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CAMBIUM CHEMISTHY

Furthep-Investigation of Microbiological Assay
Method for Free Amino Acid Determinations
This study was an extension of the work initiated by
Dr. G. E. Wessman on the quantitative and gualitative determination of
amino aclds in the camblum and associated tissues, In the preliminary
work (see prog?ct report 1702 dated July 20, 1954) Wessman established

the amine acid requirements of tne assay organism, Leuconcstoc mesenteroides

-£0, and set up a standard curve based on twelve concentrations in the
range of QO to 50 J.g./ml. The standard curves thus obtained were quite
satisfactory. The unknowns werse r.;n at four dalutions: 1/20, 1/4%0, 1/200
ana 1/4%00, In the work aescriced subsequentiy, it was faund that these
dilutions dia not satisfactorily define the zrowth response curve for a

qantitative estima<ion of free amine acids in the aspen cambium extracts

studied.
VETCECLS

The camtimm exiracts were dried over calcium chlorice under
reduced cressure and each dissolved in a minimum amount of daistilled
- - - water with mild warming ana agitation on the day that the assay was per-
formed. The assay was set ur as follows: The aqueocus solution of the
unknewn was diluted 1n 18 assay tubes to the following relative concen-
trstions: none, .05, .19, .20, .30, .40, .50, .60, ,70, .80, .90, 1.9

(tzese from the orizinal solutian), .20, .10, .05 {these from 2 1::10
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gilution of the original solution), .02, .0l and .001 (these from a
1.:100 dilution of the orizinal solution). Two ml. of aporopriate
assay medium was added to each tube, bringing the final volume to

L ml. The tubes were cappéd witg alﬁﬁinum caps: autéél;ved, cooled,
and inoculated with one drop of a wsshed suspension of cells of

L, mesentersides P-A0. The tubes were allowed to incubate at 37°C.

for 3o hours at which time they were titrated to neutrality with Q.02
¥aOH using bromthymol blue as an indicator. The standard was run in

riplicate; the unknown was run but once,

REZIJLIS

Tt was found that the growth response of L. mesenteroides

.60 was not uniform in the cressnce of cambium extract. Several de-
viatinas from the theoretlcal response curve werz noservad. J1rss,
as snown 121 Figurs 1, tae lactic acid zroduced should be linearly
related to dilution above a dilution of .05 and snould drop away
ranidiy 1n a curvilinear manner to the bass line or intarcert {rezTe~
senting he inherent acid o the assay medium} below a diintisn of
.05, In enly one instance (a lysine assay of T-150wP-mals) cz3 tae

a83a7 results aporoximate such 31 theorstical curve, All ctasr assays

gave results whish would aporoach the values expected 1f the linear

rortion of the curve were extrapolated to the y axis. 3Seldem was tne

slope of the experimental curve suffzcleﬁtly great to be statistically
siznificant and when siznificant was of an entirely different order of
response than that found in the standard curves, Compare figures 2

through 7. A second major deviation was found in the 1::10 and 1::130
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dilution points. It will be noted that the .10, .05, and .025 polnts
(relative concentration) wers durlicated excent that the initial material
was diluted 1::10 as an intermediite step ih reaching the final dilutions -
for one get., Although the final concentration of the cambium extract

was identicsl in sach sei, it can be seen in Figures 3, 5 and 7 th# the
results of the "two step" dilution deviate drastically froa the results
obtained when the material was taken to the final concentration in one
step. The nature o this deviation seemed to be dstermined Ty the
individual sampls and no general resconse was 2vident over-all excert
that the points obtained by the "two ster" dilutiosn were generally

higher than those obtained tarough direct dilutisn., In each czse an
inhivition seems to have been relieved by the sdditional step. It is
possible that the intsrmediate dilution facilitazed the crecipitation

or ccmpléxing of toxic compounds, allowing the corganism to make a more
nearly ideal growth responss. The results of ™wo sz20" dilution shown
in Figare S zprears to aprroximate the type of curve sxpecied trheorsti-
cally, in that rangz 2f scncentration. The tyrosine assay shown in
Figure 3 ladicated that fthe "twe stec" dilution gZave a very decided
rellsf of lanidbition. The oroline assay, Tizure 7, indicated an iaverse
relaticnshis between growth reaponse and dilution of the cambium exiract
in additlon to whatever effect tha "two step" dilution procedure may

have had, This invarse relatiohsiip was evident in-sevaral-other-assays - - - - - ...
and tends to suppert the hypothesis that dilution is in some way removing

the inhibitory properties of the cambium extract.
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Also of note is the nature of the direct dilution curve for
the wyrosine assay shown in Figure 5. The very large growti resgonse

showsi {A the latter part of this curve can not he accounted-for in verms .

el ralisf of inhibition by dilution,

In terms of ml. of lactlc acid produced by the organism, the
stanzard curves are best suited for assays invelving the production of
about 2.5 to 14,0 ml. of 0,02N acid. Hardly any of the assays produced
as much as three ml, This fact alone disconrages the use of the metihod
fer quantitative work. The irratiz resnonse of the organisa to the erude
cambium extract makes the method completely untenable. Murther furifi-
catisn of the free aminc acids should in all likelihood maks inhem ameanable

te tods iyce of guantitation.
CONCLISTONS

The nicroblolagical assay method using L. mesenteroides F-39

13 vt 3 satisfactory methed of cualitative and quantitartivas detarmination

S
*

- -

fea amino aclds in crude cameclal axtracts of ascen.
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COLCR REACTIONS: A SURVEY OF PCAMBIAL ZONE® TISSUES CF ASPEN,
AMFRICAN 3LM AND EUROPEAN LARCH WITH THS ISENBERG-BUCEHANAN,
PELOROGLUCINOL AND MAULE TESTS
Impirical data have been tadulated for the responses of the abovae
gpecles to the thres testa, As previously reported by others, the aspen
xylem tissues are consistently nezative ip the Ilsenberg-Buchanan test., The

phloem gives a variable, dbut positive response, wvhich 13 not in accord with

the statement that barks do not gzive colors with eiailar reagemts,

The rasoonses of aoft xylem to phloroglucinoi-HCY support the
asaumption that this tissue 18 only slizhtly lignified, i,e,, that 1%t 13 in
a transltior atage and very active blochemically, The Mbule tesi does not

parallsel the phleroglncinol t29% with soff zylem,
COLOR REASTIONS

Chemical tests which develop colors have often been used with
wood and offer a means of making quicic comparisons, Three such reactlons
-  were chosen %o-amake-a preliminary -survey of the phloems-anci 1ylems which
had basen obtalinsd from bigtooth asven, quaking aspen, American elm,
Buropean larch, Scotch pine, and white epruce, Thess reactlona are: (1)

tze Isenberz-Buchanan test, which has been used as an aid in identifying

—~pa gy
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vood specles; (2) the phlorogiucinol-hydrochloric acid reagent for ligain,
-which 18 used .as a color test and a_stain for_nicrpscqﬁyr anpd (3) the MAule

teat, which ie used to diatingulsh between soft- and hard-wood 1igains,

The tests wore performed in the coaveniional uaysl anxl werse
ayollied to the methanol-extracted tissues afisr they had been dried ani
ground to pass the 40 mesh screen of a micro-¥iley mill, The resulte have
been tabulated; the minus sign { - )} indicates the absence of color formation,
‘the plus slzn denotes color formatior coupled with an indication of coler
iatensity from very faint ( + ) to very intenss { ++++} color, The results
of the lsenberg-Buchanan test were read at she end of 20 hours %o permit
paximm color developmant; in the other tests 5-10 m}nutes were desmed

sufficient,

Ia the laenderg-Buchanan test the color wes preasnt in both the
golii and the golvent, In the other two tests ths color developsd only in
the solid; howewer, it was observed that, in some cases of low iatensity
react'oa, the coler appeared in soms particles, but not others, This
guzzesta that more use %e mais of these teats, particularly the NAule test

as reazenls in microchemisiry,

The tadulated data varrant the following etatements:

1, Isenderg, I, H, and Buchanan, M, A,, Jour, Foraestry 43, 888-90 (1945),
Brauns, F, B,, Chemistry of Ligmnia, p, 26, 29, 41 {New York, 1952).
The chlorias vatar-ﬂhzsoj nodiflcation of the MBule tast wa3 used,
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ASPEX

T an xylems of Yoth svecies are aegative-with the Iaenberg-Buchanaa
teat; this result 1s consistent with the original report {loc, c¢it,), With
one excevtion, 6-T, the nhloems all show a positive response, %though the

intensiiy variss, Thig result challengee the generalisation that all barks

are nezative to this test [Adler, ®,, Svemsk Paperstid. 54, 445 {1951) ).

To the phloroglucinol test all 1953 and 1954 xylema respoend with
intense color formation, The soft xylem gives a variabls, generally weak,
response, but ¢he samples taken on June 1 and July 22 (14-G) ere exceptions,

All the phloems respond positively, dukt with variable intensity.

As wvith the phloroglucinol test, the phloem response to the MAule
test 13 rariable, tu$ also is generally weaksr and with more ilnatances of
atyplcal color, The 1953 and 1954 xylems are all positive, but with variable
iatensity, The soft xylems All respond poaitively to this test and there ig

no correiaiion with thelr response %o the phloroglucin tesi, unless i% is in

a nagative sonas,

XN

The phloem reactions are variable in intensity with all three
r:-";éent;;’th—ay gonerally turn orange with -tho Miuls roagent and red-orange

with the Isenbsrg-Bucharan reagent,
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The xylems react positively (except for one nezative), but with

varisble intensity, to the Isenberg-Buchanan test, In the phleroglucinol
test the ontermoat (never) xylem generally gives a faint test in contrast
to the intense color given by the mature xylem; the MBule test does not

distinzuish these xylems as sharply,
EURCPRAN LARC

¥ith the Isenberg-Buchanan reagent this specles tends 10 give
negative or atypical responses for xylem and intense, hut atypical, colors
for phloem, The MAule test usually yroduces more color with xylsm than

phloem, but the orange color is atyplcal,
SCOTCH PINE AND WHITE SPRUCE

The few observations do not warrant comment,
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QUALITATIVE TESTS: SCOTCH PINR
Isenberz-Buchanan Phloroglucinol-HC1
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CAMBIAYL CHEMISTRY: AMERICAN ALM
COLLICTIONS AND ASSAYS, 1954

STUMMARY

Monthly coliections were made and assayed according to the

eatablished routine. '

The work covered by thls report is a coatimuation of that

started in Yovember, 1953. (ef. Project 1702, Reaport Yo. 2).

