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C’henustry is concerned with the cﬁmposmtm of things and how these
gompositions come ‘about. Qur rodern knowiedge of the composition
of living matter rests héavily upon. the pioneering work of Eimit' Fischer

and his school on the nature of the sugats and the:amino acids, The present

) sympomum is concerned with modsm earbohydrate chemistry ingits

‘#mpact on biology, a broad topic necessarily embracing material of both

.piant and animtal origin. The contzibutars have been selected from those
laboratories miaking siguificant centributions to the area and with a view .
toward international reprﬂsentatmn, the sc.lec,tlon has been necessarily

lirnited. N
The reagent phenv!hydrazme served Emil Fischer as an emry iote the
maze of sugar chemistry bist the exact structures of its reaction produsts

with the sugars have only beent solved in the fast few years by Mester, & -
now transplanted member of ithe Zermiplén echool in Budapést, who
utilized the formazan vedctica, established many- years agn by ven

- Pechmann. Heidelberger, of Rutgers, elaborated the topic that ali poly-.

saccharides are immunologically specific and ave therefore useful in the

elucidation of the stracture of ihe innumerable poiyaacs,hmdes found in

nature. Hestiin, of Israel, directed, attention to the enwymic trans-pe
fructdeylation resctions of a bacterial levansucrase systera-and the ava-
lenche-like process of polyrepetitive transfer by which the giant moleciles

of levan are produced. Blix, of Uppsala, traced the histery of the salic

acids from their crystalluapon in his laboratory in {238 tu the final
elucxdatwn, i 1958, of theis unigue xsme—carbon—awm afm».mréa Studies

. in their biological action appear promusing, especmly in relation to vitwus

action. Kuhn, of Heidelberg, surnmarized the subject of nazurat products

'mnauung amino sugars, to which fieid be has made significant vontribn-
‘tions. He pointed out that the capwsty for synthesizing these substances
is not well developed in. the newborn apd, afier later attaiting itc raeximum,

again decreases ‘with age. Stacey, of Rirmihgham, teviewed the present

status and biological significance, esperlﬁl‘*y i gelgtion to*heredity and the | | _
’ _cancer problem, of the nucleic acids of piants and animals and emphasized . -
the. difficult nature of the carbohydrate chemistry involyed: Jones, of

Canads, summarized the biosynthesis axd ratural cocurrence of mono-
saccharides, a topic in which he has Inng held an active intercet. Reichstein,

. of Basel, :eported on the exhaustive fn vestigations of his Jaboratery ou
" the nature of the many unusual sugars occufring in the' cardiac ag‘"ooas.
- Coutjow of Paris, told of the numerous oligosaccharides ocouridg in some ‘
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plants that contsin sucrose in combination with one or more moles: of

, b-galactose. Araki, of Japan,. reported the remarkable wotk which has

largely elucidated the unusual nature of the seaweed polysaccharides agar
and carragheenan in which 3, ,6~-anhydro-L(and D-)-galactose is 2acomponent.

- Hirst, of Edinburgh, outlined the present status of the chemical nature of

- the plant gums which rank amongst the most comphcated of those known

* -to chemists .while Whistler, of Purdue, did the same for the somewhat Y

“related field of the plant “hemicelluloses”. - :

. .Acknowledgment is herein made to-the assistance of Dr F. Shaﬁzadeh

in the many details concernéd with arrangements for this S posium and
to Dr. Walter von. Bebenburg and Mr Alan Chaney for valued assnstance
in the ﬁnal ,edmng

", M L. Womom

Acknowledg;ment This Symposmm was sponsored by the “Verband
der Zuckenndustne Ostetrelchs” Vienna, Austna
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- HEMICELLULOSES R
i“: . Rov L. WHISTLER thh] L. SANNELLA ‘

Department of Bzochemzstr_), Purdus Umwmty, quayette Indzana .

