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Abstract:

A pectin has been isolated from Ymer barley flour. It was found to be composed of galacturonic acids
linked a-1—4 with an apparent minimum chain length of 150 units as determined by periodate
oxidation. This polymer does not appear to be branched since methylation data failed to show any
branching points. Associated with it, is a glucan which, on the basis of periodate oxidation, appears to
have a chain length of 38 units and is linked a-1—3. This is the first time such a polymer has been
reported and the name, "nigeran", is suggested for this substance. This would replace the use of nigeran
for the alternating 1—3, 1—4 polymer.

Alpha and beta amylase were both found to be effective in hydrolyzing the glucan. This was an unusual
observation and warrants further study.
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ABSTRACT

A pectin has been isolated from Ymer barley flour. It was found to.
be composed of galacturonic acids linked a~1%4 with an apparent minimum
chain length of 150 units as determined by periodate oxidation. This
polymer does not appear to be branched since methylation data failed to
show any branching point5: Associated with it, is a glucan which, on the
basis of periodate oxidation, appears to have a chain length of 38 units
and is linked @-153, This is the first time such a polymer has been re-
ported and the name, '"nigeran', is suggested. for this substance. This
would replace the use of nigeran for the alternating 123, 134 polymer

nipha and, beta amylase were both found to be effective in hydrolyzing
the glucan. This was an unusual observatlon and warrants further study.
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INTRODUCTION

The cereal grain which is most common to the Pacific Northwest is
wheat. This is due to the relatively short growing period required and
the high net returns per acre obtained by the farmer.

Now, however, due to the enormous increase in‘the'pi@duction of wheat
that was brought about by World War II, the supply has overtaken the de-~
mand and a largevsufplus has resulted. JBecausg of this surplus, goverm-
mental restrictions have been made on wheat écréage and it is very likely
that many more acres will be removed from wheat production as a means of
bolstering wheat prices.

Barley is the cereal gréin best adapted to acreage removed from wheat
pr@@gction. Because much of the acreage that the. farmer once planted in
whééi'ﬁas now been planted in barley, there is a growing surplus of barley
in certain areas. This surplus will increase as more and more acreage is
diverted to barley.

In view of the impending barley surplus, a study was made to exploit
the commercial possibilities of barley (l). During the course of the in=-
vestigation, Imsande and Goering (2).f@ﬁmd approximately 1.5% of barléy
-flour was made up of a pectin ﬁol&m@r, Commexcial pectiﬁ is a valuable
compound selling at present for $l.§0 per pound apd which is in short
supply. The presenﬁ investigati@n\wés initiated to determinelﬁhe composi-
tion and: structure of the pectin isolated from ¥mer barley flour. The
de&el@pement of an economical process for the éxtracti@n of this pectin
from barley would constitute a substantial contribution to the utilization

of this grain for chemical purposes.
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" . There exists in nature several groups of polysaccharideé which are
more complex than starch or cellulose. They consist of more than one type
of sugar residue and fhé elucidation of their fine structure is dependent
on-the tbchniques developed for the invésqigation of starch and cellulosge.
:JSqﬁe examples of thée more complex palysaccharides are pecting, gums amd
‘mucilages. There are, hdwever, fuftﬁbr complications which arise from tﬁe
¢olloidal character of these polysacéharides and the close association, in
nature, with other carbohydrate materials. This resﬁlts in isolation and =
purification problefis. Pectin waé oné Of the first of this-tyﬁé of pol.hyf=
saccharide to be examinéd because of its rblétib& ease of isqlation,[ité
commercial value and it$ importance in plaht physiology (3).

- Pectin occurs in practically all §1aﬂt'materiéls, expecially in fruit’
and young plant tissues. It also has besh vepérted to occur in wood (4),
butfit must be understood that the general term "pectin'' is used to de-
scribe products which vary greatly in compositivn and possibly also in ~
chemical constitution (3).

All pecfius-isolatéd to date give, on hydrolysis, in various prop6r=
tiomé Learabinose, D-galactose, a%d D-galacturonic aci@ (5). In additiéﬁ;
D=xylose and L-fucose have been réported in certain pe¢£ins, but the
evidence is still somewhat conflictxmg (6)9 (7),5(8), (9)o (10),

Pectins occur natuxally in both soluble and Lnsoluble forms, Soluble
pectin occurs in plant juices and insdluble pectins tend to occur in thé
ére@n‘part-of plants, in fruit and in root crops (ll). This inSolubiliE?
is apparently due either to the presence of calcium or magnesiuﬂtor]mgause

it is combined with cellulose or some other insaluble p@lysaccharide 12y ..
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The soluble form of pectin-conSists,Ain vaiying ﬁe:centagés, bf the methyl
,ester of pectic. acid -togethex with an associated .galactan and araban.
The function of the ester group is uncertain-but it may be to prevent
undue acidity in the plant,

The role of pectin in plant physiology is still far from clear. It
.has been postulated to be a cementing agent to bind cells together. In
instances where these substances act as the principal binding agents,
their removal naturaiiy leads to the saﬁaration of the cellé. This is the
case when fruits or vegeﬁabies becomg-o%erripe and also when they are
degoﬁposed by microorganisms,?

