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Abstract-Six amines profoundly affected carotenogenesis in Blake&a trispora. When cultures were treated with 
the amines, namely 4-[jG(diethylamino)-ethoxyl-benzaldehyde, 4-[/I-(diethylaminotethoxyl-acetophenone 
hydrochloride, 4-[P-(diethylamino)-ethoxyl-benzophenone hydrochloride, triethylamine hydrochloride, c(- 
diethylaminopropiophenone hydrochloride and tributylamine hydrochloride, an increase in the lycopene 
accumulation was observed. The modes of action of these amines appear to be similar to that of 
2-(4-chlorophenylthio)triethylamine hydrochloride (CPTA); however, they differ in relative effectiveness. 

INTRODUCTION 

PREVIOUS studies in this laboratory have shown that 2-(4-chlorophenylthio)triethylamine 
hydrochloride (CPTA) has a profound effect on the carotenogenesis in a wide variety of 
carotenogenic tissues including the fungus Blakeslea trispora.‘-4 In all cases, lycopene 
accumulated as the principal pigment with the concomitant increase in y-carotene. In the 
present investigation, the effects of six amines, 4-[P-(diethylarninotethoxy]-benzaldehyde 
(l), 4-[fl-(diethylamino)-ethoxyl-acetophenone hydrochloride (2) 4-[P-(diethylamino)-eth- 
oxy]-benzophenone hydrochloride (3), triethylamine hydrochloride (4), cc-diethylamino- 
propiophenone hydrochloride (S), and tributylamine hydrochloride (6). on the carotenoid 
biosynthesis in mated B. trispora are reported; also the mechanism of action in relation to 
CPTA is considered. 

Et,NCH&H,S-O-Cl Et,NCH,CH,O-n-COR 
\-I 

CPTA (1) R = H \_j 
(2) R = Me 
(3) R = C6H, 

RESULTS AND DISCUSSION 
Eficts of 4-[p-(diethylamino~ethoxy]-benzaldehyde (1) and its analogs (2 and 3) 

The mycelia of mated B. trispora acquire a yellowish color because of the b-carotene 

* Part VI in the series”Chemica1 Regulation of Carotenoid Biosynthesis”. Part V Phytochrmistry 12,2665 (1973). 

1 COGGINS, JR., C. W., HENNING G. L. and YOKOYAMA, H. (1970) Science 168, 1589. 
’ YOKOYAMA, H.. COGGINS, JR. C. W. and HENNING, G. L. (1971) Phytorhemistry 10, 1831. 
3 YOKOYAMA. H., COGGINS. JK., C. W.. HI NYING. G. L. and DI BI UI I)I(‘I. C. (1972) Ph~~r~~r.ll~,r~fi.\f~~. II. 1721. 
Q Hsu, W. J., YOKOYAMA, H. and COGGINS. JK., C. W. (1972) Ph~focl?r/llistr~ II, 2985. 
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accumulation4s5 The main carotenoids of the control mycelia were phytoene and p-caro- 
tene which constituted 800; of the total; lycopene and y-carotene constituted only about 
3:{, of the total (Tables 1 and 2). In the cultures treated with the compounds l--3. the caro- 
tenoid compositions of the mycelia were altered. Increase in lycopene accumulation was 
similar to that observed in cultures treated with CPTA.4 

Trra tmetl I * 
Carotenoid 

Compound I 
Control I00 ppm 500 ppm 

b-W? (“:; of (/lg/g (?,, of (pg/g (9, of 
dry wt) total) dry wt) total) dq wt) total) 

Phytoene 
Phytofluene 
[-Carotene 
Neurosporene 
Lycopene 
Y-Carotene 
/&Carotene 
b-2 eacarotene 

417 63 640 60 520 57.1 

-I; 32 5 2.5 27 26 2.5 2.5 36 17 4 2 
8 1.5 16 1.5 12 I.3 

17 2,5 40 4 73 8 
‘3 3 x4 8 IO? 11 

134 20 233 21.5 132 IC 
16 1.5 20 I! 9 1 

* Compound 1 was added at the time of inoculation and the cultures were incubated for 1 week before 
harvesting. 