Mr Chairman, Members -of the Symposmm Itisa pleasurc for me to
talk with you about an area of polysacchande chexmstry that not only -
oﬂ’ers su¢h abundant problems in fundamental carbohydrate chemistry,
-but that'also is growing rapidly and is-so. important to industrialists.
- 1 am especially.pleased. to talk hgre on this subject because I know how
much mermbers of this group have contributed, not only to hemlcellulose '
- chemistry, but to carbohydrate’ chemistry as a whole. ,

» In recent years hemlcellqlom have been reviewed penodxcally I
reviewed. the “Advancw in Hemicellulose Chemistry” before the Inter-
. national Congress of Pure and Applied Chemistry at Stockholm in 1953.
Professor E. L. Hirst gave a very clear and complete.account of the pro-
gress made before 1955 in Lis Pedler Lecture! and now here again we
‘will try to summarize certain recent developments, pomts of specxal

- interest and-possible lines of future work.
* Hemicelluloges assume particular s:gmﬁcance because of their extensive

, occurrence as “cell wall components in all higher land plants (Spermato-
phyta). They constitute about 25-35%, of woods ‘and about 25-40%, of
~agricultural crop residues, such as wheat straw, corri stalks arid cobs and °
soybean hulls. The chemical and physical nature of these variots poly-
saccharides- is important, therefore, not only because of interest in their -

- fundamental chemistry, but because they are in such great abundance -
that in the future they wxll become of mdustnal use, perhaps the bases of

- ' new industries.

NOMENCLATURE :
\ At this early point ene should say a word about the nomenclature used

in connection with this group: The g:eatest -nomenclature problem here

" might be the name hemicellulose itself. It is so poorly définéd that the

~ American Polysaccharide Nomenclature Sub-committee of the Ameridan

Carbohydrate Nomenclature Comnuttee could come to no uniform -
. agreement on its meaning and made no recommendation’ concerning it.

- Perhaps, as believed by many, the term hemiceilulose should be dropped.

. The group of polysacchandes whxch it represents could bé desxgnated
¥ -

L%



2 ROY L. WKISTLER wx'm J. L. smNm;L

szmply as' non-celhulosic cell wall polysacchar;des. Tlus would include
'pcctm which might not be objectionable since pectin is already included

among, the hemicelluloses zs they are defingd by some workers. If no one |

knows how to define herdicelluloses, let us, for the sake. of this Teview,

‘say that they are the nou—-cellulosm—non—pecm poysacchandes in the

cell walle of higner plants

i

NaruraL Cross-BONDS AND ODD LXNKILGFS ,
Much diswss‘on still exists on whether hemicelluioses ocenr in thc
. faee state in plant cc{l walls or are covalently linked, in part, w;th celtulose
and kignin. The origin: of the problem is the need to exp&un the difference
o solubility of some cell-wall polymers before and aftet isolation. Low

" solability of the polymers while in the cell wall is zsctived by many .

werkers to covalent bonds> There is ‘today fairly good ewdence for =
chemical combination between ixgmn and hemicellulose.? 0,:1 the other

hand, another large group of invesiigators believe the low so!ubxhty of
n.er“rmn cell-wall polysaccharides results from the numierous secondary
{urres which hold them to other csll-wall coraponents znd also from their
ictimate association with other types of molecales with which they are
wnwngled and. overlaid, Evidence whxch suggcsm entangling includes
the observation® that a8 e cell wall is ground, the ficer particle sizes

. yield proPomcm:uiy more exiractable  hemicellulose. - Furthermore, -

cmractabﬂxty of hemicelluloses decresses under conditivas which swell
ceﬂt.lose. Proof of the occurrence or non-oscurrence of covalent cross-

3 between cell-wall poivt’acchandns or po!ysae- harides and hgzun
my pot be ‘obtained for some ‘tithe because of ths gaut difficul iy, in
pmper chamgtenzatmn of a polymer, both before and sfter ite reroval
from its natural matrix, and becasse of the diff isulty in clearty Atstinguishe

'ing whether covilent bends are ‘broken under extractive' conditons: -

While the preponde}:ame of evidence seemns to indicate that most cefi-
* - wall polysaccharides ave in physical admixture only, some, covalent crosss
“ bonding must sutely exiss. If not formed enzy!mtxcally dasing the dévelup-
- ment of che cell wall, the ~n°rget1ca resultmg §rom hydrogen ion concentys-
tion: zad concentration of reactants in cell formation ave such that some
few purely chemical reactions could sceir. Ligmited chemical synthesis of
* linkages seers entirely ressonable.

