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Ahstraet-Culture experiments with the fungus Fen~op~ru ~~~~ea showed that the xy~e~-t~ pigments 

of this or8anism are bio-synthesized via a pulvinic acid intermediate. 

Xylerythrin (1) [1] and the other known pigments from 
~e~~~~o~~ sanguinea-5-0-methylIeryth~n (2) [2jl, 
peniophorin (3) [3], peniophorinin (4) [4], peniosaqum 
(5)’ [S, 61, and its Me ether (6) [5, 6j--are trimers 
derived from 3 monomer phenylpropane precursors. We 
tried to establish to what type of phenylprop~e dimer 
intermediate the third phenylpropane unit was attached: 
(i) a grevi&n [7J or a greviliin precursor, (ii) a derivative 
of polyporic acid [S], (iii) a derivative of pulvinic acid [9]. 
We also had to consider the possibility, that the results 
of the labelling experiments might only be caused by (iv) 
turn-over incorporation. 

Particular ~nsideration was given to the last point, 
since a long labeliing period (5 weeks before extraction} 
[lo] was necessary. At the end of this period and under 
opium conditions ~~rnurn pigment pr~u~tion was 
about 3 pg per flask. Smce the amount was so small, 
experiments with 13C-labeiled precursors were not 
feasible. Isolation of 14C-labelled products by prepara- 
tive-TL,C or column c~omato~aphy also failed for this 
reason. Furthermore, the isolation of the main pigment, 
xylerythrin (l), by co-crystallisation with synthetic non- 
labelled xylerythrin gave erroneous results, as all the 
xylerythrin-type pigments have a tendency for mutual 
co-crystallisation with other ‘pigments of this lipoup. A 
degradation of such a ‘crude’ product would not give 
consistent results, An indirect method was therefore 
chosen, based on tyrosine incorporation, on the reason- 
able assumption that the oxidative step from phenyl- 

lU!%ZULTS AND DmSiON 

The decision as to which of the 4 discussed possibilities 
occurred was based on the fact that tyrosine could only 
be a precursor of those incorporated phenylpropanes 
which have a pOH-substituted aromatic ring. Thus, 
xylerythrin (1) and its Me ether (2) have one such ring 

* Part 5 of ‘Studies on pigment-producing wood-fungi’; for 
Part 4 see Massow, F. Y. and Tevini, M. (1975)(2.P&&?&e 
al,!@. 
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alanine (or analogous ph~ylpro~es) to tyrosine (or 
anaiogues) is not reversible. 
while ~niopho~ (3) and ~~opho~~n (4) have two 
161. For these two groups of picks (with OM or two 
p-OH-substituted rings) the respective incorporation of 
tyrosine caused by the 3 biosynthesis hypotheses (i to iii) 
is shown in Scheme 1. The relative results of all 4 possi- 
bilities are summarized in Table 1. As can be seen, during 
formation of the xyleqthrin-skeleton one carboxy-group 
is lost. Therefore, one expects different labelling depend- 
ing on whether the tyrosine side-chain is ~~ll~-[~-14C] 
or -f2-l%]. 

In the first.experirpents P. sunguinea was grown on 

nutrient medium with the following precursors labelled- 
[1J4C]: rrans-cinnamic acid as control, since it was 
established that cinnamic acid is neither a precursor for 
the iliac-TV pigment voltisporin [l l] nor for the 
pulv~ic-ty~ pigments from ~~e~~ocy~~e~~~~u croeata 
[12]. L-Phenylaianine as an absolute incorporation 
control. t-Tyrosine for realising a mutual incorporation 
of the C-l-carbon into those pigments with only one 
~-OH-substitute ring. 

The result (Table 2) was an equivalent incorporation 
for all the pigments, for L-pheny~~~e-[l-14~ as well 
as for L-tyrosine-[I-‘<]. No incorpqration could be 
detected for trans-cinnamic acid-[lJ4c]. 

Table I. Expected res&s of incorporation into X$el@rin-type 
pigments after addition of iyrosine-[1-**Cl or Qrosin~2-‘4c] 

respectively* 

(ii) ._ 
(a) 1st gPlI&i& 

hypothesis #.5/l as, 1 IS/2 l.SjZ 

@+ ~~~ w w l/2 
(iv) Tum-0vcr 1 I 1 1 

muIt I xii;: iiiii I ‘I’ i/ii niii 

*N~e~~ values plug 100% end product 
latilling by the ptecurso r, if incorporated by direct means. 
1st value: tyrasine+14C]; 2nd value: tyrosine42-14Cj. 
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j tyr-[ 1 -14C] tyr-[2-‘4Cj 

Scheme 1. Inwrpomtion principle of tyrosine#- W] or -[_Pc] respectively into the xylerythrin-type pigments with OR@ or two B 
OH-substituted ring(s) by the discussed biosynthetic pathway hypotheses. 0 A =: full (100%) incorporation from the labelled 
carbon of the protons). 0 fi = half (5% diluted) inco~omtioa from the Melted carbon of the precursor(s). 
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Table 2. Relative incorporation rates of the known* xylerythrin-type pigments obtained from the expeDments with 
L-phenylalanine-[1-“Cl, L-tyrosine-[1-“c] and D,L-tyrosille-[2-‘*C] 

xy1erythrin SO-Methyl- Peniophorin Peniophorinin 
(I) xylerythrin (2) (3) (4) 

