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may accumulate particular members of the carotens group has

&

2

led many workers to study such systems. The accumulation of

carobtenes as a result of chemical treatment or of exposure
to high or low temperature hag afflorded helpful inf
Recently, incorpovation studies involving the use of radio-

ctive isotopes have been more commonly emploved. These
variocus avenues of investigation are thoroughly discussed in
vecent reviews (9,10). The summary below outlines the experi-
ments that have been carried out on some freguently used

grganlams,

aeurogspora contalng o complex mixtuwre of carobtencids,
including phybtoene, phytofluene, B-carotens, lycopens, and

various xanthophylls., Haxo {11,12) analyzed a number of

w3 Ly s - - g 4o o 3 e Y - 4y & fo Y
unktnown precursgers of phytoense and leads through the partly
hydrogenated carobtenes and highly unsaturated carotenes to

xanvhophylls and of carcotenes in Heuros-
pora ig diminished in the dark while that of phytoene and
phytofliuene is increassd (13). If, however, the incubation

nn the dark 1is interrupited by illumination of the culture even

For one minute, almost normal pligmentation resulis, provided

oxygen 1o present {14). The amount of all obther carociencids



~7-

whiech appear following illumination can be accounted for by
the amount of phytoene which disappears.
2) Phycomyces blakesleeanus
Temperature shudies with Phyecomyees, which contains es-
nhbially only B-cavotene, show that carobenogenesls oproceeds

fastest at 256°C (15). Yet, a culture transferred from 25°C

[

to 31°C produces more B-carobtens than one kent at a sconstant
25°¢ (18), Mo explanation has been found for such behavior.

Goodwin discovered in 19%2 (17) that diphenylamine {DPL),
whien added to the culture medium of Phyecomyvees, inhib
gynthesls of the more unsaturated carotenclds buf increases
the concentration of the more saturated ones., His suggestion
that DPA blocks the enzymatic dehydrogenation of the more
gaturated carotenolds was made less atiractive by later work
{(18) which showed that adenylic acld can reverse the inhibi-
vion of PBecarobtene synthesis without preventing the accumula-
tion of phytofluens.

Addition of B-lonone increases the synthesis of f-caro-
tene In growing cultures of Phycomyces. This action is
undoubtedly indirect since neither f{ui ]1-B-1ionone nor
%{Clﬁﬁ%ﬁwiamﬁme is incorporated into f-carotene {19,20).
Methylheptenone inecreases the production of phytofluene withe

out affecting B-carotene synthesis (21),

The apparent lack of relation between the synthesis of
B-carotens and of the other polyenes led Goodwin, et al. {22)

2
i 7,

v conclude that there must be two separate vathways and that

Lard



»

the more saturated polyenes are not precursors of A-ecarvobene,

3) Rhodospirillum rubrum

The effect of divhenylamine on R. rubrum has heen invesg-

£

tigated by CGoodwin and Osman., These workers found (23) that
DPi~treated cells accunulate small amounts of the more sabuz-

ated carcbenes in place of the normal carobencids. Sueh

treated cells, when washed and resuspended in buffer, syn-
thesize normal carcienolds although unbreated cells 1n &
gimilar environment show no furither synthesls of these com-
pounds. More recent studies (24) have shown that in washed

cells pretreated with DPA the production of normal carobenoids

iz attended by a cuantitatively equivalent loss of sab
carotenes, expgepting phytoene. This finding is btaken as evi-
dence for impllcating the more saturated polyenes as inter-
madiabes,

4} Rhodobtorula rubra
raviolet light irradiated red yeast has produced
mutants which, in some cases, contain sub-normal concentra-
tiong of the usuvally predominant carotenes and excesses of
88ibility that phytofluene

arotencids has been em-

Ea o
auy on

b
0
o
v
.
et
D
jo

& preat deal of experimentation has beer

s
[

¢ control of pigment Tormation by tomatoes. Unfortu

a2 :.

nately, no clear-cut determination of genic interrelationships



)]
° &
= ) s o=t 0
42 [N Siog =} 48] & 4
i LS N Lo ) o o o =] 0 [ R w0
) = T+ o o 4D 0 £ BB Gy S @ o e o
£ e~ 3 [ S £ L o < B o3 O g @ L0 T o 1] ° @ o3 o,
o Wm o Iy (91 i @ ! o [ 43 s S VU 5 o £ e 52 £ &
Gt e B s Sy 3] o ] i L) e 74 a3 e o] & (29 el £ o
o g 0 o b il ) [ [ 0 (o] O o Lo & o N S 0 b
o) £y O 2 < &4 o £ e S = 3 < G e D G
. [SE A R« TR 5t [ I T R £ 2, )
A2 [ O C e * S B & R 2B A B =
w4 @© O e o 4 Ty £ O o B 2 O o &2 0 £5 ) &
& 03 N Lot & fm L3 : (o] a & & [l o @ - S a4 Kl R
o B [ A 9] = L 0 24 O e IS b & [ 8] 5] 43 i o0 9
o e o i @ o e £q & () e L2 e ] i w0 i)
£ - D o ') 2 43 13 S & [ K S G o <
W0 o Gt o Ea e O 8} £ £ e 4y ke = L [ &2 £ S
5 O 4> e SIS KRR C R 5 - B « N B - o T < T - T e S
2, o ) 3 et ] P el o 4 s} = O 0 = [ £y 5]
<] oy [s] S ] oot ¥} o o d <3 O s 1] g2 < m P
2 A & & 42 ) 4 T T R « By fn e 3 o o e
o b o] gt € = pin ) 0 ool 1 59 5 [o = ]
v & [ v & 0 o b & O 42 w4 o 1 @ i} Q0 10y
QB @ o® 8 % O w8 o R 2o 5y o
O oo o] [ S & oh o o £ & & =} €3 o et el
£ k&) Gy EN Ne? i 44} o oy a3 @] & ] 7 [e2] o] I i [
I £ o b = et fis o) ) e I % I O o <
&0 0o o3 LA N & LT« B O & e 2 e} > O e o)
O Gof e e S T e T < T - B o3 QW T W 43
o+ ~ 0 S S 2 £ &y oW £t B, ex €0 Ga T ey O
€< [a¥] @ o o ot S R < O wd Gy B o s B A £y
= [ R B B 5 ol £y @ 4 o W Gy b m 3
[6) 2 5 S [ P ] ) 18] @ M O Gy O 4D e 5]
£ o) o [e CU £ | ?_m @ et [ £ G O o
0 [ . g & & £ e e o s [y o ot & & L £ Tt
(o5} g s} [ £4 N} £ S =i 43 i = fea] ol 9]
Q5 SR TR < S = B ¢ 0 ?w o L S - < TR - S~ B B
R LW & @ £ O & o= E O @ = B 0w
£ S e o T o S B PR ¢ 42 o e B e O e
I 0 I o I o = o o w 0 = i 0
o) L2 £ 5] S a5 0 By @ af w & 0 3 4
o 2] o o3 [ b [N &L g 3 0 kL a3 o1 o 2 [ faed
D o [osl 42 ™ €} o (0] &2 1 £4 [ [43] £ o ] 52
Ké 8] e L = ke s & o £ fa] 0 fao fadd 49 o 0 1 L 3 ¥
ol L o 4 Lt st % o 0 ] Pl foia g (ST s} o
B4 0] e & @ [ ] b > (o] e %3 O 0 e by,
53 L 2 e+ X £ fu s o oy @ & <5 o ] £ e e <
A s * @ 2 S ol s} £ wt Q QO @ & e
! 4 Sy T3 o] & ) @ £ 0 4 4 o I S
o ] o) 0 s O w43 ) 2 TR o4 o oo 3 42 i 4
2 o [t} = o &3 o & X oy ] i 45 53 e o 3 £ @
o 0 o o O o £ [ ot 2 G w33 AT
I o O &« B w fat (SR = By 4D : = O . 43
L R 43 B a = 8 O o 2 O £3
by O [ Ao Gy } [N o £ ] L] [ ) (&} Bt
o T el £ ) (0] ) O iy @ 2 n < s O
0 ® o (] 0 ) £ O < ! 0 o {0,
@ 4D o 0 o0 Py A2 H &3 3 £y ] )
) QO e ot el o 5] 5 €, o 0
AT = o 3 2 & £ £ &= @
o] &3 ¥ 13 [ & Gt 22 o (9] fra) 5] £
AW I T & 4 = 6 i