Because of the apparent contradictions in the early literature;
‘Whistler and Smart (13), (14) have listed:some'définitioﬁs.for the clari-
fication of the noemenclature dealing with pectic sqbstaﬁcés. In brief, ..

the definitiens are:

Pectim-S@bstances, This is a grbup designation for those complex,
colloidél cgrbohydrate derivatives th@h occur -in or Sré prepared from
plants and contain a laxge proportion of anhydrogalacturonig acid units
which are thought to exist im a chainlike combinati@n, The carbpx&l-
groups oi pqugalacturonic aéids may’be partly eétg;ified‘?y wethyl groups
and pa;tl& or completely neﬁtialized by one or mor; bgsesoiﬂm; |
'ngtiq;,:Th@ general tefm "pectin' (or pectins) designates those
water sqldble polygalacturqnic aéids}@f varying methyl ester content
which are capable of forming“geis,with sugar and acid under suitaple.con=

ditions. They may also have other polysaccharides either chemically or

physically bonded to them.
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Pectic Acids. The term ”pecEic acids" is applied to pectic”subu

stances—mostiy comﬁOsed of colloidal polygalacturonic acids and essen-

tially free from methyl ester groups.
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EXPERTMENTAL

1. isolation qf Yme;'Barlgy cht@n;

,Yﬁer_barley fléurfvas gtirred in andaquéogs solugiop.of ammoqium
oxglate%oxalic acid (0.25% pf.gach)‘;p 7590 for one and one-half hours (15).
Ansg;idgliqu%d ra;io.dfll:iQ was used. The ggtrfcgs“wgre:pgmoved~?y_fil~
tration through folded cheesecloth folloved by centrifugation to remove
thgmsma}lgfdsoi@QS,.'Ihg addiﬁiqn o?'two voluxpes-_of,_ethaz}c_al9 acidified'
with'5 ml,'of concgn;ra?gd hy@%ochloric acid per léter,“tp tyg.fi}trate.
breought about the precipitat;on of the gela;ipous pegt?n ma;eria}, vThe‘
prégipipation procedure was repeatgd“three times grluntil‘no"more ethanol
insolmb}g materia} cou}d belobt‘:ained° ?he pH of_the gxtgacts.ranggd from
3.6 to 4,0, The precipi;a;eq pectin t,\'ras'fi_]tter_e.d,J with suction, on Wh;tb
man No. 1 paper, washed severaiitimgs with ephanol and thep with ether,
and dried under vacuum. The dfied powder, approximately 1.3% of the orig-=
inal by weight,_wgs'q;alyzedlagﬁipst runnipg_tap water for 24 hou;s; The
m@q~dialyg§ble_prodgct_wgs'sppttgd on-WPatman No. 1 paper and using t@o
§§pgxa@e_solven; systems, i.e., n=bu§anol:pyridine;water (3:2:1,5) and
isqpropamql;gyfidime:water:aéetic acid (8:8:4:1), showed no fﬁee éugars or
uronic acids.  _

Ymex bariey flour was also extracted in an aqueous solution of 0.47
hX@?OQh}OF?F.?Cid for 1.5 hours at 80°C (16). The pH range for the- extrac=
tion was between 2,3 and 2.6. A solid:liquid ratio of 1:10 was used,? The
extracts were filtered through folded cheeseéloth.éollowed by ceﬁtrff@ga=

tion to remove the smaller solids. The addition of ethancl brought about

the precipitation of the gelatinous material. The precipitation procedure
' ]

~
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was carried out three times or until no more ethanol'igsolgblg,matgrial
coqld be obtained. The precipitated materigl vas treated as“;n_;heAQmTo=
nium oxalate extraction and was.chromatographed using_t@e same solvents
@nd techniques. Again no free sugars or urcnic acids could be deterr_n';i.ned°

2. Preliminary Examination.

All of the preliminary examinations:were made using #he.precip;;a;ed
material from both the ammonium oxalate extraction.aﬁd the 6,4% hydrochle-=
ric acid extraction.

The dialyzed residues were checked several timeé'ior gulfur,_nitrogen,
bromine, iodine, and chlorine using the sodium fusion. method (17),“A$he
results in all tridls were negative,

The pectin gave the characteristic uronic écid color reaction, a deep
bluelco;or, with su}furic acid and carbazplg (18)9 (19) . This test can_
also be used to distinguish between glucuroenic ;nd galagggronic_acids @9w=
-ever, in this work it was used only as a qualitative test. This was due
to the fact that the original pelymer was very unstable to heat and acid
8o that checks were made periodicélly te be sure that the éolymer had not
decarboxylated. .

The pdkymer, suspected of being a true pectin, was treated with an

aqueous, .1% hydrochloric acid solution at 90°C for thrée‘hours to bring
about hydrolysis of the araban port;on qflthé‘pectin (20), The material
was filtered pecause;of the insolubility of the ¥Ymerx peétin and the fil-~
trate was subjected to further hydrolysis with 6 N hydfochlqric'acid at

90°¢" for two hours. The solution was then evaporated to dryness under N

vacuum and chromatogréphed using the same solvents as beforegh Only:
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glucose was found on the chromatogram,

f

Another experiment using acid hydrolysis was tr;ed to see if the
."pectic,trigd", which supposedly-gonsists of'galactap, ai;aban3 gnq a pq}ym
.éalacturon?g ac:‘.d9 could .be detected (21). Ihegmaterial-was tgéfted with
3N splfﬁriq acid at 80°C for two hours. During the initial phasé_ofzﬁ%e
tréatmentla—large amount of gas was liberated. At the end of fhe ;w§{
hours the solut%on was cooled and the sulfate ions were ﬁrecipitateq_églz~:
the barium salt., The solutidén was then filtered and the filtrate:%as“
evaporated to dryness under vacuum. The residue Wwas chrométographed as.
before ana only one spot was found to be préséqé, With the use of known
sugars and the color spray reagent, CD-1 (22) the épot_wés identifiéd as
glucose, Since a milder hydrolysis might give somthing other than glu="
cose, the 3 N sulfuric acid hydrolysis was repeated this time keeping it
ét room temperature for two hours. With the same procedure as before two
spots were Qetected; one being gluc@ée and the other,-not immédiately id@¥=
tified, having a Rf of 0,52, |

