing some amylolytic activity.



II. EXPERIMENTAL

1. Apparetug

stars.~~ The Backman B model spestrophotometer and
l-em Corex cells were used for absorbance measurements in the visidle
range. Abscrbance measurements in the ultraviolet wers made using the
Beclomn model IU spectrophotometer with l~cm quarts cells.

Electrophoresia.~~ The Tiselius electrophoresis apparatus (Model
138, Perkin Elmer Corp.) was used for moving boundary electrophoresis
studies. For the conductivity measurements, an Industrial Instruments
Go. canductivity bridge (Model RC~1 B) equipped with a cell of 0.4893
constant was used.

For paper electrophoresis, the type LKB 3276 FPapsr Electrophoresis
Bquipment was used, (sapplied by Ivan Sorvall Inc.). The paper strips
were from Schuster and Scmell, LO by K10 ma.

I Metqr.~- A Beclkman Model H2, glass electrode, line operated
pH metexr was used.

Sterile Avmaratys.-- A1l proteclytic digestions of longer than mix
hours duretion ware carried cut in a sterile apmratus and the digestion
mixtures were sterilised by filtretion. The apparatus cansisted of a
Pyrex bacterial filter attached to a 35-ml filter tube which was fitted

with a capillary ¢to allow the withdrawing of samples during digestion

15
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without entamination. The apraratus was sterilised at 15 lbs. pressure
for 15 mimites in the autoclave before every run.

Bialysis.~~A Visking Cellophane tubing was used.

Paper Chrometogaply .=~ The Chromatocabs Model B (Research Equiyment
GCorp.) was used for descending rmuns. Ascending chromstogrems were
developed in the chromatography apraretus mmfactured by University
Apparatus Co. The chromstogrems were dried in the Research Equirment
Corp. oven construocted for this purpose.

2. Beagwnts

Axylase.—  The sweet potato P-amylase was a twice crystallised
preparation obtained from Worthington Biochemical Corp.

{c Enpymes.-- Crystalline chymotrypsin, (salt-free), trypsin,
twice crystallised (camtaining 50 percent mmgnesium sulfate), pepsin
(twice orystallised) were all obtained from Nutritional Biochemical Corp.
The crystalline papain suspension, in versene~cysteine buffer, and the
carbaxypeptidase (twice crystallised in 10 percent lithium chloride) were
obtained from Worthington Biochemical Corp. Subtilisin was a gift from
Eli Lilly €o.

The potato amylopectin was prepared from potato starch according to
the procedure of Th. Schoch (69) and Noelting et al. (LO).

, al Buffer pii 8.6.~~ This buffer used in the paper elsctro-
phoresis upoﬂmu vas prepared by dissolvings
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8.712 g. Veranal
1.872 g. Sodium hydroxide
6.476 g. Sodium acetate
0 =l. 10.1 M Hydroohloric acid |
and the total volume made up to 1 1. with water.
A . Lox Proteing .-~ Into 500 ml. of ethancl saturated
with mercuric chloride is dissolved 0.5 g. of Bromphenol Elne.
isgent fox Detecticn of Meltoge.~~ The reagent used to detect
maltose in the mper electrophoresis experinents was prepared aaoordﬁg
to Bachan and Savage (81).
i Percent Aniline in 95 percent etbancl 5 vol.
i Parcent diphenylamine in 95 percent etba. 5 vol.
85 Percant phosphoric acid 1 vol.
All other resgents used were of the C.P. or reagent grade quality, unless
ctherwise specified.

The P-amylase activity was determined by the method of Noslting
and Bernfeld (L0, 82), wherein the colored reduction product from the
mcﬂm of maltose and 3,5-dinitrosalicylic acid is mmred spectro-
photometrically at SLOo mu.

Resgent .-~ Ten grams of 3,5-dinitrosalicylic acid was moistened
with & few drops of water, than 200 ml. of 2 N sedium hydroxide was
added and diluted to S00 ml. with water, after ccmplete solution at room
tempsrature, 300 g. of Rochelle salt was added and the volume brought
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to 1 1. with wmtar. This solution was stable in the absence of carbon
dicxide frem the air.

rogedure .~~~ For all eaxperiments, unless otherwise specified, the
asmy mrocedure was carried cut in the fcllowing mamer: 0.1 ml. of the
engyne sciuntion to be assayed and 0.9 ml. of yedistilled water were
placed into a 25-wml. glass-stoppered volumstric flask witch was equi+
1ibrated in a water bath at 20° C. One milliliter of a 1 percent amylo~
pectiom sclution was added to this, and the resction was allowed to
proceed for 180 mecends. The reaction was thsen stopped by addition of
2 ml. of the 3,5-dinitrosslicylic aoid reagent. Following this, the
flasks were placed in s boiling water bath for § mimites. The resulting
solutins were then cocled and diluted to 25 ml. with water. The absorb~
ance was read at 540 m: againet that of a blank prepared in a similar
fashion, but in which the engyme sclution was replaced with water.

A maltose stook salntion was prepared by dissolving 101.6 mg. of
mitoss hydmate in 100 ml. of water. (ne mi., 2 mi., 3 ml., and 5 ml.
aliquot respactively ware diluted to 10 mi. and ane ml. of each diluted
soluticn was used for the standardization of the reagent.

The crystalline P-amylase was removed by means of a spatula, and
0.234 g. placed into a test tube. This was dissolved in 7.5 ml. of



phosphate tuffer (pH, 7.0, 0.01 M) and riaced in a dialysing membrene.
Dialysis was then allowed to procesd ageinst the same buffer as was used
for dissclving the sample, for 18 hours at L°C. At the end of this tine
the volume was made up %o 10 ml. with the 0.01 M phosphate buffer, and
a 5-nl. sanpleo was removed for determination of the electrophoretic
pattern of the P-amylase preparetion. To the remainder of the solutimm
was added 0.01 g. of orystalline trypsin. The tryptic digestion was
allowed to proceed in the sterile apparatus for 20 hours at 30°C. At
the end of the digestiom period, a saumple was removed for assy of
activity and the remainder was dialyzed in the oold rocm against 300 ml.
of phosphmte btuffer and used for the slectrophoretic analysis.

6. ¢

A 0.212 g. manple of sweet potato f-amylase was dissolved and made
up to 5 ml. with phospbate buffer (pH 7.0, 0.1 X). To this solution
was added 0.01 mg. of ohymotrypsin. A sample of this mixture was removed
imnediately for assay of P-amylase activity and the remainder of the
soluticn vas placed in the sterile apparatus and incubsted ad 30 for
12 hours. Ancther sample was then removed for assay of Pf-amylase activity,
and the reminder was equilibrated against phosphate buffer for the

eslectrophoretic analysis.

A 0.175 g. sample of sweet potato P-amylase was dissolved into 6.5
ml. of acetate buffer of pH 5.10 (0.05 M) and a sample was removed for



assmy of activity. After additiom of 0.00 g. of pepsin, the solutim
was placed in the sterile apparstus. Digestion was allowed to proseed
for 12 hours at 30°C. After removal of a sample for assay, the remsinder
of the solntion was dialysed sgainst 300 ml. of phosphate buffer (pH 7.0,
0.1 M) Sor use in the electrophorstic analysis. -

Rxperinments were also performed at a lower pH where pepsin is more
active. At pH 3.0, the sweet potato Pramylase was inactive and preciyd-
tated from the mixture, but, upon digestion with pepsin, the precipitate
dissolved. No activity could be detected in this mixture, and paper
electrophoretic expsriments indicated that the protein had bem broken
down considarably.

Prelinminary expsriments with parein indicated that digestion of
gweet potato P-emylase might take place as indicated by a decrease in
activity. However these experiments were not always upom@ibli. A new
sample of rapain was obtained, and more precise determinaticna were made.
The preparetion of the samples wes carried out acoording to the procedure
of Kimmel and Smith (83).

A citrete buffer sclution was prepared by dissclving 2.94 g. of
sodium citrate dihydwate in a few ml. of O.1 N HCl until the pH became
6.0, and then diluting to 100 ml. A cysteine-versens scluticn was also
made up from 0.605 g. of cysteine and 1.6 g. of di-sodium ethylene=
diamine tetraacetate diluting to 100 ml. The gigestion mixture s
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prepared by mixing 2.5 ml. of the citrate buffer, approximately 5 mg. of
the f-amylase, 1 ml. of the versene-cysteine solution, 0.3 ml. of the
papain suspmmsion and 1 ml. of redistilled water. A sample of this mix~
ture was removed before the addition of the rapain, and used as a control
in the assay and paper electrophoresis experimemts. The sclution was
then incubated at 30° in the sterile apparatus. The results of these
experiments are reported in Tables IX and X,

In order to study the effect of the addition of fresh papein to a
sample which had already been digested with papain, the following experi-
ment was carried cut as described above, but after some digestion bhad
taken rlace, as indicated by a decrease in activity, 0.1 ml. of fresh
rapain suspansion was added after 2l hours, and the P-amylase activity
of the mixture determined. The results of these experiments are reported
in Table VII. |

Paper electrophoresis was utilised in a mumber of experiments boe'aase
it affords a msans of separating protein and peptide compenents of such
mixtures ocn a very amll scale. It is also possible to determine the
asymtic activity of the companents directly an the paper.