Twelve apecipens of American 2lm were taken froca $he Tnastitute'!s
PMlowood Plantation during 1354 for sampling ard asziay according to tne
rout.ne procadure (ef. Project 1702, Report No. %5). Since taoe elms in
tqis‘ stand are volunteers, young saplingzs were gu’ off near the hase;
nence the camblal tisanes in tnis instance are derived from atems Iinstead
2f from irancnes. In firve {nstances, two ages are 3<own for a single
gollection date; this indicates that top and Jazzl szctlons were cat from
she stem, obvlously the younger i3 ile Lop section. Whereas ample mate—
rial was obtainad for assays of prnloem ana metur2 xylem from eaca section,

the yield of soft, or ‘mmature, xylem sufficad for osly one agsay.

The data under the headings cambium and starch were taken from
the report of the Micrcecopy Laboratory on the blocks which were submitted

for sectioning and staining.

- [ -
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The table for suzar chromatograms has a heading, "Origin®, which
._—denotes the presepce of carbohydrate magfrial of very low mobility, and
probably of hlgner molsecular weizht, than glucose. Tnis spot does not A
aprear in tne chromatozrame for mature xylem. Its presence in those for
the soft xylems from the May 23, Sept. 23, and Nov., 24 collections might
be dus to incomplete sevaration of phloew and xylem. The histoleogleal
report that the cambium was stlll active in the specimens taken Sept. 23

and Yov. 24 merits further study because 1t implies other criteria of

camoial activity tnan easy hark sliprage.

In other respects the data only warrant comments similar to

these on the aspens.
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age
5 .

10
5

3
6
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5
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8
11
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|
Cambium

Staurch
Active Present
ﬁo Yen
!
No Yes
No fes
No Yes
1
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Yes Yes
i
Yes Yes
Yes Yes
Yes Yed
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Yes Yes
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BIOMEFHIC AND EXTRACTION DATA

%Aﬂzo

573
5642

51.7

Bl 7
39.2

48.0

52.3
45.7

53.8

66.3

Awmerican Elm — 1954

Phloen

% GH0H
S0l.50lids D.H.

jesNedl D
» -
LaS BN

22.0
15.3

17.4

% H20

76.9

B87.0

£7.6

73.2

59.1

52.4

Soft Xylem

% CH30H
Sol.5011ids L.B.

15.7

39.5
37.1
15.6

21.0

31.9

§ Hz0
21.3
31.2

21.6

23-6
29-?

36.0

4.8
?5.8

45.9
56.8
35.8
38.4

31.9
31.9

35.2
:24.9

36.2

Xylem

4 GHA0H
Sol.Solids D.B.

3.2
3.6

3.9

2.7
3.2

1.7

0.92
1-3

b7

L.l

hal N
L] L] - [ L]
N N MW o

PR




! TABLY 11 i .
' SUGAR CHROMATOGGHAM DATA

American Klm - 1954

! Phloew ' Soft Xylem ’ lem
Collocted Origin Sucrose Glucose Fructose Origin Sucrose Glucosé Fruciose Origin Sucrose Glucoss IFructese
2-bL-54 + .+t 4 4 + o+t 4+ +
+ T4 44 44 + 14 -t +
- !
3--3-54 + Tt 1444 + e - +
=554 + i+ 44 -+ , ++ + .
+ + +4+ + b4 4+t +
i
~; ! ! .
h-2B8-54 + ro— +++ +4 - ++ -
- ! .
5-26-54 + t— 4t - + - *+ - D - ++ - -
) 444 ++ "
1 ‘ L
\ “u
6-23—54 + ++ 44+ + - 4+ + D + + L
‘ i
7-15-54 gy +4 - U ++ + b + - 25
. e
- l N ‘."
- B-5-54 ! +4 +4+ 1 s + “
B2 6-54 R ++ 41 +7 &
. e H
9-23-54 + + - - + T 44 - - + ?
+ ++ - - _— .
! ;
11-4~54 + e 44 + + e R + T R
+ D444 44+ + + ? +5
o , 4
. o}
12-15-54 4 + + + + o
i 1 %
o
] ﬂ"—s
l ; .
1 \’_',-:
. f:Y
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9~23-50
11-4-54
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Fhloew
Group T, Group IT Group ITI

2 1 2
2 1 2
2 1 2
2 1 1
2 1 1

i
2 2 3
2 - 3
2 - 3

|

- 1 2

! 1

; 1
1 1 2
1 2 2
1 L 2
1 1 2
1 2 1
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AMIRNG ACIL CHROMATOGRAM DATA

Ameérican Klm —- 1954

S50ft Xylen

Group TT11

Group T Group IT
3 1 3
2 1 2
1 1 2
1 2 1
1 2 2
1 i

kxlem
Group I Group II Group IT]

2 1 2
2 - 2
2 1 2
2 1 1
2 1 1
2 v 2 1
2 Co—- 3
2 ’ 1l
1 S 2
z2 1

2 2

1 . 1
1 : 1
1 1 1
1 : 1
1 2 1
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3arbara Raeder
CAMBIAL CHEMISTRY: ASPEN JOLLSCTIONS AND ASSATS, 1954
SUMMARY

This rewert 1is%s the aspen materials collectsd and assayed auriag
1954, During tne zrowinz season, traes were fellad to vrovided larger
quantities of materials, especially "soft xylem"; otherwise tne nrocedure

for the assay of small sampleg, descrioed in Report Mo, g, was followed,

The variabilisy of the data emmhasize the need for a statistical

G

infemmratalbion; cence the resilis are nr2santed a3 vaslas witaous attemms
a% iz%2roretetion, Subject to coafirmation, the Jolleowing comments may e
The free awuzers rezularly nresent are zluccse and sucrose; fructose
i3 variacle and %2e peatose 3sigars are 2s3ent, The amino acids iadizased
include a "vaszic" group, commosad of lysine, arginine, and nilastidine which
are associaved wiba immorsany =rstela fazctions, and ap "amida! zroup,

azwaragine and zlutamine ani:h ar2 associabed wita nitrogen “Yraasvert, Tize

5 ]

elatlive abtsence of vhencls in xylem fissuves and their relative abundance
in nhioem waa unsxmected in view of fhe abundant liznin formation by xylem

=0 - — J——

cells and Srze occurreaze ¢f nasive liznin in most woods.

Tris report lists toe ascen materials collected during 1954 and

presents data from she sxirocs:ons wita methanol and the chromatographic
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insnection of the exiracts, The "menthly assays" were made in accordance

w#ith the procedure described in Repcrt No. & on Cambial Chemistry,

MATERTALS SOLLECTED

Materials for tais study were collected in eacn monta of 1954,
excect January and November, and represent both of the aspen asectes which
arg immortant pulp-woods in the Northeran Laike 3tates, 1,e,, bisztooth agnen

(2. gzrandidentata) and quaking aspen (P, tremuloides). DIwo types of materlals

were collected; (1) twigs and branches, which were used »rimarily for
‘analytical comparisons between individual trees: apd (2) truak sections,
taicen Delow the erown, which provided the larzer amounts needed Zor the

study of chemlcal comvoeition,

Trem cranchas the usual 3mall samnles were saren and, since she
campia were "inactive", only shloem {inner nark) ana tne most recent zrowih
riags of xyiem (outer wocc) were separated, The June i1 ccllections are an

1 mens of

te
*

2xcenston, 3ince 3ome "3z0f% xylem", i,e,, »resumaniy a zaew inc

socl, wa3z rsmoved from toe olier xylem,

Tae srunk 32ctizns sere tagen durinz Sze srowlng seassn Jor sk

7]
u
A7)
e

snecial purwcae of accumilating soft xylem; alao, a3 the 3=2ascn nragre

the xylem formed durinz 1954 was removed in order to compare it wiia

xylem formed in 1953, With care, it was possible to des2ct a slightly yellow

colored layer which marked the boundary between the 1534 and 1953 growia rirgs

and tnereby to separate tha two increments of xylem,
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Small "blocks" were cut routinely =nd submitied teo the Mieroscopy

Laboratory for histological examination,
MITHCDS AND DATA

The preparatior and analyels of amall samples, e,z,, from branches,
rave been described in a previous report (Report No. & Cambial Chemistry),
Since tie iaitial operations of preserving and exiracting larzer smounts of
material parallel the corresvondinz steps in the routine for small samples,

analogcus extraction and chromatogrannlc data were recorded,

The biometric and anpalytical data for each svecles are recordsd
in the appended tables, In those for quaking sanen, there are no entries
in tne xylem columas ommosite the four collections from June 17 to Auguat 1%,
{nciusi7Te. These materfals are beinz used “or a doctoral researca; aence the
data will oe renorted se-arasely, Under the h2eadings "aambian" and "starzk"
{Tatles T azd 1V) the erntries ars taksn from tha reporis ol the Microscoly

Tanerasery ca tae "slocks? wnich were snomitted for hlstolegleal examinatlon,
JI3CTUSSION

Perhaps tne first and dominant impression to bDe zained froa aa
insmection of the exiraction data i3 the variabiliiy of the results.
Imperfections in the apalytical méthods are a contrituting factor, bat-this . .
finding 1is consistent with the variability which aspens skow in thelr

botanical characteristics, In consequence the accumulation end interpretation

of data must vroceed on & shatistical dasis before seascpal trends or otoer

e et v -
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comparisons beiween the indlviduals can be stated with flnality, At the
same time this varlability justifies the effort to develop gampling an@
assay methods wrich ¢ap be used routinely. It also favors the nremlse

that chemical correlations will eventually be useful indices to superior

individuals or races of aspen,

The relations between the different tissues 2ollected from %tae
szme %ree show a2 more definite patiern and are consistent with the llteraturs®,
Texing aigh wate2r content and methanol-socluble axtractives as indices of
biochemical activity, the soft xylem rates as the most actlve and the mature
(1553) xylem as the least active tissue, The 1554 xylem apnears 3o De an
intermedia%te beiween these twe stazes in activiiy, Jjust as 1t is in aze and
nosition, Tre nkleem has a water content which i3 usually a l{ntle aizher
than shat of ‘ae mature xylem, but it 13 always auch richer ia extraciives,
Accovdingly 4t i3 also the loeus of much diochemical activiiy, aver ihcugh 13
rarks helaw the szoft xylem, Undar the mioroscene, the nhloam is 3een to e
comzogsad of Doia 2ew And old tisaue-elemants, Thus the Dohtanicael and

crertoal findings are conslstani,

The chropatograznic data should 9e regarded as preliataary,

qualitative ins-ections of the chemical nasure cf the extractdves, Jnly

three classes of comnounds--sugars, amino acids, and phenolic substances--

have Teen considered,

¥ 0, M,8%evart, &, L, Amos, apnd L, 3, Harvey: Chemisal Studies
n Ausiraliaz Jenr, 3iol, Sci, 5, 2L-47 (1933
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The sugar carcmatogrems indicata only 2lucnse, fructose, and
sucrose, 3Jarely there 13 an indica‘ion o a carberydrate whlch Zows nag
move from the osrigin The Iras nentoss sugsrs are conspicuously absent,