Since the evolution ef gas and the pbsitive carbazole reaction indi-

cated the presence of an uronic acid, an enzymatic hydrolysis using the

. N

enzyme pectinase was attempted. The pectinase enzyme is supposedly speéi?
fic for the a-1¥4 link in a linear polymer of galacturonié acid units., (23)
Samples were withdrawn at various time intervals aqd checked for free gél=:
acturonic acid. No ﬁrée acidlwaé obtained even when the enzyme ﬁQS'aiIQQ«
ed to act for 48‘ﬁours:

In the structural classification of a polymer one of the simplest’énd

most reliable tests is that of film formation. One spread an aqueous
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solution'of the maferial on a glass plate and allows it to air dry. If
the film is brittle, a highly branched polymer is indicated. ;i a strong
pliable film is form, a linear ome is indicated. All film tests made on
the pectin gave very strong films,

Duriné the preliminary examination  for e;gments it was noticed that ,
a flame test gave a reddish-yellow colorx, indicating,the presence of_calu
cium. A quantitative determination of calcium was run using a Perkin=
elmer flame photometér. A small amount, (0.2 gm), of the pglymer_was "wet
asheda using concentrated nitric acid and perch}oric acid (3:2 v/v). Ihe
material was taken to incipient drynéss and then diluted to 1Q'm}, The
diluted material showed that the original polymer had a calc;um percentage
of 0,75%. This could account for the rather high.degree of insolubility

that was encountered when working with the polymer.

3. Determination of a One Component Systemi

Glucose is not normally  -found as a hydrolysis product ofip;ctiqs.”
Therefore, since glucose was recovered from this.?olymer éfter‘yydrq;yzing
with sulfuric acid, it was assumed that ;he glucose may haye been bognd,
either chemically or physically, to the main chain or théﬁfé'glqgan may
have been as§ociated with the main chain which would make it éppear as 1if
it were a oﬁe égﬁéonent system.,

Using a Spin;o Electrophoresis dello Model R-Series'B,Durrum Type,
with a Spinco Duostat regulated B.C, power supply at 350 volts and ‘10 ma.,
the pectin was checked for migration iﬂ;a pH 3.5 0.02 M citric acid-

trisodium citrate buffer. Different strips were removed every hour up to

six hours when maximum migration was reached. The paper was air dried and
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sprayed with CD=1 déveloper. Only one band wés de;ected.indicatipg the
presence of only one polymer. If the glucose were present as a po}ymgr
it must be e;ther chemically bqﬁdéaut@:?he main chain or'strqngly:pyiéi;'
cally bondgd to the mgin chain, :It is‘pdssiblé, of course, tﬁat two éolym
mers with acid grouPS‘dpuldzmiérgte at the same rate.

In line with the secon& assumptions i.e., that the glucose wgs“either
chemically or physically ﬁoﬁded to the main chain, an attempt to separate
the glucose was made usihélglNagda Series 600 Sqnblasﬁér (245.'-Thé’po;y=
mer itself is highly insoluble in water, however,- glucose is solublngné
it was felt that ahy glucose sepa;ated_éSuld be.isolated in the water.

The sample was left in the bath from 0 to 360 minutes, varying the bath
temperature from 490 to 40°C. The samples were centrifuged to:remdve thg
polyger and the supernétant 1iqﬁid was evaporated under vacpum;'.$he evap-=
Qrati@n gave no visible residue and chromatography showed no free_sugars
or uronic acids. " ‘

4, QuantitativgJDetermimation of Carbon Dioxide.

McCready «.:%t._al° (25) havé'developea a technique for the detgrm;nation
of carbon dioxide\froﬁ uronic acid polymeré. The method and & brief de-
scription of their apparatus ié as follows:

Air, the carrier gasglpassés through an Ascarite or soda 1im§ co}umn
which removes traces of carbon'dioxide. A mercury valve allows the gas to
pass in one ditect@on through the appa®atus. This valve is connected
through a gide tuBe to a reaction flask by nieans of a rubber connector.

The reaction flask is immerséd in an oil bath which is kept at 145°C.

From the reaction flask the carrier gas passes upward through a refluz
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condenser, thrbugh.a trap con;gining 25 grams of‘gggnulgted zinc_o; tin,
and finally into the absorption fla;ki An absorptipn towetr is connected
to the flask and has a bulb of app?oximately 100 ml. caégcity to serve as
a trap to prevent the possible loss of alkali by foa@ing. The carriex
gas passes from the tower assembly to a soda 1ime'tower. This is connect=
ed to a water pump which causes thqyair to be swept through the assembly
during the heating period. '

A 250 mg, sample .of pectin was placed in ‘the feacgion flask. Thirty
milliliters of 19% hydrochloric acid and a small boiling tube were added.
A stream of carbon dioxide-free air was drawn through the reaqt;on flask
and reflux é&ndenser)to remove traces of carbon dioxidg befofebthe4ahsorp=
tion tower was attached, The'flask and tower were swept freevéf carbon
dioxide and 25 ml, of 0.25 N sodium hydroxide and 5 drops of butgnélflv
were added to the absoxrption tower. The oil bath, previously brought to
145°C was put into ppsitioﬁ so that the level of the oil bath was apgrpxi=
mately 1 to 2 mm. below the level of the liquid in the reacti&n flask.
After the initial evolution of gas had ceased the system was:swept by the
use of gﬁ aspirator and the heating of the reaction was éontinggd qu 1.5

.hoursﬁ The absorption flask and tower were then disconnected from thg_
apparatus and the alkali was washedkddwn fromﬂthe tower into the absorp=-
tion flask. |

Ten:g@lliliters of 10% barium chloride dihydrate solution and two
drops_of”phenolphthalein indicator were added to the absorp;}on flask and

i

the excess alkali‘preSent was titrated with 0.100 N hydrochloric acid. A

control standardization was run with each different trial.
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McCready found a carbon di@#ide percentage of 20.8 using a gu$ified
citrus pectin as his source of carbon dioxide. The Ymer'barley pectin had
a carbon dioxide content of 18.8%. This figure is an average of six runs.
Maximum variance in the trials was 0:2%.