TPeUTILISAD 40U JO0 P2308932D 90N
#*
22 el 00 T PRt T = - 5T % 7,
Z-G°0 SER o491 GT-GA l~€ 0LT-08 VIO
P -~ o e ey - - - ~ 1 s 7
570 L T-%°0 <0 C*I~4"0 PR Lo L
A R e S A A S T 6 O°T~G°0 g1~¢ £-1 01~ suagoaed~g
!
) cor o o v - [ PR - -
= % & & & & )
!
- e 1°0-G 0402 - 100
PSR [ R [RU——— WM . -
o o s Q MBW mw,.w ﬁﬂag [P, [ ) nuem.Mv Dag
18-6°¢
o G- Cr3 C1~01 L°0=0 0LT-0J, SASWOET m@ma@g@&
JUIPnIouT) suedoosy
ae d 908 0B 2t a ok
100TA0R  PuTJIeduBy 200tady  sutaaiumng DUTS BROTTOR [$i=H
BOTTOX 200 ady ~HOTTB4 ~ouey Lemaon

v PR a0}
ﬁ s w\\maaﬂww

D e el

[ 1 ui

NOSEDIdxR

5 P ; 32 PO o B - —
gounomr) sedfioued Tuieaes Jo 83TndJ
T ®iq8g

BUDR0LRN



-13-

that a basile GQQ compound is formed by the combilination of

two €.~ Tragments, followed by stepwise symmetrical dehydro-
W)

enation as shown in Plgure 2. Gene R is envisaged as belng

dehydrogenation, and gene B as bringlng aboub ring closure (33).

This attractive hypothesis has been tested In a number of dif-

B3

ferent manhers, will e seen below, bubt as yet evidences

£2

confirvming elther this pathway or others has not been forth-

The effect of temperature on the carotens conbent of
ripening tomatoes has been thoroughly investilgated (34,35,358),
At temperatures near 0°C or at 30°C or above, lycopene, the
predominant carotene of tomatoes, forms only In small guanti-
ties, If mature green tomatoes arve kept at 33°C for 42 davs
very 1ittle lycopene 1is pregent, although tomatoes ripened

°C for 12 days contailn 270 mg lycopene /100 gm dry wi.

o
[l
53
LR
&

Wit

&

If frult 1 maintained at 33°C and afterward Stransferred to
iower temperatures for 15 days lycopene is synthesized, 1in
some instances in amounts approaching those attained in frults
kept at 26,5°C,

The effects of some inhibltors of carotenogenesis on
tomato plpmentation have been analyzed by Francis (37). Di-
genylamine, S-ionone, and g-ionone all inhiblt lyvcopene forma-
tion in ripening fruit. The synthesls of B-carotene is either
unaffected or enhanced. These facts led Francis to the con-

cluslon that B-carctene and lycopene avise through

pathways from & eommon pregursor,
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¢) Isotope studies
1) Isoprenoids other than carctenes
Sterols: Because of thelr physiological sipgnificance,
much interest has been focused on the blochemlical origin of

sterola. In 1950 acetic acid was shown to he the source of

carbon atoms for the entire cholestercl ﬁ@leeule {38y, &

in Neurospora was f£lrmly established (39). The demonstrated
conversion of Cl ~labeled acetate to B-hydroxy-B-methyigliu-
tavate (40) and of P-hydroxy-p-methylglutarate bto scualens (41)
and cholesterol (40) provided important steps in the pathway.
Attention was then drewn to 3,5-dihydroxy-3-methylvaleric

3
arcid when the €7 '~labveled compound was found to

gma

)
he an excellent substrate for cholestercl formatilon (42)., The
gscheme outlined in PFlgure 3 is generally accepted as being the
probable seguence for the blosynthesis of Tthe immedliate stercl
precurscr, sgualene.

Purther data integrating mevalonie acid into the pathway
are those which demonstrate the origin of this compound from
A-hydroxy-RB-methylglutaric acid {43) and its activation by
1,48). An hypothesis concerning the conden-
sation of mevalonic geid unlis to produce sgualene has been
digcussed by Rilling, et al. (46). It calls for the simul-
taneous dehydration and decarboxyvliation of the aectivated aecid,

leaving an unsaturated Tive-carbon unit. Three such units are

supposed te then condense to produce a farnesene-like hydro-



~1h-

4,0 0]

2 OHjC=CoA «—— CHy~G~GCHyC=CoA
AGETYL CoA 0O ACETOAGETYL
CoA
Ac CoA—-\

CH, 0 o, GH, 0
O=CH-CH; C CH—C OH « (CoA)- C GH C CH -~ C=GCoA
GH QH

MEVALDIC B-HYDROXY -8 —ME THYL~
ACID GLUTARYL CoA
o - %Hi__ _//O. H-__, ) ?H3_-i
HO—GHZ—G A C G - 0OH LOHZ_GH=G-C!“%I
OH
MEVALONIC “ACTIVE ISOPRENE "
ACID
GH, CHy ¥ CH,
(-—CHZ—CH=C-CH2—CH2—CH=C—CH2—CH2—CH=C-CH3)
2
SQUALENE