Thers 13 az indication thal 3Jucrese is tae oredominant sugar ia 2 jtremuloidas,

T2 B, geadidentata this nway de sriue of the -aloem #4ith some allowsice for
seasonal varlatiosn, bt ziucose seems %0 0@ mors orosinent toAa aucrise in
soe actlva xylem tlan.es Fricinge s=ama o De toe nimor aagzar in deta

species at all times and frequenily «as nos desecrad

The arcito acld curomatograms 1ave Deen reac only in herma of 3ub-
.
ZToups In general sae results 1aglicaca appreciac.s amounts ol amlao acids
i1 %28 ~h oem apd sae nore active wy.em siasues., "he amiso acids oresumed %o
cenatitare groune [ and II have conaslderable iockeml:za. lmmortance  "hus

soe basgls amine acids, lyslne, argiaine anc a:13%idiae, are conmsiderad
"eggential" ia tze anlmal orzsntsm, --e dizarvoxylic acid am:des, Bsmarazize
and glutamine, are immor%an: iz sse “sapamort or conservaiicn o: amlie
aiirogen in ine nlant, One of -2 lamdequacles o: tze mei-oda ised o0 1ate

13 that zney 1o aot letect allantoia or 3%azer areiges mic: may also e
JmueTtant 1o aliTagen sraagsmort * A zore 2f7active ise of amine acia

(¢, feasman

lATORALOZTADAY is oa2 I ‘e ameortans aofecrirves oI zails dro.ect

rgpotty,

Tary liss:2 #a3 3ean lone 5o ifatersret the ohenol .ar matograms
jecamas ALl exitacts 2mve i72a iaresclved atr2aka, ' Cne reperal -asuln,

Jowavar, .3 tnat all -canlsem 2xsracta zire an La1n4nag nazenoill caromasagZraa,

# %, Yo.1es3 aon o, ZTaze_arecas Toma L6, ~Be-sl- (TFE4),
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whereas 1ylem extracts appear to be vractleally develc of phenols (at
' conceat~atlons svotted), Tnls seems unerpected 1a view of the quantlty of
l1ignis levosi-ac ia *he cell sal_g of mature xylem and the raporied

oressnce of at least some n2%ive 1ignila in zosi woods,

-
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Collected

2/18
2/19
3f2s

bf25
5/1

5/13
6/1

6/28
6/30
7/20
7/21
7/22
8/17

9/23
10/21

12/4

t
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BIOMRTRIC ANIy EXTRAUTION DATA t

Aspen . 105 .
Rigtooth Saries R

1954 Xylerin

Code Lacation
1

a

Glok & W, of Brule
Q106 & W. of Watersmast
G1L07AL  Spring Field Corners

1

é52 & Near Rhinelanderv

G52 & Near Rhinelander
052 7 Near Rhinelander
3

Ripee Farm, Heavy
Stand No!Disease

4o Ripso Farm
8.0 Ripco Farm
90 Ripco Farm
12.0 Ripeo Farm
.G Ripeo F:sr'm
+ 176G Ripeo 'F‘arm
18-G Ripeo Farm
G111k Ripeco Farm
G11) Ripen Farm
G113 Ripco farm

Fhloem Soft Aylem
£ CHyOH ¥ CH+OH % CHyOH
Cambium  Starch Sol. Solids S0l. Shlide Soil. Solids
Age  Active  Pregent # Hy0 h.B. F Ha0 D.B. £ Hy0 D.B.
) !
50.1 9.2 '
8 "NHo Yas he.3 a,s '
No Yes 50.0 231.9
hah 21.7
he.2 1.7 .
16 No Yes Bh,s 27k
13 45,9 shoh 1
13 No Tes 51.3 13.A
17 No Tes 5.8 21,2
Vo Yas 59,1, 13,3 31.R
29 Tes Yas 43,9 10,1 87.h 7.6 50,1 5.41
22 Yos Yes 49,9 10,7 86.6 37.5 57.4 5.2,
29 Yos Yes 45 12.3 85.5 .2 61.9 5.7,
3z Yes Yes 39.1 12.3 82.0 b2 518 6.3
1]
27 Tes Yes 28.3 7.9 7h R 26,0 an.a L
31 Yes Yeos 41,5 13.0 78.3 17.6 57.1 y,2!
29 Tos Tes 35.7 11,6 70.3 35.1 51.4 14.1:
I
16 No Yes 42,1 12.4
1s No Yes LR 21.6 '
|
13 bs,2 19.6 '

Froject 1707

Fehruary 21, 1

355

]

Faga
Xylem
* O130H
Sel, Solids
£ M50 D.B.
50.7 1.8
ah.6 1.3
bn.7 5.h
42,8 Z.h
81.6 1.8
i R 3.0
he.9 2.5
4o, 3.3
43.2 3.3
20.9 1.3
51.7 1.4
38,4 1.0
39.6 0.5
49,1 1.7
48 .5 1.2
2h 7 1.1
1.1 2.3
56.6 3.5
52,4 4,2
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! SUGAR-CHROMATOURAN DATA "

i Aspen - 15954
Bigtooth Serles

Phlo;m Soft Xylem 195h Xylem Xylem
Code Origin Sucrose Glucose Fructose Origln Sucrose flucose Fructose Origin Sucrose fGlucese Fructose Origin Sucrose Glucose Fructe
Glo4 2 + -+ 'l ++ R +I - 4+ -t
0106 & + et .+ + + ++ ++ ++
0107A4 - NV -+ + ..' +H+ PR +
- +++ - + - 4+ R +
- e -+ + - =+ s +
G-52¢ - o+ o - 2 ++ ++ -
++ ++ - ++ + -
G-52 4" + 44 o - 4 ++ ++ -
G52 & - et -+ - 4 ++ ++ -
GB +H+ + - - + :
LG +44 ! + - + i + } (™Y + . + + -
8.3 ++ j + - + et I v o + ' - + -
9-G o+ ! 4+ - e e + i $HEE + ! + + -
124 ] ++ ++ bkt IS phe (e + f t+ + -
140 +4++ : (13 +++ 4k + 41 + - - -
17-0 t + -t e+ - 44 b - - - -
18-G +++ ' + - +4-+ +++ - ki ik - : - - -
G114 =+ - - ‘ + - -
G113 LR s e - , - + -
+ -

o113 e ++ +
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STHGAR-CHROMATONRAM DATA

i Aspen - 1954
Blgtooth Series

Phloem ) Soft Xylem 1954 Xylem

Code Origin Sucrose Glucose Fructose Origin Sucrose Glucose Fructosa Origin Sucrose Glucose Fructose
Globk ¢ + 4 : 4+ FrEs
aLos & + e ++ ++
G107AT - e e s

- +4 4 +

- Faws ' b+ + .
G.528 - -+ +- -

++ . ++ -

G-52 47 + 4 —+ -
652 < - 44 ! ++ -
GH ey - - +
LG . +4-+ ’ + - + oy + - FRpres +
8-G ++ i + - + i + T+ FR +
o-0 e ++ - +++ 444 + 414 A +
12.G 4 ++ 4+ F 44 + +Hd bt b +
140 e ++ t -+ + . o ey
17-G et + e+ - - +t i -
180 ++4 ; + - et 4+ - bt - -
G114 HH+ - -
G113 4t ++ -

Xylem

Orfgin Sucrose

4

It 1§

+H+

Tt it

-+

Tt

+

Froj:
February
Olucose Fruet:
e [
++ ++
4 +
-+ +
g +
— -
+i -
++ -
++ -
+ -
+ -
+ -
+ -
+ -



Pro ject 1708
Page 9

Pebruary 21, 1955

O o~ o~

AN AN

o~

4+

111 dnoap

[+
Il\d‘t\!t\

L i B N B

n

+

[1 dnoag I dueap

uwe [£Y

[ AN AN AVRE AN SV A A8

{11 anodg

O 00N~ N

11 dncag
I TLY 7541

SUUDST-T 03 SUTUW[Y I[] duoip

eujuwe Fujpnluuj ‘sUjuwlw 03 eulwwinTp
suymujnl¥ Fuppniouy ‘eujwuinld oy eupedy

e N B N B
FIe BN N M

{ duoag 311 dnoap 1 duoap
B TAY 3408

T sajaeg q3oo3¥ig
#5661 ~ ueday

YLV WYHOOLVAOHHD JIOY QOMIWY

111 HTEVL

M N ~ N

1 énoap

[ ]

1

+ M TN NN NN

+

1~

111 dnoap

11 dnoulp
1 duoag

IP\!’\-:?NF\NNNNNNN 1o

s

11 duoap
we0THd

o~

Nt A

++
++

] Snoag

-1
> 259

o 259
rA0T0
g 9010
<+ qOlo

» 90D

k]

- 'Y'.
3

£ -,
.