§ig .-~ Six ndred ml. of vercnal

buffer pH 8.6 (0.125 M) was placed into each electrode vessel and a liquid
Junotion established between the vessels by means of a siphon to eguilibrate
the 1iquid levels. The paper strips were immersed in the buffer, allowed



to dry in the air for 5 mimtes, then placed m the cassst. 7The cover
was then placed on the apparatus and the system allowed to stand for
15 mimites in order to bring it to equilibrium. Twenty> to 30+ml.
sauples were applied an each strip by means of the sample applicatar
provided with the instrument. Usually a current of 3 mi per strip was
applisd for 12 to 16 hours for the electrophoresis.

Erctedn staining.<~ After removal of the strips, thsy were cut ia
half lemgtlwise and me secticn dried in the oven st 110°C for 30 mimmtes.
After this, the strips were placed in the bromphencl blue staining selu-
tian for 10 mimtes and stirred occcasionally. The strips were then
washed in a 2 percent acetic acid selution and dried in the air. The
protein appeared as a blue bend.

Assey of Activity on Paper.-~ The other section of the strip usually
was used for aseay of the P-amylase activity. The paper strip wvas first
allowsd to dry at room temperature. It was then sprayed with a 1 percent
starch sclution and allowed to dry in the air. Following this, the
strip wes spreyed lightly with the diphenylamine-sniline reagent. After
drying in en oven for 2 to 3 mimutes at 110°, a brown band, indiecating
the presence of maltose, appsared where active P-anylase was present.

The procedure used here was that of Simm, Behrems and Bromer (8L).

Appreximataly 5 mg. of sweet potato Pearmylase was dissolved in 10 ml.
of acetate buffer (pH, 7.7, 0.05 M), and a sample removed for assay of
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activity. Two mg. of subbilisin was then added to the mixbure and the
solution incubated at 30°C. Samples were removed from time to time and
aassayed according to the usual procedurs. The results are reported in
Table X. ‘

Carbaxypeptidase is an exopeptidase from the pancreas which ocatalyzes
the hydrplysis of peptide bonds at the carbekyl termims of proteins and
peptides. Its action on sweet potato P-amylase was studied utiliging
the procedure of Fraenkel-Conrat gt al. (85).

| ' ) Solution.~ One tenth ml. of the
orystalline carbaxypeptidase suspensicn was dissolved in & fow ml., of
0.01K NaOH, and phosphate buffer (pH, 7.5 0.1 M) was added until the
volume of the solution was 25 ml. One ml. of the remilting solusiom can-
tained approximtely 0.2 mg. of engyme.

.=~ For the amino acid determimation 1 ml.
aligquots were r_enaved and 2 ml. of trichloroacetic acid added. The pre~
cipitated protein was centrifuged from the mixturs. One ml. of the miper—
patant solution was placed in & 25-ml. volumetric flask and 1 ml. of the
ninhydrin-hydrindantin resgent (90) described elsewhere was added to this.
The flasks were then placed in a boiling water bath for 15 mimntes.

After cooling, they were diluted to the mark with 50 percemt ethancl snd
the optical density read at 570 wu against that of a blank,




by .=~ The activity of the carboxy-
peptidase wvas tested on casein in the following mammer. Into a tube

were placed these solutions:

3 ml. of a 6 percent cadein sclution in phosphate buffer pH 7.L.

2 mi. phospbate buffer pH 7.5.

1 ml. earboxypeptidase solution.
This was incubated at 30°, and ane ml. aliquots were removed after 30,
60, and 10 mirmtes. Aminc acid determinatins wers carried ocut on these
samples as indicated above. The results gie-given in Table XI and they
indicate that, under these comditions, the carboxypetidase is active.
ion of Cs Jdage on B-Amyiage.— Prior to treatment with
carboxypeptidass, the f~amylase sample was extensively dialysed against
phosphate buffer (pH, 7.55 0.1 K) at 2°, in order to remove most of the
amacnium ion which interferes with the amino acid determinatian. To the

ddalysed P-amylase solution was added 1 ml. of the diluted carboxy-
peptidase and the volume was made up to 10 ml. with phosphate buffer.
This mixture was then inoubated at 30°. Samples were removed at regilar
intervals for assey of activity and amino acid determination. Also, in
erder to check whether or not carbaxypeptidase autolyses, a cantrol was
sot up in the following mauners 1 ml. of the carboxypeptidase solutim
was mde up to 10 ml. with the phosphate buffer and allowed to atand
under the same conditions as the reaction mixture. The results of the
experiznents with carbaxypeptidase are reported in Table XII.
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Denatured proteins are usually more susceptible to the utuék of
proteclytic enuymes than are native proteins (86). For this reasen,
the effsot of ures on sweet potato P-amylase curing rroteoclysis was
investigated with the hops that under these cconditions the P-amylase
might be less resistant to proteclytic attack. The seffect of urea solu-
tims alme o this P-amylase was also investigated.

Preliminary experiments in 8 M urea indioated that aveet potato
P-axmylase is active under these conditions but that it is denatured in
approvimtely 6 to 8 hours, depending upen the concentration of the enzyme.
The revarsibility of the reaction was studied in the follawing mammer:
sppreximately 5 mg. of sweet potato f-amylase was dissolved in a selution
which was 8 H in ures and 0.05 M in acetate. The pH of this mixture was
5.0. The Peamylase activity of this solution vas determined immediately
after mixing sand again at intervals during & period of standing at 30° of
a mumber of hours. The rmiﬁu of the solution was placed in a membrene
and exhaustively dialysed against acetate buffer (pH 5.0, 0.05 N) at 2°
to remove the urea. The ocutside soclution was chmgod several times
during the course of dialysis. A white precipitate appsared at the
bottom of the dialysis bag indicating that the denmtured protein is in-
soluble in buffer. The results of this experiment are reported in
Table XIXIII.

g .~~ To 5 ml. of 8§ M urea was added

approximately 5 mg. of sweet potato P-amylase. One ml. of this sclution
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was removed for control, and 1 mg. pepsin was added to the remainder.
Both the digestion mixture and the control were incubated at 30%C.
Sanmples wera removed for assay of activity, and 1 ml. aliquots were added
to 2 ml. of 7.5 percent trichloroacetic scid. The supernatant solntims
from the trichloromcetic acid precipitation mixtures were for absorption
measuraments at 280 m in order to check for proteclytic action. The
results of this experiment are reported in Table XUV,

33 .~ Since experiments in 8 M urea indicated

a rapid dematuration of sweet potato Peamylase, the effect of 6 M tured
was studied.

To a 1C ml. solution of 6 M urea was added approximately 5 mg. of
sweet potato f-amylase, and ths activity determired at different interwals
to study the denaturaticn under thess conditions. The results are
reported in Table IXV.

Pertic Migestion in 6 N Ures.~~ As indicatsd by the previcus experi-
mante, there is a slow dematuration of P-amylase upm treatment with 6 M
urea. Consequently, ths urea denaturation along with peptic digestion
wers studied at this ures concentretion also. To 10 ml. of a 6 M urea
solution was added approximately 5 mg. of sweet potato P-amylase. A L ml.
aligquot of the urea-f-amylase solntion was removed, and to this sample
was added 2 ml. of & pepsin solution cantaining 6 mg. of pepsin. Both
solutions were incubated st 30°C. and samples were removed at regular
intervals to determine the P-amylase activity. Several runs carried mut
in this manner gave the results shown in Table XVII.
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Pextic Digestion inm U M Urep.~~ 8ince the actual ures concentretion
in the previous experiments was )i M several experiments in L M ures were

carried cut. To 2 ml. of 4 M ures wvas added approximtely 5 mg. of sweet
potato P-amylass, 1 ml. was taken out for control, and to the reminder
was added 1 mg. of pepsin. Both solutins were incubated at 30°, and
sanples taken ocut at different periocds of time. The results are givem in
Table XXVII. Paper elsctrophoresis was also carried ocut on a nurber of
these samples.

s .~~ To 5 ml. of & solution of 6 M
urea was added approaximately 5 mg. of swest potato P-amylase, and cme
nl. taken cut for assay and control. One mg. chymotrypsin was added to
the reminder, and both solutions were incubated at 30°C. Again, samples
were removed for P-amylase assay at regular intervals. The results of

this experiment are shown in Table XVIII.

