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INTRODUCTION 

Tag~Ystagcsofthcrbicwyntheaisof~~compoundsandthdirp~ rsbavebcen 
dekrmkdbystudyingmutants ofmicro4nj@smsandd&xmh&gtbenatureoftbe 

compounds accumulated at the bl- in the biosynthetic pathways; At later stages of 
biosyn&e& blockages in the normal pathway may enable alternative routes to operate and 
produce end-products other than a normal intumediate. 

AfewGasesanlrmownofnatursrlmu~~iaplantswhichhrrvea~~differeatt 
composition. A study of biosyntksis in such normal and mutant forms should provide a 
new approach to the problem oftbe ~~tio~p ~~~~~ to di&rent ~~~~ 
Moreover, it is desirable to know the fsctors responsible for the changes in tbe normal 
biosynthetic p&tern and tbe way in which they act. Tbe possiiillty of being able to modi@ 
the composition of the polypbeknolic complex in 8 plant tissue by decmadg the amount of 
certain components may have obvious commercial advanta@R 

The leaves of Euwlpptus sidero~lml containp-coumarylquinia a,nd cblorogenic acids, 
catecbin, en@itin (dibydrokaunpfkrol L?crhamnoside), nicotiflorin (kaempfkro13_rutino- 
side), quercitrin (quer&in 3-rbamnoside), isoquercitrin (querc&iu 3-&c&de) and rutin 
(querce& Srutinoside). In addition, 1Egves from the variant form 1 of this species contain in 
addition p&id (3,4’,~~~~ 3-+coside), rbapontin (3,3‘,~~y~~~‘- 
~~~ 3-ghxoside) and astri&n nobly a ~~~~~e 3-gkcoside). 

*PlwmtwiinpartattbuLu.PA.csympMi~lKyoto.Aprll.l964. 
tPrcBa¶tad~:The~ob - !!khms, ICyoto Univrasity, Japan. 

’ w. B. I-mu and K. Box, Phytocbem. r, 541(1%6). 
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The purpose of this paper is to report the amount of radioactivity incorporated into the 
above compounds at& feediug shoots with *%Xabelled phenylalanine and tyrosine, and to 
postulate their bi~~c ~thwa~ (and their ~~~~tio~~p) in the normal aud variant 
forms of tbis ~~~~~ species. 

RESULTS AND bKSCUSSION 

~~r~~~n of the ~~~~~orut~~ of A&@ 
At the outset of this work it was amide possible that the r&at&e positions iu the 

biosyuthetic pathways of a number of closely related compounds could be deduced from the 
degree of incorporation of activity from a relatively simple precumor. Such an approach 
would obviate the criticisms that more complex precumors cannot permeate to the sites of 
synthesis in the cell or that some compounds may be modified in the cell to products which 
then enter tbe normal pathway. II ap~~~t during the course of the work 
~t~erne~~~d~ot on of a sacks rxpression of the degree 
of incorporation into a dynamic system It is commonly suppo that flavonoids are end- 
products of biotic, but tbis is probably incorrect, partic&rly with some classes such 
as 1~~~ and ~~ which readily polymerize to form condensed tannins. 
In most cases monomeric polyphenols form only a miuor portion of the extra&able material 
fiomplanttissues. WhileffavausprobablygiverisetothemajorportionofpoQmericmaterial, 
other polyphenols may also co-polymer&~ Data2 showing a loss of activity in rutin 
isolated after a metabolic period of 48 br, suggest to the authors that polymerization and 
other of this compound may have taken place. 

Watkin and Neisb2have stated that the Yukon of a labelled peer in the bios~~~is 
of a particular polypbenol is due to (a> dilution in tbe endogenous pool of the precursor, (b) 

TABuBl. Tm? eoNvEBsloN OF LABLLBD SUBSTRATES BY E~~~tus SPXCXIB 
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TABIB~. THE -0PAtXlWTYIN~ - op E. sidmxylon L%AVPS 

Tot& &t&&y Q&n&/&h) 
Activity (yJ* 

Lll Fbilctioe@ 
weioht (ml) 
Activity (counts/min/mo) 
Total activity (counts/min~ 

o-45 

Variant 
5-75 

48.2 

485 

51,E 
23-O 

84 

27.g 
12-l 

593 

146,z 
64.9 

334 
48 

30 
43 

033 033 

variant 
6-15 

48.2 

573 
71-8 
41m 
32-7 

259 80 
19 55.7 
492 4,460 

3-6 3-6 

SO3 581 
18.3 138 
9w 8OY200 
69-l 63-7 

77 

49 
15 

343 
81 

32 
72f 

dilution by the compound formed from unlabelled prewrsors during the expe&w& and (c) 
dilution by the preformed compound. It is evideut from the previous statements, that in a 
dynamic plant system, not only the size of the pool3 of a particular compound but the rate of 
turnover of this pool must also be considered. Both of these aspects, and particuhuly the 
latter, can differ from compound to compound and can be influenced by environmental 
COIditiOllS. 

The rcsuks obtaimd in this study are expressed in Tables 1 and 2 as a percentage of the 
~activityintsleleafextractandinTa~3aarspecificandtotal~~~. Itshouldbe 