TN s
bl

WS

T ayi
rereflihta
s

-

Tl et T

—ad L e
PP Bt
St e 1T

Rl

u,r‘---..—_ SR -

= S

WG T S Y e L
by P

-




Algilge g
roxy

oS
9* 0%

e

7 0C v 9 ys
_ 0'€C &5
992 8*2%
1
i
1
#° 09 bTLL 07yZ 679
€08 gred 602 g7 0L
;
(449 005 6" 4z 9*Lg
. FAR.4 AR 4
! 602 9°2s
£rie g1y
i g 1€ g Cg
' PN TS FAFAT
B oz FAS S
36T &* 0y
&' 1e g es
Lree 8° Sy
&£ 6L LTS 1)
! et X
“g'q 0%H ¢ gra O¢H o
mvﬂamm Tlog Spilcy 1oy
HO"HD 4 HOYHD &
, woTdy 3J04 wav TYd

gax

8%
T34
o)
Y
863
s8]
s8]
Buf
801
803
£6]

88 )
T4
sa})
ga)

saf

Ba)

89}

FUCT-EN ]
(24vqg

boTJEE BULYEAY
nSeT - usdsy

ON

oN

ON

O
se)
134
saj
8]
g8}
Go)
B8}
go)

oN

ON

oN

eN

oN

aat3oy
wn quiey

VIV NOTLIVYELXY (INv DTHIEROIE

AT a7avl

€T
ST

FAY
o€
ot
o¢
&2
ot
ve
6z
gz
0f
€€
62

wisy oodiy
ugegy oodiy
wLrey ooma%
wisy oodily
wiwg oodyy
wawy aodry
uwaey oodyy
wawy oodyy
wrey osdiy
wigy oodyy
wiwy oddry
wxwy oodyy
wre gy oodyy
waey oodiy
puuls Lawey ‘wmauwg oodiy

wexy uedp Lratey ‘wawy codiy

ST
jas
L5
0T

(A
ot

™ @

afy

PEERET( ON
pueqg Lavey wJawy oodyy
wrey oodyy
wigy oodyy
wiey ocodyy

wie gy oodyy

opEJIOYON

186004 ey eadywdwooup
sBuiudg umoag jo L3Turotp

L£qunos upoag
rodayy feg usedp
SA83UTM JO TN
818Uy

t

UoT4E007

rrd4 0
(4404

uedsy
19T
€T
1-T1
I-0T

i~9

TTTL
3 4OTL
g 90TL

opoy

/et
12/01

£z/6
9T/y
zz/e
122
oz/fe
0c/9

62/9
81/9

Li/9

oz/c
PASY-

PeIoeTTIoD




Project 1702
Fage 11

Jebruary 21, 1%cE

*R0 30Ty

ewoonig! ewosong

‘wa TAY

+ 4+ -+
* [ 4+
+ ++ -t

upFI)  SR0ONIY ET LELEY ssolong ujdjag
) W TLY 308 ‘

sataeg JupAend
#5617 — uedey

VI¥d NYHOOLVHOHHD HYONS

A ATEVL

+ 4+ o+

vy S,
[ A

4+ +
~ o oY

ewvojonIy

++ 4
- R
- it
+ FUpS
+ R VY
+ " e
+ ++
++ —+
++ =+
++ N,
++ ++4
+ b
+ ++
— " s
e+ e
+ S
+ .
+ -+
+ 3 +++
-~ +
+ 4
- ! -
+—+ 4+
+H+ LI Y
esOoNTH ' esOIONE
we0 Y

+
*

R

apdtLp

2214
Ze1-d

L uedsy
- L=91
I-51
i€t
1T
101




7Z1-L
Z2l-4

i uedsy
PRl §
-3¢

e T
=11
L~0T

Page 12
—~ ¢
B

1
N
-

N

1

i
1
1

Projeet 1702

Pedruary 21, 195%
'
'
~
NN N NN Ao
E
N

i -
Wy
Y
TN N e AN NN N A
-

11 dnoxp~1 dnozyp 11 dnoxp-1 dnoag

-

_
Z T LOSTIL
z 1 LIS

4 ++ PETLL

£ LITd

z

z 31t

+4 4+ 3 901g
i £ 90TL

I‘Olﬂ‘l‘-x(\l\l’\
o o~

ey
INN"\INN

b d
+

R = b e b

%
i

111 dnoaxp 11 dnoup I dnoap I1I dnoxp 11 dnoap 1 dnoag I1I] dnoap 1T Grozp I dnoap epop
we LY w LY 3j0g maTyq
i
. BaTJIeg Fuymend _
HE6T - vedey ,

VIV WYHOOLVWOEHO QIOY ONIMYV

1A AIEVE




TORM T3

bl

. LT T TR e TR
v
prosecT MO 1702
PROJECT REPORT FORM cooeerator__ 1 P O,
Notebook: REPORT NO &
1266 pare__ Pebruary 17, 1955
Fages: 30-37 o soox
Copies to: Files Notebook: pase— 10— ;
) Mr. Weiner 1285 sonep_ b et 7% R
Dr. Eremers (2) Pages 87, 95 Roland E, Xremers

CAM3IAI CHEMISTRY: ROUTINZ PREPARATICN
CF ZXTRACTS POR ANALYSIS

SUMMARY

A nrocedure has been evolved to facllitate samvnling and assay
'of tissues from the "cambial zone® at frequent in;ervals and /or from
several trees, The details of separating the tissues zrd of prevaring
metranol extracts are described, The procedure sppears to be satisfactory
mecnanically; the sasays nave ziven yleld figures and nreliminary indi-
catlons of the soluble sugars, aminc acids and vhenolic substances -resent

11 %he "cambial zone® tissues,

Most publications on cambial chemistry nave -emorted the
examination of larser amounts of meierial, for whicn one or more frees were
sacrificed . * For the nrocedure ontlined delow a surflicient quansity of
naterial is provided by nhranches wnich have a diareter of c<ne inch or more,

as frequant intervals and/or of several

)

Tris shouid fac:litate sagmliin

trees without infilcting z-oss injury, It embodies tae experience zained

during <he past 15 months with the veriodic collection of "cambial

naterials and their preparation for analysis, The several steps follow the

* For s recent summary, re’er to o, M, Stewart, G, L. Amos, and
L. J, Harvey: Chemical Studies on Zucalyptus Besneng ¥, Muell,,
Australlan Jour, Biol, Sei. I, 21-47 (1953),
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usual nreccedures for arresting enzyme action and for extracting the more

golu?le constituents, i,e,, sugars, amino acids, phenols, lipoids, resins,

gtc, The less soluble constituents which form, or are agssociated with, the

cellular structures, remain as marcs whick have been reserved for analysis

b7 conventlioral methods of wood chemiatry,

The authentlcity of the materlals wes checked by microscopic

.

inspection, To this end, small "blocks," roughly 2xl1,5xl ecm, (1, w, thr.),
were cut through the bark and into the sapwood, One such "block® was
talten from each specilmen, preserved‘in 70% ethanol, and submitted to the
Mlcroscopy Laboratory for sectioning, staining and identification of

tigsues,

Maitrancl wes used in slace of ethancl because it dlissolves mere
ucrcgae and decause it has a lower bYoiling peint, The hexane extractlicn
to remova fat3 and essoclated substances wea made from 5C% methanol ia

order %o reduze trcuble with emulsions which formed with waber sciublons,

e zroceduare saems %o e satisfactory in = mechanical sezse,
S0 far, 4ze final extracts nawe oden used caly for yield figures and far
corcmatogravhic indicaticna of the sugars, amine acids, and shenels.

It {3 now pertinent to consider what additional assgys should be

s
wt

reaent

ada of these;materials'{ - T - T - - -toTT T e e s
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SEPARATION OF TISSU3S

Thd details of separating the tissues to-be.analyzed vary with
tae species and the season, In general, tihe outer bark 1s scraped or
sliced off to a depth Just inside a layer of gresn cells which presumably
contain chlorophyll; this outer material is discarded., The inner bark
(phloem) is then removed, making as clean a separation as noggible at she
cambial layer, Ian the dormant seasons She surface of the sapwocd 1is
scraped, 1f necessary, to remove adnering phloem, In tae growing seasca
when the inner bark peels easily, %tne exposed wood surface is lightly
scraped or shaved with a stard bdlade to ramove cellular elements that are
(thought to e ) ia a state of transitlen, Urnder favorable circumstances
these elamerts are removéd as- translucent asrands, Otherwise the scranlings
seem %o be mestly a mixture of fibers and tae aguecus contants of ruptured
cells, In elther case this material has deen called sofi xylem cr scft

em) i3 sawed into ‘short cyllrdricel
¥

&r

sapwood, Finally, the bdraaca {er s
sections and tre aspwood samplse are obsalaed 3y eutninz off longisudinal-
sanzantial alices. 4Wren the anrual rings were suficlently dtatincs,

semarate samcles have beer taken of the 155% and the 1673 savwecd (xylem),
PREFPARATICN OF ZXTEALTS

T -~ Glasa-stogpered, 123 e¢c; Erlenmeyer flasis containing 100 cc. of
absolute methanol are coded and weighed in advance, To recelve a given

sammle, the flask is placed on a triple beem balance and the weights set

P PP P L TSRS SRUY RN I IS
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to corresvond with the desired samnle Qeight, For nhloem and soft xylenm,
this is roughly 10 gz.; for sapwoqd, from 12 to 20 gz, The fresh tiassue is
tranaferred to the flagk and immersed in the methanol as rapidly as i} is

separated from the branch in order .to minimize oxidation and %o stop

enzyme actions. The flask 1s restoppered and accurately weighed,

To commlets the extraction, the methanol is decanted into a
soxnlet flask. The dulk of the sample 18 tranaferred with the aid of
tweezers to & tared thimble and placéd in the extractor; the remainder 1is
rinsed into the thimtle with Z5 to 50 ce., of methanol, The soxhlet

extraction 1s continued for & hours,

To obtain the dry weight of thé extracted tissues, the thimtles
witih conienis are dralned ta the sxrecior, sxpesed 4o 1oving air in a3 hood,
neid overnight in an over at £5°C, under 23 inches of vacuum, coolsd in a
desizcator and weiszhsd, The marc i3 ground ‘n & small Wiley mill and

rass>ved for anaiysis,

The cooled exsract is Tiltered %o remove 3mall amounts of sedimens
or entrained 7ibreus matiar and disti{lled under r-educed zressure to 2

residue of 1 or 2 ce,

_The restdue is taken up with portions of 5S0% methanol toteling 5

%o 7 ce, and transferred to a %C cc, separatory fumnel; 10 cc, of hexane are
aided, the mixture is vizorously shaken and thex allowed to sevarate, The

hexane generally dissolves the extractives which precinpitated during the

soncenrasion end remained insoludie in 50% mebthnanol,
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The lower layer, which is usually clear, but oceasionally

onalescent, 1is drawn off lnto a 10 cc. volumetric flasic, Tﬁé‘héxéne'layer
is washed with about 1 cc, of 30% methanol and the washings are likewise
drawn off into the flask; this step is repeated until tre solution has been

made uv to volume,

Total solids in the 50% methancl solution are determined by
evaporating a 1,0 ml, aliquot in a tared § cc, Desker over s 3%team dath, .
The beaker .is reweighed after cooling and further drying in a vacuum

degicecator,

For chromatographic comparisoms, 5 or 1C P of the volumetric
solution are svotted on triplicate sirips of Yo, 1 Waatman filter‘paper
of apprepriate widih and 2beinch lenzth, In each aet of 3 asrins, %the
reference solutlion or tre firet contmins carbohydrates; oﬁ tnhe aecond,
amine aelda; and oa the zhaird, vhenols, The developlag solvent is butancl-

Rours,

G
i
(4]

acstic acid-water (£3:10:27), aoplied by downward flow Zor 14 3

1

e corregnonding indica%tors ars: (1) anlsidine-ECi, (2) ainkhyirin, and
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7 777 " MICROBIOLOGICAL ASSAY-OF THE FREE AMINO - . - .- . . . .. . _
ACID CONTENT OF THE CAMBIUM
A study was undertaxen to test the applicability of micro-
biological assay of free amino acids in the cambium layer and associated
tissues. Qualitative and quantitative determination would supplement
and corroborate regular chemical analysis, particularly chromatographic

methods.