In cultures treated with compound 1 at 100 ppm, the levels of /I-carotene. lycopene and 
neurosporene doubled; and the level of ;I-carotene was increased almost 4-fold (Table 1). 
With a higher concentration (500 ppm) of 1, the level of /I-carotene returned to normal 
(I.32 ,&g dry wt of mycelia): howcvcr. ;I-carotene further accumulated and became the 
second predominant pigment (102 pg,~g dry wt of mycelia), while lycopene increased 4-fold 
(73 ,ug/g dry wt of mycelia) and became the third major pigment. In treated cultures the 
increase in the total carotenoids produced and the decrease in the percent of o-carotene 
indicate the multi-functional nature of compound 1. It acts as a stimulator on the total 
carotenogenesis and simultaneously as an inhibitor on the cyclization reactions. 

Trcutmi~,~r~ 
Carotenoid Control 

2 
100 500 

mm PPm 

3 
100 500 

mm wm 

5 
100 500 

pv pm 

6 
IO0 1000 

mm Ppm 

Phytoene 
Phytofluene 
;-Carotene 
Neurosporenr 
Lycopene 
Y-Carotene 
p-carotene 
/I-Zeacarotene 

22X* 153 38 51 56 
30 43 I5 19 2 
17 10 4 Trace 5 

Trace 17 5 12 10 
8 111 215 125 560 
5 29 23 II 4 

173 154 47 15 4 
15 29 10 Trace Trace 

432 159 
69 29 
20 II 
37 20 

1313 2060 
174 61 
270 67 

35 ? 

40 133 
12 9 
II 12 
3 IO 
5 313 
5 15 

33 18 
Trace Trace 

* The numbers are expressed as ALgIg dry wt of mycelia. 
i Chemicals were added at the time of inoculation and the cultures were incubated for I week before harvest- 

ing. 

In cultures treated with compound 2 at 100 ppm, the production of p-carotene was in- 
hibited somewhat (154 ,ug/g dry wt of mycelia) (Table 2). However, the level of y-carotene 
’ THOMAS D. M. and GooowfN. T. W. (1967) Ph~‘to~ht’rlfi,st~~ 6, 355. 
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increased 6-fold (29 pgg/g dry wt of mycelia); and the lycopene increased 14-fold (111 ,ug/g 
dry wt of mycelia) to become the second major pigment. In cultures treated with com- 
pound 2 (500 ppm), the P-carotene production was inhibited by 73% and lycopene became 
the major pigment (215 pg/g dry wt of mycelia). 

Table 2 also shows that in cultures treated with 100 ppm of compound 3, p-carotene 
production was inhibited by 90% and lycopene accumulated as the major pigment 
(125 ,ug/g dry wt of mycelia). At 500 ppm of compound 3, the p-carotene level showed a 
further decrease and the level of lycopene increased by more than 4-fold (560 PgLglg dry wt 
of mycelia) and constituted 96% of the total pigments. 

The results indicated that the effects of compounds 1-3 on carotenogenesis are similar 
to that of CPTA. They stimulate lycopene synthesis and inhibit p-carotene production 
with differences in their relative effectiveness. The carotenoid patterns in CPTA treated 
B. trispora cultures depended on the concentrations of CPTA.4 At 50 ppm of CPTA, y- 
carotene accumulated as the major pigment (380/, of the total) and p-carotene and lycopene 
each constituted 12% of the total; the /?-carotene level increased slightly. At higher con- 
centrations of CPTA (100-300 ppm), lycopene accumulated as the main pigment and y- 
carotene was second. The carotenoid patterns shown in Table 1 and reported for various 
concentrations of CPTA4 indicate that the effectiveness of the compound 1 on the induc- 
tion of lycopene synthesis at the concentrations of 100 ppm and 500 ppm was less than 
CPTA at 50 ppm; compound 1 is only one-tenth as effective as CPTA. Figure 1 shows 
that 1-3 differ only in the R-groups. Results in Tables 1 and 2 show that the effectiveness 
increases as follows: 1 (R = H) < 2 (R = Me) < 3 (R = C,HS). The relative effectiveness 
of 3 is similar to that of CPTA. 

