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Biochemical Aspects of Heartwood Formation
With Special Reference to the Site of
Biogenesis of Heartwood Compounds*

Takayoshi HIGUCHI**, Yoji ONDA*** and Yukio FUJIMOTO****
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Introduction

Polyphenols, flavonoids and terpenoids are known as typical heartwood compounds,

and the heartwood has been recognized as one of main sources from which new com

pounds are being isolated by plant chemists. In particular, the heartwood of tropical

woods is known to contain a variety of compounds whose structural formulae and

physiological activities remain obscure.

Common compounds in the heartwood of trees in temperate zone, however, are

polyphenols, flavonoids and terpenoids, such as hydrolyzable- and condensed tannins

and resin acids as well as some species-specific compounds. Therefore, elucidation of

mechanism and site of biogenesis, and of physiological characteristics of these common

compounds in wood should offer us a clue to solve the problem of heartwood formation.

In previous papers l
-

3
) the pattern of carbohydrate metabolism and of activity

changes of some enzymes related to polyphenol formation in wood tissues during dif

ferentiation and transformation of cambial tissue to heartwood were examined, and a

possible activation of some enzymes related to the aging process such as hydrolases

and oxidases was discussed.

In the present paper, qualitative and quantitative variati~llls in amounts of lipids

and terpenoids accompanied by heartwood formation, the incorporation of radioactive

acetate, mevalonate, glucose and phenylalanine into wood tissues, and a possible trans

location of precursors to intermediate wood were examined. The results are discuss

ed in connection with heartwood formation.

* Studies On the mechanism of heartwood formation. VIII.
** Division of Lignin Chemistry (!J !f =- /'1t,¥::g{IF9).

*** Laboratory of Wood Chemistry, Faculty of Agriculture Kyushu University.
**** Laboratory of Tree Biochemistry, Faculty of Agriculture, Gifu University.

- 15-



Side room Center well
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3N H2SO4 Dist. water
(0.2 ml) (0.2 ml)
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Materials and Methods

Conifers (Cryptomeria japonica D. DON, Chamaecyparis obtusa ENDL), and broad

leaved trees (Fagus crenata BLUME, Quercus mongolica FISCH. var. grosseserrata REHD. et

WILS., Magnolia obovata THUNB.) were felled in the experiment forest of Gifu University

in May, 1967 and in May and September, 1968. The cut surfaces of the tree trunks

were sealed with paraffin immediately to protect against desiccation and oxidative de

gradation of living cells of woody tissues, transported to the laboratory and kept in a

cool room.

The wood discs (3 cm thick) were cut out from the respective tree trunks, and

the sticks (width, 2 em) through center of the wood discs were cut, and the cambial

zone, sap-, intermediate- and heartwood of the sticks were separated immediatelv.

Measurement of respiration

Sections (0.1 mm thick) of the cambial zone, sap-, intermediate- and heartwood

were made in the tangential plane using a sliding microtome. The sections (500 mg)

thus obtained were suspended in 2 ml of a phosphate buffer and the 02-uptake by the

sections in following systems were measured at 30°C for 2 hours in 15 minutes in

tervals.

System 1 Main compartment

Wood sections (500 mg) in 2 ml
of 0.1 M phosphate buffer (pH 6.8)

System 2 Same in the above

After completion of the 02-uptake measurement

Warburg's flask in the system 2 was tilted into the center well, the volume of carbon

dioxide librated was measured and the R.Q. (respiratory quotient) of the respective

samples was calculated.

l\/feasurement of radioactivity of carbon dioxide formed in respiratory breakdown of

acetate- i4C

Wood sections prepared as mentioned above were incubated in a phosphate buffer

(pH 5.0) containing O.I/.1C of acetate-l- l4C and -2- l4C at 30°C for 3 hours, respectively.

Then KOH solution containing radioactive carbon dioxide in the center well was trans

fered quantitatively into the test tube in which 20 mg of K2C03 was previously dis

solved. The K2C03 was converted to BaC03 by adding an excess amount of BaC12
solution and the BaC03 precipitated was filtered by a glass filter with a filter paper.

