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INTRODUCTION

Most studies of the chemical composition.of wood have been
concerned with its uses as a raw material., However, it is always
interesting, and often useful, to understand the processes by which
a raw material originates or is created., It is well known botanically
that the annual increments of wood in a tree result from the activity
of the cambium which is a thin, cylindrical layer of cells located

between the outermost wood (xylem) and the innermost bark (phloem),

Although there has been much speculation about the chemistry of
the transformations from cambium to wood, there have been only a
few attempts at expefimental analysis, This is reflected in the

following statements,

Of cambial chemistry in general it has been said (1):
"Unfortunately, the chemistry and biochemistry of the cambium layer
have been investigated only slightly. Such investigations are

at present highly needed, "

As regards carbohydrates it has been said (2): "More detailed
work on the éomposition of the hemicelluloses of cambium is
desirable and might throw further light on the origin and subsquent

fate of thsese cbmparatively neglected cell-wall constituents,

Furthermore, concerniﬁg iignin, it should be said that if a
low molecular weight substance (or substances), giving lignin in
the aging process could be discovered in developing tissués of wood,
it would be a significant contribution to the knowledge of the

structure of lignin and the process of lignificatidn.
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A clearer understanding of the biochemical mechanisms by'which
wood is formed should be valuable to the pulp and papsr industry,
It is anticipated that a study of the details of lignin formation
and deposition will engender ideés leading to more effective
deldgnification processes. Similarly, a better knowledge of the
chemical architecture of the cell-wall carbohydrates should iead
to a more purﬁoseful processing of wood and an improveq comprehesion
of fiber properties. It is also expected that stu@ies of the
biogenesis of woody tissuea.will be helpful to the forest geneticist
in his efforts to develop superior frees for the pulp and paper

industry.

Present concepts about wood formation are due largely to the
work.of plant anatomists and plant physiologists, As with all plant
métabolism, the organic substance of wood is derived ultimately
from photosynthesis. Sugars, the‘first products of photosynthesis,
are formed in the leaves and are then transported by the sap stream
'in the phl&em to the cambial region., Here they are ultimately |
transfo;med, by mechanisms still ﬁot clearly understood, into xylem

and phioem elements,

The'cambial cells increase the girth of the tree by dividing
tangentially., Each cambial initial has a wall‘of its own which is
separated from the walls of adjacent cells by a plastic intercellular
substance, Tﬁis substance probably forms the first partition between
the cambial mothér and the derivative. Differentiation of the

daughter cells is manifested in physiologicial and morphological
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changes, Gfadually elemonts having more or less specialized
characteristics are evolved. The xylom derivatives boFomo
tracheary elemonts, fibors, and pnrgnchyma cells;:and the phloem
dorivatives diffcrentiato to slove elements, bast fibors, parenchyma
cells, and scloroids., This apécialization 18 accompanied bj coll-
wall changes such as enlargomént, secondary thickening, and

lignification,

Each differentiated céll consists of a secondhry wall and a
primary wall, and is separated from adjacent cells by an inter-
cellular substance referred to as the true middle lamella, The
secondary wall has a comparatively low lignin content, whéréas the

primary wall and intercellular substance are highly lignified.

Our present knowledge of cambial chemistry is based on theA
pioneering work of a very few individuals (2-6). These investigatioﬁs,
with but one exception (black spruce), have been limited to European
and Australian woods, Furthermore, tissues were collected at only
one time during the growing scason--usually in the spring--and the
conventional methods of chemical analysis available at the timp

were used,

Although the botanical definition of the cambium describes it
as a single layer of cells, it is impossible to distinguish this
particular layer from‘éhe eight to ten rows of daughter cells adjacent
té'it, even with the aid of a high powered microscope. For this

reason the material roferred to as cambium by provious investigators
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 has been defined operationally as: (a) a gelatinous material

removed from the surtifa.ce of a freshly Reeled log by using trhe

rounded edge of a spoon ,(g), (b) a slightly viscous layer on the

inner si.n'facé‘ of ‘the bark and on the ou‘tker surface of a freshly peleled‘
log (4, 5), and (c) thin strips of undifferentisted material five or
six cells thick removed by a ;:oncave scxjéper .(é). In each case an
attempt v}as made to remove only undifferentiated tissue. Only in

the last menticned study, however, waé the anthen#:l.city .of the

cambial material verified by microscopic examination,

Table I shows the species and tissues studied by previous.

workers in ca.mbiai 'chemistry.
| TAELE I
SPECIES AND TISSUES PREVIOUSLY STUDIED® |
Fraxinus - Ulmus | Pinus . Picea - Eucalyptus

‘ elatior sativa sylvestris mariana ~ regnans

v."Outerbark ‘ | . X 'X‘

Inner bark . X X

Cambium X i ‘ i - X X

Newwood X X X X

Sapwood - X X | X X

Heartwood: | X X

2 2 2 b 5 6

Inveshiéator : 2
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The table shows that: (a) for five species a comparison has
been made between cambial tissues and mature woo& by conventional
analyses; (b) for two species a comparison haé been made between
cambial tissues and inner bark by conventional analyses; (c) of
the five species studied three were hardwoods and two were softwoods;
and (d) of the five species studied three were European, one was

American, and one was Australian,

These analyses may be summarized briéfly by saying that cambial
tissués are characterized by high nitrogen aﬁd uronic anhydride
‘values and low héxosan, pentosan, aﬂd lignin contents (2, 4, 5, 6,).
High nitrogen and uronic anhydride indicate that ﬂhe camblal material
is rich in protein and pectin, respectively; this is iypical of
embryoﬁic tissues in general, The low hekﬁsan, pentosan, and lignin
values indicate that the cell-wall constituents are laid down, for

the. most part, as the:tissues develop.

Cambial saps are rich in sucrose (2, 3, 4, 7) and contain glucose
and fructose as well (3,'8). Guaiacol and vaniliin, either or both

of which could be lignin precursors, are also present in some cambial
saps (9).

It is evident that the chemistry of the newly formed tissues of

woody plants is a relatively unexplored field.,

The present investigation was limited to a study of the phenolic |

and carbohydrate materials in the developing tissues of quaking aspeni¥

(Populus tremuloides). Phenolic and carbohydrate materials were chosen

#Subsequently referred to as aspen.




b

because of their obvious relation to the lignin and holocellulose in
mature wood.. The choice of aspen was based on its availability and
on its increasing importance as a commercial pulpwood in the Lake

States region,
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PRESENTATION OF THE PROBLEM

The immediate objeqtives of this study were:. (a) to collect
~and analyze cambial and near-cambial tissues representing successive
stages of maturity at several intervals during the growing season,
(b) to stud& the phenolic and carbohydrate components of the tissue
extracts, and (c)»to obtain more definite information as to the |
chemical compoéitiqn of the cell wall during grow@h as én aid in

’ qsfablishing the location.of the individual components within the
cell wall, In a more general sense, the study was .made to answer
some of the questions regarding the biogenesis of woody tissues and
Ito stimulate interest in and thought to the metabolic processes

. whereby relatively simple compounds are converted into the more

complex components of mature wood,

| Previous studies of cambial andAnéar-cambial tissues have given
us ths- general énalytical;picture presented in the first section of this
A~rep6rt‘ It seemed that the objectives of this study could best be
met by ueing techniques of cbllgcpion and analytical methods which-
-would give more detailed information on the composition of these
tiséués;, This approach appeared to offer the most promise because
of the development and refinement of new techniques, viz,, paper
‘pa;titibn'and ion-exchange chromatography. The results. of such
analyses take 6n added significance when considered in the iight
'of the concepts of plant histology, biochemistry, and physiology.

The first objective was determined by the following considerations,
, A _

/
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It was apparent that an attempt to collect cambial tissues only

would be extfemely difficult. Even if microdissection methods

could be adapted, thevaccumulationAof a sufficient quantity of
matefialAfor analysis would have requiréd an unwarranted amount

" of time, Furthermore, interpretation of the analyses would be un-
satisfactory in the absence of comparable daté for tissues intermediate
in maturity. Moreover, it is known that spring--and -summerwood differ
;in chemical coﬁposition. This cons?deratibn has bgen neélected in
previous studies in cambiai chemié%ry which were based on material
collected at only one tiﬁe during the growing séason. For these
reasons the decision was-made to collect and analyze tissues
fepreéenting successi%e stages of matu;ity at several intervals

.during the growing season,

The second objective evolved from the consideration that the
first step in establishing the pathway by which a given metaﬁolic
end-product is formed is the isolation of intermediates. Such
'substances are to be found among the simpler compounds in the

aqueous and alcoholic extracts of developing tissues,

The third objective came from the consideration that the tree .
is the méjor raw material for the pulp and paper industry. Hence,
the ultimate objective of any study concerning it should be the best
and most“complete utilization possible, It is becoming increasihgly
evidént that, "---the best chemical utiliiation of wood is dependent
‘not only upon a knowledge of the amounts of certain éubstan;es

(1ignin, cellulose, pentosans, etc,) in wood, but also upon where



they are located in the cell wall,,,! (10), It was thought that
such information might be obtained from materials collected and

analyzed in the manner indica.ted2
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GLOSSARY

“A' glossary of some of the terms used in this study is

preséhtéd‘below.

SX: soft xylem; young,'tranglucent £issue removed from freshly
peeled log sections in 1954 and:characterized by a faint .
Wiesner test for lignin,

i 54: 1954 sapwood;'xylem elements produced from the cambium

during the 1954 growing season,
53: 1953 sapwood; xylem elements produced during the 1953
growing season, | '
The numerals appearing after the tissue design;tionb refer
ﬁo the collection daﬁe. | / |
| 1 = June 17 and 18, 1954
2 = June 28, 29, and 30, 1954
3 = July 20, 21, and 22, 1954
L = Augﬁst 16, 1954 .
XSc: xylem scrapings; very young tissué collected in June, 1955;
and characterized by a negaiivé Wiesner test for ligning
- Blllet: section of the tree bole from which the tissue samples
were collected. | ‘
 Marc: extracted tissue,

True middle lamella: intercellular substance; strongly lignified
pectic layer that cements the..cell walls of rwture cells
Fogether. 4

Comgoﬁnd middle lamella: the compound layer between the secondary
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walls of mature cells; this layer consists of intercellular
substance (the true middle lamella) and the primary walls on
each side.of it,
EAW (9:2:2): a chromatographic solvent system consisting of 9 parts
ethyl acetate, 2 parts acetic acid, and 2 parts water by volume.
BPW (10:3:3): a chromatographic solvent system consisting of 10
parts butanol, 3 parts pyridine, and 3 parts water by volume.
BPW (6:4:3): a chromatographic solvent system consisting of 6
parté butanol, 4 parts pyridine, and 3 parts water by volume,
AHP: aniline hydrogen phthalate chromatographic spray for simple

sugars and oligosaccharides.
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COLLECTION AND PREPARATION OF MATERIAL
COLLECTION OF MATERIAL
COLLECTION OF SOFT XYLEM, 1954 SAPWOOD, AND 1953 SAPWOOD TISSUES

A1l experiméntal investigations were carried out on newly
formed tissues obtained from eleven different aspen trees (29 te
33 years in age) cut in township 38N, range 10E, section 8 located
within the Rhinelander Paper Company Industrial Forest just south
of Eagle River, Wisconéin. Materials were collected at four intervals
during the 195 growing season--June 17 and 18, June 29 and 30, |
July 20 and 21, and August 16, Three trees were felled during each
of the first three intervals and two trees were felled on August 16,3%
In order to minimize changes that'might have occurred in the young
tissues, the following precautions were taken: (a)'the colléection
of soft xylem and 195, sapwood was carfied out in the forest as soon
as possible after the trees had been felled, and (b) the tissues -
were immersed in‘absolute methanol to stop enzyme action as soon

as they were removed from the log.,

Since experimental results are influenced so much by methods
of collection, the source of each material must be clearly specified,
In this study, the tissues representing successive growth stages

were as follows: The soft xylem, "SX'", was the thin layer of xylem

i

# It should be pointed out that the necessarily limited number of
trees that were used for each sample may not have compensated
statistically for the variability of the aspen population,
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removed from the face of the barked log; the 1954 sapwood, "5,', was
the more fully differentiated xylem located between the soft xylem
and the 1953 growth ring; aﬁd the 1953 sapwood, 653“, was the xylem
located between the 1954 sapwood and the 1952 growth ring. These
terms are &§lineated in greater detail in the description of the

methods of separation that follows.

The tissues were obtained from the boles of the respective
ﬁrees. As soon as each tree was felled, the branches were removed
and the tree wasAtopped. The bole was then cut into billets}lB
to 24 inches long. The bark on the bottom two feet of each bole was
difficult to remove so this part of the tree was not used, Small-:
blocks cut from each tree were preserved in 70% ethanol and sent to
the Fiber Microscopy Department of The Institute of Paper Chemistry
for sectioning and microscopic examination, A disk from the base of

each tree was used for basal diameter and age determinations, -

The bark was stripped from each billet in turn and the soft,
succulent material on the log immediately under the bark was
removed by drawingva sharp jackknife lengthwise along the face of
the log in such a way that the blade of the knife was nearly parallel
to the loé surface. In most cases this material could be obtained
as thin, translucent tissue resembling the skin of an onion. This
tissue was called soft ‘xylem. Microscopic examination shbwed it
to be composed of the true cambium and some partially differentiated

Xylem elements.

Immediately under the soft xylem was tissue that had been
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| fofmed earlier in the 1954 growing season and was therefore more
fully differentiated. It was called 1954 sapwood, On ﬁhe first
two field tribs the 195/ sapwood was so thip that it had to be
removed with a jackknife, but thereafter it could be collected
more easily with a drawshave, The i95h sapwooc¢ was shaved off
ﬁo a depth determined by the appearance of a very thin layer of
pale-yellow tissue located at the boundary between the 1954
sapwood’and the 1953 growth ring. Microscopic examination of
the }ellow tissue revealed that it was composed of 1953 summer-

wood tissue,

The 1953 growth ring, located Jjust beneath the 1954 tissue,
was céollected with a drawshave, It was designated 1953 sapwood
and was shaved off to a depth determined by the appearance of the
same pale-yelloﬁlﬁiﬁsué. Since it was anticipated that the
extractive content of the 1953 sapwood would be much less than
that of the younger tissues, a considerably greater quantity of
this material had,to be collected to have sufficient extract with

which to work. ' X

After the first two field trips, it was found that the
amount of 1953 sapwood extract obtained in the available time
fell far short of the anticipated need, . Hence, on the following
field trips the billets from which the sof£ xylem and 195/, sapwood
ﬂad been removéd were brought to the laboratory. The 1953 sapwood
was collecyed with a drawshave and, instead“of imméreing the material

immediately in absolute methanoi, the shavings were air dried; the
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assumption being made that the major Wood forming enzymse

systems were not present in the 1953 sapwood,

The bark was removed easily from the aspen logs during the
first three field trips. On August 16, however, the bark was
difficult to remove, This was taken as an indication of the
termination of cambial activity in this species. Another
indication that the growing season was drawing to a close was
the appearance of red leaves on some maple trees near the

collection site.