noted, however, that purikation of the complex mixture resulted in losses so that the vale 
forthetotalactivitiesarelow,and~thatthe~o~~sndspecificactlvitiesoftheindividual 
~rn~~~ were too low to permit potion to constant a&k&y (Table 3). Chromato- 
graphic, and spectral examination indicated tbat almost all the compounds were pure, and 
since the merent leaf samples (Table 2) were treated in an ideutical manuer the results 

3 D. R. M~C~LLA and A. C NEW, Cum 3. B&hem. Physiol. rr. 537 (1959). 
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lsrpt~~ NOlllld valiant Normal Variant 
---- 

Activi@ Specific Total SpacisC Total Spcci%c Total Spcific Total 

CXmgmicacid 

3.2 

- 
- 

0.72 

48.8 

443 
13 
- 

:+ 
26 
30 
- 

Glucoee “’ 
FkllctoEc }@31$ }101 

3W’ 

732 
214 
127 
52 

:z 
31 
17.2 
11.9 
194 
21.1 
1*35 
095 

1Sr 
79.5 

8,750 

14,500 

s 
352 
458 
308 

2#42 
3,180 

442 
1,106 

:z 

l&&O 
- 

7.3 138 

2.0 167 
2.28 106 

@ss -9 
1.5 19 

E 1; 
- - 
- - 
- 
. 

I,2 1 

u7 

3.7: 2#80 

$5 405 
96 - 

335 

269 
316 

& 
160 

g 

760 

:: 
1,598 
5150 

22,608 
- 
- 

+Ascounts/min/~bortotaloouotelmin. 
‘+AIIStlb%&hpthO8tUlKl ~phicluldsimibrspcctnl~blltw&hspedib 

activities of 154 and 7.5 anmts/min/pmok aod total activities of 2230 and 309 comta~min for lhwlahh 
luldlyminerMlrinnsrespectivebr 

(Table 3) are mutually comparable. Taking both the specik and total activities in conjuno- 
tion,the~betweernthecomponentsiadicatccertaintrmdsinbiosynthesis. A 
significant amount of the activity was present in the polymeric matexial con-g ellaghn- 
nins and -hcyanhs, but these’fractions were not examined futther. 

iiworporation of Activity by Di?.kmnt Physiological Forms 

The results from diGrent feeding trials using samples of difhent q&es followed by 
separation into broad fractions, suggesM that the normal form of E. si+oxylon (Table I) 

!IzzzEm 
ted a lowex amount of activity into polyphenols than did the variant form. A more 

‘on was made when leaves from both forms were fed simultaneously with 
Welled substrates (Table 2). 

The kaves of the normal forms had been collected in low (22 h/year) rahfhll ragions and 
wexe more leathery than those from the garden-grown variant form. Conseqtiy, it was 
not unexpected that the rat6 of uptake of the precursor solution was slower with leaves ofthis 
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nod form. However, the diflkrenm in the degree of incorporation into polypbenols by the 
two forms is much greater than would be expected from the above cause. 

We were unable to find labelled ph~y~ or tyrosine in the extracts of the leaves 
~a~~~~~~~~. Thtagcofthetwotypesofleaves,~~~~contentand 
the relative degree of incorporation of radioactivity into the three ftins of the extract&a 
(ah feeding with phenyManine, Table 2) are about the same. However, the sum of the 
total activities incorporated in the dif&rent fractions (Table 2) differs for the two types of 
leaves and one possible explanation is that the amount of p~~s~~ti~ products appropri- 
ated by different phases of metabolism differs in the fully e&rged leaves of the two types. 
Apparently more of these products are used in normal leaves for purposes other than the 
formation of polyphenols than are used in variant leaves. Zaprometov4 has shown the rate 
of incorporation of activity into catechin to decrease ~~ly~~~a~of~~~ 
DiBwent metabolic states in the two forms of E. .rMer~x~$uu leaves may also be responsible 
for the difFerem degrees of incorporation. 

Ikcorpwt&m of Activity from ~~y~~ and Tyrwk 

In the variant leaves the degree of Knin of labeUed dye into labelled 
metbanol soluble extractives was much higher than the correspomiing conversion of tyrosine 
(Table 2). Normal leaves appear to be able to convert more tyrosiue than phenylalanme into 
extractives but this may be due to the slower absorption of the phenylalanine solution which 
was not completely taken up (see Experimental). 

Compared with pays the degree of conversion of tyroshm to the flavonoid 
fraction (Fraction II, Table 2) is relatively much iower than to other fractions. Tyrosine 5-8 
and, to a lesser extent, phenylalanine8 have been found to be ghxwgemc amino acids when 

.* 
admm&ad to leafdiscs from several plants although sugar formation is much less when the 
substance is fed to whole leaves than to discs (V. C. Rune&es, personal communication). 
The formation of labelled sugars from these ammo acids has been confirmed in this present 
work (see Table 3). 

The relative activities of the various components (Tables 2 and 3) was supported by the 