A portion of the BaC03 formed was taken, and its radioactivity was measured by a

gas-flow counter (Aloka Model TDC-l). The total activity of the carbonate from the

respective acetates and CdC l ratio were calculated.
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Administration of acetate-2- I4C, mevalonate-2- 14C glucose-G-14C and phenylalanine-G

l4C into wood tissues

Fig. 1. Administration of radioactive
compounds into wood blocks.
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1) Wood sections (5 g) prepared from respective parts were incubated for 5 hours

at 30°C in 5 ml of the phosphate buffer (pH 6.8) containing each 2 flC of acetate-2- 14C,

mevalonate-2- 14C, glucose-G-14C and phenylalanine-G-l4C, respectively and the tissues

were washed with a running water throughly and air-dried.

2) As illustrated in Fig. 1, small

holes (3.0 mm x 2.0 cm) were made at

the outermost sap-, inner- and inner

most sap- and intermediate wood of

the wood discs (5 cm thick) by using

an electric drill. The holes were

filled with a defatted cotton previous

ly sterilized, and acetate-2- 14C, me

valonate-2- 14C, glucose-G-14C and phe

nylalanine-G-14C (each 3.0 flC) were injected into the holes. A piece of steel with a

sharp edge (4 cm x 4 cm) was driven into the wood discs 2 cm inside the holes to in

terrupt the translocation of the compounds to centripetal direction by ray cells. The

wood discs were kept at room temperature for 14 days and then the wood adjacent

the hole and an inner part of the steel barricade were cut out, separately and pul

verized.

Fractionation of wood extractives

The tissues and wood powder prepared from the wood discs administered with the

radioactive compounds described above were refluxed with acetone for 3 hours, the

acetone of the extracts was evaporated and the residue was dried over PZ0 5 in a desic

cator. The extracts were separated into the hexane-, ether- and acetone-soluble frac

tions, successively, and the radioactivity of each fraction was measured. Moreover, a

portion of each fraction was analyzed by paper and thin layer chromatography.

Quantitative determination of acetone extractives of wood

Wood powder (30 g) prepared from the cambial zone, sap-, intermediate- and

heartwood, respectively was extracted with acetone and the extractives were separated

into free fatty acids, esterified fatty acids and unsaponifiable compounds, and then these

were analyzed as follows:
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Wood powder (30 g)
I

Acetone extraction, 20 hrs by a Soxhlet extractor
I

Acetone, evaporated In vacuo
I

Refluxed with ether

~
Ether-soluble

I
Ether, evaporated zn vacuo

I

Refluxed with hexane

Hexcme-soluble
I

Extraction with 5% KOH
I

Free'acids
I

Methylation with CHzNz in ether
I

Analyzed by gas chromatography

Fatty acids (saponified)
I

Tvlet hybtion with CHzNz in ether
I

Analyzed by gas chromatography

t
Insoluble

1
Insoluble

1
Neutral compounds

I
Saponification with KOH in ethanol

I

i
!

I

Unsaponiflable compounds

Gas chrOinatography of f ally acids

Free fatty acids and fatty acids liberated by saponification of esterified acids were

methylated with diazomethane in ether. 4l The methyl esters of the acids were analyz

ed using a gas chromatograph device (Yanagimoto 550T) with F.LD. detector. A

stainless steel column (3 mm¢ x 1.5 m) containing a chromosorb W coated with silicon

gum (SE 52) was used and the chromatograph was run from 160°C to 280°C provided

with 4°C/min. temperature rise, and 35 mljmin. flow rate of carrier gas (nitrogen).

Paper and thin layer chromatography of the extractives

The ether- and acetone-soluble fractions were analyzed by paper and thin layer

chromatography using a mixture of toluene, ethylformate and formic acid (5: 4 : 1,

v/v) and a mixture of xylene, methyl ethyl ketone and formamide (25: 25 : 1, v/v)

as main solvents. For the detection of phenolic compounds on the chromatogram fer

ric chloride-ferricyanide and diazotizedp-nitroanilin were usually sprayed and a UV

lamp was also used.