‘99 .~~ An experiment similar ¢o the me
described for chymotryptic digestion was performed using trypsin instead
of chymotrypsin. This gave the results recorded in Table XIX,

formed in order to determine the stability of sweset potato P-amylase to
heat, and the possibility of combining a heat treatment in conjunction
with proteclysis.

Appraximately 5 mg. of sweet potato P-amylase wes dissolved in 5 ml.
of acetate buffer pi 5.0 (0.1 M). The activity of this solution was
detemined. A sample of the mixture was then heated in boiling water
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for 5 mingtes after which the P-amylase activity was determined again.
The yemainder of the unbeated mixture was plased in a water bath at 70%
for 6 mimtes, and this solntice was also assayed for P-umylase activity
after cooling. To this sclutiom, preheated as 70°, was added 1 ng.
trypein. The resulting mixture was incubated at 30°C for 18 hours. The
results of this experinmt are given in Table XX.

In order to accaunt for some of the results obtained from the action
of proteclytic enxymes on swest potato P-amylase, it became nscessary to
stidy thes compositicn of this engyme. This was dene first qualitatively
by paper chromatography.

Ixsmaration of the Samuple.-- The sample of sweet potato f-amylase
was hydrolysed for paper chromtography according to the method of Cowgill
and Pardes (87). About 5 mg. of swest potato P-amylase was dissolved in
0.1 ml of camstant boiling, glass~distilled hydrochloric acid and placed
in a Pyrex tube (internsl diameter = 4 mm.). The tube was placed in ice~
wmter, evacuated at the vater pump and sealed. Hydrolysis was allowed
to proceed for 12 hours at 115° in an oven. After this treatamt, the
hydrolymate vas light yellow with very smll traces of black material.

The hydrolysate was then evaporated to dryness in a vacuum desiccator over
lediun hydroxide. One ml. of water was added to the residue, and this
solnticn was again dried in the desiccator. The dried sample was taken
up in 1 nl. of 10 percant isopropyl alcohol, and stored in the refrig~
erator until needed for paper chuntognpiv.
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Solyent Svateng.~= After a few experiments with variocus sclventa,
ths phencl-mter and butancl-acetic acid-wmater systems were famd to
give the best results in terms of resclution and genersl quality of the
chromtograms. The phencl=water mixture was prepared accoxding to
Berry gk al- (88). In order to obtain the best results it was necessary
€0 redistil the phencl at reduced pressure. One mndred g. of phencl
and 20 ml. af an aqueous solution containing 6.3 percent sodium citrate
and 3.7 pexcent sodinm dihydrogen phosphate were then mixed to prepare
the aqeaus solution. The tutancl-acetic solutim was mrepared by mixing
redistilled n-butancl, water, and glacial acetic acid in & L1511 miio,
respectively. The aquecus pbase of this mixture was used to equilibrete
the chamber, and the organic phase used for resolution. This solvent was
prepared fresh before every run.

Basglntion.~= Wietman No. 1 filter paper sheets were cut to form a
square 18x18 inches. Lines were dresm 1 inch from cne of the edges, and
3 inches from an adjacent edge. The sample was applied at the junctim
of the lines. For the hydrolysates, a 10 sampls was applied in
saevaral portions, maintaining the spot L mm. in diameter. Bolid mixtures
of 0.5 mg. of each amino acid were dissolved in 10 percemt isopropyl
alcohol, and xun on separate chromtograms in order to compare the Rf
values.

Umially the chrommtogrems were first placed in the phencl solvent
and allowed to mun in ascending fashian for 2L to 30 hours. In this
mamer, the solvent travelled about 25 am. from the origin. After this
treatnent, the papers were dried in the draft oven at room tempsrature
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for 12 houre. Then, they were placed in the other cabinet for descend-
ing chromtography in butancl-wcetic acid for 10 to 12 hours. After

drying ths chromtograms, they were sprayed with a 0.2 percent soluwiion
of ninkydrin in 95 percent ethancl with 5 percent collidine. The spots
for the aminc acids appeared after heating for 5 mimites in the dwft
oven at 90°C.

In later experiments, it was foumd preferable to run the chromato-
grams in butancl-acetic acid first in a descending fashion, allowing the
sclvent run to the end of the paper. After drying, the resulting
chromtograns were run in phencl water. The best chromtograms were
obtained by this latier method.

Atteapts veare made to use cther solvent systems, such as collidine,
lutidine but were not found satisfactory becauses of poor resolutiom and
streaking. The results of the paper chrocmmtogrephy are givem in -
Table IXI.

Appazatus.— A Teclniom Fraction Collector was used to collect
the effluents from the colums. A4 Beciman B Spectrophotcmeter equipped
with an adapter for test tubes was used for absorbance determinatioms.
Zosh Tuheg.~~ The standardisation of the test tubes was carried
ot accarding to the procedure of Stein and Moore (89). A soluntion of
methyl red in 3 N hydroshloric aclid was prepared to give an optical
density of 0.6 to 0.7, using water as a blank. Three lundred test tubes,
soft glass, 150x16 mm. were cbtained and checked so that they would not
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vary by more thean % 0.005 optical demsity readings.

Sircnlating Bath.~~ A Precision Sciemtific Oe., (Ohicage, I1l.)
circulating water bath was used to mintain the colums at 50°C during
mmnortm.

Columas.~~ A jacketed solum 165 om. leng, with an inner diameber
of 0.9 om. vas used for the chrombtography of the neutrel and acidie
axine acide. For the determination of the basic amino acids, a condenser
with an immer diameter of 0.9 am. and fitted with aintered plate was used.
It was packed with resin up to the desired height.

Essganta.~~ The Amberlite CG=120, type 2 (200 mesh) and the ethylene
glyocl mencusthyl ether were purchased from Flscher Sciemtific Co.,
Thioddglycol wes cbtained from Plerce Chemical, Rookford, Lil. The BRLJ
35 (polyaxyethylene lauryl alaechol) wetting agent was cbiained from the
Atlas Powder Co. Ninhydrin was parchased from the Nutriticmal Biochamical
Cory.

The hydrindantin was prepared according to the procedure of Steim
and Moare (90). To 20 g. of ninkydrin in 500 ml. of water at 90° was
added 20 g. of ascorbic acid in 100 ml. «f waber at 90°, with stirring.
Crystallizaticn was then allowed to rroceed for 30 mimutes without further
heating. After this, the sclution was cocled and the crystalline hydrin-
dantin was cullected on a glass filter and dried over phosphorus
pentoxide in yasuo. The yield was 18.75 g.

The ninkydrin reagent used for amino acids determination wme prepared
by dissclving 2 g. of ninhydrin and 0.3 g. hydrindatin in 75 ml. of methyl
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cellosolve. To solntion was added 25 ml. of 4 M acetate buffer (pH,

5.25), Thig reagent was usually freshly prepared esch day.

n.~= In order to cbtain the best remlts,
anly resin particles of the appropriate size were employed for the chroma~
tography. The procedure used for classification of the resin perticles
was that row by Moore gt al. (91) with a few medifications. One 1b.
of resin was suspended in 10 1. of distilled water, stirred and allowed
to settle for S5 to 6 hours. This treatment was repested three times.
Each time the supermatant liquid was removed by siphoning. The resin
s then trensferred to a large Buclner furmel and rinsed slowly with

2 1. of 4 ¥ hydrochloric acid., This treatment was followed by washing
with 500 ml. of distilled vater. The resin was then suspended in 2 1.
of s N sodium hydroxide and heated aa a steam bath for wne hour. Fimlly,
the remin was collected mn a Buchner funnel and rinsed with distilled

water until the washings were neutral. For the separation of the resin,
a 2«1. semratory funnal was attached to a stop~cock which was in tum
Joined to a distilled water tap. The resin was poured into the funnel
and a plece of glass tubing, fitted with a stopper, was placed on top of
the funnel. Water from the tap was allowed to run through the furmel
from the bottom and cut the top, the flow rate being controlled by means
of the stopecock. The suspansion of resin in the overflow wes collscted
on & Buchmér funnel. The canditions for separetion are tabulated below.

113 ml./min. 3 Discarded

280 ml./min. 2 Used this fraction for the
15=cm. columm.

580 ml./min. 2 Used this fraction for the

150=cm. columm.
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Both the 280 and the 580 fractim were run through this procedure again,
and then each was washed an & Buclmer funnel with 1 1. of L4 N sodium
hydroxide until the filtrate was alkeline. This operetion was followed
by washing with 2 1. of water. All resin fractions were stored in the
refrigerator under 0.2 N sodium hydraxide.