5. Beta Amylase Action on ¥Ymer Ba:ley Pectin.,

Duripg the preliminary iﬁvegtigation, it was observed that a large .
amount of glucose was liberated bf aci@ hydrolysig° .Therriginal material
was tested ﬁith.an iodine solution to see if it wou}d give the qharagtg?f
istic starch color. Tﬁe color produced was a very pale blug which is not
that obtained from starch. (26)

Beta amylase hydrolyzes starch'ffom the nonuééducing end and is
unable to. break the a=136 Iinkages thus a fairly large polymer remains
which is known as a'"beéa:limit dextrin". The dextrin is large enough to
produce the deep pufple.cglor-with iodine. When ¥Ymer barley pectin is hyw
drolyzed with beta amylase the fesidue fails to givéiany color with iodine, ;
indicating that the chain length is less than 4 - 6 units. (27).

The pectin was incubated with beta amylase at 30°C at a pH of,4?4‘for
8 hours., At the end of this time the enzymé~was destroyed and the solu-
tion was centrifuged to remove the "beta limit dextrin". _The supernatant
liquid was evaperated té dryness under vacuum and chromatographed as be-
fore., Only one spot couyg bg detected on the chromatogram., This had an
Rf of 0.52, whi;h cqrfespghdéd to the spot observed in the preliminary
work., The Rg was 0.80 using the Rf of glucose as 0.65., The Rg is defined

as the Rf of any sugar divided by the Rf of glucose. Known samples of

maltose and isomaltese were then spotted along with the unknown and failed
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to give either the correct Rf or color when developed. The Rf values and .
colors were: maltose 0.49, brown; isomaltose 0.34, g;een-brown; ﬁﬁgnqwm.
0,52, grey=brown. A reproduction of this chromatogram is giv¢n~igté%;uféﬂ@

Since the only know product of beta amylase hydrolysis is maltosé :
there was some doubt that these results represented-beta amylase action.
Therefore, a contreol was run on amylose and amylopectin using the same
conditions. The isolation and identification of.;he_hydrp;ysis products
was conducted as before. Amylopectin gave only maltose, amylose gave mal-
tose and longer chain polysaccharides.

Inactivation of the beta amylése was tried using tempexature-anq pH
variance (28), (29). For the pH inactivatioﬁ the beta éﬁ&lgge was incu=
bated in a series ranging from pH 3.4 to pH 6.1 for l‘hour'at_room>t§m=
perature, The pectin and the starch control solutions were held a; pH_
4.4 and 0.5 ml. aliquot of the acid treated beta amylase was added. Incu-

bation was for 3 minutes at 20°C and was stopped by the addition of the

.3,5 dinitrosalicylic dtid reagent (30). All determinations were made on

a Beckman Model B Spectrophotometer at 540 mu.- The results of this tria}
are shown in ¥Figure 2. Although the total amount of maltose released from
starch was approximately 100 mg. more ;ﬁaﬁ*the_unknqwn #eleased from the
¥mer barley polymer, the shape of the cuxrve for both substrates was the
same and both had a maximum activity:at pH 4.4.

The qécond study was made by inéreasiﬁg the'temperature'yhile main=
taining the pH at 4.4. The temperature was varied from 20°C ﬁé’7o°c and

the time of incubation was held constant for 10 minutes. The resulté of

this study are shown in Figuwe 3. The shape of the curve agéﬁﬁAfoiloWed
1 . AN
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Figure 1. A comparison of the unknown sugar, recovered from beta amylase
action, with maltose and isomaltose.
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that of the ste;ch'coutrpl. It_was.oheerved that the activity on both
substrates increaged'f;om 209C.to 349? where it reached a mlgimum and then'"
rapidly fell off. This suggested that the Ymer barley pectin wae‘ﬁ&&%o:‘
lyzed by.beta amylase and that the hyurolysis is not due to a eeﬁt?ml=_
nating enzyme system,’

The results shown in Figures 2 and 3-were reproducible.

6. Ideutification‘of the Unknown Disaccharide as Nigeroeé.

’From‘the data presented in Figure 1 the assumption was made that the
unknowu sugar was a disabbharide. The unknewn~sugar waeuhydrelg;ed Wlth__
acid and chromatographed as before, _Acld.hydrolysls indicated .the unknown
disaccharide to te composed of glucose since this was the only sugar ob-
tained from the hydrolysate.

In 1914 Dox and Niedig (31) regprted isolating a.polygluepsen,

"mycodextran", from Penicillium ggpansum. A similar polysgcchetide was

isolated by Dox (32) from Asperglllus niger. Barker, Bourne, and Stécy

(33) reported isolating a polyglucosan, probably identlcal tbltﬁose R

tione& by'nox, whrch had: been synthesrzed‘ftom sucrdse.by AsEerglllus

E&ggg. The structure. of the polysaccharide has been shown 6 be made up
"{of glucose units in which the links are alternating a=133 and’ a=1%4, Hy-

drolysis of the polySaccharide yielded as .one of the products9 an unknown

disaccharide which was classified as two glucose units 301ned a=1%3

Barker suggested the name "nigerose for the dlsaccharlde and all refex-

‘ences- to the Ymer dlsaccharide will be as nigerose,

After therdisaccharide-has been clasgified by Barker to be an G=133

linkage many workers reported on this,sugar; Pazur et. al. (34) reported
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that the nigerose phenylosazone gave a melting point of ZOQ?GféOSOC, The
phenylosazone of the errmba;lgy d@sa@chariéé wag'made foll§wing the work
of Pazur and gave a melting point of 203°¢-205°C, J