For the analysis of hexane-soluble fraction (mainly free and esterified fatty acids

and resin acids) a silicic acid paper was used and the paper was irrigated with a

mixture of hexane and ether (19: 1, v Iv), and the spots were detected with iodine
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vapor. The fraction was also analyzed by thin layer chromatography using isopropyl

ether as a solvent and the compounds were detected by spraying phosphomolybdenic

acid in methanol and by heating the chromatograms at 120°C for 5 minutes. 5l

Radioautography of extractives

Paper chromatograms of the hexane-, ether- and acetone-soluble fractions obtained

from the extracts with radioactive compounds were submitted to a radioautographic

scanner (Aloka Model TRM-1).

Results and Discussion

Sites of biogenesis of heartwood compounds

Many investigations have been carried out in order to elucidate the sites in which

heartwood compounds are synthesized. The experiments6,7l with radioactive sucrose

applied into cambial tissues of living tree trunks have shown that heartwood compounds

can be synthesized in wood not in other tissues such as leaves, and tissue culture ex

periments8l supported these results, which subsequently indicate the biosynthetic ability

of woody tissues for the heartwood compounds.

In the tracer experiments described above, however, radioactive sucrose and the

compounds synthesized from the sucrose at a certain part of tissues can be translocat

ed to both centripetal and centrifugal directions through ray cells, and the actual sites

of the synthesis can not be determined by these experiments. Concerning with these

problems the experiment with tissue culture also can not give a satisfactory answer

but gives only information of biosynthetic ability for heartwood compounds.

In the present experiment, two methods have been undertaken to eliminate the

effects of translocation of precursors and to elucidate the actual sites of synthesis of

heartwood compounds.

Experiment by wood sections

In the first experiment metabolic and synthetic activities of wood sections prepared

separately from the cambial zone, outersap-, innersap-, intermediate- and heartwood

\vere examined.

As reported previously the high respiratory 02-uptake by the cambial tissues de

creased to a very low level in the sap- and intermediate wood and practically no ap

preciable 02-uptake was found in the heartwood. As given in Table 1, the R.Qs. of

the cambial tissues were around 0.5-0.7 and the results indicated a possible contribu

tion of fatty acids as a metabolic substrate as well as sugars for respiration in the

cambial tissues. The R.Qs. of sap- and intermediate wood, however, could not be cal

culated because both the volumes of 02-uptake and CO2-output by these tissues were

quite low and then reproducible values were scarecely obtained.
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Table 1. Respiration of cambial tissues.

I Date 02-uptake R.Q. value
ifJl/590]ng/~r)_- ._-_._-_...__._-------_._---------~--~-,.~._---- -_.-.._--.----------

I

Cryp/omeria japonica
I

May 20 98 O. 61

I 21 1O~ 0.64
I

24 103 0 58[

June 1 91 0.68

Char:,zaecyparis ob/usa
[

May 22 94 0.54I
I
I

I 25 126 0.58

Fagus crenata June 1 78 0.51

Quercus mongo/ica May 26 98 0.56

28 104 0.53

The total radioactivity of carbon dioxide formed in the metabolic degradation of

acetate-1- 14C and _2_ 14C by the sections of respective '>voody tissues and CdC l ratio are

shown in Fig. 2. The pattern of changes in metabolic activity was quite similar to

that of respiratory Oz-uptake. However, the ratios in sap\vood were generally lower

than those in cambial tissues through conifers c111el broad-leaved trees indicating a pos

sible participation of glyoxylic acid cycle9J In sapwood, which is concerned with the

conversion of fatty acids to sugars, as well as TCA cycle. Thus the results further

support that fatty acids, frequently occuring in ray parenchyma of sapwood as gly-
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Cryptomeria japonica Chamaecyparis Fagus crenata

obtuSQ

C SW
Quercus mlJrJgoLica

Fig. 2. Metabolic degradation of acetate- 14C by wood sections.
A, CO2 from acetate-1- 14C, B, CO2 from acetate-2-14C, C, CdC I ratio. Cl ,

outer parts of cambial zone, C2 , inner parts of cambial zone, SW, sap
wood, 1W, intermediate wood, HW, heartwood.
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10 10