radioautographs of chromatograms of the extractives. 

Relative Activity of ~~tr~ti~ 
T&e degree of caption of activity into d&&rent ~~~0~ was in the order of 

cblorogenic and pooumarylquinic acids, catechiu, engelitin, BavonoI glycosides and the 
stilbenes. ~~~aetivityof~acidsisexpectedas~ate~~earlyintheparthway 
(Fig. I). The evidence of Rune&les* and others indicates that ~lq~c~~n~ 
an &xmediate in the formation of polyphenols. Presumably hydrolysis occurs and g=cou- 
maric acid itself re-enters the main pathway (Rig. 1) where it is a good pmcursor of poly- 
phenols such as qumxtia10 Quinic acid can either re-enter the shikimic acid pathway 
or be utilized for respiration. 11, I2 

4 M. N. Y* sovizt PIant Pwd. lo, 73 @63~. 
5 A, Hv, C. R. TMBE and 0. & N. Towsxs, CM. J. Bio&ea& P&a. 37,902 (19s). 
6r*~~~~~M.T~ zz&&Mie, 1802 (l%@* 
~IRK*S.G.~~~G.H.N.~~.J.~~.~~..,~~~(~%~}. 
8 v. c. R_ can. IL Botm*r 41.823 (1963). 
9 V. C Rcnmxmq, Cm J. Biohm P&&t. 4% ?&St? (1963). 

1O~W.U~ J. X3. WATKIBI and A. CL NBISH, Ctm. .E Bidem. PRvstol. 13,219 @fi). 
1% S. Ywir~& Batm. Mq. ToRyo 77.10 (19%). 
=LX.WwNSlBIN, CA.PoElBitaIKIH.J.~uRBNcor, c&ntrib. Boyce w Inrr 21,201(1%0. 
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Dihydro- Leuco- Cat&in 
tlwonol anthocyanins 

The biosynthesis of cblorogenic acid proceeds via ~~~umaryIqu&c acid95 13s l4 but in 
contrast to pcoumaric acid, caffeic acid is a poor ptecprsor for chlorogenlc acid9 sod 
qnercetin.lo It is possible that caffeic acid cannot permeate to the site of the aphid 
enzyme systems and the available evidence shows that it can enter the biosynthetic pathway 
only after metabolic fragmentation. Consequently the route from p-coumarylquinic acid to 
chlorogenic acid is an irreversible one and the latter compound can only be used in oxidation 
and polymerization reactions. On the other hand, since p-coumarylqtiic acid is an inter- 
mediate in the early stages of the pathway for flavonoids and stilb~es (Fig. 1) and can be 
readily turned~over in a dynamic system it is to be expected its activity would be appreciably 
difkent f’kom that of chlorogenic acid (Table 3). 

The activity of the stilbenes is much lower than that of cblorogenic and~umarylq&ic 

13 IL R. HANSON and hi. Zwxm, i. Bioi C&m. 238,1105 (1963). 
14 P. N. AVABZWNI and G. H. N. TOWERS, Can. J. lAWtern. Phydd. 39,160§ (1961). 



acids (Table 1) and this observation is comparable to the findings of Ibrahim and Towersis 
that the “major portion” of the activity from admiuistered phenylpropanoid compounds was 

diverted away from the synthesis of hydragenol (a stilbene-like compound) to the formation 
of two coumarins~ The latter wouhl be formed directly from mumarie acid.16 

EIydroxy stiIbenes are derivdfrom a ph~yl~o~oid precursor, which originated from 
the ~~preph~~ acid pathway, and three acetate units.17-l* Presumably this resultant 
intermediate in stilbene formation is the same as that in flavonoid formation.*s The number 
of stages in the formation of stilbenes from the FI-polyketo chain precumor is less than in the 
formation of c&e&in and dihydrollavonols (e.g. engelitin), yet the specific activity of the 
stilbenes is lower than any other group of polyphenols. Decarboxylation of the stilbene 
precursor could be a rate-determining step but no evidence for this type of compound has yet 
been found in eucalypt leaves. Siegelman and Hendrickszl have postulated the ratedeter- 
miuing steps in the synthesis of the A or phloroglucinol ring in anthocyanins. Synthesis of the 
A ring in catechin proceeds more slowly than that of the B ring= and presumably this rate is 
the same for other flavonoids. It is possible that this rate could be appr&ably diEerent in 
stilbene formation owing to the diEerent manner of cyclixation of the A ring and the lower 
activity of the stilbenes indicates that it could be slower. 

It is considered that after certain periods of metabolism the specific activity of different 
classes of polyphenols is dependent not only on the amount present but also on its rate of 
turnover to polymeric and other materials. For this viewpoint to be correct the biosynthesis 
of ditIerent classes of polyphenols must proceed by parallel pathways. 

Catechin isolated from the dil%rent samples possessed a relatively high activity. There 
were large losses during purification of the small amounts of this compound and the figures 
given (Table 3) are the highest activities recorded. The samples were not completely pure but 
further attempts at potion were ~~ and resulted in lower activities. It is prob- 