BIOSYNTHESIS OF SQUALENE

FIGURE 3
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carbon, which in turn reacts head o hesad with an identical
fifteen~-carbon atom intermediate to produce the symmetrical
goualene molecule, A compound cbviously related to the
postulated fifteen-carbon atonm intermedliate has been lsolated
from an enzymatic system prepared from rat liver (47), Pre-
Liminary charvacterization (48) of this compound indicates the
following struciture:
(li‘é 3 <!3£z3 (I?HB

CIH., ~C=CH~CH ~CH ,~C=CH~CH ,~C=(~CH ,~CH, -~ OH

" 2 e 2 | 2 &

g

COOH
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38
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et
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Lynen et al
vostulate by thelr discovery of a scluble yeast engyme which
will convert the squalene intermediate & <isopentencl pyro-
phogphate to v,Y~-dimethylallyl pyrophosphate and to farnesol
cyrophosphate. & particulate enzyme will catalyze the forma-
tion of squalene from farnesol pyrophosphate.

Rubber: As early as 1940 Bonner and Arreguin found that

rubber synthesis in seedlings of guayule (Parthenium argentatum

Gray) could be enhanced by the feeding of acetate (51)., Two

: AL g e 4 2 ;
vears later in vivo C ‘-labeled acetate ineorporation into

guayule rubber was demonstrated {52). Recently, an enzym

)

systen found in the latex of the rubber tree (Hevea brasiliensis)
has been shown bo utilize acetate for rubber synthesis (53),

and a simllar enzyme preparation will rapidly incorporate iso-

gma
A
g..ﬂ
Q

topically labeled mevalonic acid |

 rubber (54), Degradation

studies yield the same patiern of labeling as found for
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ggualene by other investligators,

&

E: 3 v Hey
gseedlings have been

. s 14 .
vy Stanley (55} to incovporate both 207 -zcebate

Terpenes: Tips of Pinus attenuat

. 14 . . .
and 207 -mevalonate intc co-plnene 2as well as into the small

o~ ymy Eee 2 - & - s « =*.
Hecent work of Grob and Bd

counpound from ace & proceeds In a manner analogous to the
formation of squalene. On the other hand, a different pat-
tern of incorporation has been reporied for the lyecopens o
ripening btomatoes (57). A vpossible explanation for the

latter result is that the incubation times were sufficiently

long for guite extensive randomization of labeling to bake

The C »ac%t“*e labeling of various carobenes of the

tomato frult has been studied in some detall., Shueour and

& g

Zabin (58) discovered that in ripening tomatoes 8 mixbture of

the more saturated polyenes (phvtoene-tetrahydrophyioene-

S

phytolluene) possesses a2 higher specific activity than lyvco-

2

pene for twelve hours after isotope injectlon, After twenty-
Tour hours of ripening, the specific activity of lycopene
hag reached a level hipgher than ever attalned by the polvene

these dats rules oubt the
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P
active mevalonilc acid chromatographically using the followlng
solvent systems:

EtOH  =ww= 1:100

NHy Ole EtOH: HpQ ~-- 5:15350

. . N 14
Uniformly labeled ¢ -DL-leucine was purchased Ifrom
Rk av-Chicago Corp. (7.05 me/ ”’)
Huelesar-Chicago Corn. +95 me/mM).
3 1, 28

Isotopes Specialties Co., Inc., furnished the uniformly

-D-zlucose (Lot FH2S10175, 45.9 me/mM).

D, Introduction of substrates

2. a2

substrate adaninistration were used., In

Two methods of
most cases the compound to be gbtudied was Iinjected with a

syringe into the locules at several points., The

ther covered wilth smell pleces of {transparent

ed with tapevred bits of
effects of injection were noticed. The fzct thav fragments
of sikin and Flesh taken at various spots on an injected

fruit after incubation were radiocactive indicated that meva-

ionic scild was transporied throughout the tomato,

oA
2

4 wacuun Infiltratlion method similar to that used by
MeCready and Hassid (64) for leaves and Spencer (56B) for
tomato frults was alsoe found to be effective. Thig procedure
involved vlacing the solutlion of substrate in about C.2 uml

g & e Eoe Yo £, 2
. enclosing the frult

§,.,¢,
o

et E [ I e P £ el o
of waber on the atem secar of the Iruls

in a vacuum dessicator while a vacuum was slowly drawn, and
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- M 2 Sy S " o wy [ JEPNE: G - .
volume of water. The acebtone contalning hypophase was re-
g £ P g . a b » Ea 8 o T a8 12 - P
moved,; and the remaining hexane solution wag washed several
f] o3 L8 ~ g s =2 Zom 3, & o 5
r. Saponific o was carried out by shakling

rane solution with a -1/8 volume of KOH saturated

ree extractions with 059 methancl, The hexans solutlon

The non-sanonlfiable fractlon of the tomato was concen-

trated o 2 small volume by vacuunm distillation under nitro-

&

=actlions extracted from gsamples of frult of less

than 400 zm fresh welght columns 2 cm in diameter and about

Sea Sorb magnesium oxide and Hyflo Supercel were used. The

7

dolumn was packed dry, covered with a layer of anhydrous
ate, and wet with hexane beflore use. The various
polyenes were elubted with progressively more polar solvent
ginning with hexane and ending with 2% methanol:

From the order of elution ag gilven

N iT3, " Lo} 2 A ~ Yo, L ) 2 o o o ” G P Ay o
n Table 3, it can be seen that in general the more sadurated

B
op
by
1]
[¢]
O

facd
o
E_f
l?'
wd
A
%
Q
fond
mgB
Q
f:,,

polvenes were the first Lo come off

ccompounds of more ungaturated siruchure

The crude phytoene frac
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Incorporation of 2C7 -mevalonate into the polyenses of &
detached, ripening tomato frult after an incubation of 24
hours at room bemperature. Approximately 1.0 x 107 com

mevalonate administered., Average of 5 experimentis,

Fraction Total activity Specific activity
(cpm) ' {com/ng)
Crude whyboene 237,000 .
Fraction Ia 58 o

