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Abstract-19-Deoxyhmonolc acid 3-methyl-14C ester was converted to 17-dehydro-19-deoxyhmonolc acid 
3-methyl-‘% ester m albedo tissues of navel oranges This conversion IS direct evidence of hmonoate dehydro- 
genase actlvlty m the tissues 

INTRODUCTION 
LIMONIN IS an intensely bitter tetracychc trlterpenold dllactone Iv2 The presence of hmomn 
1s responsible for bitterness m some processed citrus products, especially orange Juices pre- 
pared from early- to mid-season California navel oranges and Valenaa’s grown m Austra- 
ha Freshly prepared Juice from these fruits 1s nonbitter The bitterness develops only after 
the Juice has been heated or allowed to stand for certain periods of time This delayed bit- 
terness has been explained by Maler et al 3,4 hmonoate A-ring lactone, a nonbitter precur- 
sor of hmomn 1s gradually converted to the latter after Juice extraction 

It has been shown that hmonold content m citrus fruit decreases with advancing matur- 
1tY 5-7 For many years attempts to demonstrate hmonold-degrading systems m the fruit 
have been unsuccessful However, we have recently shown the presence of 17-dehydroh- 
monoate A-ring lactone m the fruit, suggesting that this compound 1s the mltlal metabohte 
of hmonoate A-ring lactone ’ 

In this paper, we demonstrate hmonoate dehydrogenase activity m albedo tissues of 
navel oranges This enzyme 1s undoubtedly responsible for the formation of 17-dehydroh- 
monoate A-ring lactone m fruits 

’ ARIGONI, D, BARTON, D H R, COREY, E J, JEGER, 0, CAGILIOTA, L, DEV, S, FERRINI, P G, GLAZIER, E 
R , MELERA, A, PRADHAN, S K SCHAFFNFR, K , STERNHELL, S, TEMPLETON J F and TOBINAGA, S (1960) 
Euperrrr~trcr 16, 4 

’ BARTON, D H R, PRADHAE*, S K, ST~RNHELL, S dnd TEMPLFTON, J F (1961) J Chen~ Sot 255 
3 MAIER, V P and BEVERLY, G D (1968) J Food SCL 33,488 
4 MAIER, V P and MARGILETH, D A (1969) Phytochemlstry 8,243 
5 HIGBY, R H (1938) J Am Chem SOC 60,3013 
’ SCOTT W C (1970) Florrda State Hort SOL 83,270 
’ MAILR, V P BREWSTER L C dnd Hsu, A C (1973) J Ayr~ Food Cl~rru 21,490 
s HSIJ A C HASIGAWA S MAILK V P and BENNETT R D (1973) Ph~tochrmrtr~ 12, 562 

103 



104 S HA?tcr4wA \I P MAIrK dnd R D Brnul Tr 

REELL-I S ATkD DISCl SSION 
Attempts to demonstrate llmonoate dehydrogenase actlvlty m cxtlacts of acetone 

powders or extracts dlrectlq from fresh tls~ues of citrus fruits wcrc unsuccessful Conse- 
quently we ‘Idopted A tlssuc \IICL’ techntquc In \\hlch ‘I r,ldlo‘ictlve sub\tlatc, 19-deoxyll- 
monolc acid 3-methyl-14C ester (2) Mas used This compound ~‘14 chosen because It IS 
easily prepared, stable and nn excellent substrate for hmononte dehydrogennse of bdc- 
teria 9 
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19-Daoxyllmonoic ocld 19-Deoxyllmonolc ocld 17-Dehydro-19- deoxyltmonolc 
D- rinp lactone 3 - methyl ester 3 - methyl ester acid 3-methyl ester 

(1) (2) (3) 

After treatment of tissue slices with rddloactlve 2 and extraction, four peaks were 
observed on a radlochromatogram The largest was identified as compound 2 (the sub- 
strate) Two minor peaks were not identified The compound of the second largest peak 
was isolated by KHCOJ extraction followed by preparative TLC The isolate had R, 
values identical to those of authentic 17-dehydro-19-deoxyhmonolc aad 3-methyl ester (3) 
with solvents 1 and 4 (Tdble I) 

Compound (b) (cl (d) 

Isoldte 
17-Dehydro-19-deoxyllmonolc 

acid 3-methI ester 
Isolate treated wth 

hmonoate dehydrogenase 
I9-Deoxyhmonolc dud 

J-methyl e\ter 

007 0 0 0 IO 

006 0 0 0 10 

0 56 0 52 0 71 0 84 

0.56 051 0 73 085 

* Sollent key see Experlmentdl 

Further ldentlficatlon of the Isolate was made by use of hmononte dehydrogenase of 
Avthrohacte~ ylohlfor~nz~ This enzyme IS highly specific and attacks reversibly only the 17- 
keto (hydroxy) group of hmonolds, which possess the furan rmg open D-ring and epoxlde 
m the presence of NADH (NADI’ The results sho\$ed that (U 6S”,, of the isolate ws con- 
verted to d compound uhosc Rjs were IdentlLal to thocc of compound 2 ivlth solvents 
1 -4 (Table 1) This would hake been possible only if the isolate contdmcd ‘1 I7-keto group. 
and therefore we can clyslgn to it the ~tructule 3 

” H~s~c,~\\A S Br\\t II R D M\IIK 1 P ,md KI\c, IK A II (1972) I li/r~~ Foocl C/r<w 20, 1071 
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The rdte of the converslon of (2) to (3) m the tissue shces appeared to be directly propor- 
tlonal to the time of mcubatlon, converslon was highest CLI 5”, after 3 ddys of mcubatlon 