able that the actual activities of pure c&e&in are higher than those given. A relatively high 
activity in catechin has been found previously23*24 and Zaprometov22 conchuled from the 
activities of the compounds that catechin is formed at a much greater rate in the tea plant than 
quercetin in buckwheat. Catechin is a component of a wide range of plants and tissues and a 
considerable amouut is formed in tea leaves from labelled carbon dioxide in 15 ntir~*~ From 
our studies we postulate that catechin has a physiological function and is being continuously 
formed and rapidly converted to other products. Labelled catechin fed to leaves was con- 
verted to poIymerixed material but not to other flavonoids.U There is much evidence to 
indicate that c&e&in or 1~~~ or both are the precursors of condensed tannins 
which are found in the tissues of most plants. 26 The high activity of catechin relative to other 
liavonoids and stilbenes could be due to its more rapid turn-over so that there is little dilution 
by preformed material. This seems a more likely explanation than that of more rapid forma- 

~~R.K.IRMHIM and 0. I-I. N. TOWER& Can. J. B&&m. Phyxiol. 40.449 (1962). 
16 S. A. BROWN, Phytockm. 2,137 (1%3). 
1’ w. R HILLIS and M. EIMEeAW& chum. & Id (La&m) 1330 (1962). 
18 G. BILLFX and W. ZIBQLBR, IL&nuts& Ckm. !@3,1430 (EM). 
~~BVONRUDLOFF~KJ-, P&&em. 2,297 (1963). 
~0 A. C NEISH, Amt. s&v. Pkmt Physioi. 11.55 (I960). 
21 H. W. SEQELMM and S. B. -cxs, P&M Phystoi. 33,409 (1959). 
22 M. N. -, ~~ 27,366 @X2). 
23 w. EL I-Iuus and M. HASRQAWA. U~b~ dats. 
= M. HASIQAWA and M. YASUE, .K Jm For Sk. 44,244 (1963). 
25 M. N. z,mmtmw, Sect&m Rep. Stk Btockm. Ccmtttw, bLosoow. 1%1. 
26 D. B. HMHWAY, In Wd Ectractfves (Edited by W. B HILL&, P. 211. Acadmh lhW% New York (19621. 
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tion because co&kryl alcohol, which could be a more direct precumor, was poorly incor* 
poratedinreW!dstudias.” 

Small amouuts of an i~~~o~~e ~rn~~dl and other compounds were isolated 
but irmomp&ely purified. Their activities were much lower &an ~~~ pur&d 
componeuts. 

The lack of correlation between the pattern of hydroxyl groups in the B riugs of the stil- 
bents and of the flavonoids 28 shows that, with the possiMe exception of the 4’-hydroxyl, the 
B ring is hydroxylated after combination with the acetate groups and after divergence of the 
pathways to different polyphenola. This is in agreement with the conchuions that the path- 
ways of aurone synthesis and of flavonoids diverge at a relatively early s~ge.*~* 3o It is con- 
sight oxidation of the B ~ng~~~~ ~~~g~los~ as o~~~~y~u~t~ 
derivatives would be expe&ed in addition to the ~~~~~~0~ derivative, engelitin. 

Although catechin, cyanidin and quercetin are the most common members of their classes, 
genetic evidence indicates the ease of formation is in the order of 1 then 2 and then 3 hydroxyi 
groups in the B rir~.~r In agreement with this, the kaempferol compound (~~ti~o~n) has a 
higher activity than the corresponding quercetin derivative (nutin: Table 3). The lower 
activity found in rutin as compared with quercitrin (Table 3) is in agreement with the findings 
of Harborne 32 that monosaccharides are added one at a time under genetic control. Further- 
more, the activity of the 3-rhamnoside (quercitrin) is higher than that of the 3glucoside 
(irate Table 3) and this observation together with the presence of the 3-rh~noside of 
~y~~pf~o1 indicates that, in this species, ~y~~~tion with ~~o~~~rno~ 
rapidLy than with glucose. 

The activities of the different stilbenes do not follow the trends shown by the flavonoids. 
Astringin (possibly a pentahydroxy stilbene) has a higher activity than tiie other two stilbene 
gbmosides (Table 3). This may be due to a rapid turnover of the compound in the Leaves. 
The instability of astringin resulted in low recovery yields and low total activity. 
of rhapontin suggests a relatively rapid methylation of the 4’-hydroxyL 

The activity 

~o~~~c and ~~lq~~ acids are u8uahy present in greater quip in the 
variant form than in the normal forms of the same species or the norm& form of closely 
related specie~.**~ In view of the position of ~umary~quinic acid in the biosynthetic 
pathway(F?ig. l),it~~d~as~ra~fo~of#cB~gof~vonoids~d~~esw~~ 
is an increased metabolic activity or a decmased formation of gall& acid and its derivatives. 
In this context, it is noteworthy that chlorogenic acid frequently accumulates when certain 
tissues are &&Wed by virus disease.33 