Dr. Wolfrom and Dx. Thompson were kind enougﬁ‘to send a sg@plg of
B-nigerose octgaceta;e.‘ fhe.Ymer disaccheride was acetylated to form the
acetate derivative for a mixed melting point deﬁermina@ioqol The fgllowing
procedure was folléﬁed in order_to obtain the beta‘deriya;ive.(ss}? One
grem of the disaccharide, 0.5 gram of sodium acetate, and 19 m}, of acetic
anhydride were refluxed for 10 minutes and evapp;atedntoldgynggs_;o remove
most of the acetic acid and the acepi@ anhydride, The darkmcoléréd re= |
sidue was purified by removing the sodium acetate by reggatgd e%trégtioq
with warm water and finally taking up the xesidug in abso}utg chqhglhaqd
heating with charcoal. After récrystallization from hot alcohol the melt-
ing point was 151°-152°C, Mixed melting point was 151°C=153°.

Charlson and Perlin {36) have shown that @xida;ion7§¥£@ éead tetra-
acetate, of a rgdﬁcing diséécharide havﬁng a 1§3 linkage ﬁetween tﬁgmﬁwo
residues in which the reducing moiety is glucose, pradu@@@hnuarabinose.
F@pm‘thé data observed in Figure 1 it was apparent thgf'ﬁge unknown disac=‘
charide gf@m Ymer barley was not an @=134 or an @-136 linkage, hbweve%,
it was not known if it contained an d<1s2 or an G-123 linkage. FeiqgoldD

Neufeld, and Hassid (37) working with the B-1+93 linked gluqan extracted

from Phaseolus -aureus also determined the presence of the 133 link. Their

Vv

method was used for. this determination, however, the concéntrations were

increased 100 fold so that the products could be detected on chromatograms.

One hundred mg. of the disaccharide was added to 1 ml., of water: and




the mixture diLuted to 10_m1, with glagial acetic acid, The solqtion con-
taining the disaccharide material was oxidized with 500'mg. of }gad tetra=
acetate dissolved in 40 ml., of glacial acgtic acid, _?he rgagt;on.wag g;;
lowed to proceed for 10 minutes at-ZSOQ and then stopped by the ad@itipg
of 20_mlw'®f glacial acetiénacig con@aining ?09”m3° of oxalic acid?“rhe
precipitate which formed was discgrded, the supernatant liquid gilqud
with 150 ml. df wager and shakenlwith ZQ grams gf Dowegl59|§acid fo;m) to
remove residual lead ions. The reaction mixture was concentrated to d;y=
ness in a vacuum desiccator, taken up in 50 ml,  of 1 N hydrquloric“a€;4?
held at 100°C for 30 minutes, and aggin“conpgn;rated to dryness. ‘ih@_reéw
idue was chroﬁatographed as before and two spots, glﬁcpSe a@d.arabinase
were detected.

7. Alpha Amylase Action on Ymer Barley Pectin.

The normal products éf‘alpha amylase action en starchMagglglug@sg,
maltos€ and some longer branched fragments. Ymer barley pectin was incu-
bated with alpha amylase, pH 4.4, for 8 hours at_30°Co The residue :@n

maining, for want of a better name, was called an "alpha limit dextrin".

The enzyme was removed by precipitation with 20% trichloroacetic acid and

the supernatant liquid was evaporated to dryness under vacuum, Thg:matf
erial was then chromatographed as before and identified by using known
"sugars as controls. The enly sugar found to be present was glucqse, Ac=
gording to current concepts of alpha amylase action these results Qere not

expected. Therefore, a.control was run using amylose and amylopectin with

the alpha amylase under the same conditicns. Only glucose, maltose and

longer chain polysaccharides were obtai@ed;from botk amylose and

S




amylopectin,

The fact that oqu_gluppsg was'pbtained from,thg‘agt§on"qf“a;ghaI_
amylase on the pegtin_éolymer sugges?edﬂthat it m%ghtmbg of interest to
try the hydrolysis of nigeroée with'th;s en;ym@,lgiqu this sugar was
formgd by betg amylase action on the origina}mgater;a;mand thrgfggg:thié
@=133 link must be hyd?blyzed by:alpha amylase. “G}ucogg'waguthé only
sugar obtained from this gxpérimgn;. _Ihigma}gq Was_g.sggprisipgayesp};
because maltose, which has an a¢-1+4 link is not hydrolyzed by alpha amy-
lase as shown in Table I. A study was made as to‘the effect of pH, tem-
perature and mercuric phloridg on the abi;ityvgf a}ghg ggxygsg.to der07
lyze nigerose, Beta treated s;arch (38) was used as a coptrol. Ihe tem-=
perature and pH experiments were carrie@nout‘ag'inisection'ﬁ exggptkth;t
the time of incubation in the temperature experiment was g@r 4 pou¥s iﬁ?
stead of 10 minutes. The results of'thesg_experi@eqqs-aye :g@o:;ed in .
Figures 4 and 5. The inactivation of alpha amylasg by_tbg use of_megcufic
chloride was determined using tge method of Underkofley and Roy {39).
They have shown that a comcentrdtion of 1 mg; of mercuric chloride/ml.
tompletely inactivates alpha ‘amylase, The enzyme was incubated with in-
cfeasiug concentrations of mercuric th@r%de for 4 hours at room tempera-
ture. The results are reported in Figure 6.

With the use of an aipha amylase coécentrate purchased from National
Biechemic4l Corperation a purification experiment (39) was carried out us-
ing nigerose and beta treated starch as substrates. The results of this

experiment are presented in Figure 7.