These results, coupled with the fact that 17-dehydrohmonoate A-rmg lactone IS a 
natural constituent of citrus fruits,’ prove the previous suggestlon8q’0 that the fruit pos- 
sesses a hmonoate dehydrogenase These facts are consistent with the hypothesis that 
hmonoate dehydrogenase 1s the mltlal enzyme of at least one pathway responsible for 
hmonold met‘ibohsm durmg maturdtlon of the fruit Recent evidence” that hmonold 
metabolism m postharvest fruit 1s Interrupted m the absence of oxygen lends further sup- 
port to the hmonoate dehydrogenase pathway In bdctena, hmonoate IS metabohzed via 
at least two pathways, one through 17-dehydrohmonoate and the other through deoxyh- 
monm ‘JO Whether hmonold metabohsm m citrus fruit also proceeds via a deoxyhmonm 
pathway remams to be determined 

EXPERIMENTAL 
Mater&s Llmonm D-rmg lactone hydrolase was Isolated from grapefrult seeds as described by Maler et al l2 

Ltmonoate dehydrogenase was isolated from cell-free extracts of Arthrobacter g/obz&mzs by the procedure de- 
scribed previously ’ 19-Deoxyhmonolc aad D-rmg lactone (commonly referred to as lsoobacunolc acid) was pre- 
paredas described by Barton rt a/ ’ N-Methyl-“‘C-N-mtroso-p-toluenesulfonarmde was purchased commercially 
hhca gel (0 25 mm) sheets coated on aluminum were used Mid-season navel oranges were purchased from a 
local store 

P, epururron of 19-deouylrmonox a& D-rmy la~toue 3-methyl-‘4C ester (1) A soln of 10 mg (100 /tQ) 
N-methyl-‘4C-N-n~troso-p-toluenesuIfonam~de m 300 ~1 Et,0 was treated with 50 ~1 2-(2’-ethoxyethoxy) EtOH 
and a soln of 2 8 mg KOH m 5 ~1 Hz0 After 5 mm, the mixture was heated at 55” and the CH2N2 dlstlllate 
collected m 200 ~1 Et,0 and cooled to -10” A soln of 12 mg lsoobacunolc acid m 300 ~1 CH2C12 then was 
added to the CH2N2 soln After 5 mm, the soln was evaporated to dryness TLC showed that the product was 
a rmxture of unreacted lsoobacunolc acid and the desired methyl ester The latter wds Isolated by chromatogra- 
phy on a slhca gel column with cyclohexane-EtOAc (3 2) as eluent 5 5 mg (30”!, yield) of chromatographlcally 
homogeneous (1) wds obtamed 

Preparation of 19-deou~l1mono1c acrd 3-methyl-“T eyte/ (2) The D-rmg of compound 1 was hydrolyzed with 
hmomn D-rmg lactone hydrolase 5 5 mg compound 1 was suspended m 2 ml 0 1 M phosphate buffer soln at 
pH 7 5 and Incubated with hmonm D-ring lactone hydrolase at room temp After 17 hr ofmcubatlon, the reactlon 
was completed 

Preparatron of 17-dehvdro-19-deouybmonorcacrd3-merhvlr~ter (3) Compound 3 was prepared enzymically from 
2 ‘tnd used ds d reference 0 35 ml soln of 0 1 M phosphate dt pH 7 5 contdmmg ((I I mg of 2 wds mcubdted 
with 001 umt of hmonoate dehydrogendse m the presence of 5 pmol NAD dt room temp After 17 hr of 
incubation all of the 2 was converted to 3 

Incubation of2 wrth albedo ~~SSWS ofnaveL oranges 15-26 g of albedo tissue shces of navel oranges were placed 
evenly m 2 Petri dishes and incubated at 25” with 10 ml 0 1 M Dhosohate buffer soln. DH 7 0. contamme ca 
0 3 &I 2, 50000 units of pemcllhn and 0 1 mmol each of NAD and N’ADP for l-3 days’ Then, the slices kere 
washed thoroughly with H,O and ground m 50 ml 0 05 M phosphate buffer at pH 7 5 with a Polytron The 
mixture was filtered The filtrate was acidified to pH 2 with HCI, boiled for 5 mm, and extracted with two 50-ml 
portions of CHCI, The combmed extracts were evaporated and the residue was dissolved m a minimal portion 
of MeCN and analyzed by TLC TLC sheets were developed with (a) ChH6-EtOH-H+HOAc(200 47 15 l), 
(b) cyclohexane-EtOAc (1 l), (c) CH&l,-MeOH (49 1) and(d) CHCl,-MeOH-HOAc-H20 (45 10 1 1) After 
the sheets were developed and dried, radioactive peaks were located and their relative mtensltles were estimated 
by a Vanguard Automatic Chromatogram Scanner 

Isolatton of the metabohte The combined CHCI, extracts obtained above were extracted with 5% KHCO, 
The extract was then acidified to pH 2 with HCI and extracted with CHC13 to obtain an acidic fraction The 
evaporated acldlc frachon was dissolved m MeCN and streaked on a preparative sllrca gel plate which was deve- 
loped with solvent I The I7-dehvdro-19-deoxyhmonolc acid 3-methyl ester zone (R, 0-O I) was removed, eluted 
with EtOAc-HOAc (19 1) evaporated, taken up m MeCN and was referred to as the isolate 

Conversion of the zsolare to 2 with hmonoate dehydrogenase The reaction mixture consisted of a half of the 
Isolate obtained above, 5 pmol NADH, 0 1 M phosphate buffer at pH 6 0 and 0 01 unit of hmonoate dehydro- 
genase After incubation at room temp for 17 hr, 6596 of the isolate was converted to a compound whose R,s 
were Identical to those of compound 2 with solvents l-4 
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