Fmmation of the A ring of catechin appears to be a ratedete&ning step.” Consequently, 

Pm% oxford (1962). 
@ditedbyT.A. , P. 593. PaeamoD 

3a J. B. EImmm, B&hem. L 84,100 (iwa). 
33 I. LJRiTAN& In ~~ of ptant 4=+kudi@ us, Scrip (Edited by 0. J@mm~ and T. A. 

-1, P+ 98. Colorade State Uniwmity (l%l). 



if~balaMxofmetabolismis~infavomofaaernar amountofmate&lpassingthrough 
thcptephenicacidpstharay(F~.1),this~~stepaouldcauss~~~ 
ofp-coumarylquinic and chlorogenic acids. The possibility that the pmsence of these acids is 

. 
asmaatd with incread formation offlavonoids and stilbenes is being investigated. 

Labelled shikimic acid quickly accumulated when se&ings were fed with labelled 
ghlcose.” Ontheotherhand,la~~~y~and~~werequicklyconvertedto 
other components. Consequently, there also appears to be a ratedekrmi&g step between 
shikimicacidandthesearomaticaminoacids. 

Ehzyme Activity 

The detection of tyrase (Myrosine ammonia-lyase) in the leaves of an E. si&roxy&m 
variant has been previously reported. u Wehavebeenuuabletodetectitinleavescollected 
from the identical tree at different times throughout one year. Phenylalanine deaminasc 
(cphenylalanine ammonia-lyase) activity was also absent, although weak tyrase activity was 
de&ted in leaves of E. &hympkma and E. salrmnophbia which contained stilbenes. Leaves 
of eucalypts contain appreciable quantities of polyphenols, and it has already been demon- 
strated that some classes of polyphenols can deactivate certain enxymes, e.g. leucoantho- 
-,35.36 dbeg37 and ellagitannins.3* During preparation of the acetone powder of 
the leaf, when the membrane containing the polyphenols~ would be ruptured, the poly- 
phenols would be able to come into contact with the enxyme~~ It seems probable that even 
withtheconditionsused, enzymescouldbedeactivatedowingtothelargeamountandtype of 
polyphenols present. Consequently, detection of enxyme activity in such materials is more 
dependent on experimental conditions than is usual and this aspect is under investigation. 

Owing to the difkulties in detecting enzyme activity, and following the suggestion of 
Brown’l that the relative proportions of the two deaminase enxymes of tyrosine and phenyl- 
alanine might be d&rent in di&rent plants, an attempt to assess the activity of these enxymes 
was made from an examina tion of the activity of different compounds formed (Table 3). It 
canbeseenthattherehnosjgnificantdifferenceintheratiooftheactivitierrofthewm- 
ponents after feeding with the diflkrent substrates and it is apparent there is no association 
of stilbene formation with possible tyrase activity. The activity of the components from the 
leaves fed with tyrosine are much lower than the corresponding activities in the phenyw 
experiment. Ibrahim and Towers’2 also found tyrosine, as compared with phenylalanine, to 
be very poorly incorporated in the stilbene-like compound hydragenol formed in cuttings of 
Hj&aTlg@a macrOphyIla. 

The activity of the carbohydrate fradian formed from tyrosine after 24 hr is-high (Table 3) 
andactivityh~~alsod~intheaminoacidsisolated. Thelatterwereidentitkdas 
glutamic and aspartic acids, a-ala&e and glycine. Similar results were obtained by Ibrahim 
et uZ.7 on feeding several plants with tyrosine, and they suggestad tyrosine is degraded to 

34 D. K BLAND, -. J. 8& 523 (1963). 
33 W. G. C. Ffomrm, V. C QUESNEL and J. B. RUTS, J. Sci. Food&i. 9,181(1958). 
~R.J.W.BRYDE,AH. -andA.H.Wn.um, In-hPplcRts(EditedbyJ.K-), 

p. 95. Peqamon Pm& Lmldon (ma). 
37 H. LYR, I&n (Juna) ISa, 570 (1962). 
3* D. K HATHWAY and J. W. T. SBAUNS, B&&em. J. 70,158 (1958). 
~A.B.WARDROP~J. CROMHAW, N~traa l9&90 (1962). 
40 K A. H. Romm, J. Scf. Food&d. 9,381(1%8). 
41 S. A. BROWN, Cim. J. Bottmy 39,253 (1961). 
~RK~andG.H.N.Towaa$Can.J.~.IYwdd.44621(1960). 
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acetate which in turn is converted to glutamic and aspartic acids or to srrgars. Another inter- 
pretation is that the four carbon dicarboxylic acids formed on degradation of tyrosine could 
yield plmphcmolpyruvate (and hencx carbohydrate) more readily than would metate. The 
dka&oxy& acids wouki also form acetate. A distinctive feature of the compounds formed 
afterfeediag~ro~etotheva~tsgmpleis~ttheactivityintheAringismuch~~than 
that in the B riug of the stilbene mokcule (Table 4). Consequently, there is little evidence for 
the presenue of a deaminase for this amino acid which apparently is metabohcally degraded 
to simpler units, As the A ring can be formed directly from acetate units, it is to be expected 
that the activity of this ring is much higher than that of the B ring which would arise by 