The technique chosen is that devised by Steele, gf al (). In
this method the organism, either Leuccnostioc mesentercides or Leucomogtog
citrovorm, is grown on a. chemicaliy defined mediwm of amino acids;
inorganic salts, dextrose, purines, py:':'l'.m:i.dines. and 7vitaming. The amino
acid to be determined is left out of the medium, and, if that amino acid
is pregent in the material assayed, a growth respornse by the organism will

resuli.

The method has follawed that ouilined in the refarence using the
titrimetric metacd with a 72-hcur Incubaticr pericd. The organism emplojyed
was L. Degenteroides P=6Q which is carried as catalog No. 8042 by the

American Type Culture Collecticn.

Initially the eight amino aecids chosen for assay we;e 1ysine,
arginine, histid:‘.ne; tyrosine, phenylalanire, proline and aspartic and
glutamic acids. Stamdard curves have been established foar all of these
acids; arginine, 1ysine, histidine, and tyrogine particwlarly give ex-
cellent surves. A standard curve is rin for eacn assay, seb up at 12 levels.

TR MCTAITEOT N 3 A M) T NI
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The curve for aspartic acid cannot be cbtained unless asparagine
is remcved fram the medium. This compound replaces aspartic acid for the

‘organism, giving macimum growth even when nane of the acid is -addeds -

For the assay of glutamic acid, aspartic acid must be removed
from the medimm. The presence of the latter acid causes a depression of
acid production in the lower levels of glutamic acid, resuliing in a
signioidal curve or very erratic results. This is due to an imbalance
between the two acids resuiting in such a response when aspartic acid is
prasent in over fhree times the amount of glutamiz acid (2). Steele, g%
al (1) suggest L. gitrovorum for the assay of this compound. However, if
agpartic acid is eliminated from the medium, but asparagine left in, a

regular curve resuiis with [, mgsenftercides.

The materials tc be assayed were provided ncrmally in tne dry
state. These were taken up in water, diluted appropristely, and assayed

at four to six concentration levels.

The results of the assays are shown in Table I. They are presentad
here with no attempt at analysis, since only a relatively few determinations
have been zarTied out. However, they indicate the praciicabllity of ihe

method for the determinaztion of amino acids in the cambial layer.
~" REFZRENCES o - T T e

(1} Steele, B. F., Sauberiich, H. E., Reynolds, M. S., and Baumann, C. A.

"Media for Leuconostoc mesentercideg P. 60 and Leuganogtoc gitrovorum
8081* J. Biol. Chem. 177 533-5us (1949).

(2) Baumgarten, W., Mather'. A. N., and Stone, L. "Glutamic acid conient of
feed materials® Cereal Chem. 22 S14=521 (1943}, ‘




VO TABLE I
' FREE AMINO ACID GONTENT ]

Amino Acids
(Mzm per mg. of dry tissue weight)

Sample Arginine As fﬁﬁ'm Gl\;l:;.(rinic Histidine Lysine Proline Phenylalanine Tyrosine
¥lm, New Xylem, (5/26/%&) 12.0 — 0.0 1.20 0.0 0.0 0.0 1.60
Aspen T, xylem (6/1/54) f .

No. 1 o 1.76 .20 0.03 2.20
Asper: T No. 4 (6/1/55) SRTA 1.20 0.52 0.77 ?.1 0.38
Kim, New xylem (6/23/54) 0.42 0.63 2.91 0.17 0.42 0.16 1.16 0.17
Aspen T No. 3 (6/u/54) 2.50 k416 6.94 1.05 0.55 1.22 j1.66 0.94
Elm, phloem (6/23/;4) 0.52 1.04 0.65 0.26 1.30 0.07 ‘ 8.83 o.3é
Elm, phloem, base(5/25)5u) 0.52 0.0 ~  1.56 0.97 0.67 0.39 '3.1i 0.39
ELn, wood, base (5/26[5u) 7.50 0.63 5.63 0.94 1.25 3.75 f5.25 0.98

Larch, scrapings(6/2k/54) o1 0.11 0.83 0.49 0.55  0.01 1.11 0.07
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TLM CAMBIUM TII
FROALIMATE ANALYSES OF 1953 MATERIALS
This report asseambles the results of proximete analyses of elm
matarials collected during 1953. Table I contaira tre values for the
moisture contents determined at the time of collection. The values for
the June %o August saaples wera determined by oven dryiﬁg: those for ihe

September t0 December samplas were estimsted {ndirectly from yileld data.

The valuas. for the methanol soluble sxtracts are'given in
Table 1T and have been recalculated to a perzentage bhasis frox the yield
date in Reports 1 and 2. These data are Incliuded decause they have been

q3ad to salsilase she values given in Tabla IT,

In additicn to sample meoisture values, Mable JII records figures
for the ash content, methoxyl, nltrogen, urcnie snhydride, and pentosan
conktants of the several mterials. These analyses wera performed by ihe
Analytical Ladoratory and reportad in Jode Office memorapda dated
December 29, 1951 and Jznuary 28, 135, 'All metnods usad were Tnatitite
atandards as Tollows: moistﬁ.re, no. 33 ash, 10, 4; metaoxyl, no. 18;
uronic anhydride, no. 25; and nitrogen, no. 606, Acknowledgement is

"~ . ‘mads to Dr. 3Towning snd members of the Analyfical etaff for their in-

terest and azsistarce,

4
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The designations of the materials analysed have the following

- 1 -

Al

peanings:

The phloem refers to the inner bark whicn can be strirped from
the woody vortisn aftar the‘outer or corky bark has Seen removed.

gambium {n this instance was soft mierial seraped from the
inner surface of freshly stripped phloem.

New xylsa also was soft.material, but scraped from the outer
surface of the freskly exposed sapwood.

1953 xylem waes 2s3entially mature sapwood comprisiné the

outer or current season's growta ring.
DISCTUSSION

The tables are obviocusly incomplste. Ia part 3his was due te
the tlme lag involved 1z ieveloping a proper rou;ine. in rart to the
nesd to combine scme samples in order to haTe suffleciznt matefial. and
alsoe Iin part to changes in tne camblal zome which occurred during the
geason. Of the latter, the f%exture of the nevw IFlem may te meaticned.

the zollactions 1% was quite soft and nonfibvrous;

L
n

4t the dezinning
by Sepitember it had become very tough and flbrous, being removed with

some 4117 iculty; theraefter the 1953 xylem was 211 pature sapwond. It

— — - - _——_ -

{3 ctvious, also, that these tabls: record too few observa-ions to permit
Zenaralization, dbut a faw trends ssexm definite enough to warrant watching

during another growth cycls.
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. TABLE T o
VHOI‘.S-’."'JRE CONTENT OF ORTGINAL MATRRIALS
June 29  July 3 July 7 kug. 6 Sept.l0 Nov. 12 Dee.l%
4 1 % 3 % S | 4
60 - 53 5§ 48 50 50
£2 - - - - - -
3 - - 89‘ 53 - -
- - - - 33 36 39 |
TABLR IT
MBTHANCL-SOLUBLR 2XTRACT IVES
June 29 July 3 - July ?  Aug. £ Sept.10 Yo, L2 ee, 14
% % % 3 g 4 %
i.b. d.bn, d.b. 1.%. d.b d.5. d.b.
16 14 12 13 9 W 16
- - L - - - -
- - g 29 15 - -
- - - - 2.0 3.5 bt

A P T
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TABLE TIII
JALUES FCR MSTHANOL SXTSACTED MATSRIALS o
PHLOEM CAMB IUM NEW XVIaM 1953 XYLEM
June 29 July 3 June 23 3ert.ld June 23 June 23 Aug.© 3ept.l0 Sept.ld
July 7 , te tc
Tollected auz. 6 July 3 July 7
Assay % % ¥ % % % B % %
| Moig tare Bl 8.5 Al A.2 640 7otk 7.4 .0 L.9
Asa, d.b. 11,0 11.1 9.5 10.1 15,1 7.2 7.1 8.9 .70
Mathoxyl,d.b. 1,8 1.5 1.5 1.5 1.3 1.8 1.9 2.3 5.5
Y{trogen,4.b. .58 .70 b .88 3.6 3.9 3.8 1.7 34
Uronic Anhy-
iride,d.b, 10.5 12,7+ 3.5  10.8 $.5 12.%  15.0 8.7 5.2
Pantosans ,d,b, 16.2 15.7 13.5 1.5 - - - - 204
*Averagzed value
PA3LE IT

VALUTS CALCULATED TC JRIGINAL MATEHTAL

PULOBM JAMBIUM =W IviAM 19573 A7LsY
oune 29 July 3 Aug.5 Sept.10 June 23 June 23 iug.6 Sept.lC 3ent.l0
£ to
Collected suly 3 Jguly 7
A3say 4 S $ 3 S 4 4 3% %
Asn, d4.b. Jo b 3.8 2.7 3.8 11.0 L,2 3.4 7.7 &9
Mathoxyl,d.b. 1.5 i.b 1.4 1.4 .7 1.z 1.5 2.0 5.4
Nitrogen,d.b, EL £l .36 77 2.5 2.0 2.9 1.4 .33
Uronie Anhy-
dride ,d.b, 9,0 11.0 3.7 9.4 2.5 2.5 11.3 7.5 A2
- Pentosans.d.b._ 1.8 13.6 2.3 12.7 - - - - 20.0

‘ "’{' ,,1..‘ .a‘!"" ! :.,A, O P N
l,-,mi-" [ g o wuh'ﬂ"ff;:\ﬁ% LTI
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- - The mcisture contents of %the cambium and the pgw_xylgpﬁapggar
to be very higzh for the collections from June to August. The new xylem
ccllected in September shows & distirct drop from the trevious samples
and doubtless reflects the change from a suceulent ko a fibrous type
of tissue, ccincident with the approaching and of the growing season.
The ohl>em se2me to have a2 mich more nearly uniform moisture content,
though a fairly high one of 50 to 50%, whersas the xylem was the least

hydrated material with a range of roughly 30 to 40%.