Benzophenone was shown to inhibit the carotenogenesis in Mucor hiemalis by inhibiting 
the dehydrogenation reactions thus causing the accumulation of phytoenes6 Substitutions 
on one of the benzene nuclei, diminished the inhibitory effect of the benzophenone. 4-Hyd- 
roxybenzophenone was somewhat inhibitory; however, 2,4-dihydroxybenzophenone as 
well as the 2-carboxy- and 2-carboxy-4-methylbenzophenone were totally inactive in the 
carotenogenesis. In the present study, substitution at the 4-position with the P-diethyl- 
aminoethoxy group (compound 3) not only diminished the inhibitory effect of benzo- 
phenone on the dehydrogenation of phytoene, but stimulated the dehydrogenation reac- 
tions, inhibited the cyclization reaction and consequently caused the accumulation of lyco- 
pene. 

EfSect of triethylamine hydrochloride 4 

Compounds 1-3, like CPTA, inhibit the synthesis of p-carotene and stimulate the ac- 
cumulation of lycopene. In order to investigate further the inhibitory effect of these com- 
pounds, triethylamine hydrochloride, the common group in the molecules of CPTA and 
compounds 1-3, was applied to the B. trispora culture. Table 3 shows the carotenoid pat- 
terns of the cultures treated with a series of concentrations of triethylamine hydrochloride. 
At 35 ppm of compound 4, no alteration of the carotenoid production and pattern was 
observed. However, as the concentration of compound 4 went up (70-350 ppm), the level 
of p-carotene decreased by 60%. The level of lycopene increased at the expense of /?-caro- 
tene and all the intermediates leading to lycopene. The level of y-carotene remained almost 
constant. These results indicate that probably the triethylamine portion of the molecules 

6 HERBER, R., MAUDINAS, B. et VILLOUTREIX, J. (1972) Phytochemistry 11, 3461 

I’HI’IO 13:2--a 
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of CPTA, and of compounds l--3 is responsible for the inhibitory effect on the [j-carotene 
biosynthesis and the stimulatory effect on the lycopene biosynthesis. The relative effective- 
ness of these compounds apparently depends upon the &substituting group (R’) on one 
of the ethyl-groups of the amine: the order of the effectiveness is 

The same order of effectiveness was found in the citrus fruit systen7s.7.8 

Trwttmvitt 
Carotrnoid 

II__- 

Phytoene 
Phytoiluene 
;-Carotene 
Newosporenc 
Lqcopene 
~-Cal-Ot~:n~ 

[I-Carotene 
/I-Zeacarotene 

Conlrol 
35 

mm 
70 

)vm 

46-l 436 

70 20 
Tract x 
Trvzc ‘ 8 

26 b3 
16 15 

171 102 
46 20 

712 
15 
13 

35 
25 
x5 

lZfict.s of’x-dic~tlr!~l~/mirlopropiol,hcnonc h~&vchloriclr (5) mtl t~ilnrr~~laminc hydrochloriclc (6) 

When cultures were treated with compound 5 at 100 ppm. total carotenoid production 
was enhanced by 5-fold; the levels of a11 the polyenes were increased (Table 2). Lycopene 
accumulated (13 12 /igig dry wt of mycelia) and became the main pigment. At a higher con- 
centration of compound 5 (500 ppm), the levels of all the polyenes except lycopene dec- 
reased. The inhibitory effect of the compound 5 on the cyclixation reactions was expressed 
and the massive accumulation of lycopenc (2060 pg/g dry wt of mycelia) resulted. 