Fraction Ib 23 21
Fraction Ila 65,457 183,66

Fractlon IIb 3,212 5,057

Phrtoene 514 1,102
Phytofiluene 16,461 77, BA0
Neo-B-carotene 7,032 595,000

B-Carobtene 0,453 26,864

L-Carotene 4,519 39,500

Minor pigment mixbure 838 ——
vy -Carobene ga1 5,300

Lycopene 16,631 2,065
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Since the high specilic fraction Ila alter
R e Fom 4 5 o 2 Fe by dn el B % - Wy E T
wvalonate injeetion sugeests that this szubsliance may be a
p [ . s - R | = A g v e 8 s, - oy ’ 8 L G
carotene nrecursor, further Information concerning 1ts syn-

presaent at 2 concentration higher than that found in ripening

il

Halfl-grown btowmatoes were examined for synthesis of
&2 P 7 & ) 2 B e EAE V. e 4o 1“" ¢ - ?-,
fraction II by incubating them with €7 -mevalonate or 7 -
acebate, In each case the incorporatlion of label was greate
than that obitained with ripening fruift of eguivalent size.
Further chromatbtography ol

ﬁ.”l

carotenes showed that here also the specific activicy of Irac-

higher than that of B-carobtene, the only carotene
detected., Second only to fractlion II in 1ts radlioactivity
gontent wasg an unknown compound or group of compounds eluted
from the MzxC:Supercel column at a location corresponding to

phytolluens and neo-B-carobene, This probably is the con-

with the latlter two polyenes in ripening Lo~
natoes.
19 Traction IT is a carobene precursor the radicactivity

that 1t accwmulates should be eventually transmitied into the
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%, The incorporation

gw

the same ratio as found in normal Frul

is correspondingly greater; however, the specifiec activities

8

e btypical of commercilal varieties.

H. Dilution experiments

A knowledge of the maxzximum rate of mevalonate incorpora-
<

tion into the polyenes wmizht be helpful in elucidating the

o5

iosynthetic pathway. Accordingly, experiments were carrled

14 . , ,
out in which ¢ "-mevalonate was diluted by various methods

wilth several times the guantity of unlabeled mevalonate.

cpm) of Cl4wﬁevaiona%@ and & mg of non-radiocactive
mevalonate. An analysis after 24 hours revealed that the
'0ld dilution neither depressed the incorporation of
aetivity nor influenced 1ts distribution among tﬁé carotene

In a separate experiment injection of the usual guantity
of radiomevalonate was preceded by the administration one day
eariier of a 25-{old larger amount of unlabeled subsitrate.
Uptake of activity into the carotene fraction was depressed
o one fourith of normal, but the distribution among th
carotenes was not allered,

Hext, a slightly m@ée elaborate experiment was devised in

which the time of dilution was varied. The essential infor-

mation is summarized in Table 10, The results indicate that
a larpge amount of unlabeled material following a small addi-

1

. 14 . -
ion of C7 -mevalonate has no narked effect. There does

ot
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appear to be some acceleration in the exodus of activity

from the crude phytoene fraction into later fractions. Quite
the opposite effect is noted when the diluent precedes the
tracer. The incorporation is not depressed, but the activity
roceeds no farther than the crude phytoene Iraction,

From the data of Table 10 1t might be inferved that
there 1s an increase in the lycopene content as a result of
largé doses of mevalonate. The variation among different
frult, even when visually well matched, 1s probably enough to
account for the apparent increagse, This patitern ¢f increas-

ing lycopene concentrations was not found in another similar
4

experiment.

I. Use of tomato homogenates

Preliminary atbtempts to obbtalin carotene synthesis in cell
free homogenates have been made during the course of the
present work, Shneour and Zabin {61} have reported on a cell
free system which shows some activity in carotene synthesils,
The present @Xp@?imemtg have been directed towards Increasing
the activiity of such homogenates.

Fifteen ml of a crude homogenate prepared from ripening
tomatoes was incubated with 2.5 ml of 0.02 M potassium phos-
vhate buffer (pH 7.2) containing 5 x 107 cpm of mevalonate,
Afber 3 hours the reactlon was stopped and the carcitenes ex-
tracted, There were 3700 cpm present in the carotene porition.
Chromatographic separation ylelded the following information:

60% of the activity was found in crude phytoene, 3% in the



a

lycopene fraction, and the rest in 2 pool of the remaining
fractions. This incorporation is low in guantity, but 17
allowances are made for the amcount of material used, the

the amount of substrate, the uptake

ig of the same nmagniitude asg that found in whole tﬁbces,

An attemp?t wag made to improve and concentrabte the en-
zymatilc activilty in a2 homogenized tomato by isolating the
crude chloroplast-chromoplast fraction. Only a8 small in-
corporation of radiocactivity was achieved.

Incubation mixtures containing adenosine triphosphate,

reduced diphosphopyridine nucleotide, triphosphopyridine
et , o .

nucleotide, Mg , phosphate buifer, and acetone powder pre-

pared from ripening tomatoes also falled to incorporate

mavalonate,

Jd. Incorporation of other substrabes

Naturally, the most convincing method of showing that
one compound is a precursor of another is to demonstrate its
enzymatic conversion to the supposed product. Experiments
of this type with fracition II have proved unsuccesaful,
Labeled samples were emulsifled with Tween 50 and injected
into a ripening fruilt. In two similar trials a large per-
centage of the a@tivi%y remalned in the crude phyitosne alter
an incubation period of 157 hours. When crude vphy
a C «mmv&TGPaL treated tomato was injected as an emulsion

intoe a rvipening frullf, resulits were similar to those ob
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o

conversion to carotenes., However, in considering these nega-
tive resulis, one must be mindlful ofthe expectation that a
compound of this nature, complebtely insoluble in agueous

media, would permeate plant tissue with great diffileulty 17

According to the Porter-Lincoln scheme, lycopene serves
as an intermediate in B-caroitene formation, O0f 11,000 cpm

1 ‘zﬁ AJ a
of ¢ -lycopene supplied to a tomato, 98% was recovered

5
the lycopene fraction. In this case also, lmpermeabllity

of the cell for the substrabe makes any results of doubtiul
vaiue.

If the pigments of 2 tomato are synbhesized from soluble
pracursors at or Sh&“”ly before the time of ripening, those
carotenes which are belng most rapidly produced should draw
heavily from the precursor pool, Although the rate of lyco-
pene synthesis greatly exceeds that of all other plgments as
a tomato beging to c¢olor, the administration of labeled
mevalonate or acetate vields lycopene containing relatively
1ittle radiocactivity. IT has been shown that isoprenoid com-
pounds are actively synthesized prior to maturity. The pos-
gibility that such compounds are deposited for subseqguent
conversion to carotencids will be discussed in the following
section, However, another alternative may be suggesbed Lo ex-
plain the low specifiec activity of lycopene, There may be an
entirely separate pathway contributing to the formation of

one or more carotenoids. This admittedly unlikely hypothesis

does receive some support from the experimental {inding that
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unifeormly labeled glucose gives a distribution of actlvliy

3 A 2 é%‘
Table 11 show that in frulbs supplied with €7 -glucose,
lvcopene contains 34% of the total activity, as compared with