Bufferg.~ Each of the buffers (pH, 3.25 and L.25) were prepared
in 18 1. quantities and stored in the ccld roam. The pH 5.28 buffer was
mde in 5 1. quantity. The BRLJ 35 wetting agent and thiodiglycol were
added in the ancunts required just before use. |

Ans.~~ The sodium salt of the

resin vas washed first with water and then with several mndred ml. of
0.2 M buffer at p L4.25. Both columns were poured with a suspensimns
of resin in this buffer. In preparing the 150-cm. colwm, 90 ml. of the
suspension was poured and 2 cm. of resin allowed to settle under gravity.
After this, air pressure was applied at the top of the colum (6 1lbs./
8q. in.). This gave a section of resin approximetely 30 cm. in lemgth.
This mrocedurs was themn repeated, removing the supernatant liquid each
time by siphoning. When the column had reachsd 150 cm., 0.2 K sodtam
hydroxide was allowed to flow through the colum under gravity overnight.
Then the buffewccf pH 3.25 was substituted and allowed to flow until the
colwm bad resched equilibrium. The colwm was then ready for use.

The 15~-cn. colunm was poured in a similar mammer in ane secticn.
" Before use 1t was equilibrated with buffer at pi 5.28.

Qerstion of the Colum.~~ In order to check the flow rete and the
resolving power of the column, a synthetic mixture of amino acids was
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yeemared by welghing cut ane millimcle sach of fourteen amino acids.
These were dissolved together in 3 ml. of 6 N hydrochloric acid, and the
solution wes diluted to 10 ml. with water. This stock solution was kept
in the refrigerator. When ready for use, 1 ml. of the stock solutiom
was dlluted to 100 ml. with buffer (pH, 3.25) and 1 ml. of the resulbing
sclution placed an the colum. The circulating bath was turned o and
the temperature of the colwm kept at 50°. One ml. of the amino acdd
nixture containing 1 um. of each amino acid was placed e the rexin and
allowed to settle under grevity. Then 2 mlL. of buffer pH 3.25 was also
added and again allowed to settle under gravity, after which ths colum
was connected with the separatory fumel containing the buffer, and air
pressare of 3 pounds per square inch was applied to the system. The
effizent was then collected in 2+-ml. fracticna. At first a flow rate of
17 to 18 ml. per hour was cbtained, but in the later yuns, after the
resin had settled the rate of flow dropped to 12 to 1 ml. per mbmte.
This diximtion in flow rate did not seem to affect the resclution of
amino acids by the column.

An eluent at pH L.25 was introduced in time to allow valine to emerge
with the new buffer. According to Stein and Moare (91) this change is
to be made at an effluent volume 2.15 times that at which the aspartis
poak has emerged. Stein and Moore also noted that the positioa of cystine
is extramely semsitive to pH and that it is necessary to determine
empirically the exact pi value of the initial buffer so that cystine will
be eluted about midway between alanine and valine. In previous work (92)
Moore snd Stein suggested that at a higher pH cystine is aluted with
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alanine and at a lower pH cystine appears nearer valine. a pH yange
from 1.0 $0 .5 was tried but without success. lLater in yuns with
hydrolysates §6 was found desireble to eluts with the buffer pE of 3.25
for a lenger period than that reccamended by Stain and Noore. The best
seputions betiween cystine and valine were cbtained whan the bLuffer at
p .25 was introduced at an efflnemt volume 2.15 times the peak of
aspertic acid plus 30 to 4O ml. When this was dane, valime was eluted
slowly before cystine, and a good separation of valine and oystine was
cbtained. This precedure did not affect the resolution of the cther
amino acids.

After the elution of phenyl alanine, o.au-odma'wmdom
allowed to run through the colwmm overnight under gravity at room
tempexature. Then buffer at pH 3.25 was again introduced. After equi-
libﬁnnmnhﬂi“thoedmmapinr«dyfwun.

Leioine Stendand.~~ 4 leucine standard sclution was prepared by
dissolving 0.131 g. of L~leucine in redistilled water and making up
the volume to 10 nl. One ml. of this stock leucine solution was diluted
to 200 ml. and 0.5 to 2 ml. aliquots were taken for premaretim of the
standard curve. Similarly, aligots of 1 to 1,000 dilution ‘of the stoek
solution were used for L-leucine samples in the 0.05 to 0.2 mole renge.
Rack aliguot was made up to 2 ml. volume, and 1 ml. of the ninhydrin-
hydrindsntin reagent was added to each. The test tubes (calibrated
atvettes) were then placed in a boiling water bath for 15 mimutes. After
aooling, 10 ml. of 50 percent etbancl was added to each tube, and the
abserbance wvas read at 570 m against that of a blank. For tubes having
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an optieal density reading over 1.0, an extva 5 ml. of 50 percent etbanol
was added. The standaxd lencine curves are shoun in Figure 5.

The amount of amino acid present in each tube of efflnent was
determined in & similar muner as described above, except that proline
wos read at L0 m . In the runs with protein hydrelysates, 80 o 120
tubes were yun similtanecusly every evening and every morning. When work-
ing with the 15-cm. columm, all tubes were analysed at the end of the run.
The amount of amino acids preaent wvas calculated in terms of lsucine
equivalents which were divided by the color yisld of each mmino acdd as
reported for this reagent (90).

Prepamation of the Sgunles .~ The sweet potato f~amylase was thoroughly
dialysed against distilled water for 48 hours, in the refrigeratcr, cheng-
_mg'ﬁa cutside solution several times. The sample was then dried in the
vaomm desicoator over phosphorus pentexide, and stored in this manner
until needed for hydrolysis. The hydrolysis was carried out with & mix-
tare of 10 to 20 mg. of dried yrotein and L ml. of constant boiling
hydrochloric acid, in an evacuated, sealed tube. The temperature for
hydrolysis was 105°, and the times were either 13 or 72 hours. Separate
samples were repared for the basic amino acid determinatins. At the end
of the hydrolysis, the hydrolysates were dried under vacuum ovar sodium
hydroxide. One mi. of water was then added tc the remidue, and the drying
process was repeated in order to insure camplete removal of the hydro-
chloric acid. The hydrolysed samples were taken up in 10 ml. of either
H 3.25 or pH 5.28 buffer, and either used immediately or stored in the
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deep freese. The results of the amino acid smalysis of eweet potato
feamylase are reported in Table XXIII.

.~ In order to assmrtain the amecunt of
cystine present, the protein was subjected to performic acid axidation.
Ten t0 20 mg. of a dried smmple of sweet potato P-amylase was mixed with
0. ml. of 90 parcent formic acid and § drops of 30 percent hydrogen
peroxide. The reaction mixture was allowed to stand at room temperature
overnight. At first, the protein tarned black, but after & few hours
it semned to dimsolve. The solution was evaporated to drynesa in &
vaouus desicoator, and, them, the sanple was hydrolysed as descridbed
abave. Two samples were run 4o check the amcunts of cystine and valine.
No stteupt vas mads to determine the other amino acids in these samples,
since it appsared that some of them had been destroyad to a cansideredble

n.+~~ Since tryptophan is destroyed during
acid hydrolysis, basic hydrolyvis was carried cut in order to determine
whether or not this amino acid is present in sweet potato P-awylase.

A dried sample of protein was placed in a Pyrex tube and 1 ml. of 0.38 M
barium hydrcxide was added. The tube was thsn evacuated at the water
pamp and sesled. Hydrolysis was carried cut in an ovem at 110%C far 17
hours. The hydrolysate was then nentrelized with dilute sulfuric aeid,
and the precipitated barium sulfate removed by centrifuging and washed.
The hydrolysate was then dried in the vacuum desicosator and made up to
a volume of 10 ml. with water when needed for the chemical determination
of tryptopban. The procedure followed was that of Spies and Chambers (93).
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Eight ml. of 23.8 N sulfuric scid, and 1.0 ml. of 2 ¥ mlfuric acid,
condaining 30 mg. of recrystalliged p-dis dehyde, were
mixed snd cooled to 25%. To this mixture was added 1.0 ml. of either
& solntim of tryptophan of mown concentration or the hydrolywate.
After shaking the remulting mixture, it was kept in the dark for me
hour. One-tenth ml. of 0.0L percent sodium sulfite was then added %o
the mixture, which was agein mixed by shsking, and the color allowed to
develop far 30 mimtes at room temperature in the dark. The optical
denxity was read at 600 m against that of & blank. Standards containing
0.20 mg., 0.10 mg., and 0.04 mg. of tryptophan were run in order to estab-
1ish & standard curve. The results of these exparimemts are reported in
Table XXIII.

The importance of sulfiydryl groups in the action of f-amylase hes
long been recognized (77, 73). Accordingly, axperiments were performed
to study the inhibition of sweet potato P-emylase by lodcacetaxide,
prchlorcmercuribenzocate, and N~ethylmaleimide.