Figurés 1 and 2 are cross-section reproductions showing the
cambium of aspen (in about the middle of each photomicrograph) in
the dormant and active states, respectively. Thé sample for
Figure 1 was obtained on February 19, 1954; the sample for Figure
2 on July 13, 1954. It can be seen that the cambium, and the wood
and bark elements as well, expand considerably with the resumption

| of growth in the spring of the year.
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Figure 1

Cross Section Showing Dormant Aspen Cambium, 140X
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Figure 2

Cross Section Showing Active Aspen Cambium, 140X
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MOISTURE CONTENT OF FRESH TISSUES

On the first field trip the method used for mecisture deter-
minations required a fixed volume of methanol. The method failed
because of rﬁpid evaporation of the methanol during collection of
the tissues. On subsequent trips the Karl Fischer method (11) was
- used to avold this difficulty. The moisture content of the fresh

tissue was calculated from the equation,

M = 100H/(S + T + H),
where

M= moisture}content of the fresh tissue;

H = weight of water in the tissue as
determined by the Karl Fischer method;

S = weight of solids extracted by the
methanol solvent; and

T = weight of the ovendry tissue.

/

The progedure was as follows: Small representative samples of
SX and 54 tissues were immersed in absolute methanol in grouﬁd—glass,
-stoppered flasks immediately after being separated from the billets,
A blank of the same volume was decanted into another flask so that
a correction could be made for the small amount 6f water vapor

absorbed,

After the samples had been brought to the laboratory, the
methanol solutions were decanted from the various samples and the
volumes were measured, Karl Fischer titrations wefe made on aliquots
from each exfract. The tissues were recovered with absolute methanol
and, after the secgnd extraction had continued at room temperature

for 24 hours, the solutions were decanted and aliquots titrated as
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before, The amomtof water removed in the second extraction was so
small that a third extraction was deemed unnecessary. Analogous

titrations on the blanks gave corrections for absorbed moisture,

A second aliquot from each extract was evaporated to dryness
in a vacuum desiccator to determine the amount of dissolved
solids, The extracted tissues were then oven dried and weighed,
The results are éi#en in Table II. Each vélue represents a single

determination,

TABLE II

MOISTURE CONTENT OF SOME YOUNG ASPEN TISSUE 1

Moisture- Moisture

Content, Content,

- ..Tissue % - Tissue %

SX-2 90,12 54~2 69.7
SX-3 8.0 54-3 64,..3
SX-1, 70.5 S5h-1, 57.4

lAll'calculations were made on the basis of the
weight of the fresh tissues,

2Actual moisture content in the tree may be somewhat
higher than these values because of loss in obtaining
samples,

The table illustrates strikingly the extremely succulent nature

of the SX tissue. As expected, the SX tissue had a higher moisture = _

content than the more mature 5 tissue. The high moisturle content of
the SX tissue was not surprising in view of the important role that
water plays in metabolism, It not only serves as the solvent or

dispersant for all constituents of protoplasm, but it
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also serves as the vehicle by which products of photosynthesis and
mineral constituents are brought to the cambial cells and by which

metabolic products are carried away.

fhe moisture content of the 54 tissue may be looked upon as a
balance between two factors., On the one hand, as the cells mature
there ié a decrease in moisture content resulting from the dis-
placement of water by the deposition of secondary cell-wall
components and & loss in’the capacity of the protoplasm to hold
water, On the other hand, an increase in moisture content occurs
when the fully developed vessel cells assume their role in the water

transportation system of the tree.
COLLECTION OF XYLEM SCRAPINGS

Since qualitative and quantitative tests showed that the SX
tissue contained some lignin, a decision was made to attempt to
collect a small amount of very young, nonlignified xylem tissue.
Accordingly, on June 1, 1955, a trip was made to Eagle River and
a tree was selected about 1/4 mile from the site of the previous
collections, The tree was felled and sectiohed; the bark was
removed and discarded; and the very youngest xylem tissue was
removed with extreme care. The material was scraped lightly from
each billet by holding the knife blade perpendicular to the log
surface rather than almost parallel to it as in the collection
of the SX tissue. In this way a colloidal mass containing some fibrous
material was removed from the log surface. This material was

called xylem scrapings, "XSc", and was immersed immediately in
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absolute methanol in the usual manner., A Wiesner test carried
out in the field indicated that the xylem scrapings were not lig-
nified. Microscopic examination showed that the material contained

only xylem elements, -

Figure 3 is a phase microscope reproduction of a cross section
of the XSc tissue., The shriveled cambial cells can bé distinguished
Just above the thih-walled xylem derivatives., This particular
fragment is not truly representative of the wholéXSc:tissue. It
is one of the more mature fragments and was used because the very

thin-walled cambial material was virtually impossible to section.

Figure L is a photomicrograph of an XSc fragment taken after‘
the tissue had been extracted, air dried, and ground to pass a
4O~ mesh screen, It can be seen that the material was very
thin and exhibited very little of the cell-wall structure that

would be evident in a similaf fragment from mature wood tissue,

It should be pointed out here that the Molisch, ferric

chloride, Mﬁule, and Wiesner tests were used to indicate the
presence or absence of materials of interest in this study. Positve

Molisch and ferric chloride tests indicate the presence of carbohydratés
and phenols, respectively. The -Maule and Wiesner tests indicate the
presence or absence of lignin or materials that might be reiated to
lignin, It is thought that a positive Mgule test indicates the presence
of materials having a modified 1, 2, 3-trihydroxybenzene type of - |
structure (12) and that a positive Wiesner test indicates the presence of
materials containing the coniferaldehyde group (;1). These and other
qualitative tests used in this investigation are described in Appendix

II, page 111.
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Figure 3

Cross=Section of XSc Tissue, 250X
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Figure 4

A Typical XSc Fragment, 300X
(Note lack of structural detail.)
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PREPARATION OF MATERIAL

EXTRACTION OF TISSUES

The SX, 54, and 53 tissues were worked up as shown schematically

by the flowsheet on the following page and as described below,

The tissues were extracted with 90% methanol at room temperature
for 16 days. Preliminary experiments had indicated that four suc-
cessive four-day extractions with intermittent agitation was ample
time for complete extraction with this solvent. The 53-3 and 53-4
tissues which had been removed in the laboratory rather than at the
collection site were air dried, ground in a Wiley mill to pass a
10-mesh screen, and extracted for the full 16 days with 90%
methanol. The other tissues were extracted for the first four
days with the absolute methanol'in which they had been immersed
originally, and thereafter with 90% methanol. After each four-
day extraction period, the extract was decanted through an
80-mesh screen and the tissues were washed with absolute methanol,
The washings were then decanted through the wire screen and com-
bined with the extract, The wire mesh served to retain tissue

fragments that otherwise might have contaminated the extract,

Since the 53-3 and 53-4 tissues had been ground prior to
extraction, much fine fiber debris passed through the 80-mesh
screen; Consequently, the extracts from these tiséues were
decanted through a medium porosity sintered-glass filter funnel,

The first_four—day methanol extract from 54~3 and 54-4 contained
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suspended, nonfibrous material, but subsequent extracts appeared
to contain only finely divided fibers, so the latter were also

decanted through the sintered-glass filter funnel,

The extracts in general had a yellow color, the SX extracts
being the mest intense and the 53 extracts being the least intense,
The intensity of the yellow color, of course, diminished with continued

extraction,

After the tissues from the first collection reriod had been
extraéted with methanol at room temperature for 16 days, they were
extracted with absolute methanol under reflux for four hours, No
additional material could be extracted in this way, Subsequently
the tissues were extracted with water at room temperature for
three days. The cold water extracted 0.9, 0.6, and 0.5 gram of
material from 15 grams of SX-1 tissue, 35 grams of 54-1 tissue,
and 92 grams of 53-1 tissue, respectively. The pH of the SX-water
extract was,6.5; that of the distilled water used was 6.8, All
the water extracts gave negative Maule and ferric chloride tests.
The Molisch tests were only faintly positive. A glucose solution
was made up to the concentraﬁion corresponding to the concentration
of water-soluble materials indicated in the soft xylem extract.
The glucose solution gave a very stongly positive Molisch test,
Onithe basis of the qualitative tests, it was decided not to make

a water extraction of the tissues,

After the tissues had been extfagted, they were air dried in

the hood and ground in a Wiley mill to pass a LO-mesh screen,




27~

Since the XSc exbract was not to be investigated, a modified
procedure was used, The methanol in which the XSc tissue had been |
immersed during collection was decanted through an 80-mesh screen |
which retained the fibrous material, A small amount of nonfibrbus,
methanpl—inéoluble material passed through the screen énd was removed
From the extract by centrifugation., It gave negative Molisch, Mgule,
:‘and Wiesner tests, but a positive Biuret test for proteins,

Accordingly, the insoluble material was not investigated further.

. The fibrous material was extracted twice for one-hour periods
with 90% methanol under reflux, air dried, and ground to pass a
L4O-mesh screen, The material, when dry, was horny and brittle and

weighed 2.5 grams; it gave negative MHule and Wiesner tests.

CONCENTRATION OF EXTRACTS

The methanol extracts of the tissues from the first field
trip were concentrated batchwise under vacuum at a temperature
not exceeding 35°C. Thereafter, however, a continuously circulating
vacuun concentrator was used, resulting in a considerable saving of

time. The temperature of the extract was kept below 35°C, at all

times,

Invafiably, the extracts had a cloudy, opalescent appearance,
Removal of the insoluble material from the original extracts was
very difficult and time consuming. However, after thé extracts
had been partially concentrated, the insoluble material settled

i

out on standing. Therefore, the extracts were concentrated to a



—28-

volume of two liters in a 1arge coqcentrator; the concentrator was
washed out with two liters of absolute methanol; the concentrate and
washings‘were combined; and the insoluble material was allowed to
settle, The supernatant liquid was siphoned off and concentrated to
250 ml, in é small concentrator. The concentrator was washed out
with 250 ml, of absolute methanol; the concentrate and washings
were combined; and the insoluble material was again allowed to
settle. It was necessary to separate the insoluble material

in two steps., Otherwise it accumulated on the inside of the
concentrator where, because of its general insolubility, it could

be removed only with the greatest difficulty,

The supernatant liquid from the second concentrate was siphoned
off, and the-two. precipitates from each extract were combined.
These precipitates were washed with water until the washings gave
a negative Molisch test. They were then washed three times with
absolute methanol, twice with hexane, and dried under vacuum at
room temperature, Molisch, Mgule, and Wiesner tests and yield.
determinations were made on all the precipitates, The results
are presented in Table XXII, Appendix I, page 109 .. The precipitates

were kept, but were not examined further,

The condensates obtained dufing the conceatration of the various
extracts were tested qualitatively for carbohydrates and phenols to
check for losses due to bumping. In all cases the ferric chloride,
Mgule, and Molisch tests were negative, so the condensates were

‘discarded.
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The supernatant liquid from the second concentrate was
combined with the water and methanol washings and the mixture was
again concentrated to 250 ml. in the small circulating concentrator.
In ofder to be reasonably certain that all the methanol had been
driven off, three successive 250-ml. portions of distilled water
were added and the extract was concentrated finally to 250 ml, A
very turbid concentrate was obtained. The concentrator was
then rinsed with an additional 250 ml, of distilled water and
the rinsings and concentrate were combined to give a final volume

of 500 ml,
SEPARATION OF CONCENTRATED EXTRACTS

The concentrated methanol extracts were separated into hexane-,
water-, methanol-, and chloroform-soluble fractions as described

below,

The turbid, aqueous concentrates were extracted twice with

200 ml, of hexane to remove fats and related substances, The first
hexane extracts had a pale yellow-green color, The hexane extracts
were then combined with the precipitate washings and cbncentrated to
500 ml., The hexane solutions gave negative ferric chloride, Molisch,
and Wiesner tests, However, when a few drops of these solutions were
spotted on filter paper and sprayed with a solution of fe;ric
ferricyanide, phenols were indicated., The hexane solutions were set |

aside in the cold room, but were not examined further,

The aqueous concentrates were still turbid after hexane extract-
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ion. Preliminary experiments indicated that the materials causing. '
the turbidity could be removed by filtering through a celite-asbestos
pad, and that this material could then be extracted from the pad

with absolute methanol,

The pad was formed by coating the surface of a coarse, sintered-
glass filter funnel with medium-length, acid-washed asbestos followed
by a thin precoat of analyticél grade celite, Both materials were
washed with methanol and water prior to yge, This type of pad was

found to give the fastest filtration, ' ;

A mixture of medium-length, washed asbestos (20-25%) and washed
analytical grade celite (75-80%) was added to the turbid, aqueous
concentrate until the mixture became noticeably thick. The thickened
mixture was then poured onto the coated, sintered-glass filter funnel,
After the mixture had been filtered, the semidry pad was removed
from the filter funnel and mixed with distilled water in a beaker,
Again the slurry was filtered through the coated, sintered-glass
filter funnel and the pad was washed with wafer until the filtrate
gave a negative Molisch test. Reslurrying the celite-asbestos

pad gave faster filtration than washing the pad on the filter funnel,

The aqueous filtrate was still somewhat opalescent so it was
filtered again, this time through a medium-porosity, sintered-glass
filter funnel on which a celite-asbestos precoat had been formed,
This second filtrate was clear, and it was concentrated to 500 ml,

The concentrate was used for qualitative teosts, yleld determinations,




- 31~

and chromatozraphy; and it was then covered with toluene and

frozen to prevent compositional changes.