A B C A B C A B C A B C 

L-phenylalanine-[ 1 -l’C] 2.04 4.64 1 
CL-tyrosine-[lJ4C] 0.44 1 1 
AD,L-tyrosine-[2-14C] 

(a)t 1.01 2.3 1 
@It 1.22 2.11 1 
mean 1.12 2.54 1 

2.10 6.18 1.31 1.83 4.82 1.01 
0.34 1 1 0.38 1 1 

0.96 2.68 1.17 
1.08 2.74 0.99 
1.02 2.71 1.08 

1.59 4.82 1.04 
0.33 1 1 

1.73 4.55 1.98 
2.04 5.37 1.94 
1.89 4.% 1.96 

A: Relative incorporation rate. 
B: A-values normalixed to the respective result for L-tyrosine-[lJ4C]. 
C: B-values normalized to the actual xylerythrin Welling. 

*A hitherto unknown pigment (TLC polar; see u2 [19]) was isolated from 100 non&belled cultures (0.8 mg) and it was shown 
(after HCl-treatment), that its chromophor is identical to xylerythrin. This u2 showed a C-value ratio of 1: 1.13 tyr-[l-“Cl: 
tyr-[2-W]. 

t In (a) 12.5 pmol precursor, in (b) 25 umol, but in both cases a total of 10 uCi. The nearly identical labelling of the‘product 
pigments in both cases indicates that the 2-fold higher concn of precursor in (b) is compensated by the 2-fold smaller sp. act.. 
Thus, in the concn range. used precursor uptake increases linearly with concn, and essentially equivalent amounts of labelled 
precursor are taken up by the cells in the two cases. Silar results have also appeared in the literature [12]. 

$ After addition of D,L-tyrOShe-[2-"C] this pigment was not detected. This may be a consequence of the di&rent mycelium 
growth after addition of the L- or the D,L-form (see text). 

The next step in the analysis required cultures with 
n,L-tyrosine [2-14C]. Tyrosine turn-over should lead to 

the pigments with two p-OH-substituted rings compared 
with those for the pigments with only one p-OH-group. 

non-diversified labelled pigments. However, its incorpor- A 2:l ratio was found (Table 2), even when all the 
ation according to one of the pulvinic-hypotheses (iii(a) incorporation rates were higher than those of the experi- 
or iii(b)) should give labelling ratios of 1.33 : 2 or 2 : 1 for ments with L-tyrosine-[l-14C]. The reason might be that 

HO 5: R, = H/R, = OH 
or vice versa 

6: R, = H/R, = OMe 
or vice versa 
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these D,L-phres grew slower than those with the L-form. 
Analogous stimulations are known from investigations 
on other plant pigments [13, 141. 

The incorporation experiments are consistent with the 
second pulvinic-hypothesis (iii(b); Scheme 1 = thick 
mows). A mathematical control, done by the X2-test [ 151, 
showed that neither the grevillin- nor the polyporic- nor 
the turn-over-hypothesis can be correlated with the results 
in Table 2 (probability 1 in 1000000). The first pulv&- 
hypothesis explains one out of 100 cases. Only the second 
pulvinic-hypothesis gives a (normal) explanation (for 
about 90% of all the possible result combinations). 
Furthermore, a biological control was carried out (see 
[16]) which confirmed the above conclusions. 

EXPEBIMENTAL 

Orgarth. Penibpbora sanguinea (Fr.) Btes., strain Karbruhe. 
Culrures. 50 ml nutrient medium [ 17j in 250 ml flasks at room 

temp. in daylight. 12 weeks after inoculation 50 ml fresh medium 
and precursor (10 uCi) were added (L-phenylalanine-[1-14C] or 
r_-tyrosine-[ 1-i4C] or rrans-cinnamic acid-[ 1 -*4C] = 50 umol; 
D,r,-tyrosine-[2-r4C] = (a) 12.5 umol or (b) 25 umol). 5 weeks 
after precursor addition cultures were harvested by extracting 
[17] the pigments. To measure the amount of each pigment 
produced [18] and its actual radioactivity, TLC [I91 and auto- 
radiography [RX] was carried out. As the pigments had not been 
isolated (see Introduction) the radioactive purity was checked 
by comparing the actual ‘relative incorporation rates’ from 
different TLC-systems. The maximum difference found was ca 
12%. This is within the standard deviation of this complex 
system (U = + 13%). The ‘relative incorporation rate’ was calcu- 
lated by dividing the actual radioactivity by the amount of 
substance. The results were expressed as units relative to the 
respective reference standard. To obtain the reference standard 
at the 5-week-stage the medium of some flasks (containing 
L-phenylalanine-[ 1 -i4C] as precurso r) was replaced by 50 ml fresh 
precursor-free medium. Then, after a second 5-week-period, 
these reference cultures were also harvested by extraction. 
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