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Abstract-The inhibitory effect of a series of analogs of CPTA. 2-(4-chlorophenylthio)-triethylamine-HCl, and 
ammonia derivatives on carotenoid biosynthesis in Phpon~yc~s h/akeslercm~,s mutants was studied. The types 
of inhibition exhibited allowed no firm conclusions about the biosynthetic route to b-carotene from either p- 
zeacarotene or lycopene. However, the evidence suggests at present that both pathways are operative. It was 
found that a slight change in structure of inhibitor resulted in a different type of action. Conclusions based on 
a single inhibitor could be cited as “evidence” for a certain pathway. 

INTRODUCTION 

The effect of administering CPTA [2-(4-chloro- 
phenylthio)-triethylamine hydrochloride [l-5], 
cycocel(2-chloroethyl-trimethyl ammonium chlor- 
ide [5,6] nicotine [7-93 and other nitrogeneous 
heterocyclic compounds [ 10,l 1] on a wide spec- 
trum of carotenogenic systems have been reported. 
Most of these compounds cause, in varying 
degrees, an accumulation of acyclic compounds 
such as lycopene and y-carotene and a reduction 
in j-carotene and p-zeacarotene synthesis. 

Previous communications from this laboratory 
[5,10] as well as from others [ 1 l] showed that 
minor structural changes in these compounds 
resulted in varying the degree of the effect and in 
some cases resulted in the compound becoming 
toxic. In one series of pyridine derivatives [lo] the 
inhibition of B-carotene synthesis was related to 
compounds having a pK, range of 6 + 1. 

In the present paper the biosynthesis of caro- 
tenoids by Phycornycrs hlakesleeanus mutants has 
been studied in the presence of analogs of CPTA 
and a series of derivatives of ammonia. 

* Contribution No. 1533 of the Rhode Island Agricultural 
Experiment Station. 

t Post-doctoral fellow, PCSIR Laboratories, Lahore-16 
Pakistan. 

RESULTS 

Table 1 lists the results of adding 1 mM of 
CPTA or its analogs to the growth medium on the 
biosynthesis of carotenoids in P. hlakesleeams 
strain C 115. Most of the CPTA analogs caused a 
slight increase in the total carotenes @g/g dry 
weight) but caused little change in the total yield 
of mycelium. The addition of CPTA itself (I) 
caused an increased synthesis of phytoene, phyto- 
fluene and i-carotene, a large accumulation of lyco- 
pene and ;I-carotene and a reduction of p-carotene 
and /?-zeacarotene. 

CPTA 
(1) 

The removal of the 4-chloro group (2), or the 
lengthening of the alkyl chain from 2 to 4 carbons 
(3) resulted in compounds less active than CPTA. 
The substitution of an 0 for the S of CPTA (4) 
resulted in the greatest stimulation of lycopene and 
y-carotene and the greatest overall synthesis of car- 
otenoids. The removal of the 4-chloro group from 
4 (5) again resulted in a loss of activity. 2-Thio- 
triethylamine (7) was inactive whereas 2-hydroxy- 
triethylamine (8) retained some activity over the 
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Table I. Effect of (‘PTA and its analogs on carotcnoid composition in P. hlrrhc.viceuw.s htraln C I15 

* Atld~d 23 III- after inoculation at a concentration of I mM. supplied hq AmC‘hcm Products. Inc.. Amhlcr. Pa. l’.S.I 
+ Aldrtch Chcm. Co.. Mil\+aukee. Wisconsin. 
0. C’onrrol: 1. 7-(l-chloropl~enylthio)-trlct~~~l~~~~~ine HC‘I (CPTA): 2. 2.phcnylthio-tricthylamine H(‘l: 3. ~2-(3-chl(lrophc~~~l- 

thio)-~rhyl]-triet~~~l~~~ni~~c HCI: 4. 2.(4.chlorophcnou)-trieth)lamine HU: 5. 2-phcno*~tricth~l;~minc HCI: 6. 7-13-chlur<)- 
pheno\!)-triethvlarnine N-oxide: 7. 7-mercnptotrleth~laminc HCI; 8. 7-hqdrouStricth?laminc HCI; 9. l-j/i(diell1!lonlilrol- 

control. The formation of the N-oxide (6) resulted 
in the greatest inhibition of p-carotene; however, 
phytoene was accumulated rather than lycopenc 
or *l-carotene. 

