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Abstract--Cell extracts capable of converting MVA-[2-‘4C] into isoprenoids were obtained from the yellow 
Cl 15-mad-107( -) and red CB-carRZl( -) mutants of Phycomyces blakesleeanus. Neither air nor light was essen- 
tial for carotene biosynthesis. The specific activities of the terpenoid-synthesizing enzymes varied with the age 
of the cultures although the formation of lycopene ($,$-carotene) in the C9 and of [I-carotene @‘$-carotene) in 
the Cl 15 inutants. respectively, followed the increase in the dry weight yield of the cultures. The significance 
of these results to the biosynthesis of carotenes and to the classification of these compounds as secondary metabo- 
lites is discussed. 

INTRODUCTION 

Studies on a number of fungi have figured promi- 
nently over the last 20 yr in the literature of caro- 
tenoid biosynthesis. Although the overall pathway 
of carotene formation in these organisms is reason- 
ably well defined as a result of in Go investiga- 
tions (Scheme I), a number of problems remain un- 
solved. These include the problem of the nature of 
the acyclic precursor for the formation of the 
bicyclic P-carotene (7; P&carotene), that of the 
mechanism of control of carotene biosynthesis and 

the question of cofactor requirements for the desa- 
turation of the acyclic carotenes (2-6). Solutions to 
such problems necessitate the development of cell- 
free systems similar to those obtained from higher 
plant tissues [ 1,2] and capable of forming caro- 
tenes in rim. Chichester and his collaborators, 
using a cell-free system from wild-type P/~yconz~ws 
hlakrs/cru~~us, have obtained indirect evidence of 
the participation of isopentenyl pyrophosphate 
(IPP) and dimethylallyl pyrophosphate (DMAPP) 
in carotene formation [3]. and, by direct incorpor- 
ation experiments in essentially the same type of 
system, have demonstrated that farnesyl pyrophos- 
phate (FPP) [4] and geranylgeranyl pyrophos- 
phate (GGPP) [S] are converted into carotenes. 
Cell-free systems from other fungi have yet to be 
documented. 

* Present address: Department of Biochemistry, Royal Hol- 
loway College. Egham Hill. Egham, Surrey TW20 OEX. 

With these considerations in mind, we initiated 
studies into the development of a cell extract cap- 
able of converting labelled mevalonic acid (MVA) 
into carotenes. The organisms chosen were mutant 
strainsofp. hlakesleeanus,obtainedby N-methyl-N- 
nitroso-N’-nitroguanidine treatment of vegetative 

spores of the wild-type [6]. These mutants differ 
from the wild-type (NRRL 155.5) in their ability to 
form carotenes; the yellow C 115~mad-107( -) 
mutant accumulates exclusively p-carotene while 
the red C9-carR21( -) contains predominantly 
acyclic carotenes. especially lycopene (6; tj.rC/-caro- 
tene) [7, S]. The present publication reports the 
ability of cell extracts of these fungi to biosynthe- 
size carotenes from MVA-[2-14C] both in the 
presence and absence of light and oxygen. In addi- 
tion, variations in the specific activities of the iso- 
prenoid-synthesizing enzymes with the age of the 

fungal cultures are described. 

RESULTS 

Incorporution of M VA-[2-‘4C] into the terpenoids 
of thr C9 and Cl 15 mutants 

Preliminary experiments, designed to investigate 
the effect of light and oxygen on the formation of 
isoprenoids, were successful in incorporating 
radioactivity from MVA-[2-‘4C] into the ter- 
penoids under all the experimental conditions used 
(Table 1). A boiled enzyme control failed to incor- 
porate radioactivity into any of the fractions. The 
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Scheme 1. Formation of carotenes from mcvalonic acid (MVA). ----t Direct reactions: 
reactions. 

--t two or more 

radioactivity (dpm) of each compound reflects the 
total incorporation into that compound less that 
percentage which was not recovered during the 
particularly rigorous purification procedures. 
These losses varied slightly among the individual 
carotenes but wcrc all within the range 20~25”,,. 