C2 SW IW

Radioacti vi ty
HW C2 SW IW HW

Extractives content

5

Fig. 3. Incorporation of acetate-2-14C into various fractions of wood extractives of
Cryptomeria japo1Jica
A, hexane-soluble fraction (3 hrs experiment using 0.1 pC of acetate),
B, ether-soluble fraction, C, acetone-soluble fraction.
A*, hexane-soluble fraction (5 hrs experiment using 2 pC of acetate),
B*, ether-soluble fraction, C*, acetone-soluble fraction.
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;0

c; C 2 SW 1W HW
AodloQctivi ty

Cr C2 SW ]W HW

Extractives content

Fig. 4. Incorporation of acetate-2-14C into various fractions of wood extractives of
Querous m01Jgolica (3 hrs experiment using 0.1 pC of acetate).
Marks denote the same as in Fig. 3.
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cerides, are consumed as substrates for respiration and as a carbon source in the

biosynthesis of secondary products.

Anyway, the results indicated that the metabolic activities of the sap- and inter

mediate wood were quite low, except for the high metabolic activity in the cambial

tissue.

Acetic acid, movalonic acid and phenylalanine are known to be obligatory pre

cursors of fatty acids, terpenoids, polyphenols and fiavonoids, respectively. Then the

incorporation of these compounds into the heartvlood compounds by the \voody tissure

Vlas examined.

As shown in Figs. 3 and 4, the incorporation of acetate- 14C into the hexane-soluble

(mainly lipids and terpenoids), ether-soluble- (phenolics) and acetone-soluble (catechins,

leucoanthocyanins and hydrolyzable tannins etc.) fractions were quite high in the

cambial tissues of the both conifers and broad-leaved trees in agreement with the ex

perimental results of respiration. However, the incorporations in other tissues were

also reasonably high, especially in the experiment of longer reaction time (5 hrs) with

a larger amount (2,uC) of radioactive compounds (Fig. 3). The results indicate con

siderable ability for sapwood to synthesize heartwood compounds but no increased

incorporation was observed in the intermediate wood.

In contrast to these results, the amounts of extractives in heartwood were much

higher than those in sap- and intermediate wood as shown in Fig. 5, and moreover no

incorporation of these compounds into the extractives of the heartwood was observed.

This may be explained as such a way that in living trees precursors such as malonyl

CoA (acetyl CoA), dimethylallyl pyrophosphate and cinnamic acid synthesized in sap

wood as well as in cambial tissues are incorporated into lipids, terpenoids and flavonoids

in whole woody tissues, although the incorporation ability for the cambial tissues is

greater than that for the other tissues. Occurrence of the high amounts of extractives

in heartwood should be interpreted in terms of an accumulation of translocated com

pounds through ray cells but not in terms of a high synthetic activity around the in

termediate wood.

Experiment with wood discs

In the second experiment, to elucidate the sites of biogenesis of heartwood com

pounds, conversion of acetate-2- 14C, mevalonate-2- 14C, glucose-G-14C and phenylalanine

G_14C to lipids, terpenoids and phenolics in the respective wood tissues were examined

by use of the wood discs previously injected with these radioactive compounds as des

cribed in experimental parts.

As shown in Figs. 5, 6 and 7 through conifers and broad-leaved trees the incor

poration of these compounds into the various fractions of the acetone extracts were

similarly quite high indicating the sufficient biosynthetic ability of the respective tissue
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HIGUCHI, ONDA, FUJIMOTO: Biochemical Aspects of Heartwood Formation

20 20
Mevoi:'i/o.te

IWSW2SWIc

MevaLonate j(

0- -- - --()- - - - ~-y----

10

o
Phenylalanine~he"Yiai"m"e

~~-----'6
10

Fig. 5. Fig. 6.

><
Z
Q
U

20-

10

Phe nyl aLani.ne

Fig. 5. Incorporation of radioactive com
pounds into wood extractives of Magnolia
obovata.
C, cambial zone, SWl, outer sapwood.
SW2, inner sapwood, IW, intermediate
wood.