Maltose and nigerose were incubated with the alpha-gmylase,ipﬂ bob,
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for §_h9urs at;BO@C (30): From this data Which is ;eportedlin'Tablg.I, it
is apparent that therxe is a definite diffefence in the action of alpha
amylase on these two substrates., |

Nigerose was also incubated with salivary gmylage in a phosphate
buffer at pH 7. Pazur, French, and Knapp (40) hayg shownughaF‘;herg is
ligtle or no maltaée activity at éhis PH so that any glucose produced
would not be the result of the enzyme maltase., After 8 hoﬁrs, complete
hydrolysiS';o glucose was obtained.

In order to check for other enzymes whiqh may have been preseq;:§§_
impurities in the élpha dmylase, maltose, isgmalppgeg“a=me§hy1=p=glqugide,

gentiobiose, melezitose, turanose and nigerose were incubated with alpha

amylase for 8 hours. Only.in.the case of nigerose cpuld~§ny_hydrqusi$‘be
measured. This was of.iﬁteresi because turanose and melezitose both have
an abl@3'}inkagg although the hexose moieties are different from that
found in nige;ose. Turanose is 3wd=G=D=G1ucopyranosy1@D=frgctosg‘while
melezitose is 0=G3D=Glucopyranosy1=(193)f@éB=D=frqctofuraqqsyL=(2%1)=Q=Df
glucopyranoside. This rgsult should be ﬁo:é,thoroughly inygs;igated as it
might shed some light on. this mechanism. .The sample of ﬁwnigerose‘ggtaf
acetate received from Drs. Wolfrom and Thompson was geacetylatgq usiqgfthe
method of Schultz and Wagner~(4l), The residue was put with alpha amylase
and again complete hydrolysis to glucose was observed.

From these results it can be concluded that either crystalline alpha
amylase can hYd;olyge the G=1e3 linkage present in nigerose or that a new

enzyme, "nigerosén; is present as an impurity in the alpha amylase, Howw

ever, it is more probable that alpha amylase hydrolyzes the a-133 linkage.
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4,2
4.4
4.6
4.8

6.1

TABLE I

Action of Alpha Amylase on Maltosé and Nigerose

uM of Glucose Produced

‘Maltose .. Nigerose¥*
0 3.32
0 ‘ 6.10
0 8.90
0 6.10
0 4.70‘
0 1.39

% Conversion of Nigerose
to Glucose

35.5
65.2
95.1

65.2
50,2

14,9

#100% conversion. of n;gefése used would yield 9.36 uﬁ.df glucose
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An equimolar mixture of mal;ﬁse and nigerosge was incubated with alpha
amyLasgffo?_thquré.ag 309@} The resuiting solqtion was phromagqugpﬁed
as bef@re and-gnlylmaltqse and glucose‘were found. This would indicate
that maltose does not inhibit the hydrolysis of nigerose. A mixture of
nigerose and beta treated starch wgs“also incubated with alpha amylase.
Using a starch control, the dextrinizing Fim§"w§§ 15 minutes. When the
nigerose was added thg'iime was still'lﬁ minutes{HNThi§'was done to find
out whether the nigerose would inhib;t_theAhyd;olygis of starch. Eurthe?
work should be done in'éhis'area to find out if starch inhibits thé;hy«
drolysis 'of'niger_ose°

8. Identification of the Glucan,

Acid hydrolysis of the origiqal Ymer_ba;ley pectin, fgllowed_by_ch;ow
matographic separation and elution, gave a‘tota} glucose content of 207%.

During the course of the work with alpha amylase it was noticed that_
limited action, 10-15 minutes, on the Ymer barley pectin gave rather large
fragments which were observed when the chromatogram was descended 3-4
times. Therefore, it was decided to elute these fragmeﬁts to see if a
determination of linkages could be made, Since beta amylase gave nigerose
as the only product and because the only known polymer (33) containing
nigerose was made up of alternating alpha 123 and 1+4 links, it was
assumed that the glucan from Ymer barley pectin was made up in a similar
manner., If this was true, .after treatment with periodic acid, the residue
should contain approximately 507 of the. original glucose. However, if the
polymer was all 1+3 liskages, -all of the glucose:WDuid.be“xecbvered, ex=-

cept the molecule on each end of the chéim which would be oxzidized under




these conditiqqé. _
The origiqal‘Yme; barley pectin was ;gcubgted with_alphaia@y}asés_gﬂ
494; at_SOOC.fox‘S minutes. _Ihg incubation time was kept as short as pos=
sible so thag'onLy a small amount of é;ucoge would be produced and sothat
the larges; pqgsible fragment of the glucan cquld bg_§§olated, - Twenty
percen; trichloroage;ic acid was then addedﬂ?g precip%ta;e the enzyme gnd
the supernatant liquid was §rigd undgr vacuum; The bo;ymerlwas‘sgpargted
by paper chromatography using 3 descgnts. iny~one deteq;gble @gnd.apé.
peared along with a trace of glpcoseﬂ The polymer was glu;ed with water
and the resulting dolugion dividgd %n;o“thrge parts. All th;ee were sqbw
jected to periodic oxidation using the method of Baddilgy, Bufhanap, and
Szabo' (42). Two of the fractions were titrated with 0.0i N sodium hy-
droxide. According to Potter and Hassis (43), a good gpproximgtiop of‘the
chain iength of a linear polymér is possible if 3 moles of formic agig‘are
producgd per chain., The two fractiens gave a chaiq.legéth of 1? PPiF§°
The third sample was dialyzed, hydrolyzed and the hydrolyzaté_ch;omatqa
graphed as bgfore. The glucose was eluted, dried under vaeuum;and.veighed.
Assuming the 19 unit figure t§ be correct, the total amount of giucose
prodﬁced after hydrolysis would be 17 units, if it was a 123 polymer. If
it was an alternating 123, 194 polymer then é=9 units of glucose should be
recovered depending upon which link came first at the non-reducing end.
Since 95.68% of the theoratical yield for 17 glucose units was re-

covered, it was apparent that the glucan was composed of 133 linkages.