The amouszt »f methancl soluble materlal rouznly followed
noistur= content. The new xylea and cambium having the highest rercentage
3f these extractires, tae phloex being intermediats and the 1353 xylem

tha laast.

s Cf the 2oncsiituents renorted in Table ITT, the ash values also
have u certain parallslism with moizture contsnta. ‘ethoxyl values are
nigh only in the matursd sapwood from the Serteaber collection. Niirogen
ralies are hizh caly in the cambium and new xylem during tne ze'ive growing

reriad,

Some diffizulty was at first experienced in obtaining constatent
“values for urontc 2naydrids in the July 3 phldem sampla. THis Was shown—
by a spread from 9.8 to 1£.39 in six determinations averaging 12.8% It
was thought that the difficulty was due to ths lack of uniformity in particle

slze wnlch was avident 1n the material. Separations were made by analytical
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Screeas and each sgreen fractisn wag analyzed for itg uronic annydride

content. No difficulty was 2xperienced 1in obtaining checks with the
diffarent a43s8ys, but the 3bread was really not enough to account fop

the original variations. The Yalues for btne several fractions were:

on 60 mesh 12.4% uronic anhydride

50 120 v 12.04 " H ;
120 230 v 12,8¢ o ,

through 230 # 13.26 n
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CHEMISTHY OF BLACE ILOCUST CAMBIUM: GZNERAL
SIDERATIONS AND OUTLINE CF PROJECT

SUMMARY

Tals report l's presented as an introduction t¢ the genersl
problem of Camtlal Chemistry. The work has beez started as "pure" researcr,
but it should in due time develop information of practical 7alue o tae

Pulp and Paper Industry.

A review of botanical literature suggested that the tree as a
whole be regarded as a converter of energy and matter, and that a cowparison

of the %i2cnamicel resctions which form wood and hark {3 a3 zeed apmroact %o

S a e

o}

decipher!ng those conversions whick occur in the cambial zcne.

A tentative cuiline has teen draftied for a comprerensive study

of cambial cremistry, Initial activities include: bidlisgraphle work;

the collisction, authentication and preservation of materimls; aand 2xgloratery

assays. A3 mcre specific aaa;yseé lead to tre identification oI chemlcal
constitdents, t2e location of the latter ia the plant structures should be

sougr.t %y mlcro-(kisio-) ctemical mestkhods., 3By considering the known reactions

“of the varibus coistituents in relation to-their-occurrezce-it should be- ---- -

posaible to Formulate hypothesss about the chemical trassformaticas which

are brought abous by the cells of the camblal zone, In turn, such pypotheses

should be checked with living materials, i.e.,, by erxrperiments of a biological
naturé.

THE NSTITUTE F 2/~ C-EVSTRY
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Thus the tentetlive program for research on cambial coenistry proceeds

Irom availadle zaverials and facili**es. but 1t also inuicates the manf-

sided natnre of the prob em. In r‘rder to Dbe really fruitful, the opera-

tions should pe expanded aa warrarted by actual prosress,
RELATION TO PULP AND PAPER INDUSTRY

As outlirced below, cambial chemistry is essentislly an inquiry
lato the reactions wheredy living cells are transforned into wood and bark.
This projeet {s being undertaken as "pure” ressarch becsuse at this stage
there is too litile information to establish a ra%icaal corneetion with
any specific, practical problem. But this inftial situation i{s no justifica~
t1oa for not seeking relations betwea: thede researches and the Problems
of the Pulp and Paper Industry., Ia genarali, 4hese reaearchés saculd iacrease
the {ndustryls ;nde:standing of the complex and inciviiual lifa Bistoriesg
97 the trees wiaich produce oulpwood. TIhls in tura should promete a more
rational spproact s¢ the many production prodleams wiich resuls frem the.
variabjlity of pulpwood, Ivectually , knowledge gainea 3y the s:iudy of
cambial chenistry nay benefit other researches on such prodiems as the
rate cof trea growth, disease resistance, the selection on iaproveaeny of
tree-varleties for spectific pulp and paper gses, better Pulping processes,

and %o on, In brief, the.bicchemical reactisns of the camblal z¢ne appear

“c % eo fundamental in naturs as to seem partinent o many *hases of tn

Broad protlem of ceoaserving the industry's natural resources.

BOTANICAL BACKGROUND

3otanists designate as cambium the proliferasing tlasue which is

]
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located Yetwaen %he hark and the wocd on all lateral areas of a tree, i.s,,

_trunk, branches, roots, The furction of the cambium is to increamse the

——_— —— - Ve

diameter of the woody parts of the iree., This 13 accomp is“ed by repeated
division of the cazbial cells, {ollowed by enlarzexment and difereatiation
of the daugnter cells, Trose new cells which are formed on the inaide of

the cambium Secome wood, wherees those dn the outside become inaer bark,

Like ctner :lact ti3sues which divide frequently, the cambium

‘consists of thin-walled, stimple (elementery) cells. For theor=tical

(zenetic) ressons, some botanists coastder that tae true cambium consists

of a conceniric layer only a single cell thick., However, the daughter calls
of such a hypothegical cambium are ladistlnguishable from tre actaer cells
for some time. As dgen undsr thas mlcroscope, the cross—seciion of the
camoiun {3 a zone cf sinilar cells, - to 12 anizs wile alcag ne rallas,

Aceordiagly other bBotanists regard she cambium a8 an aggregate of calls

at
o
o
w
£
LY
L

wnich exni»iis & more or lese gradual 4ransition intns the adjclning

e3pacially during perlods of rapld srowth.

Since s2e cazbial cells are devold of chlorepeyll, they are

W,
Y.
tn
ut
M

decandear oa ovher Sissuas far brair nutsients, According Lo plant onyalola
srganic sudstarces resultiaz from photssynthesis in the lLeaves are tranaporsed

to the 4Srunk and roots through systems of cylindrical ceila tn the inner bark.

Water, incrzanic salts and stored naterials move upwar¢ 20 the Llsaves through
comparable cell-systems in the w2od., The two conductiing systems are inter-
relatad by a third cell system, the medullary rays, whickt provide coanectlons

a¢roas “ha camblium.
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Tous it is evident that the cambium is well situated to draw upon

the resource3 of “he tree to further {ts own function of cell-divisisn and

APPROACH TO PROBLIM

The Yotarical relatisns sketched above suggest ithat those
attribetes of the cambium wnlch w#ill determine the nature of a study of

i1ta chemnistry jnclude:

1. The caxnbial zone, though extenaive in areas, 13 piante in thickness,

2. During the growiagz season, when f: 13 most exteaéiva, tasa

-

cambial zona 13 composed of fragile celis 1n all stages of transiitoza ints

sapwood and innar bark. ‘When it {3 dormant, the cambium is mors srarply’
iefised, tha cell walls are airoanger, but i3 1a difficale to ssparate.
. 3. The diverse cellular slements of wocd and bark develop

througk meta%olic influeaces from stiructural {ndisiinguishable canbial

calls,
iiridutes . and 2 pose sarious obssacles to tne direct saparas

and analyzes of cambial tissue,

Attribute 3 may ladicate that cell differentiaiisa resulis from

—

from specific reactlons Yestowed upon individual cells predestined to a
definite evolution.

Accordingly, it seems expedient teo approach camblal chemistry

the adaptaticn of e set of basle reactlons coamoz L2 all cells rather taan

by a compera‘ive and somewhat indirect patz. A% first, %hs tissies of she
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cambial zone will be separated to <ratever axtent 1s feasible and analyzed

by the convent lonal wood-chenlstry netnods., Roughly speaking, these data

- pertain- chlefly to callwall materials. The nexd step will be to appiy

P

.procedures wnich idensify components of the cell contents, gspeclally
those in li7ing tissues. As the various cell-conatituents become xnown,
their locatisz in the plant should be sought by histo»(;lcro-) chemical
peans. oollaterally, tﬁe cnemical beravlor of all coastituents should

he considered ia order %o establish pathwaye whereby they may enter into,

o;:}ormed by, the sasic reactinns éf +he cell. Hypetheses foroulated
sarough these inguiries saould eventually be supporied by experiments with
living plants or tis3ues. In this way the problem 57 cambial chemistry
leads into the field of plant physiology. Once initiated, these sevaral

pkazes should he carried ca moTe Or 1sag concurrently in the jnterest of

affactivanzas,

Tﬁis appreoacn racognizes the desiradility of beginning the
problan in a 1ipited way with tne means al hand, [t alsc provicies 2
reticnal basis for e=xpanding the resesrcoes ia a maIner scnsistent with
the scope of the predled. it reflects %ce viewpolat cdat the trez Is
esseasially & converher of enerzy and materlals. Jhrisusly the czemica
activisy of tre cambial zone is an important part of tne total coaversiol

because it creates the durable etructures ot he tree.

UTLINS 0F CaMEIAL CHIMISTRY RESZARCH

o]

The “allowing btentative ganeral outline of camblal cnemistry

rezsarca will tarve to orient the parsicipants to convey tc others some
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concept of the nature of ihe undertaking, and to indicate the ramifications

by which the project may be expected tc expand.

I. Bibliography.

The study of the literature anc <he compilation of bibliographic
naterial {s obviou;Ly a basic and a continuing phase of the project., The
first steps will cover the tree specles and the materials being worked on
in the laboratory. Then collateral information related to the axperimental
vork will be sought, And, finally, the'ramifit:a.tians‘ of the problem into
atoer branches of science will be explored in order to develop significant

taeorstical interpretations.

Incidentally information aboul the workers in the fleld will be
“assenbled, Such a file will be useful in developling :ontacts, excheaging

infarmatlon, avoiding unnecsssary Juplication and in usiag the results,

1. 3electisn of Tres Species for Exparizentation
Tn date the tree species witk which our experiments have heen
carried on have been selected antirely on the expedient hasis that <he

netarial was at nand, As the work progresses, otner corasideraziona will

Yecome Tore declsive, includiag

1. Previous work es recorded In the literature; e.g., the recerd

nay show that a certaln ‘species {s elthar

unsuitable for the purposes of thls project,

2. Availsbility, This consideration includes apundance, costs,

accassability, ssaszonal variations,

g .
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3. 3otanieal considerntions. I hesa comprehend: clasaification,

haditat and range, strucrure, paysi

ological adaptations.

4, Industry problems. Other irings being squal, a preference
should be given to werking witia species that are commercially

irportant,

I1I. GCollection of Mgtarial

The amount of material %o be collected and, to a degreé. the
manner of collection, are determined by :ne intended use, For the isclation
and identification of constituents, especially unknowns, large amounts are
needed., For comp;rative analyses or microscepic examinations, gmall samples
suffica, The iethods of‘collectlon wﬁich nave been reportéd or suggested

incindacs

l. BRand Peeling, In the zrowing season the bark is readily
separated fron the wood by clsavage of tne cambium. After
careful hand peeling c¢? =z2e Yark, differentiating uissuaes can be
scraped from the inner 3urface of ine bark and the outer szurface
2f thne wond, At hegt,these %is3ye separatlons are zot antirely

satisfactary,

2. Mechanical Abrasion. A mctor-driven rotary wire drusa has

Toeen nsad 0 abrade inn8r-dark-of-bSlack leocust.  A.eslor and . _ .
texture difference between bark andi wood lndicates tre limit

of abrasica,

e
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3. Perfusion. the sap-soluble 30lids of maple trees have been
collectad by perfusing water through branches one to two inches
in diqigtgf,_ This metnod should bs coasidered for obtaining _.

matarials without extensive iissue disruption,

£, Test Blocks. For the microscopic inspect{on of camblal
activity, szall blocks aré cut from the trunk surtface with a

knife or cnhisel, The injury i{s limited %o a few sd¢.om., naxine
repeated sampling of the tree posstble; With the develcpment

of nicroéhémical nmethoda this type of collection will he lacreasinz—

ly lmportant,

5. Microdidsection., The precise separatlon of tissues is possidle
wish & microdissector, dut it is a very tedious operatisn except

f2r purposaes of requicring axtramely iimited amounts orf pataerial,

8.Z., tissue culiure.