The pads through which the turbid, aquebus solutions had
been filtered were combined, in the case of each extract, and
mixed thoroughly with absolute methanol in a beaker, The
mixture was theu filtered through a celite-asbestos coated, medium-
porosity, sintered-glass filter funnel. When the pad was dry,
it was rem ed from the filter funnel and reslurried with methanol,
The slurry was filtered again through. 2 coated, medium-~porosity,
sintered-glass filter funnel, The pad was washed with methanol until
the filtrate did not become cloudy on the addition of water, The"
dry pad gave negative Molisch, ferric chloride, Mgule, and Wiesner
tests, indicating that the carhohydrates and phenols had been

removed,

When an attempt was made to concentrate the methanol solutions
to a smaller volume in a circulating concentrator, some material
began to separate and the originally clear solutions became turbid
and, hence, unsuitable for chromatography. Therefore, after each
methanol solution had been concentrated to 500 ml, in the cir-
culating concentrator, the turbid solution was transferred to a
one~liter round-- bottomed flask and reduced to a sirup under vacuum
at a temperature of 20-21°C, This virup was taken up in a small
amount of absolute methanol; the resulting solution was used for
qualitative tests, yield determiﬁations , and chromatography, and

was kept in a cold room to prevent compositiohal changes.
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Invariably there was some material resembling soft taffy that
did not redissolve; it was soluble in chloroform, :irnsoluble in
benzene and ethyl acctate, and formed a flocculent precipitate in
ether and hexane, The material was taken up in a small amount of
chloroform. The chloroform solutions gave negative ferric chloride,
Molisch, and Wiesner tests. However, when a few drops of the solutions
were spotted on filter paper and sprayed with a solution of ferric
ferficyanide, phenols were indicated. The chloroform solutions

were set aside in the cold room, but were not examined further.
YIELDS AND QUALITATIVE TEST RESULTS

Table III shows the amount of water-, hexane-, and methanol-
soluble material present in each extract, The relatively small
amount s of-ﬁreéipitated and chloroform-soluble material (Figure
5, page 25) are not included, A value for the total solids
extracted with 90% methanol was obtained by adding together the
values for the three fractions, For yield detefﬁinations, aliquots
of the methanol and hexane solutions wesre evaporated to dryness in
a vacuum desiccétor at room temperature, Because severe bumping
occurred when a similar procedure was followed ih the case of
aqueous aliquots, it was necessary.to concentrate the solutions to

a sirup on a steam bath prior to drying in a vacuum desiccator,
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Tables IV, V, and VI show the results of some of the qualitative

'3[+ -

tests run on the watér- (W) and methanol- (A) soluble fractions,

TAELE IV

QUALITATIVE TEST RESULTS FOR SX-W AND SX-A FRACTIONS

Solubility fraction

Collection period

Molisch test
Miule test

Wiesner test

SX-W

1 2 3

+ + +

- + +
TABLE V

SX-A

2 3 4
+ + o+

QUALITATIVE TEST RESULTS FOR 54-W AND 54-A FRACTIONS

Solubility fraction
Collection period

Molisch test
Mgule test

Wiesner test

Sh-W
1 2 3
+ + o+
- .+ +
- +  +

54-A

2 3 4
P
+ 4+ +
- + +
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TABLE VI

QUALITATIVE TEST RESULTS FOR 53-W AND 53-A FRACTICNS

Solubility fraction 53-W . 53-A

Collection period 1 2 3 4 1 2 3 4
Molish test - o+ o+ o+ -+ - -
Maule test - -+ 4 - -+ o+
Wiesner test - - - 14 + - -+ +

It is evident from the tables that nearly all of the aqueous
and methanol fractions contained carbohydrates and that Mgule- and
Wiesner-pggitive-substances were sparse in the SX, and early 54 and
53 fractions. The presence of Mgule— and Wiesner-positive materials
., in the 54-W fractions may indicate tﬁe presence of low molecular
weight lignin precursors because lignification should haye been

strongest in the 54 tissues.

In addition to the tests listed in the tables, the ferric
chloride test indicative of phenols the Isénberg—Buchanan test, said
to indicate the presence of catechol tannins (1)) and the naphthoresorcinol
test fbr uronic acids were run on the agueous and methanol solutions.
- None of these tésts were positive. The failure of the ferric chloride
test could have been due to the presence of organic acids, which are
known to interfere. A negative naphthoresorcinol test cannot be taken
as proof of the absence of uronic acids because aldobiuronic acids

somstimes do not respond (15).
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SUMMARY OF PREPARATION OF MATERIALS

The following mate;ials were prepared for analysis. Tﬁe SX,
54, and 53 tissues fromﬁeéch of the four field trips were extracted
with 90% methanol leaving as the insoluble residue the 12 marcs
SX-1, SX-2, SX-3, SX-4; 54-1, 542, S4-3, 54-L; and 53-1, 53-2,
53-3, 53-4. Oné XSc marc was also prepared, Each of the 12 extracts
was concentraped aﬁd separated iﬁto a precipitate and fractions
soluble in hexane, chloroform, water, and methanol, Qualitg£ive
tests showed that the watérﬂand methanol solu?ions corﬁesponding

to the 12 marcs contained the'solﬁble materials most relevant to this

investigation,
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ANALYSIS OF MARCS
OVENDRY WEIGHT AND ASH DETERMINATIONS

Ovendry weight (16) and ash (17) assays were made on all
marcs, It was found necessary to keep the samples in an oven
at 105°C. for as long as 24 hours before they reached constant

weight,

A1l calculations in the study of marcs were made on an
ovendry, ash-free, extractive-free basis unless otherwise

specified,
NITROCEN DETERMINATION

‘Nitrogen determinations were made on all marcs by a modified
- Kjeldahl method (18); the results are presented in Table VII, The
protein content was obtained by multiplying the nitrogen content

by 6.25.
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TABLE VII
. SUMMARY OF NITROGEN ANALYSES!

" ‘ Nltrogen, Protein,

Tissue % %
XSc 27.3
SX-1
SX~-2
S5X-3
SX~4

Lo?
1.6
1.9
1.1
1.0
510-"1 0 ozi-
SL4=2 0.4
0.2
0.1
0.1
0.1
0.1
c.1
0

Wwvwvo

543
5hfh

53-1
53-2
53-3
534

Whole wood3

9

.
o S+ ;o o o NN« NS RG RN

o O000O" O!—‘.Nl\) 0\0\':8

=

1A11 calculations were made on the basis
of the ovendry, ash-free marcs,

2This determination was carried out by the
Analytical Department of The Institute of
Paper Chemistry—Institute Method 708,
3The whole wood sample used in this and
subsequent analyses was obtained from 3
billets representing 3 different aspen
trees, from which the developing tissues
had been removed,

The table shows that the XSc and SX marcs are very rich in
proteins, This was to be expected in view of the fact that these
tissues contain the protoplasm from which the cell constituents are
derived, Obviously, the 54 marcs represent an intermediate growth

stage, The protein content of the 53 marcs.is the same as that of

the whole wood.
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URONIC ANHYDRIDE DETERMINATION

Uronic anhydride assays (Eg) were made on all marcs, The
-apparatus, reagents, and technique were checked with pure
glucuronolactone,. The results of these analyses are presented

in Table VIII, -

TABLE VIII
SUMMARY OF URONIC ANHYDRIDE ANALYSESL

Uronic
Anhydride,
Tissue % '
.XSc 23 .02
SX-1 12,5
SX-2 11,7
SX-3 8.6
SX-[;. 9 L] 6
54-2 6.1
543 5.5
Sh~l 5.7
53 "l 5 O 5
53-2 5.1
53 -3 5 oo
53-4 5.2
Whole wood 5,6

1511 calculations were made on the
basis of the ovendry, ash-~free marcs,

2This determination was carried out

by the Analytical Department of The
Institute of Paper Chemistry--Institute
Method 701,




~5,0-

This table shows that the young XSc and SX tissue are characterized
by a high uronic anhydride content and the mature 53 tissue by a low
uronic anhydride content; the 54 tissue again seems to represent an
intermediate growth stage. The uronic anhydride content of the 53
tissue is nearly the same as that of the whole wood. It is evident
that as the young tissue matures the relative amount of carbohydrate

material containing carboxyl groups decreases markedly.

METHOXYL DETERMINATION

Methoxyl determinations Qgg) were made on all marcs. The

apparatus, reagents, and technique were checked with pure vanillin.

Since the marcs had been air dried from methanol, it was
necessary to remove the last traces of alcohoi before making the
determinations, This was accomplished by exposing the airdry marcs
to a high relative humidity and then drying the moist marcs in a

vacuum desiccator over sodium hydroxide, The procedure was repeated

four times,

The results of the methoxyl determinations are presented in

Table IX,
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TAELE IX
SUMMARY OF METHOXYL DETERMINATIONS'

Methoxyl,
Tissue '

XSc

N
.

L]
NFEI0y N

SX-1
SX-2
SX-3
' SX~4,

Sh~-1
. ' oh-2
B Sh=3
Sh=h

53-1
53-2
53-3
23-4

Whole wood

*
NDNOONO AN N0

w [ S A We NIRRT T g wWwoN

.
O

lAll calculations were made on the
basis of the ovendry, ash-free marcs,

The table shows that;thé methoxyl contents go from a low value
in the case of the XSc marc to a high value in the 53 marcs and whole
wood, with the 54 marcs being intermediate., The methoxyl in the XSc
marc must be carbbhydrate methoxyl since, as shown below, this
material gives no vanillin or syringaldehyde on oxidation with
alkaline nitrobenzene, The increase in methoxyl occurring after the
XSc growth stage is due primarily to the deposition of lignin,
although some methoxyl associated with hemicelluloses is undoubtedly

deposited also,
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LIGNIN DETERMINATION

It is known that proteins and some carbohydrates condense
with lignin when the Klason method is used. This is particularly
likely in the case of cambial tissues which have a very high protein
content, Therefore, the lignin content of the marcs was calculated
from two sets of data, One calculation was based on the yields of
vanillin and syringaldehyde obtained by oxidation of the marcs with
alkaline nitrobenzene; the other calculation was based on the methoxyl
and uronic anhydride contents of the marcs, In order to make these -
calculations, the lignin content of whole aspénwood.was required,
This assay was made by the Klason method (21). The soluble lignin

in the filtrate was determined spectrophotometrically from the

relation,
C;, = A/ab,
where
Cy, = concentration of'lignin in
grams/liter;
absorbance;

absorptivity; and
cell width in cm,

o>
LI

The value of Ma®" at 230 mmu is 42 according to the ultraviolet
absorption data for aspen native lignin (22). The soluble lignin

was added to the Klason lignin to give a total lignin wvalue,

FROM NITROBENZENE OXIDATION

The micromethod (23) for the-alkaline nitrobenzene oxidation

of lignin and determination of aldehydes, as modified for aspenwood

(24) was used, The lignin content was calculated from the relation,
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L= K@ + b)/(x + ), (25)
vhere -
L, = lignin content at any growth stage;
'K = Klason lignin content of the whole wood;
a,b = yield of vanillin and syringaldehyde from
the tissue being investigated; and
%,y = yleld of vanillin and syringaldehyde from

the whole wood,
Calciﬂ.ating the lignin content of young tissues in this way involves

two assumptions: (a) that the vanillin and syringaldehyde produced

. arise solely from the lignin, and (b) that vanillin and syringaldehyde |

make up the same fraction of the lignin in both young and mature

tissues,
FROM METHOXYL AND URONIC ANHYDRIDE VALUES

The total methoxyl content of a given wood sample is the sum
of the lignin methoxyl and the uronic anhydride methoxyl, Hence,
if the total metho:ijrl and uronic anhydride methoxyl of a given
sample are known, the lignin methoxyl can be determined by
difference, The lignin content can then be estimated from the

relation,

Ly = K(c/d),
where 4
L = lignin content at any growth stage;

= Klason lignin content of the whole woods.
= lignin methoxyl of the tissue being

i investigated; and

= lignin methoxyl of the whole wood.

(eI

[}

‘Use of this relation assumes that the methoxyl content of yéung
\

and mature lignin is the same,



-l

The total uronic anhydride content of a given marc is the sum .
| of the galacturonic and glucuronic anhydrides, The former is a
constituent of the pectic substances and the latter a constituent of
the nonpectic hemicelluloses. Each fraction probably has a different
methoxyl content, Therefore, in ‘order to‘calculate the uronic
anhydride methoxyl, the galacturonic.and glucuronic anhydride content
of each marc and the methoxyl content of the respective anhydrides

must be estimated,

If it is assumed that the XSc uronic anhydride arises solely from
galacturonic anhydride (see page 52, 53) and that the pectic substances
are deposited completely an& by the XSc growth stage (see page 58),
the magnitude of each anhydride can be determined., Table XV, page 61
shows that galacturonic anhydride accounts for about two-thirds of
the total uronic anhydride in SX tissue and about one—third of the

C't;ota,l uronic anhjdfide in the 54 and 53 tissues., Furthermore, the
methoxylicontent of the galacturonic anhydride fraction is known
from assays of the,XSc marc, and the methoxyl content of the
glucuronic anhydride fraction can be assumed to be approximately

equivalent to one methoxyl group per glucuronic anhydride group.
The calculations involved are shown in Appendix III, page 114,

RESULTS AND DISCUSSION

The results of these determinations are given in Table X,

It can be seen that both methods give very similar results,
L
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TAELE X

CALCULATED YIELDS AND QUALITATIVE STUDIES OF LIGNIN IN
YOUNG ASPEN TISSUESL

Lignin From Lignin From

Nitrobenzene Methoxyl 0"
Oxidations, Determinations, Maule Wiesner
Tissue % % Test Test

XSc 0.0 0.0 - -
SX—l 5.2 A,E o+ +
SX~2 5.1 5.3 + +
SX-3 7 .3 9 u[& ++ ++
SX-4 7.9 8.2 ++ ++
54-1 | 15.8 15.9 +4++ ++
S4-2 .4 13.5 4+ P
54-3 17.5 17.9 P S
5L~ 18,6 19,2 -+ 4
53-1 22,4 21,2 4+ P
23-2 20.7 19.6 I +Ht+
53-3 21.0 20.0 4+ 4+
53 -4 20.9 22,0 P P
Whole wood (Klason 20.8 20.8 T .

+
soluble lignin)

1All calculations were made on the basis of the ovendry, ashfree marcs,

Both the qualitative and quantitative data indicate that there are
no compietely lignified cells in the SX tissue, The 5L tissue must
be composed of a mixture of partiélly lignified and completely lignified
cells, There is no doubt that the partially lignifigd cells were
still functioning as living cells at the time of collection, Whether
or not the completely lignified vessel segments and fiber tracheids
were still living is a moot question., The cells may live, in the sense
that they are capable of respiration, for some time after cell-wall

formation has been completed,
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In this study, the.ratio of syringaldehyde to vanillin was
variable (@verage value = 2,7), but did not seem to change significantly
as thé lignin matﬁred. -In cbntrast, 1n§e§tigation§ of developﬁéﬁt of
lignin in monocoﬁyledonoﬁs plants (25, gé) have shown that the ybung
lignins. have a much lower syringaldehyde to vanillin ratio and,

consequently, a lower methoxyl content (27) than mature lignins.

The only aldehyde found upon oxidation of the XSc’marp with
alkaline nitrobenzene was p-hydroxybenzaldehyde of which there
was a very small amount, Since this aldehyde could not be detected
among the oxidation products of the other tissues, it was probably
produced from the proteins in the XSc marc, It is known that
tyrosine yields p-hydroxybenzaldehyde upon oxidation with alkaliné
nitrobenzene- (25), No syringaldehyde or vanillin could be detected.

Hence the XSc marc was not lignified.
~ DETERMINATION OF CELL-WALL CARBOHYDRATES

The polysaccharides in the marcs were hydrolyzed completely to

simple sugars in two stages to minimize decomposition of the end

products (28). After adding a known amount of D-ribose (about equal

to the amount of glucose in the hydrolyzate) as an internal reference
sugar, the hydrolyzate was taken to pH 4.5 with barium hydroxide,

filtered, deionized, and concentrated in vacuo (29).

A volume of the hydrolyzate equivalent to 8-10 mg. of sugar

was then carefully streaked across the top of a sheet of Whatman No, 1

chromatographic paper and the sugar mixture resolved by alternate
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developing and drying in BAW (9:2:2) and BPW (10:3:3) (29). It was
found that a third 12-hour development in BPW (10:3:3) in addition
to the two suggested, gave a somewhat better separation of glucose

and galactose,

After the chromatogram had dried, a strip was cut from each
side and sprayed with AHP, The strips were then reattached to
locate and identify the individual sugar bands, The bands and a
blank were cut from the chromatogram and the sugars eluted with
water (29). About 2 1/2 hours was required for complete elution.
Although the alternate developing and drying method resulted in more
compressed and more sharply separated sugar bands, the quaﬁtity of
glﬁcose, xylose, and ribose was such that wide bands were often
obtained. These wider bands could notvbe eluted completely in
2 1/2 hours, so they were cut in two, each half was eluted

separately, and the two eluates were combined,

The periodate oxidation method (30) was used for the
quantitative determination of the eluted sugars because it

gives good results with hydrolyzed aspenwood (29).