way of phosphoenolpyruvate-sugars-shikimic acid-prephenic acid (Table 4). 

The activity of the carbohydrate fraction formed by phenylalanine is much lower than that 
of tyrosine (Table 3), but nevertheless is appreckble.s Partial conversion of phenylalanine to 
acetate units could account for the small proportion of activity found in the A ring of stilbenes 
(Table 4) and after feeding with differently labelled ph~y~es. l7 The fo~tion of sugar 
would account for the activity found in the quinic acid moieties of chlorogenk ~d~o~l- 
quirk acids (Table 4). The amount of radioactivity in the 3,~y~oxy~~oic acid from 
rhapontin was higher than that from piceid (Table 4). One possible explanation is that the 
acetate units do not combine with the phenylpropanoid precursor until it is completely 
substituted, and that in the 24 hr metabolic period there is relatively less of the active 3- 
hydroxy rdmethoxybenxoic acid moiety available for rhapontin synthesis than of the 4- 
hydroxybenzoic acid moiety for piceid. This deduction is contrary to the conchrsions made 
earlier concern@ flavonoid biosynthesis and no supporting evidence could be found for the 
deduction. Another possible explanation is the d&rent turn-over rates of pi&d and rhapon- 
tin result in different rates of bios~~~. As the relative in~sities of ~0~~~ in the 
two pools supplying the A and B rings would differ during 24 hr, the different rates of biosyn- 
thesis would become apparent in the distribution of activity in the stilbenes. 

Further evidence of the degradation of tyrosine and phenylalanine to acetate is shown by 
the activity of the crude terpenoid oils (petrol-soluble fraction, Table 2) which are formed 
from acetic and mevaIlonic acids .43 The activity of the wax fraction is probably partly due to 
occluded terpenoids as a partial puritkation of one sample reduced the activity. When 
tyrosine is fed, the activity of the terpenoid oils is appreciably higher than that of the other 
fractions (Table 2) and this would be expected if the first step of its utilization is degradation 
to acetate. 

In view of the large amount of activity in the sugars and the presence of activity in the 
polyphenols after f&g tyrosine to variant leaves, it is not unexpected that active shikimic 
acid was isolated. The low activity of the sugars relative to the polyphenols formed after 
phenylalamne feeding is in agreement with the view that little degradation of this amino acid 
to acetate takes place. However, the activity of shikimic acid is remarkably high (Table 3). 
In contrast to the polyphenols, the purity of the shikimic acid cannot be assessed from the 
U.V. spectrum and radioautograms show the presence of a highly active impurity with very 
similar chromatographic properties. 

This work ilhastrates the difkulties in drawing conclusions from the activity of a particular 
end-product after feeding and metabolizing a possible precurso rf~rno~~~a~ 
period. The &vity may be due to inception of &~~tion products of the supposed 
precursor in the biosy%thetic pathway and not due to direct utilixation of this compound. 





EXPERIMENTAL 

mei sampkrs were taken from adult tmcs ~~~~~ ~~~~A. Cum. cx WaoEs, 
E. ~~~ Maiden and E ~y~~ Maiden. A ~e~~o~ SpeGimen of8 v8iiant Of 
E. sicderoxyfon pmtided samples b, d and e, Table 1, and v&t samples T8ble 2. All other 
samples wem cokted from trees growiug in their natunll M&at. 

P-r ~~~~o~~y 
All samples m exax&ned by ~~0~ ~~tO~y On whatman NO. 1 

psper~tbcsolvcntsy~s(~)&AVV;~butanol-aoet~~~~~(6:f:2)f~~o~by(b) 
6 % acetic acid in a constant temper8ture (20”) room. Radio8utograpbs were pmp8red using 
Kodak “No Screen” X-zay film and exposure times of 130 days. C%rom8to&mms were 
~~long-(31i6~)and~o~~f254~~waveuv.~tinthe~stodabgenoeof 
ammonia, by spraying with d&z,otized pnitroanikineql and when 8pprOlXi8te with vadb 
hydrochloric 8&i 45 and ~~~~e.46 

The ~rn~~~ were separated by means of b8nd ~o~to~phy on Whatm8r1 No. 3 
paper. AlI paper wa8 washed with tbe relevant solvent before use. In addition to the above 
solvents, 3ESV, ~-bu~ol~o~~~ (4: 1:2-Q w&s 8&o used for certain fractions. 

The amino acids and sugars were identifkd by direct comp8rison with 8uthentic s8mples 
usingas cbromatogr8phicsolventsBAW, phenol saturated with waterandin additionphenol- 
e%b8nol-ammonia (15:4:1) for amino acids and butyl 8cetate-pyridim?-ethanol-w8t@r 
(s : 2 : 2 : 1) for sugars. Ninbydrin was used as a chromogenic spr8y for the amino acids and 
~~ipbeny~ 47 and aniline ph~phate48 for the sugats. 