'This purely chernical formation of bonds also seems tobe one reasosable .

tiplanation for the unusual glycosidic bonds found in many polysmoc-
mrfdes. Durmg the past few years much Yag been heard of the so-called

“womalous” linkage found in such otherwise uniformly linked polyr

saciharides as cefiulose, xylan and stasch amylese. The occarrence of an

cidd or unusual glycosidic bond .among husdreds ‘of waiform Holsgea

.

seetns to me to be fu’lv expmed and’ rmsomble. It nght arisé fmm a

'



AT o HEMICELLULOSES : 3.
‘ momema:v aberratnon in the catalyuc acuvaty of the normal synthesmng

enzyme, which is caused by a variation in solution kinetics or concen,
trations in the plant cell; or it might arise from the intrusive action of
another enzyme. If, however enzymes are above reproach there is the

enitirely teasonable posslbzhty of hnkage format:on bya purely cbemioal ‘
. téaction. o ’

- ..
‘ [ ‘

Punmmmorx L.
A’major problem prevalent in examinations of henncellulosa is.the.

difficulty inherent in obtaining a pure polysaceharide that may be subjected

".t0_an unequivocal structaral mvesugauon. ‘Separation of bemxoe!luloses ,
© . “from plant material aad from each other is tedjous and requites the excrcise
. of utmost Judgmem and techpical ability if pure polysacchandes are to

be obtained in a natura! and undegraded condition.

So far, alkalive extraction of holoceliulose has proved use’ful as a means
for the isvlation of 2 group of polvmem which can later be separated.
The. oxidative action of chlorite is minimal and this reagent has been

“widely vsed to delignife plant material. Alkaline extraction of the bolo-

cellulose can, howaver,, brng about many changes in the po:ysawh«ud%.
The dm».mv‘wn occwrrig in the presence of oxygen is well known.

Bat even-inder oxygea-free conditions alkaline degradaiion might resuls.

*‘h'" degxadaﬁor of polysacnharides in alkalis has been investigated ex-
tensively Ly whe reseaxch group at the British Rayon Research Association’
end D, J. N, BeMiller and myself have wyitten 4 review* on alkaline
degradation: of polysaccharides. Fortunately, perhaps, when chlorite is

used o produce holoceltulose 2 rather.spmﬁc osidation téansforms the
»zeducmg #ud of the polysaccheride chain to glyconiv anid residues.

This change stabilizes vome molecules to purely aikaiine degradation”
which wust begin at a reducing end group.t ¥ kaline degradatior stili

ocrurs in those hesniceltulose mr\iewles which. may containy z.szcmyt or
carbioxyl groups on non-ferminal sugar umts. '

p csqsbiy ome of the great dissdvaniages in alknhne 2 'v*aumn of hemi,
celluloses is that any natarally | occx;mn,_, estec groups are. sa;:o*nﬁf:u

‘swryi groups appetr w0 be presest in wood hemiceliuloses and there is
| evidence that they are !m&m t2 D-xylose units.S Analysis indicates that

woeds with sl aemicehulose conterts have small agetyl contents,

It would be interesiag fo prove whether naterp! hemicelluloses are '

acetylated or formylated ond if derived to show the location of the ester

linlage. Ao extratant which appeais pronmsmg for the removal of hemi- -

cellulose: fractions with the ariginat eeyd goonps still. ptesent dzmeﬂw!

sulfoxide.?

Botudioas of potwssinr

hsmm.ﬁqluses fmm V" mw lfttka muudwg hc!&mliqluse Elae of - 1&
R

1 . ~

' N . . A -

"*f(:c it have been ox .,E‘U‘!“'B‘W usﬂd o 62 uae‘? ]
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advantages is that on neutrahzatlon of the extract with acetic acxd the

potasm\kn acetate formed has good solubility in. ethanol and ‘may be
“removed thereby. Schoettler® has found potassium hydroxide solutions

better extractants for aspenwood xylan than are sodium hydroxide solu- -
tions. However, sodtum and lithium hydroxide solutions are more-effective ~ ’

than potassium hydroxide solution for d1§solvmg gtucomannans from
Western Hemlock holocellulose,? -

Still the most’ difficult problemin hermcellulosa chetmstry is that of
the effective separation of a clemically hompgeneous polysaccharide.
AH known methods of polymer separation have been apphed to the hemi-

* celluloses-but without. general success. Electrophqresis'®¢ is one way of -
" testing, chemical homogeneity of polysaccharide materials, but it is nhot
- applicable to macroseparations.