Stock solutians of icdoacetamide, p+chlorcmercuribenscate and Reethyl-
maleimide (1xi0™ M) were yrepared. For use in preliminary experimzbs
these solutions were diluted to ZI-.xlé{.f"‘t M. |

Approximately 25 mg. of sweet potato P-amylase suspemsion was dis-
solved in 30 ml. of phosphate buffer at pH 7.5 (0.1 ¥). In each of three
10~ml. volumetric flasks was placed § ml. of the Pesmylase solutien end
1ml. of 1x10™" M selution of inhibitar. The sclutimns were incubated

at 30°C and assayed from time %o time. After a certain pericd of time,
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1ml. of 120" M of each inhibitor was added respsctively to sach
fask.

Another P-amylase solution was prepared under the same conditions
as sbove, and after 2 hours of incubation with 10“ M inhibiter, 1 nml.
of 1x10™" M inhibitor sclution was again added to the reaction flasks.
When the Peamylase was completaly inhibited, 1 ml. of 1x10” M ghrtathieme
was added in order to deterwine whether or not this inhibitiom could be
reversed by this sabstance.

The inhibitim by Neethylmaleimide was almo investigated, following
the reaction of the sulfhydryl groups of P-amylase with this substance
spactrophotometrically, along with the decrease in activity of the
Pramylase solution. The method used here was that deacribed by Alexander
(7h). Alemnder showed that when present in excess, N-sthylmleiwmide
Mﬂ stoichiometrically with sulfhydryl compounds, and the decrease in
absorptim at 300 mu can be used as an assay method for sulfydryl groups.

A 0.0015 M Neethylmaleimide stock sgolutian was prepared, and 2 ml.
of this vo}.utim was added to 1 ml. of a P-amylase solution. A blank was
prepared, rerlacing the N-ethylmaleimide solution with distilled water,
and the absorbance read at 300 mu. The reaction of N-ethylmaleimide
with the sulfhydryl groups of the f-amylase was allowed to proceed directly
in the quarts cells used for spectrophotometric measurements. At regular
intervals, O.d-nl. samples were removed for assay of P-amylass activity.
The protein concentrmtion in the reaction mixture was determined on the
blank by the Rosemthel-Cundiff bimret procedure (102). The results of
this experiment are recorded in Table XXVII.



16. Photoaxidation of Sweet PotatoAP.-quua

The photocxidation of sweet potato Bwl;uo was carried aut acoord-
ing to tbe procedure of Weill and Seibles (101). Appeaximtely 5 mg. of
sweet potato f-amylase was dissolved in a few nl of phosphate buffer
(pH 7.5, 0.1 ¥) and 0.5 ml. of & 0.02 pergent solutiom of methylems blue
added. The reaction mixbure was incababed at room tempereture 30 om.
auay from a 15 watts lamp. The activity of the B-amylase was checked at
the start of the experiment and after 6 hours. The results of this
experiment are reported in Table IXVIII.






III. RESULTS AND DISCUSSION

swest potato f-amylase showed no decrease in aoctivity as indicated in
Table III. That the protein was not modified to any axtent is demm-
strated by a compmrison of the electrophoretic prattern before and after
trypsin treatment, as shown in Figures 1 and 2.

TABLE III
RESULTS OF TRYPSIN DIGESTION

— D" o b ———
[———— o - —— Pe—————— —— )

Activi
Sample | (Abaorbazco a:y5h0 m.)
Original solutian -500 Lo
After trypsin digestim 500 L5

motryptic Digestion .=~ Results similar to those obsexrved with
trypein were obtained upmn treatment with chymotrypsin as indicated in
Table IV and Figure 3, which represents the electrophoretic pttern after

chymotryptic action.
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d

Ascending Descending

FIGURE 1.-- Electrophoretic Pattern of Sweet Potato -Amylase.

( In Phosphate Buffer , M 7.0, 0.1 M, for 7200 sec. at 14 ma)

e

FIGURE 2,--7LRCTROPHORETIC PATTERN OF SWEET POTATO -AMYLASE
AFTER DIGESTION WITE TRYPSIN.

—_—

(In Phosphate Buffer, pH 7.0, 0.1 M, for 7200 sec. at l&4 mA)
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—_—
Ascending Descending

FIGURE 3.-- ELRCTROPHORETIC PATTERN OF SWEET POTATO -AMYIASE
AFTER DIGESTION WITH CHYMOTRYPSIN.

(In Phosphate Buffer, pH 7.0, 0.1 M, for 7200 sec. at 14 mA)

—
Ascending Descending

FIGUR® 4, —FLECTROPHORRTIC PATTFRN OF SWEFT POTATO -AMYLASE
AFTTR DIGRSTION WITH PEFSIN.
(In Phosphate Buffer, pH 7.0, 0.1 M, for 7200 sec. at 14 mA)






HLE IV
RESULTS OF CEDMOTRYPSIN DIGESTION

Activi
Sample (Abnorh:oc ‘:7 5L0 ma.)
Origimal sclution S0 502

After digastion 510 510

c. Portic Digestion.~~ Fapsin also is inactive cn sweet potato
p~axylase at pH 5 as shown by the results reported in Table V. As in

the case of chymotrypsin and trypein, no changes either or electrophoretic
mettern could be detected upon treatment of this endopeptidase. (Figure L.)

TAHLE V
RESULTS OF PEFSIN DIGESTICM

Activi
Saxple (Absorbance a:yshe m.)
Originel solution 950  .950
After digestion 950  .95%

Experinents were also performed at a lower pH where pepsin could
conceivably be more active. At pH 3.0, the sweet potato f-amylase pre~
cipitated from the sclution, and, upon digestion with pepsin, the precipi-
tate dissolved. No P-amylase activity could be detected in this mixture,



and meper alectropharesis experimmnts indicated that the protein had
been digested, since no band apperred upon treatwent with bromophenol
blue.

4. Prcisciyeis by Iamin.-~ Fapain is proteclytic enxyme from the
hﬁ«WumWM&MM&WhWM
form {98). Preliminary experiments indicated that there is & decresse
in activity of the f-amylase upan treatment with rapain. FMarther experi-
mants indicated a decresss in activity up to a certain point at which
proteclysis ssemsd to stop. Typical of these results are those reported
in Tables VI and VII.

TAHLE VI
ACTIOR OF FPAPAIN OX SWERT FOTATO bLb-AMYLASE

e itvay e A b+ o . A - et o A A PO A A e A | AU 47 AR e A8 A e Pt AP P A A e~ L Y S04

Digestion Period Activi
Saxmple _”?Kw.rl) | (Abserbance a:ysw m.)
" (Run No. 1) |
Cantrol 0 480 L4885
Digested 6 385 .385
Digested 17 350  .365
Digested 2l 350 340
(&m No. 2)
Control ] 235  .237
Digested 6 250 255

Digested L8 A28 122




TARLE VII
PAPAIN ACTION ON SWERT POTATO) P-AMYLASE
e e e ety - - —
|  Cantrcl  Digested |
Period Lctivity Pericd Activity
(Hourn) {Abscrbance at Shﬁ m.) (Hours) (Absorbance &t 540 m.)
023.0 am 0 om ¢210
13 200 200 13 17 Sy §
2, 200 .20 2 Ao 2137

These date indicate that papain acts to bring sbout proteclysis of sweet
potato P-amylase, and that most of the action takes place in a shert
period of time. Tims, after § hours of digestion, there is no further
decrease in activity. An explanation for these data is either that the
P-axylase was modified in such a wey as to resist further hydrolysis
under the influence of papain, or that papsin itself was inactivated.

In order to check this, fresh papain was again added to a digested sample

and a further loss in activity occurred as indicated in Tables VIIT and IX.

TAHLE VIII
ADDITION OF PAPAIN TOANAIM.DIDIWTED SAMPLE
(Ran No. 1) |
Period Activity
Sa.mpla | (Hours) (Absorbance at SLO mi.)
el ) % 3m
Digested 3 320 .330

%01 ml. fresh papain added here.
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TARLE IX
ADDITION OF PAPAIN TO AN ALREADY DIGRSTED SAMPLE

Period Activity
Sauple (Hours) Absarbance at 540 ma.)
Control (o] 580  .580
Digested 2 580  .580
5 570 .5T5
Digested 6 510 .520
Digested 8% Lh0  JhLO
Dig@!tﬂd 3 om oL
Digested 8 320  .320

%9.1 ml. fresh pepain added here.