IV, Presarvabtion of Materials.
Camhlal patarials are very reactive and gZeaeraily require stadiiiza-
tisn o 9oame Xind even when intended Ior immediate anaLys}s. Ire wayal
»roceluras represent scme form of Jdebyiraticn:
1, Air drying, Varisus forms of alr drying have been used,
essacially with larger volumes of material, 1Ino gzeneral this is tke
" I'¥ast desirable sype of stabilization, but eveatuaily flash- or

spray-irying could be conslidered. ,

2, Solvent drying. Methyl or ethyl alcobeol, acetone, etc, &re

effective when simultaneouns partial axtractioa ias not otjecticaabla,
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3. Freeze-drying. Quick chillinz and storasge at temperatures

below the freezing point of the tissues is very effective.

A m e e e e g = e - = — - — m—— e o e - —— - —_— o ——— — m— e =y

Alternatively, vacuum drying in the frozen state 5&£'addigional

advantages, Facilities for these operations will be assembled.

V. Authenticaticn of Materials,

It 1s axiomatic that analytical data are no% really valid without
a proper description or certificatiocn ol tne material analyzed. Applied to
cambial chemistry, tris recuires an asccurate cesignation of both tree species
and the separated tissues. Lo tois end "blecks" ans subsamples of materials
collected will be submitiad routinely to the Micrcecopy Laboeratory for

sacticning and identification,

Besides mputznentication of materials, a record of the state of
cambial activity and tne presence of visible cell constituents, e.z,, starca,
will be gzaired, This routire will also be a preparatise far microcnemical

x

studies,

VI, Metawods of Iaves:igation

' ‘Le methocs of Irvestization aprlicable to camblal crenistiry are so
diverse ana so interdependeant that little more can be done at this stage
than to lis$ some wrnich are cbvicusly nertirent or especially promising,

“he relative importarce of a given procedure is concitisned by the degree

o —— s —— L

of progrees which hat been acnleved in elther a specific phase ¢f cembial
chemistry or with the problem as a whole., Hence, this siemary should be
regarded a3 subject to constsnt revision, None the less, even a rough

iaventory is useful in tha® 1: i3 one means of zs3criting She nature of
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tris undertaking and of the means reguired to make 1t fruitful. Io sarve

these considerations, the preposec methods of investigatlon are aivided

in3s taree groups:

d. Analytical Procedures

The purpose of analytical procedures is to isolste and
ckarecterize the constituents of cambial zone tissues and to
assay trhelr content., This group includes:

1. Mecranical separations, e.g., hand peeling, zrinding,

sieving, flotatizn, sedimentatize, etc.

2, YNeutral solvent separations, e.g., percolation, soxhlet

extraction, partitioning between immiscible liquics, frac-

t{onal crystellization, ste.

3. Chemical reagents, e.g., acli or alkali extracticas,

saponification, esterification, type reactions, aic,

Zspecially promlsing procedures include:

-

“@ Carcmatigrepay ana related secnniques for tae resclut:on,

purificaticn, anc ldentiflicaticn of smell gquantisies I materisl,

3, Licuia-liquic partition (e.g. by Craiz apparatus) “or

resciution of chemieally homcgerecus systems... _ _ __ . .

6 Colz rsom (0 to 3°C.) manipulaticn of entymes, proteins

and other very unstable systems.
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B, Cptical Prccednres

Arbitrarily grouped as optical procedures are a aumber of

— ————— = —_—— — J— RN DN S rm——— i ——— = . - ——

1nst£umental methods whose functlion is to locate in cambial
tissues the constituents icentified by mnalysis. Inferences
about biochemical functions will follow from these observations,
Ineluded are:
1. Histocnemical methods with ordinary and polarizing
microscopes—sgectioning, %tainling, microchemical reactions, -

etc.

2. Special forms of microscopy, e.g., “phase,® ultraviolet

lignt, electron, and x-ray.

C. Blological Procedures

The purpose of biological procedures is to confirm %he
blocremical inferences drawn from the analytical and cptical
investigations, I'nhls group incluces:

1. ZEnzyme reactlions, e,z., kilnetica, specificiiy of sub-

s;rates, efc,

2. Tracer studles wita isot:spes

3. Irapping of intermediates

L, Blocking of biochezical reactions

—— —_— e e e

——— e -

rek/rm

S. ‘Tissue culture

©. Propagation of genetic or clonal types.

e o Y e A s
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CHEMISTRY OF ELM CAMBIUM II
COLLZCTION OF MATSRIALS, 1953
{ SUPPLEMENTARY)

SUMMARY

Two saplings were c¢ut to provide materlal for developing procedurss
suitable for mltiple assays. Since the cambium was dormant, only phloem
(inner bark) and 1953 sapwood were separated. The usual blometric and yieid

data are recorded.
' - INTRODUCTICN

The ernd of the zrowing seasoﬁ tarminated the program <f collecting
cambial zone i‘mtgrials during 1953- However, it nad becom evident meanwhile
that there was a nesd for deiter methods of m:king, miltiple analyses, It was
thofxght that cnrometographic procedures, which require only small samples,
woild Ye saitzble. Accordingly wwo more saplings were. cut for masarial to
de7elop a routine assay. The date ia this report reritain to the cellactiom

and cretaratico of the samples; tnay suprplement those of ths draviosus rercors.

BXPERIMENTS

T 0Bl1EEYIOr of MatsaTials
Cn November 12 and December 15 a sapling was taken from the Tnstitute

plot. Cross-sactional disks, about }/U—inch thick (vertical axis), were cut

THE INSTITUTE COF PAPER J-EMISTRY
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from the stem at thres slevations, if.e., at the top in the reglon of young
growth as indicated by smooth grean dark, at a midsection of intermediate
‘aze as indicated by partly fissured corky bark and at the base whars all
the bark was corky, A small "block" was cut, preserved in methanol and

submitted to the Microscupy Laboratory for sectloning.

From each disk the outer dark, inecluding a green layer, was care-
fully peeled away with a imife and ii{scarded. The thloem (inner bark) was
then cut away in narrow strips and immediately.placed in metnhanol. Whereas
the phloem was leathery and discolored ;apidly when injured, the onuter
3apwood wags hard, light colored, and apparently stable. Taking advantage
of this difference, the surface of the sapwood was scraped to frea it aof
discoloringz tissus, l.e., of phloem elaments. The 1953 I1ncrement of sapwood
_ w23 then spli% from t;:xe disk wich a narrow cnisel and ihe 3plinters ware

fmmerssd in methanol.

Thus six saxples were prepered from eacn saprling. 3Tach samplzs was
next extracted with methanol in a saxhlat, the methanol axtract dlatilled
t¢ dryness in a vaeuum, the residue disscived in 520, the solusion clarified
-

by suetion filiration through 8 bed of cellie and made up te a 7olume of

10 ee. The mare: ware dried first in air ard tnen Ir a vaguum oven &%

"ha numerical data pertinent to these man{pulations are presented

in the accompanying tablas.
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TABLE 1
BIOMETRIC DATA
' Diametsrs* Growth Rings
Date Top em. Middle cm. Base cm. Top Middle Base
November 12 3.2 x 2.8 b,5 x 4.0 6.7 x 6.3 5 6 10
Decembar 16 2.6 2 2.3 E,0ox 4,0 5.5 x 5.0 b é 3

*
The two diameters irdicate %the elliptical spape of the ercss—section.

..
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CHEMISTRY OF FTIM CAMBIUM I. COLLECTICE OF MATERIALS, 1953

Thie is a report on the collection and preparation of materials
for the chemical study of cambial activity in the American elm, Uimus
americana, L. This specles was chosen in vreference %o colleciing fresa
material of the black locust (project 1702) because it is readily avsilable

i1n the Institutele demonstration plot.

Six saplings were cut in the interval June 23 to Sep%ember 10,
ipclusive. Living tissues were separated when possible, e.z. phloem
{inner bark), "camblal scrapings”, new xylem {from surface of wood), 1933
gapwood, and vreserved in methanol. Subgequently the methanol-soluble
constituents of these tissues were extracied and recovered for analysls.
Analiogously the strmetural and other inscluble constituents were srepared
for the cozventionagl "wond arsalyses® and sudmitited to the Aralytical

Laboratory.

To asgure the authenticlity of tiague designatiorns and to record

the stgte of camdlal activiiy, eppropriate "blocks’ of bark and wood were_ . ez

submitied %o the Biology Laboratory for sectlozing.

TR ™M
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INTROTUCTION

‘The problem of collecting freeh material_for the study of -

"cambial chemistry” wae discuseed with Dr. Isenberg. Black locust trees
are not abundert in the vicirity of Appleton, hence do rot offer & ready
supply for contimuing Project 1702. On the other hand, there is an

abundance of self sown elm seedlings (Ulmus americara, L.) in the

Irstitute’s demonstration plot. They are readily accessible and their
removal is a benefit to the evergreens and other aystematically planted
species. Accordingly, project 1702-A wae initiated to provide for the

collection and analysis of elm material.
O3ECTIVES

The immediate objeciives of this project are:

1. To provide fresh material for the atudy of Camtial Chemistry.

2. To zain sxperierce wit: metnods aporopriate to the studzy of
Camdial Chemistry.

3. To define speciflie problems witiln tne gzeperic problenm.

To develop additioral wnowledze of trte chemistry of Ame-ican

.‘:

elm.

A, Cther sgteg:res of Tlm,
Accordirg to Sargent--—Marual of Trees of North Americe——

Arpletor is situated witkin the territorial rarge of three species of elm!
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Dlmis americana, L. Vhite or American Tlm
Ulmus fulve, Michx. Slippery Elm
Ulmis racemoga, Thomas Cork Elm

Two other species are not fournd this far nmorth
Mlms alata, Michz. ¥ahoo, Wirged Tln

Ulmus crassifolia, Hutt. Cedar Elm

Crne species, Ulmus serotina, Sarg., Fed Tlm, has become naturaslirzed locallyy

it ia said to be rare.
3. Pulp Uses,.