I’tt addition to the CPTA analogs available from 
commercial sources. a number of related com- 
pounds wet-c synthesized in which the group sub- 

stitucnts on nitrogen wcrc varied. CPTA synthe- 
sized in our laboratory was identical to that SLIP- 

plied h\ AtnChetn and gave the sitnilar results 
(Tahlc 2). Whcrc two thio ether groups were pres- 
crtt (compound (10)) [2.2’bis(4-chlorophenylthio)- 
diethylamine hydrochloride] the compound was 

found to be toxic at a concentration of I mM. 
However, the trisubstituted compound (11) 
[2.2’2”tris(4-chloropheii~lthio)-tt-ieth~laminc hy- 
drochloride] causes an increased accumulation of 
phytoene but otherwise resembles the control. 
Compound 12 (with only one ethyl group) caused 
an increased synthesis of lycopene. phytocne and 
;-carotene. Compound (13) (tvith no ethyl groups) 
gave results essentially the same as the control. 

Table 3 shows the effect of NH,Cl. sonic of its 
derivatives, and urea in the biosynthesis of caro- 
tcnoids in P. hl~fltc'slr'c'~777ll.s strain (’ 115. 
Ammonium chloride appears to be used b) the 

Ph> tocllc I72 470 6X0 ‘61 I70 
Pll~totluenc 77 73 02 ,, ‘i 
,-~‘nroten~ 7 39 I h ;: T; 

Neurosporcne 9 14 17 i; 7 
LjcOpc’K 5 .300 6 2x5 IO 
;,-Carott‘nc 1 115 0 7, 7 
/i-(‘arotcnc 1165 57’ II75 II;7 I I.37 
/i-Zcacwotenc I I I h II 

Total I100 154.: 1999 1477 1374 

Dry wt (g) ni\-celium 250 ml media 2.07 I,XI I.Xh 2w I, I I 
___ 

+ Added 2-I hr after inoculatwn at a concentration of I mM; CPTA and analogs synthesized in our laboratory. 
(I. C‘ontrol: I. 2-(4-chlorophenylthio)-triethylamine 

11. ~.?‘.~“-tris-(J-chloropllen4lthio)-triethylamine 
HCI (CPTA): IO. 23his-(J-chlorophenylthio)-diethqlane HC.1: 

HCI; 12. I-(4-chlorophcn~lthiol-eth~l~~~~~inc-!~-ct~~~l HCI: 13. I-(l-chloro- 
ph~n\lthlo)-cth~latnine HCI. 
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Table 3. Effect of ammonium chloride and its derivatives and urea on the biosynthesis of carotenoids by P. blakesleeanus strain 
c 115 

Carotenoids Compound testedt 
(gg/g dry basis) 1 14 14* 15 15* 16 16* 17 17* 18 19 20 21* 22* 

Phytoene 164 175 200 210 260 209 265 210 245 235 280 320 225 280 
Phytofluene 31 33 40 37 39 38 61 34 41 38 39 50 45 -.- % 
C-Carotene 10 8 10 9 II 10 24 11 21 10 9 25 16 - 
Neurosporene 9 9 11 II 9 10 9 IO 11 IO 11 I4 10 - 
Lycopene 4 5 4 13 28 32 94 22 44 14 42 120 6 - 
Y-Carotene 3 3 2 11 23 20 65 17 36 11 26 42 5 - 
/I-Carotene 1280 1590 1996 1300 1325 II35 1130 1260 1230 1260 1160 1010 1465 1150 
/I-Zeacarotene 14 30 46 IO 9 IO 5 10 5 11 3 3 38 - 