Neither oxygen nor light was essential for the 
conversion of MVA-[2-‘“Cl into the carotenes, 
although aerobic conditions favoured the forma- 
tion of the triterpcnoids (squalene and sterols) of 
the C9 mutant and the sterols of the Cl 15 mutant. 

There was a negligihlc differcncc between the for- 
mation of j-carotene in the light by the Cl 15 
mutant under aerobic and anaerobic conditions 
(incorporations of 12% and 12.3”,,. rcspcctively). 
while maximum formation of lycopcne by an 
extract from the C9 mutant took place under dark. 
anacrohic conditions. 

All subsequent incubations of MVA-[2-‘4C] 

with the extract from the C9 mutant showed incor- 
porations similar to those presented in Table I. but 

later investigations using a (‘I IS extract rcvealcd 

Table 1. Perccntqc incorporation” of MVA-[1-“YY] into the tcrpenoids of Cl 15-rmrd-lO7( -) and CC)-ccwR2 I( -1 c\tracts 

Organism 

Incubation conditionsZ Light Dark 
Light 

0, 
Dark 

0, Light Dark 

Ilnsapon~fiahle lipid 

Squalene 
Phytoenc 

/Karotenc 

Lqcopcne 
Sterols 
Total carotenes (as ‘I<, 

of unsaponifiable lipid 

radioactivit)-) 

* Based on one isomer of IIL-MVA-[2-‘4C]. 

t Incnhation mixtttres (I ml) contamed IX.0 mg protein. 
$ Incubation mixtures (1 ml) contained 25-X mg protein. 
j Full details given in text. 

IYgosterol and lanostcrol. 
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Table 2. Incorporation of radioactivity from MVA-[2-‘T] into the terpenoids of samples of Cl l5-nut&107( -) extract incubated 
for different times 

Percentage incorporations* in incubation of time (hr): 
Fraction 0.25 0.50 0.75 I.0 1.5 2.0 2.5 3.0 3.5 4.0 

Unsaponifiable lipid 4.1 9.6 15.4 20.0 19.1 19.0 19.3 19.7 19.2 19.0 
Phytoene 0.56 0.92 I 43 2.58 2.35 2.13 2.12 2.1 I 2.05 2. I 3 
Squalene 2.45 4.65 5.63 6.76 8.06 8.06 8.03 8.05 I.95 7.61 
p-carotene 0 0.07 0.08 0.09 0.10 0.12 0.10 0.09 0.09 0.08 

* Percentage incorporations based on one isomer of DL-MVA-[2-‘4C]; incubation mixtures (I ml) contained 15.0 mg protein; 
other conditions are described in the text. 

some incorporation of radioactivity into both phy- 
toene (2; 7,8,1 1.12,7’,8’.1 l’, 12’-octahydro-$,$-caro- 
tene) and squalene (1) at the expense of j-carotene 
formation. This trend is reflected in the kinetics of 
the conversion of MVA-[2-14C] into b-carotene. 

phytoene, squalene and the total unsaponifiable 
lipid fraction (Table 2). 

These incorporation patterns show the reactions 
to be essentially complete after l--2 hr of incuba- 
tion; further incubation did not significantly alter 
the percentage incorporations. Addition of more 
radioactive substrate after 2 hr failed to increase 
the total radioactivity incorporated into any frac- 
tion, indicating the inactivity of the enzyme extract 
at this stage. The turbidity of the mixtures in- 
creased after a 2-3 hr period of incubation, so 
denaturation of the protein probably accounts for 
the loss of enzymic activity. 

Studies on the growth characteristics of the fun- 
gal mutants revealed a variation in the activity of 
the terpenoid-synthesizing enzymes with the time 
of harvesting the f&gal cultures (Figs. 1 and 2). 