Ixperimentally U. emericara yieids a "good pulp" by the semi~
chemizal neuirel suifite process {Isenterg page 112; qucted from Thidester,
?.2,L.), bus industrially ite use 8 limited to its inctdenta® inclusion

‘n mixad rardweood cooks.
C. Chemnlical Composition

An cld report, gquoted by Wehmer, states that the bark of Ulmus
americana L. {8 riex in tannin and mucilage; Two proximate analyses of
the neartwood have beer reported (Pulpwoods, Isenberg), the moet giznificant.

datum being an alpha-celluloee content above 50% (L. T. Wise). A reference

%o earlier use of elm barks ce a source of "dyes and tans® is devoid of

scientific informatior.
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Because of its medicinal use, the micilage from the bark of

tae slippery elm, Ulmus fulva Mishx., has been carefully examined. The

_proéedurea fd} extracting, purifying and hydrolyzicg this mucllage
(Anderson, Gill, et gl.) should be useful in the mnalyeis of material
from U. gmericana. The aldobionie acid obtained from elippery elm affords

a specifie point of comparison beiween the two species. Starch and

Ca-oxalate are reported present.

For the common European élﬁ. Clme eativa, Mill., comparative
troximate analysee have been recordeé for the "cambium and differentisting
xylem," "newly formed wood" and Mmature sapwood.” Like similar analyses
of "cambium" in other trée;speciea, the figures reveal a high proportion
of water, water-soluble cell conetituents and proteii, which are characteristic
of growliag tiseues, whereas the proportion sf cellulose and lignin, the
structural elements characteristic of mature tissues is low. (iilsep and

Migra).

In ancther Iuropean species, Ulmus campestris zalls collected in

Turzey ware reported to contalrn a tannin of the cateczol type (C.4A., 1343).
Camtlal tissue of this species :as been cultivated in vitro {mortkolsgy?
C.A. 1940). Ulms effuea contains CaCO, (4.7%, through Wood Chemistry

2nd ed.).
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In the diseased condition ¥nown as "weiwood" the sap of elme
(American ?, C.A. 1946) contained large amounté of potassium and phosphate.
The p£H of normal sap and wood was acidle, 6.35 and 5.89 respectively: that

of diseased sap and wood was 8lightly alkaline, 7.67 and 7.39 respectively.

Jeferences to structural featuree of elm cambjum are found ina
recent book (Esam, 1953). The seasonal activity of the elm camdium has

been followed by histological obeervations (K. Y. S. C. For., Bull. 1928).

Chemical Abstracte refer to a number of publications which have
not yet been consulted. They deal with other orgars, e.g., leaves, and

do not have a direct bearing on cambial chemistry at this time.'

At this date (November, 1953) no reference nas been fouad dealing
wilta the chexistry of the cambium and its transformations in tne American
elm. Accordingly the results of this proJect should provide new information

at least for this species.
An annotased blbiiography will be crepared.

COLLECTION OF MATERIALS

The stand of elme in the demonstration plot was inapected with
Tr. lsendere and the first sapling was cut or Jure 23, 1353, 7 At thie date” - T
growth was already well advanced; consequertly materials representing the

early stages of an anmual cycle will not be available until 1554, Subsegquently




A T £, "‘“":‘“sf-“*""‘“Tx':-?;u."i.-';."ﬂ i
- il B gt

crie ey b N '

Project 1702 - A
November 1, 1953
Poage 6

S more saplings were taken. The procedures used to obtain the different

living tissues followed the general patterr set by previous investigators.

After a sapling had been feliled ard trimmed of branches, it was
cut into suitable lengths so as to separate the part with smooth bark
from the older part with corky surfacee. From the latter the corky outer
bark was largeiy removed with a draw-shave, avoiding as much as possible
slicing off portions of phloem (inner bark). HResidual patches of cork and
a layer of green cells (phellogen?) were scraped from the outer surface
of the phloem. These manipulations injured the latier tissue and caused
it to turn reddish brown within a few mimites. The discoloration appeared
to b; only superficial. The elerents removed in this step were set aside

to air dry; no extersive investigation of tnem is planned.

After tle phloem had been exposed, anmler and longitudinal
incisione were made through it into tne atem so that strips of phloem

roughly 1-2 em. x 12-16 cm. could be peeled off. 1a the zase of tne first

three saplings, ecrapings were taken witz a echarp knife blade from the inner

surface of the phloem strips because tae material so obtained was supposed
to be composed of camtlal cells. 3But this practice was atandoned wrhen it

seemed unlikely either to be a valid tissue differentiation or to provide

a meterial whieh had other significance. The scrapings ("eambiim"), seraped

prldém, and also some entire (unscraped) phloem were preserved by immediste

immeraicon in absolute methanol.

\

e I
P
ey



e

t“«é‘:‘*ﬁr‘é‘ R SOV i T "’M" AT e

Project 1702 - A
Fovember 1, 1953
Page 7

Yhen the inner surface of the phloem was scraped, it darkened

very rapldly. In an effort partly to segregate this oxidiged tissue and

partly to diffe*entiate between ycunger and older portiona of the phloem.
a shallov incisicn was made on the irner surface near the end of a phloem
strip and a layer of tissue pulled off. Since the separation proved to
be quite variable, the effort seemed tc serve no useful purpose and was

abandoned.

The stem surface exposed by the peeling of the phloem was quite
different from tne phloem eurface with which it had contact. It was Jucier,
less fibrous, softer, and did not darken rapidly. A thin layer could readily
be sliced off the surface by runniag a sharp kmife blade, held tangentially,
down the stem. The ribbons of tissue so obtained somewhat resembled the
texture of young onion scales. This material, deslgnated nev xyleam® or
"wood scrupings® was immediately transferred to abdeolute methanol. Theee
characsteristisze nold for the four saplinge felled from June 23 to July 7
faclusive, in the specinen collected August & this tissue was drier and
more flbrous; howsver, the phloem s4ill peeled smcotnly from the stem.

But in the saplirg coilected Septemder 10, tne surface elements remalning
on the stem seemed to be essentially phioem; material similar to tne "new

xylem" 37 the previous collections was no$ obtained.

In the case of the September 10 sapling. a number of diacs
2= cm, thie'c were cout from the stem. ¥From these the 1953 growth was

split off by placing the edze of a small chieel on the porous ring and

ar R 4 L}
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tapping the handle with a hammer. Thie new growih sapwood was preserved
in methanol. With this exception, the remainder of the etem was sel

asile to alr dry. No heariwood had formed in any of these saplings.

Except the first saplirg, the felling and collection of tissues
was accomplished within one workday. Obviously some metabolic changes

occurred in this interval, but no attempt has been made to measure them.

After the above opermtions became somewhat routinized, time
was available to cut "blocks" through the phloem, camblium, and new
xylem into the sapwond. These were preserved in methanol or ?0% ethanol
and sent to the Biology Laboratory for the preparation of cross- and
radial longitudinal-sections. These elides will he used to determire the
stage of cambial aciivity at tne time of coliection and to identify the

tissues actually obitained by the several manipulations.

The collectior of materisls is summarized in the accompanying

table.




Tate

June 23
June 29
July 3
July 7
hug. 6

Sept. 10

Stem

TMam.

Ring

Base Top iBase

10/4.2

7/3.5
7.5/2.8
7.5/2.7

9/ 4

6/1.8

t
cm.
.

cm.

.
|
Cl_!‘;lo

em.

7/~
?/5
8/3
&/3
8/3
6/2

8
Top

Code:

Blocke

J

TABLE 1

EIM

COLLECTION OF MATERIALS--1953

air-dried;

Bark

Corky

e S

Green

T— e L S

0 preserved in GH30H

Inner Bark

Entire Scrapings

0 0
0

0 0

0

0

0

Scraped

Wood

l 53
Strips Scrapings Ring
i :

l 0
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METEANOL PRESERVED MATERIAL

The materinls preserved in methanol were kept at refrigerator
tempefﬁtureénugtil they couiﬁ be worked up. dJudged by color, they were

stahle under these condlitions.

Since the corditions of preservation constituted partial extraction,
it was logical to complete this frocess. The bulkier materials, i.=. the
phloem stripe and the 1957 sapwood were transferred to large round-bottom
flasks, covered with the methanol solution in which they had bean preserved
and heated to reflux for onme hour. After the hot methancl solution had
been decanted, the phloem stripe vere covered withi fresh methanocl and
refluxed for an hour to give a second extract. A third extraction was

nade i like manner.

The three methanol extracts from each unit of material were kedt
separate and ttelir volumes recorded. Duplicate 2.0 cc. aliquots were taken
of each fraction, carefully evaporated over a hot-water bath in small tared
beakers, heated 30 minutes in an air oven at 105°C., cooled in a declceator
and weighed to estimate the yileld of solid extractives. The extractied phlcem
was exposed under a hood to evaporats retained methanol, %nen vacuum-dried
overright at 60-65°C., welghed and stored in desiccators. Later the accumilated

materiasl was ground in a Wiley mill until it passed throush a U4C-mest sieve.

The methanol solutions were distilled under reduced presaure
{adout am.) in the reverse order of their preparation. WVater bath temperature

was kept below 459C, Siﬁce the elm materials contalned much water, the reslid:al
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concentirated were aqueous eolutions. The change from nethanol to water
as the predominant solvent precipitated a small emount of yellowish, wax-—

like subetance whicn was filtered out of the concenirate with the ald of -

suction,

[ Residues and extracte obtained by tne ahove procedure are no.:
871-118.2; R71-125.2; 871-126; 1186-29.1, 1186-29.4; 1186-70.1, 1186-49.2,

1186-37.3; 1186-37.1: 1186-50.2, 1186-~50.4, 1185-47.2; 11R&-65.2. ]

The less bulky materials, specifically the scraping from tie
inner- surface of the phlsem, originally deeignated as "cﬁmbium" aré the
scrapings from the stem eurface exposed by the peeling of the irner dark,
deslgnated as "new xylem®, were trangferred to 8soxhlet thimbles and exiracted
eiznt hours with fresh methanol. The metkanol solutions were couéentrated.
and the marce were dried, in the manner described above. All concentrated
extracts were kept under refrigeration; the dried marcs were kept 1n
deaiccatore uniil ground in either a large or small Wiley aili to passe a

w

Y—mess screar,

[ Sesidues and exiracts obtained {n this series are ro.:
1186~72. 43 1136=70,73: 11386-76.4;

1186-72.1; 1186~7L.13 1188-76.13.
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