The weight of the various sugar anhydrides was calculated from
the relation,

mg. sugar anhydride = ABC,

vhere
A = mg. ribose added/(NaOH titer for ribose X
pentose factor);
B = NaOH titer X sugar factor; and
C = sugar anhydride factor.
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The sugar factors are necessary because hexoses, pentoses, and
methyl’ pentoses yield 5 moles, 4 ﬁoles,Aand I, moles of formic acid,
respectively, on oxidation with periodate. Thus, one mole of formic
acid is equivalent to 1/5 mole or 36,03 gramé of a hexose sugar,

1/l mole or 37.53 grams of a pentose sugar, and 1/4 mole or 41,04 .
grams of a methyl pentose sugar. The sugar anhydride factor is
necessary to convert the weight of the simple sugar to the

weight of the corresponding cell wall carbohydrate,

In order to determine-the accuracy and precision with which
the simple sugars composing the polysaccharides of aspen tissue
could be determined, the followihg experiment was perforﬁed. |
The weighed CP sugars D;élucose, D-galactose, L-arabinose,
. D—Mannose,'D—xylose, L-rhamnose, and the internal reference.
sugar D-ribose were transferred quantitatively to 10-ml, volumetric
f;asks and made up to vblume with boiled, distilled water. ﬁuplicate
l-ml. aliquots were then cxidized and titrated with ,00402 N sodium
hydroxide. The precision of the duplicate determinations for all

sugars was +3%; the accuracy is shown in the following table,
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TABLE XI

SUMMARY OF QUANTITATIVE SIMFLE SUGAR STUDY

Known, Found, Recovery,
Sugar mg, mg.
Glucose 2.92 2.80 95.5
Galactose 2 3.15 3.12 99.0
Mannose 2.81 2.77 98.4
Arabinose 3.00 2.99 99.7
Xylose 3.29 3.26 99.1
' Ribose 3.09 3.13 101.2
Rhamnose 2.96 2.93 99.0

The nonpolyuronide cell-wall carbohydrates were analyzed by
hydrolyzing the XSc, SX, 54, and 53 marcs and determining quanti-
tatively the simple sugars of which they were composed, Uronic

anhydride assays were carried out as described previously. Table

XIT summarizes these analyses.



-50-

TABLE XII

COMPOSITION AND SEASONAL VARTIATION
OF CELL-WALL CARBOHYDRATESL

Methylated

2 2 5 2 2 Uronic 3

Glucany Xylan§ Mannan, Galactan, Araban, Anhydride,

Tissue ~ % 4 % % 3 %

XSc 15.1 6.1 0.9 10.2 6.8 2,.0
SX~-1 LO.6 17.1 1.3 2,6 2.3 13.2
SX-2 1.0 16.8 0.8 3.9 2.3 12.3
SX-3 L7.4 18.7 1.3 1.6 1.4 9.1
SX-4 L7.2 19.9 1.0 2.2 . 2.1 10.2
54-1 L8.7 18,1 1.2 0.7 0.8 7.0
542 L7.3 Y 13 2.7 0.6 6.5
5l|v"'3 5202 17-9 108 lol 006 509
511,-[& h5.8 1508 106 007 Ool-} 601
53-1 L9 16,5 2.3 0.9 0.4 5.9
53""2 56.7 16.3 2.1 01.7' 001& . 5.5
53-3 51.0 16,0 2.1 0.5 0.6 5.3
53-",4- 5006 l6n9 1.85 O~-7 006 5.6

1A11 calculations were made on the basis of the ovendry, ashfree marcs,

2Calculations were made on the basis of the sugar anhydrides; no
implication as to structure is intended.

3Includes "uronic anhydride'-CHZ-"-—see Appendix IV, page 116,

In addition to the carbohydrates listed in Table XII, rhamnose
was also present in small quantities (less than 1%) in all the
hydrolyzates. Traces of fucose and ribose were indicated in the
XSc Lydrolyzate, Neither of these sugars were present in detectable
quantities in the hydrolyzates of the more mature marcs. The presence
of fucose in the hydrolyzate of a cold water extract of aspenwood had |
been reported previously (22). However, the identity of this sugar
has not been established; it has been indicated only by paper

chrematography.
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The presence of small quantities of ribose in the hydrolyzate of
the XSc marc is not surprising in view of the high protein content
of this very young material (sece Table VII), Since ribose was not
present in the hydrolyzates of the more ﬁature marcs, it probably
originated from the nucleic.acids in the cambial protoplasm rather
than from the cambial cell wall, The XSc carbohydrate analysis
probably includes minute amounts of other protoplasmic

carbohydrates as well,
THE XSc CELL-WALL CARBOHYDRATES

The XSc tissue was extremely interesting. Microscopic exam-
ination showed that it was composed predominantly of cambial cells and
also contained some thin-walled xylem elements derived from the
cambium, Although the walls of some of the derivative cells were
thicker than those of the initials, the analytical results indicated
that this thickening was due to growth of the primary wall rather
than to sécondanyswall formation. Since the cambial cell wall
becomes the primary wall of a mature wood cell, the carbohydrates of
the XSc tissue correspond to the carbohydrates in the compound

middle lamella of mature wood.

This tissue gave negative Miule and Wieéner tests, and yielded
neither vanillin ncer syringaldehyde upon oxidation with alkaline
nitrobenzene., It was, therefore, nonlignified, Evidently the
commencement of lignification in aspen is coincident with commencement

of secondary-wall formation.
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Although microscopic examination showed that little or no
secondary—wall formation had taken place at this growth stage,
every sugar present in the hydrolyzate of mature aspenwood was
| also present in the hydrolyzate of the XSc tissue, Surprisingly,

less than 25% of the total carbohydrate material was Mglucan'",

In view of the relatively high percentage of galactose and

- arabinose indicated in the XSc tissue, it was deemed advisable‘to verify

the presence of these sugars by-otﬁer than chromaﬂographic means, Tﬁerefore,
they were separated chromatographically, eluted, and reduced to a sirup

in vacuo, The mucic acid derivative of galactose and the diphenylhydrazone
derivative of arabinose weré prepared,  The former should melt at 206°C,
with very slow heating (found: 204°C,) and the latter at 2042205°C (31)
(found: 201°C.). |

It is known that cambial and near-cambial tissues are rich in

pectic substgpces (g, L), Furthermore, the Xéc tissue gave a strongly

positive ruthenium red test --a good indication of the presence of
pectic substances, This implies that the pol&uronide content of the
XSc tissue is primarily polygalacturonic acid, It is also known
that, in general, other polysaccharidés, especially galactan and
araban, are associated with polygalacturonic acid-in pectic sub-
stances (32). Now, if araban and galactan are included in the term,
"pectic substances'", and if the XSc uronic anhydride is'assumed
to be galac£uroﬁic anhydride, two-thirds of the total XSc carbo-
hydrate cons?sts of pectic substances, Hence, an outstanding

characteristic of the XSc tissue is its predominantly pectic
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nature, The very high concentration of these materials together
with the very low concentration of "glucan" in the XSc tiésue
lends support to the hypothesis that the pectip substances (rather
than cellulose) represent the continuous phase in the structure

of the primary cell wall (33, 34).

~ The ﬁectic substances have the following properties which
make them well suited to the role they play in cgll growth: (a)
they are highly hydrophilic thus enabling young cells to maintain a
high state of hydration, (b) théy are readily susceptible to enzymatic
- hydrolysis thus providing for expansion of the primary wall, (c) under
cerﬁain conditions they form gels very easily thus making the
compound middle lamella adaptable to changes in size and shape of
the cell, and under other condiﬁions they can function as cemepting

substances thus lending rigidity to the young tissue.

It is interesting that the three major carbohydrates of the
compound middle lamella (ga}aqtose, arabinose, and galacturonic
acid) are D-galactose homomorphs and that phe three méjor carbo-
hydrates of the secondary wall (glucose, xylose, and glucuronic acid)
are D-glucose homomorphs. Evidently; metabolic conditions prevailing
at the time of thé formétioﬁ of the compound middle lamella result in
the conversion of the gluéosé, preéent in cgmbial sap, primarily
into galactése, arabinose,.and galaéturohic acid units; whereas
during secondary-wall fofmation, conditions are such that glucose,

Xylose, and glucuronic -acid units predominate.
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SUMMARY OF MARC ANALYSES

The individual analytical values for the various marcs w;re
averaged and are presentednin Tables XIITI and XIV, Table XIII
shows the variation in carbohydrate coﬁbésition'according to
tissue type; and Table 'XIV shows the proximate - summative analjsis

- of the various marcs.

In general, the XSc and SX tissues éf aspen were characterized
by a ;ower glucan, mannan, lignin, and methoxyl content, and a
highér uronic anhydride, galactan, arabaﬁ, and protein content than
mature aspen ﬁissue. The composition of the XSc tissue evidently

approaches that of the cambium,

A1l the 53 values except those for glucan and mannan agree quite
well with the values obtained for the whole wood. On the basis
of this comparison, the 53 values may be considered typical of the

wood as a whole,
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TAELE XIV |
PROXIMATE SUMMATIVE ANALYSIS OF TISSUES INVESTIGATED’®

Whol.

XSc SX 54 53 Woo

Total carbohydrate, % 6.1 T8 759 769  65.2
Lignin, % | 0.0 6., 16,6 213 20,8
Protein, % 23 8.8 1.7 0.6 0.6
Total, % ‘ 90.4 94,0 94.2 98,8  86.6

2VNE] calculations were made on the basis of the ovendry, ashfree
marcs,

2No acetyl determinations (usually 3.5-4.0% of whole wood) were
made in this study.

3¢f. Appendix V, page 117.

The 41% whole wood glucan values oﬁtained in this study and
in another investigation (29) in which the same method of analysis
was used seem low? especially in vieﬁ of the aspen alpha-cellulose -
figures of 50.2% (35), 49.1% (36), 50.1% (37), and 50.8% (38) obtained
by others, It should be pointed out, however, that the 53 glucan value
of 51.,6% (Table XIII) is in good agreement with tﬁé whole wood
alpha-cellulose figures cited above., Nevertheless, the discrepancy

remains unexplained.,

Although there is little indication of seasonal variation in
the polysaccharide composition of the SX and 54 marcs, there does
seem to be a seasonal variation in the protein, lignin, methoxyl,
and uronic anpydride content, The seasonal variation in the SX

‘marcs may be due to a change in composition of these tissues as the
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season progresses, Possibly the best explanation, however, is that

~ the SX-3 and SX-4 tissues contained more of the adjacent nevly
formed sapwood. This explanation is supported by the observation,
made at the time of collection of these tissues, that it was more
difficult to make a good separation between4the SX and 54 tissues due

to a reduction in the moisture content at the log surface,

If, as indicated by the analytical data, the 54 tissue
represents an intermediate growth stage, one would expéct the
composition of the 54 tissue to approach that of the 53 tissue as
the season advanced due to the fact thatlthe proportion of fully

mature cells in the former increases as the season progresses,

This trend is evident in Tables VII, VIII, IX, and X,
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ESTIMATION OF CARBOHYDRATE AND LIGNIN GROWTH INCREMENTS

In order to estiﬁate the quantity of each constituent deposited
as the tissue matured through the four growth stages indicated in
Table XIII, it wouid be desirable to have an "internal index", i,e.,
some constituent which would remain substantially unchanged after
being deposited by the first growth stage. Inspection of the
table shows that glucan, xylan, and mannan increased and galactan,
araban, and uronic anhydride decreased in percentage of composition as
the tissue matured. However; since growth is a dynamic process,
results which show only the percentage of composition of tissue.

" at various growth stages can be very misleading. For example, a
decrease in the percentage of one constituent need not indicate
‘an actual decrease in the absolute quantity of that constituent,

but rather an increase in some other constituent or constituents,

The data of Table III suggested the hypothesis that they
pectic substances are deposited completely in aspen tissue by
the XSc growth stage prior to secondary-wall formation, Evidence

in the literature lends support to this hypothesis,

It has been shown that alcohol-soluble uronides are converted
into alcohol- and water-insoluble pectic substances in rapidly
growing sugar beets (39), in maturing flax (40), and.in tobacco
pith (41). Apparently the formation of poLygalactﬁronic acid
derivatives by the cell is princiﬁhl;y an indication of a certain level

of oxidative activity met with only in.very young cells (42)., It has
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been suggested that the pectic substances of woody tissues are
deposited in the middle lamella and primary wall in the early

stages of cell development and that they remain unchanged as the wood
matures (43, 44). In fact, they have been identified histologically
in the comgounﬁ‘middle lamella of mature wood (45) and have been
isolated from cambium and mature sapwood tissues (43, L4L) after

cautious treatﬁent to remove ipterfering materials,

Thus, the enzymes in developing tissues which are capable
of hydrolyzing pectic substances do not bring about the complete
break down and subsequent removal of these materials from the
cogpbund middle lamella, Indeed, it has been hypothesized:that
they merely loosen the continuous pectic framework of the primary
wall.to accommodate its expansion during growth (L6). Similarlj,
there is no evidence for the degradation of pectic substances
during the development of fruit, However, when the fruit becomes
overripe and approaches senescencé thers is a gradual decrease in
these matéria;s. It may well be that the degradation of pectic
substances in wood is prevented by the deposition of lignin

in the compound middle lamella,

The constituents of Table XIII which may be considered to
represent pectic substances are araban, XSc, uronic anhydride (assumed

to be galacturonic anhydride), and galactan (32). . Of these, araban

'~ was chosen as the best internal index of cell gfowth because: (a)

the uronic anhydride determination does not distinguish between tﬁe

uronic acids of the pectic and nonpectic substances, and (b) the

!
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quantitative determination of arabinose was more accurate than that
of galactose, The separation of arabinose from the monosaccharides
above and below it on the chromatogram in the procedure for quanti-
tative sugar determinations was very good, whereas the separation of
galactose from the necessarily large quantity of glucose below it on

the chromatogram left something to be desired.

The calculations involved in using the internal index concept
for estimation of the various carbohydrate and lignin growth incrgments
are shown in Appendix VI, pagell8, The values in Table XIII were |
recalculated on the basis of the ovendry, ash-, and protein-free
marcs, and the growth increment calculations were based on 100 grams
of ovendry, ash-, and protein-free XSc marc. The results are

presented in Tables XV and XVI and Figure 6,

The "Growth Increment™ values in Table XV were obtained by

" dividing each "Carbohydrate Plus Lignin" figure by the 100 grams of
XSe marc (the basis upon which the original calculation were made),
The values in Table XVI were obtained by dividing the corresponding
vaiues in the preceding table by the total amount of that particular
component deposited by the 53 growth stage, .For example, the SX

lignin value in Table XVI, was obtained by dividing 33.8 grams by 469
' . ~

~.

grams to give 7.2%,.