For each mutant, 52 liquid shake cultures (each 
consisting of 100 ml medium in a 250 ml Erlen- 
meyer flask) were inoculated with identical 

volumes of a standard spore suspension (9.8 x lo6 
and 4.6 x 10” spores/l00 ml medium for the C9 
and Cl 15 mutants respectively) and were incu- 
bated in the light at 24”. The contents of four 
flasks, chosen at’ random, were harvested at 6-hr 
intervals from 1 B-84 hr after inoculation and at 96 
hr. There was a ,lag period of 18-24 hr before 
growth commenced and the germination of the 
spores was accompanied by a fall in the pH of the 
culture medium from 5.0 to a minimum of 3.8, 48 
hr after inoculation. Growth continued until 78-84 
hr after inoculation, when the dry weight yield 

levelled off and the pH of the medium became 
steady at 4.4. The increases in the lycopene content 
of the C9 and in the p-carotene content of the C 115 
cultures followed the growth curves, each carotene 
reaching a maximum some 72-84 hr after inocula- 
tion. The yield of total lipid also paralleled the 
growth curves of both strains. Microscopic exa- 
minations of the oldest (96 hr) cultures showed 
that the carotenes were contained in discrete oil 
droplets within the fungal mycelia. While analyses 
of the Cl 15 cultures detected no phytoene, 

P . 

100 

Lycopene formation 

I 
L_._.,i~ 

0 24 48 72 96 

Hours of growth- 

Fig. 1. Growth and carotene formation in the C9-curRZI( -) 
strain of Phycorr~~~s hlake.slrear~us. W-Growth (100 1 700 mg 
dry wt/lOO ml); A-mlvcopene concentration (100 F 1500 gg/g 
dry wt); +phytoene concentration (100 = I%0 leg/g dry wt); 
A-MVA-[2-‘4C] incorporation into lycopene (100 = 250 
dpm in lycopene/mg protcin): tMVA-[2-‘4C] incorporation 
into phytoene (100 E 3000 dpm in phytoene/mg protein). Incu- 
bation conditions for enzyme assays are described in the text. 

those 
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of the C9 samples showed that the concentrations 
of phytoene (2). phytofuene (3: 7,X. I I. I3.7’.8’-hexa- 
hydro-$,$-carotene) and c-carotene (4; 7.8,7’,8’- 
tetrahydro-~,c//-carotene) increased up to 54 hr, dc- 
crcascd. and then rose again to reach maximum 
values some X4 hr after inoculation (on]> the phy- 
toene levels are shown in Fig. 1). 

Although phytoene was not detected in the Cl 1.5 
cultures. the incubation of MVA-[3-“C-1 under 
the standard conditions with protein extracts from 
this mutant. and the subsequent addition and rci- 
solation of carrier phytoenc. /j-carotcnc and squa- 

Icnc, resulted in radioactivity appearing in all three 
compounds. The incorporation of MVA-[Z-“C’] 
into both phytoene and p-carotene (and into squa- 

Icnc) occurred in two distinct phases. with the cell 
extract showing maximal enzyme activity at 33 
and 60 72 hr af’tcr inoculation. In the latter phase. 
maximum incorporation into phytoene preceded 
that into /I-carotene by some I:! hr. 

In the case of the C9 mutant. two biosynthetic 
phases were again apparent. although radioacti- 
vity from MVA-[Z-*4C] was incorporated into 
iycopenc with maximum clficicnc! on14 during the 
first period. the highest specific acti\,it> or the 

cnyqcs being at -I:! hr aftcr inoculation. While 
phytoenc was formed b> the ccl1 extract during 
both phnscs. the higher amounts wcrc produced 
during the period 66 7X hr after inoculation. thus 
:lccounting for the accumulation of phytocne 
obsc~r\cd on :inalqis of the C;II’OWIWS. 