~~~~?~~n of stile ~~~yZa~~e and Tyrohe 

The &00&s were taken from adult trees 8zId possessed de&t-f@e leaves that had recently 
re8cbed full size. The aqueous solutions (1 l 5 ml or less) of the compounds were fed through 
~cuteadsand~~addedsflterthesolutionw~absorbed, ~~oo~~p~i~8 
glasshouse for 24 br and during the night period were illuminated with coo1 white fluorescent 
light with an intensity of approtitely 1000 ft-c. The day temper8ture range was 25”-30” for 
diGrent experiments and the night temperature 15”~20”. With samples b-e (Table l), the 
solutions were &ken up at an 8pproxim8te rate of 010 bang shoot weight, 8nd with tile 
normal-type s8mple (No. a, Table 1) absorption took plaoe at about oneklftbis rate. With 
samples co irA 8UtUma (Tble 21, the vaL%Ukt-tyPe !%ampk%s absorbed the ~0lutions &ii 
about @lO rnl~~g but with the ~o~l-~ s8mples the rate w8s @40 ~~~~g. A tr8ce (less 
than 2YJ of the pheqMa&ne solution fed to normal leaves in the Mter experiment ~88 not 
t8lcen up. 

FMdonation of 2kqf KHractt 

At the end of the metabolic period the leaves were removed from the shoots, cut up and 
plunged into boiling ethanol. The extract was removed and tbe residue extracted w&h 
~~01 in 8 SOAPS extractor for 8 &f. The extmcts were ~~~~ in 8 rotary 
evaporator, the residue heated with a gmalf portion of w;atet, filtered hot and the aqueous 

UT. 
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~~.~aadIC.~~Qbmr,~~c[apcrlpa)~~(19u) 
7d 377 (1957). 
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extradoll continued until all soluble material was removed from the wax fraction The 
aqueous extra& were extmc&d repeatedly with petrol (b.p. 60”%0”) and then applied to 
washalsheetsofWhatman No. 3 paper (14 x 22*5 in.) as streaks and chromatographed with 
6~aceticacid.~~tagramsw~cut~~threebsrndswithIz,~2,0~~5,~~1~, 
anddesignatcdI,UandmF~~~~~ly~a~2). ~~~~tup,~~ 
with methanol for 8 hr in a soxhkt apparatus, the extracts conc&ra&d and each extract 
applied to washed Whatman No. 3 papers as streaks and chromatographed for a second time 
with BAW. The bands obtained at this sta8e yielded the crude compounds listed in Table 1. 