The action of alpha amylase confirmed this observation. If the glucan

contained alternating 153, 1%4 links maltose should have;béen detected in




the finallp_roductsu

The infrared spectra of this alpha fragment is presented in Figure 8.

9. The Iden;ifi;atiog of the "Alpha Limit Dextrin'.

After the agt%Qn_of-a}pha amylasg 6n thé'priginal unknown Ymer bar-
ley pectin it was notices that'a definite res;dug remained.

A very strong pliable film was formed from this residue indicating
a linear molecule, #

The residue gave a positive 9a;bazo¥e§sulfuri§‘gcid reaction %nﬁicat=
ing urogic acids, thégeforef_a qgrbon d?ogidé ana1y§is was ruq‘qnhghis
fraction. The percent carbon diqgidg fgund Was:}Q.Z? 4ccord§ng‘to. o
McCready the theoretical yield for pectic acid is 19.8%. Pure galac-
turonic acid would give 25% carbon dioxide, McCready's value is based
on the number of methoxy groups present in the polymer, the'agsumptipp
that the acids are all in the monohydratexform, and that th presence of
i;organic ions causgd the deviation from the percentage fognd in pure ggla
acturonic acid. Tﬂe "alpha residue' was found to have 0.94% cglcium, 2?2%
methoxy groups (44), 22 glucese, which was obtained by mild‘acid hydrolyf
sis, and also water, Assuming that the acids are in the monohydrate form,
the percentage carbon dioxi&e was found to'vary only 3.6% from theory.

The residue, after the removal of the residual glucose,-&as analyzed
on,a Beckman<IR4 Infrared Spectrophotometer. = The spectra gave a definite
indication of carboxylagppups by the absorbance at 1710 em™Ll, * A known
pectic acid was analysed in.the same manner and gave a spectra t@at was
very similar to that of the alpha residue. ‘Iﬁé result of these analyses

is presented in Figures 9 and 10,
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Figure 8. Infrared spectrum of acetylated nigran (KBr pellet)
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 Because of the similarity of the infrared sggc;ia the residue was
then ipcubated With'ggctinase, Wbichlbad failed‘to‘hyd;elygg the oriéinall
pectin in_the'p;elimiﬁary investigation. The hydrolysis product was ident-
ified by papex chromatography and'the only‘prodgct present wg;»galag;uronié
acid. This indicated that the residue is méde up of a=124 ljl.nkages° This
would indicate that the glucan, present in the origiﬁaltYmér ba;ley poly;
mer»-inhibited the hydrolysis of the galacturonic acid Qolymer,> |
The residue, without.glucoge% Qas subjected’to'pericdicmaci§:Qxidaﬂ
tion (42). A 0.5 gram sample was tHérodghly dispersed in a phosphate buf=
fen af.pH 1 énd 0.1 N sééi&m periodgtq was added. }Tﬁg_samples weﬁe allow=l
ed:tolreact for 5 days at room tegperéture in the dérk.‘ Aé,the end_of
this time the excess periodate wasideétﬁoyed by the éd&it§qn of ethylegg
glycol, Blank determinations were‘méde on allJ;:ié1$; Using the method
of Potfer and'Hassid (43) an attempf:was made tqles;imate_the ééain lgngth,.
The results of this were vefy confﬁéing giving‘valﬁéé-of 2609 407, and 606
‘#nits3respective1yq | i |
“The decérboxylated residue éftéf-the|removal of gluc@se.wgs‘?gain
subjected to an end group detexmina?ibn uéing so&iym pgriodate° The re-
sults of three triald gave chain. lengths of 149, 149 and 151, If this can
be considered a minimum ¢hain length then with the 20% glucose added it
would give a minimufn 1ength of 187 unlts if the glucan and the uronic acid
pulymer are chemlcally linked. - . |
o When the decarboxylated residue was dried under vacuuﬁ all attempts to
gét'itibﬁck'into solution failed.. ALl awailable_solvgnté Werg tried. with

this residue. When galacturonic acid is decarboxylétéd thé‘prodﬁCt is.
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arabinose. ‘A hydrqus%ﬁ of th araban_was attempted by the use of. concen-
trated sulfuric acid_fb# thpgrs at 80°C., _The opiy_gggar found wgg'aﬁa;'
binose aﬁd this was present only in very small amounts. . The_difficglty:§f
'.hydrolys;s;and solubility ofi;his.graban.shqqldfyg invggqiggted;further in
view of the ease of hydrolysis of tpe arabang ;gpértgq’;n‘Ehe'lgpe:apgye?‘V
This is probably because it exists in the pyran@se form, The.alppa.;e§i4ug
was subjected to a méthylation study (45)Ato-detérmine the linkage present.

Three_grams of the alpha residue were methylated with dimethyl sng
fate -and 407 sodium hydroxide. This procedure was repeated 4 times and
eéch methylated product was extracted wiﬁﬁ methanol to remove the neutral
polysaccharides. After the fou;tb methylation the matgrial_wég;dissqlved
in water and reflu#ed with methyl iodide contaiping'Si fethanol. Silye?
oxide (];5‘grams) was added over a 4 hou;_period and the'refluging was
continued anotﬂer 4 hours. Tﬁe product was passed through a column of
Dowex 50 (acid foru& to removg'any cations and the resulting_§ciqﬂﬁas ex-=
tfac?ed.ﬁith acetone and ethanol and hydrolyzed with 1 N hydrochleric
acid for 5 heurs, The hydrolyzate was evéporated undeﬁ‘yacuum which
-y%elded a syrupy mixture of sugars. The resqlting chrqmatqg:agh.showed
'3\dis;inct spots which were identified by their Rf and Rg valug§, The
third spot was paced.on the chromatogram purposely for the_identification
of the methylated uronic acids. The three compnnents wexe the 2,3,4 txi?
methyl galacturonic acid (46), the 2,3 &imetpyl gglacguronic acid (46)
and the 2,3,4,6 tetramethyl glucose (47), which was used for idgq;ifggau
tion of the other two. The results of this experiment are présgntéé in