I)ISCl SSIOR 

The anaerobic formation of /&irotene from 
MVA-[3-“C’] by an extract of the Cl IS mutant of 
P. h/lr/i~',Sl“C'LlJll/S conlirms previous reports. from 
stud& WI higher plants L9, IO] and on a FItr~~>l~rc- 
rf~i~/r~ sp. (Strain 0147) [I I]. that the s> nthesis of 
this carotene dots not require oxygen. The forma- 
tion of /i-carotcnc 1~) higher plant s> steins. ho\\ - 
cvcr. does have an absolute requircmcnt for 
light [IO]. in contrast to the formation of /I-caro- 
tcnc in the C’I 15 strain of P. I)/rr~c,.\/(,c~~1,11,s and of 
lycopenc in tht: 0 mutant (Table i ). The cultures 
of P. h/tr/,c~.s/~,c,~r/f~,.\ used for the preparation of the: 
enzyme cutracts. howcvcr. wcrc grOWII in the light: 
it nmq lx that aomc of the cn/qmes concerned in 
the formation of Iycopenc and /Carotene (or part 
of an enzyme multiplex) are photoinduced, as 
appears to bc the case in ~~c~1f~~0.s~~~~~~ c~‘assa [ 121. 
The incorporations into the rcspt’ctivc carotenes 
indicate that light wd oxygen interact and alrcct 
the biosynthesis of the carotenes in diGring waqs: 
maximum incorpoi-ation into I!‘copcnc was 
obtained under dark anacrohic conditions, while 
the same environment apparcntlq had an inhibi- 
tor! effect on the formation of /i-carotcnc from 
MVA-[Z-“Cl. which was stimulated by illumina- 
tion. This aspect needs a more detailed invcstiga- 
tion of the cnry~ncs involved in the conversions. 
Although the effect of light on other fungal cell-lice 

systems capable of mctaboli-/ing MVA has yet to 
be reported, a number of moulds ha\‘e tither a par- 
tial 01. a11 absolute rcquircment for light in order 
to s),nthesiy-e carotcnoids j/f i+to [ 13. Ii], Liquid 
cultures of the Cl Ii and (‘9 mut:tnts 1~1~ [xxn 

found to contain 15 and 72”,, less total carotenes. 
respectively. in the dark than under illumin;itcd 
conditions [ 131. while carotcnc formation in static 
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cultures of the wild-type P. hlukeslreanus is, appar- 

ently, even more affected by light [ 15,161. 
The rate of incorporation of MVA-[2-‘4C] into 

the carotenes, squalene and the unsaponifiable 
lipid fraction (Table 2) was significantly greater 
than those previously reported for MVA-[2-‘4C] 
in a cell-free system of the wild-type strain of P. 
hlukesleear~trs [3] and for the incorporation of 
GGPP-[14C] into the carotenes of the C9 
mutant [S]. This is probably due to the fact that 
the protein concentrations of the extracts used in 

the present study were particularly high (up to 80 
mg/ml when a small volume of buffer was used to 
extract the lyophilized mycelia). 

Although the basic incubation mixture con- 
tained both pyridine and Aavin nucleotides, no re- 
quirement for these cofactors could be demon- 
strated since the cell extracts were denatured by 
prolonged dialysis. as they were on storage [17]. 
Consequently. previous reports that the wild-type 
strain requires ATP, NADP, NADPH, NADH 
and Mn2+ for the conversion of MVA-[2-‘4C] 
into the carotenes [3]. while no such cofactors are 
needed for the incorporation of GGPP-[I1 “C] into 
the carotenes of the C9 mutant [S] could not be 
verified. 

The growth curves of both mutants are typically 
fungal, as are the changes in pH of the culture 
medium during growth [ 181. The latter are a useful 
guide to the stage of fungal growth. It is generally 
considered that carotenoids are secondary meta- 
bolites in the sense that they are only produced in 
the later stages of mycelial growth and their syn- 
thesis is suppressed while the cells are actively mul- 
tiplying [ 19,201. The presence of intracellular car- 
otenes in both the C9 and C I 15 mutants and the 
activity of the terpenoid-synthesizing enzymes 
throughout the growth of these cultures (Figs. 1 
and 2) cases some doubt on this means of classifi- 
cation of the carotenoids as secondary metabolites. 
Previous investigations on the presence of caro- 
tenoids in fungal mycelia have yielded conflicting 
results: a major portion of the carotenes was 
formed only during the stationary phase of growth 
(idiophase [2]) of statically-grown cultures of wild- 
type P. hlakeslrranus [22], while the same strain 
was found to contain p-carotene throughout its 
growth in liquid culture [23,24]. This anomaly 
may reflect a difference in the roles of the caro- 
tenoids under these different cultural conditions. 