The various bands of mixed flavonoids from II Fraction (Table 2) were extracted and 
chromatographed for a third time with 6% acetic acid. The individual flavonoids were 
separated as bands and chromatographic cxamina tion, spectral properties and colour reac- 
tions of the extracts indicated that, with the exception of catechiu the flavonoids were pure. 
Examinationof~ecatechiaf~o~indicatedthatd~thclasts~d’pun’fication,the 
ratio of polymeric material increased. The stilbenes from I Fraction were purified for a third 
time by c~o~~~phy using BEW. 

~~to~~c separation of III Fraction with BAW yields sub-fraction I&, con- 
taining engclitin andpcoumarylquinic acid; IIIb, chlorogenic andp+oumarylquinic acids; 
IIIc, chlorogenic acid; IIId, compound x and a chlorogenic acid-like compound; IIIe, shilci- 
mic acid and compound y; IIIf, sugars and amino acids. Fractions IIIa-IIId were further 
purified chromatographically with 6% acetic acid and again with BEW. In addition to the 
major components, Fractions IIIa and IIIb contained small amounts of a compound similar 
in behaviour top-coumarylquinic acid but with higher J?,vahres in BAW and which appear to 
be~umaryhhikimicacid. Theband~~the~acidcolo~rtactioninFrsctionIIle 
~furtherp~~o~~~p~~ywith6%aceticacidrrndagain~~BAW. Fraction 
IIIf was dissolved in water and passed through a small Amberlite IR-12O(H+) column to 
separate the su8ars and amino acids, the latter being removed from the column with 4% 
ammonia. The sugars obtained from variant-type leaves were furthrr separated on washed 
No. 3 Whatman paper with BAW. 

AUsampl~and~~wereextractedwith~~ol~d~~~e~~~~ 
undervacuumat400inarotaryevaporator. Theactivityofallextractswasdetermmedby 
placing an aliquot on stainless-steel planchets and measuring the radioactivity with an end- 
windowtube(Pbillips 18505)andelectroniccounter(PhilipsPW4035). Thespectraofethanol 
solutions ~~~~w~~rn~~~~~ ofpurecompoundsl andthis, togetherwith 
c~~~ap~c examination, indicated that the compounds in Table 3 were pure. Chro- 
rna~~p~c c xamination showed that the stilbenes were a mixture of c&r and ~~~~rn~. 

Tbequinicacid~werehydro;lyrredbyan~preparation~describedbyLevy 
and Zucker” and the products separated chromatographically by BAW. Quinic acid was 
detected by its reaction with aniline following periodate oxidation16 and the aromatic moieties 
by their fluorescence under U.V. light in the absence and pmcna of ammo&. 

pioeidorrhapontin(about5omg)wasacetylatedwithaceticanbydtide(5ml)andpyridine 
(0.25 ml) at room temperature for l-2 days. The mixture was evaporated under vacuum at 
70°, the residue dissolved in aatone, shaken for 2 hr at room ante with excess of an 
aqueous 2% solution of potassium perman8anate, then an equal volme of water added and 

@ C C. LEVY and hf. Zuacat. L B&l. CRmr. 235,2418 (1960). 
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the liquor &red. Unoxidized material was removed by extraction with ether, aad the 
aqueous solution acidified and extracted with ether. The evaporated extract was dissolved in 
a 2% potassium hydroxide-methanol solution, acidifkd, extracted with ether, the extract 
washed with water and, afIer evaporation, purified on ~0~~~ of Silica Gel G.F. 254 
(EL Merck, A. G. ~s~t) using c~orofo~~~yl acetate-formic acjd (5 :4: 1) to yield 
4-hydroxybenzoic acid. The aqueous solution l& by the finat ether extraction was evaporated 
to dryness under vacuum, 2N HGI (10 ml) added and heated on a steam bath for 0.5 hr. 
Ether extraction removed 3$dihydroxybenzoicacid, which was purikd as above, and glucose 
was obtained from the aqueous residue. 

Enzyme Activity 

Tests for tyraae (ctyrosine ammo&&se) and phenylalanine daaminase (L-phenylal- 
~~ou~-iy~)wefedoneaccordingto~emethodso~~5oa~Koukoland~M5f 
respectively. Parallel tests were mn on oat shoots. 

=A. C. NmsqPhytM 1,l (l%l). 
5’ J. KOUKOL and E E. Cow, J. Bid. C&m. 236,2692 (l%l). 