Most attempts to fractionate hermcelluloses make use of precxpxtatwn

- Numterous investigators* have 'complexed polysaccharides with copper
salts.. F ehling’s solution®1? is often used, while solutions of cupriethyl-
‘enediamine,?® cupric chloride,® cupric sulfate®* and cupric' acetate, 3%

: .. have also been employed. In most instances the copper complex which

precipitates is removed by filtration or. centrifugation and decomposed

by am ethanolic solutlon of acid or chelatlng agcnt the polysacchande is

then wzshed free of i morgamc ions.
- An interesting, precnpxtant for polysacchand& whxch has been investx-
_ gated at Birmingham i$ cetyltrimethylammonium ‘bromide?** When
added to a neutral mixture of acidic and. neutral polysacchandes it will
precipitate the. acidic ones as -insoluble ‘quaternary ammonium - salts.

Neutral polysacchandes which have been complexed with boratc wﬂl ‘

precipitate in the same manner.2?

» A purification procedure found satisfactory in’ many apphdmons is the

-~ fractional precipitation. of dilute polysaccharide solutions by the gradual.
“addition of ethanol. There are many examples of this fractionation method

~and so, perhaps, I may be permitted to illustrate with the technique used

.at Purdue. A mixture of acidic hemlcellulos& from corn cob at 2%, con-_

centration and at pH 2 was separated into numierous fractions by- repeated

~additions of ethanol to succeeding points of mc;pxent tutbidity,” and .

" individual fractions removed by centrifugation: In this - way the fractiony
- ation curve shown in Fig, .1 was obtained. While pH 2 is recommended
for analytical observation, it is obvxously too acidic-for preparative sep-

. arations*™® where a neutral pH should be’ used to prevent hydrolysxs

| (Flg 1) L A , L e \ o

 MbrEcuzar Smuc’mm - N C
Structural mformatxon on the different polysaccﬁand& constxtunng the

v hemlcellulose grono has been obtamed usmg the various classxcal methods .

4

4 .

>
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so.well known among polysaccharide chemists. In adi_iition,-_ the now
- well-accepted method of fragmentation analysis has greatly increased the
* worker’s ability to make structaral proposals. Although. the p-p-(1->4)
glycosidic linkage between D-xylopyranose units is established as common.

‘ ; _
~ in hemicelluloses, it may be.well to review the. occurrenice of certain .

N

wi ‘: "

w
g

a
3

P

¢
AMOUNT  PRECIPITATED

»
o
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o 7] 3 (7 ] 00

ALCOMOL - CONCENTRATION, % -

" Fig. 1. Fractional precipitation curve for the B group -g;lysac‘él;ariéeﬁ of corn cob at 2%
T e - concentration and.pH 2.’ L A

P

. \ T . ) L Y .. .
molecular fragments that establish other linkage types. :Usually“, fragments -

* are obtdined by graded acid hydrolysis, but sometimes they are acquired

- through enzymatic hydrolysis. . - -

" ‘Bishop and Whitaker, at Ottawa, isolated an enzjme from Myrothecium .

- .verrucaria_which ydrolyzed.linear chains of B-(1—»4)-linked D-xylose
units,** Application of the enzyme to wheat straw hemicellulose?® yielded,
among other products, ‘L-arabinofuranosyl-(1-»3)- B-D-xylopyranosyl-

" (1~»4)-p-xylose.? : ’ oot T .

Serensen, ‘in  Denmark, ‘working with enzy;nics; “from - Choetomium

Zlobosum, Streptomyces -and Microthonospora found - that two. enzymes -

are active in the hydrolysis of xylan, an exoenzyme which is able to act
* on xylosidic chains with three or more p-xylose units and an endoenzyme

which is able to split xylobiose.%

~ At Purdue, an enzyme extract from the culture médiu;n of Asperg'illus

foetidus hydrolyzed corn cob xylan ‘primarily to xylobiese with no pro-
- duction of p-xylose.* An extract of the mold myceliim was separated on a -

cation-exchange resin into two fractione, one of which hydrolyzed xylan

- and_ xyloligosaccharides to D-xylose without producing significant>

amounts of+ transiént oligosaccharides’ and another which hydrolyzed

xylan to a mixture of p-xylose and xylosligosaecharides. Fractionation
- of the mycelium extract on either Celite or carboxymethyléellulose pro-
 cellulose B. TR _ e