The incorporation of radioactivity by the C9 

mutant into phytoene rather than into lycopene in 
the later stages of growth might be consistent with 
a feedback inhibition, mediated by a high con- 
centration of lycopene, of the enzyme which 
dehydrogenates phytoene (Fig. 1). This situation, 
apparently, does not occur in the Cl 15 strain: the 
formation of b-carotene from MVA-[2-14C] can 
occur right up to the stationary phase of growth, 
and high concentrations of b-carotene do not in- 
hibit phytoene metabolism (Fig. 2). The appear- 
ance of /I-carotene in lipid droplets at late stages 
of growth. comparable with those found in other 
organisms [25] may reflect the removal of this 
carotene from the site of its synthesis, and hence 
the simultaneous loss of feedback control. The in- 
corporation of radioactivity into phytoene is not 
reflected in the appearance of phytoene in the 
mycelia of the Cl 15 mutant at any stage of its 
growth (Table 2; Fig. 2). This may indicate an 
alteration in the kinetics of the enzymes respon- 
sible for phytoene synthesis and metabolism on 
extraction of the proteins from the lyophilized 
mycelia. Such a change could cause an accumu- 
lation of phytoene in vitro. 

This novel method of preparing a fungal extract 

which metabolizes MVA- [2-‘4C] provides an 
opportunity for studying numerous problems of 
carotenoid biosynthesis using these, and other, 
mutant strains of P. hlakesleeanus and other caro- 
tenogenic fungi. Investigations into a number of 
these aspects will be reported in future publica- 
tions. 

EXPERIMENTAL 

Sol~nrs. All the solvents used were of AR grade. Light petrol. 
(b.p. 4c-60‘ and 6C-SO’), C,H, and Et,0 were dried over Na- 
Pb alloy and redistilled before use, the Et20 from reduced Fe 
powder. 

Radiocllrtnicul. I>L-Mevalonic acid-[?-‘4C] lactone (IO.3 
mCi/mmol) was obtained from the Radiochemical Centre. 
Amersham. Bucks.. U.K. It was converted into the Na salt of 
the acid prior to use by the addition of the requisite quantity 
of aq. NaOH solution. 

Organisms ad culrurr corlditions. The mutant strains. C9- 
carR2 I( -) and C 1 I S-mad- 107( - ), of Ph,vcomycrs hlakr.slrram~s 
were kindly provided by Prof. M. Delbriick. Division of Bio- 
logy, California Institute of Technology. Pasadena, Calif.. 
U.S.A. The naming of these mutants follows the recommenda- 
tions of the Caltech Group on Phycomyces Genetics Nomen- 
clature [X6]. Growth and maintenance conditions for these 
moulds were the same as those described for the CS-cur-lO( -) 
strain [27]. Dry wt determinations were made on lyophilized 
samples. 
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.S/~orr, w~/II/.\. An aliquot (I ml) of the spore suspension was 
diluted with 9 ml particle-free solution (“lsoton”: Coulter Elcc- 
tronics Ltd.. Dunstablc. Beds., LJ.K.) and the number of par- 
ticles in the suspension was estimated using a Coulter Counter 
(Coulter Flectronics Ltd.. St. Alhans, Hcrts.. L.K.) ubing a IO0 
jtm aperture. an aperture current setting of 7 and :I threshold 
value of 22. Spore numbers were calculated from the mean of 
duplicate I-cadmg\. corrcctcd for background and for coinci- 
dunce. 

Pr~/~~l~tior? of W/I C.YIIIW. Mycelin wcrc harvested 54 60 hr 
after inoculation (or after the appropriate grouth period in the 
96 hr culture experiments). washed with deionilcd water and 
squccTcd to hand dryness. .After freezing at --70 the samples 
were lyophilized. The dehydrated mycelia were then rubbed 
through a 4O-mesh sieve at room tcmpcrature. Three bols. of 0.2 
M Tris HCI buffer pH 8.0 were added to the fine powder. and 
the resulting paste was centrifuged at IOOOO~q for 30 min. Both 
of these operations acre carried out at 4 The supcrnatant uas 
dccantcd and its protein concentration measured b\ the biurct 
method [2X]. Once pl-cpared. the cell cytract wah added to the 
incubation mixtures as soon as possible. Storage for one week 
al either 4 or -20 resulted in a pronounced loss of cnrlmic 
activrty of the cxtl-act from the C9 mutant [I 71 