Fig. 6. Incorporation of radioactive com
pounds into wood extractives of Crypto

meria japonica.

* wood within steel plate.

MevalonotB
~----r",>--

c ]W

Fig. 7. Incorporation of radioactive com
pounds into wood extractives of Quercus
17longolica.
* wood within steel plate.

Fig. 7.
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for the extractives, and the radioactivity of the extractives of the tissues beyond the

steel inserted was quite low. However, the radioactivity of the extractives of control

without insertion of the steel barricade was also quite low at the corresponding parts

of the '"vood, and this suggests rather poor translocation of precursors through ray cells

under the present experimental conditions.

Tables 2 and 3 show that mevalonic acid and phenylalanine were incorporated

mainly into the hexane-soluble, and both ether-soluble and acetone-soluble fractions,

respectively, vvhereas acetate and glucose were incorporated into every fraction rather

consistently. These facts are in good agreement with the findings on the role of these

compounds as precursors of terpenoids and phenolic compounds.

Thus, the results seem to explain that the precursors of the heartwood compounds

are synthesized in the tissues through sap- to intermediate wood as well as in the

cambial tissues. Although the occurrence of shikimic acid, cinnamic acids and cate

chins in cambial sap and the transportation of phenolic compounds through ray cells

have been established, the contribution of the translocation of phenolics and terpenoids

Table 2. Incorporation of radioactive compounds into various fractions of wood
extractives of Nlagnolia obovala.

Radio activity un

Acetate-2- 14 C

Cambial zone

Outer sap\'.ood

Inner sapwood

1ntermediate wood

Glucose-G-14C

Cambial zone

Outer sapwood

Inner sapwood

Intermediate wood

NIeva lonate-2- J4 C

Cambial zone

Outer sapwood

Inner sapwood

Intermediate wood

PhenylaJanine-G-14C

Cambial zone

Outer sapwood

Inner sapwood

Intermediate wood

Hexane-sol.
--------- --- ---------- ---------~-

50.5
46.4

23.7

22.4
I_.- ------~-------------------~---

38. ]

2U.4
]6. ]

23.0

70.9

65.8
57.6
60.8

o
2 3
3 8

3.8
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Ether-sol.

13 6

31.3
22.0

20.9

25.2
24.6
27.8
26 6

26.8
28.6
33.2

34.2

37.3
55 2
57.2
65.2

Acetone-sol.

35.9
22.3

54.3
26.7

36.7
55.0
56.1
50.4

2.3

5.6
9.2

5.0

62.7
42 5
39.0

31. 0
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Table 3. Incorporation of radioactive compounds into various fractions of wood
extractives of Cryptomeria japonica.

Radio activity (%)

Hexane-sol. Ether-sol. Acetone-sol.

Aceta te-2- 14C

Cambial zone 44.5 22.5 33.0
Outer sapwood 27.0 24.5 48.5
Inner sapwood 27.3 25.2 47.5
Intermediate wood 26.5 24.8 48.7

Gl ucose-G-14C I
I

Cambial zone ! 18,5 28.2 53.3
I

Outer sapwood j 22.1 28.3 49.6
Inner sapwood I 27.2 25.6 47.2

iIntermediate ,\ ood i 20.6 30.5 48.9
I

Mevalona te-2- 14C ,

Cambial zone 60.0 20.8 19.2
Outer sapwood , 65.0 28.0 7.0
Inner sapwood

i
70.6 25.3 14.2I

Intermediate" ood 48.4 32.8 18.8
---- -----

Phenylalanine-G-14C

Cambial zone 4.4 43.7 51. 9
Outer sapwood 2.2 32.5 65.3
Inner sapwood

I

3.9 41. 2 54.9
Intermediate wood 2.1 I 67.6 30.3

on the heartwood formation is rather limited, and the compounds are mostly synthe

sized in situ from sugars.