In exanining the £inal mixtures by pepexr eleotrophoresis, mly%bnu\
carresponding to wwmodified Pramylase appesared. No evidence for icﬁw
fragnants was detected. In these experimmmte partially digested samples
of sweet potato Penaylase were run along with s cantrol. No significent
differences could be detected. Cantrol and digested samples were also
rn m the same strip, and cnly me bend appeared.

e. Acticn of Sybtilisin.~- Subtilisin is a bacterial protease fram
Bagillus subtilis. It has been orystallized, and its action im of the
endopeptidase type (99). The action of subtilisin on sweet potato
B-axylase is reported in Table X.

jdage .~~ Since, with the exception of payain, the endo-
peptidases semed to bave little or no effect an sweet potato p-amylase,
action of the axopeptidass carbaxypertidase was tried. Altbough the
sction of carbaxypeptidese oo sweet potato Beamylase~~if it ware to
catalyne any hydrolysis«s«wmld probably be not as useful as that of an
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TAHLE X
ACTION OF SUBTILISIN ON SWEET POTATO P-AMIIASE

Period of Digestion Activity

(Hours) (Absarbance &t 540 m.)
0 660 670
2.5 665 650
¥ 660 660
2 <635 629
36 600 810

endopeptidase in general terms of solving this problem, it should effect
cartain modifications in ths integral structure of P-amylase, and give
information about ite compoeitiam.

That the carboxypeptidase used in these experimemts, under these
canditions was active was demenstrated by its action en casein, (shown
in Table XI). |

TABLE XI
ACTION OF CARBOXYPEPTIDASE ON CASEIN
DPigestion Perlod Non Protein Nitrogen
(Mimutes) | (Abscrbance at 570 mi.)
0 330
30 .780
60 860
o 1.10




TAEBLE III
ACTION OF GARBOXYPEPTIDASE ON SWEAT POTATO P~AMYLASE

Digestion Periocd Activity Nan Protein Nitrogen

| (Mimtes) | (Absorbance at S0 ma.) (Absorbance at 570 m.)
(Run No. 1)

0 580 .580 297 305
30 aas 0&0 : -310 : 13]5
60 £20 620 315  .315

120 L0 60 315 310
(Run No. 2)

0 310 L3185 035
30 2338 345 «a35
(4] 375 4365 OLS

120 370 355 QLo
ha0

0390 'mo Qow

These remults indicste & striking increase in P-amylase activity upom
carbaxypeptidase treatment. The sbsence of a significant increase in
nmprotein nitrogen, as determined by this method, might be attributed
%o 1ibsretion of amino acids at levels below the sensitivity of the
reagent. This proteclysis by carboaxypeptidase warrants further investi~
g@tion,

The resistance of sweet potato f-amylase to proteoclysis with trypasin,
chymotrypein and pepsin, even though a little surprising, my indeed be
moye common than was muspected at first. Stein and Flapher (78) report
that a mumber of c-axylases from various scurces are also resistant to



proteclytic attack by trypsin and chymotrypein. These ensywss perform
their physioclogical functins for the most part in the presence of a
mmber of proteases and seem to be mrotected from their actimm through
binding with metel ions. This was demanstrated by occurremce of proteclysis
of the c-anmylases when they were incubated with either trypsin or chymo~
trypein in the presence of complexing agente such as ethylenediamine
wmcv‘io acid. Péoteol,y-ia under these circumstances could be stopped
by the addition of calcium ion or a mumber of other divalent ims. Ina
subsequent publication these authors report that all a-amylases investi-
gated contain at least 1 g. atm of fixmly bound calcium icn per mecle.
Stedn :and Fischer propoze the following scheme to explain the resistance
of c-amylase to proteolysiss

metal ion binding agent

Native amylase . "metal poor" amylase
(active (active)
- W
netal i protease

break down products (inactive)

A similar cbservation was reported by Asari and Feamey (79) in the case
of canalbumin and trensferrin. These ircmm binding proteins form very
similar stable complexes with 2 atoms of ircn. They were found to be
nmore resistant to hydrolysis by chymotrypsin or trypsin than the metal-
free proteins.

Althaugh no metal ion has been reported to be associated with
pramylase,(Balls (32) found traces of lead in the ash of crystalline
p-amylase), its stability btoward proteolysis could be explained in a
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similar manner. This point warrants further investigation, and may lead
to the solution of this problem.

mmwpwmen.mumsxm,muvmnm
inactivated in this medium. That this is an irreversible resction, is
indicated in Table XIII.

TABLE XIII
IRREVERSIHLE DENATURATION OF SWEET FOTATO P-AMYLASE BY 8 K UREA

Period Activi:
Sample (Hours) (Absorgmoo?t Lo ‘m.)
original 0 085  .090
Criginal 5 -000 000
After dialysis sgainst 18 000  .000

The inactive sweet potato P-amylase is soluble in 8 M urea, but
during the course of dialysis, it precipitates cut as the urea concen-
tration decreases.

A few experimemts in 8§ M ures wers carried out in the presence of
pepein, and the results (repcrted in Table IV) indicate that in 8 M urea
mroteolysis took place. However, dematuretion was too rupdd to cbtain

satisfactory hydrolysis.
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PARLE IIV
ACTION OF PEPSIN IN 8 M UREA

Sexgle Digostion Pariod Activity Non Protein Mitrogem

" (¥uontes)  (Absorbance at 5i0 mi.) (Abscrbance at 260 m.)
Cantrol 0 Q60 158 - -
Digested 30 012 015 493
Dlgested L2 H£00  .000 635
Digested 60 000  .000 630
Control 60

082 082 000

The denaturation in 6 M urea is not nearly as rapid as in 8 M urea
as the results shown in Table IV indicate.

TABLE XV
DEMATURATION OF SWEET FOTATO P-AMMLASE IN 6 M UREA

Incubation Period Activity
(Hours) ~ (Absorbance at 510 m.)
0 A 535
13 1130 Llio
3 255 265
25 200 210

§o ‘ .000 .000

As indicated sbove, there is a slow dematuration in 6 M urea, and
this could render the protein more susceptibles to proteolysias.
Cansequently, the urea denaturetion almng with peptic digeastion bas been
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studied. The results of this typs of experiments are reported in Table
IvI.

TARELE XVI
PEPTIC DIGEITION OF SWEET POTATO P-ANYIASR IN 6 M URBA
| Digest ' ' , g
Digestion Pericd Activity Period Activity
(Mimtes) (Abscrbance at 540 m:.) (W)(Abaorbmoe at 5&0 m.)
0 500 LB10 0 600  .601
15 325  .350 L 525 .50
L5 200 .200 10 Sl .5k0
0 185 190 19 501 510
75 J;20 -11{0 25 0300 0305
120 095 105 28 220 «230
160 OB% 050 - 33 080 082
550 3L

£33 025 072 075

Since the actual uree concentration in the mwevious experiments was
L M, after the addition of the pepsin soluticn, determination of the
peptic action on sweet potato P-emylase was carried cut starting with a
4 X urea solution. |

In this instance, the interesting ocbservation was made that treat-
naat of sweet potato P-amylase in 6 M urea affects the molecule in a
differsnt manner, evem though the actual coancentyation at the time of
proteclysis is the same. Paper electrophoresis of the digested samples
édid not revesl any significant changes in the protein structure. The
activity remmined with the main component which migreted within experi-
nental error, at the same velocity as did the control.



TARLE XVII
ACTION OF PRPSIN UN SWEET POTATO P-AMYLASK IN | M UREA

Digested Sample Activity Control Activity

(Hnurc) (Absorbance at 540 mi.) (Rm) (&m« at s4o n‘u.-‘)‘
13) ¢l28 . .125 o om 0125
305 oO&h 0085 3-5 -129 o]25
8 068 o7 8 A2h 125

2l 070 070 2l W15 .10

The results obmdnthmmww, reported in
Tables XVIII and XIX seem to indicate little change in activity beywmd
that which ean be attributed to daaturation wnder these conditicns.
Rxperiments were also performed in 6 X ures with papsin and subtilisin.
These ensymes did not ssem to act upm sweet potato P-amylase under these
cenditicas either.

TARLE XVIII
ACTION OF CMTRYPSTR IN 6 M UREA

o AP e g SR -~ T Y P Fee 0 T LTS MY IS

Mod of tion Activi
Semple § | (Abscrbance a:ysho m.)
Cantrol 0 365 360
Digested L.5 .212 209
Digested 20 .218 221
Centrol 20

.26 .26
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TABLE XIX
ACTICON OF TRYPSIN IN 6 M UREA

Pariod of Digestiom Activity

Saaple (Hours) (Absorbance at 540 m.)
Cotrol 4] 110 100
Digested 3.5 J10 W
Digested 18 065 065

Centrol 18 065 065

Since heat acts much in the same mumer as ures (80), one experiment
was carried cat to investigate the stability of sweet potato P-amylase
toward heat and the possidility of proteclysis with trypsin after a short
heat treatment.