- As information on hemicelluloses accumulates, it is apparent that the

4

I : S

duced g fraction which did ot hydrolyze xylan but did hydrolyze hemi-

S1aYA
-~ v
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major portion of non-cellulose polysaccharides present in the cell walls of
higher. plants consist of derived xylane, From'seme viewpoints ‘this,
group of polysaochand& is surprisingly uniform. In only a few instanccs
has a naturally occurring pure xylan been encountered, Almost always. the
‘xylan coniains other glycosidically Bound sugar upits. Most common
groups are L-arabinofuranosyl and 4-O-methy'-a—D-glucopyrmosylumn1c‘
.- acid.. The former oecur most frequently as single unit side chains j(nned
to D-xylose units at position C2 and, less often, at C3. The uronic acid"

- unpits are sometimes unmethylated, but in either case they are most -

. frequently bound to position C2 of D-xylose urjits. Thege uronic acids are
always end units or single unit side chains. Sometimes the substituted
xylan i3 Tinea, but frequently it is branthed at least ‘once. Much less )
abindant but none the less>widespread in nature. are substitated xylans .
‘which confain’ siill other types of sugar units, such a2s D~ga.actosv :mu,
‘!nfrsqumtly, L.galactose and L-rhamrose, -

Imaportant $tructural tissue usually ,contains. a” greater prom“tmn “of

“linear or nearly linear polysacchandes than does tissue wiich is less

imiportant structusaily.” ‘

» Cern cobs coniin & harge pmpqmon of brsmched pulysacvhmdco, but

~soed kolls o weed amfs mnta'n 2 larger vropurwn of very highlv branched
vobysaccharidise

CThis disensgion will pcrmu‘ to those cell-wali polysaccharides which
Bays bees: the cmbr of work since 1955 and, hence, we will not descrive .

| certHR stru mrms "‘.hi‘\da(Ld esrbier which mdude such weli fomzulaa,d :

volyracchadides 23 *he hemicellciose of espartd gmss ’
Lx e sinte the Ris wwical work of O"Dwyer it has bean C11,tuxmrv to
BLIRCL P R T with alkslive ;@fnqm)s and separate the eluted nﬂl} aay
saecharides oty ar lesst two podons by, neutralization of (ie extract, -
Pt yam‘,m:mw which previpiate st this poiat are called hz:rmﬂi ulose A
andake prinsipalty Hnear melecules with frw wxonic acid groups. Poly-
aln in. ")qu.mn are somneiimes tevmed lu.'n mellu!uwa B
astty Draoshmd chain seolecuies,
virlest Sragments :snlat»‘dF and thove most spsiy’ ohmmwl from,
hewiuvélivioses are the aldobieurenic acida ahich are found among the
hydrolysi¢ products of practically ail by rmu:{iuloae:s. it 18 weli known that
the giymmdr honds u thess snodifed {M.sauharxdes are resistant o acid
hydrolysis add bence are present ofter other glvwsldlc bonds  have -
hydrolyzed. 'The commen uronic acid ., component is 4-O -mrthyi—D-
glucd;romc acisl which hes been isolaied from some 30 different hemi-
“celivloses. of annual. planta and frees.- Undedived D-glecuronic acid
d\pare/.._;v does not necur abam‘iam}“f =04, o far, has been observed in
helmu.ﬂm':ﬂw h: m snoual plants more uf ten than in hemxc‘ellulneses from
DBO" . iR
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The aldobicuronic acid 2—0—(4-0—methyl-a»n-glucopytmosylummc )
aacid)-p-xylose hds been obtained from American beechwood,*® agpen

wood,® black epracé®” corn cob,®® . Fucalyptus - regimans,?® European o

beechweod,®® Finnish birch,# Bax straw,*® kapok,® loblolly pinej*
. toaritime pine, milkweed floss,* Monterey pine,* Nerway spruce,* oat
" hulls,%® Scots pine,¥ wheat' bran,* western. hemilock,*® -white elm, 31
' whntc birth?® and yeliow birch.4®
* While the linkage of D—glucuromc acid and #O—methyl-n-glucuromc
. acid is most often to position C2 of D-zylose, linkage to position C3 has -
. been observed. Thus, hemicellulose of sunflower heads yields 3-O-(«-D-
- glucopyranosyluronic acid)-D-xylose,* and the hemicellulose of Monterey
. pinet® and possibly that of maritime pine®® and, whest straw® yield
-O—(&O-mrthyl—a-D—giucopytanosyluromc aczd)-nuxylose Jute®s has -
; ‘been reported to yield a similar aldobiouronic acid, except that the methy}
» . group is at position C3. A hemicellulose from plum leaf has given on
V' hydrolysis. 2—0—mnthyl—n-xylose“ which is the first - reeogmtxon of a
- methylated aldopentose in nature. - |
A hemicellulose from oaf straw isolated by Aspmall at Edmburgh had a
D.P. of 4045 and consisted of a linear chaim of (1-#4)-linked B-p--
‘ lopyranose units with one 4-O-methyl-b-g1ucopyranosyluromc acid
unit connected to pomnon 2 of a p-xylose unit on each chain, and one
" L-arabmofuranosyl unit attached to the chain fof' approxxmately each 32
D-xylose units® (Fig. 2).