Total 1515 1853 2309 1591 1704 1464 1648 1564 1633 1589 1560 1484 1810 1430 

Weight of mycellium 
(g/250 ml of medium) 2.04 2.29 2.38 2.06 2.12 2.07 I.95 2.07 2.03 2.07 1.95 2.04 2.86 0.25 

* 5 mM ; added 24 hr after inoculation. 
t Concentration used 1 mM; where specified. 
0. Control; 14. ammonium chloride; 15. methylamine HCI; 16. dimethylamine HCI; 17. trimethylamine HCI; 18. ethylamine 

HCI; 19. diethylamine HCl; 20. triethylamine HCI; 21. urea; 22. hydroxylamine HCI. 

mold as a nitrogen source; however, it also causes 
a stimulation of the synthesis of B-carotene and fl- 
zeacarotene. Some molds [12] can use NH,Cl as 
a nitrogen source and certain amino acids greatly 
stimulate carotenogenesis in P. blakrsleeanus [13]. 
The effect of urea on Phycomyces was similar to 
that of NH,Cl and in fact may act as a source of 
nitrogen. 

The methyl (15), dimethyl (16), and trimethyl 
(17) amines caused a slight stimulation of lycopene 
and y-carotene. The effect was the greatest with 
dimethyl amine. Triethylamine (20) was more 

active than diethylamine (19) which in turn was 
more active than ethylamine (18). The effect of 
triethylamine on the culture was very similar to 
that obtained with the use of 2_hydroxytriethyla- 
mine (Table 1). Hydroxylamine (22) was found to 
be toxic to the culture and only phytoene and p- 
carotene were isolated. 

Table 4 shows that the phenyl derivatives of 
ammonia at a concentration of 0.25 mM have 
either no effect (aniline and triphenylamine) or are 
toxic (diphenylamine). Diphenylamine at a lower 
concentration (0.05 mM) results in the expected in- 

Table 4. Effect of aniline, diphenylamine (DPA) and triphenylamine (TPA) on the biosynthesis of carotenoids by P. blakeslerurms 
strain C 115 

Carotenoids Aniline* DPAt TPA* CPTAt DPA and CPTAf 
(pg/g dry basis) Control (0.25)t (0.05) (0.25) (1) (0.05 and I) 

Phytoene 178 200 1100 $ 940 1900 
Phytofluene 36 39 143 38 105 291 
[-Carotene 10 12 44 12 55 130 
Neurosporene II 12 29 9 19 46 
Lycopene 4 5 4 410 320 
Y-Carotene 2 2 3 192 93 
/I-Carotene 1295 1300 192 1180 1080 I08 
/?-Zeacarotene I7 15 68 16 

Total 1553 1585 1576 1252 2801 2888 

Weight of mycelium 
(g/250 ml of medium) 2.29 2.21 2.14 2.20 1.90 I .94 

* Chemicals added 24 hr after inoculation: DPA at 0.25 mM was toxic. 
t Chemicals added at the time of inoculation. Concentration mM in brackets. 
$ Phytoene was observed but could not be separated from triphenylamine due to a similar absorption maximum and R, values. 
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Table 5. Elect of ammonium chloride. C‘PTA and /Ciononc on the bioSynthesis of carotenoids in I’. h/rr~c~.~l~~~~~~t~.\ strain Cl 15 

(A) (‘ompounds added at time of inoculation: concentration in mM in brackets. 
(H) (‘ompounds added 24 hr after- inoculation. 
* [i-lononc \\a< nddod 24 hr after inoculation xcordiny to the method of Rcyx e’t (11. [I 71. 