P . 7 o gy Ao ,. - N e e iy 2y
approximately 5% when mevalonate or acetabte are adminiastered,

£

After 24 hours the specific activity of

than that of fraction II. Synthesis from glucose would

normally be expected bto proceed through the glycolytlic forma-
tion of acetate. This is not clearly so in the present case,

It mayv be that the radioactivity of gluccse enters the

14

chromoplast as € 0, formed by the metabolism of glucose,
e

A

relininary experiments have demonstrated that btomatoes in-

N , ¢ 14 ,
cubabed in an abtmosphere containing C @2 do show an unusually

i

high incorporation of labeling into lycopene.
Metabolic products of leucine are known to enter Gthe
biosynthetilc pathway of carotenoid formation after belng car-
poxylated (75). In view of the Tinding that some enhance-
ment of color formation is brought about by C@Q, uniformly
labeled 01%—1euain@ has been examined as a possible substrate.
Conversion proved to be very low, with less than 1% of the

injected leucine converted to carotenes in a 24-hour period.

ization of labeling within sthe cell

K., Local
L R A STe P lsd s 7% B e v o e £ > ATV dogn Twen Y ey 'E. Byl gl G Ty omy
ALTROUGN carovenes are XNOWHn YO De LofRiliea Wi Bl
% oy 7 ) o o 3 207m .9 A £ )
chromoplasts of a cell, the site of has

tomaboes were allaowed 5o ripen

)
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Table 11
. - - $- g Py £ ER:) " - 2 - lig g A R
Incorporation of uniformly- labeled €~ -glucose into the
polyenes of 6 detached, ripening tomato Truillt after a 2i-hour

incubation at room temperature, Approximabtely 3.8 x 107 cpm

zlucose adminigtered,

Fraction Total activity Specifiec activity
(cpm) {com-mz)
Crude phytoene 17,700 -
Fraction I 450 —
Fractlon Ila 192 345
Fraction IIb 0 O
Phytoene 1,066 374
Phytofluene 2,780 3,480

o

Neo~B-carotene 650 3,000

5
B-Carotense 1,790 75

{-carctene 430 1,26
Minor pigment mix. 280 -

v ~Carotene 340 630
Lycopene 12,400 530
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for 24 hours in the presence of € -mevalonate. They were
then homogenilzed and strained through cheesecloth., A& pellet
greatly enriched in chromoplasts was obtained by ultracen-

&

srifugation at 20,000 x g. The specific activity of the

chromoplast mixture was 67,400 cpw/gm dry welght, or approxi-
mately 10 times that found in the residual cell wall prepara-
vion, which 8till contained considerable chromoplasts. Thus

the indication is that fraction 11 is laid down in the chromo-

plast, ready for cenversion to carotenes,

Lo Fraction II in other organisme

& survey of carotene-producing organisms for the presgence
of Fraction II would be of great interest. However, limita-
tions of time have ruled out a debailed sesrch. A compound
similar in spectral characteristics has been found 1In carrol
oil. Because of CGoodwin's report of highly labeled unidenti-

fied 1lpids being formed from mevalonate in etiolated maize

seedlings (60) his system was examined., Of 1.9 x 10” cpm

u‘g

14 . . \
¢ -mevalonate fed to 9.5 gm of i1lluminated etlolated seed-

linzs, 354,000 cpm (37.4% of the active isomer) were incorpo-

&

rated into the non-saponifiable fraction. Only 36,700 cpm
appeared in the crude phytoene, whille the fractlons correspond-
ing to phytofluene and neo-B-carotene in the tomato contalned
221,500 cpm, and the B-carvotene fractlion yielded 29,400 cpm.
Purified fraction II contained a total of 11,000 cpn., In con-
Junction with this work pink grapefrult and watermelon were

] ]

agsayed for fraction II by Purcell., It was found in botlh



H
(91!
=3

£

fruits (71).

8, Identivy of fraction I and fraction II.

Practionsla and Ib were grouped together for study be-
cauge of their simlilarity in physical charvacteristics and of
the diffieculty in securing a clean chromatographic separa-

tion of one from the other. I{ has seemed likely since sarly

=

in the study that fraction I is not an isoprencld compound.

¢

Although it is present in large quantity in both ifmmature and

ripe tomatoes, 1t does not beconme 1@@@1@@ wilth Cl&«mevalmni@
acid, The fact that ngma@@@aﬁe is inecorporated indicates
that fraction I ls a straight chain hydrocarbon derived from
a fatty acid. Ozonolysis of purified fraction I causes 1o
detectable degradation; therefore, the molecule is completely
saturated, A molecular welght debtermination carried out by

Mr. G. Suinehart using the Rast method pave values on dupli-

¥

cate samples of 320 an

e

325. This would correspond fto a
CQB or a 62& straight chain molecule. A carbon-hydrogen
analysis made by Dr. A, Elek yilelded the following figures
for duplicate trials: ¢ = 82,02%, H = 12,96%; ¢ = 81.90%,
H = 13,05%. The 5% unaccounted for is sufficiently large
allow an oxygen atom to be present, but there is no indica-
tion from infrared spectra or [rom chromatographic
that an oxygen-conbtalining group 18 nart of the molecule,
It might be imagined that fraction I is a constituent

o

of the waxy cuticle of the tomafto. This possibility was



tested Ly analyzing separately the peeling and the pesled
frult. Fraction I was found to be present in the body of
the frult as well as in the skin. It is concluded that this
compound is distributed throughout the tomato and that 1t
plays some as yet unidentified role in the structural makeup
of the fruift,

Fractlon II, because of 1ts high specific aetivity, has
been studied in somewhat gr@aée@ detall. The uvliravioclet
spectrum, which shows a characteristlc maximum at 231 nmu,

indicates with reasonable certalnty the presence of a pair

oi conjuzated double bon

2

compound of this type

227 mp, but shifts of se
for some substibtubted dien
o, 4

nave found maxima as h

two exoecyellie conjugated
tens do not exhiblt appre
and trienes may be distl

the 260 mp to 280 mu reg

The infrared spectrum of fraction II furnishes

evidence that it is of a

print region of 4000 cm

istic of conjugated diene

in position and intensity

g g

gpectrum. Two areas of
mention. Absorpiion by
found as a weak bhand in

is,
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eciable absorpti
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ion,
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gt one of the carbon atoms further reduces the intensity.

When conjugation is present the band ig often spllt into two

absorbing peaks, with the one showing the higher Intensity
being shifted to about 30 em“l lower wave number (78). PFrac-
tion II shows in this region 2 single rather wide band at
1500 em™t. Whlle other interpretations are possible, ﬁhig

pY

patbern wight be expected from g compound possesging both con-
b I i

Jugated and non-conjugated double bonds.