b '

D-XYLpl 4D—XYLpl 4D-XYL9! 4D~XYL?! 4D-XYLP

' -

- ‘ .
4-0-ME-D-GLUpA . - L ARAF .
Fig. 2. Sectien of oat straw humcenulooe.

/

By a!kah extraction, dehgmﬁed flax straw has yxelded a polymer of D P £ |

. of about 135 that-appears to be a xylan chain to which is attached some
fifteen 4-O-methyl-n-glucnpyranosyluromc acid: units. However, the °
‘molecule is sornewhat unusual in that it possesses two L-rhamnosé umts

* perhaps one of which is a terminal reducing unit.*h%

A hemicelfulose extracted with alkali from defatted barley husk has been

~ investigated by Aspinall,® Methylation procedures suggest that - the .

" polyeaccharide is composed of a alightly branched xylan skeletal structure
‘to which is attached at least three types of side chains: n-glucopymnosy~
 luronic. acid units directly linked to p-xylose units at position C2, side
~ chgins terminated by L-arabinofuranose units linked to b—xylose units at

pouhon C3, and sude dmns tenmnated by n-xylopymnose ump lmked

N
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to the backbene chain at position C3 of p-xylose units, Further evidence
for the last-mentioned side chain was the - isolationr of the disaccharide

' 2-0-p-xylopyranosyl-L-arabinose from the .products of mild acid hydro- ‘

. lysis of the polymer. .

. & homogeneous-polysaccharide has been extracted by lime water from"
-the seed coat of corn kernels. ¢ The central xylan chain is hlghly branched -

as shown by structural examination -of the polysaccharide remaining after
* most or all of the stigar units which were attached by furanose linkages
~ have been removed by hydrolysis in dilute acid. Examination of the
 hiydralyzate® showed, in"addition to L-arabihose, the presence of 3-O-a-D-
-xylopyranosyl-L-arabinose and O-L ~galactopyranosyl-(l—->4) O-p-xylo-
pyranosyl-(1-»2)-L-arabinose.®> Thus these two oligosaccharides. consti-
“tuted side chains on,the t brancheéd xylan nucleus and were ' probably joined
to the nucleus by furanosyl linkages. Both D- and L-galactose are to be
found; each prcsent only as non-reducing chain end units. At least some of

the D-galactose is attached directly to the xylan nucleus as shown by the'

isolation after paftial hydrolysis of 4- O-S-D-galactopyr&nosy 1-D-xylose.%

. - Also attached directly to the xylan nycleus at C2 positidns are D-glucopy-
- ranosyluronic acid groups, which were 1dentxﬁed as the aldobxouromc« )

acid.%4,85

Com cobs contain several polysacchandes win,ch can be extracted from °

' their holocellulose by alkaline“solution. Acid neutralization precipitates
about three-fourths ‘of the materizl as a. linear, xylan with perhaps one
-D-glucopyranosyluronic acid unit per molecule. Tt is from this xylan that we
were originally able to isolate the polymer homologous series of‘ohgo-

saccharides extending from xylobidse to xyloheptaose, 8% The remaining 3
-one-fourth of the hemicellulose which is soluble in the neutralized estract

. is.a mixture of three or more- polysaccharides as indicated by fractional
precipitation data (Fig: 1)! Recently, two of th&se have been separated in