hibition of the dehydrogenation reactions and 
stimulation of phytoene synthesis [ 141. The dehyd- 
rogenntion of /&zeacarotene was also blocked by 
DPA as a significant build-up of this compound 
was observed. CPTA when added at the time of in- 
oculation has been observed to cause a large in- 
crcasc in tlic total carotenes as well as cause an in- 
hibition of the q&se reactions in Bl~k~slca fr.i.s- 
/vII’~~ [4] and P. hlrrl\c~.s/~ccrrlu.s [S]. When DPA and 
C‘PTA wcrc added together a very large incrcasc in 
the lc~cl of phytocnc and an almost equal dccrcasc 
in the accumulation of [Gcarotcnc was obscrvcd. 
EtTectivcly. the addition of DPA to a CPTA CLII- 

turc did not change the total pigment synthesis but 
cn~~scd the more saturated polyenes to accumulate. 
This is in contrast to the results obtained by Hsu 
c’f 01. [4] with B. t~ispor~~ where the addition of 
DP.4 and C’PTA caused a large increase in the sq n- 
thesis of carotenoids over that obtained by the use 
of each chemical by itself. However. the cfrcct sug- 

gests (as in B. ~rispo~tr 141) that CPTA competes 
with DPA for the dehydrogenascs. thus allowing a 
greater percentage of polyenes biosynthesis after 
phgtoenc to accumulate. P. hlukcslcc~~l~nrs would 
appear to be more sensitive to DPA than B. t~.i.s- 
~jolu as half of the DPA concentration produced a 
much greater inhibition of the dehydrogcnation 
reactions. 

Table 5 shows that the cfrect of NH,C’l in stimu- 
lating the synthesis of [Gcarotcnc and /I-zeacaro- 

tene was the same irrespective of the time of the 
addition. It had been shown previously [5] that 
CPTA is most effective w-hen added at the time of 
inoculation (see Table 5). When NH,Cl (5 mM) 
and CPTA (1 mM ~2x0 ppm) were added togethcl 
the combined effect was observed to be generally 
in betwaccn the extremes obtained with the LW of 

each chemical singly. The time of the addition made 
a differcncc in the absolute amounts of the pig- 
mcnts that were isolated hut gencrall>, a competi- 
tive effect was observed between the tuo bases. 

The cffcct of [j-ionone vapours on P/~~Yw~~I~YY~s 
was shown by Rcyes ct al. [ 151 to bc one of stimu- 
lating the synthesis of phytoene. phytoflucne and 
/i-carotene. When the mold \vas treated with both 

<‘arotcnoids 
C/JR, g dry hasx) 

Pll~loc:ne 
Pll~tofluellc 
,-C’arotcnc 
Neurosporcne 
L)copcne 
;,-Carotene 
/;-Cnrotcnc 
/I-Zcacarotcne 
Total 
Weight of mycelium 
(y250 ml of medium) 
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fl-ionone and CPTA greater amounts of phytoene, 
phytofluene, i-carotene, neurosporene and lyco- 
pene and somewhat less p-carotene was observed 
than when each was used singly. Where CPTA was 
used either with NH,Cl or fi-ionone, /I-zeacaro- 
tene was not observed. 

Ammonium chloride promoted the synthesis of 
p-carotene and /I-zeacarotene in the high /I-caro- 
tene mutant C 115. The addition of NH,Cl at 5 
mM had no effect on lycopene or j-carotene syn- 
thesis in the high lycopenelow p-carotene mutant 
C 9 (Table 6). 

DlSCUSSlON 

It is possible to survey a large number of organic 
and inorganic compounds and compare their bio- 
logical activity in terms of cell growth and produc- 
tion of a finite number of biological by-products. 
Differences in the levels of inhibition of various 
compounds may range from permeability problems 
associated at some level of cell structure to inhibi- 
tion of a given enzyme. However certain conclu- 
sions and generalizations can be made regarding 
structural/activity relationships of various chemi- 
cals based on the observed carotenoid biosynthesis 
in an organism. 

Within the CPTA analog series (Tables 1 and 2) 
a few generalizations are possible: (1) In each case 
the oxy-ether is more active than the thiol ether. (2) 
The removal of the 4-chloro group or substitution 
with another phenyl ring deactivating group 
results in a loss of activity. (3) The removal of the 
phenyl group results in almost a complete loss of 
activity. (4) The formation of an N-oxide com- 
pletely changes the nature of the inhibition. (5) 
Substitution of the ethyl groups with H eliminates 
almost any effect. (6) A di-2(4-chlorophenylthio)- 
ethyl group is toxic and a tri-2(4-chlorophenyl- 
thio)-ethyl group results in an additional accumu- 
lation of phytoene in an otherwise normal culture. 