At the first stage of biosynthesis of flavonoids, the condensation of 3 malonyl CoA

with cinnamoyl CoA to form chalcones has been presumed. And participation of iso

pentenylpyrophosphate and dimethylallyl pyrophosphate in the biosynthesis of terpenoids

was demonstrated. Thus, many exergonic reactions which should couple with ATP

producing systems are involved in the biosynthesis of heartwood compounds. Even in

shikimate and mevalonate pathways participating in the formation of the precursors of

flavonoids and terpenoids several molecules of ATP are required. Therefore, it will

be generally concluded that a sufficient amount of chemical energy is required for the

synthesis of the precursors for heartwood compounds.

Although the number of living cells is quite small, in the sap- and intermediate

wood; and apparent metabolic activity for both is considerably lower than that for

cambial tissue, the metabolic activity per living cell must be high enough to synthesize

the precursors and heartwood compounds.
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As it has been known that resin acids are synthesized in epicelium cells and th8t

the epicelium cells live in sapwood, the acid should be synthesized in the cells. Fig.

6 demonstrates the case clearly.

Mevalonate was incorporated considerably into various compounds of the hexane

soluble fraction of both sapwood and cambial tissues of Cryptomeria japonica. As shown

in Fig. 8, the hexane-soluble fraction gave several r8dioactive spots on the radioauto

gram. Each spot was eluted, and several identification procedures indud ing UV an8iysis

have suggested that these compounds are terpenoids. Xantoperol, ferruginol, sugiol,

cryptopimaric acid and isodextropimaric acid were used for comparison as authentic

compounds. One of the radioactive spots (A) the most active compound in ether-soluble

fraction showed quite similar Rf values and UV spectrum to those of sugio1. 10l How-

SoLvent, Formarmde;Mcrh:;-L et/Lyi hetonc,
XyLene (' :2'):25)

Suio

Outer sapwood

Origin

Fig. 8. Radioautogram of hexane-soluble fraction of wood extractives of
Cryptom.eria japonica administered with mevalonate-2- 14 C.

Origin~

SoLvent, To{uene, EthyL formote, Fo'rmic aCid (5: 4; /)

~tfront

Fig. 9. Radioautogram of acetone-soluble fraction of wood extractives of
Quercus nwngolica administered with phenylalanine-G-14C.
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ever, further identification could not be performed because of small amount of the

compound.

A radioautogram of the acetone-soluble fraction of sapwood of Quercus mongolica

which previously administered with phenylalanine was shown in Fig. 9. The spot A

gave typical phenol reactions, and chromatographic behavior and UV analysis suggested

it to be a hydrolyzable tannin,11) but not gallic and ellagic acids.

Thus, it may be reasonable to understand that sugars, in particular sucrose, from

leaves are translocated to the cambial tissues and sapwood through ray cells and the

heartwood compounds are synthesized in situ, and during the transformation of sap

wood to intermediate wood and to heartwood, hydrolysis of glycosides and oxidative

polymerization of catechins, hydrolyzable tannins and leucoanthocyanins should occur

in the ray parenchyma of the intermediate wood. The activations of hydrolases and

oxidases in the intermediate wood must be participated to such final reactions.

Gas chromatography of fatty acids in the extractives

Fig. 10 shows the charts of gas chromatography of the methyl esters of fatty acids

SE-52 /5m

/60
0

-260°C. 4°C/177 uo
, ' ,

F/O, /Ii;-

(c)

(B)

(A)
A Sapwood
BIn tel'medlate wood
C Heo!·twood

20 25
(l7Iin.)

-~ !

/0 /5
( nlt'n.)

_J__~__

, t

20 i5

:-------=----c'::----:'::-------=-'::------~o S /0 /5 20 25
(160°C) (Irl1ll.) (Z60"C)

Fig. 10. Gas chromatograms of the esterified fatty acids of Quercus sp. as
methyl esters.
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obtained by the saponification of esterified acids from the wood of Quercus mongolica.

As shown in this figure CI2-C24 acids were found to be common to the broad-leaved

trees. The figure also shows that the qualitative and quantitative compositions of fatty

acids of the trees are very similar through sapwood to heartwood, although the

amounts of free acids in the intermediate- and heartwood increased complementarily

against the decrease of esterified acids in those tissues (Tables 4 and 5). No evidence

for resin acids was found.