Table 2 also shows that when compound 6 (100 ppm) was applied to the culture. the 
carotenoid synthesis of the culture seemed to be inhibited by 78”,,: however, @-carotene 
is still the major pigment. The growth of this culture appeared to be normal in comparing 
the 533 mg dry wt of mycelial mass/100 ml media for this culture to the 508 mg dry wt 
of mycelial mass/l00 ml media for the control culture. The low totaJ carotenoid produced 
in this culture might be attributed to the cultural variation in onset time for caroteno- 
genesis. In the cultures treated with 1000 ppm of compound 6. the /j-carotcnc production 
was inhibited by 90”“. lycopene accumulated (313 /lg:g dry wt of mycelia) and became the 
major pigment. 

The above results indicate that neither the P-substitution of phenoxy-derivatives on one 
of the ethyl groups of triethylamine nor the ethyl groups of the amine part is exclusively 
necessary for the regulatory activity of the amine compounds on the carotenogenesis. 
Amines with other alkyl groups might have the same effect, but might differ in relative effec- 
tiveness. In the case of compound 6. a much higher concentration (1000 ppm) was required 

’ POLING, S. M. Hw. W J and YOKO~ ,GIA. H ( 19731 P/~I,/,,~,/I~‘,~~,\/~I, 12, Xh> 
a HSL W. J. and YOhOI RI>\. IH In p,cp;,rr ,,,, ,I,. 
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for the accumulation of lycopene and the inhibition of fl-carotene synthesis. This could 
be due to the bulkiness of the butyl groups on the nitrogen atom. 

Compounds 1-3 also induced lycopene production in grapefruit and navel orange sys- 
tems.‘y8 However, compounds 4-6 although effective in the B. trispora system, were not 
effective in citrus fruit systems. 8 This phenomenon may indicate the problem of 
penetration of the compounds into the flavedo. The P-substitution of certain groups on 
one of the ethyl groups of the triethylamine molecule is probably necessary to enable the 
compounds to enter the flavedo tissue of the fruits and to induce lycopene synthesis. The 
phenomenon may also indicate that the two systems may differ in the functional groups 
involved at the active sites of carotenogenic enzymes, which will accommodate compounds 
with different structures. Despite this, the six amines tested in this study all possess the 
same inhibitory affect on the p-carotene synthesis as CPTA and cause the lycopene to ac- 
cumulate. 

EXPERIMENTAL 

Culture. The (+) strain (NRRL 2456) and (-) strain (NRRL 2457) of Blake&a trispora were obtained from 
Dr. Alex Ciegler of the Northern Regional Laboratory, USDA. The organisms were cultured in glucose-potato 
extract media in Erlenmeyer flasks on a gyrotary shaker (120 rpm) at 30”. 

Extraction of lipid and preparation ofunsaponijahle matter. The washed cultures were homogenized and the 
disrupted mycelia were extracted with acetone, followed, in some cases, by CHCI, extraction in order to extract 
all the lycopene from the tissue. The lipid was saponified and the unsaponifiable material extracted by standard 
procedures.9 

Separation and identification of pigments. The unsaponifiable matter, dissolved in petrol. (3G-60”) (PE), was 
chromatographed on MgO: Hyflo-Supercel(1 :l, W/W), and the various fractions were eluted with PE containing 
an increasing amount of acetone. The lycopene zone was eluted with acetone, then with EtOH and CHCI,. The 
pigments were identified by their UV and visible spectra and adsorption behaviors relative to known compounds. 

Quantitative determination. The method used has been described by Davies.’ 
Chemicals. 1, 5, and free amine forms of 4 and 6 are available from Aldrich Chemical Company, Inc. 2 and 

3 were chemically synthesized by published methods. lo With diethylaminoethyl chloride as the common starting 
reactant,p-hydroxyacetophenoneandp-hydroxybenzophenone were used as the other reactant for 2 and 3 respec- 
tively. The compounds synthesized were checked on preparative silica gel G TLC plates using EtOH (96%): 
25% aq. NH, (4:l) as the solvent system and ninhydrin as the spray reagent; the compounds were shown to 
be chromatographically pure with R, 066 for 2, and 069 for 3, 4 and 6 were prepared by bubbling HCl gas 
into ethereal solutions of triethylamine and tributylamine respectively. 
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