N pure form and have been characterized. 59,70

« One of these polysac¢harides is an arabinoxylan (F ig. 3) thh a molecular

v.‘welght of 13,700, containing 10.6%, L-arabinose and 89. 4%, p-xylose. It

- D-XYLpl.. 4D-XYLpl 4D—XYLpI AD-XYLph...4D-XYUp

- L-ARAE 'L-zARAp_ ' L-ARAF S

S L—ARAF D-XYLP

H

e . Fxg3SecuonofcorncobhenﬂcellulmeB‘/;,‘ : _‘  .
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seems to be : 4 linear xylan chain with 4 side chains totalhng 7 L-arabino-".
furanose units for each 30 units of the D-xylose chain.” Some of the
L-arabinose. side chains may be terminated with D-xylase units since on
_partial hydrolysis »2-0-a-D-xylopyranosyl—L-arabmose is isolated. None
“of the side chains bears more than a single branch.” The second pure.
lysaccharide is a highly branched tetraheteroglycan (D.P. 150) containing
. 59.1%, of D-xylose, 21.9% of L-arabinose, 11.3%, of mono-O-methyl-
D-qucuromc acid and 7.6%, of D-galactose. All of the latter two units’
occur as non-reducmg end units. There seem to be 10 side chams for every -
~ 44 sugar units and one ‘mono- O-methyl-n-glucuronlc acid unit for each :
.~ 9-11 sugar units. ’ '
"The constitution of a hexmcellulose isolated fram wheat brztn has been
“investigated by Adams and Blshop _at* Ottawa, 4%, It contained
L-arabinose, D-xylose and uronic acid in about a 5 :4:1 ratios Slow hydro-
lytic removal of approximately 35%, of the i~ -arabinose suggested that it
- was part of a chain, an indication which was borne qut. by methylation
work. Most of the L-arabinlose is probably in chains consisting only of
‘L-arabinofuranose urits joined to a linear xylan nucleus. The D&glucopy- '
ranosyluromc acid is connected to D-xylose units at pdsmon C2 as a single
" unit side chain. An enzyme from Myrotheciym verrucaria, which hydrolyzes . °
~ xylan, did not attack this polysaccharide except after most of the - *
~ arabinose units, were removed by extensive hydrolysis. : '
An acidic hemicellulose from wheat leaf chlorite holocellulose has becn
extracted by Adams™ and has been purified thirough the copper complex.
In addition to uronic acid, the polysaccharide contained p-xylose and -
L-arabinose in the ratio of 13:1. Since almost all of the vr-arabinose
.could be removed by fhild hydrolysis without loss of p-xylose, furanose
- units were probably attached jndividually to the xylan nucleus. This
4 -was also shown by methylation work. Evidence was obtained to suggést
T that an L-arabinose unit constitutes the reducmg end of the chain. The
xylan nucleus eontains approximately 30 units and is branched with
-one D-glucopyranosyluronic  acid -unit attached to position C2. Three -
. L-arabinofuranose units are attached mdmdually at posmon C‘3 of
the D-xylose units (Fig. 4). '
Wheat straw hemicelluloses contam a number of closely related poly-
sacchandes To the backbones of the molecula are, of course, attached

D-XYLPI D-XYLpI 4D-XYLpl.. 4D-XYL;’I 4D—XYLp '

§ ~

[

‘
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o _ D-GLUpA - ' L-ARAF
co F:g 4. Section of wheat-leaf hemicellulose. - .
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L-arabmofuranose and D—glucopyranosyluromc acid units,”-"* L-Ambmose
units are all single unit side chains linked to the backbone chain through -

’ posxtion C3 of p-xylose. Direct evidence of this is Bishop's isolation of -
the trisaccharide O-L-arabinofuranosyl- (l—>3) 0-B- D-xylopyranosyl-‘
(l->4)~n~xylose % p-Glucnronic acid units: age linked to the main chain'

' through position C2 of B-xylose, s are the 4-O-methyl derivatives. The
" xylan chain of one hemicellulos¢ appears to be branched, perhaps bya (1-3)

linkage. It differs from another wheat-straw hemicellulose which is free of

" L-arabinose and i is unbranched.®® A hemicellulose isolated at Edmburgh by
. direct extraction. from wheat straw has a D.P. of 71-76™ (Fig. 5).