Table 4. Composition of petroleum ether-soluble fraction of wood.

Fagus crenata Quercus nwngolica

SW
I

IW I HW SW I IW I HW

Petroleum ether-sol.* i 0.16 0.14 0.20 0.20 0.17 0.22I
i

Neutral compounds** I 87.6 83.1 81. 7 73.5 70.9 61. 6

Free acids** I 12.4 16.9 18.3 26.5 29.1 38.4

Esterified acids** ! 57.6 54.5 45.0 46,9 41.7 24.3

Unsaponifiable**
!

32.1 33.8 36.7 22.6 28.2I 28.3
!

* per cent of dry wood, ** per cent of petroleum ether-soluble fraction. SW, sapwood, IW,
intermediate wood, HW, heartwood.

Table 5. Composition of petroleum ether-soluble fraction of wood.

Cryptomeria japonica Chamaecyparis obtusa

SW IW HW SW IW HW
I

Petroleum ether-sol.* 0.19 0.37 0.90 0.37 1.00 4.68

Neutral compounds** 73.3 70.1 54.0 87.9 66.7 52.8

Free acids** 26.7 29.9 36.0 18.1 33.3 39.2

Esterified acids** 39.7 30.0 19.9 57.1 25.6 13.8

Unsaponifiable** 33.6 33.6 30.1 30.7 41.1 39.0

* per cent of dry wood, ** per cent of petroleum ether-soluble fractIOn. SW, sap" ood, IW,
intermediate wood, HW, heartwood.

Among the fatty acids of both free and esterified forms the amounts of CIS acids

corresponding to oleic, linoleic and linolenic acids were predominant. The increase of

free fatty acids toward the intermediate and heartwood in the both trees might be as

cribed partly to enzymatic hydrolysis of the esterified fatty acids relating to the me

tabolism of the acids for the synthesis of secondary compounds and also to acid hy

drolysis during aging process of the tissues, particularly in the heartwood without

living cells.
Fig. 11 shows the composition of fatty acids from the wood of Cryptomeria japonica.

The pattern of the composition of fatty acids in sapwood is rather similar to that of

broad-leaved trees5 ) but the composition, markedly varied in the intermediate- and
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Fig. 11. Gas chromatograms of the esterified fatty acids of Cryptomeria
japonica as methyl esters.

heartwood. These facts explain that the heartwood compound such as resin acids

synthesized in ray cells and some epicelium cells in sapwood were accumulated in the

intermediate- and heartwood.

Furthermore, thin layer chromatography of neutral compounds of sapwood from

Cryptomeria japonica, Chamaecyparis obtusa, Quercus mongolica and Fagus crenata sug

gests that the main parts of the compounds are composed of trigricerides of fatty acids.
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Summary

Two methods of experiment have been carried out to establish the sites of bio-
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genesis of heartwood compounds. 1) Wood sections prepared from cambial zone, sap-,

intermediate- and heartwood were administered with acetate-2-14C, mevalonate-2- 14C,

glucose-G-14C and phenylalanine-G-14C, and incorporation of these compounds into wood

extractives was determined. 2) Small holes were made at sap- and intermediate woods

of wood discs and radioactive compounds mentioned above were injected into the holes,

and the incorporation of these compounds into wood extractives was determined. The

incorporation of these compounds into wood extractives of the respective wood tissues

were quite high not only at cambial tissues but also at sap- and intermediate woods

in both conifers and broad-leaved trees indicating sufficient biosynthetic ability of the

respective tissues for the wood extractives. The results suggest that the precursors

and heartwood compounds are mostly synthesized in sap- and intermediate woods from

sugars. Hydrolysis of glycosides and oxidative polymerization of catechins, hydrolyza

ble tannins and leucoanthocyanins should occur in ray parenchyma of the intermediate

wood during transformation of sapwood to intermediate- and heartwoods. The activated

hydrolases and oxidases in the intermediate wood may participate in such final reactions.
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