These calcwlations show strikingly how very near to the cambium
the XSc tissue must have been., Only about 5% of the total cell-wall
maﬁerial (caroohydrate plﬁs lignin) had been deposited at this stage

in growth, At the SX growth stage the cells were about 20% mature,
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and calculations based on the average composition of the 54 tissue
show that it had grown to about 85% maturity. The 53 tissue, as

mentioned above, may be considered completely mature,

Table XV shows that the total cell-wall material has increased

21,6 times from the XSc growth stage to maturity,

APPROXTMATE DISTRIBUTION OF CARBOHYDRATES
ACROSS AN AVERAGE CELL WALL
The morphological concept of cell-wall formation is that the
polysaccharides are laid down centripetally as each cgll matures,
Thus, if the growth stages of Table XVI are pictured as steps in the
maturation of a single, average aspen cell, the total amount of
carbohydrate material deposited during each period can be represented

as shown in Figure 7.

: With this picture in mind, the data of Table XV can be used
to determine the approximate composition of the successive cell-wall
layers and hence the approximate distribution of carbohydrate con-
stituents across an average cell wall, This has been done and is

presented in Tables XVII and XVIII,
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le 54
e 53 ———

Figure 7

Y

Schematic Representation of Average Aspen Cell Wall
Showing Relative Amount of Carbohydrate Material
Deposited During Each Growth Stage '
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The values in Table XVII were obtained from Table XV by
~ subtraction, For example, the XSc--SX glucan value in Table
XVII was obtained by subtracting 23.9 grams (XSc, Table XV)
from 231.0 (SX, Table XV) to give 207,1 grams. The values

in Table XVIII were obtained from Table XVII by dividing the
figure‘for a given constituent by the total carbohydrate laid
down in the growth increment of interest. For example,'the
XSc~--8X glucan value in Table XVIII was obtained by dividing

207.1 grams by 319 grams to give 64.9%.

The tables show that the glucan content of the cell wall
sections increased as the inner layer of the cell wall wés approached;
the mannan content increased in the same manner reaching a maximum,
like the glucan, in the cell-wall layer nearest the lumen, In fact
the 54--53 increment was surprisingly rich in mannan. The xylan.
content increased to a miximum value in the middle two sections of
the cell wall and then dropped off again in tbe section nearest the
lumen, The uronic anhydride content declined quickly from a maximum
value of 38% in the XSc increment to a value of 7 and 6% in the
middle sections and finally to a negligible value in the layer

nearest the lumen,

It can be seen from Table XVIII that the "hemicelluloses"
were more concentrated in the outer layer of the cell wall, representing
approximately 75% of the total carbohydrate material in this region
‘and only about 15% of the total carbohydrate material in the layer

nearest the lumen, These results are in very good agreement with
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those obtained using microspectrographic techniques in which:it was
found that hemicellulose represented half or more of the carbohydrate
material in the outer regions of the cell wall of spruce and birch A

and only 10-20% of the carbohydrate material around the lumen (47).
ESTIMATED COMPOSITION OF INTERCELLULAR SUBSTANCE -

In order to estimate the composition of the nonlignified
true middle lamella or intercellular substance, the carbohydrate
composition of the XSc and SX tissue was calculated on an ovendry,
ash-, protéin—, and lignin-free basis, In carrying out the cal-
culations, the assumption was made that all the galactan, araban,
and galacturonic anhydride had been deposited by the XSc stage and
that the XSc uronic anhydride represented only galacturonic

anhydride, The results of these calculations are shown in Table XIX,

TABLE XIX
CARBOHYDRATE COMPOSITION OF XSc AND SX MARCSl
Methylated
. Uronic
Glucan, Xylan, Mannan, Galactan, Araban, Anhydride,
Tissue % % % Z % %
XSc 23.9 9.7 1.4 16,2 10.8 38,0
sx  55.2 22,9 1. 3.9 2.6 9.1°

1All calculations were made on the basis of the ovendry, ash-,
protein-, and lignin-free marcs,

2‘I‘his figure does not include the uronic anhydride deposited -
between the XSc and SX growth stages,
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These data are plotted in Figure 8, The distance between
XSc and SX is arbitrary and does not affect the results. Upon
extrapolation, the glucan and xylan plots intersect at a point the
locus of which is very nearly on the abscissa, If a vertical line
through this point (the point at which glucan and xylan diminish
to zero) represents the nonlignified intercellular substance, then
the points at which the extrapolated galactan, araban, and galacturdnic
anhydride plots intersect it should indicate the composition of the
intercellular substance, It is found, by this device, that the
intercellular substance contains approximately 25% galactan, 17%

araban, and 59% galacturonic anhydride,

To draw such conclusions from so little data is to'be quite
speculative, Still, the fact that the sumnation of the percentages
thus obtained is very nearly 100% indicates that results are plausible,
It is interesting that apple pectin has been found to contain 30%

galactan, 20% araban, and 49% galacturonic anhydride (48),
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EXTRACT STUDIES

The data in Table III, page 33, show that the SX tissues were
very rich in 90% methanoiééoluble extractives, an indication of high
blochemical activity; in fact the.extractives accounted for nearly
half of the total solid material, The 54 and 53 tissues, on the
other hand, were relatively poor in extractives for they contained
only one-fourth and one-tenth as much 90% methanol-soluble matefial,
respectively, as the SX tissues., The fact that 5, tissues contained
gignificantly more extractives than the 53 tissues indicated that the
former retained some biochemical activity throughout the growing

season in which it originated,

It is interesting to note that 80-90% of the 90% methanol-
soluble extractives in the SX and 54, tissues was water soluble,
This{is indicative of the abundance in these tissues of relativeiy
simplé compounds many of which probably are intermediates in the
formation of the insoluble cell-wall components,

PRELIMINARY EXAMINATION OF WATER~
AND METHANOL~-SOLUBLE FRACTIONS

The water- and methanol-soluble fractions (Figure 5, page 25)
were examined by paper partition chromatography for specific car-
bohydrates and phenols. About 0,5 mg. of material from each fraction
was gpotted on Whatman No,l chromatographic paper, The carbohydrate
chromatograms were developed with BPW(6:4:3) for 24 hours, dried, and

sprayed with p-anisidine hydrochloride, The phenol chromatograms
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were developed with butanol-benzene-acetic acid-water (1:5:1:0:5)

for eight hours, dried, and sprayed with ferric ferricyanide, .

Generally speaking, the phenolic suBstances.appeared in the
. methanol fractions while the carbohydrates appeared in the agueous

fractions, though the separation was not perfect,

Spots corresponding to glucose and sucrose’ occurred in all
aqueous fractions, sucrose being predominant, Fructose spots were -
also present in most of these fractions, The SX~ and 54-methanol

fractions contained relatively small amounts of material corresponding

to glucose and sucrose and no spots corresponding to fructose,

No pentose sugars could be detected on the chromatograms,
Pink spots, which could indicate pentoses, pentosans, or uronic
acids, were evident at the top of the chromatogram in the SX-aqueous

fractions, These were later shown to be acidic in nature,

The butanol-benzene-acetic acid-watef did not resolve the
phenolic materials, Streaks rather than distinct spots were
obtained, although for some fractions spots could be seen near the

solvent front.

It is interesting that of the three aldohexoses, two aldopentoses
and rhamnose which represent fundamental structural units in the cell-wall

carbohydrates of aspen only glucose could be detected in the extracts

#The presence of sucrose in the extract of the developing tissues of
Populus grandidentata has been established by preparation of the octa-
acetate derivative (L9).
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by paper chromatography. The presence of sucrose and soﬁe fructose
was also indicated, sucrose always being the prédominant sugar, This
suggests that these sugars are the soluble carbohydrate reserve of
the tree., Apparently they are in enzymatic equilibrium with starch,
the insoluble carbohydrate reserve. The insoluble form is necessary
because osmotic pressure considerations'limit the amount of sucrése,

glucose, and fructose that can be present in the cell sap,

Evidentl& in aspen the sucrose-starch syétem is the primary
system from which all cell-wall carbohydrates are formed. It is
known that four of the hexoses (glucose, fructose, mannose, and
galactose) can be transformed into sucrose in plants (50)., Hence,
it is not unreasonable to assume that the reverse is true, i.e.,
that ménnose and galactose as well as glucose and fructose can be
formed from sucrose, Moreover, it is possible that glucuronic and
galacturonic acids are forméd from the corresponding hexoses by
oxidation and that decarboxylation of the acids produces xyloss and
arabinose, respectively. However, the transformations in the con-
version of substances such as these into the polysabcharides of the

cell wall have not yet been elucidated,

It is also interesting that no low DP carbohydrates which might
Ee considered intermediates in the formation of the high DP cell-"
wall carbohydfates could be detected in the extracts., Apparently
the kinetics of the reactions by which cell-wall carbohydrates are
formed are such that the intermediate substances cannot be detected

by the usual methods, or perhaps they are present in the form of
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complexss which do not lend themselves to chromatograﬁhic techniques
such as those used in.this study, This suggests that special ex-
periments should be ‘designed with the objective of maximizing the

yield of the suspected intermediate compounds,
STUDY OF WATER-SOLUBLE FRACTION

Since the preliminary chromatographic investigations had
shown that the composition of the four SX-aéueous solutions and
the composition of the four 54~aqueous solutions was qﬁalitatively
the same, they were combined to give one SX-aqueous solution and
one 54-aqueous solution, A few introductory experiments indicated
that an examination of the water-soluble acidic materials might be
fruitful, In order to simplify the study of these materials‘by
chromatographic techniques, it was necessary to separate them
from glﬁcose,'sucrose, and fructose which were the predominant
water-séluble‘constituents. This was accomplished by adéorbing
the acids on a column of IR-4B resin, The acetate form of the
resin was used instead of the hydroxide form because of the

tendehcy of the latter to degrade reducing sugars to acids (2;).

The column was washed with water until a small sample of the
eluate gave a negative Molisch test, indicating that all the sugars
had been removed from the resin, The acids were then eluted with
1N sulfuric acid, the acid eluate was neutralized with barium
carbonate, and the barium sulfate was filtered off, After passing
the acids through an IR-120 column to remove barium, the eluate

was concentrated in vacuo,
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The SX-sugar eluate gave a negative Mgule test and a negative
Wiesner tést. The 5i-sugar eluate gave a positive Miule test and a
negative Wiesnef test, These solutions were then covered with toluene

and stored in the deep ffeeze, but were not investigated further,

The SX-acid solutiocn gave a positive Miule test and a cream~
colored precipitate with the Wiesner reagent; The Mgulg-positive
material was not investigated further. The acids were chromatographed
for forty-eight hours in EAW (9:2:2). Upon spraying with p-anisidine
hydrochloride a definite pink spot was noted near the bottom of the
chromatogram indicating the presence 6f a uronic acid. In ethyl
aceﬁéte-acetic acid formic acid-water (18:3:1:4), the compound had

a Rf of about 0,50,

Since phosphate sugar esters are thought to be intermediates in
the formation of some polysaccharides, the SX acids were examined
chromatographically for phosphate compounds using phosphqric acid
- as aléontrol. Two phosphate compounds were detected by spraying the
chromatogram with a molybdic acid solution (52). These compounds

had R.f yvalues that were less than that of phosphoric acid,

The identity of the indicated uronic acid compound and the

two phosphate compcunds remains to be established,

{ i )
The 54 acids gave a positive Méule test and a positive (red -
- 1"
violet) Wiesner test, It was found that the Maulé-~ and Wiesner-
positive“materials could be separated chromatographicall& with the

butanol-acetic acid-water (4:1:5) solvent system, Three MAule-
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positive materials were detected, one of which remained at the starting
line, One fluorescent substance with an Ry value of about 0.85 gavé
both d poéitve Mgule and a positive (red-violet) Wiesner test, More
than 20 different solvent systems were tried in an unsuccessful
attempt to resolve this Mgule-positive, Wiesner-positive material

into two or more com'.'poundso It acted very much like a single

substance under these conditions,

Chromatographic evidence indicated that this substance did
not contain carboxylic acid groups. The 54 agids were developed in
ethanol-water-concentrated ammonium hydroxide (70:30:5.6) and the
chromatogram was sprayed with an indicator consisting of 50 mg.
of bromphenol blue and 200 mg, of citric acid in 100 ml, of water
(53). Because of the buffer capacity of the acid anions, the
location of the spots was shown by an intense tlue (alkaline)
color against an orange-yellow background, The Mgule-positive,

Wiesner-positive substance did not give the blue color,

As far as can be determined there has been no previous report
in the literature of the separation from developing woody tissue of
a substance giving these two color reactions which are typical 6f
hardwood lignin, If the material is indeed a precursor of hardwood
lignin, the fact that it is water soluble would indicate a relatively

low molecular weight as compared to native hardwood lignin,

STUDY OF METHANOL-SOLUBLE FRACTION

Only a very cursory examination of the methanol-soluble ex-~
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tractives was made, Since the preliminary chromatographic in-
vestigation had shown that the composition of the four SX-and 5/4-
methanol solutions was qualitatively the»same, they were combined
to give one methanol solution, This was concentrated in a 40°C,
water bath in vacuo to a thick sirup, and finally to dryness in

vacuo at room temperature.

The residue was treated with ether and centrifuged to clarify,
The ether solution was concentrated at room temperature, Afte£/
most of the ether had been removed, a thick sirup remained, The
ether-soluble material gave a negative Maule test and pink Wiesner

test. The material was not investigated further.

The ether-insoluble material was dried and a small portion was
taken up in methanol and chromatographed in BPW (6:4:3). Most of
the phenolic material appeared at a spot very near the solvent front,
The spot was somewhat diffusé, gave a blue-green fluorescence under
" ultraviolet light, gave characteristic Miule and Wiesner tests, and
gave a dark purple color with diazotized p-nitroaniline. Aspen
native lignin had the same Ry in the BFW (6:4:3), but gave a yellow-

orange fluorescence under ultraviolet light.,
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OTHER EXPERIMENTS

PAFER FROM MACERATED SOFT XYLEM

It is necessary to delignify mature wood tissue by relati;ely
drastic chemicai treatment in order to separate it into individual
fibers from which paper can be made, This treatment necessarily
results in a certain amount of attack on the fibers themselves
causing a loss in the stréngth properties of the paper made from

them,

It was speculated that paper made from wood tissue which had
not been lignified and therefore did not have to be subjected to the
uéual pulping and bleaching operations to remove lignin might indicateA
the maximum strength properties obtainable from the particular species
being investigated. Since the aspen SX tissue had a very low lignin
content, attempts were made ﬁo macerate it by a very minimum of

mechanical or chemical treatment.