TABLE XX
EFFECT OF HEAT ON SWEET POTATO P-AMYIASE
See———e — =S == —
Activity
Ssmple (Absorbance at 540 mi.)
Original Jd60 170
After 5 mimtes at 100° 000 000

After 6 mimutes at 70° 105 .15
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A sample of the P-smylase which had been treated at 70° for 6
minutes, was incubated with txypsin and the activity checked after 1
and 18 hours of digestion. No decrease in activity was found.

Two dimensional paper chramatography of sweet potato P-amylase
hydrolyeates revealed the presence of 16 amino acids. No attempt was
made to separate and distinguish between leucine and isoleucine. These
expsriments indicated that the presence of histidine fas dcubtful.
However, subsequent experiments showed that it is present in smll
amomts. The resilts of the paper chromtography experiments are re-
ported in Table XXI. In this Table are also given Rf values of amine
acids obtained with a synthetic mixture of the amino acids believed to
be present in the hydrolysate. The Rf values reported in two different
sources from the literature for these amino acids in the sclvents
employed in these experiments are also included. It should be noted that,
the literaturse records wide differences in the results of paper chrom-
togrephy of amino acids, so that ane must run known standards for identifi-
cation purposes instead of relying on reported Rf values.

The remults of the amino acids analysis are reported in Tables
IXII and XXIII and Figures 5 and 6 represent a typical chrometographic
fractionation of the amino acids of sweet potato P-amylase hydrolysate.
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TAELE XXX
FAPER CHROMATOGRAPEY OF HYDR(LYSATES OF SWEERT FOTATO B-AMYLASE

e e S et e WA 2O

—— e e DA -

Amino Aeid  Color of 8pot

Leucine Parple 0.80 0.80 0.79 0.84
Phemylalanine Brownish 0.80 0.80 0.78 0.85
Valine Purple 0.75 0.78 0.64 0.78
Proline Yellow 0.8 0.92 0.85 0.88
Tyroaine Brown 0.51 0.49 0.52 0.51
Alaxine Parple 0.50 0.51 0.60 0.55
Kethicnine  Purple 0.79 0.76 0.73 0.81
Threonine Rod,dinh 0.h3 0.38 0.39 0.50
Arginine Purpie o.i1 0.38 0.l 0.8
@lyeine Reddish 0.32 0.29 0.30 0.3
Serins Purple 0.24 0.22 0.24 0.36
Lysine Purple 0.24 0.20 0.39 0.8
Cystine Grey 0.13 0.09 0.08 -

Aspartic Blue o.11 0.09 0.07 0.19
Glutanic  Purple 0.2y 0.5 0.16 0.31

Histidine (reyish 0.53 ? 0.55 0.8
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TABLE IXIII
NUMBEE OF AMINO ACIDS RESIDUES PER MOLECULE OF SWERT FOTATO P-AMYLASE

€ s o n ¢ A« o 4 S g AT @ b ot o e A A0 % = s PR~ e s e . i A R AU Ak AT £ 5. Vs B0 AN R P . A | Pt Nl e (O A+ i 20w - o

Grans of Amino Acid Residaes  Number of Residues

Amino Acid Per 100 g. Frotein For a Molecular Weight of
| , - 152,000 (54)
Aopartie 11,0 | 165
Thremine 3.6 54
Serine 3.4 60
@utanic 11.0 130
Freline : 5.3 83
@lyoine L.l | 109
Alanine 5.1 109
Valine 5.5 85
Half-cystine 1.4h 21
Methicmine 3.8 Lk
Isoleucine L.2 57
Leucine 7.5 101
Tyrosine 6.3 62
Phanylalanine 6.2 - 62
Lysine 6.2 h

Histidine 1.7 19
Arginine k.8 L7




sateall
st ol
.



60

*opdues *Sw TC°T @ I0F ‘ursey OZ[-0¥Il FO WMIO0D ‘WO QGTXL°Q ® U0 9uUOp sBM WOy=xedes eyg

*ogeTAuy-

09803 399MS JO ©38ZATOIDPAH ® wWOIJ SPIOV OUTWY OTPIOV PUe [BINON OUj IO0F 6AINg JURTIFE ——°G 2InI1g
(*1m) JUSNTSFE JO SumTop

014 OOt 00€ 062 002 06T 0
—0c¢ aog 2 % £ X A 2%
: A [ 0
Q
v P -
3 o+ "
o b o .
3 B B T
= B
A < ® k w
B 3 e, ( e
o ® (- 43
B [ B B
o B (] o
E . ( .
S F b, 3 T
o & m. S
e <2 o]
k ] Eo2 &
= B ) < [}
(] - 0
B -
@ o]
Y ® ‘
g g
o
fe]
[« ]
=
g z
» I
& ;1
[¥S
[¢]

* uw QLS 3B O0uUeqIO08qQY






61

o1dwes *Sw (4°T ® I0F ‘uysey OZ[-0HI JO WMM{OD ‘WO STXE°'O @ UO SUOP SBM UOTjEIedes oyg

*eseTAmwy- 03830g 3106mG JO 99BZATOXPAH ® WOXJ SPTOY OUTWY OTsBE 9Y3 JO dAIN) JUSUTIJE =-°9 FUNDIL

("Tw) 3wenyyIyg FO SumToA

04 09 0§ % o€ 0z 0T 0
| | | | | | | ]  § ]
-y AO
o lNo
> o
B a
He -
=] [eT]
> (g Y 1.
o 3 #
o ‘vwo
1
b &
o ©
et 1s:
f}
®

w QG 4® edoueqaosqy






62

Seventy~two-hour hydrolysates indiocated that serine, threanine and
tyrosine undergo the most deccmposition under ‘thass acidic canditims.
Therefore, the original amounts of thess substances were calculated by
extraplation acoording Yo the method of Hirs gk al. (95). As meviausly
neticned, the min difficulty in the colum chromtogrephy of these
hydrciysates vas in separatim of cywtine and valine. Varying the p of
the secend buffer betwean 4.0 and k.5 41d not seem o inflnence tie
ssparation of these two amino acids. However, upon holding the pH 3.25
buffer past the recommended volume for changing, valine underwent eluticn
when the buffer of pH L.25 was applied. Although valine did not give &
sharp peak, the separation was satisfactory. That the order of dnﬁep
was reversed under these conditions, was mroved by employing performic
asid cxidised samples. Figure 7 is typical of the separatim ocbtained
m & performic acid axidiged sample. Only cystedc acid and valine were
calaulated in this case, since other amino acide such as thremins,
serine and tyrosine showed considersble destmiction under this trestment.

Histidine and cystine are the amino acids present in the lowsst
anomts. Assuming & molscular weight of 152,000 (5L) for sweet po‘h‘bb
p-anylase, thers would be 19 to 20 histidine residues and 21 half oystine
residues per molecule. In all determinations, equivalent amounts of
dlycine and alanine were found, as well as a 2 to 1 ratio of leucine to
iscleuncine. Aspartic and glutamic acida reaiduss make up appracimately
25 parcent of the sweet potato Pramylase.
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In gmeral, the values chtained for the amino acids of sweet potato
pamylase agres with those of Balls g} al. (32), as determined sepnrately
for individual amino acids by specific reactions. Balls'! values are as
follows:

Arginine 6 parcent

Tyrosine 7.0 percent

Cystine 0.76 peromnt

Methionine 4.32 percent.

The abemnce of tryptophan wes indicated by the results of the basic
hydrolysis and colorimetric determination. This is reperted in Table
XX1v.

TABLE XXIV
RESULTS OF TRYPIOPHAN DETERMINATION
, ot NS , S— "
Sample
(ng. Tryptopian) Abscrbance at 600 m

0.20 500 S510
0.10 J185 25
0.04 2150 .5
Bagic hydrolysate Q15 Q12

Basic hydrolysste~~0.02 mg. Trypt. added  .095 .090

This also checks with the vesults of Balls(32) who did not find any
tryptopban in sweet potato P-amylase.
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8ince cur first approach to this rwoblem did not give the remilts
boped for, it was decided 4o exmmine the effect of inhibitcrs on P-dmylase.
Sulkydryl groups have been recognised as essemtial for the activity of
p-wmylase (72). Singer gt al. (73) studied the action of a muber of
sulfhydryl reagents in comnection with the axidation of the sulfhydryl
groups of this ensyme. In the present approsch, an attempt was mde to
£ind & resgent which would form an adduct with the enxyme and which later
could be used as a "tag" for the active site. The inhibitory properties
of N-sthylmaleimide, p-chloramercuribengoate and lodoacetamide were
axamined. The results obtained are reported in Iable XXV..