2

The other area of particular interestis that extending
1

&

from 900-800 em” . Uﬁgatmraﬁeﬁﬁgﬁﬁp?enmiﬁﬁ commonly contaln
Wl
3

She isopropylidine group (R-CH=C-R), known Lo absorb atb

Y
an -1 . PO S bk :
850-800 em ~, This peak 1s prominent in %he fraction II

2

apaebtrum. Prom degradative studlies dlscussed below the pos-

&

8ibillity exists that the grouping
OH

§~»=§
—a

E«GngﬂwR or @hg 4 N g I 4

might be present., Although the absorption of a CH,=CHC
N &4
R . - -1 . = .
groun 18 gulte intense in the region of BG0 em ~, fraction II

s hows only a 4iffuse band with less intensity than would be
exnected 1f the above-mentlioned group were involved. How-
ever, the fact that some absorption does take place at this

freguency prohibits the execlusion of the CHQmCH( group as

If a concentrated hexane solution of the crude phyvioene

mizture is allowed to remain in the light at room temperature

for several weeks there is ex sive aggregation and destruc-
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tion of fraction II, although fraction I and phytoene remain
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unchanged. A gray precipitate 1s fox
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abgorption peak at 231 mu and cannot be eluted
This behavior was first noticed when a sample of fraction II
wags submitted to Truesdail L aaratawwes; Inc. for a molecu
welght determination. The returned sample contained the

guantities. The figure for the molecu-

lay welight was elevated to 1380 + 100 beecause of polywmeriza-

f;s..

o P B e
tion or aggregation.

Later & freshly prepared pample was examined by the

game firm, and duplicate figures of 297 and 204 were oblbalined
by the Signer isothermal distillation method. The averags

welght of 200.5 is iIn close agreement with that expected
for a Cyy lsoprenoid compound {(expected = 272},

Fraction II can be rechromatographed on activated aluming
withous siwn¢zlc&ﬁt loss of radicactivity., The zebivii:
los% from the crude phytoene on the first passage through
alumina may belong o & lablle isomer of fraction II or %o
an entirely different compound. Alteratlion of this material,
whatever 1ts ldentity, by the alumina is {irmly established,
since the radlcactivity that may be reclaimed from the col-

umn contents by extractilion will no longer pass through even

A sgawple of purified fraction Iia was examined chromaito-
1y

izally by W, L. Stanley of the United States Department

33
o3
0
o]
j

R

of Agriculture Laboratory in Pasadena., Using the chromato-
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1

strip method developed in that laboratory (79), the R.F.
of the sample on a coated glass strip developed with 109
ether in hexane was slightly lower than that found for phyto-
ene, sgualene, and a compound tentatively identified as
farnesene, Fraction II was degraded by ozonolysis., A sample
gontaining 19.8 mg (342,000 cpn) of fraction Ila and a small
amount of {ractlon IIb was ozonized, A radicactive volatile
fragment was trapped in 2,4-dinitrophenylhydrazine reagent.
The devivative was Isolated and chromatographed, using the
solvent systems: 5% ether: 95% hexane, and 80% ethanol:

hexane, It was found to have an R.F, identical to that

of authentic 2,4-dinitrophenylhydrazone prepaved from acetone.

Chromatography of the acids in the ozonolysils residue gtrongly

-

indicated the presence of levulinic acid, maloniec ac

o
il

, and

et

A sbtructure which vields radloactive acetone, levulinic
acid, and malonie acld upon czonolysis and also possesses the
other propertles of fraction II 18 shown Iin Pigure 7. A com-
parison of the theoretical yield of radicactiviiy in the
fragments with that found by the semiquantitative method of
measuring the area under the radiocactive peaks as recorded by
the Model D4T strip counter is presented in Table 12{(a). The
yvields are low, especially in the case of acebone.

Unfortunately, degradative products of the reactive end
of the molecule would not be detected in this cxperiment. The

fraction II degraded was prepared by incubating 2@“ ~mevalonates

G
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Table 12

Recovery of czonolyeis fragments

{2) Sample of fraction II contalning 342,000 cpm.

Expected Found

cpm % total cpm % total
Acetone 86,000 25 9,100 2.7
TLevulinle acid 172,000 50 £3,800 oo i
¥Malonle acid plus

unknown 86,000 25 30,100 8.8

{(b) Sample of fractlon II containing 239,000 com,
Acetone 60,000 25 L,o74 1.7
Levulinic aeid 120,000 50 51,516 21.6

Malonic acld plus ‘
unknown 60,000 25 L&, 000 ig.2




Gl

centaining tomatoes for only 24 hours to assure that nc ran-
domization of labeling would take place., The labeling
pattern in Figure 7 shows that the expected pyruvate and
formate will not be radicactive. It has not as yet been pos-

gible to accumulate sufficlient fraction II to yleld fragments

]

in quantities large enough to detect with spray reagents

ot

after chromatography. Nor has fraction II labeled in other

positions been obtalined in amounts large enough to permit
degradative studies.

In a gsecond degradation experiment, a smeller awmount of
fraction I containing 239,000 cpm was used. In this case
5 mg of levulinic acid, 5 mg of malonic aeld, and 10 u liters
of acetone were added after the ozone treatment, Even with
the added carrier acetone, only a swall amount of 2,4-dinitro-
rvhenyvilhydrazone precipitate was formed., Obviocusly acetone is

L c

lost during some prior step in the isolation of the ozonlygl

, 14 . . ALl " .
products, C° -Levulinie acid and C -malonic zcid were

identified chromatographically by thelr behavior in 5 solvent

..

gystems, The chromatographlc data for these acids and for an
unidentified acld also present ave listed in Table 13. The

vield of fragments is glven in Table 12(b).