In the first experiment, mechanical maceration alone was
investigated. The SX shavings were cut into short strips and soaked
at 10% consistency for about 60 hours, The tissues were then

beaten in a Jokro mill at 6% consistency. Handsheets were formed and

tested (54). The results are recorded in Table XX.
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TABLE XX

HANDSHEET PROPERTIES OF MECHANICALLY MACERATED SX TISSUE

Run A Run B
Beating time, min, 30 L5
S.-R. freeness, cc, 585 550
25 x 40--500 basis weight, 1b. 48.9 49.2
Apparent density 153 4.9
Burst factor, points/100 1b, 102 9.1
Tear factor 0.36 0.37
Tensile strength, 1b./inch - 17.0
Folding endurance _ 380 —

The strength properties of these handsheets are somewhat lower than
those expected from a bleached neutral sulfite semichemical aspen
pulp., When viewed under a microscope, the beaten fibers showed
little evidence of fibrillaticn., The fibers were short and appeared
to be pulled apart and cut rather than brushed. The handsheets had
much "rattle", were brittle, and weE; translucent., The formation in
the handsheets was poor and there appeared to be many small clumps
of fibers, indicating poor maceration by mechanical treatment alone,

The handsheets had a very low porosity of about 50 cc, of air in

24, hours as measured with a Gurley Densometer,

r

No further handsheet studies were made, However, several
mild chemical treatments of the tissue were made to study chemical
maceration, The most successful involved treating the SX shavings
for two one-hour periods with acidified sodium chlorite (55) to

remove lignin, followed by twb one-hour treatments with 0,5%

ammonium oxalate at 85°C, to remove pectic materials, Microscopic
examination showed that most of the shavings had been defiberized and

that there was no visible damage to the fibers,
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INDICATOR USED IN QUANTITATIVE SUGAR DETERMINATIONS

Methyl red (29) and screened methyl red (30) are the indicators
most commonly used in the titration of formic écid produced by the
oxidation of simple sugars with sodium metaperiodate in'quantitative
sugar determinations, The former was used in this study with good
accuracy (see Table XI, page 49). However, the end point was ex-
tremely difficult to see even when color comparisons were made with
a blank, Consequently, much practise was required to attain con-

sistently accurate results and the titrations were time consuming,

A search for a better indicator revealed that bromcresol green
had a sharper end point at thg_desired pH than either methyl red or
screened methyl red. A blank containing the indicator, distilled
water, and sodium metaperiodate was made up to a volume approximately
equal to that of the unknown solutions, and was titrated to a pH
* meter reading of 5.5 with a very weak solution of sodium hydroxide,
The blank could be kept at room temperature for at least 24 hours
without a change in pH or color, The unknown solutidns were then
titrated to the end point indicated by the blank, Such titrations

were rapid and caused much less eyestrain,

In order to compare the results obtained using the methyl

red indicator with those obtained using the Hromcresol green indicator,
quantitative sugar determinations were made on a hydrolyzed wood

sample, The result are given in Table XXI,
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TARLE XXI

CARBOHYDRATE COMPOSITION OF WOOD SAMPLE AS DETERMINED
USING BROMCRESOL.GREEN AND METHYL RED INDICATORS .

Bromcresol Methyi

. Green Red
Glucan, % 41.3 41,1
Xylan, % 15.3 16 .'2
Mannan, % 1.2 1.4
Galactan, % : 0.5 0.7
Araban, % 0.2 0.4

It can be seen that both indicators gave nearly the same
results, The bromcresol green indicator also produced more

precise results,
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GENERAL SUMMARY

Newly formed tissues were collected from aspen trees cut at
four dates spanning most of the 1954 growing season, Tissues at
successive growth stages were removed from the barked iogs at each
date. The youngest tissue, the soft xylem, was the thin layer of
xylem removed from the face of the log; the 195/ sapwood was the
more fully differentiated xylem located between the soft Xylem and
the 1953 growth ring; the 1953 sapwood was the completely differentiated
xylem located between the 195/ sapwood and the 1952 growth ring, 1In
June of the following year, a small amount of extremely young tissue,

termed xylem scrapings, was collected.

The developing tissues were removed from the logs and were
immersed in absolute methanol immediately after the trees had been
felled, After the first two field trips, the billets from which
‘the soft xylem and 1954 sapwood had been removed were brought to
the laboratory where the 1953 sapwood was removed, air dried, and
comminuted to pass a 10-mesh screen before being immersed in

methanol,

Karl Fischer moisture determinations carried out on separate
samples indicated that the soft xylem and 1954 sapweod tissues were
very succulent and that the moisture content of these materials

decreased as the season progressed.

The soft xylem, 195/ sapwood, and 1953 sapwood tissues were

extracted for four successive four-day periods with 90% methanol,
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the extracts being reserved for further study. The Xylem scrapings
extracts, obtained by extracting the tissue twice for one-hour periods

with 90% methanol under reflux, were not investigated.

A1l marcs were air dried, comminuted to pass a hO—megh
screen, and analyzed for moisture, ash, nitrogen, uronic anhydride,
methoxyl, lignin, and cgll—wall carbohydfates. There was some in-
dication of a variatioﬁ in the composition of the soft xylem and
1954 sapwood marcs as the growing season progressed. However, this
was not attributed to a difference in composition betweén spring-
and suﬁmerwood tissues., The 1953 sapwood had nearly the same composition

as the whole wood and was, therefore, considered mature,

Assays of the 195) sapwood showed it to be transitional in
growth between the soft xylem and the 1953 sapwood, The soft
Xylem and xylem scrapings were characterized by a lower glucan,
mannan, lignin, and methoxyl content, and a higher uronic anhydride,
galactan, araban, and protein (nitrogen x 6.25) content than the

1954 and 1953 sapwood,

The xylem scrapings were remarkable in that they apparently
were nonlignified, exhibited little or no secondary thickening, and
were veny high in pectic substances (galactan, araban, and uronic
anhydride) and very low in glucan (15%). The composition of the

xylem'scrépings seems. to approach that of fhe cambium,

By making the assumption that the pectic substances were

deposited completely in the material represented by the xylem scrapings,
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it was possible to estimate the growth imcrements of the carbohydrate
constituents and lignin as the tissue matured. It was also possible
to approximate the distribution of the carbohydrate constituents
across an average aspen cell wall and to estimate tﬁe compositon of

the nonlignified true middle lamella,

The soft xylem, 1954 sapwcod, and 1953 sapwood methanol extracts
were each separated into two main fractions. An agueous solution was
obtained by concentrating the respective extracts in vacuo to an
aqueous suspension which was then filtered through a celite-asbestos
pad. A methanol solution was obtained by thoroughly extracting the

pad with absolute methanol,

The methanol solutions were given a cursory chromatographic
examination which indicated the presence of materials giving lignin
color reactions, Chromatographic studies of the aqueous solutions
showed that sucrose, glucose, and fructose were abundant in the
extrécts of the developing tissues, sucrose always predominating.
Among the water-soluble acids whiph were separated by ion-exchange
techniques, the presence of two organic phosphate compounds, a
uronic acid, and several materials giving lignin color reactions was
indicated chr§mat6graphically. Of particular interest was one
. substance, extracted from the 195/ sapwood, which;géue characteristic

Mgule and Wiesner tests and appeared to be a single compound,
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CONCLUSIONS

The conclusions derived from this investigation may be stated

as follows:

1.

L.

5.

Aspen tissues at suqcessive stageé of maturity can be obtained
in a form sﬁitable for analysis throughout a normal growing
season,

The tissue formed in a given growing season can be obtained
in at least three successive stages of maturity, viz., a
colloidal mass of tissue scraped lightly from the log with a
knife blade held perpendicular to the surface (xylem scrapings)j
a thin, translucent tissue resembling onion skin obtained by
drawing a knife blade lengthwise along the face of the log in
such a way that it is nearly parallel to the log surface

(soft xylem); and more less thick shavings coﬁtaining more
fully differentiated elements removed from the log with a
drawshave (1954 sapwood).

‘A very thin layer of pale-yellow tissue composed of summerwood
elements is located at the boundary between the annual in-~
crements of aspen sapwood,

The developing tissues of aspenwood are extremely succulent,
water being the major constituént dufing the growing season,

The 90% methanol-soluble extractives can be removed nearly

- quantitatively by four successive four-day extractions at room

temperature,
Although there was some indication of a variation in the

composition of the soft xylem tissues from early June to
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mid-August, the methods of collection were not sufficiently
precise to conclude that it was due to a difference in com~
position between spring- and summerwood,

The 1953 growth ring had very-nearly the same composition as

" the whole wood,

Assays of the 1954 sapwood indicated that it was much more’
mature than the soft xylem, but that it had not yet reached
the full maturity of the 1953 sapwood.
The youngest aspen tissues (xylem scrapings and soft xylem)
differ in chemical composition from mature tissue in that they .
have: |

(a) A higher moisture content,

(b) A higher extractives content,

(¢) A nigher nitrogen content,

(a) A higher uronic anhydride content,

(e) A higher galactan content,

(£) A higher araban content,

(g) A lower glucan content,

(h) A lower xylan content (xylem sorapings only),

(i) A lower mannan content,

(3) A lower methoxyl content, and

(k) A lower lignin content
Chromatographic evidence indicates that all monosaccharides
considered constituents of mature aspen cell-wall polysaccharides
as weil as traces of fucose and ribose'(thé latter probably
arising from nucleic acids in the protoplasm) are present

in the xylem scrapings hydrolyzate,
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The xylem scrapings are extraordinary in that they:

(a) Give no qualitative or quantitative evidence
of being lignified, :

(b) Exhibit little or no secondary thickening,

(c) Have a very high percentage of pectic substances
(galactan, araban, and uronic anhydride), and

(d).Have a very low percentage of glucan.
The composition of the xylem scrapings, therefore, seems to
approach that of true cambial tissue.
The data suggest the hypothesis that the pectic substances are
deposited completely by the xylem scrapings growth stage.
By using araban (one of the pectic substances) as an internal
index of cell-wall growth, it is possible to estimate the
quantity of carbohydrate constituents and lignin deposited
between the successive growth stages relative to 100 grams of
ovendry, ash-, and protein-free xylem scrapings.
The following conclusions are based on the internal index
concept:

(a) The absolute quantity of cell-wall material (carbohydrate
plus lignin) increases about 20 fold from the xylem
scrapings growth stage to the 1953 growth stage, i.e.,

- from the cambium to maturity.

(b) Only about 5% of the total cell-wall material was
deposited by the xylem scrapings stage, 20% by the
soft xylem stage, and.85% by the 195, stage.

(c) The percentage of glucan and mannan increases from a
low value in the primary wall to a maximum in the
cell-wall layer nearest the lumen.

(d) The xylan percentage is highest in the middle of the
cell wall, dropping off considerably in the primary

wall and in the layer nearest the lumen,

(e) The uronic anhydride content decreases rapidly
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from a maximum in the primary wall to a negligible
value in the layer nearest the lumen,
(f) A graphic estimation shows that the intercellular

substance contains approximately 59% galacturonic

anhydride, 25% galactan, and 17% araban,
Chromatographic evidence indicates that sucrose is the pre-
dominant constituent in the extractives of developing aspen \
tissues and that glucose and fructose are also present in
considerable quantities,
Two organic phosphate compounds, a substance which gave a
typical uronic acid color when sprayed on a chromatogram with
p-anisidine hydrochloride, and a substance which gave chafacteristic
Mgule and Wiesner tests were detected chromatographically

among the water- soluble acids extracted from the developing

tissues,
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SUGGESTIONS FOR FUTURE WORK

Although many of the results of a study of this nature apply -
to woody tissues in general, it is obvious that some are
specific for the species investigated. Therefore, it would
be desirable to extend cambial studies to a greater variety
of hard- and softwood species., Indeed, it may be easier to
study the formation of certain cell-wall constituents in
softwoods than in hardwoods, For example, it may be easier
to sﬁudy the formation of softwood lignin because it contains

guaiacyl groups whereas hardwood lignin contains both guaiacyl

‘and syringyl groups and because the red~violet color of the

Wiesner test (hardwoods and softwoods) appears to be more
specific for lignin (or possible lignin precursors) than
the pink to purple color of the Maule test (hardwoods only}.
Proteins play a vital role in plant metabolism, However,'
little is known concerning the part they play in cell wall

formation other than the fact that enzymes act as catalysts

for biochemical reactions, For example, it is possible that

some intermediates are present in the form of complexes with
proteins, It is also possible that certain amino acids are
themselves intermediates in the formation of cell-wall con-~
stituents, An investigation of the cambial proteins could

contribute mich to our knowledge of the conversions leading

to the formation of cell-wall polysaccharides and lignin,

No pentoses, hexoses (other than glucose and fructose), or

low DP carbohydrates, which might be considered intermediates
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in the formation of cell-wall polysaccharides, could be
detected in the extracts of the developing tissues by the
techniques used in this study. Hence, it would be desirable
to make a detailed study of ways to maximize the yields of
possible intermediate substances,

It is possible that the methoeds of collection used in this
study were unfavorable from the standpoint of maximuﬁ yields
of intermediate products., In order to minimize the time .
interval between collection and immersion of the samples in
alcohol and to eliminate disturbance to the developing
tissues, immediate immersion of growing tree seedlings in
hot alcohol might be tried., Collecting materials at night
rather tﬁan during the day or growing cambial tissues ig
vitro with special nutrients and/or under appropriate en-
vironmental conditions might increase the yields of certain
intermediates., Tissue culture techniques .in combination
with methods such as those used in the study of photosynthesis
to detect intermediates (56) (using radioactive glucose or
sucrose instead of radiocactive carbon dioxide as the source
of ¢l4) might be adapted to the field of cambial chemistry,
Such studies, for example, might lead to an understanding

of transformations involved in the conversion_of glucose into
the pectic substances on the one hand and into ééllulose,
Xylan, mannan, and glucuronic acid units on the other,
Experiments should be designed to establish whether or not

the pectic substances are deposited completely and irreversibly



5.

-92-

prior to secondary wall formation, One approach to the first
condition would be to separate the primary and secondary walls

of mature tissue and note the absence or presence of galactose,

- arabinose, and galacturonic acid in the hydrolyzate of the

secondary wall, An approach to the second condition would be
to determine quantitively the amognt of galactose, arabinose,
and galacturonic acid in the hydrolyzate of the secondary wall,
An approach to the second condition would be to determine
quantitatively the amount of galactose, arabinose, and gal-
acturonic acid in the tissue before and after secondary wall
formation, In a separate experiment, the weight in the tissue
brought about by deposition of the secondary wall would have
to bé measured,

This study has indicated that there are relatively simple
substances, presuﬁably related to lignin, among the extractives
of aspen tissue, It certainly would be desirable to isolaté
and characterize these substances and to consider them for
inferences relating to the biogenesis and>strﬁcture of aspen
lignin, Moreover, the possibility of isolating and character-
izing similar substances from the developing tissues of soft-

woods and other hardwoods should not be overlooked,

The writer cannot overemphasize his firm conviction
that a great many questions concerning the conversions leading
to the formation of lignin and cell-wall polysaccharides will be
answered by future investigations in the field of cambial

chemistry.
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The spring sap of birch and ironwood contained glucose,
fructose, traces ofAsucrose, and small amounts of an unknown

blue-green fluorescent substance, From the middle of March

‘to the middle of April the ratio of glucose to fructose rose

from 0.5 to 1.6 in Betula pendula, from 0.5 to 1.1 in Betula

ubescens, and from 1.7 to 3.2 in Carpinus betulus.

Schwalbe, C. G., and Neumann, K. E, New bark and wood of
spruce, pine, and red beech, Cellulosechemie 11, no, 6:113-28
(June 1, 1930). ‘ .