TARLE XXV
B
ACTICN OF INHIBITORS (At 1x10 M) ON SWERT FOTATO P-AMYLASE

48 4. s e e < S = Pt - 71 - e viee o mane e o bt = oo 1 2 e R . Vo A S | N R P s et % | ol 8 <+ 20 £ e 1= e o ot P e o e o S = it

Sample Activity (Abscrbance at 540 m.) at Different
30 Mimtes i Hours
Centrol 540 .530 | S0 530
N-Ethylmleimide 540 | «530 ' 530 .50
Iodoacetanide £00 .610 600  .590
pChlorcmsrcuribensoate 325 .30 £300 305

The effects of a higher concentretion (0.01 M) of these inhibitors
a the same manples are shown in Table XIXVI.



TARLE XXVI
EFYROT OF ADDITION OF INHIBITOR ON SWEET POTATO B~AMYIASE

30 Mimtes
NeBthylmleixide J90  .200 085 .063
Todoacetanide SU0 530 510 .505

prChl oranercuribensoate H00 000 v m—

s . biaiathions

Thase inhibition experiments were repsated with N-sthylmleimide
and fodoacetanide. The f-emylase was first inoubated at omcentrations
of 1x10™" X of each inhibitor respectively, and, after 2 bours, 1 ml. of
1x10"" M inhibitor added. The results are shown in Table XXVIL.
Complete inhibitim of P-amylase activity with N-ethylmleimide ook
rlace after a period of 5 hours, whereas after 2l hours of incubation
with icdcmcstamide, approacimately 30 peroent of the P-aylase activity
st11l remined.

The number of sulfhydryl groups nscessary for P-amylase activity
was determined according to the procedure of Alexander (7h). The difw
ference in absorbance between reacted and unreacted N-othylmleimide is
divided by the molar axtinction coefficient (620) of this substance, and
the yesnlting quobient is equal to the molar sulfhydryl concentretion of
the sample. As determined by the biluret resctio, the sample contained
2 umoles ¢f sweet potato Peamylase. These results are reported in Table
XIVIII.
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RESULTS ormmmmmmcmmml«mimmm
e —— :
Activity (Ahaorbmce at 540 m.)
Samyile After 2 Hours After 5 Hours After 2,
| in 1078 X in 0.01 X Hours
N-Ethylmaleimide .60 .00 H10 010 L00  .000
Iodomoetamide £20 625 L7080 25 .220

Control ab O time gave readings of 660 and .670

TARLE IXIVIII

mQ?WWWEMMAGTMHOFW
S e iy

Period of Inobatim Activity — ' Caloulated
with N-sthylmaleimide bsorbance (Absorbaries T " umoles SH
(Hours) at 54O m.) at 300 mi.) Absorbmeo Groups

-560 '570 .980
5 015 .020 845 135 2.18
17 £00 000 678 302 ls.88

As & remlt of these experiments, N-ethylmaleimide sewus to be a
most promising inhibitor for sweet potato f-armylase. However, the total
mizber of milfhydryl groups in a protein molesule could not be determinmed
by reacticn with this resgemt, since Reberts and Rouser (103) fomd that
N~ethylmaleimide rescted with cnly 60 percemt as many sulfhydryl groupe
in serum albumin as did p-chloromercuribenscate. Nevertheless, with



sweet potato P-emylase, the reaoctiom with the sulhydryl group essential
for activity is preferred, and it may well be posaible to label an
active site in this mammer.

Fhotoaxidation with methylens blne was used by Weil) and Seibles
(101) to demcnstrate the importance of histidine in the catelytic activity
of ribamcleasse. Total inhibition was observed at an uptake of 3 nololA
of axygen per mole of this ensyme, at which point the omly significant
change in amino acid composition wes ?.hodutmet;cn of 3 moles of
kistidine out of a total of 4. That histidine is not necessary for
activity of sweet potato P-amylase was indicated by complete retention of
the aetivity of this amylase afler 6 hours 1llumdnation in the presence

of cxygen and methylene blue.

TR IXIX

MLTSOFWTIOKOFWMPOQATDWSBIIM
PRESENCE OF METHYLENE BLUE AND OXYGEN

Pariod Activity

(Hours) (Abscrbance at 540 mi.)

0 «280 2718
é -280 .285




8. Resalilatim

| The behavior of sweet potato P-amylase tmd. proteclytic enzymes
carmot be satiafactorily exylained on the bamis of the amino acid compo-
sitim. 'rr;m oatalyses the hydrolyels of peptides bands involving
arginyl and lywyl groups, whersas chymotxypsin with a few exceptims,
catalyses the hydrolysis of bands involving tyrosyl and phenylalanyl
groups. 3Since thess axmino acids were found to be mresent in sweet potato
Premylase, the remistance to proteclysis by these ensymes is probably
brought about by the conformation of the substrate.

Althaugh pepsin is a relatively ncnspecific proteass [resembling
papein in this respect (80)], it, nevertheless, favcrs u&lym of
hydrolysis of bonds involving glutamyl and aspertyl groups. The high
cantent of these amino acids in sweet potata f-amylase might explain
proteclysis of this protein by papain under norsel conditions, as well as
the actian of pepsin in urea solntims. _

The increase in P-amylase activity upm treatment with caxrboxy-
peptidase my be caused by removal of an amino acid residue msiing the
active site.

The active conformtion of the sweet potato Peamylase may be retained
through hydrogen bonding involving mostly glutamic, aspartic acids and
tyrosine. The irreversible dematuration in urea possibly ocours tlrough
ruptures of these Lydrogen bomds, and there may not be sufficient disulfide
bridges to restore the original shape of the molecule after removal of
the urea. It is significant that trypsin (97) is reversibly imactivated



in 8 M urea sclutims. As lmng es the disulfide linkages of trypein
remain intact, the unfolded molacule retains the capacity to refold to
the active conformation on lowering the ures concentratian. Rupbure of
the disvlfide linkage by appropriate reducing sgents, leads to a more
axtensive unfolding of the molecule which then becomss so distorted
that the secandary structure essantial for activity can no longer be
regenerated by simple dilution.

The work of Singer (73) demmstruted that there are a muber of
eulfhydryl groupe present in sweet potato Peamylase, and that upon intre~
molecular axidation of these groups to disulfide linkages, the activity
of the P-amylase was lost. Rows and Weill (96) showed that the inhibitimm
of B-extylass with ascorbic acid 1s non-competitive. These authors suggest
that ascorbic acid inddbition and its reverssl by cysteins shows that
ascorbic acid is acting by some mechanism other than a direct resctimm
with the essentinl sulfhydryl groups of the enzymd. From these investi-
gations it appears that 1) a msber of disulfide linkages are present
in B-amylase; 2) there are slso some sulfhydryl groups, and 3) reactim
of ane sulfhydryl group with Neethylmleimide is sufficient to completely
inhibit B-enylase activity,

Since the original approach to this prohiem did not give the resulis
hoped for, tlie nature of the active site of P-amylase coauld be investis
gated through the use of inhibitora. This type of approach has slready
been successfully carried at for a mmber of ensymes [phosphoglucamtase
{75), chymotrypein (76), throubin (77) snd papsin (100)].



Iv. SUMMRY

1. Under ordinary canditims for proteclysis, sweet potato P-emylase
showed a resistance to hydrolysis by trypsin, chymotrypsin pepsin and
subtilisin, as indicated by total retentiom of activity and no changes
in the electrophoretic pattern befors and after incubation with these
enxynes.

2. Papain degrades P-enylase rapidly to small fregments which do not
retain any amylolytic activity.

3. The action of carboxypeptidase on sweet potato P-amylase increages
the activity of the latter.

L. Sweet potato Pramylase is irreversibly dematured in 8 M urea.

5. In 8 Mures and in 6 M wrea pepsin degrades sweet potato f-amylase
as indicated by a rapid loss in activity, but no fragments possessing any
pamylase activity cculd be detected by paper electrophcresis axperiments.

6. No proteclysis by trypsin or chymotrypsin could be detected in
urea solutions.

7. A complete amino acid analywis of sweet potato P-amylase has been
performed. Seventsen amino acids are present. The results indicate a
high amount of glutamic and aspartic acid, equimolar amounts of glycine -
and alanine, and approximtely a two to me reatic of lewcine to isoleu-
cine. No tryptophan is present. Bmwmumtmmm«m
20 histidine residues are present per molecule of swest potato P-amylase.






8. The inhibiticn of swest potato Pamylase with E-ethylmleimide
iodoacetamide and p-chloramsrcuribesnscate has besn studied. A complete
inkibition of sweet potato f-amylase i cbtained with N-sthylmlsinide
in 107 X emmum, in 5 hours at which time cnly cne sulfhydryl

geoup Appears to have reacted.
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