/~rrh~rrio/~ c~o~/i/io~lr. Incubations (I ml) wcrc carried out 
tither acrohically or anacrohicall! in 15 ml Thunbcrg tubes for 
3 hr (unless stated otherwise) at 24 and !n a shaker water bath 
Anaerobic conditions were ohtaincd by the successibc evacua- 
tion (oil vacuum pump) and purging of the tubes with argon. 
Tubes were shown to remain anaerobic for at Ica\t 3 ht- bq the 
continuous colourless appearance of reduced methyl viologen. 
The bnslc incubation mixture contained: IX.-MVA-[2-“C]. I 
&‘I (97 nmol): ATP. IO ~cmol: GSH. 20 /mol: MgClz .hH:O. 
3 ~cmol: MnC’l,.4Hz0. 6 ~nnol: NAD. NADP. FAD. NADH 
and NADPH. 1 ltmol each;ccll extract. O-4 ml: 0.7 M Tris HCI 
buffer pH 8.0 to I ml. Any variations in these conditions are given 
in the Results section. FAD was obtained from the Sigma Lon- 
don C‘hemical Co. Ltd. while all other cofactor\ wcrc from the 
Boehringrr Corporation Ltd. 

E.ut~trc!ion o/ ~riiotrctirc, WI~IDIOI~S. EtOH (X ml) and aq. 
KOH soln (60”,, w \. 1 tnl) wcrc added to each incubate and 
the ml*ture was saponified at room temp. ovcrrught. After the 
addition of the appropriate unlabcllcd carriers (SO jig each; car- 
otenes were isolated from the mutant strains of P. l~/~rrk~,~k~~~u~~~~.\~ 
and squalene was obtained from the F:astman tiodak Co.. 
Rochcstcr. NY.. C .S.A.). the unsaponifiable lIpids ucrc 
extracted by standard procedures [29]. 

E Y~IW/IO/I fd’li/lids tro/~~ /rr~ciic~. Washed mqcclia. suspended 
in Me,CO. were homogenized with an C’ltrcl-Turrax homo- 
genizer. The mixture was filtered. the Ircsldue resuspended in 
Et20 and homogenization repeated until the ether-cal extract 
was colourlcss. The total lipid fraction (determined b? wt) was 
rccovcred from the hulked organic extract and the unsaponifi- 
able fraction isolated by methods already descl-ibed [29). 

Pur[frcalio/l of ~~ol~~lr.~. Preliminary separations of the caro- 
tenes and squalcnc from other unsaponifiable lipids \berc car- 
ried out on columns of alumlnium o\rde (Woclm neutral. 
Brockmann actititq grade III) which wcrc developed uith light 
petrol. (P: b.p. 40 60 ) containing increasing concentrations (\ 
>) of Et,0 (El. The fraction cluted by light petrol. alone con- 
taincd squalcnc and phytoene. while the other carotenes wcrc 
eluted by stepwtse fractionation with concentrations of E, P 
from O~X”,, (/Gcarotene) to 5c’cI (lycopcne) Final]!. the stcrolc 
were clutcd with IS”,, E,,P. 

Unlabellcd carotenes. apart from phqtoenc. werc’furthcr pur- 
ified an columns of MgO (chromatographic gradeh C‘ellte 545 
(I : I J oluted with light petrol. (h.p. 60 X0 ) containing increasing 
concentrations of Mc,CO (up to IO”,,). Ph! tolluenc. /i-carotene 

and C-carotene were eluted from the column in this manner. 
while neul-osporene (5; 7.X-dihydro-lj/.(v-carotene) and l>copcnc 
were obtained by excision and extraction ofthc extruded adsor- 
bent. The identity and purity of these pigments we!-c conlirmcd 
by their chromatographic bchavlour and h_‘ comparl\on of 
their absorption spectra \vith tho’ic prcv~ousl~ documcn- 