Figure 11 and would indicate that the uronic acid pelymer is a chain of

141108
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Tetramethyl galacturonic acid 75D

J

Tetramethyl glucose

Figure 11. Chromatogram of the methylated uronic acids in the alpha
residue.
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1-4 linked residues,

The_decarbéxylated residue was gubjegted_toumethylati;n-withougIthe
- rempval of the 27 g@yqose~that repained with the chain, This wgsldone in
order to obtain the 2,3,4,6 tetraméthyl glucose which could Ee used as
the reference spot. The methylated sugars present were the 2;3,4,tri-
mephyl araginose, the 2,3 dimethyl arabincse (47) along wiph the refe;-
ence spot, The results of this experiment are.presgnted in Fi’.gm:e_].zl°
This would indicate that the decarboxylated residue is alSO‘ﬁade.up of
1<4 linkages.

10, The Structure of Ymer Barley Pectin.

The original pectin poiyme: was subjected to_methy;ation in order
to determine the linkage between the glugan and the uronic acid polymer.
The methylated sugars isolated were.the 2,3,4 trin@ethyl galacturonic
acid, the 2,3 dimethyl galacturonic acid, the 2,3,4,6_t§tramgth¥1 g!pd@sg,
and the 2,4,6 trimethyl glucose (48). This data confirms the assumptions
made earlier., The uronic acids are linked through the 14 position,'and
the glucan is linked through the 1%3 position. However, ﬁﬁerg was no
evidence of a monomethylatedluronic acid; Lt éan'be assumed then that
the bond existing between the uronic acid polymer and the éluéan is not
a chemical bond. Separation of the glucan was atpémpted by refluxing ;he_
original pectin with absolute alcohol for 2 hours. The residue was centri-
fuged and the supernatant liquid evaporatéd under vacuum, The prqducﬁ of
this extraction was hydrolyzed with:4% hydrochloric acid for 2 hours at

70°C. The hydrolyzate was chromatographed as before and the only glucose

was isolated. - The Ymer pectin was placed in an 8 m urea solution (49) in
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Figure 12, Chromatogram of the methylated arabinose units in the decar-
boxylated alpha residue.
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crder to separate the glucan from the gron;c aciq pgly@@:f_ The“so}uq;gn_
-was left at room temperature for 5 hours and then dialyzed. The dialyzate
. was centrifuged and thg supernatant liquid dried ug@gr vacuum, ‘The.?gsi:
due was chromatographed and no glucpsé'éoqld_be deggcted. The residuen
was then hydrolyzed with 47 hydroéQIGéic acid for 2 hours a§_70°C._~Th§'
hydroiyzate was chromatqgraph;d énd only glucose was -isolatéd. .This @qy}@

seem to indicate‘that the glucan can be extracted in both of these manners,

however, the yileld is very poor. Further study may give a more practical
way to isolate the‘glucan° o : 
Thereforeq from the available data,.it’Wong appear gha; tye'utggic
acids are linked through the ls4 position and ;ha; tbe glucan is l;nkgd
through the 123 positions. However, the glgcan is not_chemigally bound
to the uronic acid polymer. Assuming the uromic gcié'polymgr to pe_sim%ﬁ
lar to pectic acid, Whistler and Smart (50) ha?g stated tba; the repeating
unit in pectic acid is composed of 3hgal§cturoq¥c acid rgsiduesﬁ _This
would give a'linear length of 50 units if the p@}ymg; can bg gqqsédeﬁeq )
to be 150 units., This would correspond very close to the 40 units in the
glucan. Two possible structures can account for this data., They are
presented in Figure 13. Both structures are feasible, howéver, (a) would

appear to be the one that would account foxr the action of both alpha ard

beta amylase,
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(a) (b)

Figure 13. Two possibilities for the Ymer barley polymer. The helical
structure would contain 150 galacturonic acid units, while the arrows
represent approximately 40 glucose units.
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QONCLUSIONS

A pectin has bgen isolated from barley floyr b?rtwo ﬁifferent methods,
The pectin has_assgciated with it, a glucap, to the amount of about
20%, which isilinked'thrdugh the g-123 pos#fidnsq From the data avail-
able it would appear that the glucan contains 38 élucose units,
Tpe glucan was isolated by the action of ;lphg aﬁylasé‘bﬁ the driginal
material. It prové& to be an a=133 linked pélymér as“a‘fesult“bf
periodate studi.éso This i31the first time that this pplymer has' been

rgported as a niatural"material°

- The pectin was found to be a poljmer of gaiacturoﬁid acid, with a

minimum thain length of 150 unlts Joined anléh Methylatiog‘and peri-=
odate oxidation fajiled to show any branch;ng,pulntso TﬁéLinfféFed
resembled that of commerc1al pedtic acid.

It has been observad that alpha amylase hyq;olyzes the glucanD which
shall be named ”nigeram"a compl@tely t@ glupose, .$hi§ is an unusual
observati@p in that alpha amylase has nevey begn observed to hydrolyze
any other glucose polymer completely and ;hgrefq?e mustlalter eur con=
cepts in rggard to alpha amylése action. Eyefy;éttémpt to prove this
unusual acti?iﬁy Eb gé“theltésult of a diéf@reﬁt_ené?me resulted in
failure. . -

Beta amylase likewisé was proven to hydr@ly@@ ;he:"ﬁigéraﬂ",qompletely

to nigerose.
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