D-XYLpi 4D—XYLPI 4D-XYLPI 4D-XYL?' 4D-XYLP

ST
) \ , , ’ o :
D-XYLPI 4D-XYLP D-GLUPA L-ARA;
- Fig. 5. Section ofwhut-&mwhemxbdhﬂuoe‘

Beechwood hemicellulose A has a high content of uronic acid.® A poly- '

~saccharide. from European beechwood contains 9.5% of 4-O-methyl-

D—glucuromc acid. It consists of 3 linear chain of about 70 B-p-xylopyranese
" units linked (1-»4) with about every tenth unit. bearmg a- 4-0-methyl- .
D-glucuronopyraﬂosyluromc acid unit attached t to posmon 2 (Fig. 6).

o D-XYLpl.. 4D-XYLpl 4D-XYLpl D-XYLpI MYh

\
-, . N \

MME—D—GLUPA . E T
‘Fig. 6. SeemofEuropanbeed!woodhmcdbhuA

A water-soluble hamcellulose em:racted from American Beechwood )

»  chlorite holocellulose!® has been found /by Adams at Ottawa to contain

about 45 p-xylopyranose usnits in a'Y-shaped arrangement with the branch
at position 2 of a D-xylopyranose unit and with 5 single unit side chains
of 4—O-methyl-a-b-glucogyrmnsyluromc acu:l units joined by (I-»2)
. bonds (Fig. 7). :
A hemicellulose hgs been extracted by nlkah from chlonte holocellulose

- D-XYLpI 4D-XYLpI 4D-XYLpI 4D-XYLpI 4D-XYLp

- D-XYLpl..4D-XYlp . 40-ME-D-GLUPA
_ Fig. 7. Section of American. beechwood hemicellulose.
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. of the softwood, Norway spruce.” It consists of an 80-85 unit xylan chain.
~ with every fifth unit carrying a single 4-O-methyl-n-glucuronic acid residue

= linked through to position Zi This xylan resembles the xylan of bechwood, -

differing slightly in chain length and in the propértion of 4-O-mgthyl- |

. Dp-glucuroffic acid residues linked as side chains.. =~ = U

\ - From white birch holocellulose, ‘Timell*.#2-at McGill obtained a -

’ hemicellulose consisting of an unbranched xylan chain of about 110-190 .

' units with every tenth or eleventh p-xylopyranose unit carryirg a single

. 4-O-methyl-p-glucopyranosyluronic  acid unit attached to position 2.- ’
This general structure is thus similar to the substituted xylan from Eurq-
peanbeech."’ . ol = Loy

Western hemlock as investigated ‘at Minnesota yields a- hemicellu-.

 loses%® of unestablished size which appears to consist of ‘a linear kylan
substituted with three. 4-O-methyl-D-glicopyranosylurosic acié groups
and' one . L-arabinofuranosyl ‘group  for .every twelve D-xylopyranose
~ units, - Pt P
Polysaccharides containing p-mannose units are often difficult to remove
+ from wood, and at one.time, they were thought to be mannans covalently - -
linked to cellulose. Howeyer, it has become-obvious that thé¢ p-mannose . ;. ¢
- * in coniferous woods and pulp is present as a component of glucomannans.

- " By partial depolymerization of slash pine alpha cellulose, Leech®s, iso-
lated '4-O-B-D-glucopyranosyl-p-mannose - (also obtained fromi lobiolly’
pine by Jones®). The parent glucomannan has been isolated from western -
hemlock,® white spruce and Norway spruce.’# p-Glucose to

* D-mannose ratios vary from 1: 3 to |: 4. Glucomannans appear to be linear -~
‘polymers with B-D-(1-»4) linkages, and Lindberg finds the polymers -

- from Norway spruce range in D.P. from 70 to 140. \ Glucomannans
can be isolated in the crude form by hot water extraction of spruce holo- -
cellulose? which is swollen in dimethy! sulfoxide, and they can be purified

~ by precipitation as:the copper complex.®® Jones®? shows that they may be _

1

. extracted directly in rather concentrated form by alkaline borate solutions
- . - BiosyNTiEsis AND PHYsIOLOGICAK ROLE NN
+ "~ Although cellulose. is regarded as & structural polysaccharide with no-
fdod-reserve function, there is less agreement concerning'the function of - .
the hemicelluloses. L R
. Investigations on the rdle of hemicelluloses in plants have beeri sporadic.
~ The first results of work with woody plants were interpreted as etidence - -
that the hemicelluloses were reserve polysaccharides. In fact, one finds the = =
» -term “reserve  cellulose” applied to thenl in early- books on pldnt. .\
physiology. = = . R
- The work of Myrneek®® wes based on percent compositions, Investi- =~
gations with grape stems by Winkler and Williams® failed to show any *  :*
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