It has not as vet been possible To identify the additional

N

one or two aclds pregent. VYWhether they orviginate from contami-

&

nants in the fraction II preparation or from the migration of
double bonds before or during cozonization cannot be ascertalined,
There is evidence that contaminating compounds of lower molecu-

lay welght may exist in relatlvely high concentration under



Chromatograrhy of acld fragments of fraction I
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ozonolyeis (presented as R.F. values

Malonic Levulinic
Syatem Known Unknown  Known Unknown Unltnowt
Fg

huadhad E‘?‘ ogc a}-_(i,% ugé o%l Oﬁé?
ethanol - 80
water - 15 . § 3
NH; OH - 5,085 08 48 A5 34
ether - 13
acetic acid-- 3 ~
wabser e 1 LTO JTh .90 .89 <30

n=butancl == 1
pyridine e 1
W&@ﬁiﬁ” - }.- 95? 95% O?Q 670 93-9

water sat'd
n-putangle
formic acide~

\O
YT
Ly
=
o
(N3]
o
et
)
[
§
£
§




(.‘;
§

-
=
s

certain conditions., In some dilution experiments and with
preparations from the colorless mutant, a partial loss of
radiocactivity 1In samples of fraction II occurved due Lo the
evaporation of a volatile component. Degradative studies

invelving larger guantities of fraction II are advisable,



V. DISCUSSION

£, Incorporation of acebate and mevalonate

I’y

It has been shown bthat acetic acid and mevalonic acid
are incorporated into the carcitenes of the tomato and into
other isoprenold hydroecarbonsg asg well., The conversion of
these aclds to carctenes in the ripening frult is appreci-

avle bub not as rapld as would be expected from the rate of

pigment synthesis at thils stage of development

B. Sequence of labeling in carctenes

Typical data on the specific activity of purified caro-
tenes prepared from Clﬁwm@valona%ewiﬂjecte& fruits is pre-
sented in Figure & together with an outline of the seguence
of carotene formation as proposed by Porter and Lincoln (32).
If the Porter-Lincoln proposal were correct, the specifie
actvivities of the Individual carotenes should decrease at
each step toward the final produets. The data for specific
activity are not in agreement with the Porter-Lincoln scheme
but rather, suggest the hypothesis that scme at least of the
carotenes are synthesized from one or more COMmMON Precursors
v non-relatved pathways. The low acbtivity of phytoene eli-
minates 1t as a posgsible precursor of most of the carotenes,
According to the Porter-Linecoln scheme, B-carotene would be
expected to have a lower specific activity than it in fact
does, especially since at least half of the total amount is
present in the frult before isotope injection. In none of

the long-term experiments or dilution experiments here reported
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has there appeared any suggestlion of a marked "pulse’ of
radicactivity ﬁhvemgh the carotene series, as would be ex-
géetéd from a single pathway of seguential dehydrogenation,
It may therefore be concluded that the carobtenes are not
syntheslized by the Porter-Lincoln pathway. In 21l likelihood
they originate by independent mechanisms involving fraction II

and/or closely related compounds.
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Despite an intensive search, intermediates of more than

one ilsoprene unlt in size have eluded workers in the Pleld of

. [P T < T 3 - sy e e " L8 . fos 4 3 oo o 3 & g
report of the present work was first made in 1958 (80)., Within

the last few nonths evidence has been presented which shows

@

she existence of a 3-isoprene-unit intermediate in sgualene

£

The data obtained in these experiments support the fol-

?33 ‘?Hg | 3 ?HE

Gﬁq«@mCﬁwCH2~CH2~CwCFwﬁﬁgmﬁﬁgwCwCHmCngCHaCMCHmﬁﬁg

This proposed structure is 1n agreement with the molecular

welpht determinations, the reguirement for a palr of con-
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jugated double bonds, and the results of degradation by

Fraction II may be formed by the condensation of Z&B»
isopentencl pyrophogphate units in a manner anzlogous to that

\
)

proposed by Lynen et al. (50). The terminal configuration

he 1loss of the pyrophosphate molety,

(-l'b

could result from
followed by a simultaneocus nigratlion of the double bond and

gehydration of the hydroxyl group, Figure 9 illustraies this

&
¢

suggested mechanism, It is suggested here that the condens

thion of fraction II with its parent phosphorylated ﬁzﬂ compound

which show that during the formation of gqualene from meve-
lonice aecid in DQ@ medium, 3 to 4 atoms of deuterium are baken
up by the sgualene molecule, Two deuterium atoms are expeche

terminal methyl groups which originate Iro
2-pogitions of mevalonate. The other 1 or 2 atons of deuterium

faund in the molecule were postulated to result Trom a shift of

enn s in Tt on e s T e P bt o [ Y e “ ST ey e e R YT 8
double bonds away {rom Ghe active methylene group or Zroups

£ e . £ T 2 - 5 a e KN N, ST I 9 D !
The absence of appreclable deuterium asgecciated with the 2

central scarbon A a £ 173 Y @arim =evides rood evidence that
cenvral Carpon avoms oI JSduaieng Drovidaed Z0o0a gviaelcs 8 v



71

S3AVICIWHILNI IN3ILOYVD JO NOILYWYOL "6 3undid

HO=HO=0~"HO *HO~HO=9—HO~*HO~HO=0 ~*HD —HO-HD=0—HO
“Hd Y 1T Y HO
IO NOIWLOWMd
4

HO=HO=)=HO—"HO~H)=9—HO —"HO~H)
HO "HO

O-O

i
O-O

~Ho-Ho- IOHO!IO
*HO

HO-"HO- Io QIIO IO...IO OIIO IOIIO OlIo!aE

*HO “HD *HO
dds|

dds|
ddsl

H

d-0-d-0-"HO~HQ=0-
*HO

31VHJSOHdON¥Ad
TANIVIAHLIAWIg- AL

d-0-d—0=HO~HO=0-*H9

€ i

HO
(ddSI) 3ILVHISOHJOYAd
TON3LNIdOS! - 7

d-0-d—0—"HD= IOIO HO
*HO




£

t U0-carbon-aton product of coupling as presented

prene unit on each end. Three atoms of deuterium should be
taken up in the synthesls of each molecule from mevalonic
acld 17 the condensation proceeds by the mechanism here pro-
posed, EBEven 1 this first condensation product differs from
the one drawn by having a centrally located double bond, as
may well be the case, the deuberium uptake would not be af-
cted. The experiment awaits the development of an active
cell-free systen,

The present experiments have shown that the incorporation
or S}me alonic aclid into the carotenes of the ripening

tomato falls far short of that expected if the carotenes are

synthesized from this intermediate alone during the pericd o

o dLE

i

color formation. Yet, no cther substrate tested is utilized

e

ag well as mevalonate. The interpretation of these {indings
is derived from studies concerning incorporation of mevalonate
into immature fruit, The data indiecate that fraction II is

2

Tormed initially and 1s converted to another colorless pre-

2

cursor, which remains in the chloroplast untll ripening is

initiated, A4 this time the transformation to the carotenes
takes place.

The hypothesis draws support from the studies of Frey-
Wyssling and Kreutzer (Bl). These workers examined chloroplasts
of developing red pepper {(Capsicum annuum L. ) fruit with the

light microscope and with the electron nicroscope., It was



asg the frult begins to ripen the characterist

[
Pl
?
o
)
o
of

foun
grana-stroma structure of the chloroplast becomes disorgan-
ized, As frult mabturity is approached the chloronl
transformed into chromoplasts., It appears likely that this
mode of chromoplast Tormation is widespread among planits.