Within a broader sense the compounds that we 
have assayed would appear to fall into several 
categories: (1) Those that inhibit p-carotene and 
form lycopene in its place. Invariably p-zeacaro- 
tene drops out and y-carotene accumulates. Most, 
but not all compounds tested with an unshared 
pair of electrons on a nitrogen atom had some acti- 
vity in this manner; although their activity was not 
limited to the cyclization reaction. (2) Those com- 
pounds that stimulate p-carotene synthesis usually 

also stimulate the formation of /3-zeacarotene. /I- 
Ionone, NH,Cl and urea were reported in the 
present paper to have this action and were shown 
to moderate the action of CPTA on the carotene 
forming system. Other types of compounds with 
this activity often are of a terpenoid nature. (3) 
Compounds that inhibit the stepwise dehydro- 
genation of phytoene to the more unsaturated 
polyenes. Diphenylamine has been the classic 
example of this type of inhibition. Many of the 
compounds that inhibit cyclization or stimulate /I- 
carotene formation also stimulate phytoene and its 
products and thus some dual effects can be seen. 
Monophenyl amine (aniline) and triphenyl amine 
do not have the same effect even at higher con- 
centrations. The simple conversion of the amine 
[Z(Cchlorophenyl)-triethylamine] to the N-oxide 
[2-(4-chlorophenoxy)-triethylamine N-oxide] 
changed a CPTA analog from a type 1 to a type 
3 compound. (4) A fourth and rather curious type 
of inhibition has been mentioned before [lo] and 
is shown by hydroxylamine hydrochloride. These 
compounds inhibit the formation of intermediates 
between phytoene and p-carotene. These have 
been discussed previously [lo]. 

Finahy, the data of this paper and the previous 
ones [5,10] allow no firm conclusion about the 
biosynthetic route to p-carotene. If one selects an 
inhibition of type (1) or type (3) above it would be 
possible to obtain evidence for one or the other. 
When all the evidence is taken together one would 
have to conclude at this point that both pathways 
are operative. 

EXPERIMENTAL 

P. hlakeslerunus strains C 115 and C 9 were kindly supplied 
by Dr. M. Delbriick of the California Institute of Technology, 
Pasadena, California, U.S.A. CPTA and its analogs were kindly 
supplied by AmChem Products, Inc., Ambler, Pennsylvania, 
U.S.A.: /?-ionone and 4-[/G(diethylamine)-ethoxy]-benzalde- 
hvde were obtained from Aldrich Chemical Co., Inc., Mil- 
waukee, WI. Methylamine and dimethylamine were obtained 
from Fisher Scientific Co., Medford, MA. All other chemicals 
were obtained from Eastman Kodak Co., Rochester, N.Y. Sol- 
vents were distilled before use. A Cary 14 was used for the spec- 
trophotometric measurements. 

Mold growth conditions. Equal vol. of spore suspension of the 
respective strains of P. blakrsleeanus. in sterile HZO, were added 
to eq. vol. (250 ml) of standard sterile medium [l] contained in 
a I liter flask. The mold was allowed to grow in a controlled 
environment incubator as described previously [S]. The stock 
solutions of chemicals in H,O (sterilized by filtration) were 
added in the concn of 1 and 5 mM of medium either 24 hr after 
or at the time of inoculation. The mold was allowed to grow 
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for 3 days in each case before harvesting. Anihne. diphenyla- REFERE:LC’F:S 
mine and triphonqtamine uere dissolwd in Y5’:, EtOH and 
added to the medium. The final cont. of EtOH in the medium 1. Coggins. Jr., C. W. Henning. C;. L. and Yoko).ama. H 

was (1+“,,. Control cultures wcrc also grown in the presence of I I Y701 Scicnw 168. 15X9. _ 
L. 
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