The authors used broken pieces of porcelain to remove
cambial tissues from logs, Significant quantities of reducing

sugars, oxalic, succinic, and citric acids, guaiacol, and

vanillin were found in the saps of Picea abies, Pinus silvestris,

and Fagus silvatica. The pentose content of all the saps was

remarkably small, but greatest in beech.

Harlbw, W. M, In Wise and Jahn's Wood chemistry., 2d. ed,
Vol, I. p.99. New York, Reinhold, 1952.

‘The author discusses the chemistry of thé cell walls of

wood,
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Institute Method 615, Moisture in paper by the Karl Fischer
method. Appleton, Wis,, The Institute of Pdper Chemistry, 1951;

Moisture is extracted from the sample with absolute
methanol, A known.volume of Karl Fischer reagent (a methanol
solution of iodine, sulfur dioxide, and pyridine) is then added
to an aliquot of the extract and the mixture is titrated
.electrometrically with a methanol solution containing a pre-
determined amount of water until the "™magic eye" conprol
closes.

The method was modified as follows: A known volume of
watér—in—methanol solution was added to an aliquot of the
extract and the mixture was titrated with thé Karl Fischer
reagent until the "eye' was open.

The amount of water in the samples was calculated from
the relation,

g. of water = (KF x R - MW) (F; x W)-(b x Fy x W),

where

KF = ml, Karl Fischer reagent to titrate the sample;

R = MI/KF; ,
MW = ml, water-in-methanol solution added;
F1 = volume of methanol used as solvent/volume of
extract aliquot;

w = water factor of MW in g, water per ml, MN,

b = (KF x R - Mi{) for blank; and

F, = volume of methanol used as solvent/volume of

blank aliquot.
Campbell, W, G., McGowan, J, C,, and Bryant, S, A, The

chlorine-sodium sulfite color reaction of woody tissues, II.
The bearing of the color reaction on the constitution of

hardwood lignin., Biochem, J, (London) 32: 2138-41 (1938).
The authors found that the color reaction is not specific

for the 1, 2, 3-trihydroxybenzene nucleus as previously
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supposed but that a color reaction is also given when the
hydroxyls are modified by certain substituents.

13. Hggglund, E. Chemistry of wood, p.188, New York, Academic
Press, Inc,, 1951,

The author states that coniferaldehyde and its methyl
ether are at present the only compounds known to give
phloroglucinol (Wiesner) reactions of the same red-violet color
as that obtained with wood and certain Jignin preparations, -

14, Adler, E. Sulfite pulping properties of sprucewood from

unpeeled, floated logs. I. Catechol tannins in the surface
layer of the sapwood. Svensk Papperstidn. 54, no, 13: L445-50

(July 15, 1951).

The author attributes the color produced by the Isenberg-
Buchanan reagent.tovcatechol tannins, The presence of these
compounds in the surface layer of wood from unpeeled, floated
spruce logs supports the view that the resistance of such
wood to sulfite pulping may be due to a lignin-phenol con-
densation produet., '

15. Wise, L, E, Personal communication, 1955,

Dr, Wise pointed out that aldobiuronic acids do not

always respondAto-the naphthoresorcinol test.

16, Institute Metheod 3., Ovendry content of wood. Appleton, Wis,,
The Institute of Paper Chemistry, 1951,

The test. sample is dried in an oven at. 103-105°C.
until it reaches constant weight.

17, Institute Methed 4. Ash in wood, Appleton, Wis,, The Institute
of Paper Chemistry, 1951. - . .

The sample is ignited carefully, first at a Iow tem-
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perature to remove all volatile material and finally at 550°C.
until all the carbonaceous material is removed, It is then
cooled in a desiccator agd weighed, ‘

Institute Method 705b, Determination of Kjeldahl nitrogen
(Hengar technique). Appleton, Wis., The Institute of Paper
Chemistry, 1947.

The sample (100 mg,) is digested with concentrated sulfuric
acid and potassium sulfate in the presence of a selenium catalyst,
After the reaction mixture is cooled and made alkaline with
sodium hydroxide, the ammonia is distilled off and collected
in dilute sulfuric acid. The excess acid is titrated with

sodium hydroxide,

Institute Method 25, Uronic acids, Appleton, Wis., The
Institute of Paper Chemistry, 1951,

The sample is digested with 12% hydrochloric acid sat~
urated with sodium chloride. The uronic acid is converted
to furfural and carbon dioxide., The latter is swept out
of the reaction vessel with a stream of nitrogen and collected
quantitatively in an Ascarite-Anhydrone absorption tube., The
uronic anhydride is calculated as COp X 4.

Institute Method 18, Methoxyl groups.in wood, Appletcn, Wis,,
The Institute of Paper Chemistry, 1951.

The material is digesﬁed with.hydriodic acid, phenol,
and.hypbphosphorous acid., The alkyl iodide thus formed
is swept by a stream of carbon dioxide into a receiver
containing an acetic acid solution of potassium acetate
to which bromine has been added. After the iodide has
been converted to iodic acid, the excess bromine is des-

troyed with formic acid. The iodine liberated upon the
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addition of acidified potassiwm icdide is then titrated with
sodium thiosulfate,

Institute Method 13. Lignin in wood, Appleton, Wis,, The
Institute of Paper Chemistry, 1951, :

The extracted wood sample is reacted with 72% sulfuric
acid for 3 hours at 18-20°C, The acid is diluted to 3% and the
mixture boiled under reflux for 4 hours, The lignin residue
is filtered, washed, oven dried, and weighed.

Buchanan, M, A,, Brauns, F, E,, and Leaf, R, L. Native
lignin, II, Native aspen lignin., J. Am, Chem, Soc, 71:1297-9

The authors describe the isolation of native aspen lignin

“and some of its chemical and physical properties.

Stone, J. E,, and Blundell, M. J, Rapid micromethod for
alkaline nitrobenzene oxidation of lignin and determination of
aldehydes. Anal, Chem. 23, no, 5:771-4 (May, 1951),

Forty milligrams of lignified material, 0,06 ml. of
nitrobenzene, and 1,0 ml, of 2N sodium hydroxide were sealed
in a stainless steel bomb, The bombs were heated for 2 to 2-1/2
hours at 160°C,., cooled, opened, and the contents centrifuged.
An aliquot was then spotted on a chromatogfam.which was developed
af£er passing the spots over a Petri dish containing Boiling
glacial acetic acid. Strips containing the pure aldehydes were
then cut from the paper and the aldehydes eluted in a Soxhlet
extractor with ethyl alcohol, Alcoholic potassium hydroxide

was added to the extracts and the absorption was measured at

the appropriate wave lengths,

Kavanagh, K. R., and Pepper, J. M. The alkaline nitrobenzene
oxidation of aspenwood and lignin model substances. Can. J.
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Chem, 33, no. 1:24,-30(Jan., 1955),

The yields of vanillin and syringaldehyde obtained from
aspenﬁood meal by alkaline nitrobenzene oxidation were
determined under varying conditions of time and temperature,.
The maximum yield of each aldehyde occurred under the same
conditions, i.e., 2 1/2 hours at a temperature of 170-180°C.
Stone, J., E,, Blundell, N, J., and Tanner, K, G, The for-
mation of lignin in wheat plants, Can. J, Chem. 29, no, 9:
7311-"L}5(Sept’ (¥ ] 1951) .

The plants were harvested approximately every two weeks

after emergence from the soil, The lignin content, as deter-
mined by the 72% sulfuric acid method, increased rapidly
between the period 45-70 days after seeding, A corresponding
increase in the yield of vaniliin and syringaldehyde, obtained
by alkaline nitrobenzene oxidation, was noted.
Higuchi, T., Kawamura, I,, Morimoto, I., and Kanda, T, For-
mation of lignin in the bamboo shoot., II, Relation between
the increase in the methoxyl content of lignin and the change
of the molecular ratio of the three building units in lignin,
J. Japan Forest Soc, 36:101~6(1954); C.A. 49:1324,

The authors studied the formation of lignin in bamboo
by alkaline nitrobenzene oxidation. A considerable amount
of vanillin and p-hydroxybenzaldehyde but only a small amount
of syringaldehyde were found in bamboo shoots, In mature
bamboo, however, the syringaldehyde predominated,

Phillips, M., Goss, N. J., Davis, B, L., and Stevens, A,
Composition of the various parts of the oat plant at
successive stages of growth with special reference to the

formation of lignin, J. Agr. Research 59, no. 5:319-66
(Sept. 1, 1939).

It was found that the methoxyl content of oat lignin
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increased}as the plant matured; The data indicatedlthat
lignin was synthesized directly from glucose or sucrose
with intermediﬁte production of carbohydrate derivatives
having firmly bound methoxyl groups rather than from
cellulose, pectin, or pentosans,

Saeman, J, F,, Bubl, J. L,, and Harris, E, E. Quantitative
saccharification of wood and cellulose, Ind, Eng, Chem,,
Anal, Ed. 17, no. 1:35-7(Jan., 1945).

The method involves treatment of the material with 7?%
sulfuric acid for 45 minutes at 30°C,, followed by a secondary
hydroiysis fér one hour in a 15-1b, autoclave or for 4-1/2
hours under reflux, The data show how the yield of reducing
sugar varies with the conditions used.

Quick, R. H. A study of the order and nature of the aspenwood
hemicellulose removed during a neutral sulfite semichemical
cook, Doctorts Dissertation, Appleton, Wis,, The Institute of
Paper Chemistry, 1955. 85p,

A detailed description is given of the hydrolysis of wood
and pulp samples, the chromatographic separation of the sugars
in the hydrolyzate, the elution of sugars from the chromato-
graphic paper, and the quantitative determination of the
éluted sugars., The chromatographic separatién of the sugar
mixture is achieved by alternate developing and drying in
EAW(9:2:2) and BPW(10:3:3) as follows: develop for 12 hours
in BAW(9:2:2), dry; 24 hours in EAW(9:2:2), dry; 12 hours in

BPW(10:3:3), dry; 24 hours in BPW(10:3:3), dry for 24 hours,

Hirst, E, L., and Jones, J. K, N, Quantitative analysis of
mixture of sugars by the method of partition chromatography,
III, Determination of the sugars by oxidation with sodium

periodate, J. Chem. Soc. 1949:1659-62,
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The .authors describe the micro quantitative analysis of
reducing hexoses, pentoses, and methyl pentoses by a det -
ermination of the formic acid produced when the sugars are

oxidized with warm sodium meta-periodate solution,

Tollens, B., and Maurenbrecher, A, D, The diphenylhydrazones
of L-arabinose and xylose. Ber. 38: 500-1 (1905), :

The preparation of arabinose and xylose diphenylhydrazone

is described,

Hirst, E. L, Recent progress in the chemistry of the pectic
materials and plant gums. J, Chem, Soc, 1942:70-8,

The author discusses the interrelationship of the pentoses
and hexoses which are closely associated in pectic substances,
plant gums, and plant mucilages,

Kerr, T. Growth and structure of the primary wall, In Skoog's
Plant growth substances, Madison, University of Wisconsin Press,

1951.. - '

It is pointed out that the properties of the primary wall
are in harmony with the hypothesis that the pectic substance
(rather than cellulose) are the continuous phase of the primary

wall,

Mericle, L, W,, and Whaley, W, G, Cell-wall structure in
apical meristems, Botan. Gaz. 114, no. 4:382-92 (June, 1953),

The cell-wall structure of root and shoot tips of young
corn seedlings was studied by staining techniques and electron
microscopy. The cellulose-reacting material did not appear in
a uniformly distributed layer, but rather in the form of finely
divided strands, It was suggested that cellulose is formed
either within or upon a noncellulosic framework consisting of

a proteinaceous~pectic complex,




'35,

36.

37.

38.

39.

-103-

March, R, E. The effect on pulp quality of the stepwise
removal and replacement of the hemicelluloses from aspen
holocellulose, Doctort's Dissertation, Appleton, Wis,, . The
Institute of Paper Chemistry, 1946, 73p.

The author gives, on page 16, a value of 50,2% for
"alkali resistant cellulose, corrected for xylan'.

Thomas,'B. B. The preparation of aspen holocellulose and a
chemical study of its fractions., Doctor's Dissertation,
Appleton, Wis., The Institue of Paper Chemistry, 1944, 92p.

From the data of Thomas (Table XII, page 57) a glucan
value of 49.1% can be calculated as follows: The holocellulose
yield was 77.8% of which 65.3% was alpha-cellulose., The latter
contained 1.4% xylan and about 2% mannan, Thus,

77.8% x .653 = 50.8% glucan (uncorrected)

50.8%(.0L4 + .02) = 50.8% x .034 = 1.7% (mannan and xylan)
50.8% ~ 1.7% = 4,9.1% (corrected for mannan and xylan),

Wise, L, E., and Jahn, W, C. Wood chemistry, 2d, ed. Vol, 1,
p. 1264. Data from an unpublished Forest Products Laboratory
report. New York, Reinhold, 1952,

In analyses made on two aspen samples on the original wood
basis, alpha-cellulose values of 48.8% and 50,1% were found,
Schoettler, J. R. A study of the alkali resistance of the
pentosans in aspenwood, Doctor's Dissertation, Appleton, Wis,,
The Institute of Paper Chemistry. 1952. 121p.

It was found that aspenwood meal contained 50,8% xylan-free

alpha-cellulose.

Kizel. A., and Yatsyna, R. The formation of pectic substances
in plants, Bull, soc. naturalistes Moscou, Sect., biol,

L5: L41-5(1936); C.A, 32:1300.

The leaves, stems, and roots of 73-, 85-, and 94-day old

| sugar'beets were successively extracted with hot 96 and 70%

alcohol to remove sugars and galacturonic acid, and with boiling



LO.

L1,

L2,

~104~-

water to remove pectins. From the experimental data it is

.concluded that most of the galacturonic acid i1s formed within

the cell itself, and not in the cell wall,

Kostrubin, M, V. Pectic substances and hemicelluloses of flax
stalks, Biokhimiya 18:175~83(1953); C.A, 47:88,3.

The inner and outer barks of the flax stalk were analyzed

during various stages of growth for pectic acid, pentosans,

uronic acids, hemicelluloses, and cellulose, The inner fibrous
bark contained more uronic acids than the oﬁter woéden bark,
During growth the extractable uronic acid content decreased,
espécially iﬁ the outer bark, and the residual uronic acid
increased,
Wilson, C, M,, and Skoog, F. Indoleacetic acid induced changes
in uronide fractions and growth of excised tobacco pith tissue,
Physiol, Plantarum 7:204-11 (1954).

Indoleacetic acid caused marked increases in the fresh weight;
dry weight, and pectic substances of the tissues. fhe data indicated
that soluble uronides were converted into pectiﬁisubstances prior

to and during the time of rapid expansion of the cell walls,

Bonner, J, The chemistry and physiology of the pectins, Botan,
Rev, 2, no, 10:475-97(0ct,, 1936).

The author reviews the chemistry and physiology of thé
péctins.