Our knowledge of the chemical composition of chloroplas

is far from complete. he dry welght of chloroplasts has
been reported to be made up of 50% protein, 30% "lipids,®

and up to 10% pigments {u J, Straus finds that carrot chromo-
plasts conbain an average of 58% lipids, exclusive of pilg-
ments (33)., In both cases the lipids have not been character-
igad, e chloroplast models postulated by Wolken and
Schwertz (84) and by Steinmann and Sjdstrand (85) contain
ample space in the lipoid layers belween the grana lamellae

to accomodate & large amount of 1lipid in addition to the
carobenoids thought to be present there, It may well be that
these layers contain other isoprencid substances in adaition
to the caroctenolds and the phytol tails of the chlorophyll
molecules, These substances would serve a gtructural purpose
and would under certain conditions, e.z., chromoplast Torma~
tion, be mobilized for the synthesis of additlional carotenes.

If the above hypotheslis 1s correct, one would expect frac-

o
[
i
o

tion II and the other iscprenclids o be universally present
chloroplasts and chromoplasts. Only a few plants other than
tomatoes have been assayved. Carrot oll contains a compound

a9

similar or identical To fraction II. Maize seedlings rapidly



incorporate Gl%”“ svalonate into a substance resembling Trac-
tlon II and also into unldentified isoprenclds. Pink grape-
Trult and watermelon contain fraction II. However, a mueh
more detalled survey must be made to determine the distribu-
tion of these cowmpounds in the plant kingdonm,

It will be of greatest interest to obtain more informa-
tion concerning the substances that lie in the pathway between
fraction II and the carctenes, The compounds associated with
phiytofluene and neo-B-carotene have nob yveb been fully
purified although they are present in oquantities mueh larger
than those of fraction II. As scon as satlsfactory methods
ol puriflcation are devised, the molecular weight of the
principal compound must be determined. Once 1t is known
‘whether this intermediate containsg 20 or 40 carbon atoms it
may be placed in the pathway with more confidence,

A promising variation of the ﬂgﬁ experiments deseribed

he time at whiech cone

L6

above might be employved to debermine
densgation of 2 20-carbon intermediates is carried ocut in

the tomato frult. Fhytoene first appears as the ripening
process begins., However, no labeled subsitrate yebt added has
been found to be appreclably incorporated into this polyene.
Lt 18 reasonable, therefore, to assume that vhyicene is
formed from a precursor {perhaps containing 20 carbon atoms)
that has been previously synthesized and is available for
phytoene synthesls under sultable conditions, If

of 1 atom of deuterium per molecule of phytoene were found by



analysis of a D,O0-injected, ripening tomato, 1t mizht be

&
concluded that the "storage form” of carotens precursors is
a compound of 20 carbon atoms or less, since the pressuce of

densation,

e

deuterium would signify a co
The existance of a more highly hyvdrogenated carotene
than phytoene has not been satislactorily demonstrated,

Porter and Lincoln {32) reported the discovery of tebrahydro-
pavtoene, a2 substance with an absorption maximum gt 220 mp, in
tomatoes. HNo other characterization gtudlies have beelr pub-
tished, and some doubt has been cast {85) on the identity of

the compound, No other G%Q acyelic polvenes more saturated
D

£

orte

*

than phybtoene have been re

¢ vields a patiern of label-

L
]
0

~glue

u

The discovery that

%

"rom that found with acetate and

cF

ing in caroctenes differen
mevalonate is unexpected. The per cent incorporation of

uniformly labeled zlucose into the total carotens fractlon is

about the same as that of acetate, bubt the activity is found

to resgide principally in the crude phytoene fraction and in

]

lycopene. Just why the radicactivity of glucose ig aceumi-

lated preferentially by lyveopene in this case is not evident.
Perhapa the caroteness are gynthesized at different locations
in the ehromoplast, wilith lycopene belng made near the center,

If the chromoplast were not exceedingly permeable Lo acebtate

[

and mevalonate, these compounds might not reach the innermost

varts in high concentrations. However, it is difficult to
imagine many products of glucose mebtabolism which should be

more lipid soluble than acetate. @@2 muat enter the sinllariy



constructed chloroplast with ease; 1t may Tthereflore be the

metabolite responsible for the highly labeled lycopene.
LD

w s
14
7 s &
5 ! §

Thls hypothesls 1s supported by the fact that C

el

porated Into carotenes and ylelds a patbern of

&

labeling with
a rather large percentage of actlvity in lycopene.
Purcell, working in This laborabtory, has found that the

4 - £, ;
incorporation of the lsbeling into carotenes from 1 €7 -glucose

g,m’g

8 less than that expected on the basis of studies with uni-
Formly labeled glucose {71). This finding further sirengthens

the CO, hypothesis. Radloactivity in the 3 and 4 positions

5 < 14
of glucose is released as Ci @g after a single passage through

4 . . 14
the glyeolysis pathway whereas 1 C mgiuc$a@ produces no C O§

foss

until ita metaboliteshave elrculated through the cltric acild

, 14 .
The low specific achbivity of €7 -glucose-derived frac-

cation that its turtnover rate 1s more

Qz
ﬁnh
p

S

L%

tdon II gives an ind
rapid than has been found with acebate and mevalonate, II
the labeled precursor permeates more freely to the slbte of
maximunm reactivity, this would be expected, A comparison of
specific activities after shorter incubation perlods has not
vebt been completbed,

£

Nevertheless, no added substrate 1s utilized to a degree

£
4

*"”3

sufficlient to account for the carobene synthesis that occurs.

W

L ."

A higher molecular weight intermediate must be ilnvolved,

Furthermore, the inbtermedliate must be manufactured and
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This compound, terme

2 possible carotene precursor. Degpite fhe rapid incorpora-

g

£ radicactive mevalonate into fraction II in both ripen-

<t
g..!a
a
O

ing and immature tomatoes, no accumulation of the compound
apevears, Nor does carotene formation take place at the ex-
pense of newly synthesized fraction II alone. All evidence
ndicates that fractlon IT is made throughout the 1ife of the
frult and 1s converted to ancother carctene precursor which is
bound in the chleoroplagt untll the vipening process is initi-

ated., It has been experimentally observed that the radio~

activity of fractlon II synthesized in an immature tomato s
in time transformed into an unknown polyene, and finally,

upon ripening, into carotenes themselves. Purification of the

4,

idate has not yet been achieved. However, the

3

unknown intermed
seeningly lavge amounts present could easily account for the
total carotene production which cceurs within a few days of
color formation.

The hypothesis has been developed that fraction II and

g R

the additional polyene precurscor are laid down in the lipid
fraction of the chloroplast. Thelr conversion to caroibenes

during the development cf chromoplasts from chloroplasts is
& b
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