ted 1291. 
Radioactive polyenes were purified to conrtnnr spccilic acti- 

vity on various TLC‘s which Lucre dc~loped in dark satur;ltlon 
chamhcrs 1301. Squalene and phltoenc were separated on auto- 
vated thin layers of Silica Gel G (Merck: 0.25 mml using light 
petrol. (b.p. 6&W J: their R, s \%crc &3X and 0.20 rcspcctivel!. 
These compounds were visuali/cd h> spraying with II solution 
of Rhodamine 6Ci in acctonc (I”,,. \t \ ) and \~cwing the plate 
under UV light. If neccssaq. the phltocnc \\;~a further purilicd 
on thm layers of AgNO,-lnipregnatcd Silica Gel G (.7”<>. b\. \vJ 
usmg W’,, (\‘v) E;P a, the devclop!n g \olWnt (li, ph~towt2 

0.35 0.40). Other rndioactiw carott‘nc\ a crc chl-oma togr;lphcd 
on activated thin Iayers of MgO Sllic,l Gel Ci I I : I. u it) \\ith 
a solvcnl consisting oflight petrol. (h.1.3. 60 SO ) and (‘,,H,. (I : Ii. 
The Iycopene (K, 0.06) and /j-curot~nc I I<, 0~90) ~mplcs v,crc 
rechromatographed on ac~t>ated thin la>cr\ of M#). ua~np 
light petrol. C,,H,, (3: I. v \) for [I-carotcnc (K, 0.25 O-30) JIKI 

light petrol.-C,H,, (I :9 v.v) for lycopenc K, 0.10). The car+ 
tents attained constant specific actl\itie\ ;IS ;I rcwjt 01 IIICSC 
procedures. Ergostcrol and Ianoslcrol wcrc qaratctl ami puri- 
fied on activated thin la!er\ of SIIGI (2~1 G I>! dcv<lop~n~ I\ II~ 
C‘HCI,. 

C‘r~.rru//ixrtiou of /ktwot~w~-~ “‘C‘J rim/ /~~.r,/~~,/~i,-C”(‘l, 
These carotenes wcrc crystallircd in the prc\cnc< 01 additional 
authcntlc /j-carotene 01 l>copen<. F~ach carotcnc ~\a> di\~l\ctl 
in the minimum vol of C,,H,,. CVXIS McOH \\a\ adclcd. and 
the solution was stored at --20 for 1 2 h-. (‘r!Q:ll\ \\c,i‘ col- 

lected h! filtration. washed v.ith cold light pctrO1 ~l>.p. 30- 60 I 
and thclr specific actl\itq c\timated Strhvqucn~ rccr~stall~/;~- 
tions from the conccntratcd mother liquor ! icIdcd samples of 
similar specific actlvltles. thus conlil-mlnp thi‘ r:~diochcmic;~l 

purit!! of the lahelled carotcncs. 
Qutrmitariw (lt,tc,.~r~r~~trt~o~~ of c’urotcm’\. The c,lrotencs WL’I-c 

dissolved in light petrol. (b.p. 10 60 ) to !icld solutions o( 
known >olumc and b+ere cstjlnnted spL.clrol7hotolilctricall? 
using standard Ei l’;,, values [Y]. 

Knc/ious.su~~. Scintillatmn tluid (IO ml). containing (per lilrc nl 
tolucnc) 2.5-diphenyloxa7olc (PPO: j.0 g) and 1.3.d-[Z-(4- 
mcth)I-S-phen~loxa~olyl)] cYhHh (dltncth~l-POPOP: 0.5 gl 
was added to each sample prior to assay for- ratlioactl\ity in an 
NE8310 .4utomatlc Liquid ScIntillalion Spcctrotnetcr (Nuclear 
Enterprises Ltd.. Edinburgh i I. Scotlandl. (‘orrcctlons for 
colour quenching were carried out b) the e\rcl-nal >t;ind;ird 
(‘3-Cs) channels ratio method. using the proci‘durc dcbcribctl 
c&where 13 I]. 

-l~.~~lo,l,/~,~I~cf~1~,~7r.\- Our thanhs arc due to Prof M. Dclbrlic!, 
for gifts of the fungal mutants and to the Science Research 
Council for a Research Grant and a Rcscarch Studcntshlp 
(P.M.B.I. 
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