Anderson, E, The isolation of pectic substances from wood,
J. Biol, Chem, 112, no, 2:530-9(Jan., 1936),

Pectic materials were isolated from the cambial layer and
sapwood of black locust. The composition of some of these sub~

stances approximated that of certain pectinic acids, "It
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appears that the pectic materials in wood are deposited in

' the middle lamella and the primary cell wall in the early

‘stages of cell development and remain even in the old wood,"

Anderson, E,, Seigle, L, W,, Krznarich, P, W,, Richards, L.,
and Marteny, W, W, The isolation of pectic substances from wood.
II. J. Biol, Chem, 121, no, 1:165-74(0ct., 1937).

Pectic materials were isolated from mature hardwoods and
softwoods, They were present in larger amounts in hardwoods
than in softwoods, WPectic matepials in mature wood are apparently
laid down early in the growth of the tissue and remain unchanged
as the wood ages., They do-'not seem to be converted to lignin
or hemicelluloses in wood,."

Bailey, I. W., and Kerr, T. The cambium and its derivative
tissues, X. Structure, optical properties, and chemical

composition of the so-called middle lamella, In Bailey's
Contributions to plant anatomy, p. 57. Waltham, Mass,,

- Chronica Botanica, 1954.

", ..the isotropic intercellular substance of mature wood
appears to be composed of two substances, lignin and polyuronides,
which may be separated by théir differential solubilities,
Similarly, ",...the cambial walls of the mature wood appear to be
composed of a mixture of lignin, cellulose, and polyuronides,"
Bryan, W, H., and Newcomb, E, H, Stimulation of peciin
methylesterase activity of cultured tobacco pith by indoleacetic
acid., Physiol, Plantarum 7:290-7(1954).

"It is therefore attractive to assume that pecfin methylesteras:.
by coﬁﬁrolling the rate and extent of demethylation of protopectin
in the wéll, may regulate polygalacturoﬁase activity, and that

these two enzymes are among those whose activities are controlled

by auxin and which collectively make possible £he plastic
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stretching of the cell wall and the insertion of new

material,"

Lange, P, W., and Asunmaa,AS. The distribution of "cellulose"

and "hemicellulose" in the cell wall of spruce, birch, and

cotton, Svensk Papperstidn, 57, no. 14:501-16(July 31, 1954).
The authors used an optical‘density method to determine

the distribution of components across the cell wall, They found

that "cellulose™ was most densely packed around the lumen in

spruce and birch-with the relative packing density in the oﬁter-

most layers roughly about half that around the lumen, "Hemi-

cellulose" was about half or more of the carbohydrate material

in the outer regions of the cell wall, Around the lumen the

percentage of carbohydrate material consisting of "hemicellulose™

was estimated at 10-20%.

Hirst, E. L., and Jones, J. K. N. Pectic substances. III.

Composition of apple pectin and the molecular structure of the

araban component of apple pectin., J. Chem, Soc., 1939:454~60,
Apple pectin was found to céntain 49 .2% anhydrogalacturonic

acid, 20% araban, and about 30% galactan. The main features

of the structure of apple pectin araban were identical with

those of the araban isolated from peaﬁut pectin,

Kremers, R. E, Unpublished data, 1954.

Sucrose was extracted from the developing tissues of

Populus grandidentata and identified by preparation of the

octa-acetate derivative,

McCready, R. M., and Hassid, W, Z, Transformation of sugars in
excised barley shoots, Plant Physiol, 16:599-610(1941).

It was shown that glucose, fructose, mannose, glactose,

glyceraldehyde, maltose, and lactose could be transformed into
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sucrose by barley plants, However, the plants could not
utilize arabinose, xylose, mannitol, sorbitol, gluconic
acid, or pyruvic acid for the synthesis of sucrose,
Phillips, J. D., and Pollard, A, Degradation of sugars on
ion-exchange columns of Amberlite IRA hOO(OH ). Nature 171,
no, 4340:41-2(Jan, 3, 1953),

It was found that there was considerable degradation of

‘glucose and fructose to organic acids by the hydroxyl form of

the resin; but there was no degradation when the resin was
used in the carbonatée form,
Hanes, C, S., and Isherwood, F. A, Separation of the phosphoric
esters on the filter paper chromatogram, Nature 164, no, 4183:
1107-12(Dec. 31, 1949).

The method used for detecting phosphoric acid esters was
as follows: the air-dried chromﬁtogram was sprayed with a
solution consisting of 5 ml, of 60% W/W perchloric acid, 10 ml,
of 1N hydrochloric acid, 25 ml., of 4% W/W ammonium molybdate,
and 60 ml, of distilled water. The paber, after drjing in a
current of warm air for a feW'minuteé to remove excess water,
was heated for 7 minutes at 85°C, To develop the color fully
the paper was allowed to regain moisture from the air and was
then hung for five to ten minutes in a Jar containing dilute
hydrogen sulfide gas.A The esters appeared as intense blue
spots against a faint buff background.

Kennedy, E, P,, and Barker, H, A, Paper chromatography of
volatile acids, Anal, Chem, 23, no, 7:1033-4(July, 1951).

The volatile acids were separated‘chromatographically as
the cbrresponding ammonium salts using a solvent system con-

sisting of 100 ml, of 95% ethanol to which 1 ml. of concentrated
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ammonium hydroxide was added, The acids were located by
spraying with a solution of 50 mg. of bromphenol blue in 100 ml.
of water, and made acid with 200 mg, of citric acid. The acids
appeared as intense blue spots agéinst an orange-yelloﬁ back-
ground.,
Institute Method 411, Forming and testing handsheets for
physical tests of pulp. Appleton, Wis,, The Institubte of
Paper Chemistry, 1951, .

The procedure for forming handsheets from pulp is given,
and the methods for determining the physical properties of
the handsheets are described, | |
Wise, L. E., Murphy, M., and D'Addieco, A, A. Chlorite
holocellulose, its fractionation and bearing on summative
wood analysis and on studies on the hemicelluloses, Paper
Trade J. 122, no, 2:35-43(Jan. 10, 1946).

The preparation of chlorite holocellulose is described

and the method is critically discussed,

Calvin, M, The path of carbon in photosynthesis., Chem, Eng.
News 31, no, 16:1622-5(April 20, 1953),

Green algae were placed in a flat circular vessel and equ;ed
to filtered light.  labeled carbon dioxide was bugbled into th;
apparatus and at suitable intervals of time the algae suspension
was drawn into alcohol, Thus, photosynthesis with labeled
carbon dioxide could 59 stopped after extremely short time

intervals with a minimum of disturbance to the system, The

~alcohol extracts were then analyzed to determine which compounds

contained radiocarbon and the order of appearance of radio-

activity in the compounds,
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"APPENDIX I
RESULTS OF QUALITATIVE TESTS RUN ON MATERIAL PRECIPITATED
ON CONCENTRATION OF TISSUE EXTRACTSf

 'Table XXIT shows the results of quantitative tests run on the
precipitated fractions., All fractioﬁs were examined under the
microscope, Fractions 54-3 and 54—~/ were observed to be predominantly
fibrous, so they were discarded, No‘insoluble material separated
during the concentration of the 53-2 extract. In making the final
concentration of the 53-3 extract a brown material insoluble in
water, methanol, and hexaﬁe separated, This material gave positive
Molisch, Mgule, ana Wiesner tests whereas the precipitate which
separated earlier gave negative responses to'these three tests.

The former was labeled 53-3B and the latter 53-3A.

#This is the water-, methanol-, and hexane-insoluble material that
precipitated upon concentration of the tissue extracts (pages 27, 28, 29),
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APFENDIX II
DESCRIPTION OF QUALITATIVE TESTS USED

Because some qualitative tests may be carried out in any one
of several different ways, the methods used in this study are
described below.
1, Molisch Test for Carbohydrate Materials
Three drops of a‘lo% solution of alpha-naphthel in 95%A
ethanol were shaken with about 1 ml. of an agueous solution
or suspension of the material under investigation in a small
test tube, .Concantrated sulfuric acid was added dropwise
on the side of the test tube until a l;yer of the acid was-
visible at the bottom of the tube. A red to violet ring which
developed at the interface between the two liquids within
kive minutes was considered a pesitive test,
2. M‘aule Test | |
" Three drops of chlorine water, prepared by bubbling chlorine
into water, were shaken with about 1 ml, of the solution being
tested., The chlorination was allowed to proceed for about five
minutes and several crystals of sodium sulfite were added, A
pink tosred color)which developed almost immediaﬁely»at the I
surface of the crystals was considered a positive test,
In the case of tissue or other solid material, avfew
dfbps'of concentrated ammonium hydroxide were added following
chlorination with chlorine water, A red to purple color was

considered a positive test,

In chromatographic studies, the dry_chromatogram was
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moistened over steam and placed in a closed beaker containing
chlorine gés. After a ten—minute.chlorination, the chromatogram
was removed from the beaker and sprayed with a 10% solution of
sodium sulfite, The test was considered positive upon immediate
appearance of a pink spot or spots which soon'faded.
Wiesner Test |

In the case of solutions,.three drops of 12% hydrochioric

acid were shaken with about 1 ml, of the solution, Three drops

"of a 1% solution of phloroglucinol in 12% hydrochloric acid

were then added and the mixture was well shaken, A red-violet
color which developed within two minutes after the addition
of the phloroglucinol was considered a positive test. A

pink §r red-brown color was not' considered a positive test;
however, the color was recorded,

In the case of tissue or other solid material, the
reagents were édded (in the same sequence)‘directly to the
sample being tested, Avred—violet color was considered a
positive test.

In chromatographic studies, the dry chromatogram was
sprayed with 12% hydrochloric acid, dried, and sprayed with the
1% phloroglucinol solﬁtion. The teqﬁ was considered positive
upon the appearance of a red-violet spot or spots,

Ferric Chloride Test for Phenols

Three to five dfops of a 1% aqueous solution of ferric

chloride were added to about 1 ml. of an aqueous or alcoholic

solution of the material, The presence of a phenolic compound
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or compounds was indicated by a change in color of

the solution,

Naphthoresorcinol Test for Uronic Acids

One-half cubic centimeter of 1% naphthoresorcinoi in alcohol
and 0,5 ml, of concentrated hydrochloric acid were added to 5 ml,
of the material in a“téSt.@ube. The solution was then heated
to boiling very cautiously and kept at the boiling point for
about five minutes, It was set aside for another five minutes,
cooled to room temperature, and shaken4with an equal volume of
benzene, A bluish-violet to purplish-pink color in the benzene
layer was considered a positive test,
Isenberg-Buchanan Test

The reageﬁt consists of 25 ml, of concentrated hydro-
chloric acid in 100 ml, of methanol, In the case of solutions,
a volume of reagent equal to the volume of the solution was
added and the mixture was allowed to remain at room temperature
for 2 hours. ‘For tissue or .other solid material, a volume
of reagent sufficient to cover the material was added énd the

reaction was allowed to take place at room temperature for

-2, hours, Development of a purple color was considered a

positive test.4
Biuret Test for Proteins

.Oné drop of a 1% solution of cupric sulfate was added to
about 0,1 g, of the éubstance suspended in 5 ml, of 10% sodium
hydroxide. Development of a pink to purple color in the solutiqh

was considered a positive test.
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APPENDIX III

ESTIMATION OF LIGNIN CONTENT FROM METHOXYL
. -AND. URONIC. ANHYDRIDE DETERMINATIONS
Table XXIII on_pagé 115 shows the lignin and methylated uronic
anhydride valués determined from methoxyl and uronic anhydride figures.
As pointed out in the text (page 43), the total uronic anhydride content
of a given marc is the sum of the galacturonid and glucuronic anhydrides,
each of which has a different methoxyl content, Therefore the values
for Muronic anhydride methoxyl' were calculated from the relation,

M = 2,2UA/23 + 31U(1 - A)/176,

where
M = percent uronic anhydride methoxyl in the tissue
' being investigated;
U = percent uronic anhydride in the tissue being
investigated; .
A = fraction of the total uronic anhydride that is
galacturonic anhydride (XSc uronic anhydride);
2.2/23 = methoxyl content of the galacturonic anhydride
(XSc uronic anhydride); and
31/176 = methoxyl content of the glucuronic anhydride,

The fraction "A" was obtained by reference to Table XV, page 61,
in which it can be seen that the galacturonic anhydride (XSc uronic
anhydride) accounts for about two-thirds of the total uronic anhydride
~in the SX tiséue and about one-thiid of the total uronic anhydfide in
the 54, 53, and whole wood tissues. The ratio "2,2/23" was obtained
from Table XXIII, and the ratio m31/176" By assuming that each

glucufonic anhjdride unit contains one ﬁethoxyl group,
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APPENDIX IV
ESTIMATION OF METHYLATED URONIC ANHYDRIDE
The values for M"uronic anhydride -CH,~" in the preceding table
were obtained by multiplying "uronic anhydride methoxyl! by the ratio,
14/31 (C'HZ/OCHB).' These values were then added to "uronic anhydride

to give the M"methylated uronic anhydride" values ﬁhich appear in

Tables XII and XIII.
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APFENDIX V

COMPARISON OF WHOLE WOOD AND 1953 SAPWOOD

In a recent investigation (gg).ah aspen (Populus tremuloides)

tree was obtained from the same general area as the trees used in this -
study. An analysis was made'of the whole wood, the results of which
are presénted below together with the values obtained in this in-

vestigation for whole wood and 1953 sapwood,

TABLE XXIV

COMPARISON OF TWO WHOLE WOOD ANALYSES
WITH 1953 SAPWOOD ANALYSIS!

Whole Wood Whole*Wood 1953 Sapwood

This Study (29) This Study
_ Glucan, % L1.2 41,9 51,6
Xylan, % 15.8 16.5 16.4
Mannan, % 1.3 2.1 2.1
Galactan, % 0.6 0.7 0.7
Araban, % 0.3 0.6 0.5
Uronic anhydride, % 6.02 5.0 5,62
Total carbohydrate,. % 65.2 66.8 76.9
Lignin, % 20,8 21,2 21.3
Protein, % 0.6 — 0.6
Summation, % 86.6 88.0 98,8

1731 calculations were made on the basis of the ovendry, ash-free
marcs,

2Methylated uronic -anhydride:.
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APPENDIX VI

CALCULATION OF GROWTH INCREMENTS

The calculation of growth increments was based on factors

derived from the araban figures (see Tables XXVI and XXVII) as

follows:
TABLE XXV
FACTORS FOR GROWTH INCREMENT CALCULATIONS

Growth -

Interval Factor
XSc—-SX % araban in XSc/% araban in SX = 10.8/2.4 = 4.5
XSe--5, % araban in XSc/% araban in 5} = 10.8/0.6 = 18.0
XSc--53 % araban in XSc/% araban in 53 = 10,8/0.5 = 21.6

This means that 100 grams of ovendry, ash-, and protein-free

XSc tissue will become 450 grams of SX tissue containing carbohydrate

and lignin alone,

_Similarly, 23.9 grams of glucan at the XSc growth stage (Table
XV, page 61) becomes 51.4 x 4.5 = 231 grams at the SX growth stage,
52.4 x 18 = 942 grams at the 54 growth stage, and 52.6 x 21,6 = 1137

grams at the 53 growth stage.
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